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Loi noi dau

"HOA HOC VO CO"- Tdap 2 (Cac kim logi dién hinh) da dwoc bién soan
theo chuong trinh Hoa hoc Vo6 co - Khoa Hoa hoc - Truong Dai hoc Su pham
Ha Néi, diea trén co sé cdc bai gidng ma tac gia da gidng day trong nhiéu nam
cho sinh vién Khoa Hoa hoc tai Truong Pai hoc Su pham va Noi.

Noi dung cuon sach da de cdp dén mét sé kién thire co ban vé kim logi ;
Vé trang thdi thién nhién, vé phwong phdp diéu ché, tinh chat 1y, héa hoc cia
cdc don chdt va hop chdt cia cdc kim loai dién hinh, dong thoi ciing la ndi dung
thuong dwoc giang day trong chuwong trinh Hoa hoc Vo co o cdc Truong Dai
hoc va mét phan & Truong Trung hoc phé théng Nhitng kim logi con lai khong
dé cdp dén trong sdch, tac gia sé trinh bay trong tdp 3 "Cdc kim loai chuyén
tiép".

Vi vay noi dung sach khong chi duoc sw dung cho sinh vién nganh Hoa
hoc - Truwong Pai hoc Sw pham, ma con hé tro cho giao vién moén Hoa hoc o cac
Truong Trung hoc phé théng lam tai liéu tham khdo trong qud trinh giang day.
Ngodi ra con cé thé giiip ich cho sinh vién hoc mén Héa hoc Vé ca & cdc
Trieong Bai hoc khdc va & cdc Triwong Cao dding.

Chdc chdn rang cuon sach khéng tranh khoi thiéu sot, tic gid xin trdan
trong cam on nhitng nhon xét dong gop cua ban doc.

Tac gia
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CHUONG 1

PAI CUONG VE KIM LOAI

1. 1. Sy phén bé kim loai trong thién nhién. Vi tri kim logi trong bing tudn

hoan

(1) Mot trong nhiing dac tinh quan trong cua cac nguyén t6 hoa hoc 1a tinh
pho bién trong thién nhién. Hau hét cac kim loai déu c6 trong thanh phan vo qua
dat, c¢6 trong nudc dai duong, trong co thé sdng voi mirc d6 nhiéu it khac nhau.

* Trong vo quéa dat (phan thach quyén) cac kim loai Al, Na, Fe, Ca, Mg, K,

Ti, Mn va mot s6 phi kim khac...

1a nhiing nguyén to c6 d6 pho bién 16n nhat

Trong bang 1 dudi déay la thanh phan phan trim vé sd nguyén tir va phan tram veé
khéi lwong cua cac nguyén té do:

Bang 1. Thanh phan cic nguyén t6 c6 do phd bién cao trong thach quyén

Nguyén t6 | % nguyén t&r | % khdi lwong | Nguyén t6 | % nguyén t& (% khbi lvong

0 58 47,20 H 3,0 (0.15)

Si 20 27,60 Al 6,6 8,80

Na 2,4 2,64 Fe 2,0 5,10

Ca 2,0 3,60 Mg 2,0 2,10

K 1,4 2,60 Ti 2,5.10" 6. 10"

C (1,5.10™) (1.107) P 5. 107 8. 107
Mn 3,2. 107 9.10% N (2,5.10%) (1.10)

S 3,0. 107 5: 10

* Trong nudc dai‘ duong, cac kim loai c6 ham luong cao nhét 13 Na, Mg,
K, Ca tmg v6i1 thanh phan nhu sau:
Na: chiém 1,0354% (khéi luong); 10,354 mg/1.

Mg : chiém 0,1297% (khéi luong); 1,297mg/1.

K : chiém 0,0388% (khéi luong); 387,5 mg/l.

Ca : chiém 0,0408% (khéi lugng); 408,0 mg/1.
_* Nhing kim loai chiém thanh phan cao trong cic co thé séng, co thanh
phan phan tram vé khoi lugng nhu sau :

Ca:5.10"% Fe:1.10%% Mn: 1. 10'3%
K :3.107% Al:5.103% Zn:5. 104%
Mg :4. 10 '22% Ba: 3.10;3% Cu:2.10%%
Na : 2.10%% Sr:2. 10°%%

(2) Hau hét cac nguyén t6 hoa hoc 13 kim loai, chiém hon 80% tong sd
nguyén td. Trong bang tuan hoan cac kim loai duoc xép phan bén trai va phia
du6i ctia bang va co thé coi Be, Al, Ge, Sr, Po 14 nguyén t6 gi¢i han. Con phan
bén phai phia trén cta bang 1 cac nguyén t6 phi kim va gidi han 13 B, Si, As va
Te.Vay gitta kim loai va phi kim c¢6 mét ranh gi6i gan dung 1a dudng thang nam



gilta hai ddy nguyén t6 néu trén. Cac nguyén t6 gidi han nam canh duong ranh
gidi d6 duoc xem 1a cac nguyén t6 ban kim.
Tom lai, cac nguyén t6 chuyén tiép, cac nguyén to6 nhom la va IIA, cac
nguyén tb nang nhom IIIA, IVA, VA déu 1a kim loai.
Bang 2. Vi tri cua kim loai, ban kim loai va phi kim loai trong bang
tuan hoan

1 2

H He
3 5 6 7 8 9 10

Li | 4 Be B C N (o) F Ne
1 13 14 15 16 17 18

Na | 12 Mg Al Si P S Cl Ar
19 20 21- 30 | 31 32 33 34 35 36

K Ca | Sc- Zn Ga Ge As Se Br Kr
37 38 39- 48 | 49 50 51 52 53 54

Rb Sr|Y - Cd In Sn Sh Te | Xe
55 56 57- 80 | 81 82 83 84 85 86

Cs Ba La - Hg Tl Pb Bi Po At Rn
87 88

Fr Ra

(3) Xét vé cau trac 16p vo electron thi hau hét cac kim loai c6 tir 1 dén 3
electron ¢ 16p vo ngoai cung:

Céc kim loai nhom la va ITIA ¢6 sb electron 16p vo ngoai cung 1a ns’ 7 (n 1a
s6 thir ty chu ky). Vi du v6i Na (3s'); Ca (4s7).

e Cac kim loai tir nhém IIIA dén VIIA c6 sd electron 16p vo ngodi cung 1a
ns’np’ . Vidu Al (3s°3p") ; At(6s%6p”)

* Trong chu ky 4, sau khi xay dung xong l6p 4s. cac nguyén t6 tir 6210
nhom IIIB (Sc) dén 6 30 & nhém IIB (Zn) hop thanh day kim loai chuyén tiép
thtr nhat, c6 cau hinh electron ngoai cung la 3d' 148" 2 Vidu:

(21) Sc (30) Zn
3d' 45 3d'""4¢?

Trong diy nay co hai sai 1éch 1a Cr c6 cdu hinh 3d54s1 khong phai 1a
3d*4s*; & Cu co cé}l hinl} 3d'%4s! khong phai 1a 3d°4s*. Hién tuong sai léch do 1a
do sy khac nhau rat it vé nang luong cac phan murc nang lugng (n - 1)d va ns ¢
cac nguyén to chuyén tiép gay ra.

* Trong chu ky 5, ¢6 10 kim loai chuyén tiép tir 6 39 & nhom IIB(Y) dén 6
48 & nhom IIB (Cd) ¢6 cau hinh ¢ 16p ngoai cung 1a 4d1 - 10 5s1 - 2. Vidu

39Y (48) Cd
4d' 5¢ 44" 5¢°
Nhimg sy sai léch vé cdu hinh electron trong chu ky nay ciing c6 mot
nguon goc nhu trén.

Nhu vay, c4u hinh electron ctia cac kim loai thudc hai day chuyén tiép trén

c6 dang chung la:
(n - l)dl-l()nsl- 2



e Trong chu ky 6, ngoai 10 kim loai ho d c6 cu hinh nhu trén, con ¢ 14
nguyén t6 kim loai ho ftir 6 58 (Ce) dén 6 71 (Lu). Day nguyén t6 nay khong
g véi diy nguyén td ndo & cac chu ky trén, dugc goi 1a cac nguyén td (kim
loai) dat hiém hay con goi 1a cac nguyén t6 ho lantan (lantanoit). Lop vo
electron cac 16p ngoai cung la :

4f2—14 5d0-1 632

Vi du:
(58) Ce (64) Gd (71) Lu
4f 65 4f’ 54" 6s° 454" 65

Nhitng sai 1éch trong diy nay 1a do su khac nhau rat it vé ning luong cta
cac phan muc (n - 1)d vans, (n-2)fva (n - 1)d gay ra.

Trong chu ky 7, c6 14 nguyén t6 kim loai thudc ho f tir 6 90 (Th) dén 6
103(Lr) cling c6 16p vo tuong tu.

1.2. Céu triic tinh thé ciia kim logi
0 trang thai ran, hau hét cac kim loai déu két tinh theo ba dang mang
tinh thé chinh 1a: mang luyc phuong (Ip), mang lap phuong tam dién (Iptd) va
mang 1ap phuong tam khdi(Ipth).

s

Hinh 1. Ba dang mang tinh thé ctia kim loai
(1) mang luc phuong: (2) mang 1ap phuong tam di¢n;
(3) mang 1ap phuong tam khbi.

Mot s6 kim loai két tinh mang hon hop ; mdt s6 kim loai tuy theo nhiét do
ma c6 dang khac nhau. Vi du coban két tinh theo mang hdn hop luc phuong va
1ap phuong; scandi & 250C tinh thé c6 mang 1ap phuong tdm dién, nhung ¢ nhiét
dd cao lai ¢6 mang luc phuong (hinh 1). Trong céc kiéu mang tinh thé, cac
nguyén tir ctia ciing kim loai dugc xem 1a nhitng hat cu c6 kich thuéc nhu nhau
va xép dic sit vao nhau thanh ting 16p, mdi hat cau duoc bao quanh béi 6 hat
khac, va néu ndi tdm cua cac hat cau do br?mg cac doan théng s€¢ dugc nhirng
hinh tam giac déu dinh sat hinh ndy vé6i hinh kia (hinh 2).

Néu xép mét 16p hat cau thir hai 1én 16p tht nhat, dé cho cach xép dic khit
nhat cac hat cau 16p thtr hai phai xép vao chd 16m cua 16p tha nhit, lac d6 mot



phan sé chd 16m nay duoc che khuét (1) s6 chd 16m con lai khong bi che khuat
(2) boi 16p th hai (hinh 3).

Ché 16m & 18p thir nhat.

Hinh 2. Cach sip xép 18p hat cdu thir nhat.

l6p thirnhat
4 4 K
) " A
N / ///
N (2) &
(2) /g
16p thif hai

a)

b)

Hinh 3. Céach xép 16p hat cau thir hai lén 16p thir nhat:.

(1) 10m da bi che boi 16p thi hai :

(2) 16m chua bi che boi 16p thir hai;

(3) 10m cua 16p thur hai.

* Khi xép 16p thir ba 1én 16p thir hai xay ra theo hai cach khac nhau.
Céch tha nhét : Xép céc hat cau 19p thr ba vao cac 16m (3) cua 16p thur hai,

luc d6 cac hat cau 16p thir ba ¢ dung trén cac hat cau cta 1op thir nhat va hat cau
16p thtr tu ¢ dang trén 16p thir hai (hinh 4).

hat cau 18p thir ba

4 hat cdu 16p thir nhat

Hinh 4. Cach xép 16p hat cau tht ba 1én 16p thu hai.
* Nhu vay, 16p thir nhat va 16p thir ba twong tmg voi nhau va duge ki hiéu 1a



ABA. Néu tiép tuc chong thém, 16p thi hai twong tng 16p thir tu, 16p thi ba
tuong ng 16p thir sau... va duoc ddy ABABAB. Cach sap x€p nay tao ra mang
tinh thé luc phuong.

Hinh 5 . Cach sap xép luc phuong.

Trong mang lyc phuong (hinh 1 va hinh 5) cac hat cau chiém 74% thé tich
ctia kim loai, mdi nguyén tir kim loai dugc bao quanh béi 1 2 nguyén tir kim loai
khac (6 nguyén tu ¢ cung 16p, 3 nguyén tir ¢ 16p trén va 3 nguyén tir 0 lop
dudi), vi vy trong tinh thé mang luc phuong, nguyén tir kim loai ¢ sé phdi tri
la 12.

e Cach tht hai : cac hat cau 16p thir ba xép vao cac 16m cua 16p thir hai, che
khuat cac 1dm(2) (hinh 3), lac d6 16p nay khong twong tmg véi hai 16p trudc va
cach sép Xép dé duoc ki hiéu 1a ABC, nghia 1a hat cau 16p thir ba khong & dung
trén 16p thar nhat (hinh 6).

Hinh 6. Xép Idp hat cdu thirba I&n Ip thir hai. Hinh 7 . Cach sép xép lap phuong t am dién

Khi thém 16p thtr tu, th nam... hat cau 16p tht tu chong dung trén hat cau
lop thu nhat, tht nam trén 16p thr hai...hinh 7) va tao ra day ABCABC... cach
sap xép ndy tao ra mang lap phuong tdm dién, cac hat cau chiém 14% thé tich
cta kim loai. Ciing nhu trong mang luc phuong, trong mang ndy mdi nguyén tir
kim loai cling dugc bao quanh boi 1 2 nguyén tr kim loai khac, nén nguyén tur
kim loai c6 s6 phdi tri 1a 12.

TailieuVNU.com Téng hop & Swu tam


NguyenVietAnh
Typewriter
TailieuVNU.com Tổng hợp & Sưu tầm


Hinh 8. Cach sap xép kidu lap phuong

tam khéi.

* Ciing cach sap xép nhu trén nhung khi mdi nguyén tir kim loai chi c6 8
nguyén tir nam gan nhat (thay cho 12 nguyén tir) mic du ¢ day con co 6 nguyén
tr ctia 16p tiép theo nhung khoang cach 16n hon 15%. Céach sap xép nay chi
bang 92% mat do c6 thé c6 cua cach sip xép luc phuong va lap phuong tim
dién, nghia la thé tich cua kim loai chi chiém 68% thé tich kim loai tao ra mang
1ap phwong tim khoi. S5 phdi tri cta kim loai trong mang nay 13 8.

* Su phan bo ba dang mang tinh thé cua cac kim loai trong bang tuan hoan
duoc dan ra ¢ hinh 9.
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Hinh 9. Cac kiéu cdu tric mang tinh thé cua cic kim loai trong bang tuan hoan.
(Iptd : 1ap phuong tam dién: Ip: luc phuong: Iptk: lap phuong tam kh01
mot sd ki hidu 1ong vao nhau thi ki hiéu to nhat 13 dang cau tric bén
& 250C : ki hi¢u Ip/Iptd 1a cau triic dang hdn hop).

N6i chung. da sb kim loai khi két tinh déu theo mang luc phuong va mang
1ap phuong tam dién véi sd phdi tri 1a 12; cac cdu trac d6 cua kim loai déu khéc
mot it so v6i cau trac tinh thé 1y tuong; dic biét 1a cau tric luc phuong.

N6i cach khac, su phan bd cac nguyén tir kim loai hoan toan ding theo kiéu
mang ludi khong gian nhu da néu trén, 1ap lai mdt cach tuan hoan chit ché theo



ba chiéu trong toan b tinh thé, chi c6 thé xdy ra trong truong hop ly tuong, khi
ma d1eu kién két tinh khong giy ra sy bién doi nio trong cau tao ciia nd. Thuc
té, da sb truong hop, do su hinh thanh tinh thé ludn ludn dién ra trong nhiing
diéu kién lam cho hinh dang bén ngoai cua tinh thé bi bién d6i, hoic da lam cho
cdu triic bén trong cia tinh thé ¢ sy sai 1éch nao d6 vé sy phan bd hinh hoc
hodc thanh phan cua tiéu phan. C6 thé ¢ nhiing truong hop sau:

Mang tinh thé c6 thé thiéu mot s6 nguyén tir kim loai & niit ndo ciia mang
[ goi 1a mang khuyét Sotky (Schottky)] ciing c6 thé c6 nhitng nguyén tir kim loai
nam ¢ khoang giita cic nit nao d6 1 [goi la mang khuyét Phorenken
(Frenkel)]; ngoai ra cling ¢ thé nut bi thay thé boi mot nguyén tt kim loai khéc
(hinh 10).
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(1) 2) (3) (4)

Hinh 10. Mot s6 diém khuyét coa mang Ui :
(1) mang ly tudng; (3) mang khuyét Phorenken;
(2) mang khuyét Sotky ; (4) nut thay thé.

1.3. Thanh phén va céu tric tinh thé ciia hop kim

(1) Hop kim 1a vat liéu c6 tinh chat cua kim loai ma thanh phan gém mot
kim loai co ban va mgt kim loai khac hoac mdt phi kim nao d6. Vi du : loai hop
kim thép khong gi ¢6 thanh phan 80,6% Fe, 18% Cr, 1% Ni va 0,4% C; hop kim
Wood c6 50% Bi, 25% Pb, 12,5% Sn, 12,5% Cd...

Duya vao thanh phan va cdu tric cua tinh thé nguoi ta chia hop kim thanh
cac loai 1 hop kim dung dich, hop kim dj thé va hop chat giita cac kim loai (cac
metalit).

(2) * Hop kim dung dich hay con goi la dung dich ran 1a mot hdn hop dong
thé ma cac cu tir phan b ddng déu nhu khi néng chay. Nguyén tir chat tan c6
thé chiém vj tri ctia kim loai dung méi (ntit cia mang ludi) hinh thanh mang tinh
thé hon tap kiéu thay thé, hodc co6 thé xam nhap khoang gitra cdc nat cua mang
luéi hinh thanh mang tinh thé hon tap kiéu xam nhap.

* Hop kim kiéu thay thé duoc hinh thanh khi hai nguyén tir kim loai c¢6 ban kinh
tuong tu nhau va c6 ban chat lién két hoa hoc giéng nhau. Vi du Ag va Au déu

0
c6 ban kinh nguyén tir 1a 1,44 ; Cu va Ni ¢6 ban kinh tuong trmg 1la 1,24 A va

0o ) , 1
1,28 A déu co thé tao ra hop kim c6 mang tinh thé dang thay th¢ (hinh 11a).

Khi hai kim loai c6 ban kinh khac nhau vao khoang 15% thi d0 hoa tan ctia
kim loai nay trong kim loai kia s€ bi han ché. Trong kiéu hop kim nay cac cAu tir
tham nhap c6 ban kinh cong hoa tri bé hon nhiéu so voi ban kinh ctia nguyén tir
dung méi. Pién hinh cho loai cau tir xdm nhép nay 1a cac phi kim. Vi du, cacbon



0
c6 ban kinh cdng hoa tri 1a 0,77 A c6 thé xam nhdp vao mang tinh thé cua sat
0

c6 ban kinh 14 1,27 A, tao thanh thép cacbon. Thép cacbon cé mang tinh thé
hdn tap kiéu xam nhép lam cho hop kim cing hon, bén hon va déo hon (hinh
11b).

(3) Trong cac hop kim di thé cac ciu tir déu khong phan tan dong déu.
Chang han trong qua trinh luyén thép tao ra hdn hop peclit c6 chira hai pha riéng
biét 1a Fe - ¢ va xementit Fe;C tron 1an mat thiét vao nhau va hop chat ostenit
1a hdn hop gém Fe - ~ va Fe3C. Cac hdn hop d6 déu 1a hop kim di thé.

(=)

(a)
Hinh 11. Mang tinh thé hop kim :
(a) mang tinh thé hdn tap kiéu thay thé;
(b) mang tinh thé hén tap kiéu xam nhap .

(4) * Bén canh céc loai hop kim trén, mot s6 kim loai c6 kha ning tuong
tac voi nhau, hinh thanh tinh thé hop kim kiéu hop chét gitta cac kim loai. Thanh
phan va cau trac cua loai hop kim nay c6 thé xac dinh bang cach dua vao nong
d6 electron trong mang tinh thé. Nhu da biét, nong do clcctron trong hop kim c6
mang 1ap phuong tdm khéi 1a 1,5 ; con trong mang luc phuong 1a 1,75. Chang
han, hai kim loai Cu va Zn khi tao ra hop kim mang lap phuong tam khéi thi c6
thanh phan don gian 1a Cuzn, con néu tao ra mang luc phuong thi cé thanh phan
1a CuZn3, vi cu C6 mét electron hoa tri (s'), con Zn ¢6 2 electron hoa tri (s%).

Bang cach d6 c6 thé cho thiy cac metalit AgZn, AgMg, CusAl, CusZn déu
cO cau tric 1ap phuong tam khdi ; con cac hop kim AgsAl;, Agl;Sbs, CdsLi,
Cu3Si déu C6 Cau tric luc phuong.

e Tuy nhién trong da sb cac metalit dac biét la cac kim loai d co phén phtrc
tap hon, do d6 thanh phan va cdu tric cia ching khong thé ap dung qui tic trén
ma dugc xac dinh bang phuong phap thuc nghiém. Chiang han trong mang tinh
thé ciia Cu va Au, cac nguyén tir Au chiém dinh cua hinh lap phuong, con cic
nguyén tr Cu lai phan bd ¢ tAm ctia miat gidi han; mdi nguyén tir Au dugc phdi
tri boi 12 nguyén tir Cu, con mot nguyén tir Cu dugc phdi tri bdi 4 nguyén tir
Au, do d6 cong thuc don gian ctia hop chét tao thanh 1a CusAu (hinh 12). Thanh
phan ciia cac hop chat gitra cac kim loai phan 16n khong phi hop 6 rét vo1 hoa
tri cia nguyén td, vi mdi cip nguyén tb tao thanh khong phai mot ma mot sé hop
chét giira kim loai. Thi du Na tao nén voi Sn va Hg cac hop chat sau:

NaSns, NaSn,, NaSns;, NaSn,, NaSn, Na,;Sn, Na;Sn, Na,Sn, Na,Sn;; NaHg,,
NaHg,, NaHg, Nas;Hg, Nas;Hg,, NasHg,, Na;Hgs ;

trong s6 d6 chi c6 Na2Sn va Na4Sn 1a phu hop v6i héa tri binh thuong cua



nguyén to.

Hinh 12. C4u truc tinh thé cda Cu,Au:
a) mang tinh thé ctia Cu,Au;
b) su phéi tri clia cac nguyén tr trong tinh thé CusAu.

Nguoi ta ciing da nhan thdy rang mot sé kim loai khi nong chay tao ra hdn
hop ddng nhét, nhung khi két tinh lai tao ra hdn hop tinh thé riéng biét cta timg
kim loai, nhu hgp kim Sn va Pb.

Mot s6 kim loai & trang thai 10ng hau nhu khong tan vao nhau nhu céc cép

Ag - Fe Fe - Pb Cd- Al Na - Al

Al -Ti K- Mg K- Al Ag-Cr

Thong thudng thi nhitng kim loai néng chay chi tron 1an vao nhau mot
phan va trong céc trudng hop do, nguoi ta ciing da thiy kim loai c6 nhiét do
noéng chay cao hoa tan kim loai c6 nhiét d6 nong chay thap dé hon so véi trudong
hop nguoc lai.

1. 4. Lién két kim logi

(1) * Nhu da néu trén, cAu trac kim loai 1a céu trac dic trung cho kim loai &
trang thai ran (va 10ng). Ban chat lién két hoa hoc trong kim loai lién quan dén
hai tinh chit co ban 1a tinh dan dién, dn nhiét tét va & diéu kién thuong 1a chét
két tinh c6 s6 phdi tri cao.

e Tir cc tinh chat d6, din dén két luan rang trong tinh thé ciia kim loai phai
c6 mot phan electron ¢ kha ning di chuyen trong toan khdi kim loai. Trong tinh
thé kim loai, cac nguyén tir kim loai lai rat gidng nhau, nén khong thé hinh thanh
kiéu lién két hoa hoc nhu trong hop chét ion! Mat khac, cung khong thé hinh
thanh kiéu lién két nhu trong hop chit cong hoa tri, vi s electron hoéa tri cla
nguyén tir kim loai khong du dé tao nén lién két hai electron v&i cac nguyén tir
phoi tri!

(2) * Ly thuyét dau tién dé giai thich cac tinh chét cta kim loai 13 thuyét

"khi electroll”.
Theo thuyét nay thi trong tinh thé kim loai c6 mét phan electron dong thoi lién
két véi nhiéu nhéan, nhimng electron nay da tach ra tu cac nguyén tur kim loai, di
chuyén ttr nguyén tr trung hoa nay dén nguyén tr da bi ion hoa khac, ma khong
thudc vé mot nguyén tir nhat dinh nao. Khi khong c6 tac dung cua dién trudong



ngoai, nhimg electron ndy chuyén dong hon loan trong khéi kim loai theo moi
phuong twong tu nhu chuyén dong nhiét cta cac phan tir khi trong mot thé tich
nao d6 (vi vay goi 1a thuyét khi electron !).

* Vay nhiing electron nao da tham gia vao ddm khi electron?. D6 1a nhiing
electron dé dang roi bo nguyén tir kim loai nhét, tirc 13 cac electron hoa tri. Tuy
nhién khong nhat thiét 13 tat ca cac electron hoa tri déu tham gia vao dam khi
electron, thong thuong thi sé electron ty do nay bang sd nguyén tir kim loai.
Trong qué trinh chuyén dong céc electron it va cham vao nhau vi kich thuéc bé,
nhung khong ngirng va cham vao cac nguyén tir da ion hoa.

e C6 thé hinh dung rang trong tinh thé kim loai, cic nguyén tir khong &
trang thai trung hoa vinh ctru, ma & trang thai ion hoa thudng xuyén d6i mdi,
qué trinh bién d6i d6 thuong xuyén xay ra, nén trong tinh thé kim loai ludn luén
c6 mdt s6 electron co tinh di dong cao, lic ndo ciing c6 nhimg nguyén tir kim
loai dé bi ion hoa, va & chd nay hay chd kia trong mang tinh thé d6 c6 mot sb o
trang thai trung hoa. Chinh nho c6 twong tac gitta dam khi electron vdi cac ion,
d3 gy ra lién két kim loai, bao dam tinh bén viing ctia mang tinh thé.

Khi ¢6 tac dung cua dién truong ngoai, dam khi electron chuyén dong theo
mot chiéu, hiéu tng nay gy ra dong dién kim loai. Trong chuyén dong do, cac
electron va cham manh vao cac ion kim loai, nén mot phan dong nang da chuyén
thanh nhiét gy ra hiéu ing Joule ctia dong dién. Khi nhiét do tang, chuyen dong
nhiét cua electron va ion kim loai duoc ting cuong, 1am rdi loan chiéu chuyén
dich cua electron, két qua do dan dién giam tic 1a dién tro tang.

Thuyet khi electron ciing giai thich duoc tai sao kim loai dan dién tot, dong
thoi ciing dan nhiét tét. Cac electron tu do trong kim loai tham gia vao chuyen
dong nhiét, va nho c6 tinh di dong 10n, nén dé dang san bang nhiét, & chd ndng
chung chuyén dong manh, c6 dong ning 16n va khi dén chd lanh hon, thi qua va
cham véi cac con kim loai, s€ nhuong bot dong nang va bang cach do s€ tai
nhiét tir chd nong dén chd lanh.

(3) * Mic du thuyét khi electron da giai thich dinh tinh duoc nhiéu tinh chét
ctia kim loai, nhung lai gap kho khin 16n nhat 1a khong thé giai thich dugc gia
tri thuc nghiém vé nhiét dung nguyén tir ctia kim loai la xép xi 6 cal/ mol. Gia tri
thie nghiém d6 chi duge giai thich bang cach loai bo dao dong cua cac electron
"ty do"trong mang tinh thé ma chi ké dén nhiing dao dong ctia nguyén tir va ion
trong mang, nhu vay cac electron "tu do"- xem nhu cac phan tir khi - khong cé
vai tr0 giy ra nhiét dung cta kim loai, diéu d6 mau thudn véi thuyét "khi
electron".

 Mau thudn d6 da duoc giai quyét trén co so cua thuyét Mo ap dung cho
hé chira mét s6 16n nguyén tir, nghia Ia coi kim loai nhu mdt hé nhiéu nhan ma
trang thai cila electron trong hé d6 giéng nhu trang thai ciia electron trong phan
tur. Thuyét Mo coi mdt mau kim loai 1a mot phan tur. tai mét cia mang ludi co
cac ion kim loai. con cac dam may electron cua cac electron hoa tri bao quanh
céc ion kim loai va lién két voi chiing, nghia 14 céc electron héa tri & trong
"trudng chung" cua tat ca cac ion kim loai.



e Nhu di biét, theo thuyét Mo thi khi hai nguyén tir tuong tac voi nhau s&
c6 sy xen phil cac obitan phan tir lién két va phan lién két, lac d6 mdi murc nang
lugng nguyén tu s€ tach ra thanh hai mic nang luong phan lu. Néu hé c6 bon
nguyén tir thi mdi mirc nang luong nguyen tir s€ tach ra thanh bon nghia 1a hinh
thanh bbn obitan phan tir. S6 nguyén tir trong hé cang 16n thi sé Mo cang 16n va
mdi Mo ung véi mot trang thai ning luong xac dinh. Nhu vay trong tinh thé ¢
N nguyén tir s& tao nén N obitan phan tir. Vi N rat 16n (vi du 1 cm’ tinh thé kim
loai c6 khoang 10** - 10* nguyén tir) nén N muc ning luong rat gan nhau tao ra
ving ning luong. Su khac nhau vé niang luong ciia cac trang thai electron trong
gidi han ciia vang chi khoang 107 eV, nén c6 thé coi sy bién thién ning lugng
cua electron trong vung 1a lién tuc.

Céc obitan cuia vung nang lugng cling xem nhu 1a cac obitan nguyén tu
trong phan tir, va cung tuan theo nguyén 1y Phauli, 1a mdi obitan ciing chi chira
hai electron, va su dién electron vao cac obitan do cling tuan theo dung trat tu
murc nang luong tir thap dén cao. Nhu véy s6 electron cyuc dai trong ving sinh ra
do sy xen phu céc obitan nguyén tu s, p, d, f s€ 1a 2N(vung s), 6N(vung d) va
14N (vung f).
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Hinh 13. Vung héa tri va ving dan trong kim
logi (a) , trong chat ban dan (b) va
trong chét dién mdi (c).

Trong trudng hop kim loai, nhimg ving ning luong gan nhau co thé tiép
giap véi nhau hodc cach xa nhau. Vung nang lugng chira cac electron gay ra lién
két hoa hoc goi 1a ving hoa tri. Ving tu do c6 murc ning lugng cao hon, phan bd
phia trén vung héa tri goi 13 viing dan. Phu thudc vao cAu trac va mang tinh thé
ma hai viing d6 c6 thé xen pha vao nhau hoic khéng xen phii vao nhau, nghia 13
cach nhau mdt khoang nang lugng AFE nao do, khoang céch nay goi 1a ving
cam. Trong tinh thé kim loai x4y ra sy xen phu ciia hai viing hoa tri va ving dén,
trong chat ban dan ving cdm c6 AXE vao khoang 0,1 - 3 eV, con trong chét dién
moi, AE vao khoang 16n hon 3 eV.

(4) Vay thuyét ving ning luong da giai thich cac tinh chét dic trung cia
kim loai nhu thé nao?

No6i chung, cac tinh chét vat 1y dac trung cua kim loai déu gay ra bai cac
electron & ving hoa tri. S6 electron xép trong ving héa tri phu thudc vao sb
electron hoa tri cua nguyén tur. Néu nguyen tr c6 mot electron ns thi ving nang
lugng s chi méi dugc xép mot nira sb electron t6i da; néu nguyén tir ¢ hai



electron ns thi ving ning luong s da xép du s6 electron; con néu tt ca cac muc
nang luong trong mot ving déu da bi electron chiém hét, thi cac electron

d6 khong thé chuyén dong tu do trong ving ma chi c¢6 thé chuyén dong gidi
han trong pham vi c4c obitan phan tur cua chung (hinh 14 -3).

Néu trong ving ning luong con cd nhitng obitan phan tir con trong (chua bi
electron chiém hoan toan) thi nhiing electron nao cé niang lugng gan nhat voi
ning luong ciia obitan d6 s& chuyén t6i chiém cac obitan nay, con cac vi tri cii
ctia cac electron da di chuyén s& duoc cac electron khac t6i thay thé ; nhd vay
electron ¢ thé chuyén dong hdn loan trong ving ning luong khong bi chiém
hoan toan nay (hinh 14 - la). Khi cac electron do bi kich thich (vi du tac dong
cta dién trudng ngoai) s& chuyén dong theo phuong cia trudng ngoai va phat
sinh ra dong di¢n (hinh 14 - 1b). Cic kim loai nhom IA, IB va cac kim loai
chuyén tiép c6 16p vo
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Hinh 14. So d6 cac ving ning luong va ving cAm trong chat ¢6 mang ludi
kim loai:

1. ving dan;

2. viing nang luong bi chiém nhiéu nhét khi ~XE = 0:

a) khi khong c6 dén truong : bi khi c6 dién trudng.

(vung bi chiém va ving dén tiép giap nhau);

3. ving ning luong bi chiém hoan toan khi ~XE > 0 :

a) chét ban dan : b) chét cach dién.

(vung bi chiém va ving din cach nhau mot khoang ~XE).



Ki hiéu.
& Chiéu chuyén dich hdn loan cua electron.
®> Chiéu chuyén dich c6 hudng cia electron.
~ ({1 - 1)d chua xép du sd electron (la nhirng kim loai ma trong mang tinh
thé c6 vung ndng lugng chua bi chiém hoan toan) déu 1a nhimg chat dan dién
dién hinh.
Trong trudong hop ma vung hoa tri dé bi electron chiém hoan toan nhung lai
tiép giap voi vung tréng chua bi chlem duoi tac dung cua truong ngoai cac
electron s€ chuyen dong 1én ving trong s& 1am cho vung bi chiém hoan toan

thanh vung dan dién (hinh 14 - 2a, 2b). Cac kim loai nhom IIA, 1IB - thudc
truong hop nay - cling déu la chat dan dién dién hinh.

1 5. Tinh chit Iy hoc ciia kim logi

Nhiing tinh chat 1y hoc cua kim loai nhu trang thai, mau sic, vé sang, tinh
déo, tinh cung, khéi luwong riéng, nhiét do nong chay, nhiét d soi, tinh dan dién,
dan nhiét... déu phu thudc vao mang tinh thé va vao ban chat lién két trong kim
loai, vi vdy mubn so sanh tinh chét vat 1y giira cdc kim loai v6i nhau chi c¢6 thé
so sanh cac kim loai trong cung kiéu mang lu6i (hinh 9). Dudi ddy chi néu 1én
nhitng nét tong quét vé cac tinh chat da néu trén.

(1) & diéu kién thudng tit ca cac kim loai déu & trang thai ran, trir thiy
ngan ¢ trang thai long va cling vi do hi¢n twong chdm dong nén xezi (Tnc = +
280C) va gali (Tnc= + 300C) cling thuong ¢ trang thai 1ong.

o) trang thai tu do da sb6 kim loai déu c6 mau tréng bac, mot s6 kim loai ¢6
mau dic trung chu yéu 1a cac kim loai chuyén tiép, chang han Cu - mau d6, Au -
mau vang, Bi - mau do nhat, Pb - mau tr:fmg xanh. Mot sb kim loai & dang tdm
va dang phan tan (bot, vun) c6 mau sic khac nhau. Thi du Cu tAm c6 mau do,
nhung Cu bdt c6 mau dé gach ; Pb tAm c6 mau tréng xanh nhung bt lai c6 mau
xam... Trong thuc té, mau sic ctia mot sd kim loai co thay ddi it nhiéu do su
hinh thanh cac oxit trén bé mit cua kim loai.

(2) Tinh thé kim loai tao nén béi cac nguyén tb co sb electron héa tri it hon
s6 obitan hoa tri, nén lién két trong kim loai c6 tinh bién vi manh, va do dic
diém d6 ma mang tinh thé cua kim loai c6 thé bi bién dang dudi tic dung cua
luc co hoc, nhung lién két d6 khong bi pha huay, cac 16p nguyén tir trong mang
dé dang truot 1én nhau gay ra tinh déo, dé rén, dé dat mong, dé kéo soi ciia kim
loai. Vang 13 kim loai déo nhat!

(3) Phu thudc vao mang tinh thé, vao ban kinh ctia nguyén tir (tirc 1a
khoang céach gitra cac nguyén tur 1an can) cac kim loai c6 do cung khac nhau.
Trong céc kim loai thi cimg nhat 1a crom (Cr), va mém nhat 1a xezi (Cs).

Bang 3 néu 1én céac gia tri vé do cung cua cac kim loai theo thang d¢ ciing
thdp phan con goi la thang do cung khoang vat.

Theo thang nay do cing ctia mot chat dugc xac dinh bang phan lyc khi
rach 1én chit d6 nén ciing con goi 13 thang dé cimg theo phwong phdp rach va
ldy d6 cung ctia da hoat thach (3MgO. H,0. 4Si0,) lam don vi. Nhitng kim loai



c6 do cimg dudi 2 co thé rach duoc bang mong tay, co6 do cing dudi 5 c6 thé
rach dugc bang dao thudng va co do cung dudi 7 rach duoc bang diia.

Tir bang 3 ta thiy crom c6 do cting gap 8,5 lan do cung cua da hoat thach
hay chi bang 85% d¢ cung ctia kim cuong.

Dai cuong kim loai

4) Khéi luong riéng cua cac kim loai cling phu thudc vao mang tinh thé va
khéi luong nguyén tir ctia kim loai, bién d6i trong khoang rong tir 0,5 g/cm3 &
lai dén 22,6 g/cm3 & osimi. Bang 3. P clng cia kim loai theo thang khoang vat
(phuong phap rach)(1)

Cr 8,5|Ti 6[Zr 5,0(Al 2,75/Cd 2|Ba 1,25
W 7,5|Mn 6[Pd 4,75|Mg 2,5|Ca 1,75|Tl 1,0
Re 7,0|Nb 6[Fe 4,0/Zn 2,5|Ga 1,5|Li 0,6
Os 7,0|Rh 6|Ni 4,0|Ag 2,5/Sr 1.5|K 0,5
Ir 6,5/Be 5,5/Pt 3,5|La 2,5/Sn 1,5|Na 0,4
Ta 6,5/Mo 5,5|Cu 3,0|Ce 2,5|Hg 1,5|Rb 0,3
Ru 6,5|Hf 5,5|Sb 3,0|Au 2,5|Pb 1,5/Cs 0,2
Ge 6,0/Co 5,0[Th 3,0|Bi 2,25

(1) (da hoat thach tirc bot truc =1 : kim cuong ~ 10: than chi = 0.5).
Nhirng kim loai ¢6 khdi lugng riéng D < 5 g/em® dugc goi 1a kim loai nhe
va D>5 g/em’ duoc goi 1a kim loai ning.
Khdi lugng riéng cua cac kim loai néu trong bang 4.
Bang 4. Khdi lugng riéng cua cac kim loai (g/cm3)

Os 22,6[Ta 16,6[Pb 11,3[cd 8,7[Zn 7,1[As 5,7[Be 1.8
Ir 22,5|Hg 13,6|Ag 10,5[Nb 8,6/Ce 6,9|Ge 5.4/ Mg 1,7
Pt 21,5[Rh 12,4[Mo 10,3|Fe 7,9|Sb 6,6|Ti 4,5|Ca 1,6
Re 20,9|Ru 12,2|Bi 9,8[Mn 7.4|Zr 6,5|Ba 3,5|Rb 1,5
Au 19,3|Pd 12,0|Cu 9,0(In 7.3|La 6,2|Al 2,7|Na 1,0
w 19,3|T1 11,9|Co 8,9|Sn 73|V 6,0[Sr 2,6|K 0,9
U 18,3|Th 11,5[Ni 8,9|Cr 7.2|Ga 5.9|Cs 1,9|Li 0,5

(5) ~ Nhiét d6 nong chay cua kim loai phu thugc vao mang tinh thé va luc
tuong tac gitra cac tiéu phan trong mang. Nhleu kim loai, khi chuyén sang trang
thai néng chay, luc tuong tac d6 van con tdn tai,nén nhiét do nong chay cua
chung khoéng cao; nhung cling co nhiéu kim loai lai ¢6 nhiét do nong chay rat
cao, vi lién két kim loai trong cac mang tinh thé cua cac kim loai d6 lai rdt bén
ving.

Cac kim loai chuyén tiép c6 nhiét d6 nong chay cao hon vi cac electron d
d3 tham gia vao lién két kim loai, bén hon so véi electron s va p.

Trong cac kim loai chuyén tiép thi kim loai & gitra mdi ddy c6 nhiét do
noéng chay cao nhat. vi cac nguyén to nay c6 nhiéu obitan hoa tri nhat da du nira
s6 electron.

Céc kim loai khong chuyén tiép c6 nhiét do néng chay thap hon vi ban kinh
nguyén tir 16n hon, do d6 lién két kim loai yéu hon.



Trong cac nhom A - thi dy nhom kim loai kiém - nhiét d6 néng chay
giam tur Li dén Cs,
vi lién két trong kim loai kiém I lién két yéu ; khi ban kinh nguyén tir ting,
lién két do6 lai cang yéu
Gia trj vé nhiét d6 nong chay cta kim loai néu trong bang 5.
Bang 5. Nhiét dd néng chay cua kim loai (Tnc, 0C)

w 3410 [Nb 2415 [V 1735 [Mn 1250 [ La 826 [zn 449 [In 156
Re 3170 |[HF 2230 |Ti 1725 |U 1133 | As 814 |Pb 327 |Na 08
Ta 3000 |Rh 1966 |Pd 1555 |Cu 1083 | Sr 770 [cd 321 |K 63
Os 2700 |Zr 1900 |Fe 1539 |Au 1063 | Ba 704 |[TI 303 |Rb 39
Mo 2625 |[Cr 1800 [Co 1495 | Ag 961 | Al 660 |Bi 271 |Ga 30
Ru 2500 | Th 1800 [ Ni 1455 | Ge 959 | Mg 651 [sn 232 |Cs 28
Tr 2450 |Pt 1744 |[Re 1284 |Ca 851 | Sb 631 |Li 186 |Hg -39
(6) * Nhiét dg so61 cua cac kim loai phu thudc vao lién két kim loai va ban
kinh ctia nguyén tir Trong qua trinh dun s6i kim loai, doi hoi phai cit dut duoc
lién két giira cac tiéu phan, do d6 nhiét do soi thuong cao hon nhiéu so véi nhiét
dd nong chay.
* Noi chung, cac kim loai chuyén tiép c6 nhiét do so61 cao hon cac kim loai
khong chuyén tiép. Ciing nhu nhiét do néng chay, nhiét do séi cua cac kim loai
¢ gilta ddy c6 nhiét do so1 cao hon, vi Iy do nhu da néu & truong hop nhiét do
nong chay.
* Trong cac kim loai kiém, nhiét d6 s6i giam xuéng theo chiéu ting cia
dién tich hat nhan do luc lién két kim loai giam xudng khi ban kinh nguyén tu
tang.
Véi g@in c6 nhiét 46 néng chay thap, nhung nhiét do soéi lai cao hon nhiéu,
vi lién két kim loai manh trong gali long khong tang 1én nhiéu khi chuyén tir
trang thai long sang trang thai ran. Hon nita, mang ludi tinh thé cta gali khong
phai hinh thanh bang cac nguyén tu nhu cac kim loai khac ma bang cac phan tir
hai nguyén tu (d = 2,44 A), tai mit ctia mang ludi 14 cac phan tir Ga,, Phan tir d6
cling ton tai o trang thai 1ong; khi soi, phan tir Ga2 chuyén thanh don nguyén tir
nén nhiét do soi cao.
Gia tri nhiét do so61 cua cac kim loai néu ¢ bang 6.
Bang 6. Nhiét do soi cira cac kim loai (Ts, °C)
W 5930 [zZr 5050 [U 3500 [Ni 2730 [Ga 2070 | Ba 1540 |[Na 890
Re 5870 |Ru 4900 |V 3400 |Ge 2700 | Al 2060 | TI 1460 | K 770
Os 5500 |Mo 4800 |Ti 3260 |Cu 2600 [ In 2000 |Ca 1440 |cd 767
Hf 5300 [Rh 4500 |Au 2970 |Cr 2500 |La 1800 | Sr 1380 |[Rb 680
Ir 5300 |Pt 4400 [Be 2970 |{Sn 2360 |Pb 1740 | Li 1336 [Cs 670
Ta 5300 |Pd 4000 |Co 2900 |Ag 2210 |Sb 1635 | Mg 1110 |[As 610




|Th 5200 |Nd 3700 |Fe 2740 |Mn 2150 | Bi 1560 | Zn 907 | Hg
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(7) Tinh dan dién cua kim loai 14 tinh chét vat Iy quan trong nhat cua kim
loai. i déi vé6i tinh dan dién 1a tinh dan nhiét. Nhitng kim loai c6 tinh dan dién
t6t nhat nhu Ag, Cu, Au, Al ciing chinh 13 nhitng kim loai c6 tinh dan nhiét tdt
nhét.

Néu ldy d6 dan nhiét ctia Hg lam don vi thi Ag dan nhiét gap 48,8 lan do
dan nhiét cta thuy ngan ; va néu léy d6 dan dién cia thuy ngan lam don vi thi o
dan dién ctua Ag s& 16n hon d6 dan dién cia thity ngan 1a 59 lan. Trong bang 7
da néu Ién céc gia tr1 so sanh do.

Qua bang 7 ta thay do dan dién cling nhu d6 dan nhiét cta cac kim loai rat
khac nhau.

Tuy nhién, tat ca cac kim loai déu c6 mot dic tinh chung 12 d6 dan dién
giam xudng kha nhanh khi nhiét do tang (hinh 15a).

Bang 7. Do dan dién va dan nhiét cua kim loai (Hg = 1) P9 dan nhiét (Hg = 1)

Ag 48,8 | W 23,8 | Na 16,2 | Fe 9,5 Pt 8,3 | Ni 70 | In 29
Cu 46,2 |Be 19,2 | K 11,8 | Li 85| Pd 8,1 | Ta 6,5 | Sb 2,2
Au 35,3 | Mg 18,5 | Cd 10,8 | Co 83| Sn 79 | Tl 4,7 | Bi 1,0
Al 26,0 | Mo 17,5 | Rh 10,6 | Cr 8,3 | Ir 71 | Pb 4,2 | Hg 1,0

Do dan dién (Hg=1)

Ag 59,0 | Na 20,8 | Ni 13,9 [ Co 99 | Rb 7,7 Nb 4,8 Sb 25
Cu 56,9 | Mo 20,0 | K 13,6 | Fe 98 | Cr 7,3 Pb 4,6 Ga 1,7
Au 39,6 | Rh 19,4 ( Cd 12,6 | Pt 9,7 | Ta 6,2 Re 4,6 La 1,6
Al 36,1 | W 17,5 [ Li 11,2 | Pd 9,6 | Th 53 Sr 4,2 Ce 1,2
Mg 214 |Zn 16,0 [ In 10,6 [ Ru 9,6 | Be 5,2 \Y, 3,7 Bi 0,8
Ca 20,8 | Ir 15,7 | Os 10,6 | Sn 8,3 | Cs 4,8 U 2,6 Ge 0,001
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Hinh 1 5. su phu thudc do dan dién cua kim loai vao nhiét do



a) su thay doi do dan dién khi thay ddi nhiét 4o :
b) su thay d6i do dan dién ctia mot sé kim loai & gan
khong d6 tuyét doi.

Mot s6 kim loai lai ¢6 tinh chat ddc biét 13 ¢ nhiét do rat thap, gan khong
do tuyét ddi, thi khi ha nhiét d6 do dan dién tang 1€n lién tuc va sau do tang dot
ngodt dén vé cuc nghia 1a chuyén sang tinh siéu dan. Sy chuyén tir trang thai dan
dién binh thuong sang trang thai siéu dan tng v&i mot nhiét 46 xac dinh va
khong phai bat ky kim loai nao ciing déu c6 tinh siéu dan, thi du Au, Cu... khong

co tinh Slell dan ; mot s6 kim loai nhu Hg, Su, Pb... va nhiéu hop kim... lai c6
tinh siéu dan (hinh 15b).

1.6. Tinh chit héa hoc ciia kim logi

Tinh chat hoa hoc cua cac kim loai gy ra boi cac electron hoa tri cia
nguyén tir kim loai lién két yéu véi hat nhan nguyén tir, do d6 cac kim loai ¢
kha nang dé nhuong electron dé tao thanh con duong:

M -ne =Mn"

vi vay cac kim loai déu 1a chit khir, déu co kha ning tic dung véi nhiéu
chat khac nhau nhu tic dung v6i don chat 1a cac phi kim, tac dung véi cac hop
chat axit, mudi va nhimg chat oxi hoa khac.

Khi tac dung voi phi kim thi san pham tao thanh véi hidro 14 hidrua, véi
cac halogen la halogenua ; vo1 oxi goi 1a oxit ; voi luu huynh goi 1a sunua, véi
nito goi 1a nitrua; vé1 photpho goi 1a photphua ; v&i cacbon va silic goi 1a
cacbua va silicua... Cac phan tng tao ra cac hop chit trén duoc néu chi tiét
trong cac chuong sau.

(2) Khi kim loai tac dung véi axit khong co tinh oxit héa thi chat oxi héa la
con H', ion nay tiép nhan electron ctia nguyén tir kim loai.

Zn +2H"=Zn"" + Hy?

Nhitng kim loai hoat dong manh (Mg va trudc Mg) trong day thé dién cuc
day duoc hidro nhanh hon so voi nhitng kim loai hoat dong trung binh, tuy
nhién phan img x4y ra nhanh hay cham con phu thudc vao kha nang hoa tan cua
mudi tao thanh, chrfmg han khi cho Pb tac dung voi H,SO,4 Phan ng s€ cham
dan, do tao ra PbSO, kho tan (T, = 1,6.10'8) bam vao bé mit thanh chi.

Nhiing kim loai c6 thé dién cuc cao hon hidro khong doi1 dugce hidro tu
axit, tuy nhién c6 nhiing trudng hop da vi pham can bang tu nhién ctia phan ng
doi chd, chang han Cu & sau H, nhung lai giai phong H, khoi dung dich axit
HCN 13 axit yéu (K = 2. 10™*) vi d4 tao ra ion phtc xiano cua Cu(l) :

2Cu+2H =2Cu" + H, 1
Cu’ + 3CN "= [Cu(CN);]*
hoic Ag ciing day dugc H2 khoi dung dich HI IN :

2Ag + 2HI =2Agl] + H2~



do tich sd tan cta Agl rat bé (T, = 8,3. 10™'7).
Véi nhitng axit go tinh ox1 hoa nhu HNO3, H,S0, dic thi axit 1a chit oxi
hoa trong d6 nguyén to trung tdm da giam so oxi hoa.
(3) Trong méi trudng trung tinh ([H']=[OH]=10"M) thé dién cuc
9
2H" /H,
trén mai c6 kha nang day duoc H, ra khoi

=—0,41V, nhimg kim loai ndo c6 thé dién cuc thap hon gia tri

H,O. nhung vi san pham tao thanh 1a hidroxit, nén kha ning hoa tan cia
kim loai trong H,O Con phu thude vao do tan cua hidroxit.

Na, K phan tmg rat manh v6i H,O ; Ca phan tng chim hon; Mg phan tng
rat chdm véi nudce lanh vi tao ra mang Mg(OH)). nhung nhanh hon véi nudce
nong ; Al phan img rat chm vi ¢6 16p mang ALO; nhung khi cho thém HgCl,
Phan tng day H, lai rat nhanh, do tao ra hdn hong ; Fe khong phan tng voi nude
0 nhiét d§ thuong nhung véi hoi nudce tao ra Fe;0,.

» Trong cac truong hop trén H,O 13 Chat oxi hoa.
(4) Nhitng kim loai ma hidroxil ctia chung 1a ludng tinh. chang han nhu Al,
Cr, Zn, Su, Pb khong nhitng tac dung vdi axit ma con tac dung vo1 dung dich

kiém. Trong cac truong hop d6 H,O 1a chat oxi hoa, qua trinh phan tng da tao ra
hidroxit tan duoc trong dung dich kiém.

(5) Kim loai ¢ thé dién cuc cang am thi tinh khur cang manh va tinh oxi
hoa cua ion cang yéu vi vay mdi kim loai dung trudce déu day dugc kim loai xép
sau trong day thé dién cuc ra khoi dung dich mubi, chang han:

Zn + Cu®" = Cu + Zn**

Khéng nhiing thé, & trang thai ran nong ciing c6 phan tng doi chd ctia mot

s6 kim loai nhu nam day dugc Al khoi AICI3 néng chay :

0

3Na + AICl; = Al + 3NaCl
Al giai phong Fc trong qua trinh tecmit:
tO
8Al + 3Fe;04 = 9Fe + 4AL,0;

Tuy nhién nhitng phan ung thudc loai nay khong thé giai thich trén co s
cta thé dién cuc cua kim loai nhu trudng hop phan Gmg xay ra trong nudc, vi
rang thé dién cyc phu thudc vao ba hiéu Gng ning luong 13 ning lwong mang
lu6i, ning lwong ion hoa va ning lugng hidrat hoa. O trang thai nong chay mang
ludi cua kim loai da bi phd v, lai khong cé qué trinh hidrat hoa nén tinh kha
cua kim loai chu yéu phu thudc vao nang luong ion hoa ; kim loai ndo c6 nang
luong ion hoa thap hon s& khir duoc kim loai c6 nang luong ion héa cao hon.

(6) Ngoai cac don chit 1a phi kim, cic kim loai con c6 kha ning phan tGng
v6i nhau tao thanh nhiing hop chat hoa hoc gita cic kim loai goi 1a hop chat
metalit.

Cac metalit co thé duoc tao ra truc tiép tr cac don chat hodc gian tiép tur
cac metalit khac trong dung moéi khong nudc (thuong 1a amoniac 16ng) va



thudng duoc tao nén boi nhitng kim loai dién hinh va nhiing kim loai yéu. Trong
muc 1.3(4) d3 gidi thiéu vé thanh phan va cdu tric cta tinh thé cac loai hop chét
nay, dudi day néu mot sd phan tmg va tinh chit cua loai hop chit nay.

Thong thuong phan (mg tao la metalil tir cac kim loai déu 14 phan Gng phat
nhiét :

K + 2Hg =KHg, AH = - 83,68 kj
Na + 2Hg = NaHg, AH=-75,31kj
Na + 2Cd = NaCd, AH=-129.71k;.
Au + 3Zn = AuZn; AH=-16,74kj
Au + Zn = Auzn AH=-46.02 kj
3Au + Zn = Au3Zn AH =-100,42 kj

Mt sd mctalit tao ra & dang két tha hodc c6 mau khac nhau, chéng han:
3Na + 7sb = Na;Sb; (dung dich mau do)
3Na + 7Bi = Na3;Bi; (dung dich mau nau)
_ hay khi cho Pb tac dung vo1 dung dich natri tan trong amoniac 1ong tao ra
két tia trang, sau do6 cho lugng du Pb tao ra dung dich mau xanh :
4Na + Pb = Na,Pb (trang)
Na,Pb + 17Pb = 2Na,Pby (dung dich xanh)
Metalit cling c6 thé tao ra khi cho kim loai lac dung voi mudi trong
amoniac 1éng, vi du:
9Na + 4Zn(CN), = 8NaCN + NaZn,{
Vé tinh chat, nhiéu metalit c6 do bén nhiét rat cao, va doi khi ¢6 nhiét do
nong chdy vugt xa cac kim loai thanh phan, chiang han:

Li Bi LiBi
Tne °C 480 271 1145
Néi chung, nhitng metalit tao ra tir cac kim loai dién hinh nhu KNa, déu it
bén.
Khi c6 metalit tao thanh thuong kém theo giam d6 dan dién va tao ra ving
cAm kha ro rét. Thi du magie va thiéc - [ tao ra metalit Mg,Sn ¢6 tinh chét khéc

nhau:
Mg | (3-Sn Mg,Sn
The °C 650 271,8 795
Do dan 21 8 0,1
dién (Hg=1)
Vung cam (khéng  co) 0,34
(eV)

cac metalit khong tan trong nudc, nhung mot sd metalit lai tan trong amoniac



1ong, ltc d6 ciing dién ly thanh con va cling ¢6 phan tmg trao d6i kép nhu:
2C3(NOg)2 + K4Pb = Casz + 4KNO3

Khi dién phan dung dich hoac trang thai nong chay cac metalit, thi céac
kim loai chuyén vé céac cuc khac nhau, kim loai nao 4m dién hon chuyén vé
anot; con kim loai duong dién hon chuyén vé catot, thi du khi dién phan dung
dich Na,Pby trong amoniac 16ng thu dugc natri & catot va chi & anot.

Mot s6 hop kim tao ra tir nhiing kim loai vén khong co tir tinh nhu hop
kim Cu va Mn khi cho thém mot s6 kim loai khac nhu Al, Su, As, Sb, Bi lai co
tir tinh rat manh. diéu do c6 lién quan dén su tao thanh metalit.

1.7. Tong quan vé cdc phwong phdp diéu ché kim loai
Qui trinh diéu ché cac kim loai riéng biét, dugc néu chi tlet trong cac
chuong sau, vi vay trong muc nay chi néu mot sO nét tong quat vé van dé trén.

Nhu d3 biét, nguyén tac chung dleu ché kim loai 1a khir cac ion kim loai
Mn+ ¢6 trong thanh phan cac hop chat nhu oxit, sunfua, halogenua... tao thanh
kim loai theo so do:

Mn" + ne > M°
Dua trén nguyén tic do, thue té da ap dung cac phuong phap sau :
a - Phuong phap dung chat khir hoa hoc.
b - Phuong phap dién phan.
¢ - Phuong phap nhiét phan.

(1). Trong phuong phap ding chat khir hoa hoc dé khir oxit kim loai khi
nung nong thi chat khu thuong duge dung thi nghiém la khi hidro, con trong
cong nghi¢p la cacbon & dang than c6c hodc than go, dudi day la mo(vai vi du:

0
PbO + H, = Pb + H,0O

0
Cao + H1 = Cu + H,O

0
M0203 + 3H2 = 2Mo + 3H20
t0

SnO, + 2C = Sn + 2CO

Khi hop chat cua kim loai la sunfua, thi trudc hét nung cac sunfua trong
khong khi dé chuyén thanh oxit, sau d6 dung cacbon hay hidro dé khir oxit, thi
du:

t0
4F€Sz + 1102 = 2F€203 + 8802
tO
F6203 =+ 3H2 = 2Fe + 3H20
v6i Sunfua cua kim loai kém hoat dong c6 thé nung truc tiép trong oxi:
t0

HgS + 02 = Hg + SOQT

Vé nguyén tic, oxit kim loai c6 nhiét tao thanh cang thap thi qua trinh khir



cang dé, do vay nhimng kim loai c6 tinh duong dién bé hon Zn thi oxit kim loai
dé dé bi hidro va cacbon khtr thanh kim loai, so v6i cac kim loai c6 tinh duong
dién cao hon kém.V&i nhitng kim loai nay can phai nhiét dd cao, chéng han:
2000° C
MgO+C = Mg+CO?T
1200° C
/n0O+C = Zn+CO
Hon nira, nhiing kim loai c6 tinh duong dién cao khi tic dung véi cacbon
thuong tao nén cacbua, lam ngdn can qua trinh khtr oxit. Trong cac truong hop
nay, ngudi ta thuong dung chat khir 1a Al, Mg, Ca... thudng goi 1a phan img
nhiét kim logi, thi dy hon hop tecmit :
tO
3FC3O4 + 8Al = 9Fe + 4A1203
Pé khur cac halogenua kim loai, thuc té con dung nam, kim, canxi lam chét
kht.
Halogenua cuia cac kim loai ning ciing d& bi khir bang hidro hodc cacbon
oxit, chang han:
t0
2RbCl1 + Ca = CaCl + 2Rb
tO

FeCl, + H, = Fe + 2HCI

PdCl, + CO + H,O =Pd + CO,T + 2HCI
(2) Phuong phap dién phan dung dich trong nuéc dé két tua kim loai c6
tam quan trong 10n trong k¥ thuat dé diéu ché kim loai tinh khiét. Qua trinh nay
thuong ap dung dé diéu ché cac kim loai khong bi H20 phén huy va thu dugc
kim loai & catot:

2ZI'ISO4 + 2H20 =27n + OzT + 2H2$O4

Véi cac kim loai c6 do duong dién cao khong thé diéu ché bang phuong
phap dién phan dung dich trong nudc va ciing khong thé diéu ché bang chét
khtr hoa hoc, trong phong thi nghiém lai dung phuong phap di¢én phan dung
dich khong nudc, chang han dung dich piridin. Trong qua trinh tinh luyén kim
loai bang phuong phap dién phan, nguoi ta con sir dung phuong phap anot tan.
trong d6 kim loai chura tap chét 1am anot, con chat dién phan 13 mudi ctia kim
loai can tinh luyén. DPién thé dat vao cac dién cuc duoge chon sao cho kim loai
can tinh luyén s€ bi oxi hda va con chuyén vao dung dich, sau d6 thu dugc kim
loai & catot; con cac kim loai tap chat khong chuyén vao dung dich ma lang
xubng & khu vuc anot dudi dang bun!. Qua trinh nay thudng duogc st dung dé
tinh luyén Cu, Ni, Pb, Ag va mot s6 kim loai khac; dang bun thu duoc nhiéu
khi c6 c4 kim loai qui.

Ngoai phuong phap dién phan dung dich, trong thuc té con dung phuong
phép dién phan chat nong chay. Chat dién phan 1a oxit hodc mudi clorua(mu01
nay c6 nhiét d6 néng chay thap hon cac mudi khac). Phuong phap nay chi yéu
diéu ché cac kim loai ¢6 tinh duong dién cao nhu Al, Na. Ca, Mg... Thuc té
thuong cho thém chat phu (chat chay) dé 1am giam nhiét do nong chay cta chat



chinh, dé)ng th(‘)i,cﬁng lam tang do dan dién; ch‘fmg han khi dién phan Nacl
nong chay thi chat chay la CaCl, da lam giam nhiét do nong chay cua NaCl tur
800 °C xubng 600°C:

0
600 c

2NaCl,., = 2Na+CL?T
dién phan ALO; trong criolit (NaAlFs) nong chay da ha nhiét do nong
chay ciia Al,Os tir 1200°C dén 950°C :

9500 C

2ALO; = 4Al+30,7
khi dién phan Nb205 trong phirc chit K2[NbF7] nong chay dé diéu ché :
0

2 Nb,Os = 4Nb + 50, T
(3) Phuong phap nhiét phan huy cac hop ghét thuong dugc dung dé
diél} ché kim loai co (,icf) tinh khiét cao, che'tpg han dé c6 niken va sat c6 do tinh
khiét cao trong thuc té da nung cac hgp chat cacbonyl Ni(CO),, Fe(CO)s :
tO
Ni(CO); = Ni +4CO7T
tO
Fe(CO)s = Fe + 5CO7T
Nguoi ta cling nhi¢t phan mot s6 hop chét khac nhu oxit, halogenua cua
cac kim loai ndng, chang han nhiét phan HgO:
tO
2HgO = 2Hg + O,
hodc khi nung iotua dang M14 dé diéu ché Ti, Zn, Hf tinh khiét:
0
TII4 =Ti + 212
(4) Dé diéu ché kim loai rat kho bay hoi ngudi ta con ding phuong phap
Van Bolten vdi nguyén tic 13 nung nong kim loai trong chan khong bang 16 dién
& nhiét d6 cao, cac tap chit bay hoi hét, con lai kim loai linh khiét.



CHUONG 2
CAC NGUYEN TO NHOM IA (KIM LOAI KIEM)

2.1. Nhin xét chung vé cdc nguyén té nhém IA

(1) cac kim loai kiém thudc nhém IA cta bang tuan hoan gdm cac nguyén
t6 Li(lithium), Na (Naltrium hay Sodium), K (Kalium), Rb (Rubidium 1, Cs
(Caesium) va Fr (Francium). Liti duwgc nha hdéa hoc Thuy Dién 1a Acvetson
(Arfvedson) tim ra nam 1817 khi phan tich khoang vat petalit LiAI[Si4O;0]. Nam
1807, nha vat 1y kiém hoa hoc ngudi Anh 1a Pévi (H. Davy) diéu ché duoc natri
va kali & dang tinh khiét khi dién phan NaOH néng chay va KOH néng chay.
Rubidi duogc hai nha bac hoc nguoi Buc 1a Bunzen (K. Bunsen) va Kiéchop (G.
Kirchhoff) tim ra ndm 1861; con xezi cling dugc hai nha bac hoc trén tim ra nam
1860 déu bang phuong phap phén tich quang phd. Nguyén té franxi duoc phat
hién chdm hon vao ndm 1939 do mdt nha nghién ctru nguoi1 Phap 1a Peray (M.
Perey); nhung méi dén ddu nim 1950 méi diéu ché nhan tao bang phuong phap
chiéu xa urani

23§U(p,6p 21/1)2£Fr

(2) Nguyén tir khéi, s6 thtr tw nguyén t6 va su phan bd electron nhur sau

Nguyén | Ki Séther | Nguyén to Phan bd electron Hoa
to hiéu tw khoi tri

Liti Li 3 6,939 2 1 1
Natri Na 11 22,99 2 8 1 1
Kali K 19 39,1 2 8 8 1 1
Rubidi Rb 37 85,47 2 8 18 8 1 1
Xezi Cs 55 132,9 2 8 18 18 8 1 1
Franxi Fr 87 [223] 2 8 18 32 18 8 1 1

(3) Tét ca déu c6 mot electron ns' nam ngoai 16p vo cua cac khi tro dimg
trudc mdi nguyén t6 d6 vi vay cac kim loai kiém rat dé mét clectron hoéa tri dé
tao thanh cac ion M'", do dé cac kim loai kiém déu 1a nhitng kim loai rat hoat
dong. Tinh khtr tang dan tir Li d@én Fr, nén Fr 1a kim loai c6 tinh khtr manh nhét.

Maic du trong cung nhom kim loai kiém, nhung Li c6 mot s6 tinh chét
khéc v6i cac kim loai kiém con lai, vi du hidroxit cac kim loai kiém khic déu
dé tan, nhung LiOH lai 1a chét it tan (Tt =4. 10'2), mot sb hop chat khac LiF,
Li,COs, Li;PO, Ciing déu kho tan twong ty hop chat twong ung ciia cac kim
loai kiém thé.

(4) Céc ion kim loai kiém c6 16p v6 ngoai cung (n- 1)s°p’ nén déu c6 tinh
oxi hoa yéu.

(5) Dudi day 1a mot sé dic diém cua cac nguyén tir kim loai kiém (bang
8).



Béang 8. Mot s6 dac diém cua cac nguyén tir kim loai kiém

Nguyén tb Electron Ban kinh Ban kinh ion | The ion hoa
héa tri nguyén tr
(o] [o]
(A) M* (A) ly (eV)
Li 2s 1,55 0,68 5,39
Na 3s' 1,89 0,98 5,14
K 45s' 2,36 1,33 4,34
Rb 5s' 2,48 1,49 4,18
Cs 6s' 2,68 1,65 3,89
Fr 7s' 2,80 1,75 3,98

(6) V& ciu truc tinh thé, cac kim loai kiém déu co cdu tric mang lap
phuong tam khoi.

khoang cach a gilita hai hat nhan nguyén tir (canh cua hinh lap phuong)
nhu sau :

Li Na K Rb Cs
o
a (A)= 3,50 4,29 531 566 6,13
(&-10°C) (& -10°C)

2.2. Trang thdi thién nhién va thanh phén cic dong vi

(1)Do ¢6 hoat tinh héa hoc cao nén cac kim loai kiém khong ton tai & trang
thai kim loai tu do trong thién nhién ma chi ¢ dang ion. Su phan b6 cac kim loai
d6 trong v6 qua dat nhu sau: Nguyén t6 1% sb nguyén 1t 1% khéi luong

Nguyén t6 % s6 nguyén | % khéi lvong
tip
Li 1,9.10° 6,5. 10"
Na 2.4 2,64
K 1,4 2,60
Rb 7.10° 3,1.10%
Cs 9,5.10° 7,0.10™

(2) Trong vo qua dat, khoang vat chinh c6 chira liti & dang alumosilicat
nhung rat hiém, nhu khoang vét triphan hay spodumen LiAl(SiO3)2 ; petalit
LiAI(Si1205)2, hodc & dang photphat nhu triphilin LiFe (PO4), ambligonit
LIAIF(POA4)...

Hop chat thién nhién c6 chra natri 1a NaCl (c6 trong nude bién, mo mudi);

N&QSO&]OHQO, xoda Na2C03. IOHQO,
trong mot so silicat khac...

trong Na,CO3;.NaHCO;.10H,0,

Khodng vat chita kém ¢& dang alumino - silicat nhu phenspat



K;,0.A1,05.6S10,; mutcovit KHAI3(SiO4);; cacnalit KClL.MgCl..6H,O; kainit
K;S04.MgS0,.MgCl,.6H,0; xinvinit NaClL.KCI ; xinvin KCI...

Rubidi va xezi 1a nhiing nguyén t6 rat phan tan, thu’O’ng gap O dang tap
chat 14n trong quing cua cac kim loai kiém khac, do d6 khoang vat dung dé khai
thac rubidi va xezi 1a mot sé quing c6 chira liti va kali.

Trong quéng cua actini va urani co 1an cac dau vét franxi. Vi dy trong
mot tAn quing uran ¢ khoang 1,34. 107" g franxi.

(3) Trong co thé dong vat, natri chu yéu tap trung trong cac dich mé (bach
huyét va mau), con kali c¢6 trong ban than ciia mo. Kali ¢6 nhiéu trong gan, 14
lach. Natri ¢6 nhiéu trong bao thai cia dong vat.

Kali rat can cho ciy trong nhu laa, ngd, khoai tdy... Rubidi co trong ci cai
do, trong cac loai nho...

(4) Trong nudc dai duong, cac kim loai kiém déu & dang ion M+ véi thanh
phan trung binh nhu sau :

Nguyén Ham lwong Nguyén Ham lwvgng
tb % mgl/| t6 % mgl/|
Li 1,5.10° 0,150 Rb 2.10™ 0,2
Na 1,0353 10,354 Cs 3,7.10"8 3,7.10-

5
K 0,0387 387,5

(5)Ham luong cta cac kim loai kiém c6 trong cic mau da do céc tau Apollo
11-12 va Luna - 6 dua tu Mat Trang v€ ¢ ba vung khéac nhau c6 gié tri nhu sau :

Nguyén Ham lwong trung binh (sé gam /1 g mau da)
td Apollo -11 Apollo-12 Luna - 6
Li 1,2. 107 1,1. 107 1,08. 10°
Na 3,3.10° 3,0.10° -
K 1,4.107 1,5.107 -
Rb 3,4.10° 8,7.10° 1,9. 10°
Cs 0,1.10° 0,32.10° 0,09. 10°®

(6) * Li c6 ba ddng vi, trong d6 c6 hai ddong vi thién nhién 1a °Li (7,52%) va
7Li(92,48%) va dong vi phong xa 1a *Li véi chu ky ban hiy 13 0,841 gidy.

* Na c6 6 dong vi tir *’Na dén *Na trong d6 *Na 1a dong vi thién nhién
(100%), con lai 1a dong vi phong xa, dong vi *Na c¢o6 chu ky ban huy 1au nhét 13
2,6 nam.

« K ¢6 8 dong vi tir >’K dén *“k, trong d6 dong vi *K va 'K 1a déng vi
thién nhién chiém 93,08% va 6,91%. Ngoai ra trong cac dong vi phong xa thi
dong vi *K 1a ddng vi bén nhat voi chu ky ban hay 1a 1,3.10° nam, dong vi nay
cling co trong thién nhién khoang 0,0119%.

* RS ¢6 21 ddng vi, cac dong vi thién nhién 1a ¥Rb (72,15%) va *'Rb



(27,85%); dong vi *'Rb ciing c6 tinh phong xa nhung chu ky ban huy 13 6,2.10"
nam.

Cs c6 dén 24 dong vi, nhung chi c6 '*°Cs 1a dong vi thién nhién (100%),
con lai 1a dong vi phong xa.

2.3. Piéu ché cdc kim logi kiém

(1) Nguyén tac chung dé diéu ché cac kim loai kiém la dung dong dién
hodc dung chit khir manh dé khir cac con kim loai kiém, tach cac kim loai d6 ra
khoi hop chéat cua chung, bang phuong phap dién phan hidroxit hoic mudi
clorua noéng chay; hodc dung cacbon tac dung véi mudi cacbonat hoidc hidroxit
& nhiét do cao.

Trudc khi c6 phuong phap dién phan, nguoi ta da diéu ché nam bang cach
nung hén hop gém cacbon voi Na,CO;, hodc hdn hop cacbon véi NaOH &
100°C (phuong phap Castner, 1886) :

tO
Na,CO; + 2C = 2Na + 3COT
tO
6NaOH + 2C = 2Na + 3H, T + 2 Na,COs

(2) Ngay nay, lai duoc diéu ché bang cach dién phan mot hon hop
LiCl + KCI ¢6 khéi luong bang nhau véi anot bang than chi va catot bang sat.
C6 thé dién phan LiCl tinh khiét néng chay vi T, ctia LiCl thap (606°C), nhung
trong k¥ thuat nguoi ta cho thém KCI dé 1am giam nhiét d6 nong chay cua LiCl.

dpnc
OLiCl = 2Li+CL71

(3) Natri dugc diéu ché bang phuong phap dién phan NaCl ndng chay
hoac NaOH nong chay.

Khi dién phan NaOH nong chay (phuong phap Castner, 1 890) thu duoc
nam néng chay & khu vuc cator bang sat (hinh 16a).

Na+ + le=Na

natri c¢6 khoi lugng riéng bé hon nén ndi trén bé mit cia chit dién phan
nong chay. O bé mit catot bing sit hodc bang niken xay ra qua trinh oxi héa lén
OH :

4 OH -4e=2H20 + 0,7

cung véi O,, Phan 16n H,0 bay hoi thoat ra & khu vuc anot, tuy nhi€én mot
phan H,O bi phan hity va vi vay & catot con c6 khi H, thoat ra.

Natri diéu ché bang phuong phap dién phan NaCl néng chay (phuong
phép Ciba, 1910) duogc thyc hién trong nhimg thing bang thép (hinh 16 b), phia
trong 16t bang gach chiu néng véi anot bang than chi (A) va catot hinh vong
bang st (K), giita hai dién cuc c6 mang ngan (2). Chat dién phan khong phai 1a
NaCl tinh khiét (vi c6 Tnc cao 1a 8000C) ma 1a hdn hop cua NaCl véi 25%
NaF va 12% KCI (dé 1am giam nhiét d6 nong chay cia NaCl cho phép dién
phan & 610 + 6500 C). Khi do thoét ra & éng (1), natri tu lai & phan trén (3) cta
vong catot sau d6 theo 6ng (4) va tir 46 chuyén vao binh thu (5).
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Hinh 16. So d8 thiét bi dién phan diéu ché natri kim loai:
(a) Dién phan NaOH nong chay.
(b) Bién phan NaCl néng chay.

(4) Kili ciing duoc diéu ché bang phuong phap dién phan KCI nong chay
hodac KOH néng chay. Rubidi va xezi dugc diéu ché bang cach dung canxi dé
khtr mubi clorua & nhiét do cao trong chan khong:

7000 ¢
2RbCl + Ca = CaCl + 2Rb

Pé didu ché Rb va Cs voi lugng nhd ngudi ta con nung néng hdn hop
hidroxit cac kim oai d6 vi Mg trong ludng khi H, hodc vdi can xi trong chan
khong.

(5) Céc kim loai kiém déu dugc bao quan trong cac binh kin chira dau hoa
trung tinh, hodc rong binh kin duéi 16p vazolin hay parafin.

2.4. Tinh chit Iy hoc cdc kim logi kiém va trng dung

(1) Bé mit cua ’céc kim loai kiém c6 mau tréng bac Ve‘} c6 anh kim manh,
trr xezi (theo du kién cua Costeanu) ¢ trang thai tinh khiét c6 mau vang cua
vang (Au).

Tuy nhién, anh kim do chi tép tai trong chan khong hodc trong mdi truong
lanh, khi tiép xtic voi khong khi, bé mat bi mo dan.

Mot s6 hang s6 1y hoc quan trong dugc néu ra trong bang 9.

TAt ca céc kjm l‘oai kiém déu rpém, mém nhat la‘l‘xezi va cung nhét 1a liti;
natri c6 d§ img gan bang photpho trang, con xezi thi mém nhu sép.

Nhiét do nong chay va nhiét do soi déu thap va giam dén tr Li dén Cs. Két
qua d6 1a do lién két kim loai yéu va cang yéu dan khi ban kinh nguyén tir ting
dan. Tinh mém cua cac kim loai kiém cling do nguyén nhan do.

Cac kim loai kiém déu nhe, liti n6i trén dau hoa, con natri va kali thi noi
trén nudc.

Bang 9. M6t s6 hang s 1y hoc quan trong ciia kim loai kiém

Tinh chat Li Na K Rb Cs
Khoi lwgng riéng (g / 0,53 0,97 0,86 1,53 1,87




cm®)

Nhiét d6 néng chay (Tnc,
OC)

Nhiét do s6i (Tnc °C)

D6 dan dién (so voi Hg
:1)

D6 cirng (so voi kirn
cwong = 10)

Thé dién cuc (V)

Do am dign"

180

1370
11

98

883
21

0,4

-2,71
0,9

64

760
14

0,5

-2,92
0,8

39

700
8

0,3

-2,98
0,8

29

670
5

0,2

-2,92
0,8

) Theo Pauling.

Cac kim loai kiém déu c6 d6 dan dién cao phu hop véi thuyét vang cua
kim loai vi cac kim loai kiém c6 ving s chi méi bi chlem bdi mot nira sd
elcctron. P din dién cao hay thip con phu thudc vao s6 nguyén tir kim loai
trong mang tinh thé nghia 1a phu thudc vao sd nguyén tir trong 1 cm3 kim loai

& trang thai ran.

(2) Nhiét thing hoa ctia cac kim loai kiém c6 gia tri nhu sau :

| Na |

Rb |

Cs

Nhiét thang hoa (kj /
mol)

‘ 150,6‘ 108,8‘ 92,1’ 87,8‘

79,5

O trang thai hoi, phan tir cac kim loai kiém hau nhu chi don nguyén tir; tuy
nhién, bang phuong phap quang phd nguoi ta da thay trong hoi cia cac kim loai
do c6 ca phan tir ludng nguyén tir, nghia la chung c6 thé tao ra lién két cong hoa

tri. Nang lugng lién két trong phan tr d6 kha bé va giam dan tir Li dén Cs.

Phan tor Liz Naz K2 sz CSz

Khoang cach hat 2,67 3,08 22 21 19
0

nhan (A)

Nang lvong lién 108, 75,3 50,2 46,0 41,

két (kd / mol) 8 8

Hoi cua cac kim loai kiém c¢6 mau khac nhau. Hoi cua natri ¢c6 mau do nau
tuong tu mau cua dung dich thudc tim loang, hoi kali ¢c6 mau xanh luc; hoi

rubidi ¢c6 mau xanh da troi...

Khi d6t trong ngon lira khong mau, cac kim loai

kiém & trang thdi tu do ciing nhu cac hop chat dé bay hoi cua chung, déu 1am
cho ngon Itra c6 mau dac trung, Li c6 mau do6 tia, natri c6 mau vang, kali - mau
tim, rubidi - mau tim hong va xezi - mau xanh da troi.

Sy nhudém mau cua ngon ltra 1a do trong ngon Itra céc clectron cua nguyén
tir hodc ion kim loai kiém d4 bi kich dong tir cac obitan c6 mirc ning lugng thap
nhay ra nhiing obitan c6 mirc nang lugng cao hon; sau do cac electron nay nhay
vé chiém cac mirc ning luong ban dau lic d6 sé phat ra ning luong da hip thu



dudi dang nhiing buc xa vung nhin thay Vi du vach vang cua quang pho natri
xuat hién khi electron nhay tir mirc 3p xudng mirc 3s.

(3) Cac kim loai kiém c6 kha niang hoa tan 1an nhau.Hop kim Na va K
(24% Na va 76% K) 1a mot chit 1ong. dong dic ¢ - 12,6°C.

Céc kim loai kiém déu dé tan trong thuy ngan tao ra "hdn héng"(xem
chuwong 8 muc 8.4). Vi du 1, hdn hdng "cua liti c¢6 thanh phan LiHg,, LiHg, Li,
Hg, Li; Hg...

Cac kim loai kiém ciing tao ra hgp kim vé&i nhiéu kim loai khéc. Vi du véi
liti tao ra LiMg,, LiAl, LizAl..; natri tao ra hgp kim v&i Sn nhu NaSng, NaSny,
NaSn,, NaSn, Na, Sn, Na; Sn,...

Céc kim loai kiém tan duoc trong amoniac 16ng tao ra dung dich, trong do
cac kim loai da dugc ion hoéa, vi vdy dung dich lodng cua natri dan dién giong
nhu cht dién li, ngudi ta cho rang trong dung dich d6 c6 cac ion sonvat hoa

[ Na(NH;)X ] va céac ion [(NH;)n] . Khi ndng do cta Na 16n hon, dung dich ¢6
mau xanh dam, c6 anh kim va c6 tinh dan dién kim loai, tir 46 nguoi ta cho réng
ngoai cac electron két hop véi cac phan tir NH; con c6 thé co cac "electron tur
do" trong dung dich.

(4) Cac ion kim loai Li, Na, K khong ddc, nhung hidroxit cia chung c6 tac
dung an mon da nén thudng goi cac chit LiOH, NaOH, KOH 14 kiém &n da.

(5) Cac kim loai kiém déu c6 nhiéu img dung trong thuc té.

Liti duoc dung dé ché tao mot sé hop kim. Co nhiéu tng dung quan trong
la hop kim cua lai véi Ag, Mg, Zn, Cd, Pb, Ca. Vi du hop kim cua Ai c6 1% Li
lam tang do bén co hoc va khong bi an mon ; hop kim ctia Cu c6 2% lai lam
ting d6 dan dién; thém 0,4% liti vao chi, d6 ciing cua chi ting gép 3 lan

Ung dung quan trong nhét ciia 16i 12 ngudn diéu ché triti:

Sivln=3n+ e
370 1 2

Ngoai ra liti con duoc ding 1am chat mang nhiét trong 10 phan tGng hat
nhan.

Natri duoc dung nhiéu trong phan @mg nhiét kim. Phwong phép nhiét natri
dugc dung diéu ché titan, ziconi va mot sb kim loai khéac.

Hop kim cuia Na va K duoc dung nhiéu trong cac phan tmg tong hop hiru
co. Natri & dang hdn héng dugc dung 1am chét khir manh ; Na va hop kim Na -
K con duoc dung lam chét truyén nhiét trong 16 phan tGng hat nhan va mot sd
thiét bi khac.

Dudéi tac dung cua tia tir ngoai cac kim loai Na, K, Rb, Cs déu co6 kha nang
phong electron ra khoi bé mat kim loai nguyén chat, cuong do ciia dong electron
dugc phong ra ti 16 voi cuong do cua tia sang duoc hap thu. Loi dung tinh chat
nay ngudi ta dung Rb va Cs dé lam té bao quang dién dung trong vo tuyén
truyén hinh...



2.5. Tinh chét héa hoc ciia cdc kim loai kiém

Kim loai kiém 1’.'21 nhirng kim loai c6 hoat tinh h(')z} hoc cao, trong cac phan
ung déu l1a nhiing chat khir manh va tinh khir 46 tang dan tur loi dén xezi.

(1) Khi dun nong nhe trong khi quyén hung, cac kim loai kiém phan tng
truc ti€p tao ra cac hidrua ton. Vidu :

0
Li + H, = 2LiH.
Céc kim loai kiém khac, phan tng ciling xay ra tuong tu.

(2) Cac kim loai kiém phan (mg manh vé&i cac halogen. Chung bbc chay
trong khi do 4m & nhiét do thuong. V6i brom long, K, Rb va Cs nd6 manh, con
Li va Na chi phan tng ¢ bé mat. Vi iot cac kim loai kiém chi tac dung manh
khi dun néng.

Trong tat ca cac truong hop tuong tac véi halogen, san pham cta phan Gng
la mudi halogcnua.

(3) Cac kim loai kiém tac dung maph vO1 oxi. Rubidi va Xezi‘ boc chay
manh trong khong khi hodc ngay trong ludng khi oxi; cac kim loai kiém con lai
chi tw boc chay trong khong khi kho hoac trong luéng khi oxi khi dun nong.

Trong truong hop do, liti‘tao nén Li,0O va ¢ mot it Li,O,. Natri chdy tao ra
peoxit Na,O, ; cac kim loai ki€m con lai tao ra supeoxit KO,, RbO,, CsO,

Liti it tao ra peoxit vi ion Li" c¢6 kich thuéc bé nén khong thé lién két bén
v6i cac anion 16n hon ion O

(4) Cac kim loai kiém tac dung truc tiép v4i bot S ngay & nhiét d6 thudng
tao ra monosunfua M2S:

2M + S =M,S

Ciing tao ra cac pohsunfua nhu lesz, Na,S, (X = 2 + 5), KyS,,
Rb,S,,Cs,S, (X =2 + 6) bang phan tng gian tiép.

Ciing twong ty, selen va telu ciing phan tng truc tiép véi kim loai kiém tao
ra monoselenua M2Se va monotelua M, Te.

(5) Vi nito phan ti, chi ¢6 liti 1a ¢6 phan tGng truc tiép tao ra Li;N :

6Li + N, = 2Li;N

phan tmg xay ra chdm & nhiét d6 thuong, nhung ¢ 500°C phan tmg xay ra
manh hon.

Céc kim loai kiém con lai cling tao ra hop chit dang M3N khi cho hoi kim
loai tdc dung vdi "nito hoat dong" trong trudng phong dién €m :

6M + N, = 2M;N
Céc hop chat d6 thuong dugc diéu ché bang phan (mg gian tiép khi nung
hidrua trong ludng khi nito:
6NaH + N, =2Na;N + 3H,
_Nitrua cua cac kim loai kiém déu co6 mau (¢ nhiét do phong ¢6 mau do),
bén trong khong khi kho, nhung nhanh chong bi phan huy khi tiép xtic vai H,O
tao ra amoniac:



Na;N + 3H,0 =3NaOH + NH; T
(6) Céc kim loai kiém ciing phan ung truc tiép voi photpho nhung rat khé
khan. Li3P tao ra khi nung liti kim loai voi photpho d6, san pham thu dugc c6
mau d6 nau. NasP 13 chit rin mau hung, tao ra khi nung natri véi photpho &
500°C. Rubidi tao ra hop chat c6 thanh phan Rb,Ps khi nung hon hop gdm Rb
va P trong chan khong & 500°C ; con xezi ciing tao ra Cs,Ps khi nung hdn hop
photpho d6 véi xezi kim loai trong ampun han & 400 + 500°C trong thoi gian
373 - 423 gio.
Céc photphua déu bi phan huy trong khong khi am tao ra PH3 :
Na3P + 3H20 =3NaOH + PH3T
(7) Cacbon chi héa hop truc tiép véi liti tao ra cacbua Li,C,. Chit nay &
nhiét d6 cao bi phan huy tao ra don cht :
t0
2Li + 2C = Li,C,
Nhitng cacbua cia cac kim loai kiém khac duoc diéu ché bang phuong
phap gian tiép, chang han cho kim loai tac dung voi CoH, :
t0
2Na + C2H2 = NazCz + HZT
hoic bang cach cho khi axetilen qua dung dich kim loai kiém trong NHj.
San pham thu dugc déu bi nudc phan huy:
K,C, + 2H,O — 2KOH + CH =CH
Cac kim loai kiém ciling phan tng truc tiép voi silic khi nung néng voi
silic trong khi quyén agon. O nhiét d6 khoang 550 + 700°C. Liti lao ra Li,Si va
Li,Si ; cac kim loai kiém con lai tao ra MSi. Céc silixua LisS; va Li,Si tac dung
manh vé&i H,O tao ra silan SiH, tu bc chay. Cac hop chat dang MSi; déu khong
bén trong khong khi, nd manh khi tac dung véi H,O, va bi phan huy thanh
nguyén to khi dun noéng trong chan khong.
(8) Cac kim loai kiém c6 thé dién cuc rat thap, do d6 chiing phan tng rat
manh liét vo1 nude, gidi phong H2 :
2M + 2H,0 = 2MOH + H, 1
Trong qua trinh phan tmg, véi Li va Na - hidro thoat ra khong bdc chay,
v6i K - hidro bdc chay ; nhung v6i Rb va Cs - xay ra phan tmg n6. Cac dung
dich thu duoc déu co chira ion hidroxit ndng d6 cao nén duoc goi 1a dung dich
kiém (ma khong goi 1a dung dich bazo). Cac dung dich dam dic cta chung déu
c6 tac dung an mon da tay nén goi 1a kiém dn da.
Do phan tng manh véi H20 nén nguoi ta dung natri lam khan ciac dung
moi hitu co, chang han 1am khan ete - 1a chat khong phan tng vdi natri.
(9) Khong nhitng phan tng manh véi H20, ma con gidi phong H2 ra
khéi raou : 2Na + 2C2H5OH —> 2C2H50Na + HzT

(10). Trong amoniac khd, cac kim loai kiém tao ra cic amidua. Natri phan
g & 350°C tao ra natri amidua (tirc xodamit) :



2Na + 2NH; = 2NaNH, + H, T
san pham bi nuéc néng phan hay thanh amoniac do ion amidua phan Gng
voi H20:
NH, + HOH=OH + NH;?T
~ (11) Khong nhiing chi phan tmg voi cac axit manh dé lao ra H, ma con c6
thé thay thé hidr6é trong cic axit hitu co dé tao muoi l6n nhu NaCH;COO,
CsHsCOONa.
Khi dun néng hidrd sunfua hodc nung trong hidrd clorua, cac kim loai kiém

déu tao ra mudi sunfua va clorua tuong ung:
0

2Na + HQS = NaQS + HQT

0

2Na + 2HCI = 2NaCl + H, T
Oxit ciia mot sé kim loai va phi kim loai ciing bi khir boi cac kim loai
kiém :
t0
Si0, + 4K = Si + 2K,0
t0
Bi,0; + 6K = 2Bi + 3K,0
tO
ALO; + 6K = 2Al + 3K,0
Mot s6 mudi clorua ciing bi khir tuong ty tao thanh nguyén t, hoic mot sd
ankyl halogenua tao thanh hidrocacbon :
t0
TiCl, + 4Na = Ti + 4NacCl

0

Becb + 2Na Be + 2NaCl
C2H5I +2Na +1- C2H5 —> C2H5 — C2H5 + 2Nal

2.6. Hidrua ciia cdc kim logi kiém

(1) Trong s6 hidrua cia cac kim loai kiém thi LiH 13 bén hon ca, do bén
tuong tu hidrua cua cac kim loai kiém tho.

Liti hidrua 14 chit rdn mau tring, néng chay ¢ 680°C va phan huy trong
chan khéng & 450°C.

4500 ¢

2LiIH = 2Li+H,T
va bi H,O phéan huy :
LiH + H,O=LiOH + H,T
O trang thai nong chay, LiH dﬁq dién, va khi dién phan thu duoc Li & catot
va H, & anot, chiing t6 LiH 1a hop chat ion.
(2) Hidrua cua cac kim loai kiém con lai ciing duoc d@éu ché bang cach cho
H, tac dung tryc ti€p voi kim loai nhung khé khan hon nhiéu so véi LiH. D) bén
nhiét giam dan to NaH dén CsH, nhiét tao thanh gidm dan.



Hidrua cac kim loai kiém khac déu bi H20 phan hay twong tw LIH. Tat ca
déu Ia chat ran, két tinh theo dang tinh thé mudi an, c6 dé dai a (khoang cach
gitra hat nhan cta Li va H) trong tinh thé nhu sau:

| LH | NaH | KH | RbH | CsH
Nhiét tao thanh 90,37 53.55 | 41,00 -
(kJ / mol)
0
bodaia (A) 4,085 4880 | 5,700 6,037 | 6,376

2. 7. Oxit cua cac kim logi kiém

(1) Khi héa hop véi oxi, cac kim loai kiém tao ra cac oxit thudng (M,'0),
peoxit (M,'O, va Supeoxit (M'O,).

M0 Li,0 trdng | Na0 trang K20 tréng Rb,0 vang Cs0 da
nhat cam
M50, Li,0,trang | Na20,vang K20, vang Rbo0,ndu | Csy0,vang
nhat da cam toi
MO,  —  — K02 vang Rb0,vang | Cs0,vang
tham tham tham

(2) Oxit thuong M,O. Nhu trén da néu, ¢ nhiét do thuong hoac khi nung
trong khong khi hay trong oxi, lai tao ra oxit thuong Li,O, con cac kim loai khac
chu yéu tao ra peoxit hodc supeoxit.

Li,O tinh khiét co thé dugc didu ché bang cach nung LiOH, Li,COs,
LiNO; trong ludng khi H> & 800°C.

Li,O c6 thé bi khir bsi C, CO va H, tao ra lai. Li,O hoa hop cham véi H,O
tao ra L1OH.

Na;O thu:(‘mg du’qg tao ra mdt it 1dn v6i Na,O, khi dot chay natri. o) dang
tinh khiét dugc diéu ché bang cach nung Na202 hoac NaOH véi natri kim loai:

Na,0O, + 2Na = 2Na,O
2NaOH + 2Na =2Na,0 + H, T

Natri ciing dugc tao ra khi dat luong du natri kim loai trong oxi, rd rang
ban dau da tao ra Na,0,, sau d6 Na,O, da phan img voi lugng natri du. N6 cling
duoc tao ra khi nung NaNO, voi Na :

2NaNO, + 6Na =4Na,O + N, T

Céc oxit Cua cac kim loai kiém con lai cling co thé diéu ché béng cach dun

nong peoxil, hidroxit, nitrit, nitrat vé1i kim loai tuong img luong tu Na20, vi du:
t0
2KNO; + 10K = 6K,0 + N,

(3) Peoxit MzOzr va supeoxit MO,. Khi dot chay cac kim loai kiém trong

oxi du tao nén cac chat :



Na,0, KO, RbO; CsO,

Noi Chung, cac peoxit va supeoxit déu bén voi nhiét, khong bi phan huy
khi nung chay.

Tat ca déu hiit &m manh va bi chay rira trong khong khi.

Céc supeoxit déu 1a chat d& bay hoi. Chung déu tac dung manh véi H20
hoac vo1 axit:

M,0, + 2H,0 = 2MOH + H,0,
M0, + H*SO,4 = 2M,S0, + H,0,
v&1 Supeoxit con tao ra O,:
2MO, + 2H,0 = 2MOH + H,0, + 0,7
2MO; + H,S0,4 = M,SO4 + H,0, + O, T
cac peoxit va supeoxit déu 1a chit oxi hoa manh.

(4) Na,O, 12 Chat ¢6 nhiéu tng dung trong thuc té. Trong ky thuat duoc
diéu ché bang cach nung natri kim loai trong chén bang nhém & 180°C véi oxi
hay khong khi kho.

La chat ran mau hoi vang (do c6 13n tap chat). Nong chay & 460°C va phan
hay rd rét & gan 600°C.

Na,O, tac dung manh véi H,O va phat nhiéu nhiét do tao ra hidrat
Na,0,.8H,0 va sau d6 bi thuy phan tao ra O:
2Na,0, + 2H,0 = 4NaOH + O, 1
con ¢ nhiét o thap hay trong dung dich lodng thi bi phan huy tao ra H,O, :
Na,O, + 2H,0 =2NaOH + H,0,

Na,O, la Chat oxi,h()a manh. Cac cpét dé qhéy nhu rom, bong, bot thap, bot
nhom, luu huynh, bi boc chay va gay nd khi tiép xuc voi Na,O,. Cac Chat hitu
co nhg ete, axit axetic, nitro benzen, glixerin c6 lan nudc trén véi Na,O, cling
gay no manbh.

Trong hoa hoc phan tich,dung dé pha quing sunfua b"?mg cach nau nong
chdy quang v61 hon hgp gom Na,O, va Na,COj; trong chén bang bac :

0
2FeS, + 15Na,0, = Fe,0O3 + 4Na,SO4 + 11 Na,O
Hoic chuyén Cr(OH); thanh cromat:

0

2Cr(OH); + 3Na,0, = 2Na,CrO4 + 2NaOH + 2H,0

Phan ung vao1 CO tao ra Na2CO3 va véi CO tao ra O2 nhung véi dung
dich CO, tao ra H,0, :

Na,0, + CO = Na,CO;
2N3202 + 2C02 = 2N32CO3 + OzT
Na202 + Hzo + C02 = N32C03 + H202

(5) Kim supeoxit KO, 1a chat rin mau vang, hit 4&m manh nén chay rita
trong khong khi, dé bi H,0, khi CO, va axit lodng phan huy gidi phéng O,:



4K 0, + 2CO, = 2K,CO; + 30,7
2KO, + H,S0, =K,SO,4 + H,0, + 0,1
2KO, + 2H,0 =2KOH + H,0, + 07
Dya Vao phan tmg CO, nguoi ta da dung hon hop Na,0, Va KO, voi ti 18
1 : 2 vé s6 mol 1am ngudn tai sinh O, trong cac binh 1in va trong tdu ngam:

N&zOz + 2K02 + 2C02 N3.2C03 + K2C03 + 202T

Trong chan khong, KO, bi phan huy tao ra K,0O, va sau d6 tao ra K,O:
4K0, =2 K,0, + 20,71
2K,0, = 2K,0 + 0,7
KO, la Chat 6xi héa manh, tac dung manh voi H,, C, CO, NO va céc chat
hiru co:
2KO, + H,=2KOH + O,
4KO, +2C =2K,CO; + 0,7
2KO, + CO = K,CO; + O, 1

2KO, + 3NO = KNO; + KNO, + NO, T

Trudc kia, supeoxit ciia cac kim loai kiém dugc xem nhu 13 tetraoxit dang
M,'0, ; tuy nhién viéc khao sat bang tia Ronghen (V. Caxatokin - 1936 va
Klemm - 1939) da cho thdy mang lugi tinh thé ciia KO, giéng mang ludi tinh
thé ctia BaO, va cia BaC, (hinh 17) nghia 13 hinh thanh bdi nhitng ion K va O,
Ton O, c6 tinh thuan tir nghia 1a c6 mot electron doc than. Pauling da gia thiét
trong ion O,  ¢6 mot lién két don va mot lién két ba electron:

[lo = ofF
(6) Ngoai nhitng hop chat peoxit, cac kim loai kiém con tao ra cic hop chat
oxit co chtra ion O3- trong mang luéi tinh thé, goi 1a cac ozollit. Nguoi ta da biét
duoc cac ozonit nhu KO3, RbO; va cua amoni NH4O3 trong d6 dugc nghién ctru
ky hon ca 1a KOs.

o)
?/é ! g Hinh 17. Té& bao nguyén t5 mang tinh
T | Id thé BaC, :
=1l a=622A; c=T06A;d=14A.
: 1 | q
® Bg
L___— a ———.l

Kaliozonit dugc tao nén khi cho khi O; 6i qua KOH bét & nhiét do thap tir



- 50C dén -100C , nudc tao ra lién két véi KOH ran du :
40, + 6KOH = 4KO; + 0,7 + 2KOH. H,0
KOs 1a chét tinh thé mau doé da cam va 13 chit oxi hoa manh. O nhiét d6
thuong bi phan huy :
2K0; =2KO, + 0,1
Nudc ciing phan hiy manh KO3 tao ra oxi :
4KO0; + 2H,0 = 4KOH + 50,7

2.8. Hidroxir cdc kim logi kiém
(1) Hidroxit cac kim loai kiém déu 1a chit rdn mau trang, nong chdy & nhiét
d6 tuong d6i thap, tao ra chat 1ong linh dong va trong sudt.

Nhiét d§ nong chay, nhiét do so1, nhi¢t tao thanh tir cac nguyén t6 nhu sau :

LIOH | NaOH | KOH | RbOH | CsOH
Nhiét d6 néng chay | 450 328 | 360 | 300 | 275
()
Nhiét do soi . 1390 | 1324 - -
(l®)
Nhiét tao thanh (kj/ |- 4853 | -428 | -4242| - | -4196
mol & 25° C) 423 4

O trang thai nong chay, hidroxit kim loai kiém an mon thuy tinh, s& va khi
c6 mot chat oxi hoa (ngay ca oxi khong khi) an mon dugc ca platin, paladi tao ra
anion phirc, vi du K,[Pt(OH)s]; do d6 khong dung chén platin dé nau chay cac
hidroxit trén, trong phong thi nghiém dung chén bang bac, con trong k¥ thuat
dung dung cu bang sit.

Khi dun ndng dén nhiét do cao, khong bi phan huy trir trudng hop LiOH bi
mat nuée & gan 600°C :

2LiOH = leo + Hzo
diéu do di duoc gidi thich béng cach cho rﬁng ion Li" ¢6 kich thudc bé, lai chi
c6 hai electron, nén da hit manh oxi hon so vdi nhitng ion kim loai kiém khac.

Hidroxit cac kim loai kiém déu d& tan trong nudc va thoat ra nhiéu nhiét,
trir trudng hop LiOH it tan hon. Qua trinh tan hau nhu ching bi phan ly hoan
toan theo phuong trinh MOH = M' + OH nén ching déu 13 nhitng bazo manh
nhat trong tit ca cic bazo. Tinh bazo ting tir LIOH dén CsOH. Tuy nhién trong
cing mot chat, khi ndng do tang thi d6 dién ly giam do luc gifta cac ion

LiOH NaOH KOH RbOH CsOH
Nhiét hoa tan (kJ/ 20,08 43,51 55,23 61,53 70,29
mol)
Do tan (mol/l) & 15° 53 26,4 19,1 17,9 25,8
C




b6 tan (mol /1) d 5,4 29,8 22,6 16,9 20,2
30°C

Khi hoa tan, cc hidroxit trén phat ra nhiéu nhiét 1a do qua trinh hidrat hoa
cac ion kim loai kiém. Hidroxit kim loai kiém c6 thé tao nén cac hidrat c6 thé
tach ra ¢ dang tinh thé, chéng han LiOH, NaOH tach ra khéi dung dich v&1 mot
$b phan tr H,O. KOH téach ra & dang KOH.H,0, KOH.2H,0, KOH.4H,O0 trong
d6é dang KOH . 2H,0O bén & nhiét do thuong; NaOH ¢ dang NaOH.H,O,
NaOH.2H,O.

Céc hidroxit trén cling c6 kha ndng tan trong ruou.

(2) La nhiing chit kiém manh, tuong tac véi mot s6 kim loai nhu Zn, Ai,

Sn :

Zn + OH + H,0 =HZnO, +H,T
HZnO, + OH = ZnO,” + H,0
2Al + 20H- + 2H,0 =2A10" + 3H,7
Sn + OH + H,O =HSnO, + H,
Tuong tac voi mot s6 phi kim nhu Si, C, P,S, halogen :
Si + 20H + H,0 = Si0;* + 2H, 1
Cacbon khir NaOH néng chay tao ra Na va mudi cachonat:
6NaOH + 2C = 2Na + 2Na,CO; + 3H, 7T
Photpho trang (khong phai photpho do) phan tmg v0i dung dich kiém dic
tao ra photphin va nam hidrophotphin (cac nguyén t6 khac trong nhom VA
khong phan ng):
4P + 30H + 3H,0 =PH;T + 3H,PO,"
Tac dung véi axit va oxit tao thanh muébi.
Hép thu CO,, SO, tao ra mudi cacbonat hodc sunft :
CO +20H =CO;” + H,0
SO + 20H =S0; + H,0
An mon st va thuy tinh tao ra silicat:
Si0, + 20H = SiO;* + H,0
Tac dung vo1 mat s6 muodi tao ra két tua hidroxit cua cac kim loai d6 nhu
Mg(OH)2, Cu(OH)2... hodc tao ra nhitng bazo yéu nhu :
NH,Cl + NaOH =NH; T + NaCl + H,0
CH;3;NH;Cl1 + NaOH = CH;NH, + NaCl + H,0
~ (3) Khi can mdt lugng nhé hidroxit rat tinh khiét nguoi ta cho kim loai
kiém tac dung vdi H,O:
2Na + 2H,0 =2NaOH + H, T



Trong thuc té, ngudi ta dung phuong phap dién phan dung dich mubi
clorua céc kim loai kiém va thu duoc hidroxit twong ng ¢ khu vyc catot, hodac
dung phuong phap trao d6i kép gitra mudi cta kim loai kiém va hidroxit kim
loai kiém tho. Phuong phép nay khong chi diéu ché NaOH ma con ding diéu
ché RbOH va CsOH :

Rb,SO, + Ba(OH), = BaSO,| + 2RbOH

(4) Trong cac hidroxit cia cac kim loai kiém thi NaOH 1a quan trong nhat
duoc dung trong nhiéu nganh cong nghiép do do dugc san Xuat v0i qui mo 16m,
chang han dung dé san xuat xa phong, dung trong nganh san xuat gidy, to nhan
tao, ché bién dau mo, phadm nhudém, dugc pham.v.v..

NaOH duogc diéu ché trong cong nghiép bang cach cho xoan tac dung voi
nude voi :
tO
Ca(OH), + Na,CO; = CaCO;| + 2NaOH
Phuong phap niy cho phép chuyén xut (xoda) thanh NaOH, nén NaOH
dugc goi 1a xut an da hay xoda an da. NaOH diéu ché bang phwong phéap nay
con 1an nhiéu nude voi.

Hinh 18 . Thiét bi dién phan diéu
ché& NaOH :
(a) phuong phap mang ngan;
(b) phuong phap chuodng;
1.catot ;
2. anot;
3. mang ngan(a) ; chudng up ( b);
4. thing dién phan.

@ (b)

Ngay nay nguoi ta dung phuong phap dién phan dung dich NaCl bao hoa
v6i duong cuc bang than chi va am cyc bang thép. Khi H, thoat ra & cyc am va
khi do thoat ra ¢ cyc duong, con lai trong dung dich thu dugc & cuc am 1a ion
Na“ va OH:

dp
2NaCl + 2H,0 = 2 NaOH + CL, T + H,

Pé ngin khong cho khi chi tiép xtc véi dung dich NaOH, nguoi ta da dung
mang ngin bang ludi sat phu amiing bao quanh cuc duong.

Dung dich thu dugc c6 chira 8% NaOH con 13n rat nhiéu NaCl, vi vay khi
c6 dung dich, NaCl c6 do hoa tan bé hon nén da két tinh trudc, co 1ap nhiéu 1an
thu dugc NaOH c6 ham lugng cao.

KOH ciing nhur NaOH, dé tan trong nudc, trong metanol va etanol. Trong
k¥ thuat ciing diéu ché KOH bang cach cho K,COs tic dung véi nude voi hodc
dién phan dung dich KCI c6 mang ngan. Khi 1am bay hoi dung dich ciing c6 thé
thu dugc KOH ran, nhung thuong dung truc tiép dung dich dic khoang 50%.

Kili hidroxit dugc dung chii yéu trong cong nghiép san xuat xa phong



mém, lam kho cac khi. hép thu khi CO.,...

2.9. Muéi ciia cdc kim loai kiém

(1). cac mudi cua cac kim loai kiém déu khong c6 mau, trir truong hop
anion c6 mau, vi du mudi KMnO, ¢6 mau tim 13 mau cua con MnOy,".

Dai da sd cac mubi cua kim loai kiém déu dé tan trong nudc, trir trudng
hop mét sb mubi cua liti 13 twong d6i kho tan. Dung dich trong nudc cia cac
mudi ndy hau nhu dién 1i hoan toan va déu chira ion kim loai kiém khong mau.

Nhitng muébi it lan cta kim loai kiém thuong 13 nhitng mubi c6 chtra anion
c6 kich thude 16n cia cac kim loai kiém nang. Sau day la tich sb tan ciia mot sb
mudi thude loai d6 :

Tich s6 tan (T,) cia mot s6 mudi kim loai kiém

K* Rb* Cs*
ClO4 1,1.107 5,0.10° 4.103
MnO4 - 2,9.107 9,1.10°
104 8,3.10 55.10% 4,4.10°
PtCI% 1,4.10° 9,0. KT?® 3,0.10°8
CO(NOy)s> (! 43.10™ | 148.10" | 58.107°
B(CeHe)s- @ 2,25.10°8 - -

M
@

ion hexanitro cobantiat
ion tetra phenylborat.

Moét sb mubi kép kim loai kiém lai rat kho tan nhu kali uranyl ascnat
UO,KAsO, (T, = 2,5. 10%) kim uranyl photphat UO,KPO4(T, =7,8. 10**); natri
uranyl asenat (T;=1,3. 10'22); natri k€m uranyl axetat ZnUO,(CH;COQ),.6H,0
két tua hoan toan trong dung dich axit axctic lodng.

Khi két tinh tr dung dich, cac mubi kim loai kiém hau nhu khong tao ra
dang hidrat tinh thé trir mot s6 mudi cua 16i va nam nhu LiCl.H,O, LiNO;.H,O0,
NaCl.2H,O0...

Cac mudi cta kim loai kiém thuong cé nhiét do néng chdy cao va dan dién
khi nong chay.

(2) Bé diéu ché cac mudi cua cac kim loai kiém nguoi ta da ché hoa tir cac
khoang chét co trong thién nhién.

Céac mudi natri va kali - ché hoa tir khoang chét clorua; muéi liti - ché hoa
quang chuyén thanh dang mudi cacbonat, mudi nay kho tan nén dé thu dugc &
dang tinh khiét va tir 46 dung axit phan huy thu duge cac mudi khac nhau.

Rubidi va xezi 1a nhitng nguyén t6 phan tan 13n trong quing cia liti hoic
kali, do d6 cac mudi cua rubi va xezi thu dugc tir nude cai cua quang xinvinit
KCI. MgCl.6H,0.

2.10. Halogenua ciia kim logi kiém

(1) Halogenua ctia cac kim loai kiém déu 1a nhiing chat & dang tinh thé
khong mau. T4t ca déu 13 hop chat ion, trir Lil c6 mot phan cong hoa tri vi ion I
¢6 kich thudc 16n dé bi cuc hoa déng thoi con Li' lai ¢6 kich thudce bé nén lai co
tac dung cuc hoa lon.



Trir LiF (T, = 3,8.107), cac halogenua khac déu dé tan trong nudc
(bang 10).



Bang 10. D6 tan cuia cac halogenua kim loai kiém (mol/l & 180 C)

F Cr Br- I~
Li 0,1 18,6 20,3 12,2
Na* 1,1 5,8 8,6 11,8
K" 15,9 4,5 54 8,6
Rb* 12,5 7,2 6,5 7,2
Cs 24,2 10,9 5,6 2,8

Tir bang trén nhan thiy d6 tan ciia cac florua tang tir LiF dén CSF, con céc

halogenua con lai - nhin chung - d6 tan giam.

No6i chung, d0 hoa tan céc chat phu thudc hai yéu td chinh 1a nang luong
mang ludi clia cac chat va nhiét hidrat hoa cua cation. Nang lwong mang lui
cua cac halogenua kim loai kiém va nhiét hidrat hoa cua cac ion kim loai kiém
néu trong bang 11 ; 12 dudi day:

Bang 11. Ning lugng mang ludi cac halogenua kim loat kiém (kj/mol)

Li’ Na' K" Rb’ Cs’

F 991,6 891,2 786,6 753,1 728,0

Ccr 815,9 753,1 686,2 661,0 635.,9

Br 774,0 719,6 656,9 636,0 610,8

I 715,5 669,4 623,4 598,3 581,5

Bang12 Ning luong hidrat hoa céac cation kim loai kiém (kj / mol)
Li* Na® K* Rb* Cs"
0

Bankinhion (A) 0,60 0,95 1,33 1,48 1,69
Nang lwong hidrat hoa (kJ / mol) 506 397 313 288 255

<\ A * A - <\ . A + - re _sa \ -
Tur trén, theo chiéu ting tir Li” dén Cs’ ning luong mang luéi giam va ning

luong hidrat hoa cling gidm xuong.

Trong cic nghia 6i tir Li" dén Cs', ning lugng mang ludi giam xudng
nhanh chéng nén dg hoa tan tang; trai lai trong cac halogcnua khac, d§ hoa tan

cac mudi d6 lai giam do ning lugng hidrat hoa giam.

D0 tan cac halogenua kim loai tang khi tang nhi¢t d¢ (hinh 19). Nguoi ta
loi dung kha nang nay dé tdch cac muoi clorua khoéi hon hop. Vi du d6 hoa tan
cua Nacl va KCI ¢6 gia tri sau (gam/100gam H20):

t°C |0 | 10 | 30 |50 |70 | 90 | 100
NaCl 35,6 35,7 358 [36,0 [36,7 |375 |385 39,1
KCI 28,5 32,0 34,7 |374 |428 |483 |538 |56,6




Khi dun néng dén gan nhiét do sdi cta nude, do hoa tan ciia KCI cao hon
NaCl, nhung khi lam lanh d§ hoa tan cua KCI lai bé hon NaCl, nén co6 thé tach
KCI khoi hdn hop v6i NaCl. Khi két tinh tir dung dich, da s6 cac halogenua déu
tach ra & trang thai khan trir cic mudi sau ddy & dang hidrat: LiCLH,O,
LiBr.2H,0, Lil.H,0, Lil.3H,0, NaBr.2H,0, KF.2H,0, KF.4H,0, RbF. 1,5H,0.

T,. va T, cua cac halogenua kim loai kiém déu cao va giam dan (bang 13).

Khi dun nong chay hdn hop gdm hai halogenuakim loai kiém bat ky, s& co
phan tng trao doi: AX +BX —=AY +BX, cin bang d6 s& chuyén dich vé& phia
tao ra hai mudi trong d6 c6 mot phan tir gdm cac ion nho hon va mot phan tir
gdm cac ion 16n hon. Vi dy:

Nal + RbCl —= NaCl + RblI

Bang 13. Nhiét do nong chay (T,.) va nhiét dd soi (Ts) cuia cac halogenua
kim loai kiém (°C)

F Cl Br I

Li Ty 842 606 549 453
T, 1676 1382 1310, 1170

Na* T 995 800 740 610
T, 1702 1454 1393 1300

K T 856, 768 728 682
T, 1505 1417 1376] 1330

Rb" T, 780 717 681 642
T, 1410 1883 1350, 1305

Cs" Ty 684 638 627 621
T, 1251 1303 1300 1280




—_
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Hinh 19. B4 tan ciia cac halogenua
MX (molfit H,0)

(2) Nam clorua (NaCl) 12 mudi quan trong nhét trong cic halogenua cua
kim loai kiém. NaCl 13 hop chat ion, tinh thé c6 mang 14p phuong tim dién.

Trong thién nhién, NaCl c6 trong nudc bién khoang 2,7% theo khdi lugng;
¢ trong mudi mo, nhitng mé mudi 16n c6 16p day dén 1000m hoidc 16n hon.
Ciing nhu KCI, NaCl tinh thé c6 do trong sudt cao déi véi tia trong thay va tia
hé)ng ngoai nén dugc dung ché tao mot s6 dung cu quang hoc .

Khi néng chay, mot phan NaCl bay hoi nhung murc d6 kém hon so véi KCI.
Nguoi ta da xac dinh dugc & 800°C, ap suat hoi ctia NaCl 1a 1 mmHg; con KCI
¢ 800°C 14 4,5 mmHg .

Nguoi ta khai thaic mudi an tir nudc bién bang cach dun nong hoic bang
cach phoi ning; mudi an ciing c6 thé khai thac tr mudi mo bang phuong phap
ngam , bang cach hoa tan ngdm sau d6 bom dung dich 1én r6i két tinh lai.

Dé diéu ché NaCl tinh khiét tir mubi an k¥ thuat , nguoi ta da cho khi HCI
suc qua dung dich mudi an bio hoa, vi do hoa tan ciia NaCl giam khi c6 madt cua
NaOH, HCI, CaCl ... NaCl ¢6 vi man , dung lam thurc an cho ngudi va gia sac
(nén goi la mubi an). Muéi an tinh khiét khong hut am, nhung mubi bién lai bi
chay rita trong khong khi do 14n tap chat nhu MgSO, , CaCl,...

NaCl rat can cho co thé , trong huyét thanh ctia nguoi c6 chira khoang 0,08
% NaCl.

Trong y khoa dung dung dich NaCl 0,9 % (dung dich ding truong) trong
céc truong hop chdy mau nhiéu, ia chay mét nudce ... va dung dich NaCl
10 - 20% (goi 1a dung dich wu truong) trong cac trudng hop di ta mat nude qua
nhiéu, ngoai ra con dung dé rira va dip cac vét thuong c6é mu . v. ...



Trong cong nghiép NaCl dung dé diéu ché Na, Cl,, HCI, NaCl va trong
nhiéu nganh khac nhu nhudém, thudce da...

(3) Céc halogenua khac

Kali clorua (KCI) tinh khiét 1a chat khong mau; tinh thé trong sudt, khong
hat am .

Trong cong nghiép, KCl dugc diéu ché tir cac khoang chét cacnalit
KC1.MgC1.6H,O bang Céach hoa tan trong nuédc sau d6 1am bay hoi, KCI c6 do
tan bé hon nén tach ra ¢ dang tinh thé trude.

Trong ky thuat, KCl ciing duoc diéu ché tr khoang chit xinvinit
(NaCL.KCl) bang cach hoa tan xinvinit trong dung dich bao hoa mudi n khi dun
nong, sau khi dé nguoi KCI s& két tinh.

KCl ¢6 gia tri 16n vi 14 thanh phan chinh ciia phan kali .

Lui clorua (LiCl) khong mau , bay hoi ro rét & nhiét d§ nung nong dé. Pugc
diéu ché bang cach cho axit HCI tac dung v6i mudi cacbonat:

Li,CO, + 2HCl = 2LiCl + CO,T + H,O

Rubidi clorua (RbCl) va xezi clorua (CsCl) déu két tinh theo kiéu lap
phuong va déu dugc diéu ché bang cach cho HCI tac dung véi mudi cacbonat
tuong ng; hodc bang cach phan hiy hop chét cloroplatinat ctia ching.

Kali bromua (KBr) tinh thé khong mau , dugc dung lam thudc an than, dong
kinh.

Kali iotua (Ki) cling 14 tinh thé khong mau , d& hat am , chay nudc c¢6 mau
vang nau.

Dung dich Ki trong nuédc c6 kha ndng hoa tan dugce iot do phan ng:

KI + I, = K[];]

2.11. Cacbonat ciia kim logi kiém

(1) cac kim loai kiém tao ra hai loai mudi 12 hidrocacbonat MHCO; va
cacbonat M,CO; Nguoi ta da biét dugc tat ca cac hidro cacbonat cua kim loai
kiém ¢ trang thai rin trir liti hidro cacbonat chi duoc biét trong dung dich nuéc.

TAt ca cac hidrocacbonat cta kim loai kiém déu dé tan, trong d6 NaHCOs; it
tan. Dung dich cuia chung c6 mdi truong kiém rét yéu (hinh 20).

Khi dun nong dung dich, MHCO; bi phan hay dan thoat ra CO, va dung
dich trd nén kiém manh:

2MHCO, 44 i M,CO, +CO,T + H,0

O ngay nhiét d6 thuong, néu khong khi khong chira CO, , MHCO; trong
dung dich ciing dan dan bi phan hay.

O trang thai kho, MHCO; 1a nhitng tinh thé nho khong ngam nudc, bén &



nhiét 46 thuong, khi dun néng chung dé bi phan hiy tao thanh mubi M,CO; nhu
d3 néu trén. Do bén nhiét tang 18n 1o rét tir Na dén Cs (hinh 21).

mmHg
v 700
S
- J00
3
5 300
< 100
> 80 100 120 140 160°
0 20 40 g0°
Hinh 20 . 6 tan clia mudi cacbonat Hinh 21 . Ap suat phan ly clia cac
va hidrocacbonat cua natri va kali hidrocacbonat.
(mol //H,0).

Mudi hidrocacbonat dugc tao ra khi cho khi Coi tac dung voi mudi
cacbonat:

CO,* + CO, + H,0 = 2HCO;

(2) Cac mudi cacbonat ciia kim loai kiém déu tan , dung dich déu c6 tinh
kiém manh do Phan tng thuy Phan ;

M,CO, + H,0 = MOH + MHCO,

DJ§ hoa tan tang theo sb thtr tu nguyén td; Li,COj it tan (T, = 3,98.10’3); o
nhiét d§ thuong do tan cua Li,CO; 1a 0,17 mol/l va giam xué)ng khi nhiét do
tang.

Cac mudi cacbonat M2CO3 rat bén d6i v6i nhiét. O nhiét do nong chay
(trong khi quyén CO2) van chua bi phan huy:

| Li,C0s| NayC0; | KoCO; | RbyCO; | Cs,C05
Toe CC)| 735 | 852 | 894| 837 | -

Nhung khi nung & nhiét d6 cao hon, cic mudi d6 bi phan hity thanh oxit va

khi COy:
M,CO, i M,0 +CO,T

”,’;:f’s Po bén voi nhiét cua ching ting tir Li,CO;
i . / dén K,CO; va giam ),iuéng tir K,CO; dén Cs,COs5
(hinh c4 hai loai mudi hidrocacbonat va cacbonat
deu b1 axit manh phan huy tao ra khi CO,:

HCO; + H' =CO,7T + H,0

CO, +2H" =CO,T + H,0
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Hinh 22. Ap suat phan lycla mudi

cacbonat kim loai kiém .



Dung dich mudi cacbonat c6 tinh kiém manh hon nén khi tac dung véi mubi
ctia mot s6 kim loai, mudi cacbonat kim loai kiém tao ra mudi cacbonat bazo
ctia kim loai d6 , con mudi hidrocacbonat tao ra mudi trung tinh:

Zn* + 2HCO,” = ZnCO\. + CO,T +H,0
3Zn* + CO,” + 40H + 2 H,0= ZnCO,.2Zn (OH), .2H,0

Trong cac mudi cacbonat kim loai kiém thi Li,CO; giéng voi mubi
cacbonat kim loai kiém thd, c6 thé duogc diéu ché br:?mg cach cho amoni cacbonat
tac dung voi Li,SO,4 hoac mot s6 mudi khac:

( NH,),CO, + Li,SO, = Li,CO,{ + (NH,),SO,
Con cac mudi kim loai kiém khac diéu ché bang cach cho Coi tac dung
vo1 hidroxit:
CO, + 20H = CO* + H,0

Trong thuc té , mudi NaHCOj; va Na,COs 1a ¢6 nhiéu ung dung .

(3) Natri hidrocacbonat (NaHCO; 1a chat bot tinh thé mau tring gdm nhiing
ion Na" va HCO; . Cac ion HCO; lién két v6i nhau bang lién két hidro .

NaHCO; tan trong nudc tao ra méi truong kiém rat yéu:

’C |0|10|20|30|40|50|60
Do tan (g/lOOgHzo)l 6,9 | 8,15 | 9,6 | 11,1 | 12,7 | 14,5 | 16,4

Dung dich NaHCO; c6 thé 1am thay d6i mau qui tim hodc metyl da cam
nhung khong lam thay d6i mau cta dung dich phenollhtalein (0°C):

NaHCO, +H,0 == H,CO, + NaOH

NaHCOj; bi phan hity manh & 350 - 4000 C theo phuong trinh:

2NaHCO, ‘= Na,CO, + CO,T +H,0

O nhiét d6 phong, dung dich NaHCO; ciing bi mat mot luong CO, dang ké,
con khi dun ndéng dung dich d6 trén 700c thi phan huy manh hon.

NaHCO; c¢6 thé duge didu ché bang cach cho khi CO, tac dung véi dung
dich NaOH:

CO, + NaOH = NaHCO,
hoac cho khi CO2 qua dung dich lanh bao hoa Na2CO3:
Na,CO, + CO,T + H,0= 2 NaHCO,

NaHCOj; dugc dung trong y khoa chita bénh da day va rudt do thira axit, dé
ti€u, gidi doc do axit, ching noén o¢ . Ciing dugc dung trong cong nghiép thuc
pham lam chét gay xdp cho cac loai banh .

(4) Natri cacbonat (Na,COs) khan 1a chat bot mau tring am va ndng chay &



852°C . Cao hon 852°C, bit dau bi phan huy (hinh 22).

D@ tan trong nudc , qué trinh tan phat nhiéu nhiét do sy tao thanh hidrat. T
dung dich, & nhi¢t do dudi 32,5°C, nam cacbonat két tinh & dang
Na,CO;.10H,0.

Giira khoang 32,5 + 37,5°C, Na,CO;.10H,0 mét nudc két tinh bién thanh
dang heptahidrat Na,CO;.7H,O ; trén 37,5°C bién thanh monohidrat
Na,CO;.H,0Va dén 107°C mét nudc hoan toan tao thanh Na,CO; khan (hinh
23).

Tt hinh 23 cho théy do tan cia Na,CO; .10H,O tang 1én theo nhiét d§ con
do tan cua Na,COs. H,O lai gidm xuéng.

Na,CO;5.10H,O 1én hoa nhanh ngoai khong khi tao thanh b0t trang
Na,CO;.5H,0.

Khi tan trong nuéc Na,COs bi thay phan 1am cho dung dich ¢6 tinh kiém:

Na,CO; + H,0 —= NaHCO,; + NaOH .

vo1 dung dich 6N c6 pa = 12,8; dung dich 1N ¢6 pH = 12,3; dung dich 0,1

NcopH=10,9.
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Hinh 23. Buong cong do tan cia natri cacbonat .

Na,CO;.H,0 1a nhiing tinh thé tring dang hinh thoi, mat nudc & 470C ngoai
khong khi.

Na,COs tinh khiét duoc diéu ché bang cach nhiét phan NaHCO;

2NaHCO, i Na,CO, + CO,T +H,0

Trong céng nghiép nguoi ta didu ché Na2CO3 bang phirong phdp

Xonvay(E. Sonvay, 1838 - 1922 - ngudi Bi) dé ra nim 1864 bang phan tng:
NaCl + NH,HCO, == NaHCO, + NH,C
Thuc chat phan ung trén la thuan nghich , d§ hoa tan cac chét trén & 20°C

c6 gid tri nhu sau:



| NaCl|NH,;HCO;{NaHCO;|  NH,CI
P tan (¢/100gH0) | 36 | 21 96| 372

Nhu vay NaHCO3 it ran hon nén can bang chuyén sang phai.

Trong thuc té, nguoi ta cho khi NH; roi khi CO, qua dung dich NaCl bao
hoa:

NaCl + CO, + NH; + H,0 = NaHCO, + NH,CI

Loc tach NaHCO; 16i nung nong chuyén thanh Na,CO; khan. Khi CO, thu
dugc tir qua trinh ndy dugc dua lai vao qua trinh san xuat. San pham phu NH,Cl
lai cho phan tmg voi voi t6i dé tai sinh khi NH; ciing duoc dua lai qua trinh san
xuat

2NH,Cl + Ca(OH), = CaCl, + 2NH,T +2H.,0

Mudi an Nudc Than coc Khong khi
i v Il
Hén hop khy than + khi 1 ga
v v
Co, N, H,
I 1

!
! T
}

NaHCO, + CaCl,
L ]

l Na,CO,

Nguoi ta ciing diéu ché Na,CO; tir Na,SO, bang phuong phap Lo Bling
(N.Le Blanc - 1791) khi nung chay hdn hop Na,SOy4 v6i voi va than & 1000°C.
Phan Ung xdy ra nhu sau:

Na,SO, + 2C C NasS + 2C0,1
Na,S + CaCO, = Na,CO; +CaS
Na,COs tach ra khoi hdn hop véi CaS kho tan bang cach ché hoa voi nude.
CaS c6 thé dung dé diéu ché H,S va sau d6 diéu ché luu huynh.
Trong phuong phap trén , Na,SO, duogc ldy tir ngudn thién nhién hoic mudi
mé rdi cho tac dung véi1 H,SO, dac:

NaCl + H,S0, 45 2 N2,SO, + 2HCl
Nguoi ta cling diéu ché Na,COs tir criolit NasAlF, (6 M¥) theo nguyén tic
nung hon hop Na3AlF, véi CaCO:s:



l()

Na,AlF, + 3CaCO;, — Na,AlO; +3CaF, + 3CO,T
sau d6 Na3;AlO; bi phan huy béi H,O va CO;:
2Na,AlO, + 3CO, + 3H,0 = 3Na,CO, + 2AI(OH)4

Nguoi ta cling khai thic Na,COs tir Cac hd mudi cacbonat co trong thién
nhién , béng cach lam lanh hoac béng cach cho nudc bay hoi, hodc khai thac tir
két tha Na,CO; tich tuy & day hd dudi dang khoang chéat trong
Na,C0O5.NaHCO5.2H,0

Su hinh thanh Na,COs trong thién nhién trong cac hd mudi la do su khi
Na,SO, thanh Na,S béi cic vi khuan hodc cc chit hitu co dudi tac dung cua
nhiét d0 cao; sau d6 Na,S dudi tac dung cua H,O va CO, khi quyén tao thanh
Na,CO; , theo so do:

Na,SO, + chdt hituco —> Na,S + CO,T + H,O
Na,S + CO, + H,O = Na,CO, + H,ST

H,S tao ra ¢ trang thai khi , hodc hoa tan trong nudc ngr:im , hodc lién két
v6i cac hop chét cua sit trong nude tao thanh bun mau den FeS.

(5) Kim cacbonat (K,CO;) Con goi 14 potat, 13 tinh thé khéng mau , hat am.
Khéi luong riéng 1a 2.29g/m’. Néng chay ¢ 894°C , cao hon nhiét do d6 thi bi
phan huy .

Tan trong nudce cho phan ing kiém; do tan tang theo nhiét do:

toc \ 0 \ 25 \ 100
Po tan| 105 113,5 ‘ 156

(g/100gH,0)

Khi dé ngudi dung dich bao hoa, thu dugc dang hidrat K,CO3.2H,0 ; mét
nuée két tinh & 100°C

Trong cong nghiép , potat dugc diéu ché bang cach cho khi CO, tac dung

v6i KOH da dugc diéu ché Iir dung dich KCI bang phuong phap dién phan:
2KOH + CO, = K,CO, + H.0

Tuy nhién , K,CO; thu duoc theo phuwong phap nay con 1an KCI khé tach
ra.

Nguoi ta cling diéu ché bang cach dwa vao do tan kém cua mudi kép
KHCO;.MgCO;.4H,0 (phuong phap Engel va Precht). Mubi kép nay tao ra khi
cho khi CO, tac dung véi dung dich KCl bdo hoa mét huyén phu MgCO; .
3H20:

2KCl + 3 (MgCO; . 3H,0) + CO, = 2(KHCO,. MgCO, . 4H,0) + MgCl,
dun noéng dén 600C , mudi kép trén phan huy thanh K,CO; va



MgCO;.3H,0:
2(KHCO, MgCO, . 4H,0) %€ K,CO, + 2(MgCO, . 3H,0) +CO,T + 3H,0
Ngoai hai phuong phap chii yéu trén , ngudi ta con dung phuong phap
fomiat (phuong phap Goldschmidt) bang cach cho hon hgp dong phan tir K,SO,
va voi toi r0i cho bdo hoa khi CO ¢ 200°C va 30atm:

200°C

K,SO, + Ca(OH), +2CO CaSO + 2HCOOK

30atm
loc tach CaSO, , lam khoé dung dich KHCO, , sau d6 nung chit rin, thu
duoc K,COs:
2KHCO, + O, < K,CO, +CO,T + H,0
K,COj; dugc dung trong cong nghiép xa phong va cong nghiép thuy tinh.

2.12. Sunfat cdc kim loai kiém

(1) Axit H,SO, 1a axit hai 1an axit nén tao ra v&i kim loai kiém hai loai
mudi . Mubi trung hoa tan trong nuéc cho mdi truong trung tinh ; mudi axit (hay
mudi hidrosunfat) tan trong nudc cho phan tmg axit .

Céac mudi sunfat va hidrosunfat cac kim loai kiém déu dé tan trong nudc va
déu két tinh tr dung dich duéi dang khéng ngdm nudc. trr Li,SO,.H,O va
Na,S0O,4.10H,0 tach ra khéi dung dich & diéu kién thuong .

Nhiét d6 nong chay cia cac sunfat khan déu rat cao:

Li,SO, (860°C); Na,S04(885°C); K,SO, (1069°C); Rb,SO4(1074°C);
Cs,S04(1010°C).

Tinh bay hoi va d6 bén ciing bién ddi ting dan tir liti dén xezi.

(2) Natri sunrat (Na,SO,.10H,0) 13 nhiing tinh thé ling try , khong mau ,
vi dang , khéi luong riéng 1a 1,46 g/ cm’ .

Két tinh trong dung dich nuéc duéi 32,383°C c6 thanh phan
Na,S0,.10H,0. Dé trong khong khi bi Ién hoa nhanh , tadch nudc két tinh tao ra
chat bét mau tring. Khi dun néng cao hon 32°C, néng chay trong nuéc két tinh
tao ra dang mubi khan .

Kha ndng hoa tan cta natri sunfat (gam /100g dung dich) phu thudc nhiét
do:

e 0 10 |20 |30 |32,38 |40 |50 |100
Do tan(g/100gdd)4,5  [8,24 [16,4 [28,9 [332 [32,5 [31,8 [29.8
(\mot/ld/
Do hoa tan cuc dai ¢ 32,38°C , 14 diém chuyén °] -
51
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tiép gitta dang decahidrat va dang khan, ciing 1a diém
chuyén tiép giita dang ran va dung dich bio hoa. Dudi
nhiét d6 d6 dung dich bio hoa can bang véi tinh thé
Na,S0,.10H,0 tirc 13 ton tai & dang decahidrat , trén
32,38°C natri

sunfat ton tai & dang khan .

S¢ di duong cong d) tan cua natri - sunfat co
diém chuyén tiép nhu vay 1a do Na,SO4.10H,0 co
nhi¢t hoa tan am (AH = + 78,49 kj/mol) nén khi tang
nhiét o, d6 hoa tan ting. O 32,38°C , dang hidrat
chuyén thanh dang khan. Nang luong mang lué6i 16n
hon ning lugng hidrat hoa cta ion Na' va SO,
nhiét hoa tan co gia tri duong, qua trinh phat khiét
nén can bang tan sau day:

Na,SO,d == (2Na' + SO/ ) tan AH<O0
chuyén sang trai khi tdng nhiét do , két qua la do hoa tan giam .

Mot luong 16n Na,SO, thu dugc 1a san phidm phu cta qua trinh didu ché
HCI tir Nhét va H,SO,

Trong thién nhién NaiSO4 & ning cac khoang chit glauborit
Na,S0,4.CaSQy; astracanit Na,S04.MgS0,4.4H,0; glazcrit Na,SO,4.2K,SO0;....

Natri sunfat dugc dung lam chit sinh han. Trong y khoa, Na,SO,.10H,0
dugc dung 1am chat nhuan trang; mot luong 16n duoc dung trong cong nghiép
thuy tinh.

(3) Natri hidrosunfat (NaHSO,) 14 nhiing tinh thé khong mau, dé tan trong
nuoc.

Khi nung néng s& mat nudc tao ra natri pyrosunfat:

INaHSO, = Na,$,0, + H.0

Néu nung manh hon bj phan hay tach ra SO;:

Na,S,0, 2 Na,S0, + SO,

Nguoi ta loi dung tinh chit nay dé chuyén mot sb chat kho tan thanh chat dé
tan. Vi du trang hén hop gém Na,S,0, + Cr,0; dé Chuyén Cr,05 thanh
Cr(SOy); dé tan:

IN2,S,0, +Cr0, = Cry(SO,); + 3Na,SO,
va ciing duoc dung dé 1am sach cac chén platin.
NaHSO, dugc tao ra khi dun ndng c¢6 mac d6 hdn hop gom mudi dn véi



HQSO4 daCZ

NaCl +H,S0, =0C NaHSO, + HCI

néu dun ndng manh s¢€ tao thanh Na,SO,:
S00°C

NaHSO, + NaCi Na,SO, + HC

(4) Kali sunfat va khu hidrosunfat (K,SO, Va KHSO,)
Kali suntktt & trang thai khan & dang hinh thoi. O 587°C cué cang dang luc

phuong . Khéi luong riéng ¢ 18°C bing °C, 67 g/em’. Do tan trong nudc nhu
sau:
'C |o|10|2o|30|40|50|100

Do tan(g/100gH,0) | 7,35 | 9,22 | 11,11 | 12,97| 14,76 | 16,5o| 24,1

Trong cong nghiép, K,SO, duoc diéu ché tir cac khoang chat mudi kim va
magie sunfat, vi du tir khoang chat kainit KC1.MgSO,4.3H,0 hoic tir KCI va
khoang chét kizenit MgS0,4.6H,0.

Trong dung dich nuéc , MgSO, Phan img véi KCl:

MgSO, + 2KCl == K.SO, + MgCh

sau do, K,SO,4 va MgSQO, s€ tao ra mudi kép kho tan:

K.SO, + MgSO, + 6H,0 =K,SO, MgSO,. 6H,0O
loc chét ran va rira bﬁng dung dich KCI ,thu dugc K2S0O4:
K,S0,.MgSO,.6H,0 + 2KCl =2K,SO, + MgCl,.6H,0

Kali hidrosunfat KHSO, 1a nhimg khdi mat thoi , khéi lwong riéng 2,36
g/cny’, tan trong nude cho phan tmg axit . Nhiét d6 nong chay 216°C . Khi nung
& 160 : 170°C, mat H,O tao thanh kali pirosunfat va sau d6 chuyén thanh mudi
trung hoa:

ZKHSO4 —_— KzSzO-, + Hzo

KESZO7 — KZSO4 + 803

bg tan cua KHSO, trong nudc nhu sau:

t’'C | 0 | 20 | 40 | 100
P9 tan(g/100gH,0)| 363 | 514 673 | 121,6

KHSO, dugc xem 14 san pham phu trong qua trinh san xuat HNO; tir KNO;

va HzSO4 daC:
150°C

KNO; + H,S0, gy KHSO, + HNO,

O dang tinh khiét , dugc diéu ché bang cach dun nong hdn hop gom K,SO,



Va H,S0, dic Cho dén khi dugc mot khdi trong sudt , lam lanh chat long, dugc
nhiing tinh thé KHSO,:

K,SO, + HSO,q = 2KHSO,

2.13. Nitrat cdc kim loai kiém
(1) Nitral cta cac kim loai kiém déu 1a nhitng chat két tinh, d& nong
chay va tan nhiéu trong nudc.

304 ‘\Q
25 o Nhiét d6 néng chay: LiNO; - 252°C ;
¥
1 s NaNO; - 306°C ; KNOs - 333°C ; RbNO; - 313°C ;
201 > . , . A
: CsNO; - 404°C. Khi dun ndng cao hon, bi phan
51 X © huay theo so do:
NS i .
1013, O < IMNO, = 2MNO, + O,T
] ¢ S Trén hinh 25 cho thdy do tan cta cac nitrat
kim loai kiém déu ting theo nhiét do. Riéng dudng
0 20 29 & 40 100 cong ctia LiNO; ¢6 cac diém giy 1a do do tan khéc
X .. .. nhau cua cd dang hidrat LiNO;s.3H,0;
Hinh 25. D5 tan cac mudi nitrat kim loai ) ) ) . ) o ]
kiém (mol /1 H,0) LiNO;.1,5H,0; cac nitrat ctia kim loai kiém khac

khong tao thanh hidrat tinh thé nén khong c6 cac diém giy.

Véi nitrat cia K, Rb, Cs ngoai mubi khan, con tao ra nhiing san pham két
hop vo1 HNO; voi dang téng quat MNO;.HNO3;, MNO3;.2HNOs, do dé khi hoa
tan cac tinh thé nhitng mudi nay déu co rat du HNO; tu do.

Trong cac nitrat kim loai kiém thi NaNO; va KNO; 1a ¢6 gia tri thuc té.

Nguoi ta dung ca hai mubi d6 lam phan bon. KNO; con dung dé ché thude
stung den (khong dung NaNO; vi hat am).

(2) Nam nitrat NaNO; 1a nhiing tinh thé tor dién khong mau thude hé luc
phuong, chay rita ngoai khong khi 4m; tan nhiéu trong nudc.

Khi dun néng bi phan hay tao ra NaNO, va oxi, sau d6 1a hdn hop gém oxi,
nito, va NO,.

Phan 16n NaNO3 thu duoc 1a san pham phu cta qua trinh san xuat HNO;
khi cho céc oxit nho hap thu bsi dung dich kiém.

(3) Kim nitrat KNOs 14 nhiing tinh thé trong suét , khong mau, bén trong
khong khi; dé tan trong nudc.

Khi dun néng trén nhiét d6 nong chay (333°C) , bat dau bi phan hily tach ra
O, va chuyén thanh KNO,.

KNO; dugc didu ché bang phan tng phan hity K,CO; bai HNO; hodc phan



ung trung hoa KOH vé1 HNO:;.
Nguoi ta ciing diéu ché KNO; bang phan tng trao d6i gitta NaNO; véi KCI:
NaNO; + KCI == NaCl + KNO,
Phuong phéap nay dua trén do tan khac nhau cta cac mudi trén (g/100g

HZO):

NaNO; KClI NaCl KNO;
& 100°C 175 56,6 39,1 246
6 °C 73 28.5 35,6 13

Khi thém KCI vao dung dich néng bio hoa NaNOs, can bang trén chuyén
dich sang phai, NaCl it tan hon s€ tach ra trudc, dung dich con lai bao hoa NaCl
va KNOs. Khi lam lanh dung dich , KNOs it tan hon s€ tach ra sau.

KNO; duoc dung lam phan bén va dugc dung dé ché tao thudc nd. Thudc
n6 thong thuong (thude sung den) 1a hon hop gom 68% KNOs, 15% S va 17% C
gan ng v6i thanh phan 2KNO; + 3C + S, néi chung ti 1& nay c6 thay doi tuy
theo loai riéng biét . V& cin ban phan tng chay cua thudc sung xay ra theo
phuong trinh:

2KNO; + 3C + S = N,T+ 3CO,T + K,S + 707 kJ.
Ngoai ra, mot phﬁn tao thanh K,SO,, K,CO;, CO, SO,:
2KNO, + 2S = K,S0, + SO,T+ N,T
4KNO, + 5C = 2K,CO, + 3CO, T + 2N,T

2.14 . Muéi khé tan ciia kim loai kiém

(1) Nam hidroxoantimonat Na[Sb(OH)s] con goi 1a natri hidropiroantimonat
1a chit bot mau tréng hoi xanh , tao ra & dang vi tinh thé khi cho mudi kali tuong
g tac dung mudi natri trong moi truong trung tinh hoic kiém yéu:

K[Sb(OH),] + NaCl = Na[Sb(OH),] + KCl

Phén (g trén dung trong phan tich dé xac dinh natri.

(2) Kali hidrotactrat KH[C4H4O4] (KOOC - CHOH - CHOH - COOH) la
mudi kho tan cua kali. Trong 100 g H,O0, mudi trén chi hoa tan duge 0,57 g
& 0°C va 6,9 g0 100°C. D6 tan cua mudi do gidm manh trong dung dich rugu.
Trai lai , mudi trung hoa K,[C4H4O4] va mudi hdn tap KNa[C4H4O¢].4H,0 lai
rat dé tan.

Mudi kali hexacloroplatinat K,[PtClg] twong dbi it tan. O 20°C d6 hoa tan 1a
1,09 trong 100 g dung dich. Trong dung dich rugu, thuc té 1a khong tan .
K,[PtClg] 1a chét ran tinh thé mau vang; khi dun néng , mubi bi phan hiy tao ra



kim loai.

Kali peclorat KCIO, ciing 1a mudi it tan cua kali, nhung do tan phu thudc
manh va nhiét d6 . Trong 100 g nudc, kim peclorat chi hoa tan duoc 0,7 g & 0°C
va 18,7 g 6 100°C. (3) Cac mubi peclorat, hexacloroplatinat, bitactrat ciia Rb va
Cs déu 1a mudi kho tan. Do hoa tan ciia cac mubi trén (sé6 gam mudi khan trong
100 g dung dich) nhu sau:

Rb" Cs'
MCIO, 0,76 g (14° C) 1,17g(14°C)
M,[PtClg] 0,028 g(20°C), 0,009 g (20° C)
MH[C,H,O6]|  1,17g(25°C) 8,9 g (25° C)

(4) Trai lai , cac mudi Li,[PtCls], LiH[C4H4O4] lai d& tan , nhung mubi LiF,
Li,COs , LisPO, déu 1a mudi kho tan . Do tan (sé gam mudi khan trong 100g
dung dich) cac mubi d6 nhu sau:

LiF (0,26g & 18° C ); Li,CO4(1,31g & 20° C ); Li,PO, (0,039g & 18°C ).



CHUONG 3
CAC NGUYEN TO NHOM IIA (KIM LOAI KIEM THO)

3.1. Nhin xét chung vé cdc nguyén té nhom I1A

(1) cac kim loai kiém tho thudc nhom IIA cia bang tuan hoan goém cac
nguyén t0 Be (Beryllium), Mg(Magnesium), Ca(calcium), Sr (Strontium),
Ba(Barium) va Ra (Radium). Berili dugc nha hoéa hoc ngudi Phap la
Vocolanh(L. Vauquelin) tim ra ndm 1798 trong da qui beng, nhung mai dén 30
nam sau moi1 duge Voélo (F. Wéhler) nguot Buc va Buyxi (A. Bussy) nguoi
Phap- da doc 1ap véi nhau - méi diéu ché duoc bot bénh twong ddi tinh khiét.
Magie - 1an dau tién duoc nha hoa hoc ngudi Anh 1a Pévi (H.Davy) diéu ché
nam 1808. Canxi ciing dugc Pévi diéu ché nim 1808 bang phuong phép dién
phan . Nam 1790, mot bac si nguoi Scotlen (Scotlandl 1a Cung (A. Crouford)
phat hi¢n duoc khoang vat chtra suong , nhung dén nam 1808 , Pévi la nguoi
dau tién tach duogc tronti kim loai bang phuong phap dién phan. Nam 1774 , nha
hoa hoc Thuy DPién 1a Subt K. Scheele) tim ra bao ¢ dang oxit va dén nim 1808 ,
Pévi méi diéu ché duoc ban kim loai. Rinh duoc nha héa hoc ngudi Phap 1a Pie
Curi (PieTTe Curie) va Bé mong (Bémont) phat hién c6 trong quang gian vao
nim 1898; dén nim 1910 dwoc Mau Curi (Marie Curie) va Pobiécno (A.
Debieme), nguoi Phap, tach ra ¢ dang kim loai. . (2) Nguyén tir khdi, s6 tha tu
nguyén t6 va sy phan b electron nhu sau:

Nguyén | Ki hiéu S thu tu Nguyén Phan bd electron Hoa
tO tir khoi tri
Berili Be W4 9,01 2 2 I
Magie Mg |12 24,31 2 B 12 I
Canxi Ca |20 40,08 2 [B 8 I
Stronti Sr |38 87,62 [2 |8 |18 8 2 11
Bari Ba [56 137,34 2 |8 |18 18 8 2 I
Radi Ra (88 [236] 2 18 |18 32 18 8 2 I

(3) Béu ¢6 hai electron hoa tri ns’ & ngoai 16p vo cua cac khi tro dimg trudce
moi nguyén td, nén cac kim loai kiém thd déu dé mat electron dé dé tao thanh
ion M*", do vay cac kim loai kiém thd déu co tinh khir manh va tinh khu tang
dan tir Be dén Ra. Tuy nhién, so v6i kim loai kiém & cung chu ky thi kém hoat
dong hon vi co6 di¢n tich hat nhan 16n hon va ban kinh bé hon.

Céac ion M™ ¢6 16p vo cua khi tro (n - 1)s* p° nén déu thé hién tinh oxi héa
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yeu.

(4) Dué6i day 1a mot sé dic diém cua cic nguyén tir cia cac kim loai kiém
tho (bang 14).

Bang 14 . Mot s6 dic diém cua cac nguyén tir kim loai kiém thd

Nguyén td| Electron hoaBan kinh Ban kinh ion Thé ion hoa
tri nguyén tir
(A) M (A
I I
Be 2s” 1,13 0,34 9,32 18,21
Mg 3 1,60 0,74 7,69 15,03
Ca 45 1,97 1,04 6,11 11,87
Sr 55 2,15 1,20 5,96 10,93
Ba 65’ 2,21 1,33 521 9,95
Ra 75 2,35 1,44 5,28 10,10

, 0
(5) Be va Mg két tinh theo mang luc phuong (hinh1).Véi Be (a = 2,268 A ;
0
c=3,594 A.

MJi nguyén tir Be dugc bao quanh bai 12 nguyén tir khac; 6 nguyén tir nam
trong cting mot mat phang co khoang cach 13 a.
0 0 N
Voi Mg coa=322 A ;c=15,56 A ; moi nguyén tor Mg ciing dugc bao
quanh boi 12 nguyén tir khac .
, 0
Canxi két tinh theo mang 1ap phuong tdm dién (hinh 1i ¢6 canh (a = 5,56 A
(dang a - Ca). Mdi nguyén tir Ca duoc bao quanh bdi 12 nguyén tir khac co
0 ) .
khoéang cach gifta hai nguyén tu d: 0,5 a\/§ =394 A . 0 300°C ,« - Ca chuyén
thanh dang thu hinh £ - Ca c6 tinh d6i xtng kém hon; & 450°C chuyén thanh
dang thu hinh y - Ca c6 mang luc phuong tuong ty Mg.
Stronti, trong tu canxi, két tinh theo mang 1ap phuong tam dién ¢6
0 0
a=605 Avad=427 A .
7 14 0 ~
Bari két tinh theo mang 1ap phuong tam khoi ¢6 (a = 5,01 A. Moi nguyén

1]
tor bao quanh boi 8 nguyén tir khac, c6 khoang cach d = 0,5 a3 = 4,34 A
(hinh 1).

3.2. Trang thdi thién nhién va thanh phan cdc dong vi
(1) Ciing nhu cac kim loai kiém, cac kim loai kiém tho chi ton tai trong



thién nhién & dang hop chat. Trong vo qua dat Ca va Mg thudc loai nguyén t6
phd bién nhat va duoc phan bd nhu

Nguyén td | % sb nguyén tir %khdi luong
Be 1,2.10° 6.10
Mg 2,0 2,1
Ca 2,0 3,6
Sr 1,0. 10 4.10°
Ba 5,7.107 5.107
Ra 9,0. 107" 1.107"°

(2) Khoang vat chinh cua berili 1a beryl BeAl,(SiO;3)s hay
3Be0.AL,0;.6510,. Mot s6 dang beryl trong sudt c6 mau khac nhau do 1an tap
chat duoc goi 1a ngoc. Vi du ngoc bich c6 mau luc (tap chat 1a hop chit cua
crom), lam ngoc c6 mau xanh da troi ...

Hop chét thién nhién c6 chra magie c6 dang cacbonat nhu quing manhezit
MgCO;; quang dolomit MgCO;.CaCOs; dang clorua nhu quang bisophit
MgCl,.6H,0; Cacnalit KC1.MgCl,.6H,0; dang sunfat nhu kizerit MgSO,.H,O;
kainit KClL.MgSO,.3H,0; dang silicat hodc hidrosilicat nhu bdt tale
Mg;H,(S103), hay Mg,[S1,019].Mg(OH),; quang atbet CaMg;(S10;)s...

Khoang vat c6 chtra canxi ¢ dang cacbonat la dang canxit aragonit CaCOs
dolomit CaCO;.MgCOs; ¢ dang sunfat nhu thach cao (xelenit) CaSO,4.H,0;
anhidrit CaSO,; xighenit K,S0,.CaSO,.H,0; gloherit Nal,04.CaSO,4, & dang
florua nhu fluorit CaF, apatit 3Ca3(PQO,),.CaF, v.v....

Strontiva banricod trong cac quing chu yéu 13 strontianit SrCO; ,viterit
BaCOj; xelestin SrSOy; barit BaSOy .

Radi 12 nguyén t6 phong xa, ¢ trong cic quing cia gurn nhu quing
cacnotit Ky(UO;),(VO,),.3H,0) Trong nudc dai duong , thanh phﬁn trung binh
ctia cac kim loai kiém thd nhu sau (theo A.P. Vinogradov 1967):

Nguyén Ham luong Nguyén Ham luong

t6 % mg// t6 % mg//

Be 6. 107" 6. 17 Sr 8. 107 8,0

Mg 0,1297 1,297 Ba 2.10° 0,02
Ca 0,0408 408 Ra 1.10" 1.10™°

(4) Canxi khong nhitng luén ludn ¢6 & trong dat, trong nudc bién ma ¢ ca
trong co thé cua dong vat va thuc vat. Canxi co trong thanh phan ciu tao nén



xuong va la thanh phan khong thé thiéu ctia mau.
(5) Ham lugng cta cac kim loai kiém tho ¢ trong cic mau da do cic tau
Apollo 11 - 12 va Luna - 6 dua tir Mat Tring vé & ba ving khac nhau c6 gié tri

nhu sau:
Nguyén Ham lwong trung bclfnr; (s gam /1 g mau
£ a
0 Apollo™ Apollo™"? Luna ®°
Be 0,2.10° - 0,25.10°
Mg 0,045 0,072 -
Ca 0,080 0,071 -
Sr 17.10° 17.10° 22.10°
Ba 20. 10° 42.10° 18,5. 10°

(6) Be c6 bdn ddng vi, trong d6 chi c6 mot ddng vi thién nhién 1a *Be (100%),
con lai 1a ddéng vi phéng xa, ddng vi '’Be c6 chu ky ban hay lau nhit 1a
2,5.10°nam.

Ma c¢6 sau dong vi tir *Mg dén **Mg trong d6 c6 ba ddng vi thién nhién 1a
*Mg(78,60%), “Mg(10,11%), **Mg (11,29%), con lai 1a déng vi phong xa.
Trong cac dong vi phong xa thi dong vi **Mg 1a bén hon ca véi chu ky ban huy
0,891 ngay dém.

Ca c6 11 dong vi tir 39Ca dén *Ca. cac dong vi thién nhién 1a **Ca (96,97%),
2Ca (0,64%), “Ca (0,145%), *Ca(2,06%),"°Ca(3,3.10°%, *CaC(0,085 %);
trong nam dong vi phong xa con lai thi dong vi *'Ca bén nhét v6i chu ky ban
hay 14 1,1.10° nam.

Sr ¢6 16 ddng vi tir ¥'Sr dén ”’Sr(khéng c6 ddng vi *°Sr), trong d6 c6 bdén ddng
vi thién nhién 1a *Sr (0,56%), **Sr(9,86%), *’Sr (7,2%), *Sr (82,56%). Trong
cac dong vi phong xa thi dong vi *°Sr 1 bén nhét véi chu ky ban huy 14 28 nam.

Ba c6 19 dong vi tir '*°Ba dén "**Ba trong d6 c6 bay ddng vi thién nhién 1a *°Ba
(0,101%), “?Ba (0,097 %), **Ba (2,42 %), '*Ba (6,59%), '*Ba(7,81%), "'Ba
(11,32%), **Ba (71, 66%). Pong vi phong xa bén nhit cta bari déng vi ' Ba c6
chu ky ban huy 1au nhét 14 10 nam.

Ra c6 13 ddng vi 1a *’Ra va cac dong vi tir **Ra dén *°Ra tit ca cac dong vi d6
déu c6 tinh phong xa va bén nhat 1a ***Ra c¢6 chu ky ban huy 14 6,7 nam.

3.3. Diéu ché cdc kim logi kiém thé
(1) Nguyén tic chung dé diéu ché cac kim loai kiém tho 1a dung dong dién hoic
dung chat khtr manh dé khir ton kim loai ki€ém tho tao kim loai:

M* + 2 =M
bang phuong phép dién phan mudi clorua néng chay hodc dung chat khir nhu C,
Al Si...
(2) Berili dugc didu ché bang phuong phap dién phan BeCl, nong chay, hoic
hdn hop gdm BeCl, + NaCl hay hdn hop BeCl, + NaF trong thung bang niken
v6i cuc duong bang than chi. Ngoai ra con dung phuong phap nhiét - magie dé



khu BeFl.

(3) Trong cac kim loai kiém tho thi magie c6 nhiéu Gng dung trong k¥ thuat.
Trong cong nghiép ngudi ta diéu ché ma gie bang phuong phap dién phan MgCl
tinh khiét hodc cacnalit khan néng chay (MgCl,.KC1) hodc hdn hop mubi clorua
tuong ung & nhiét do khoang

700 - 750°C trong thung dién phan bang thép dong thoi 1a cuc am. Cuc duong 1a
mot tru than chi dit trong éng st xdp c6 16 nhé dé cho khi clo thoat ra ngoai
(hinh 26).

Pé tranh khong cho magie 1ong tap trung & phan trén chat dién phan khong
bi khong khi oxi hoa, ngudi ta dd thdi chdm mot ludng
khi H, trén bé mat cua magie 1ong.

Pé c6 MgCl, thém vao, ngudi ta di diéu ché tir manhezit
MgCOj; hodc tir dolomit MgCO;.CaCOj; theo phan tng:

MgO + CO+ Cl,= MgCl, + CO,t
Khi clo dugc lay tir cuc duong cua binh dién phan.

Ngoai ra, nguoi ta ciing thu magie clorua bang cach ché
hoéa nudc bién khi cho tic dung véi vo1 hodc siia
dolomit, loc lay Mg(OH), r61 cho tadc dung véi axit HCI.

Hinh 26. Sodd thiétbidieu  Ngoai phwong phap di€n phan, phuong phap quan trong
Ch;h:: py i:g: "9 trong cong nghiép hién nay dé diéu ché ma gie 1a
' phuong phap nhiét. Nguyén tic ciia phuong phap nay 1a
dung cac chat khir nhu CaC, hodc than (phuong phap nhiét - cacbon), hoic
dung silic (phuong phap nhiét - silic) dé khiar MgO.
Qua trinh khir dugce thyc hién bang cach nung néng hén hop gdm MgO(tir
manhezit) v6i than antraxit nghién nho trong 16 hd quang theo phan tng:
2000°C
MgO + C == Mg + CO
can bang chuyén theo chiéu thuan & trén 20000C; dé ngin can qué trinh nghich
tao lai MgO, nguoi ta da [am lanh rat nhanh hdn hop hoi thoat ra té1 150 - 200°C
va can bang khong kip chuyén sang bén trai. Magie kim loai ling xudng ¢ dang
bui c6 chura tap chat MgO va C, tiép tuc duoc nau lai, thu dugc magie c6 dd tinh
khiét cao (99,97 %).
Thay cho cacbon, nguoi ta con dung CaC, 1am chat khir trong 10 chan khong &
1200°C theo phan tng:

Lo}

MgO + CaC, = Mg + CaO + 2C

Ngudi ta con diung silic & dang fero - silic 1am chat khir MgO voi nguyén li¢u 1a
dolomit da nung. Hon hgp MgO + CaO véi silic nung néng dudi ap suat & nhiét
d6 1200 - 1 300°C. Phan g xay ra theo phuong trinh:

IMgO + 2Ca0 + Si 20 BWE cysi0, + 2Mg

hoi magie thu duogc c6 d6 tinh khiét khoang 98 - 99 %.



Pé diéu ché ma gie tinh khiét (99,999%) ngudi ta da thiang hoa lip magie k¥
thuat trong chan khong.

(4) Canxi duoc diéu ché bang phuong phap dién phan CaCl, néng chay trong 10
16t than chi, day 10 dugc 1am ngudi bang nudc chay ¢ phia dudi. Qua trinh dién
phan véi catot bang st va anot - than chi.

Chét dién phan 1a CaCl, khan, dién 4p vao khoang 20 -
30V, cuong do dong dién vao khoang 3000A va & nhiét
d6 cang thap cang tét. Nho nhiét do thap, thanh 10 bang
than chi luon ludn dugce phil bing mot 16p mudi ran bao
\(3

Canxi c6 dg tinh khiét cao dugc diéu ché trong cong
nghi¢p bang cach dung nhom dé khu CaCl, ¢ nhiét do
Hinh 27. Sodébinh diénphan  CaO0:

diéu ché canxi.
t° cao

3CaCl, + 2Al 3Ca + 2AICIL

AICl; tao thanh s& bay hoi (thing hoa & 183°C) con lai 13 Ca dugc chung cét
trong chan khong hodc trong khi agon.

(5) Stronti cling dugc diéu ché bang cach dién phan mudi clorua néng chay; con
bari dugc diéu ché bang cach khur BaO trong chan khong bdi nhdm hodc silic ¢
1200°C theo phan tng:

3Ba0 + 2A1 = ALO, + 3Ba

o

3Ba0 + Si = BaSiO, + 2Ba

3.4. Tinh chit Iy hoc cdc kim logi kiém thé va itng dung
(1~) cac kim loai kiém thd déu c6 mau tréng bac hoac xam nhat, trur Be va Mg
van gitt dugc anh kim trong khong khi, con cac kim loai con lai déu bi mo
nhanh chong, do bi phit m¢t mang méng mau vang nhat, gobm oxit Mo, mot phan
peoxit MO, va nitrua M3;N,

Bang 15 1a mot s6 hang sb 1y hoc quan trong ctia chung.

Bang 15. Mot s6 hang s6 1y hoc quan trong ctia kim loai kiém thd

Tinh chét Be Mg Ca Sr Ba
Khéi lvong rieng (g / cm®) 1,85 1,74 1,60 2,60 3,75
Nhiét d6 nong chay (Tx, °C) 1285 651 851 770 710
Nhiét do soi (Ts, °C) 2471 1100 1489 1880 1634
D6 dan dién (Hg =1) 5 21 20,8 4 1,5
Do crng (so v&i kim cwong = 10) 4 2,5 2,0 - -
Thé dién cuc (V) -1,85 2,37 2,87 2,89 -2,90
D6 am dien 1,5 1,2 1,0 1,0 0,9
(1) Theo Pauling.

Trén hinh 28 mé ta su bién thién mot sb tinh chat 1y hoc cua cac kim loai
kiém tho.
Nhin chung, da sb tinh chét cua cac kim loai kiém tho déu cao hon cac kim loai
kiém la do lién két kim loai trong kim loai kiém thdé manh hon trong kim loai



kiém.

Nhiét do néng chay va nhiét do s61 cao hon va bién d6i khong déu nhu céac kim
loai kiém, vi cac kim loai kiém thd c6 céu trac mang tinh thé khac nhau, trong
khi d6 cac kim loai

2/

208

2471

5 06 dam dién (Hg=1)

3 1)
3,74 Khoi luong riéng D ( g/cm®)

2 . P
Thé ionhoa 1, , eV

Ban kink nguyén tF M, A
227/

g ey Ban kink ion M** , A
120 3
034 1.04 ‘
f 0,74
1 —1 i i Y 1
4 12 20 38 56 86 N2
Be Mg Ca Sn Ba Ra

Hinh 28. Su bién thién tinh chat 1y hoc clia cac kim loai kiém thd.
kiém lai c6 cung mdt loai mang tinh thé; mat khac 1ién két trong kim loai kiém
th6 manh hon nén nhiét d§ néng chay T, va nhiét dg sé1 T cao hon.

Moi nguyén tir kim loai kiém tho déu c6 hai electron s nén vung s da dugc lap
day, va néu vay cac kim loai kiém tho phai la chat cach dién hodc ban dan di¢n;



thuc té chung lai co d§ dan dién cao va gan twong duong cac kim loai kiém ?
Dleu d6 co thé dugc giai thich rang ving ning luong s va p c6 muc nang luong
gan nhau nén dé xen vao nhau, hai electron s ¢6 niang lugng nam trong vung kha
rong chua du electron dé tao ra chat cach dién, nén ching déu c6 d6 dan dién
cao.

Cac kim loai kiém thd c6 do cing khac nhau, cung nhét 1a beng. O diéu kién
thuong, Be gion, nhung khi dun néng lai déo; magie déo cé thé dat mong va co
thé kéo dai thanh soi. (2) Viéc chuyén cac kim loai kiém thé tir trang thai ran
sang trang thai hoi can tiéu thy nhiing ning lugng nhu sau:

Be ‘ Mg ‘ Ca ‘ Sr ‘ Ba
Nhiét thang hoa (kj / mol) | - | 153 | 180 | 205 |

O trang thai hoi, cac kim loai kiém tho 1a don nguyén tir; khéng c6 kha ning tao
ra phan tr hai nguyén tir & trang thai khi nhu cac kim loai kiém hodc nhu cac
kim loai Zn, Cd, Hg thu¢c nhém IIB. biéu d6 d3 duoc giai thich nhu sau:

Mudn tao ra phan tir hai nguyén tfx cac nguyén tir kim loai kiém tho phai thuong
xuyén & trang thai kich thich ns’ — sp, ning luong lién ket tao ra khi hinh
thanh phan tr M, khong du bu lai cho ning luong can cung cép dé giy ra trang
thai kich thich.

Véi cac kim loai kiém thi nguyén tir chi c6 mot electron ns’, cac nguyén tir
khong phai thudng xuyén ¢ trang thai kich thich nhu nguyén tir kim loai kiém
tho, nang lwong thoat ra 1a ning lugng lién két.

Vi cac kim loai Zn, Cd, Hg cling c6 hai electron ns2 nén cling thuong xuyén &
trang thai kich thich s2 — sp nhung ban kinh nguyén tur lai bé hon:

rn=197A rzm = 1,34A
sy :2,15A ca — 1,56A
ga = 2,21 A rHge = 1,60 A

nang luong lién két 1on hon ning luong can cung cip dé giy ra trang thai kich
thich, vi vay céac phan tr Zn,, Cd,, Hg, ton tai & trang thai khi.

Trir Be va Mg, khi ddt cac kim loai kiém thd con lai & trang thai tu do, hoac &
trang thai hop chit d& bay hoi cta ching, trong ngon ltra khong mau, déu lam
cho ngon Itra c6 mau dac trung: canxi - mau do da cam; stronti - mau do son;
bari - mau lyc hoi vang. Cach giai thich nhu trong trudng hop kim loai kiém
(chuong 2 - muc 2.4).

(3) Ning lugng 16n héa twong dbi thip va giam dan tir Be dén Ba, ching to tinh
kim loai ting tir Be dén Ba.

Ning luong ion hoa thir hai 16n gap doi nang luong ion hoa thi nhat (bang 14),
nhung thuc té lai dé tao ra ion M*" hon 13 ion M", vi trong dung dich nudc nang
luong hidrat héa cua cac ion kim loai kiém thd M*" kha cao, du bu cho nang



luong ion cao lam cho cac ion M*" dé tao ra.
Ciing do ning luong ion hoa thir nhat thap hon nén cac kim loai kiém thé ciing
d& mat mot electron hoéa tri dé tao ra muc oxi hoa +1, vi du trong hop chat CaCl
khi nung hén hop CaCl, + Ca & 1000°C.
(4) Berili 12 nguyén t6 ¢6 nhiéu tng dung trong nhiéu nganh k¥ thuat, chang han
k¥ thuat hang khong va k¥ thuat nguyén tir.

Loai thép c6 chtra 1% Be c6 tinh bén cao, khong mat tinh dan héi ngay khi

d6t nong do.
Berili 14n vao dong da 1am ting do cimg, d6 bén co hoc va dd bén héa hoc ma
khong lam giam d6 dan dién cta dong; hop kim cua dong c6 chua 2% berili ¢6
strc chéng gy gip bon 1an ddng nguyén chit.
Hop kim ctia magie c6 nhiéu tmg dung trong cong nghiép 6 to, may bay va ché
tao may; trong do hai hop kim quan trong 1a hop kim "manhali" va hop kim "
electron”.” Manhali" 12 hop kim ctia nhom c6 chira 5 - 30 % Mg, ran va bén hon
nhém nguyén chat, va ciing dé ché héa va dé bao nhin hon. " Electron" ciing 1a
hop kim ma thanh phan chinh 1a magie. ngoai ra con c¢6 nhom, kém, mangan;
d6i khi con c6 Cu, Be, Ti... Hop kim nay c6 tinh co hoc tét, nhe. Trong nganh
luyén kim ngudi ta con dung magie dé khtr vanadi, crom, titan...Phtc chat co
chtra Mg cta vong pofirin 14 co sé cau tao cua phan tir clorofin.

Canxi, stronti, bari dugc su dung rat han ché vi hoat tinh cao cua ching.

Canxi dugc dung trong luyén kim mau, 1am chét khr d¢ lién két cac tap chat co
hai nhu S, P, C du.
Stronti duoc dung trong k¥ thuat dén dién chan khong dé hap thu khong khi con
sot lai va trong ki nghé luyén déng thanh dé loai S, P, C khoi kim loai.
Mot luong nho bari cling ¢6 tng dung twong tu trong luyén dong va chi dé khir
oxi; lam sach kim loai khoi luu huynh va cac khi. Cho thém bari vao chi da tang
do cting cua hop kim in.
Radi 1a nguyén td phong xa dau tién duoc dung vao cac muc dich thuc té, chu
yéu trong y hoc dé chira cac khdi u va mot s bénh khac.

3.5. Tinh chit héa hoc ciia cdc kim logi kiém tho
cac kim loai kiém thé déu c6 hoat tinh héa hoc cao, trong cac phan tmg déu thé
hién 1a nhitng chat khir manh va tinh khir tang tur Be dén Ba.
(1) Trir Be khong phan tmg tryuc tiép voi hidro; Mg phan tmg rat kho khin (xem
muc 3.6), cac kim toai kiém thé con lai déu phan Gng truc tiép v&1 hidro khi dun
nong trong ludng khi H, tao ra hidrua ion:

o

M + HZ = MH‘_v

—

v6i canxi 0 dang bot min phan tng xay ra ngay ¢ 0°C, con ¢ dang khéi phan
g xay ra & 1 50 - 300°C, v6i suong xdy ra & khoang 300 - 400°C, con véi ban
xay ra & 1 80°C.

(2) Tac dung manh véi cac halogen khi dun néng tao ra cac halogenua, phan
g kém déan khi chuyén tir no dén iot.



(3) Khi dun nong trong khong khi, Be va Mg tao ra oxit Mo, con cac kim loai
kiém tho con lai thi & ngay nhiét 4o thuong da tao ra oxit MO, va c6 mot phén
peoxit MO, va nitrua M;N,.
V61 luu huynh, khi dun néng tao ra sunfua dang MS.

Céc kim loai kiém tho ciing tao ra véi selen va tau cac hop chat dang MSe va
MTe nhung bang phuong phép gian tiép.

(4) Cac kim loai kiém thd phan tng truc tiép v6i nito tao ra cac nitrua & cac

nhi¢t do khac
nhau.
Be3N2 tao ra khi cho bot berili tdc dung vdi nito ¢ nhiét do khoang 527 - 927°C;
MgsN, & 780 - 800°C; CasN, ¢ khoang 500 - 600°C; Sr;N, & khoang 400 -
500°C; BasN, & khoang 260 - 600°C.
Véi photpho ciing c6 phan ung truc tiép tao ra Be;P,; MgsP, tao ra ¢ khoang
330 - 530°C trong ampun han; CasP, & nhiét d6 khoang 573°C; con BasP, &
nhiét d6 400 - 450°C
(5) Khi dun néng véi cacbon trong chan khong hodc trong khi quyén hidro,
berili tao ra Be,C va BeC, ¢ khoang 1700 - 2100°C. Nuéc phan huy Be,C tao ra
CH,, con BeC, - tao ra C,H,.
Phan tng x4y ra trong diéu kién twong tu voi magie tao ra Mg,Cs & 740 - 760°C
va tao ra MgC, & 600°C. Nudc phan huy Mg,C; tao ra C3Hy, con MgC, tao ra
C2H2.
Canxi, stronti va bari cling phan tng truc tiép véi cacbon tao ra CaC,, SrC, va
BaC,; nhung nhitng hop chit d6 thuong diéu ché bang cach nung oxit kim loai
tuong tng véi cacbon. Cac hop chit d6 bi thity phan cho axetilen.

Be,C + 4H,0 = 2Be(OH), + CH,T
Mg.C, + 4H,0 = 2MgOH), + CH =C-CH,T
BaC, + 2H,0 = Ba(OH), + CH=CHT

silic cling c6 kha ning phan tng truc tiép v6i kim loai kiém thd; Mg tao ra
Mg,Si - 13 hop chét it bén, bi H,O phan hity chdm, véi axit - bj phan huy nhanh
hon; vé1 can xi tao ra dang Ca,Si, con stronti va bari tao ra MSi va MSi, (M 1a
Sr va Ba).

(6) Nhiét tao thanh cac hop chit trén, néu trong bang 16.
(7) Do ¢6 thé dién cuc thap, cac kim loai kiém thd déu c6 kha ning tac dung véi
H,O giai phong H, Va cang dé dang day H, ra khoi dung dich axit.
Tuy nhién, trong thuc t&¢ Be hau nhu khong tic dung véi H,O, Mg khéng tan
trong nudc lanh va tan mot phan trong nudc néng, do ca hai kim loai déu c6 16p
oxit bao v€ da ngan can tac
Bang 16 Nhiét tao thanh mot s6 hop chat cua cac kim loai kiém thé (kj / duong
luong gam)

Nguyén té oxit hidrua florua clorua bromua iotua sunfua nitrua
Be 287 - 505 235 - - 117 93




Mg 305 - 547 316 254 177 176 80

Ca 318 96 605 399 339 267 239 72
Sr 295 88,3 605 413 357 285 231 64
Ba 279 85 599 429 377 323 214 62

dung cua kim loai v&i H,O; trai lai, magie & dang "hon héng" lai phan ung rat
manh véi H,O do khong con 16p oxit bao vé:

Mg + 2H,0 = MgOH), + H,!
Khi nung noéng sang, magie c6 thé khir dugc hoi nudce tao thanh oxit:

[

Mg + H,0 = MgOo + H,1

Céc kim loai Ca, Sr, Ba phan tng v61 H,O xdy ra ngay & nhi¢t d¢ thuong tao ra
hidroxit tuong ting va H,
(8) Beng con c6 thé tan trong dung dich kiém manh hodc kiém néng chay tao ra
mudi berilat va Hy:

Be + 2NaOH + 2H,0 = Na,[Be(OH),]} + H,T

(dd) ( natri hidroxi berilat)
Be + 2NaOH ‘_—0_ Na,BeO, + H,T
(néng chay) ( natri berifat)

Magie kim loai thyc té khong tac dung véi kiém, nhung véi Ca, Sr, Ba tan duoc
trong dung dich kiém do phan tmg véi H,0.
Trur Be, cac kim loai con lai c6 kha nang déy hidro ra khoi rugu ¢ ngay nhiét do
thuong, riéng Mg thi phai dun nong:

Ba + 2CGH,OH —> Ba(OC.H), + H,T

(9) Cling nhu kim loai kiém, cac kim loai Ca, Sr, Ba tac dung v61 amoniac long
tao ra dung dich mau xanh thAm. Khi lam cho dung moi bay hoi, con lai tinh thé
mau vang 6ng 1a cic amoniacat c6 thanh phan khong doi:

[Ca(NH;)e] [Sr(NH;)q] [Ba(NH;)s]
Hién nay ngudi ta chua biét 1d lién két giira kim loai v&i cac phan tir NH; Va
cling chua giai thich mot cach chu dao vé tinh dan dién cao cta cac hop chat do;
ngudi ta cho ring trong cac dung dich do cé cac cation [Ca(NH;)s]*" hay
[Ca(NH3)6]" va anion 1a cac electron ty do.
Ciing nhu cdc amoniacat cua cac kim loai kiém, khi c6 mit cta chat xuc tac,
ching han plalin - cic amoniacat kim loai kiém tho bi phan hiy dan tao ra cic
amidua:

Ca(NH,), = Ca(NH,, + 4NH,7 + H,T

Khi dun nong trong chan khong cac amidua nay bi phan huy tao ra cac imidua
mau vang:



0

Ca(NH,, = CaNH + NH,1

Céac amidua va imidua cua cac kim loai tho chi bén & dang tinh thé, twong tac
manh vdi H,O tao thanh hidroxit va amoniac, vi du:

CaNH + 2H,0 = Ca(OH), + NH,T

Khi tiép tuc dun ndng, cac amidua va imidua trong chan khong cao, sé thu duoc
cac penitrua dang M;N, vi du penitrua ctia stronti - 14 chat bot tinh thé mau do
nau. C4c penitrua bi axit lodng phan huy thanh nito va mubi amoni:

Sr;N, + 8HCl = 3SrCl, + N,T + 2NH,CI

Khi dun néng cac kim loai kiém thé véi amoniac thi tréi lai, phan Ung tao ra
nitrua va hidrua.

Vidu 6Ca + 2NH, = CaN, + 3CaH,

(10) cac kim loai kiém tho phan ing manh véi cac axit theo so db:

M+ 2H" = M* +H,1

ching han véi berili tao ra con Be*" ma thuc té 1a ion [Be(OH,)4]*" theo phuong
trinh:

Be + 2H,0' + 2H,0 = [Be(OH,).]* +H,T

Trong HNO; va H,SO,4 dac ngudi, berili cling bi thu dong héa nhu nhom.
Mg ciing phan ng véi axit lodng trir cac axit tao ra mudi kho tan chiang han HF,
H;PO4 v.v...
(11) Nhiéu hop chat c6 thé bi cac kim loai kiém tho khir dén nguyén t6. Chang

hE}Il, khi nung do Mg co thé khu dlIQC CO, COQ, NO, NZO, SOz, A1203, Cr203,
Ti0....

2Be + TiO, = Ti + 2BeO
Mg + Si0, = Si + 2MgO
Mg + CO, = C + 2MgO
Vi viy trong thuc t€ nguoi ta dd dung kim loai kiém thd lam chat khir trong

luyén kim dé diéu ché duoc nhiéu kim loai hiém hodc kho néng chay. Chang
han:

TiCl, + 2Mg = Ti + 2MgCl,
BeF, + Mg = Be + MgF,

UF, + 2Mg = U + 2MgF,

PuF, + 2Mg = Pu + 2MgF,



3.6. Hidrua ciia cdc kim logi kiém tho
(1) Tat ca cac kim loai kiém tho déq c6 kha nang tao ra hop ch:étt voi hidro tng
voi hoa tri IT cua kim loai (MH,). Tat ca déu la chat ran mau trang, do bén tang
tor BeH, dén MgH, sau d6 giam dan tor CaH, dén BaH,.
(2) BeH, khong diéu ché duoc truc tiép tir cac nguyén td ma bang phan tng trao

ddi gitra BeCl, voi LiH trong ruou hodc bang cach cho Be(CH;), tic dung voi
A1L1H4.

BeCl, + 2LiH = BeH, + 2LiCl
2Be(CH,), + LiAlH, = 2BeH. + LiAl(CH,),
BeH, 1a chét ran mau trang, co tinh chat twong tw AlH;. Nudc va metanol phan
huy BeH, tach ra H,:
BeH, + 2H.0 = Be(OH), + 2H,*
BeH, + 2CH,OH —> Be(OCH,;), + 2H.T
(3) MgH, ciing tao ra tir nguyén t6 khi dun nong Mg trong khi H, duéi ap suat
va c6 mit cua Mgl,; ngudi ta ciing diéu ché nd bang cach nhiét phan dietyl
magie trong chan khong ¢ nhiét d6 175°C:

Mg(CH,y), ———> MgH, + 2CH,=CH,
MgH, 13 chét rin mau tring, & dang bot min thi tu bdc chay trong khong khi,
con & dang cuc thi bén hon. Khi dun ndng trong chan khong & khoang 280°C thi
bi phan huy:

o

MgH, = Mg + H1T
Bi H,O Va CH;0H phan huy tuong ty BeH,
(4) CaH,, SrH,, BaH, la nhitng hidrua tao mudi. CaH, nong chay ¢ 1000°C va bi
phan hay & nhiét d6 cao hon; SrH, - ndng chay & 650°C va phan huy trén 800°C;
BaH, - noéng chay va phan hay ¢ 675°C, 1a chat khr manh, tu bdc chay trong
khong khi.
Péu bi H,O phén hily twong tu nhu Mom.

MH, + 2H,0 = M(OH), + 2H,T

3. 7. Cdc oxit va peoxit ciia kim logi kiém tho

(1) Cac oxit MO cua kim loai kiém tho 1a chét & dang bot hodc khéi x6p mau
trang, khi ndu chay roi dé ngudi chung & dang tinh thé.

BeO két tinh theo mang luc phuong kiéu vuazit (S - ZnS) véi lién két hinh t&r
dién, moi nguyén tir Be duoc bao quanh boi 4 nguyén tir oxi va ngugce lai moi
nguyén tir oxi cling dugc lién két vai 4 nguyén tir Be (hinh 29).
Tinh thé cac oxit con lai két tinh theo mang 14p phwong kiéu mubi an
(hinh 30).



® (0)
® ( Be)
Hinh 29a. Cau truc tinh thé BeO Hinh 29 b. C4u truc mang vuazit:
o
(dang vuazit) . a=269A; ® cation vdi s6 phdi tri 4,
Q
p=437A; O ani h

O Na(Ca)
e Cl(O)
Hinh 30 . C4u tric mang 13p phudng kiéu NaCl.

(2) Do ¢6 ning luong mang ludi 16n nén cac oxit trén déu rat kho nong chay va
rat bén doi voi nhi¢t ¢o thé bay hoi ma khong bi phan huy:

| BeO ‘ MgO ‘ CaO ‘ Sro ‘ BaO
Nang lwvgng mang lwéi (kd/mol) 3925 3519 3314 3121
Nhiét a6 nong chay (°C) 2552 2800 2570 2460 1925
Nhiét do soi (°C) 4200 3100 3600 2500 2000

Trir BeO thuyc té khong tan trong nudc, MgO dang x0p tan mot it va rat cham,
cac oxit con lai déu tac dung manh véi H,O, phat nhiét 16n tao ra hidroxit:

MO + H,O = M(OH).
Nhiét hidrat hoa ting dan tir BeO dén BaO.

Cac tinh chat néu trén thay ddi déu tir BaO dén Bao do su tang lién tuc ban kinh
. 2+
cuaion M” :

| Be | Mg | ca | sr | Ba
Ban kinh ion M** (1&) 0,34/ 0,74 1,06/ 126 1,33
Nhiét hidrat héa cda oxit MO (kJ/mol) 14,2  40,6| 66,5/ 81,6 1025

(3) Beo dugc diéu ché bang cach nung hidroxit hodc mudi cua berili nhu mudi



cacbonat, sunfat, nitrat:

[s]

Be(OH), = BeO + H,0
Khi nung BeO trong 16 dién véi than, BeO chuyén thanh Be,C tuong tur AL,Cs:

—_

1 dién

2BeO + 3C Be.C + 2CO
La chit ludng tinh, BeO tac dung voi oxit axit va oxit bazo khi nung néng chay:
BeO + SiO, = BeSiO,
BecO + Na,0O = Na,BeO,
hodc khi dun nong véi dung dich axit hodc bazo:
BeO + 2H,0" + H,0 = [Be(H,0),]*
BeO + 20H" + H,O = [Be(OH),]*
Do trong tinh thé co lién két tir dién, cac nguyén tir Be va O déu ¢ trang théi lai
hoa sp nén tinh thé BeO déu bén virng. Khi nung BeO ¢ nhiét do cao, tinh bén
vitng vé mat hoa hoc tang 1én nén BeO tinh thé rat kho tan trong axit. Do ¢ tinh
chiu néng cao nén BeO dugc dung lam 16p 16t trong cac 16 dién, lam chén nung.
BeO con duoc dung lam chat xuc tac trong tong hop hitu co va trong cong
nghiép thuy tinh.
(4) MgO duoc diéu ché bang cach dot Mg trong khong khi, hodc nung hidroxit,
cacbonat, sunfat va mot s6 mudi chira oxi khéac cua magie:

IMg(NO,), = 2MgO + 4NO,7 + O,1

Trong cong nghiép, ngudi ta didu ché MgO bang cach nung manhezit thién
nhién (MgCO;)

MgCO, 2C MgO + CO,1

hodc ché hoa tir nude bién bang cach cho nudc bién tac dung véi sira voi dé
chuyén jon HCO;™ thanh két tia CaCO; sau khi loc tach CaCO;, nudc loc lai
dugc xtr Iy thém bang nudc voi voi ti 16 thich hop dé két tua ion Mg®™ & dang
Mg(OH)2

Ca(HCO;), + Ca(OH), = 2CaCO,4 + 2H,0

MgCl, + Ca(OH), = Mg(OH),} + CaCl,
Vi Mg(OH); kho lgc nén nguoi ta xu ly bang cach cho tac dung véi CO, sau d6
loc két tia MgCOs. 3H20 roi nung ¢ nhiét do cao thu dugc MgO:

Mg(OH), + CO, + 2H,0 = MgCO,. 3H,0

MgCO, . 3H,0 © MgO + CO,T + 3H,0
Phuong phép trén da dugc dung dé diéu ché mot lugng MgO kha 16n trong cong
nghiép (Mg).
Nguoi ta con diéu ché MgO (va SO tir quing kizerit (MgS0,.H,0) khi nung
nong do voi than:

0

MgSO, H,O + C = MgO + SO,7 + cOt + H,0
MgO la chat mau trang, tuy theo nhiét do di€u ché ma c6 khoi lugng riéng trong



khoang 3,19 - 3,71 g/em’. Kho tan trong nudc, ¢ 18°C chi tan tbi da 2.10” '8
trong 100g H,O. Khi tron 10 - 12 phan H,O thi sau mot thoi gian sé& chuyén
thanh mot khdi Mg(OH), nhu chéo dic

MgO c6 kha ning ht am va CO, ctia khong khi; khong khi duoc lam kho trén
MgO c6 chira 0,008 mg H,O trong 11 khong khi ¢ 25°C.

Khi nung néng that manh, MgO (ciing nhu BeO) thiang hoa sau d6 lang xudng &
dang tinh thé kho tan trong axit.

MgO la chét rat chiu noéng, nén la nguyén li¢u dé ché tao cac dd vt chiu lira nhu
éng nung, chén nung va mot ) dung cu chiu nhiét khac. Cling do vay, mdt
luong 16n MgO dugc dung dé ché tao gach chiu Itra, vat liéu xay dung nhu
xiolit, phibroxilit.

MgO con duge dung diéu ché Mg; dung trong y khoa dé chita chung dich vi
tdng axit; thudc nhuén trang, thube giai doc axit.

(5) Ca0, SrO, BaO déu duoc diéu ché bang cach nung mudi cacbonat & nhiét
do cao. Qua trinh phan huy phu thudc vao do bén cua cac mudi cacbonat do; khi
ap suat ctia khi CO, dat dén 4p suat cua khi quyén (latm) thi phai nung CaCOs
dénokhoéng 850°C, SrCO; khoang 1100°C, con BaCO; Phai nung cao hon 1
300°C:

caco, 22C ca0 + co,t
scco, 2¥C 50 + cot
BaCO, 2% C Bi0 + CO,t

vi su nhiét phan BaCOj; thyc hién kho khan hon nhiéu so véi CaCOs, nén nguoi

ta diéu ché BaO bang cach nung cacbonat thién nhién voi than & nhiét do cao:
BaCO, + 2C © B0 + 2001

Nguoi ta ciing diéu ché Cao bang cach twong tu nhu vAy, nén ngodi san pham

Bao (va ca Ca0O), con thu dugc BaC, va CaC, l1a nhiing chét c6 nhiéu ung dung

trong thuc té:

0

BaO + 3C = BaC, + CO?t

0

CaO + 3C = CaC, + CO?T

Chting déu 1a nhitng chat ran mau tring, x0p, trong thuc t& c6 mau xam 1a do 13n
tap chat nhu C. O dang v6 dinh hinh c6 khéi luong riéng thay doi, chang han
Cao c6 khbi luong riéng trong khoang tur 3,2 - 3,4; SrO - khoang 3.93 - 4.61,
BaO - khoang 4,7 - 5.,8.

Dang tinh thé duoc diéu ché bang phuong phap cho néng chay, déu két

tinh theo mang
lap phuong don gian [ muc 3.7(1)].

Péu co6 kha nang hut am manh va hép thu CO, nhu oxit cta kim loai kiém. Vi
du:



BaO + CO, = BaCO,
Khoéng khi am sau khi cho qua 6ng dung Cao chi con chira 0,2 mg H,O / 11
khong khi; con véi BaO chi con 8,5. 10-6 mg H,O / 1 /, hon han nhiing chat 1am
kho thong thuong nhu CaO, CaCl,, alumogen (Al,O; khan), H,SO, dac, KOH,
NaOH...
Phan (mg manh véi H,O tao thanh hidroxit twong tmg M(OH), dong thoi thoat
ra mot nhi¢t lwong kha 16m [ 3.7(2)].
Chung déu 1a cac oxit bazo, phan g manh véi axit tao thanh mudi. O nhiét d6
cao c6 thé bi kim loai kiém nhém hoic silic khtr thanh kim loai [ muc 3.3(5)].
CaO con goi 1 véi song duge dung trong cong nghiép xay dung, 1am phan bon,
chat chay trong luyén kim, diéu ché CaC,, CaCOs cac oxit SrO, BaO duoc dung
trong cong nghiép ché tao thuy tinh.
(6) Tuong tu cac kim loai kiém, cac kim loai kiém thd ciling tao ra cic peoxit
dang MO, va supeoxit dang MO,.
Ciing twong tu nhu hidro peoxit va peoxit cua kim loai kiém, cac MO, déu co
chira nhém O,% va supeoxit MO, c6 chira nhom 0,".
Céc peoxit duoc diéu ché bang cach cho hidroxit trong Gmg tac dung v6i H,0,.
Vi du:

Ca(OH), + H,0, = CaO, + 2H,0
san pham tao ra la hidrat tinh thé c6 thanh phan MO,.8H,0, Sau d6 cho cac
hidrat ndy mat H,O & khoang 100 - 130°C tao ra peoxit ty do:
Ca0, SHO = Ca0, + 8H,0
Trong k¥ thuat MgO, con duge diéu ché bang cach cho H,0, tac dung véi MgO:

Mgo + H:Oz = Mgo: + H30
SrO, cling dugc dieu ché bang cach cho SrO két hop truc tiép véi O, & ap suat
cao; cling tuong tu SrO,, khi cho khong khi qua 6ng dung BaO ung nong tao ra
BaO,:

p cao

2MO + O, 2MO,
Céc peoxit kim loai kiém thd déu kho tan trong nudc, dung dich cia ching déu
c6 phan ung kiém va déu co tinh chat cia H,O, do phan tng:

MO, + 2H,0 == M(OH), + H,0,
Péu dé tan trong axit tao ra H,O,. vi du:

Cao: <+ sto“ = CaSO4 + Hzo-_)
Khi dun néng, bi phan huy thanh oxit va O,. chang han nhu:
2Ca0, = 2Ca0 + O,
D0 bén cua ching tang theo d§ duong dién ctia kim loai, peoxit ctua berili hoan



toan khong bén, vai magie peoxit chi biét & dang hidrat héa; CaO,, SrO,, BaO,
deu tach dugc ¢ dang khan. Nhi¢t tao thanh ctia chting c6 gia tri nhu sau:

CaOz BaOz BaOZ
22.59 56,48 67,78 (ki/ mol

(7) BaO, la chét quan trong hon trong cac peoxit dd néu. BaO, la chat bot mau
trang, nong chay & 450°C va 1a hop chét nghich tu.

BaO, kho tan trong nudc, khong tan trong rugu va ete, dé tan trong axit lodng
giai phong H,O;:

BaO, + 2HCl = BaCl, + H,0,

BaO, + H,SO, = BaSO, + H,0,
vo1 HyO, ban peoxit tao ra dang hidrat BaO,.8H,0, nhung vé1 CO, tao ra hop
chat BaCO; va Oy:

2Ba0, + 2CO, = 2BaCO, + O,T

Khi nung néng cao hon 600°C trong chan khong va cao hon 700° trong khong
khi, bari peoxit chuyén thanh oxit va tach ra oxi. Nguoc lai, & khoang 500°C,
Bao két hop truc tiép voi oxi tao thanh peoxit:

600°C

2Ba0, == 2BaO + O,1,

500°C
dua vao phan tmg d6 nguoi ta c6 thé dung BaOdé diéu ché oxi tir khong khi.
BaO, 1a chét c6 tinh oxi héa manh, khi dun noéng BaO, tac dung véi H,, S, C,
NH;... Vi du:

550°C
BaO, + H,

Ba(OH),

2Ba0, + S £ B0 + so,t
v HCI dac giai phong khi Cly:

BaO, + 4HCl 4, = BaCl, + Cl, + 2H,0
Bén canh tinh oxi hoa, BaO, con thé hién tinh khir, c6 thé khir dugc ion
[Fe(CN)]s- thanh [Fe(CN)ls -; cling nhu médt sé mudi cua cac kim loai ning,
thi du mudi HgCl, theo phuong trinh:

HgCl, + BaO, = Hg + BaCl, + O, 7

BaO, + 2K,[Fe(CN)] = KBa[Fe(CN)], + O,
BaO, dugc diéu ché nhu di néu ¢ trén, hodc nhiét phan Ba(OH), Ba(NOs),,
BaCOj trong ludng khong khi. Trong cong nghiép diéu ché bang cach nung Bao
trong luéng khong khi & 500°C.
BaO, dugc dung lam chit xic tac trong phan tng cracking dau mo; dung diéu
ché H,0,...
(8) Supeoxit (M;,04) cac kim loai kiém thé duoc tao ra khi dun nong cac peoxit
dudi ap suét cao cua oxi. Cac hop chit d6 ciing dugc tao ra mot phan khi dun



néng cac peoxit voi dung dich H,O, 30%.

Chiing 14 hop chét ¢c6 mau vang, bi H,O phan huy thanh peoxit va O,
Nguoc lai cac peoxit, dd bén ciia supeoxit giam nhanh theo thir tuy CaO4 - SrO4
- BaO,, trong khi CaO4 nung dén 270°C chua bi phan hily, thi BaO, di Phan
hay & 50 - 60°C.

3.8. Hidroxit ciia kim loai kiém tho
(1) Hidroxit M(OH), ctia cac kim loai kiém tho dang vo dinh hinh 1a chat bot
mau trang.
Khi két tinh tir dung dich nudc thuong ¢ dang khong mau ngdm nudc:

Ca(OH),. H,0 ; St(OH),. 8H,0 ; Ba(OH),. 8H,0 .
Be(OH), dugc diéu Ché bang cach cho mudi berili tac dung voi dung dich kiém:
BeCl, + 2NaOH = Be(OH),¢ + 2NaCl
BeCl, + 2NH, + 2H,0 = Be(OH),! + 2NH,CI
hodc bang cach cho hop chat berilal cua kim loai kiém tac dung voi dung dich
axit:

[Be(OH),]* + 2H,0' = Be(OH),! + 4H,0
Mg(OH), ciing duoc diéu ché theo phuong phap nhu trén:

MgCl, + 2NaOH = Mg(OH),d + 2NaCl
nhung Mg(OH), lai khong két tia hoan toan khi cho mudi magie tdc dung véi
dung dich amoniac, do phan ung thudn nghich sau:

MgCl, + 2NH, + 2H,0 == MgOH),! + 2NH,CI

trong dung dich bdo hoa mubi ‘amoni gial phong amoniac, noi cach khac,
Mg(OH), tan trong dung dich mudi amoni. Vi 1& d6 magie kim loai tac dung véi
dung dich mudi amoni manh hon véi nudc nguyén chat (nhiéu hidroxit cta kim
loai khéc cling c6 phan tng twong tu chang han Mn(OH),.

Cac hidroxit Ca(OH),, Sr(OH),, Ba(OH), duoc diéu ché bang cach cho oxit
tuong Ung tac dung véi H,O.

(2)hidroxit cac kim loai kiém thd déu it tan trong nude (Tich sd tan:

T;Be(OH), =2.10""%;

T, ygiomy, = 6.107°; T,

caoty, = 3:5-107%5 Tigomy, = 3.2 107 Tipom, = 5,0.107").

M(OH), Ca(OH), Sr(OH), Ba(OH),
AHr;, (kJ/ mol) 1,7 -485 515
M(OH),. 8H,0 - Sr(OH),. 8H,0 Ba(OH),. 8H,0
AHr; (kJ/ mol) - +61,1 +636

Vi vdy, theo nguyén 1y chuyén dich cin bang, khi ting nhiét do thi do tan cia



Ca(OH), giam, con d tan cua cac octahidrat lai tang (g /100g H,0):

0°C ‘ 20°C ‘ 40°C ‘ 80°C ‘ 100°C
Ca(OH), 0,185 0,165 0,141 0,094 0,077
Sr(OH), 0,35 0,81 1,76 8,25 28,4
Ba(OH), 1,67 3,98 8,22 101,5

Khéac véi hidroxit cac kim loai kiém, hidroxit cac kim loai kiém thd déu khong
bén véi nhi¢t, dd bén nhiét tang 1én tr Be(OH), dén Ba(OH),, tao ra oxit va
HQO:

o

t

M(OH), = MO + H,0O
Be(OH) c6 thé dugc lam kho dén 100°C, nhung nhiét d6 cao hon thi
bat dau bi phan
mmHg
7sai
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™
o
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o
o
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Hinh 31 . Budng cong phan huay
M(OH), .
vi du:
hay; Mg(OH), Phan huay trén 150°C; Ca(OH), bi mat H,O trén 400°C,
con Ba(OH), Phai nung trén 1000°C. B¢ bén nhiét cia cac hidroxit d6
duoc thé hién trén hinh 31. Cac hidroxit M(OH), déu 14 nhiing bazo va
déu 12 hop chéat ion. Trong dung dich nuéc tinh bazo ting dan tir
Be(OH), dén Ba(OH),; Be(OH), 1a mdt bazo yéu, con Ba(OH), 1a mot
bazo manh.
Tat ca déu d& tan trong axit dé tao thanh mubi, riéng Be(OH), con cd
kha nang tan trong dung dich kiém dam dic do tao thanh hidroxo berilat:
Be(OH), + 2NaOH = Na,[Be(OH),]
Cac mudi berilat cac kim loai nhém IA bi thiy phan hoan toan, khi khong c6
kiém du.

K,BeO, + 2H,0 = Be(OH),4 + 2KOH
do d6 chi c6 the tich dugc cac mudi d6 tir dung dich luon.
Céc hidroxit M(OH), déu c6 kha nang hap thu CO, Khi hoa tan Cao trong dung
dich NaOH rdi chiing kho thu duoc khdi ran duoc goi 1a "véi t6i xit", duoc dung
trong phong thi nghiém dé hap thy CO,, thanh phan voi t6i xut vao khoang 83%
Ca(OH),, 5% NaOH va 12% Trong cac hidroxit ctia cac kim loai kiém tho thi
Ca(OH), ¢6 nhiéu tng dung thuc té, lam bazo manh trong k¥ thuat, lam chat



dinh két trong cong nghiép xay dung.

3.9 Muéi ciia cdc kim loai kiém thé
cling nhu mudi cua cac kim loai kiém, cac mudi cua cac kim loai kiém thd
thuong khong c6 mau. Mudi tao ra voi cac anion CI, Br. T, NO3_ S*,
CH3COO™ déu d& tan; mudi voi cac anion F~ (trir BeF, dé tan), CO5> Cro42—,
PO, SO~ (tru: BeSO,, MgSO, dé tan) déu kho tan. b6 tan ciia mot sO muoi
quan trong & diéu kién thudng duogc so sanh trén hinh 32.

10’ 4
I”
° 8r.
10° 4 Ci
NO;
107" 4 oW~
-2
10 “4 F-
1073
.
10744 €%
o
1075 CrOf'
soXr
T T T
Caz‘ Srz* Ba2*
Hinh 32 . D6 tan cac mudi Ca, Sr, Ba
( molf { H,0).

Tu hinh 32 ta thy déi voi tung loai mudi, d tan bién doi khac nhau, ¢6 cuc dai
hodac cuc tleu & mudi nay hodc mubi khac. Nguyén nhén 1a do kha nang hoa tan
clia ciac mudi chiu anh hudng cia ning lwong mang 'ludi cia mubi va ning
lugng hidrat hoa cua catin.

Noi chung nang lugng mang ludi cang 16n thi d hoa tan gidam va ngugc lai ndng
luong hidrat hoa cang 16n thi @6 hoa tan cang tang. Tuy nhién, ndng lugng mang
ludi phu thudc vao ban kinh cta cation, nén trong qua trinh hoa tan nang luong
mang ludi dong vai tro 16n hon so voi nang lugng hidrat hoa. Duéi ddy 1a ndng
luong hidrat hoa cia ion M** va ning luong mang ludi cua mudi florua va iotua
ctia kim loai kiém thé (bang 17).

Bang 17. Nang luong hidrat hoa cta ion M*" va ning luong mang mudi cua
mudi iotua va iotua ctia kim loai kiém tho

Mg Ca Sr Ba
Nang Iwong hidrat hoa cta ion M™ 1908 1577 1431 1289
Nang lwong mang lwdi cia mudi MF, 2908 2611 2460 2368
Nang lwong mang lwdi cdia mudi Ml, 2293 2058 - 1866

3.10. Halogenua ciia cdc kim logi kiém thé
(1) Khac vo1 cac kim loai kiém, tinh thé cac halogenua khan ctia cac kim loai
kiém tho co6 cau tric khac nhau: BeF, 1a chat vo dinh hinh; CaF,, SrF,, BaF,,



SrCl, ¢6 cau trac mang

Hinh 33. Mang tinh thé florit :
CaF, SrF, BaF, SrCl,

(A ) e 5,45 578 6,19 6,97

ﬂprit; MgF,, CaCl,, CaBr; c6 cAu tric mang rutin; MgBr,, Mgl, , Cal, , Srl, c6
cau tric mang bruxit.
Trqng tinh thé mang florit, cég con Ca’" tao ra mang 1ap phuong tam dién, c6 s6
phoi tri bang 8; cac ion F~ chiém & tdm cua tdm hinh 1dp phuong nho (hinh 33).
Trur cac florua MF, it tan, cdc halogenua con lai déu dé tan, do tan trong dung
dich bao hoa c6 gia tri nhu sau (bang 18).

Bang 1B. 6 tan cac MX, ¢ 25°C (mol /).

Mubi Mg Ca Sr Ba
MF, 1,3.10° 2,210 9,7.10" 8,3.10 °
MCl, 5,7 7.4 3,5 1,8
MBr, 5,6 7,5 4,2 34
MI, 5,3 7,0 54 5,2

Nhiét do néng chdy va nhiét do so1 déu cao, mot sb chat nhu SrBr,, BaBr,, Srl,,
Bal, bi phan huy sau khi néng chay.
(2) Trong cic mudi florua thi BeF, 14 d& tan, khé tan nhat 13 CaF,. Tich s tan
(Tt,) cac hop chat co gia tri nhu sau
MgF, CaF, SrF, BaF,
T, 6,5.107  4.10™ 2,5.10 7 1,1.10°°

CaF,, SrF,, BaF, két tinh cung kiéu mang tinh thé, nang luong mang ludi giam,
vi kich thudc ctia ion M** tang nén do bén lién két véi ion F~ giam, do d6 do tan
giam.

Céc florua trén déu c6 thé diéu ché bang cach cho M(OH), tac dung voi dung
dich HF loang hodc phan hity mudi cacbonat bang axit HF. Vi du:



Be(OH), + 2HF = BeF, + 2H,0
CaCO, + 2HF = CaF, + CO,T + H,0
CaP:z 0 trang thai khan la ché}t bot mau tréng, khi tdc dung voi hidro florua tao ra
muodi axit d€ tan c¢6 thanh phan CaF,. 2HF.6H,0.
Tac dung vé1 H,SO,4 dac ndng tach ra hidro florua:

CaF, + H,SO, g, C caso, + 2HF
con trong dung dich lodng cta cac axit manh khac hau nhu khong tan.
CaF, thién nhién co nhi‘éu ing dung thyuc té, duoc dung rong rii trong cong
nghiép d6 gém, dung di€u ché HF, dung lam dung cu quang hoc do tinh trong
sudt cua tinh thé do1 vdi tia tir ngoai va hong ngoai.
(3) Trong cac mudi clorua thi BeCl, 1a hop chat cong hoa tri, & trang thai hoi
goém nhitng phan tur tuyen tinh ClI - Be - ClI trong d¢ berili c6 s6 phdi tri 2; ¢

trang thai ran BeCl, c6 cdu trac polime dang soi véi s6 phdi tri 4, tao ra cau hinh
4 mat do su lai hoa sp3 cia nguyén tu berili (hinh 34).

® Be @ ClL
Hinh 34. CAu tao mot doan mach polime (BeCl,),.

Trong mach, mdi nguyén tir berili lién két voi 2 nguyén tir clo bang hai lién két
cong hoa tri binh thuong va lién két v4i hai nguyén tir clo khac bang hai lién két
"cho - nhan". BeCl, dugc diéu ché bang cach nung néng berili kim loai trong
ludng khi clo hoic HCI khé:

Be + 2HCI ), = BeCl, + H,T

cling dugc diéu ché bang cach cho khi clo khd qua hdn hop BeO va than nung &
900°C:

BeO + Cl, + C = BeCl, + CO
B~eC12 1a chat rdn, & dang khan ¢6 Tnc = 450°C va Ts = 550°C ¢6 ap suit hoi cao,
de tan trong dung moi hitu co nhu rugu, benzen, ete.
BeCl, 1a chat hut 4m manh nén dé bi chay rita trong khong khi 4am, dé tan trong
nudc va khi tan phat nhiéu nhiét:

BeCl, + 2H,0 == Be(OH), + 2HCI
Khi két tinh tir dung dich tao ra tinh thé dang tetra hidrat BeCl,.4H,O hay
[Be(OH,)4]Cl, C6 Cau hinh bén mat, trong d6 berili c6 trang thai lai hoa sp’.
Hidrat ndy ciing chay rita trong khong khi va khi dun néng khong tao ra mudi
khan ma phan huy tao ra BeO



[Be(OH,),JCl, = BeO + 2HCl + 3H,0

(4) MgCl, 1a chat ¢ nhiéu Gmg dung quan trong trong thuc té so voi cac halogen
khac ciia beng va magie. Tinh thé MgCl, ¢6 cau tric mang lap phuong.

MgCl, c6 trong nudc bién, trong khoang vat bisophit MgCl,.6H,0 va mot lugng
rat 16n trong cacnalit KC1L.MgCl,.6H,O. Vi vay, trong cong nghiép ngudi ta diéu
ché biang cach tach MgCl, tir nude bién, tir bisophit va tir cacnalit.

MgCl, 13 san pham phy khi ché hoa cacnalit thanh KCI. Cacnalit nong chay
trong nude két tinh ¢ 176°C dong thoi bi phan huy, KC1 két tia gan nhu hoan
toan, con MgCl,.6H,O (ndng chay & 106°C) ton tai & dang 10ng.

MgCl khan khong thé diéu ché bang cach cho bay hoi truc tiép dung dich do su
thiry phan. Trong phong thi nghiém ngudi ta diéu ché MgCl bang cach cho Mg
tac dung vai Cl, hoac HCI kho:

Mg + 2HClyp = MgCl, + H,T
hoic cho khi O. khé qua hon hop MgO + C nung nong & nhiét do cao:

MgO + C + Cl, = MgCl, + CO
ngoai ra ciing diéu ché dugc bang cach dun nong dung dich MgCl, v61 NH4Cl
tao ra tinh thé MgCl,.NH4Cl. 6H20 Sau d6 dun nong san pham thu duoc MgCl,
khan:

(o

MgClL. NH,Cl. 6H,0 = MgCl, + NH,’ + HQT + 6H,01
Trong dung dich nuéc, MgCl, t6n tai & mot sé dang hidrat MgCl,. xH,O (x =2;
4; 6; 8; 12), bén hon ca 1a dang hexahidrat MgCl,. 6H,0, chat nay két tinh duoc
tor dung dich nudc ¢ nhiét d§ thuong.
Khi nung, nude két tinh mat dan va cudi cing tao ra MgO:

[

MgCl. 6,0 = MgOH)Cl + HCT + 5H,01
MgOH)ClI = MgO + HCIT

MgCl, 1a chat de tan trong nudc, hiit Am manh nén dé chay rira trong khong khi;
két hop véi mudi clorua kim loai kiém hodc amoni tao ra cac mudi kép. Vi du:

KCl. MgCl,. 6H,0 . MgCl,. NH,Cl. 61,0

MgCl, duoc dung dé diéu ché Mg, dung trong y khoa, va dung dé san xuit
ximang magie. Loai ximang nay tao ra khi tron MgO da nung trudc voi dung
dich MgCl, dac. Ximang magie c6 do bén cao vai axit va kiém, d& mai tron,
dung dé lat san nha, da mai...

(5) CaCl, khan 1a chit ran, mau tring, nong chay ¢ 780°C. Trong thién nhién,
CaCl, c¢6 trong nudc bién, nudc khoang, trong mot sd khoang vat nhu
clorocanxit (CaCl,), tachidrit CaCl,.2MgCl.12H,0.

(CaCl, 13 San pham phy ctia nhidu qué trinh san xuat nhu san xuét xoda bang
phuong phap F. Solvay tir nguyén liéu ban dau 1a NaCl va CaCOs; san xuét
KClO; tir Cl, Va Ca(OH),.CaCl, tinh khiét c6 thé dugc diéu ché bang cach hoa



tan CaCOs tinh khiét trong axit HCI; con CaCl, khan co thé thu duoc khi nung
CaCl,.6H,0 ¢ 260°C trong khi quyén hidro clorua. La chat dé tan trong nuéc,
qua trinh hoa tan CaCl, khan phat nhiéu nhiét do hinh thanh hidrat (72,84
kj/mol), con qua trinh hoa lan cic dang hidrat lai 1a quéa trinh thu nhiét, do
nguyén nhan d6 nén do hoa tan cua CaCl, tdng khi nhiét o tang:

c | -55 | 0 | 10 | 20 | 40| 60| 100| 260
Do tan CaCl, (g / 100g H20)| 425 | 60 | 65 | 74,5 | 115 | 137 | 159| 347

Trong cac hidrat tinh thé ctia can xi clorua thi dang hexahidrat la bén hon ca,
nong chay & 30o0c, khi dun nong mat dan H20 két tinh va dén 2600C thi khan
hoan toan:

CaCl,.6H,0 —2C , caCl,.4H,0—3C, cac1, 28,0 YC, cact, H,0 —28Y°C, cac,

Ngoai nhirng tinh cl 4t ciia mot mudi, CaCl, con cé kha niang két hop vi NH;,
CH;0H,
C,HsOH, tao ra hop chit CaCl,.8NH;, CaCl,, 4CH;0H, CaCl,.6C,HsOH. Ciing
vi nguyén nhan d6 nguoi ta khéng dung CaCl, dé 1am kho khi amoniac.
Do kha ning hit 4m cao, nguoi ta ding CaCl, khan dé 1am kho cac chat
CaCl,.6H,O con dugc dung dé ché hdn hop sinh han, hdn hop goém co
CaCl,.6H,0 va nudc da voi ti 18 khoi luong 1,44: 1 c¢6 thé 1am lanh dén nhiét 46
g vé6i diém déng bang - 54,9°C. Dung dich CaCl, con dung lam chat 1ong dé
duy tri & mdt nhiét do nhat dinh phu thudc vao né)ng do cua CaCl, theo bang 19;
20 dudi day.

Béang 19 Nhiét dg soi cuia dung dich CaCl,

S6 gam CaCl, trong 100g H,O| 6,0 11,5 16,5 21,0 25,0 41,5 69,0
Nhiét do séi (°C) 101 102 103 104 105 110| 120
S6 gam CaCl, trong 100g H,O| 101 137,5 178 222 268 292| 305
Nhiét d6 soéi (°C) 130 | 140 150 160 170 175| 178

Bang 20 Nhiét do dong dac cua dung dich CaCl,

S6 gam CaCl, trong 100g dung dich 0,1 1 5 10 15
Nhiét do dong dac (°C) -0,051 | -0,46 -2,44 | -5,89 | -10,96
S6 gam CaCl, trong 100g dung dich 20 25 30 32,5 -
Nhiét do dong dac (°C) -18,6| -29,9 -48,0 | -51,0 -

(6) BaCI2 & dang khan 13 nhimng tinh thé mau trang, it tan trong rugu, nhung dé
tan trong nudc, do tan tdng theo nhiét do:

tc ‘ 0 ‘ 10 ‘ 20 ‘ 50 ‘ 100
botanBaCl,g/100gH,0 | 315 | 33 | 36 | 435 | 59
Tt dung dich nudc, bari clorua két tinh & dang dihidrat BaCl,. 2H,0, bén trong




khong khi ¢ nhiét d6 thuong. Khi dun néng, chuyén thanh monohidrat
BaCl2.H,0O Sau d6 chuyén thanh muoi khan.

Trong k¥ thuat, BaCl, duoc diéu ché bang cach hoa tan viterit (BaCOs) trong
axit HCI:

BaCO, + 2HCl = BaCl, + CO,7 + H,0
cling dugc diéu ché bang cach dung than dé khir BaSO, tao ra BaS sau d6 cho
phan tng véi1 CaCl, ¢ nhiét do cao:

nung

BaS + 4cCO?T

BaSO, + 4C

o

BaS + CaCl, = BaCl, + CaS

Trong ky thuat, BaCl dugc dung dé lam mém nudc va trong phong thi nghiém

dung dé dinh tinh va dinh luong 16n SO4> va dé diéu ché mot s6 mudi khac

cua bari.

(7) Cac mudi halogenua khac ctia kim loai Ca, Sr, Ba thuong tach khoi dung

dich ¢ dang
hexahidrat hodc dihidrat. Nhiéu mudi chay rita trong khong khi va tan nhiéu
trong ruou.

Nhiét d§ nong chay cua mubi khan déu cao.
Ngudi ta ciing diéu ché cac mudi d6 theo nguyén tac chung 13 trung hoa hidroxit
hodc cacbonat bing axit twong tng. Vi du:
Ba(OH), + 2HBr = BaBr, + 2H,0
BaCO, + 2HI = Bal, + CO,T + H,0
Céac mudi khan clorua, bromua, iotua déu c6 khuynh huéng két hop vi NH; tao
ra cac hop chat co thanh phan MX,. 8NH;. Theo chiéu tir Ca - Sr - Ba d6 bén
cac hop chit d6 giam xudng. Ching han, 4p suit ctia amoniac dat dén 50 mmHg
dbi v6i [Ca(NH;)8]L & 96°C; vé6i [St(NH;)s]L ¢ 62°C; véi [Ba(NH;)]L, chi &
20°C.
Trong dung dich nudc, cac amiacat nay déu bi phan huy.
Ngoai cac halogenua dang MX,, cac kim loai Ca, Sr, Ba con tao ra céc mudi
dang MX, chéng han CaCl, Cal, CaF, BaCl.
Céc hop chit nay déu bén & nhiét d cao va c6 mau khac nhau. Tinh thé CaCl c6
mau tim dé bén trén 800°C; tinh thé Cai - mau nau bén trén 780°C; Cai mau
vang da cam bén trén 1400°C.
Céac mudi trén thuong duoc tao ra khi nung mudi véi kim loai twong Gng, vi du:
CaCl, + Ca = 2caC

dé ngudi chung bi phan hity dan theo hudng nguoc lai. Bi phan hiy trong khong
khi 4m theo phuong trinh:

2CaCl + 2H,0 = CaCl, + Ca(OH), + H,T
BaCl con duoc tao thanh & catot khi dién phan BaCl, néng chay, do do viéc diéu
ché Ba bang cach dién phan BaCl, nong chay xay ra kho khan hon nhiéu so véi



qua trinh diéu ché Ca va Sr.

3.11. Nitrat ciia cdc kim logi kiém thé
(1) Nitrat caa cac kim loai kiém thd cling twong tu cac mudi nitrat khac 1a déu
dé tan trong nudc trir Ba(NOs), it tan (Tt =4,5. 10).
Duya vao quang phd Ronghen, nguoi ta da xac dinh duoc ciu trac tinh thé cla
Ca(NO3)2, St(NOs),, Ba(NO;), déu c6 dang florit. _Trong mang linh thé, cac
cation M*" déu tao ra mang lap phuong tam dién, mdi nhom NO; duge phan bd
trong tam hinh 1ap phwong nho, nhung khoéng phan b ¢ tam hinh 1ap phuong
nhu ion F trong mang florit (xem muc 3.10, hinh 33).
(2) Be(NOs), dugc diéu ché bang phan tng trao ddi gitra BeSO, va Ba(NO;),
trong dung dich nudc:

BeSO, + Ba(NO,), = BaSO4 + Be(NO,),
Be(NO3), ciing dugc didu ché bang cach hoa tan Be(OH), trong HNO;. Tinh thé
tach ra khéi dung dich nudc & dang trihidrat Be(NO3)2 '3H20. Khi dun nong
dén 60°C, tinh thé nong chay dong thoi tach H,O két tinh; dén 100°C bat dau
tach HNO; va dén 200°C bi phan hity hoan toan tao ra BeO.
(3) Mg(NOs), két tinh tir dung dich nuéc & dang hexahidrat Mg(NO;),.6H,O
Khi dun néng dén khoang 90°C bat dau tach H,O két tinh tao ra
Mg(NO;),.2H,0; dén 129,5°C thi nong chay dong thoi tach HNO; va sau d6 khi
tiép tuc nung dén nhiét 46 cao hon mudi bi phan hity hoan toan tao ra MgO tinh
khiét.
2Mg(NO;), C 2MgO + 4NO,T + 0,1
Mg(NO;), duoc diéu che bang hoa tan kim loai, oxit, ‘hodc cacbonat trong
HNO;. Ciing 1a chit hut 4m manh va ciing twong ty mudi clorua, tao ra mudi
bazo khi dun nong nhe dung dich.
(4) Ca(NO»), ciing dugc didu ché bang cach hoa tan CaCO; hodc Ca(OH), trong
HNO:;.
Tinh thé tach khoi dung dich nudc & dang tetrahidrat Ca(NOs),.4H,0, ndéng chay
trong nude két tinh ¢ 40°C.
Khi dun néng trén 100°C, dang tetrahidrat chuyén thanh dang khan, rat hat am,
rat d& tan trong nude va trong rugu.
Khi dun néng & nhiét 6 cao hon nhiét d6 nong chay (561°C) bat dau tach ra oxi
va mudi nitrit:
Ca(NO,), C Ca(NO,), + O,T
sau d6 nung manh tao ra CaO va cac oxit cua nito.
Ca(NO3), dugc dung lam phan bon.
(5) Sr(NO;), dugc diéu ché bang phan Gng trao ddi gitra SrCl, va NaNOs:

SrCl, + 2NaNO, == Sr(NO,), + 2NaCl
phan tng dua trén co s& Sr(NO), ¢6 do hoa tan bé hon SrCl, va NaNO;.



Ciing duoc diéu ché béng cach hoa tan SrCO; trong HNO;
Tinh thé tach ra khoi dung dich ¢ dang tetrahidrat Sr(NOs),.4H,0. Khi nung &
nhiét d6 cao hon 100°C, H,O két tinh tach dan va sau d6 bién thanh dang khan
Sr(NO3); 6 Ty = 645°C. Khi nung ¢ nhiét d§ cao hon nhiét do nong chay, bat
dau tach ra O, va tao ra mudi nitrit:
Srt(NO,), 2 Sr(NO,),T + 0,1

sau d6 nung manh tao ra SrO va cac oxit cua nito. Chi ¢ nhi¢t o kha cao moi
phan hity hoan toan. Sr(NO;), duoc dung dé ché phao hoa, phao hiéu mau do.

(6) Ba(NOs), dugc diéu ché bing cach hoa tan BaCO; ¢ dang viterit trong

HNO; loang.

Mot phuong phéap khac 13 dung phan tng trao doi giita BaCl, va NaNO; hoic

BaCO3 va Ca(NO3)2I

BaCl, + 2NaNO, =—= Ba(NO,), + 2NaCl
BaCO, + Ca(NO,), == Ba(NO,), + CaCO,
O nhiét do thuong, két tinh & trang thai khan Ba(NOs), ¢6 Tne = 572°C. O nhiét
d6 dudi 12°C tinh thé tach ra & dang dihidrat Ba(NOs),.2H,O.
Ba(NO;), rit kho tan trong nudc noéng so véi cac nitrat cta cac kim loai kiém
th6 khac. Khong tan trong ruou.
Khi nung manh Ba(NOs), bat ddu tach ra oxi chuyén thanh mudi nitrit va chi khi
nung that manh méi chuyén thanh oxit BaO va céc oxit clia nito:
Ba(NO,), i Ba(NO,),T + 0,1

Ba(NO;), dugc dung dé didu ché oxit va hidroxit bari tinh khiét. Cling duogc
dung dé ché phéo hoa, phao hiéu mau lyc.

3.12. Cacbonat ciia kim logi kiém tho
(1) Mudi cacbonat cia cac kim loai kiém tho 13 nhitng mudi kha pho bién trong
thién nhién & cac dang khoang vat khac nhau.
Magie ton tai ¢ dang manhezit MgCOs;; dolomit CaCO;.MgCO;; hidromanhezit
Mg(OH)s. 3MgC03 3H20 it pho bién hon 1a cac khoang vat stroxianit SrCO;,
viterit BaCO;. Pho bién nhét 1a khoang vét chira canxi cacbonat nhu canxit va
aragonit. Thanh phan hoa hoc chinh cua hai loai khoang vat dé la CaCOs.
Canxit ton tai 0 cac dang khac nhau nhu da4 Bang Pao, da voi da cam thach, da
phan. ba Bang bao co nhiéu & Bang Pao thuong gip dudi dang tinh thé 16n,
trong sudt, khong mau, c6 kha ‘nang chiét quang nén dugc dung lam dyng cu
quang hoc. Pd voi 1a dang phd bién nhat clia canxit, dugc dung dé san xuat
CaO, CO,), lam vat li¢u xay dung... Ba cAm thach duoc tao nén trong diéu kién
nhiét do va ap suét cao; d4 cAm thach c6 nhiéu mau khac nhau 1am vat liéu trang
tri trong xaydung. D4 phan 1a dang mém cia da voi nhu cac loai vo s, vo hau,
hén...Ngoéi ra. CaCO; con c6 & dang natrocanxit Na,CO;.CaCO;.5H,0;
Uranotalit 2CaC0O;.UO,(COs3). 10H,0.

(2) Cac mudi cacbonat cua kim loai kiém thd déu 1a chat ¢ dang tinh thé, déu



kho tan trong nudce. Tich s tan c6 gia tri nhu sau (T):

| BeCO; | MgCo; | caCO; |  srco, BaC0;
T, ‘ 1.10° ‘ 4.10'5| 4,8.10'9| 1.1.10 " 51.10 °

Trong dung dich ¢6 chira du khi CO,, céc mudi cacbonat cua Ca, Sr, Ba lai tan
do tao ra mudi hidrocacbonat M(HCO3),:

CaCO, + CO, + H,0 = Ca(HCO,),
Phan ung trén giai thich hién tuong an mon da voi trong thién nhién, va do phan
tmg d6 nén trong nudc soéng, nudc ngdm co6 chia mot lugng dang ké
Ca(HCO3)2.
Khi dé trong khong khi hodc khi dun nong, cac mudi d6 déu phan huy tach ra
COzI

Ca’HCO,), = CaCO,y + CO,T + H,0
Phan tmg trén giai thich su hinh thanh thach nhi, subi hoa da, can am, can ndi
hoi.
Tréi lai cac mubi trung hoa BeCO5 va MgCO; lai ton tai trong dung dich chira
lugng du CO,, do ching bi thuy phén tao ra két tia 13 nhitng mudi cacbonat
bazo [M(OH)]2C03 Mudi bazo nay ludn luén duoc tao thanh khi cho dung dich
cachonat kiém tac dung v6i mudi ciia Be va Mg.

(3) Cing nhu mudi cacbonat ctia cac kim loai khac, cac axit(ké ca axit axetic)
déu phan huy cachonat kim loai kiém thé tach ra CO,; vi du:

CaCO, + 2H* = 2Ca* + CO,T + H,0
Khéc véi cacbonat cua kim loai kiém M,CO;, cac mubdi MCO; déu bi nhiét phan
huy, do bén nhiét tang tir MgCO3 dén BaCO3 ung véi nhi¢t d§ phan huy nhu
sau:

| MgCo0; CaC0; | SrC0;|  BaCo;
t°c ‘ 540‘ 897 ‘ 1290‘ >1360

su phu thudc ap suét cia CO, v6i nhi¢t d6 trong qua trinh nhiét phﬁn nhu sau
(bang 21) Tur bang 21 ta thdy rang khi nhi¢t phan CaCOs trén 897°C thi ap suat
cia CO, bang ap suat cta khi quyén; trong khi d6 nung BaCO; dén 900°C, ap
suét hoi cua CO, méi chi dat 0,2 mmHg.

Bang 21. dp suat phan hay cia MCO;

MCOs [ Ap suét ctia CO, (mm Hg)
400°C 450°C 500°C 540°C 560°C 600°C 650°C 700°C | 750°C

MgCO0s | 0,1 6,8 100 740 - - - - -




|03003|O |0 |o,1 | - | 0,4 | 1,8 | 6,9 |22,2| 63 |

MCO0s Ap suét ctia CO, (mm Hg)
800°C 850°C| 897°C 900°C| 1000°C 1100°C 1200°C|] 1300°C
CaCo0; 167 302 760 - - - -
BaCO0; 0 0 0 0,2 2,7 17,7 92 382

(4) BeCO; Chi c6 thé két tua trong dung dich khi c6 mat dong thoi trong dung
dich vo1 lugng du khi CO,. Khi cho mudi cacbonat kim loai kiém tac dung voi
dung dich mudi berili tao ra mudi bazo dang [Be(OH)],COs. Mudi bazo nay cé
thé chuyén thanh mudi trung hoa khi dun néng voi dung dich KHCO; dic.
BeCO; 1a chét rdn mau tréng, kho tan trong nudc, nhung lai dé tan trong lugng
du cacbonat kim loai kiém, dic biét dé tan trong dung dich dic (NH4),CO; do
tao ra cac mudi kép M,[Be(CO3),].

BeCO; két tinh tir dung dich ¢ dang tetrahidrat BeCO;.4H,0, khi dun nong dén
nhiét d6 100°C chuyén thanh mudi khan, khi dun dén nhiét d6 cao hon bi phan
huy tach ra CO,

(5) MgCOs 14 chat rin mau trang kho tan trong nuée (9,4 mg trong 100 g H,O &
18°C). Khi dun néng dung dich, ciing bi thuy phan tao thanh mudi cacbonat
bazo.

Tan trong dung dich du cacbonat kim loai kiém va trong dung dich (NH,4),COs;
dam nhung kho hon BeCOs; qué trinh tan do tao ra cic mudi kép nhu
K,[Mg(CO5),].4H,0, KH[Mg(CO;),].4H,0. Amoniac ciing tao ra hop chat
tuong tw, vi viy khi cho dung dich (NH4),CO; dam tac dung véi mudi magie
khoéng tao ra két tia.

Tan trong axit tao thanh mudi magie. Mat khac khi cho khi CO, qua chat long
c6 chira huyén phtt MgCO; huyén phu nay dé tan do tao mubi bicacbonat:

MgCO, + CO, + H,O0 = Mg(HCO,),
khi dun néng, Mg(HCOs), bi phan huy thanh MgCO;.
Khj cho mudi magie tdc dung voi mudi cacbonat ctia kim loai kiém tao thanh
mudi bazo theo phuong trinh:

2Na,CO; + 2MgCl, + H,0 = [Mg(OH)J,CO; + 4NaCl + CO,T
vi vay phan trng phai thuc hién trong dung dich c6 lugng du khi CO2.
Mudi cacbonat bazo clia magie 1a chit bot mau trang it tan trong nudc (0,02%
& 15°C ¢6 thanh phan gan dung: Mg(OH),.xMgCO;. nH,O (X =3; 4...;n = 3; 4;
5...).
MgCO; tinh khiét dugc diéu ché bang cach thoi CO, tinh khiét 1én bé mat magie
cacbonat bazo' dun nong to1 150 - 220°C dén khi bot trang xOp tao ra co khoi
luong khong d6i, sau dé dugc bao quan trong khi quyén CO2:



[(Mg(OH)],CO, +CO, = 2MgCO,4 + H,0
MgCO; tach ra tir dung dich nudc ¢ dang tinh thé MgCO;.5H,0 & 16°C; con
nhiét d0 cao hon thi ¢ dang trihidrat hodc monohidrat.
(6) CaCOs la Chat két tinh mau trang, it tan trong nudc, do tan trong nudc vio
khoang 1,4 mg /100 gH,O & 25°C, tan nhiéu hon trong dung dich chtra luong du
NH,CI. Khi dun s61 CaCOs; véi dung dich NH4Cl1, CaCO; S€ bi phan huy hoan
toan:

CaCO, + 2NH,Cl = CaCl, + 2NH, + CO,T + H,0
CaCOs dugc diéu ché bang cach cho mqéi canxi tac dung voi mudi cacbonat
kim 19ai kiém hodc amoni, cling dugc diéu ch,é bang cach cho dunﬂg dich r}u’c'rc
vO1 hap thu CO, Tu dung dich nong, CaCO; két tinh ¢ dang tinh the, con néu 1a
dung dich ngudi lai két tia & dang v6 dinh hinh.
Dang bt min nhan tao dugc dung dé ché xa phong danh ring; dung trong y
khoa chira bénh thi€u canxi, bénh du axit trong dich vi...
(7) SrCO; duge diéu ché bang cach cho mudi stroni tan tac dung véi dung dich
(NH4),COs:

Sr(NO,), + (NH,),CO, = SrCO,{ + 2NH,NO,
SrCOs 1a chat ra"m‘ mau trang, rat kho tan trong nuoc. Trong dung dich SrCO; bi
thily phan mdt phan tao ra moi truong kiém.
Tan nhiéu trong dung dich c¢6 chira CO, do phéan tng tao ra hidro cacbonat. Khi
nung nong, phan huy tach CO, nhung kh6 hon so vé1 CaCOs.
(8) BaCO; la chat ran mau tring, it tan trong nudc. Dung dich bdo hoa cé phan
ung kiém do bi thuy phan.
BaCO; dugc dleu ché bang cach cho ‘dung dich Ba(OH), hap thu CO,; hoac cho
dung dich muéi bari tic dung v6i mudi cacbonat kim loai kiém:

Ba(OH), + CO, = BaCO,{ + H,0O

Ba(NO,), + Na,CO, = BaCO,{ + 2NaNO,
Trong cong nghiép BaCO; duoc diéu ché bang cach dung than dé khir BaSO,
khi nung hdn hqp & 600 - 800°C tao ra Ba$, sau d6 cho CO, tac dung v61 dung
dich BaS tao ra két tia BaCOs:

BaSO, + 2C = BaS + 20,1

BaS + CO, + H,O = BaCO,J + H,ST
Ciing c6 thé bang cach dun nong huyén phu BaSO, véi dung dich dam dac
K2C03:

BaSO, + K,CO, = BaCO; + K,SO,
BaCOs; tan trong axit; tan mot it trong dung dich chira CO, do tao ra Ba(HCOs),.
cling luong tu céc mudi cacbonat kim loai kiém thé khac, BaCO, cling tan mot
phan trong cac dung dich mudi amoni do tao ra cac mudi kép.



3.13. Sunfat ciia kim logi kiém tho
(1) cac mudi sunfat cua kim loai kiém tho déu 1a chat két tinh mau trang. Hai
mudi BeSO, va MgSO, déu dé tan, cac mudi con lai déu kho tan, do tan giam
dan tir BeSO, trén BaS04; & 20°C d6 tan (g/ 100g H,0) nhu sau

BeS0,| MgS0, CaSO,| SrSo, BaS0,
Dotan(g/100gH,0) 399| 355 0,203 0,015 2.10"
Tich s6 tan (Ty) - - 24.10° 32107 1,1.10™

Mudi sunfat ctia cic kim loai kiém thd déu tao ra sunfat kép voi cac kim loai
kiém dang M,' M"(SOy),. (Trong d6 M' 1a cac kim loai kiém; M'' 1a kim loai
kiém thd).

(2) BeSO, tao thanh khi dun nong Beo hodac Be(OH), trong H,SO, du:

BeO + H,SO, =BeSO, + H,0

tinh thé BeSO, tach ra & dang tam mat khong mau BeSO,4.4H,0, ngoai ra con
cac dang BeS0O,4.2H,0; BeSO,4.H,O0.

Trong dung dich nudc, BeSOy bi thily phan mot phan nhung muc do thay phan
kém hon BeCl,.

Khi 1am bay hoi dung dich khong chita H,SO,, tinh thé tach ra ¢ dang mudi
bazo.

Khi nung tinh thé hidrat BeSO4.4H,0 dén 230°C chyyén thanh mubi khan, nung
0 nhiét d cao hon, bat dau tach SO; va sau d6 chuyén thanh BeO tinh khiét:

2BeSO, =  2BeO + 250,7 + 0,1

(3) MgSO, ¢ trang thai khan 13 chat bot mau tgéng. Tinh thé mudi tach ra - tir
dung dich nudc - & dang hidrat. Nguoi ta da biét cac dang 1; 2; 4; 5; 6‘; 7 Yél 12
phan tor H,O, trong d6 cac dang 2; 4; 5 phan tir H,O 14 it bén; con lai déu bén va
quan trong hon ca la monohidrat MgSO4.H,O (kizerit) va dang hepta hidrat
MgS0,.7H,0 loang muoi trang).
Mbt s dang hidrat trén, bén trong khoang nhiét do sau:

MgSO,. 12H,0  bén trong khoang tir - 3,9°C dén 1,8°C

MgSO,. 7TH,0 bén trong khoang tir 1,8°C dén 48,3°C

MgSO,. 6H,0 bén trong khoang tir 48,3°C dén 68°C

MgSO,. H,O bén trong khoang cao hon 68°C
MgSO, Ciing duoc diéu ché bang cach cho MgO tan trong H,SO4 30%:

MgO + H,SO, =MgSO, + H,O
tinh thé tach ra ¢ dang MgSO4.7H,0. ,Mué)n. diéu ché dang khan MgSO, cafm
dun dang MgS0O,.7H,0 dén 238°C. Néu nung & nhi¢t do cao hon sé tach dan
SOs.



Trong thién nhién, MgSO4 & dang khoang chat kizerit (MgSO,4.H,0) va dang

mudi ddng (MgSO,.7H,0). Khoang chat kizerit rat khé tan trong nude ké ca khi

dun nong.

Kizerit thién nhién duoc dung dé diéu ché MgO va SO, khi nung d6 véi than:
MgSO, + C C MgO + SO,T + cot

" Mubi dang" dung trong cong nghé soi, gidy va ding trong y khoa lam thudc

tay, nhuan trang, thong mat.

MgSO, tao ra mudi kép véi kim loai héa tri I trong d6 dang cha y 1a dang xenit

c¢6 thanh phan M,[Mg(S0,),].6H,0; quan trong 13 chat K,[Mg(SO4),].6H,0 dbi

khi dugc dung lam phan bon.

(4) CaSOy 1a mubi ‘quan trong hon ca trong cac mudi sunfat kim loai kiém th.

La chat rin mau tring, it tan trong nudc (6 20°C no6 tan khoang 203 ,6 mg trong

100 g H,0). D¢ tan ting cham khi ting nhiét do, nhung qua 50°C d6 tan giam

dan. Puong cong d6 tan c¢6 cuc dai & khoang 30 - 40°C.

Trong dung dich mudi sunfat cta kim loai khac, d6 tan ctia CaSO, giam xudng

nhung trong H,SO, dac do tan ctia CaSO, lai cao hon nhiéu vi mot phﬁn da tao

ra cac hop chét kép nhu CaSO,.H,SO, va CaS0,4.3H,SO,, nhiitng hop chit loai

do6 da duoc tach ra ¢ trang thai tu do. V&i sunfat kim loai kiém, CaSO, di tao ra

nhirg mudi kho tan, nhitng mudi kép dé ciing gip trong thién nhién, vi du mudi

globe Na,S0,.CaSO,; mubi sinvinit K,S0,.CaSO,.H,0.

Trong dung dich (NH,),SO,, do tan cia CaSOy lai ting 1én do tao thanh mudi

phtrc:

(NH,),S0, + CaSO, =(NH,),[Ca(SO,).}
Nguoi ta cling loi dung tinh chat nay dé tach Ca ra khoi Sr vi mudi twong tur cia
Sr lai it tan hon.
CaSO, tinh khiét dugc diéu ché bang cach cho CaCl, du tac dung véi dung dich
(NH4)ZSO4 Két tua tach ra & dang vi tinh thé hinh kim dihidrat CaSO,. 2H20 o
dudi 66°C. Néu nhiét d6 trén 66°C lai tach ra & dang khan. Trong thién nhién ton
tai & dang CaSO,. 2H,0 goi 1a thach cao. Thach cao c6 cau trac 16p nén cod thé
tach thanh 14 méng.
Khi dun néng dén gin 128°C thach cao mit mot phan H,O két tinh thanh
hemihidrat 2CaS0O,4.H,0 (hay CaSO,. /2H,0) goi 14 thach cao nung:
2{CaS0, . 2H,0] f 2CaS0O, . H,O + 2H,0
Thach cao nung la chit bot mau tréng, sau khi tron voi mot it nude thanh hé
chéo 10ng, c6 kha ning déng ctimg nhanh do céac vi tinh thé CaSO,4. 2H,0 dan
xen vao nhau. Loi dung kha ndng nay nguoi ta dung thach cao nan tuong, lam
khuén duc, lam vat li¢u xay dung, bod chuén hinh trong y hoc, vi du bé xuong
gay...
Khi nung trong khoang 200 - 350°C thach cao nung chuyén thanh CaSO, khan
tan dugc trong nudc:




20as0, . H,0 2= C »cas0, + H,0

Nung dén gan 500°C, chuyen thanh dang khong tan trong nudc, khong tuong tac
v6i nudce, vi vay khong thé 1am vat liéu dinh két, g01 1a thach cao chét.
Nung dén khoang 900 - 1000°C 1a chit bot mau tring kho c6 kha ning hat am,
nén duoc dung lam kho. Khong khi am, sau khi qua 6ng dung CaSO, chi con lai
khoang 0,005 mg H,O trong mot lit khong khi.

Nung dén 1200°C bt dau phan huy tao ra CaO:

1200°C

2CaS0, 2Ca0 + 250,T + O,

(5) SrSO,4 thuong gap trong thién nhién ¢ dang khoang vt seletin, 1a nguyén
liu chu yéu dung dé diéu ché cac hop chét cua stronti.

SrSO, rat it tan trong nudce, & 18°C d6 tan vao khoang 11,4 ma trong 100g H,O.
v6i mudi sunfat kim loai kiém, chang han K,SO,, (NH,),SO,, Stronti sunfat tao
ra nhitng mudi kép kho tan.

Ciing tuwong tu CaSQ,, SrSO,4 Ciing bi nhiét phan tach ra SO; nhung nhiét d6 cao
hon nhiéu so véi CaSOs.

(6) BaSO, 13 Chét bot mau trang, hau nhu khong tan trong nudce, & 18°C -100g
H,0 chi hoa tan dugc 0,22 mg BaSO,. Trong H,SO, dic do hoa tan cia BaSO,
tang 1én do tao ra phirc chat.

BaSO, néng chay ¢ 1580°C va tiép theo d6 1a bay hoi hoan toan. Bari sunfat
dugc diéu ché bang cach két tua tir dung dich khi cho dung dich mubi bari tac
dung véi dung dich H,SO,4 hoac dung dich chira ion SO,* khac:

Ba®>* + SO2 = BaSO,
Vi bén d6i voi khong khi va mot sd cac khi khac nén BaSO, duoc dung rong rii
trong cong nghé son 6td6. Mat khac, vi khong tan trong nudc va trong cac axit vo
co lodng nén BaSO, khong doc nhu mot sé cac mudi khac cua bari trong d6 c6
Ba$S, BaCl,, BaCO; lai rat doc. BaSOy, lai co tac dung can quang, khong cho tia
Ronghen di qua nén nguoi ta cho bénh nhan udng mot it bot do6 véi nude trude
khi dung X - quang dé chiéu hodc chup da day, ruét.



CHUONG 4
CAC NGUYEN TO NHOM IlIIA
( NHOM - GALI - INDI - TALI)

4.1. Nhin xét chung vé cdc nguyén té nhom I11A

(1) Nhém IIIA thudc bang tudn hoan gém cac nguyén t6 B (Borum), Al
(Aluminium), Ga (Gallium), In (Indium) va T1 (Thallium ) .

e Bo dugc nha bac hoc ngudi Anh 1a Bévi (H.Devy) va hai nha hoa hoc
nguoi Phap 1a Gay Luyxdc (J.Gay-lussac) va Téna (L.Thenard) tim ra ndm 1808
khi dung kali dé khtr oxit boric; nhung dén dau thé ky 20 méi duge mot nha hoa
hoc nguoi My 1a Ventrau (E. Weitraub) diéu ché duoc dang tinh khiét 99%.
Nhom 12 nguyén t6 pho bién trong thién nhién , nhung chi dén nim 1825 1an dau
tién moi dugc nha vat 1y ngudi Pan Mach 1a Oxtet (J.C.Oersted) diéu ché &
dang tinh khiét . Gali dugc nha hoa hoc nguoi Phap Lecoq Po Boabddring
(Lecoq de Boisbaudran) phat minh ra ndm 1875 khi nghién ctru quang sfalerit (
ZnS). Nam 1863 hai nha hoa hoc nguoi Buc 1a Rai co (F.Raich) va Ricte (T.
Richter) phat hién ra nguyén té méi trong ché pham kém clorua. Mudn hon céc
nguyén t6 trén , vi 1a nguyén t6 phan tan nén tali méi dugc tim ra gitta thé ky thu
19 (1861) khi nha khoa hoc nguoi Anh 1a Cruc (W . Crookes) nghién ctru chat
thai nha mdy san xuat axit sunfuric bang phuong phap phan tich pho .

(2) Nguyén tir khéi, s6 thtr tu nguyén t6 va su phan bd electron nhu sau

Nguyén| Ki | So6tha | Nguyén Phan bd electron Hoa tri
t6 | higu | tu t6 tir

Bo B 5 10,82 2| 3 11

Nhoém Al 13 26,98 8 | 3 I, III

Gali Ga 31 69,72 2| 8 | 18] 3 I II, TIT

Indi In 49 114,82 8 | 18| 18| 3 I II, TIT

Tali Tl 81 20439 | 2| 8 | 18| 32| 18| 2 I II, TIT

Mic du déu co ba electron hoa trj 1a nsznpl , nhung chi c6 cac nguyén t B
va Al cac electron d6 méi nam ngoai 16p vo khi tro, nghia 1a 16p voé bén. Cac
nguyén t6 con lai dimg sau diy nguyén té chuyén tiép trong mdi chu ky, nén 16p
electron & phia trong sat 16p electron hoa tri lai 1a 18 electron, do d6 tinh chat
clia cac nguyén té nhom IIIA khong bién d6i déu nhu nhom IIIA khong bién



d6i déu nhu nhom TA va TIA.
(4) Sau day 12 mot sb dic diém cia cac nguyén t6 nhom IIIA.

Bang 22 . M6t s6 dac diém cua cac nguyén tir cdc nguyén to nhom Itra

Nguyén| Bén kinh Bén kinh Thé ion hoa
tb nguyén tir ion M** (A) (eV)
1; I I3 [+ L+1;

B 0,83 0,20 8,30 25,15 37,93 71,38
Al 1,26 0,57 5,95 18,82 28,44 53,21
Ga 1,27 0,62 6,0 20,43 30,60 57,03
In 1,44 0,92 5,8 18,79 27,90 52,49
Tl - 1,05 6,1 20,32 29,80 56,22

e Nhin chung ning luong ion hda ctia cic nguyén t& nhom IIIA bién doi
khong déu nhu cac nhom IA va IIA . Ning luong ion hoa cua B tuwong d6i 16n
do d6 B rat kh6 mat 3 electron dé tao ra cation trong cac hop chét ion, ma chu
yéu tao ra hop chat cong hoa tri ; trong khi d6 sy hinh thanh ion AP 1ai xay ra
dé hon do ban kinh nguyén tir ting, dong thoi nang lugng hidrat hoa ciia ion
Al* cling kha 16n. Chinh diéu do6 cho ching ta hiéu duoc tai sao tinh chét cua
bo khac voi nhom va cac nguyén to con lai trong cung nhom; trong khi Al 1a
kim loai con B 1a phi kim, cac hop chit B,O; Va B(OH); C0 tinh axit, A[(OH);
lai ¢6 tinh bazo.

e Tir Al dén Ga - tong ning luong ion hoa lai ting 1én chtng to tinh kim
loai hoi giam xuéng. T Ga dén In tinh kim loai lai tang 1€n , nhung tir In dén TI
tinh kim loai lai giam xuéng, thé hién ¢ su thay dbi téng nang luong ion hoda. S&
di c¢6 sy bién d6i khong déu d6 1a do Ga 1a nguyén t6 dung sau cac kim loai
chuyén tiép ddy thir nhét, nén chiu anh huong cta su co d; con Tl dung sau céc
lantanit nén chiu d&nh hudng cta sy co lantanit (cof).

(5) Cac nguyén t6 nhom IIIA c6 s6 oxi hoéa chi yéu 1a +3, nhung vi ning
luong ion hoa thir nhat bé hon nhiéu so véi tong ning lugng ion hoa thir hai va
thtr ba nén tir Al dén T1 Con c6 kha nang tao ra s6 oxi hoa +1 , d6 bén cua sb
oxi hoa +1 ting lén tir Al dén T1, & Tl c6 nhiéu hop chat TI(I) bén hon céc
nguyén t6 con lai.

(6)Thé dién cuc cua B khong xac dinh dugc do B khong tao nén cation trong
dung dich, con cac nguyén t6 con lai c6 thé dién cuc 16n hon cac kim loai kiém
tho . Mot s hang sb 1y hoc quan trong ctia cac nguyén t6 nhom IIIA néu trong



bang 23.

(7) Né6i chung , vé nhiéu mit, bo giéng silic nhiéu hon so v&i nhom va céc
nguyén to con lai , nhu hop chat halogenua ciia B va Si (trir BF3) déu dé bi thuy
phan , trong khi Al halogenua chi bi thuy phan mot phan ; hop chat ciia B va Si
v6i hidrdé déu 1a chat dé bay hoi va tu bdc chay con nhom halogenua 13 chat rin
polime (AlHj3),...

(8) Gali c6 nhiét d6 nong chay thap 1a do & trang thai ran, gali c6 mang ludi
phan tor Ga, ; gali lai c6 nhi¢t dd so61 cao l1a do khi s61 phan tor Ga, phan huy
thanh nguyén tu.

Bang 23. Mot s6 hang s6 1y hoc quan trong ciia kim loai nhom ITIA

Tinh chat B Al Ga In0 Tl
Nhiét d6 nong chay ( 7,. °C) | 2300 660 29,8 157 304
Nhiét d6 soi ( 7, °C ) ~2550 | 2270 | ~2070 | ~2300 | -1457
Khdi lwong riéng (g/cm® ) 2,33 2,70 5,93 7,29 11,8
D6 am dién " 2,0 1,5 1,6 1,7 1,8
Thé dién cuc (V):
M+ 3e > M° - -1,66 | -0,53 | -034 | (+0,72)
M" + le > M° - - - - -0,335

D Theo Pauling.
(9) Nhom két tinh theo mang 1ap phuong tdm dién voi khoang cach giira
hai nguyén tir o = 4,0414 A (hinh 1).
e Tali c6 hai dang thu hinh, trong d6 c6 mot dang két tinh theo mang luc
phuong, ca hai dang d6 bién dbi cho nhau & 235°C.

4.2. Trang thdi thién nhién va cdc thanh phin dong vi

(1) Trong thién nhién , B va Al 13 nhiing nguyén t6 kha pho bién. Po phd
bién cua Al trong vo qua dat ding vao hang thir tu sau cac nguyén t6 O, H, va
Si. Con cac nguyén t6 Ga, In va Tl 1 nhitng nguyén t6 hiém , it phd bién va rat
phan tan .

Trong vo qua dat sy phan bb d6 nhu sau :

Nguyén t6 % sb nguyén tir % khoi lugng




B 6.10" 3.10™
Al 6,6 8.8

Ga 4.10™* 1,5.10°
In 1,5.107 1.10°
Tl 3.107 3.10™

(2) Khoang vt chinh cua B 1a borac (Na,B40,.10H,0)- 1a khoang vat duoc
biét nhidu nhat. Ngoai ra cic khoang vt c6 ¥ nghia rat 16n trong ky thuat 1a
boraxit (2Mg;BgO,5.MgCl,), kecnit (Na,B;07.4H,0), kolemanit( Ca,B¢Oy
.5H,0), xaxolin (H;BO;)

e Phan 16n nhém trong vo qua dat tdp trung & dang khoang vat
alumosilicat nhu octhoclazo (K,0.Al,0;.6S10;) mica (K,0.3A1,0;.6S10,)
nefelin ( Na,0.K,0.2A1,0;.4S10,) caolinit (Al,O5 . 2Si0, . 2H,0).

Khoang vat quan trong ctia nhoém la boxit ( AlL,O; . xH,O) va criolit
(Nas[AlF4]). & Viét Nam c6 nhiéu mo chira boxit & cac tinh Ha Tuyén , Son La,
Lai Chau, Tay Nguyén...

e Nguoi ta khong biét duoc cac khoang vt riéng cua gali, indi va tali. Cac
nguyén t6 nay thudng 1an trong quing ctia nhiéu kim loai khac, dic biét 13 quing
Zn thuong c6 14n cac kim loai trén ¢ dang hop chét . Tali ciing thudng c6 trong
xi ctia qua trinh san xuat H2SO4 Gali con c6 trong quing boxit (khoang 3.107
% gali), trong tro ctia mot sb loai than da.

(3) Trong nuéc dai duong , thanh phan trung binh ciia cac nguyén té nhém
IITA nhu sau (theo A.P. Vinogradov 1967) :

Nguyén Ham lugng Nguyén Ham lugng
to % mg/1 to % mg/1
B 4,6.10° 4,6 Ga 3.107 3.10”
Al 1.10° 0,01 In 1.10° 1.10°

Tl 1.10° 1.107

(4) Ham lugng ctia cac nguyén t nhom IIIA c¢6 trong mau da ¢ Mat Tring
do céc tram gilta cadc hanh tinh Apollo 11 - 12 va Luna - 6 thu thap dugc ¢ ba
vung khéac nhau c6 gia tri nhu sau :



Nguyén Ham luong trung binh (s6 gam /1g mau d4)
to Apollo - 11 Apollo -12 Luna -6
B 0,2.10” - 0,44.10”
Al 0,056 0,074 -

Ga 0,45.107 0,4.107 0,45.10°
Ln 3.10” 9.10” 0,17.107
Tl 0,6.10° 2.107 2.107

(5) B ¢6 nam dong vi, "B (18,45% - 18,98%) va ''B (81,02% - 81,55% )
déu 1a dong vi thién nhién, con °B va '’B déu 1a dong vi phong xa .

o Al c6 sau dong vi tir **Al dén *’Al, trong d6 c6 dong vi ’Al 1a dong vi
thién nhién chiém 100%.

e Ga c6 10 dong vi tir *Ga dén "Ga, trong d6 co hai dong vi thién nhién 13
¥Ga (60,2%) va "Ga (39,8%), con lai déu 1a déng vi phéng xa , trong do co
’Ga ¢ chu ky ban hiy 13 3,25 ngay dém.

e In c6 13 dong vi tir "'In dén '"In, trong d6 c6 hai dong vi thién nhién 1a
"1n (4,23%) va dong vi ' °In (95,77%).

e Tl c6 16 dong vi tir '*°T1 dén *'°T1 trong d6 c6 dong vi *T1 (29,50 %) va

%71 (70,50 %) 1a ddng vi thién nhién.

NHOM VA HQP CHAT CUA NHOM

4.3. Diéu ché nhom

(1) Nguoi ta san xuat Al bang phuong phap dién phan Al,O; ndng chay
trong criolit Na3AlF4 ( hay AlF; . 3NaF).

Nguyén liéu ding dé san xuit nhom 1a quing boxit va criolit con nhiéu tap
chat, mit khac tinh ché Al khoi céc tap chit rat khé khan, vi vay viéc tinh ché
nguyén liéu ban dau lai rat can thiét.

e Boxit thién nhién chia khoang 40 - 60% Al,O; Va tap Chat chi yéu 1a
Si0,, Fe,0s...

Tuy theo loai quing ma thanh phan tap chit co thay ddi, chang han boxit
trang chira SiO2 nhung hau nhu khong c6 Fe,0s ; boxit nau lai c6 khoang 27%
Fe,0s. Pé c¢6 Al,O; C6 d6 tinh khiét cao (khong chira qua 0,2% SiO,) va 0,04%
Fe,05) ngudi ta dd dun néng bot boxit vdi dung dich NaOH 40% ¢ 150°C duéi



ap suat 5 - 6 atm, boxit tan trong dung dich kiém:
ALO; .xH,0O + 2NaOH = 2NaAlO, + (x+ 1 )H,O
hoac
ALO; + 20H - + 3H,0 < 2[Al(OH)4]-
pha loang dung dich bang nudc, két tia AI(OH)3 sé& tach ra va sau d6 nung &
1200°C trong 10 quay s& thu dugc AI203 tinh khiét:
[AI(OH)4] <> Al(OH); | + OH"
2A1(OH);| = Al,0O; + 3H,0
e Ngudi ta ciing diéu ché ALOs tinh khiét bang cach ché hoa nefelin hozc
cao lanh, chang han nung nefelin v6i da véi trong 16 quay & 1200°C:
(Na,0.K;,0.2A1,0; .4S510,) + 4CaCO; = 4CaSiO; +
2NaAlQO, + 2KAIO, + 4CO,?
nghién min hon hop ran thu duge, sau do ngam vao nudc roi cho khi CO, (thu
duogc tir qua trinh trén) qua dung dich aluminat:
NaAlO, + KAIO + 4H,0 = Na[Al(OH)4] + K[AI(OH),]
[AI(OH)4] + CO, = AI(OH);] + HCO;~

Nung két tha thu duoc ALLOs.

Phuong phép trén con thu dugec NaHCO;, KHCO; va CaSiO; dé san xuét
X1 mang.

(2) Vi du trit criolit ¢ trai dat 1a c6 han nén nguoi ta da tong hop 1y criolit
bang cach hoa tan A1(OH); va Na,COs; trong axit flohidric :

2A1(OH); + 3Na,CO; + 12HF = 2Na;[AlF¢] + 3CO,1+ 9H,0

(3) Qua trinh di¢n phan duoc thuc hi¢n & 950°C, véi dién ap khoang 5V va
cuong do dong khoang 100000A. Thiét bi dién phan 1a mdt thung vo sat bén
trong 16t gach chiu néng. Trén 16p nay c6 boc mot 16p than dung lam cuc am;
cuc duong la nhitng thdi than cdm vao thung dién phan.

Bé mat chat 1ong trong 10 duoc phtt mot 16p rin chat dién li dé cho khéi
nong chay khoi bi nguoi .

e Trong qua trinh dién phan c6 khi O, bay ra ¢ andt tic dung véi C tao ra
khi CO va CO, dong thoi c6 mot it flo cling bay 1én, tao ra mét it CF,, do vay
duong cuc bi an mon dan, nén trong qua trinh dién phan phai ha thap dan cuc
duong xudng.

Qua trinh dién phan dugc tién hanh lién tuc, sau mot thoi gian , nguoi ta
lai cho thém



Hinh 35. S0 d6 thiét bi dién phan san xuat nhém:
(1) cuc duong ; (2) cuc am; (3) chat dién phan.

AL, O; va mot it criolit mot cach tudn hoan; nhdm tu lai & khu vuc catdt va duoc
thdo ra ngoai.
So dd thiét bi dién phan mo ta & hinh 35.

e Nhom néng chay ¢ 6600C, nhung Al,O; néng chay & nhiét do rat cao
(2050°C) nén khi Al,O; tan trong criolit néng chdy, di ha nhiét xuéng khoang
10000C. Nhom thu dugc cd do tinh khoang 99,5%. Sau khi tinh ché lai c6 thé
dat duoc d6 tinh khiét khoang 99,998%.

e Dé san xuat 1000 kg nhom can khoang 4000 kg boxit( ~50% ALOs ) tic
vao khoang 1900 kg ALOs ; 70 kg criolit; 450 kg graphit 1am andt; va can mot
nang lugng khoang 56.10°J (hay 15,5.10° kwh)

4.4. Tinh chdt Iy hoc ciia nhom

e Nhom Ia kim loai mau tréng bac, dé trong khong khi ¢6 mau xam do bé
mit phil mdt mang oxit mong, trong diéu kién thudng mang oxit nay thuong day
khoang 1.10” mm béo vé cho nhom.

e B& mit Al nguyén chit c6 kha ning phan xa dén 90% tia sang dong déu
voi cac tia ¢d budc song khac nhau, nén dugc dung lam vat li€éu ma Ién kinh
vién vong; nhom ciing phan xa tét cic tia nhiét nén dugc dung lam xitec bao
dam khong bi dot nong boi cac blrc xa mat troi.

e Nhom c6 d6 dan nhiét cao gén gép ba lan d6 dan nhiét cua sit, nén duogc
dung ché tao may trao ddi nhiét va lam dung cu nau nuéng. Nhom lai c6 d6 dan
dién cao béng 0,6 1an do dan dién cua Cu, nhung lai nhe gép ba lan cua Cu nén
duoc dung lam day dan dién thay cho Cu.

e O nhiét 46 thudng, nhom tinh khiét kha mém, dé dat mong va kéo thanh
soi. O 100 — 150°C , nhom c6 thé dat thanh 14 méng day 0,0lmm duoc dung
nhiéu 1am may tu dién va lam gidy goi thuc pham.

4.5. Tinh chit héa hoc ciia nhém

(1) Nhom 13 kim loai c6 hoat tinh héa hoc cao nhung ¢ diéu kién thudng to



ra kém hoat dong vi bé mat nhom di duwoc mot mang oxit bén che phi.

So véi Na va Mg cung chu ky, Al ¢6 tinh khir kém hon vi thé dién cuc
duong hon; nhung so véi B thi Al lai 1a mot kim loai vi Al ¢6 ban kinh 16n hon
han B.

(2) La mot chat c6 tinh khir manh, Al c6 kha ning phan tng truc tiép voi
phi kim .

e O nhiét 6 thuong hodc khi dun nong, Al phan tGng truc tiép véi céac
halogen :

2A1 + 3X, =2AlX;
trir AlF; 1a khoé tan trong nudc (0,56g/100g H,O ¢ 25°C ), con lai déu tan va déu
bi thuy phéan tao ra moi truong axit. Riéng phan g vé1 1, can c6 nude lam xuc
tac.

e Nhom phan tng manh véi oxi, ¢ nhi¢t d thuong da tao ra 16p mong oxit
¢ bé mat. Khi dot nong bot Al hodc 14 Al mong trong khong khi, nhdm chay
phat ra &nh sang ch6i va mét luong nhi¢t kha 16n; néu dot bot Al trong ludng khi
0, c6 thé tao ra ngon lura trén 3000°C, phan tng tao thanh oxit AL,Os:

4A1 + 30, =2A1,0; AH =-1670 kJ/mol
nghia 14 khi d6t 1g bot Al toa ra khoang 31 kJ.

Tuy nhién, khi d6t day Al hay 14 nhém day, nhom khong chay ma tao thanh
tui , bén trong 1a nhom chay long, bén ngoai 1a oxit.

Do phan tng két hop véi oxi téa ra nhiéu nhiét va nhiéu hon so véi nhiéu
kim loai khac, nén khi dun néng bot Al v6i oxit kim loai nao d6, phan ng xay
ra rat manh liét va day kim loai tu do ra khéi oxit, chang han:

8Al + 3Fe;04 = 4A1,0; + 9Fe AH =-3338kJ

Khi nung hén hop tecmit (gdm bot Al + bot Fe;04) nhiét do c6 thé dat dén
2400°C. Phuong phap trén goi 1a phwong phdt nhiét nhém, ding dé diéu ché mot
s0 kim loai kho néng chay nhu Cr, Mn, Fe, V, Tl ...

e Vi nito, luu huynh , photpho, cacbon, Al cling hoa hop truc tiép & céc
di€u kién khac nhau tao ra AIN, Al,S;, AIP, Al4Cs;, nhitng hop chat nay déu bi
H,0 thuy phan tao ra AI(OH)3 va hidrua cua phi kim tuong tng:

AIN + 3H,0 = AI(OH); + NH31
AlS; + 6H,0 = 2A1(OH); + 3H,S1
AlP + 3H,0 = AI(OH); + PH3?
Al,C; + 12H,0 = 4A1(OH); + 3CH41

e Nhom khong phan tng truc tiép véi hidro.



(3) Mic du thé dién cuc cta Al trong méi trudng axit 1a kha thap:

AI(dd) + 3e = Al°(rén) Eo=-1,66V
nhung do c6 mang oxit bdo v¢ bé mat, nén nhom kha bén véi H,O va mot sd
axit ké ca khi dun néng, chiang han nhém khéng phan tng voi H,O , khong tac
dung véi dung dich lodng cia CH;COOH, H;PO,. Nhom chi dé tan trong HCI
va H,SO, nhét 14 khi dun néng. Phan tng chung xdy ra theo phuong trinh :

2Al1 + 6H;0+ + 6H,0 = 2[Al(H,0)¢)3+ + 3H,?
Véi mot sb axit khac phan tng ciing xay ra twong tu .

e Mic du vay, nhom nguyén chat kha bén trong HCI, con nhém k¥ thuat lai
dé bi HCI an mon. Hinh 36 cho thay anh hudng cta céac tap chat dén téc do hoa
tan nhom trong axit HCI.

e Nhom hau nhu khéng tac dung véi HNO; rat lodng, nhung v6i ndng do
trung binh dé hoa tan nhom hon. Trong dung dich dic ngudi, nhom khong
nhirng khong tan, ma con bi thu dong hoa, nghia la sau khi ngdm trong HNO;
dam dac, nhom lai khong phan ung véi HCI hodac H,SO, loang nira.

»

Khéi lugng mat —»

N 0‘5010 5\
99,99% Al

)

Thai gian

Hinh 36. Anh hudng ciia tap chat dén
téc do tan cla Al trong HCI.

Qua trinh ngam trong cac dung dich nhu vy (hodc mot s6 dung dich chét
oxi hoa khac nhu K,Cr,05...) da tao ra trén bé mdt cua nhom mot mang bao vé
c6 chiéu day khoang 20 - 30.... (micromet)

e Trong moi truong kiém, thé dién cuc ciia nhdém kha thép:
AlO, + 2H,0 + 3e = Al + 40H Eo =-2,35V (dd) (rin)
vi vay nhom dé tan trong dung dich kiém manh nhu NaOH , KOH:
2Al + 60H" + 6H,0 = 2[AI(OH)¢]> + 3H,?1

dung dich amoniac cling an mon nhom kha manh.



4.6. Hop kim ciia nhom

e Nhom c6 kha ning tao nén hop kim véi nhiéu nguyén té khac, trong d6
quan trong nhat 1a hop kim duyara va silumin. Phan 16n lugng Al khai thac duoc
déu dung dé diéu ché hop kim.

e Duyara (hay duralumin) c6 thanh phan gdm 94% Al, 4% Cu, 0,5% Mg,
0,5% Mn, 0,5% Fe, 0,5% Si; la loai hop kim cing va bén duoc dung trong cong
nghiép may bay, 0 to.

e Silumin co6 thanh phan 85 - 90% Al, 10 - 14% Si, 0,1% Na; 1a hop kim rat
bén va rat dé dac, dung dé san xuit dong co may bay, tau thiy.

® Manhali 13 hop kim c6 thanh phan 90 - 98% Al va 10 - 2% Mg; c6 do
bén cao va nhe.

e Nhiing hop chit cua Al véi cac nguyén t6 ho d - cac aluminit - déu c6
kha nang chiu nong dén 1200°C nhu Ni;Al, NiAl, CoAl, Ti;Al, TiAL.v.v..

4. 7. Nhom oxit A1203

(1) Nhom oxit ton tai & nhiéu dang thu hinh khac nhau, c¢6 cau tric tinh thé
khac nhau va phu thudc vao diéu kién diéu ché nhu cac dang a-,B-, 6-,y- ... trong
d6 dang a- A1203 1a bén hon cd.

e Khi nung Al(OH); hoidc mudi nhém cua axit dé bay hoi tao ra chat bot
mau trang vO dinh hinh khong tan trong nuéc; nhung néu nung manh dén
1000°C tao thanh dang a - ALO; khong nhitng khong tan trong nudc ma con
khong tan trong axit.

(2) o -ALLOs 13 chét ran tinh thé hinh mit thoi (tirc hinh romboet thudc hé
luc phuong ).C6 thé xem mang tinh thé « - Al,O; 1 mang phan tir, tai mit mang
ludi 1a nhitng phéan tir A1203. Trong mang tinh thé mdi nguyén tir Al dugc bao
quanh béi 6 nguyén tir oxi va mdi nguyén tir oxi duoc bao quanh béi 4 nguyén
tr Al. Trong mdi té bao nguyén t6 duoc phan bd bdi mot phan tir ALO;. Khoang
cach gitra hai nguyén tir Al 1a 1,36 A, con khoang céach gitra nguyén tor Al va O
121,99 A (hinh 37 a, b).

® o - ALLO; ¢o khdi luong riéng D = 3,99 g/cm’. Trong thién nhién thuong
gip ¢ dang khoang vat ¢ tén 1a corundum chira 90% oxit, thuong chira tap chét
nén déu c6 mau. P4 xaphia 1a corundum tinh khiét chira Fe** , V*'; d4 rutin
(hdng ngoc) mau do 1a corundum chira vét Cr’* (d4 d¢o Qui Hop, Yén Bai).

e Hién nay céc loai hong ngoc d6 da duogc diéu ché nhan tao bang cach niu
chay AL,Os rdi cho thém tap chét thich Gng, sau d6 cho két tinh thanh don tinh
thé. Loai ngoc dugc diéu ché bang cach nhan tao ndy c6 chit luong tét hon ngoc
thién nhién.



(a) (b)
Hinh 37 . Cau truc tinh thé cla corindon ( a - Al,O,).

(3) Loai corundum thién nhién c6 nhiét d6 néng chay cao( 2050°C) va rat
cung, nén dugc dung lam da mai. O dang bot tdn nhod goi 1a bot nhdm dung danh
sach bé miat kim loai; lam chan kinh dong hd, 1am truc quay trong mot sé may
chinh x4c.
e Corundum rat tro vé mat héa hoc , khong tan trong nudc , trong axit ,
trong kiém. Khi nung dén 1000°C, a-Al,O; Phan ung manh voi hidroxit,
cacbonat, hidrosunfat, pirosunfat... ctia cac kim loai kiém néng chay:
Al,O5; + 2NaOH = 2NaAlO, + H,0

cac nguyén t6 nhoém IIIA
Al,O5 + Na,CO; = 2NaAlO, + CO,1
Al,O5 + 3K,S,0;,= Al,(SOy); + 3K,SO4

(4) Mot dang th hinh khac ctia nhém oxit ¢ dang tinh thé 1ap phuong 1a y
- AL,O5 . Dang nay khong ton tai trong thién nhién va tao nén khi nung tinh thé
hidraglit AI(OH); hodac nung bemit, hodac nung AI(OH); v6 dinh hinh ¢ khoang
500°C. Khi nung dén 1000°C chuyén thanh dang o - Al,Os.

e v - AI203 1a nhiing vi tinh thé khong mau, c6 khdi lugng riéng 1a 3,4
g/cm3 , c6 kha ning hat am manh, khong khi 4m qua 6ng dung y - ALO; ¢ 20°C
chi con lai 0,003 mgH,0O/11 khong khi.

e Trong cong nghiép AI203 dugc diéu ché bang cach nung AI(OH); &
1200 — 1400°C :

2A1(OH); = Al,O3 + 3H,0

4.8. Nhom hidroxit

(1) Khi cho dung dich amoniac tac dung voi dung dich mudi nhom sé tao ra
két tia dang keo vo dinh hinh méau tring ciia nhom hidroxit, két tia nay chira
nhiéu nudc vmg voi thanh phan AI(OH); .nH,0. Két taa d6 ciing dugc bicu dién



& dang hidrat oxit Al,O; .nH,O. Thanh phan va ciu tric cta két tia phu thudc
vao diéu kién diéu ché va phuong phap duy tri két tia, chang han:

e Khi cho dung dich amoniac tic dung véi mudi nhom khi lanh sé& tao ra
két tia vo dinh hinh; nhung khi dun ndng dén khoang 200°C tao ra hdn hop gom
nhiing tinh thé AIO(OH) titc ALOs . nH,O thuong goi 1a bemit v6i dang vo dinh
hinh.

e Khi cho khi CO, qua dung dich kiém aluminat néu cho két tua cham tao
thanh tinh thé hidragilit a - AI(OH)3; nhung néu cho két tiia nhanh tao thanh tinh
thé baeri y - AI(OH);

(2) Trong thién nhién , tinh thé khoang vat hidragilit c6 ciu tric 16p kha
phirc tap, cac 10p xép song song nhau. Mdi 16p duoc xem 1a tao ra tir ba mit
phang, cac nhom OH nam trong hai mat phang hai bén, con nguyén tir Al nam
trong mat phang gitta. Mdi nguyén tir Al dugc bao quanh bdi 6 nhom OH tao ra
hinh 8 mat ( hinh 38)

Hinh 38 . Cau truc tinh thé hidragilit Al (OH), .

Dang hidragilit c6 khéi luong riéng 1a 2,42 g/cm’ khac véi dang vo dinh
hinh 1a rt kho tan trong axit.

(3) Mot dang thu hinh ciua AI(OH); c6 trong thién nhién 1a dang tinh thé
diaspo0, khoang vat nay ciing c6 thanh phan nhu bemit. Cac khoang vat néu trén
déu co6 thanh phan cua cac loai boxit.

Khi dun néng hidragilit & ~ 150°C s& tach mot phan nudc tao ra bemit; sau
d6 dun tiép dén 300°C, bemit chuyén thanh y - Al,Os, vdy bemit ton tai trong



khoang nhiét d6 tir 160 — 280°C. Mat khac, khi dun néng diaspo & khoang
420°C tao thanh corindon « - ALLO; ; v - ALO; Chuyén thanh a - Al,O5 khi nung
& 1000°C.
Al(OH); : Hidragilit Baerit
(ALO;. 3H,0)
~ 150°C

AIO(OH): Bemit Diaspo
(ALO,. H,0) (ALO,. 3H,0)
i 300°C 420°C
1000°C
A1203: Y - A1203 > o - A1203

(4) Nhom hidroxit 1a chat ludng tinh tan trong axit va trong kiém manh

theo phuong trinh:
Al(OH); + 3H,0" = [ AI(H,0)J”"
AI(OH);, + OH™ + 2H,0 = [AI(OH),(H,0),]"

e Vi axit, AI(OH); dé tao ra cac dung dich c6 chira ion hidrat hoa
[AI(H,0)s]”" khong mau, hinh thanh cac mudi nhom. Mudi cua da s axit manh
déu dé tan trong nudc, nhung bi thuy phan manh nén dung dich c6 méi truong
axit ; con mudi cua axit yéu nhu Al,S; thuc té bi nuée phan hity hoan toan.

e Khi cho dung dich mudi nhom tac dung v6i1 dung dich kiém duoc xem 1a
qua trinh thay thé cac phén tir H,O trong ion [ AI(H,0)s]*" bang cac nhom OH :

[ AI(H,0)]"* + OH = [ A(OH)(H,0);/"" + H,0
[ AOH)(H,0),]** + OH = [ Al(OH),(H,0),]' + H,0
[ AI(OH),(H,0),]* + OH = [ Al(OH),(H,0),]° + H,0
néu luong kiém du s& tao nén cac ion [AlI(OH)4(H,0),]” [Al(OH)s(H,0)]* ,
[AI(OH)s]”. Cac ion d6 déu dugc goi chung 1a ion hidroxialuminat. Khi lam bay
hoi dung dich natri hidroxialuminat thu dugc mubi, thudng biéu dién & dang don
gian 1a NaAlO, va coi nhu 12 mudi cia axit mém - aluminic (c6 hang s6 axit 13
4.10-13) HAIO, hay AIO(OH) . Ngudi ta ciing biéu dién nhing hop chat d6 &
dang phtic chét , chang han nhu :
Al(OH);. KOH = K[AI(OH),]
Al(OH),. Ba(OH), = Ba]Al(OH),]
2AI(OH), . 3Ca(OH), = Ca, [Al(OH)J,

Nhitng mudi nhu Cay [AI(OH)g], ; Srs [AI(OH)s] cau trac tinh thé dd duoc
xac lap bang quang phd Ronghen.

(5) Céc aluminat cta cac kim loai hoa tri I déu dé tan trong nudc va déu bi
thity phan manh nén chi ton tai khi kha du kiém; con cc aluminat tir cac bazo



yéu bi thity phan thuc té 13 hoan toan, vi vay nhiing loai hop chat nay déu duoc
diéu ché bang phuong phap khé khi nau chay ALO; Véi Oxit kim loai twong
tmg . Nhimg "aluminat khan" nay déu duoc biéu dién & dang téng quat
MII(AIO,),; cac hop chit dién hinh thudc loai ndy gip ¢ trang thai tinh thé trong
thién nhién 1a cic spinen nhu Zn(AlO,),, Mg(AlO,),, Fe(AlO,),... Pa sb cac
aluminat nay déu khong tan trong nudc.

e Vi AI(OH); c6 hing s phan ly axit rat bé nén khi pha lodng dung dich
aluminat hodc théi khi CO, vao dung dich d6, s& tao ra két tia AI(OH);. Ngudi
ta cling diéu ché Al(OH); bang cach cho mudi nhom tac dung véi cac chat nhu
NaOH, KOH, NH., Na, CO; NaCH3COO...v6i phan ing tom tat 1a :

AP + 30H = AI(OH),

4.9. Nhom halogenua

(1) Trong céac halogenua ctia nhom thi nhom florua c6 cau tao va tinh chat
khac nhiéu so véi cac hop chit nhom halogenua con lai. Nhom florua cé kién
tric ion, néng chay ¢ nhiét dd cao, khong tan trong nudc va it c6 kha nang phan
ung; cac nhom halogenua con lai déu co nhiét do néng chay thép, déu dé& tan
trong nudc va déu c6 kha niang phan ung cao; dé hinh thanh hop chat duoc
AL X .

Nhiét d§ ndng chay va nhiét do so1 nhu sau (bang 24).

Bang 24. Nhiét d0 nong chay va nhiét do so1 cua nhom halogenua

AIX3 | Nhiét d6 nong chay T, (°C) Nhiét do soi 7T (°C)
AlF; 1290 Thang hoa trén 7,
AlCl; 192,6 (6 1700 mmHg) 180 (thang hoa)
AlBr; 97,5 255

Alls 179,5 381

(2) Nhém florua duoc diéu ché bang cach cho hidro florua tic dung véi Al
hoac Al,O3 & nhiét do cao :

2A1 + 6HF = 2AIF, + 3H,T
ALO, + 6HF =2AIF, + 3H,0

e Ciing dugc diéu ché bang cadch nung nong criolit véi nhom sunfat, sau do
hoa tan trong nudc dé tach natri sunfat.

INa,AlF, + AL(SO,); = 4AIF, + 3Na,SO,

e Nhom florua ngdm nudc duge diéu ché bang cach cho Al(OH); tac dung



HF, khi chung dung dich, chat rén thoat ra & dang hidrat tinh the AlF;.3H,0.

e AlF; khan 1a chat rdin mau tring, khong tan trong nudc, trong axit va
kiém, khé tro vé mat hoa hoc. Tuy nhién lai c6 kha ning két hop véi cac florua
kim loai kiém tao ra cac hop chit floanuminat timg véi cac cong thirc Ms' AlFg,
M,', AlFs, M' AlF,; trong sb6 do quan trong nhét 1a natri floaluminat (NazAlF)
dugc dung trong cong nghiép san xuat nhom.

(3) Criolit (Na3AlFs) con goi 1 bang thach 1a mot khoang chat thién nhién,
ngoai phuong phap diéu ché da néu trén, ngudi ta con diéu ché bang cach nung

hdn hop gdm canxi florua, kali

ONa @Al QF

Hinh 39. Cau truc 1ap phuang cla criolit Na,AlFs

sunfat v&i than tao ra kali florua. Cho kali florua tac dung véi natri sunfat tao ra
natri florua va hoan nguyén lai kali sunfat; sau d6 nung natri florua véi nhom

sunfat thu duoc criolit :

o

CaF, + K,SO, + 4C = Ca$ + 2KF + 4CO?

[}

JKF + NaSO, = 2NaF + K.S
12NaF + Alz(SO4);= 2Na3A1F6 + 3Na:SO4

Trong tinh thé criolit, nhém c¢6 sb phéi tri 6, tinh thé tao ra boi ion Na™ va
ion AIF¢”, ion d6 c6 dang hinh tdm mat, mdi nguyén tir F chung cho ca hai hinh
tam mat bén canh nhau (hinh 39).
cac hop chat M,' AlIFsva M' AlF, ¢ dang polime mg v&i thanh phan (AlFs),™
va (AlFy4)," (hinh 40).



[ Vi DF

Hinh 40.  Céu truc phic polime  AIF 2

e Na;AlF, tinh khiét 1a nhiing tinh thé mau trang dang lap phuong, c6 khodi

lwong riéng 1a 2,95g/cm3, néng chay & 1000°C. Rat kho tac dung véi axit nhung

lai dé bi phan huy khi dun néng véi kiém hoic sita voi. Mot luong 16n xoda va
AlLO; duoc san xuét bé'mg cach nung criolit véi CaCOs:

Na,AlF, + 3CaCO, = Na,AlO, + 3CaF, + 3CO,T
sau d6 phan hay Na;AlO; bang H,O Va CO, :

2Na,Al0, + 3H,0 + 3CO, = 3Na,CO, + 2Al(OH),
xoda va ALLO; (tir nhdm hidroxit) dugc diéu ché bang phuong phap nay khé tinh
khiét.
e Nguoi ta cling da tach dugc axit hexafloro aluminic ty do Ung véi
Na3AlFg ¢ trang hidrat tinh thé H;AlIF, .3H,0 va H;AlF, . 6H,O.

(4) Nhom clorua khan dugc diéu ché bang cach nung bot nhom trong ludng
khi chi & 500°C, hodc nung bot nhém véi khi HCI cho AICI; véi chét luong cao

2A1 + 6HCl = 2AIC, + 3H,T

Nguoi ta ciing diéu ché bang cach cho khi clo qua hdn hop géom Al,O; Va than
nung nong do:

AlLO; + 3Cl, + 3C = 2A1C1L, + 3cOT
e San pham k¥ thuat thudng c6 mau vang 1 do c¢6 1an FeCls. Pé tinh ché
loai AICI; k¥ thuat nay nguoi ta d3 nung néng san pham véi nhém kim loai
trong 6ng han kin & 200°C, sau d6 cho thiang hoa san pham, khi d6 FeCl; bi khir
thanh kim loai:

200°C

FeCl, + Al AICL, + Fe

e O trang thai ran, AICl; ¢6 clu trac ion, dén gﬁn nhiét do thang hoa
(180°C), nhom clorua dime hoa thanh dang ALCls luc d6 s6 phdi tri cia nhom



da thay doi tir 6 dén 4. Nhu vay, cau tric dime chiém wu thé trong pha hoi ¢ gan
nhiét do soi, khi dun nong dén 800°C xdy ra sy phan ly thanh monome :

800°C

ALC, 2AICI,

e Trong phan tir dime, mdi nguyén tir Al da lién két vdi bén nguyén tir clo;
va mdi nguyén tir clo trung tdm (B) lai lién két v6i hai nguyén tir Al, tao ra hai
hinh tir dién c6 canh chung. C4u tric khong gian d6 néu trong hinh 41 .

e Hai lién két tao ra gitta nguyén tir clo trung tdm véi 2 nguyén tir Al, thi
c6 mot lién két cong hoa tri binh thudng do sy ghép doi cap electron giita mot
nguyén tir Al va nguyén tir clo; lién két con lai 13 lién két cong hoéa tri- kiéu cho
- nhén, trong d6 Al 1a "chat nhdn".

O trang thai hoi va trang thai hoa tan trong dung méi hitu co, khong nhiing
chi nhom clorua ma ca nhom bromua va iotua ciing ¢ trang thai dime Al,Brg Va
Al . Cau truc khong gian cua cac phan tir dime d6 ciing c6 dang nhu hinh 41,
nhung khac nhau vé d6 dai lién két va goc hoa tri (bang 25).

A
s Qo

Hinh 41. Cau trac phan tir AlLClg .

@ Al

Qua trinh tao thanh dime theo so d6 2AI1X; < ALX, 1a mot qua trinh phat
nhiét voi ALClg 1a 121,3 kJ; Vi ALBrg 1a 110,8 kJ; v6i AlIg 1a 94,1 kJ; nhu
vay nhom clorua dé trung hop hon so véi nhom iotua..

Bang 25 . Do dai lién két va gbc hoa tri cia phan tir AL X (So Véi hinh 41)

Khoang céach gilra cac nguyén tu Goc hoa tri

dal- A dai-s da-B dai-al BAIB AAIA

ALClg 2,06 2,21 3,56 3,41 80 118
AlBrg 2,21 2,33 3,78 3,39 87 115
Al 2,53 2,58 4,24 3,24 - -

S¢ di c6 su tao thanh dime nhu vay 1a do nguyén tor kim loai c6 khuynh



hudng ho sung 16p vé electron bén ngoai ctia minh thanh octet.

e AICl; khan 1a nhiing tinh thé dang luc phuong mau tring, khdi luong
riéng 2,44g/cm’. O trang thai rin dan dién tot hon so véi trang thai nong chay
do chuyén tir kién trac ion sang kién tric phan tir dime; khi nhom clorua l1ong
két tinh thi thé tich giam dang ké do nhom clorua da chuyén tir kién tric phan tir
AlClg sang kién trtc ion.

e AICl; khan hat am rat manh, nén béc khoi trong khong khi 4m do hién
tuong thily phan giai phong hidrd clorua:

AICl, + 3H,0 = AI(OH), + 3HCI
do d6 du diéu ché bang bat ky cach nao, AICI3 khan déu phai dugc bao quan
trong céc 1o kin va kho.

e AICI; khan con ¢ kha ning két hop v6i NH; tao ra chat bot mau trang
AICL;.6NH; hop chat nay chi tich mot phin amoniac ¢ 180°C; con hop chét
AICI3. NH; thing hoa & 4000C. Ngoai ra, con ¢ kha ning két hop voi nhiéu
chat khac nhu H,O, H,S, SO, PCl;, POCl; va nhiéu hop chit hitu co, vi vay
AICl; khan duoc sir dung nhiéu trong tong hop hitu co.

e AICI; khan ciing ¢6 kha nang két hop véi mudi clorua cta kim loai kiém
tao ra clo- aluminat dang M'AICL,, M;'AICl, twong tu AlF;. Nguoi ta da giai
thich khuynh huéng manh tao ra cac hop chat kép nhu trén 1a do tinh phéan cuc
manh cua phan to AlCL.

e AICl; dé& tan trong nudc va trong nhiéu dung méi hiru co; khi tan trong
nudc lai phat nhi¢t manh. P9 hoa tan (g/100gH,0) tang cham khi tang nhiét do
nhu da néu ¢ bang duoi day:

t'C 0 10 20 30 40 60 80 100
Do tan, S | 43,8 (449| 459 | 46,6 | 47,3 | 48,1 48,6 49,0

Dung dich AICI; c6 phan ing axit manh do bi thuy phan, vi vay mudn két
tinh dang hidrat AICI; . 6H,0 can phai cho bao hoa khi HCI dung dich nhém
trong HCI.

e AICI;.H,O 1a chét rin tinh thé tréng, rat hdo nudc, nén chay rira trong
khong khi am.

Khi dun néng , khong mat nude két tinh ma bi phan huay tao ra Al,O; dong
thoi mat H,O va ha:



o

2AICI, .6H,0 = ALO, + 6HCI? + 3H,01
(5) Nhém bromua ( AlBr;) khan 1a nhiing tinh thé 6ng anh khong mau. Khi
noéng chay thanh chat 1ong linh dong trong sudt. Béc khéi manh trong khong khi
am, phan Gng manh liét véi H,O dong thoi giai phong mot luong nhiét kha 16n
1am tung toe khéi phan ing. Tan trong CS, va axeton.
e AlBr; khan duoc diéu ché bang cach cho Al vo bao hay Al hat (du) tac
dung v6i1 Br, long:

2Al + 3Br, = 2AlBr,
Chung cit AlBr; 1ong ¢ khoang 260°C, sau d6 lam ngudi dugc tinh thé
khan.
e AlBr;.6H,0 1a nhiing tinh thé khong mau, dé tan trong nudc. Khi dun
nong bi phan huy :

2AIBr,.6H,0 = ALO, + 6HBT + 3H,07

(6) All; cling c6 nhiing tinh chéat twong tu AIBr3.Ca hai déu c6 kha ning
tao ra hop chat kép véi mudi kim loai kiém dang M'A1Br, va M'AlLL. Ca hai déu
1a hop chét cong hoa tri nén dé tan trong dung méi khong cuc nhu benzen, trong
dung dich ching déu & dang dugc Al,Brg va Al,lg .Khéc véi AICI;, ¢ trang thai
ran AlBr; Va All; khong dan dién.

4.10. Nhom sunfat va phén nhom
(1) Nhom sunfat khan Al(SO,); 1a chat bot két tinh mau trang. Tir dung
dich nuéc két tinh ¢ dang hidrat hda mau trang Al,(SO4); . 18H,0 .

e Dugc diéu ché bang cach hoa tan AI(OH); trong H,SO4 98% :

2AI(OH), + 3H,SO, + 12H,0 = Al,SO,); .18H,0
cling duoc diéu ché tir boxit hodc dat sét.

(2) Al(SO,); . 18H,0 1a nhitng tinh thé hinh kim, mau trang, dé tan trong
nudc, d§ hoa tan tang khi tang nhiét do; dudi day la dg tan (g/100 g H,O) Cua
Aly(SOy); khan :

t'C 0 10 20 30 40 60 80 100
Dotan | 31,2 | 33,5 | 3,4 | 4,4 | 45,7 | 59,2 73,1 89,0




dung dich Al,(SO4); C6 phan tng axit manh do bi thuy phan mot phan:

AlSO,); + 6H,0 =—= 2AIl(OH); + 3H.SO,

e Khi nung néng tinh thé , mudi phong to bién thanh khéi xép do mat dan
nuée két tinh. Pun néng dén 340°C bién thanh mubi khan. Bit dau phan hiy &
590°C, phan hury manh & 640°C va dén 780°C thi phan hay hoan toan bién thanh
ALO;s:

o

2A1(S0), = 2ALO, + 60,7 + 30,1

AL(SO,); c6 kha nang két hop véi mudi sunfat kiém dé tao ra mubi kép goi
1a phén nhom.

(3) Phén 1a loai mubi kép co6 coéng thic chung 1la M,'SO,
M,"(S0,);.24H,0 trong d6: M' 1a cac kim loai Na, K, Rb, Cs, T1, NH,".

M" 14 cac kim loai T1, V; Cr, Mn, Fe, Co; Al, Ga, In ; Ra, Ir.

Trir liti khong c6 kha nang tao phén vi ion Li' ¢6 thé tich qué bé nén khong
bao dam tinh bén ctia mang tinh thé.

e Tinh thé cac loai phén nhu trén c¢6 dang hinh tdm mat, khong mau hodc
c6 mau, cdu tao tir cac ion [M(H,0)s]” [M(H,O)]5” va hai ion SO4> . Tinh thé
cac loai phén khac nhau déu dong hinh véi nhau.

e Phén it tan hon so v&i mdi sunfat riéng, nhung khi ting nhiét do, da )
truong hop c6 do hoa tan tang.

(4) Phén nhom - kali K,SO,4 .Aly(SO4)3.24H,0 1a mot loai phén quan trong
c6 nhiéu tng dung trong thuc té.

Phén nhom - kali 14 nhimng tinh thé hinh tdm mat, trong sudt khong mau co
vi chat. Nong chay & 92°C trong nudc két tinh.

e Ciing nhu cac loai phén khac, d6 hoa tan ctia phén nhom - kali thdp hon
so véi1 do tan cua sunfat thanh phén, nhung lai tan nhanh khi nhi¢t d§ tang; duoi
day la do tan ctia phén nhom - kali (g/100 H,O) phu thudc nhiét do :

e Phén nhom - kali khong 1én hoa ngoai khong khi, nhung nung dén 120°C,
phén mét nude két tinh, bién thanh khéi x6p mau tring goi 1a "phén phi" d& hat
am va chay nudc. Phén nhom - kali duge diéu ché bang phuong phap két tinh tir
dung dich dong phan tir K,SO,4 va Al,(SO4)s :

K,SO, + AL(SO); + 24H,0 = K,SO;. Aly(SO,);. 24H,0

Ciing nhu Aly(SO,4);. 18H,0, phén nhdém - kali dugc dung rong rai trong
cong nghiép nhudém vai, ding 1am chat cdn mau; trong cong nghé thudc tring



da; trong cong nghé hd gidy; lam trong nuéc. Trong y khoa, dung 1am chét sat
trung, nho mét, boi hong, cAm mau chan rang.

4.11. Cdc hop chit khdc ciia nhom

(1) Nhom nitrat AI(NO3). 9H20 1a chét ran ¢ dang tinh thé, dé tan trong
nudc va trong rugu. Do tan ¢ 200C 1a 75,4 g AI(NO3)3 trong 100 g H20O. Hut
am, nén chay rira trong khong khi. Dung dich nuéc c6 phan tng axit do bj thity
phan.

e AI(NOs); duogc diéu ché bang cach hoa tan AI(OH)3 trong axit HNO; :

Al(OH); + 3HNO; = AI(NO,); + 3H,0
hozc bang phan tng trao doi khi cho Al,(SO4); hodc phén nhém - kali tac dung
vOl Pb(NO3)2 hOé.C Ba(NO3)3
e AI(NOs);. 9H,0O néng chay & 70°C, chuyén thanh dang AI(NOs)s.
6H,0; dén 1400C tao thanh mubi bazo va dén 200°C bi phan hiy tao thanh
AlOs.

4AI(NO;); = 2AL0, + 12NO,T + 30,1

(2) Nhom axetat AI(CH3COO thu dugc trong dung dich nudce khi cho
nhom sunfat tdc dung vai chi axetat hodac ban,rihodc khi hoa tan AI(OH)3 trong
axit axetic .

e AI(CH;COCOO bi thity phan manh hon nhiéu so véi cic mudi khic ctia
nhom nén chi ton tai trong dung dich nudc, ma khong tach dugce ¢ trang thai ran.
Khi dun dung dich cho nudc bay hoi, tao ra két taa AI(OH); hoac mudi axetat
bazo, lac d6 mot phan axit axetic cling bay hoi. Nhém axetat ciing dugc dung
1am chét can mau trong céng nghé nhudém va...

(3) Nhom hidrua (AIH3)n 1a mot polime duoc didu ché bang cach cho
AICI3 tac dung voi dung dich hidro aluminat Li[AlH4] trong deete
3Li[AIH,] + AICl; = 4AIlH,; + 3LiCl
nAlH; = (AlH,),

e (AlH3), 1a chit ran v6 dinh hinh mau tring, bi phan hay ¢ nhiét 6 cao
hon 1050C tach ra hidro; 12 hop chit thiéu electron. Mdi nguyén tir Al duoc bao
quanh bdi 6 nguyén tir Al & dang hinh tdm mat, hai nguyén tor Al bén canh nhau
lién két voi nhau qua nguyén tir hidro Al - H - Al bang lién két ba tam.

e (AlH;)n dé dang tao ra san pham két hop chang han v&i NaH trong dung
dich ete tao ra hidro aluminat:



nNaH + (AlH,),
2NaH + NalAlH,]

nNa[AlH,]
Na,[AlH,]

Céc san pham d6 déu 1a chat rin mau trang, dé dang bi H,O phan huay, déu
c6 tinh khir manh, dugc dung nhiéu trong qué trinh tong hop hitu co va vé co.

Hinh 42. Cautric cia (AlH,),

~ (4) Nhom sunfua AlI2S3 ¢ thé duoc diéu ché bang cach cho phan tmg truc
tiép gitra Al va luu huynh :
2Al1 + 3S = ALLS;
Phan tmg xay ra khi nung néng hon hop, déng thoi lai toa ra nhiét luong
kha 16n 589,7 kJ/ mol.
e Al,S; 13 chit ran tinh thé mau trang, néng chay ¢ 1100°C. Khi d6t trong
khong khi tao ra Al,O; Va SO, :

o

2ALS, + 90, = 2ALO, + 60,1

Bi H,0 phan huy hoan toan thanh AI(OH); Va H,S:
ALS, + 6H,0 = 2AIOH), + 3H,S

(5) Nhom nitrua AIN c6 thé diéu ché tryc tiép tir nhém va nito & 8000C,
dong thot phat ra nhiét Ivgng kha lon (267,7kJ/mol) . Trong cong nghiép diéu
ché bang cach nung hon hop gdm AI203 va than trong khi quyén N2 & 17000C :

ALO;, + 3C + N, = 2AIN + 3CO
e Nhom nitrua tinh khiét 1a chit bot mau tring, nong chay & 2200°C dudi
ap suat 4atm cia nito. Khi dun noéng dudi ap suat thuong bi phan huy thanh
nguyén t6 & gan 2000°C. Bi nudc phan huy chdm nhung véi dung dich kiém bi



phan hiy nhanh hon thanh NHj; khi cho hoi H,O nau qua, Al,O; lai duoc tai
sinh :

o

2AIN + 3H,0 = ALO, + 2NH,!

AIN duoc dung d€ diéu ché NH;.

(6). Nhom cacbua Al4C3 tao ra tir cac nguyén to ¢ nhiét cao trong khi
quyén hidro, phat ra nhiét luong 167,4 kJ/mol. Ngudi ta ciing diéu ché bang
cach nung néng hdn hop gébm A1203 véi than & 20000C :

o

2ALO, + 9C = ALC, + 6CO

e Al,Cs tinh khiét 13 chat bot mau vang choi, trong chan khong thing hoa
& 2200°C ma khong nong chay. Bi nude phan huy tao thanh CH,.

CAC KIM LOAI GALI -INDI - TALI

4.12. Diéu ché Ga, In, Tl

Nguyén liéu chinh dé diéu ché gali 1a quing boxit hodc chat ba cua qua
trinh ché hoa quing kém; con nguyén liéu chinh dé diéu ché In va T1 1a byi thu
duoc khi dbt quang Sunfua c6 mot S6 kim loai nhu k&m, chi, déng , sat.

Tir cac nguyén liéu d6 duoc chuyén thanh dang mudi hodc dang oxit roi
sau d6 dién phan dung dich mudi cua ching, hodc dung hidro dé khtr oxit cac
kim loai trén.

4.13. Tinh chit ciia Ga, In, Tl

(1) Béu 1a nhing kim loai ¢c6 mau tring bac, mém; thoi indi khi vach 1én to
gidy dé lai nét den. Ca ba kim loai déu c6 nhiét d6 nong chay thip, nhat 1a gali,
nhung lai c¢6 nhiét do soi cao (bang 23); gali 16ng lai rat dé cham dong, nghia 1a
& dudi nhiét do nong chay (~ 30°C ) van khong hoa rian; do nhiét d6 néng chay
thap, nhiét do soi cao va din no kha déu, nén galidwge dung dé nap vao céac
nhiét ké dung & nhiét d cao, c6 thé do duge dén 1200°C.

Gali 16ng bé ngoai giéng thiy ngan , nhung lai d& tim u6t bé mat cia rat
nhiéu nguyén té phi kim loai, nén dugc dung dé trang 1én bé mat cta thay tinh
dugc guong phan chiéu rat tét dong déu cac tia sang va chiu duoc nhiét do rat
cao.

Indi cling c6 kha ning phan xa cac tia sing nhu viy nén ciing ding dé trang
guong, dac biét guong trong kinh thién van.

(2) Ciing nhu nhom, gali, indi va tali déu d& tao ra cac hop kim véi nhiéu
kim loai, nhat 1 nhitng hop kim d& néng chay, chang han :



e Hop kim gém 18,1 % In vo1 41 % Bi ; 22,1 % Pb; 10,6% Sn va 8,2% Cd
nong chay ¢ 47°C dung trong y khoa dé bo xuong giy.

e Hop kim gébm 75% Ga va 25% In ndng chay ¢ 160C va hop kim gdm
90% Ga v6i 8% Sn; 2% Zn néng chay & 190C nén duoc dung dé ché tao thiét bi
chira chay tu dong.

e Tali duoc dung dé ché hop kim véi Pb, Sn c6 khéa ndng chiu axit. Dac
biét 14 hop kim c6 thanh phan 70% Pb, 20% Sn va 10% T1 Chju dung dugc hdn
hop axit H,SO4, HNO; va HCL. (3) Ca ba nguyén t6 déu c6 kha ning tac dung
v6i cac don chét va hop chit v6i mic d6 khac nhau.

e Khi dé trong khong khi, Ga va In khong bién d6i do dugc bao vé boi mot
16p oxit mau xam; con tali thi bi oxi héa cham .

Khi nung néng, ca ba déu héa hop manh véi oxi va luu huynh; véi clo,
brom phan tng xay ra ngay ¢ nhiét do thuong, con vai idt thi phai dun néng.

e Tuong tu nhom, gali hoan toan bén ddi voi H,O, con indi va nhat 1a tali
bi nudc pha hay trén bé mit khi c6 khong khi.

e Axit sunfuric va nhét 1a axit clohidric hoa tan d& Ga va In; con TI tac
dung voi HCI rat cham do tao ra 16p mubi TICI khong tan che cho bé mat. Vi
axit nitric, Ga phan ing cham, con tali phan tng rat manh liét.

e Tuong tu nhom, gali tan trong dung dich kiém manh.

2Ga + 6H,0 + 6NaOH = 2Na,[Ga(OH)] + 3H,T
con indi va dic biét 14 tali lai bén trong dung dich kiém khi khong c6 mit
cuia chét oxi hoa.

Ngoai ra, gali con tan ro rét trong dung dich amoniac.

4.14. Cdc hop chit Ga(IIl), In (IT1), TI(ITI)

(1) Céac oxit M,0; déu 1a nhitng chit rin c6 mau khac nhau, Ga,0; mau
trang, In,O; mau vang va TL,0; mau hung. Khong tan trong nudc, tan duoc
trong axit va do tan ting theo trat tu tir Ga,05 dén T1,0;.

e Do bén voi nhiét giam, Ga,05 ndng chay ¢ 1740°C ma khéng bi phan
hay; & 850°C In,O; bién thanh In;O,; Con TLO; bit dau mat oxi & 90°C, sau d6
khi nung dén trén 750°C thi chuyén hoan toan thanh T1,0.

e Khi d6t trong khong khi, gali bi oxi hoa dén Gao, indi tao ra In,0s. Con
tali tao ra hon hop TLO; va TL,O; Vi Viy dé diéu ché cac hop chét trén ngudi ta
thuong dung cac phuong phap nhi¢t phan nitrua, sunfua, nitrat hodc hidroxit cua
chtng, chang han :



2Ga(OH); = Ga,0, + 3H,0

2n,S, + 90, = 2In,0, + 68O,

T1,0; con duoc didu ché bang cach dung ozon dé oxi hoa TLO.

(2) Céc hidroxit M(OH); déu 1a nhiing két tia keo, thuc té khong tan trong
nude, ¢ thanh phan khong xac dinh va c6 mau khac nhau: Ga(OH)s, In(OH); ¢6
mau trang, con TI(OH); C6 mau hung do.

e Tat ca cac hidroxit d6 déu duoc diéu ché bang cach cho dung dich mudi
M(III) tac dung vé6i dung dich kiém.

M* + 30H = M(OH),J
e Déu tan trong dung dich axit tao thanh mudi M(III):

Ga(OH); + 3H,0" =[Ga(H,0)*

e Ga(OH); va In(oH); déu tan trong kiém manh tao ra cac ion hidroxigalat
va hidroxiindat twong ty nhu aluminat:

In(OH); + 3KOH = K;[In(OH)4]
TI(OH)3 hau nhu khong tan trong kiém.
e Vé muc do axit - bazo cla M(OH); c6 khéc nhau, & Ga(OH); chuc bazo
va chuc axit gan bang nhau; & In(OH); tinh bazo cao hon tinh axit; con TI(OH);
tinh axit thé hién rat yéu:

Ga(OH), In(OH), TI(OH),
tinh bazo _w

v

diéu d6 co lién quan dén su tang kich thudc va kha niang phan cuc cua ion M3+ .

D6 bén nhiét giam tir Ga(OH), trén TI(OH); ; Ga(OH); mat nudc hoan toan
khi nung néng, con TI(OH); mét nudc ¢ ngay nhiét d6 thuong.

(3) Cac mudi M(III) ciia chiing véi da sb axit manh déu dé& tan trong nudc,
nhung bi thiy phan manh nén déu c6 phan tng axit, mirc do thiy phan giam dan
tir Ga’* dén TI’". Hang s6 can bang thuy phan :

[M(H0)]" == [M(OH)H,0);}"" + H'
c6 gia tri K,(Al) =1,12.10 7; K(Ga) =2,5.10%; K,(In) =2.10 *; K(T1) =7.10 2

Cac mudi cia axit yéu va tan dugc déu bi thuy phan gan nhu hoan toan,
chang han céac sunfua, cacbonat, xianua, axetat... déu d& bi phan huy khi tiép xuc
vO1 nudc.

Cac mudi khi két tinh tir dung dich nudc déu tao ra dang hidrat twong tu cac



mudi cia nhom.

(4) Cac mudi halogenua cua Ga’ ; In”" ; TI" déu d& ndng chay va dé tan
trong nudc (trr muoi florua) va déu tao ra dang MX;5.6H,0 khi két tinh tir dung
dich. Mau sac, nhi¢t d0 néng chdy, nhiét do so6i ciia chung theo bang 26 .

Bang 26. Nhiét d§ nong chay nhiét d0 so61 cia MX; (M 1a Ga, In. TI; X 1a

halogen)

Hop Mau sic  |Nhiét d6 nong chay Nhiét d6 s6i ( °C )
GaF3 : ) 1000 950 ( thang hoa )
GaCl3 - 77 200
GaBr3 - 122 279
Gal3 mau vang 212 346
InF3 khong mau 1170 1200
InCI3 khong mau 586 498 ( thang hoa )
InBr3 khong mau 436 371 (thang hoa )
Inl3 vang nhat 210 -

TIF3 - 550 -
TICI3 - 25 thang hoa
TIBr3 mau vang - -
TII3 mau den - -

e Céc hop chat indi halogenua va ca GaFs, TICl; déu thing hoa khi dun
nong, nhiét dd nong chay chi dugc xac dinh dudi ap suat. Cac mudi TICls,
GaCl; khan ciing boc khoi manh trong khong khi am gidng nhu AlOs.

e O trang thai hoi cac halogenua ctia gali va indi ciing ton tai & dang duoc
M,X, (X 1a Cl, Br, I) twong tu ALX, ching ciing c6 cdu tao khong gian twong
tu cAu tao ALCly (hinh 41).

(5) Cac mudi sunfat cua Ga’* ; In*" ; TI’" déu khong mau va dé tan trong
nuée. Gali sunfat két tinh & dang Ga,(SO,);. 18H,0, Con indi sunfat két tinh &
dang In,(SO,)3. 9H,0.

® Vi cac kim loai héa tri 1, cac mudi sunfat ctia Ga’"; In*"; TI* tao ra hop
chét kép dang hidrat M,'SO, . M,"(SO4);.8H,0( M"™ 14 Ga, In, T1); nhung dang
phén M,'SO,.M,™ (SO4);.24H,0 thi M™ chi 14 Ga va In; nghia 1a TI*" khong c6



kha nang tao ra phen.

Céc loai sunfat do6, khi tan trong nuéc thuc té phan ly hoan toan thanh
nhitng ion tao nén chung.

(6) Cac mudi nitrat cua Ga’" ; In’" ; TI’" déu khong mau, déu két tinh tir
dung dich & dang hidrat tinh thé : Ga(NO;);.8H,0; In(NOj);. 4,5H,0;
TI(NOs)3.3H,0.

e Cic hop chit d6 déu 1a san pham khi cho oxit M,0; tac dung véi HNO;
dac:

TLO; + 6HNO, = 2TINO;), + 3H,0
(7) Céc sunfua cta Gali ; In’" va TI’" déu 1a nhiing chat ran c6 mau khac
nhau.

e Ga,S; 1a chat két tinh mau vang (Tnc = 125,5°C) bi H?O phan huy chdm
tao ra H’S.

e In,S; 13 chit rin mau vang (Tnc = 1050°C) khong bi nudc phan huy, nén
c6 thé diéu ché bang cach cho khi H?S qua dung dich axit yéu ctia mudi In*"

e T1,S; 1a chit rin mau den (Tnc = 260°C) khong tan trong nudc va cac
axit loang; duoc diéu ché bang phuong phap kho tir cac nguyén tb; khi cho khi
H,S tac dung voi mudi TI*" s& khir ion TI** tao ra T1,S mau den:

OTP* + 3H,S = TLS + 2S + 6H'

4.15. Cdc hgp chit M(I), M(II)

(1) Ngoai nhimg hop chit hoa tri (III) , cac nguyén té Al - Ga - In, Tl déu
c6 kha ning tao ra cac hop chét c6 hoa tri thap hon 1a hop chat hoa tri (II) va hoa
tri (I) . Chang han, cac hop chat ctia nhom hoa tri 1 tao nén theo so d6 chung :

AlX;, + 2Al == 3AIX

( X 1a halogen) ¢ trén 1000°C , nhung khi lam lanh lai bi phan huy thanh
cac san pham ban dau.

Céc hop chat nhu ALS , Al,Se cling chi bén & trang thai hoi, cling duogc tao
ra nhu AlX néu trén .

e Cac hop chat hoa tri (IT) cling dugc tao ra , chﬁng han GaCl, 1a nhitng
tinh thé khong mau, néng chay ¢ 170°C va s6i & gan 535°C. GaCl, dugc tao
thanh khi nung GaCl; véi gén kim loai :

o]

2GaCl, + Ga = 3GaCl,



GaCl, bi nudc phan huy tao ra H,. Nguoi ta cling biét dugce sunfua GaS
mau vang , khong tan trong nudc va nong chay & 965°C.
Nguoi ta ciing d3 biét dugc nhiéu hop chat In(Il) chang han cac halogenua
InX,, cac hop chat d6 déu bi nudc phan huy thanh In va InCls :
2nCl, = InCl + InCl
3InC1 = 2In + InCl,
e Nguoi ta cling da biét duoc mot sé hop chit cua Ga(I) va In(I), chang han
Ga,0, Ga,S déu la nhirng chat ran mau den. Ga,O 1a Chat c6 tinh khir :

2Ga,0 + TH,SO, = 2GaySO,); + H,S + 6H,0

(2) Trong khi cic hop chit ctia Ga va In hoa tri thap 1a khong dién hinh, thi
cac hop chat hoa tri (I) cua tali lai rt dac trung. Trong khi cac hop chat cua
Ga(I) va In(I) déu rat it ben, thi hop chét TI(I) da dwoc diéu ché kha phong ph.

e Trong dung dich nuédc, ion T1" bén hon ion TI" :

T + 2 =TI E° =+ 125V

ban kinh cta ion TI" (1,54 A) gan véi ban kinh cta ion K* (134 A), ion Rb*
(1,48 A) va ion Ag" (1,27 A), do d6 cac hop chat cia TI" co nhiing tinh chat
gidng hop chét kim loai kiém hodc ciia bac; ion T1" ¢6 thé thé ion K+ trong mot
s6 men nén cé thé dung dé thu kali; tinh thé TIF c6 ciu trac kiéu NaCl; con
TICL, TIBr, Tl lai ¢ cdu triic dang KC1 nghia 13 thuong c6 sé phdi tri 6 hoic 8.

e T1,0 la chit & dang bot mau den, nong chay ¢ 300°C va soi ¢ 1080°c. Hut
am va tan trong nudc va dung dich c¢6 phan tmg kiém manh:

T,0 + H,O = 2TIOH

Khi dun néng trong khong khi hoic trong O, bién thanh T1,0s; :

o

TL0 + 0, = TL0,
cling bi H; hodc CO khtr thanh kim loai.

TLO duoc diéu ché bang cach phan huy TIOH & 100°C trong diéu kién
khong c6 khong khi.

e TIOH la chat rin mau vang, 1a mot bazo manh nhung khac véi KOH |
NaOH Ia TIOH dé tach H,O khi nung néong. Mac du c6 yéu hon KOH, nhung
dung dich cia NOH ciing hap thu khi CO, tir khong khi.

TIOH c6 thé duoc diéu ché bang cach hoa tan T1,O trong nuéc hoic cho
T1,SO, tac dung vo1 mot lugng Ba(OH), da duoc tinh trudce :



T1,SO, +Ba(OH), = 2TIOH + BaSO,

e Cac mudi TI(I) phan 16n déu 1a hop chit ion nhu mubi cia cac kim loai
kiém, nhung nhiéu mubdi ndi lai c6 do tan bé hon so véi mudi kim loai kiém. Mt
khac, gidng voi mudi Ag', tali florua tan trong nudc, con cic halogenua khéc
kho tan; giéng vdi AgCl, tali clorua ciing nhay véi anh sang, héa sdm dudi tac
dung v6i anh sang nhung lai khong tan trong amoniac nhu AgClL.

Tich sb tan mot s6 mudi TI(I) nhu sau

Hop chat Tih s6 tan Hop chat Tich s tan
TLCrO, 9,8.107" TLCO; 4.10”
TLS 5.107 TIBrO; 3,9.10™
TI 6,5.10 TLSO. 4.107
TIBr 3,9.10° T1LSO; 6,3.10™
TICI 1,7.10° TLLPO, 6,7.10°

e Khac vé6i cac hop chat Ga(l) va In(I) 13 nhitng chat khir manh, cac hop
chat TI(I) c¢6 tinh khir yéu hon, chi chuyén thanh TI(111) khi tic dung v&i chat
oxi hoa manh; cac hop chat TI(1Il) 1 chat oxi héa manh dé dang chuyén thanh
hop chét TI(I)).



CHUONG 5

CAC NGUYEN TO NHOM IVA
(GECMANI - THIEC - CHI)

5.1. Nhin xét chung vé cdc nguyén té6 nhém IVA

(1) Nhém IVA thudc bang tuan hoan gdm cac nguyén t6 C (Carboneum), Si
(Silicium), Ge (Germanium) , Sn (Stannum), Pb (Plumbum).

e Cacbon di dugc con ngudi biét dén tir thoi xa xua, khong biét tén ngudi
d3 tim ra cacbon va ciing khong biét dang cacbon tinh khiét nao da tim ra trudec.
Silic 12 nguyén t6 quan trong trong thé gidi vo sinh, dugc Gay Luyxic (J. Gay-
lussac) va Téna(l. Thenard) tim ra nim 1811; nhung dén nam 1825 mdi duoc
nha khoang vat hoc kiém hoa hoc ngudi Thuy Pién 1a Beczeliut (I.Berzelius)
tach ra dugc ¢ dang don chét khi nung kali flosilicat vé6i kali:

o

K,SiF, + 4K = 6KF + Si
Gecmani 13 nguyén to c6 d6 phd bién trung binh nhung thudng phan tan
trong quing cac nguyén to khac, mii dén 1886 méi duoc nha khoa hoc nguoi
Puc 1a Vinkole (K. Winkler) tim ra. Hai nguyén t6 con lai cia nhom IVA i
thiéc va chi da duoc biét tir thoi xa xua cting voi nim nguyén t6 kim loai khac 13
vang, déng, bac, thily ngan, sat.

(2) Nguyén tir khéi, sb thir ty nguyén t6 va sy phan bé electron nhu sau :

Nguyén | Ki | s6the | Nguyén Phan bd electron Hoéa tri
t6 | hidu| tu | torkhdi

Cacbon |C 6 12,01 2| 4 II1v

Silic Si 14 28,09 2| 8| 4 II v

Gecmani |Ge 32 72,60 2| 8] 18| 4 II IV

Thiéc Sn 50 11870 | 2| 8 | 18] 18] 4 II 1v

Chi Pb 2 207,211 2| 8| 18| 32| 18| 4| I IV

(3) Trong nhém IVA, cacbon 14 phi kim dién hinh; silic cling 1a mét phi
kim, nhung mot s6 tinh chat 1y hoc lai chiig t6 1a mot nguyén t6 ban - kim loai;
gecmani ¢6 tinh chit gan véi silic mac du nhiéu tinh chat héa hoc chung to 1a
mot kim loai; thiéc va chi 1a kim loai , dic biét 1a & trang thai hoa tri II, ca hai
nguyén t6 ndy déu thé hién tinh kim loai.



e Ciing nhu cacbon va silic, gecmani, thiéc, chi déu c¢6 16p vo ns’np’ voi sb
electron hoa tri b?mg s6 obitan hoa tri, déu tao ra hop chat cong hoa tri voi s6 oxi
hoa -4, +2 va +4. Tuy nhién khi chuyén tir Ge dén Pb thi 46 bén ctia bac oxi hoa
+4 giam xubng, con do bén ciia bac oxi hoa +2 ting 1én. Picu d6 da dugc giai
thich 13 do khi chuyén tir Ge - Pb, s thir ty nguyén tir ting 1én, thi cac obitan d
va f'c6 anh huong dén viéc hinh thanh lién két hoa hoc . Nguoi ta cho rang khi
chuyén tir Ge dén Pb, tinh tro ctia cac cip electron ns” ting 18n, vai tro tham gia
vao su hinh thanh lién két cta cip electron ns’ giam xudng, nén khuynh hudng
tao ra muc oxi hoa +4 giam xudng va khuynh hudng tao ra mirc oxi hoéa +2 ting
1én. Vi du:

nhu vy :
GeCl, + Cl, = GeCl, (nhanh&25°C )
SiCl, + Cl, = SiCl, ( cham &25°C )
PbCl, + Cl, = PbCl,  (khé xay ra)
GeCl, SiCl, PbCl,
do bén g
GeCl, SiCl, PbCl,
do bén \, g

Bang 27 . Mot s6 dic diém cia nguyén tir cac nguyén té Ge - Sn - Pb

Nguyén t6 Ge Sn Pb
Electron hoa tri 4s” 4p° 5% 5p 6s” 6p”
Bén kinh nguyén tr 1,39 1,58 1,74
(A) Ban kinh ton 0,65 1,02 1,32
M*" (A) Ban kinh 0,44 0,67 0,84
ion M*" (A) Ban - 2,15 -
kinh ion M* (A) 7,88 7,33 7,41

(4) Vi cacbon va silic 13 hai phi kim, nén s& duoc trinh bay chi tiét trong
giao trinh "Céc nguyén t6 phi kim" do d6 dudi day chi néu cac dic diém nguyén
tir cia Ge - Sn - Pb (bang 27) .

e Bé& ngoai, gecmani giéng véi kim loai, nhung lai co ciu trac tinh thé
mang kim cuong (hinh 43) v&i a = 5,63 A, mdi nguyén tir Ge cach bon nguyén



tir gecmani khac trong hinh chop bén mit véi do dai 1a % ~ 243 A

Hinh 43. C&u truc tinh thé clia Ge va Sn.

Ciing nhu silic, gecmani khong tao ra tinh thé dang than chi vi khong co
kha niing tao ra lién két z, . , nhu cacbon.

e Thiéc a (a - Sn) ciing c6 ciu trac mang kim cuong voi a ~ 6,46 A , 46
dai gitra hai nguyén tir trong hinh tr dién =~ 2,8 A .

e Khéc v6i gecmani va thiée, chi ¢ cau trac tinh thé mang 1ap phuong tim
dién véi khoang cach gifra hai nguyén tir, canh cua hinh 1ap phuong a = 4,91A .

5.2. Trang thdi thién nhién va thanh phén cdc dong vi
(1) Su phan b cic nguyén to Ge, Sn, Pb trong vo qua dat ing v4i thanh
phan thach quyén nhu sau:

Nguyén t6 % tong sO nguyén tir % khoi luong
Ge 2.10™ 7.10™
Sn 107 4.10°
Pb 1,6.107 1,6.107

Khoang vat chil yéu cia gecmani 12 quing gecmanit (Cu,S. CuS. Ge,S ) va
agirodit ( 4Ag,S.GeS ); hau nhu chi gip thiéc ¢ dang caxiterit ( SnO, ), con
galen (PbS) 12 quing chi quan trong nhat trong cong nghiép, ngoai ra con gip
chi trong quang xeruzit (PbCOs;). & nudc ta c6 mo caxiterit & Tinh Tuc (Cao
Bang), Qui Hop (Nghé An), Lam Pong.

(2) Trong chat séng (chul yéu 1a thuc vat) co chira khoang 10 mg gecmani;
5.10°mg thiéc va 5.10” mg chi theo khdi luong.

(3) Trong nudc dai duong c6 6.10° mg gecmani; 3.10° mg thiéc va 10”° mg
chi trong 1/ nudc bién.



(4) Trong cac mau da liy duoc tir Miat Trang do cac tau vii tru dua vé Qua
Pat thi ham luong cac nguyén td d6 nhu sau:

Ham luong trung binh( s6 gam/lg mau d4 )
Neuyén Apollo - 11 Apollo - 12 Luna -6
Ge - - 1,25.10°
Sn 0,6.10° - 3.10°
Pb 1,2.10° 4.10° 4.10°

(6) Gecmani ¢ 13 dong vi , trong d6 c6 nam dong vi thién nhién 1a "°Ge
(20,55%); *Ge (27,37%); Ge (7,67%); *Ge (36,74%); °Ge (7,67%); con lai 1a
ddng vi phong xa, trong d6 dong vi 68Ge 1a dong vi phong xa bén nhat véi chu
ky béan huy 1a 250 ngay dém.

e Thiéc ¢ 20 déng vi, trong d6 c6 10 déng vi thién nhién 12 '*Sn (0,95%);
1480 (10,65%); °Sn ( 0,34%); "°Sn (14,24%); '"Sn (7,57%); ''*Sn (24,01%);
"9Sn (8,58%); '2°Sn (32,97%); '**Sn (4,71%); '**Sn (5,98%). Trong sb cac dong
vi phong xa thi ddng vi 123Sn ¢6 chu ky ban hiy dai nhat 12 136 ngay dém.

Chi c6 18 dong vi, c6 bén dong vi thién nhién 1a ***Pb(1,48%);
29pp(23,6%); 2"'Pb (22,6%); ***Pb (52,3%); ddng vi phong xa bén nhat 1 *’Pb
¢6 chu ky ban huy 1 3. 10° nam.

5.3. Diéu ché Ge, Sn, Pb

(1) Gecmani 1a nguyén t6 phan tan, nén trong thuc t& duoc xem 1 san
phém phu cta qua trinh ché hoa mot sd quang cua mot s6 kim loai khac, c6 chira
gecmani, voi nguyén tac 1a chuyén cac quing d6 thanh dang oxit GeO2, sau d6
dung H2 hodc than dé khir & nhiét do cao :

v

GeO, + 2H, = Ge + 2H,0

GeO, + 2C Y Ge + 2001
(2) Trong cong nghiép, thiéc duoc san xuat bang cach dung than dé khur
quang caxiterit & 13000C :

Sn0, + 2C Y sn o+ 200t
e Trong thuc t& ngudi ta con thu hoi thiée tir sit tdy (sat trang thiéc) véi
mot luong kha 16n, bang cach dung dung dich kiém dé tach thiéc khoi sat, sau
d6 dung phuong phéap dién phan dé diéu ché thiéc kim loai.
(3) Tur galen (PbS) hoidc tir xeruzit (PbCO;) chuyén thanh PbO sau do
nguoi ta dung than dé khir & nhiét do cao:



PbS + 30, = 2PbO + 2SO0,

PbO + C

Pb + co?

e D¢ tinh ché Pb kim loai nguoi ta dung phuong phap dién phan dung dich
PbSiF, v6i andt bang chi k¥ thuat, thu dugc chi nguyén chat dén 99,99% & catot.
Nguoi ta ciing dién phan Pb(NOs), thu duoc chi tinh khiét loai thube thir.

5.4. Tinh chat ly hoc va ieng dung

(1) V& mit tinh chat 1y hoc thi Ge - Sn - Pb 13 nhitng kim loai, tinh kim loai
ting dan tr Ge dén Pb. Bang 28 1a mot sd hang s6 1y hoc quan trong cua

gecmani - thiéc - chi.

Bang 28. Mot s6 hing sb 1y hoc quan trong ctia gecmani - thiée - chi

Tinh chat Ge Snsu Pb
Khéi luong riéng (g/cm’) 5.4 7,31 11,34
Nhiét d6 nong chay ( °C ) 959 232 327.,4
Nhiét d6 s6i (°C) 2700 2360 1740
P dan dién (Hg=1) 0,001 8,3 4,6
Do cing (kim cuong = 10) 6 1,5 1,5

e O nhiét do thuong, gecmani ¢ mau tréng bac, ciing va rat gion, con chi
thi mém.
Thiéc va chi déu dé dat thanh 14 mong.
O diéu kién thuong thiéc 1a kim loai mau trang ( thudng goi 13 thiée tring).
Thiéc t6n tai & ba dang thu hinh phu thudc vao nhiét d va bién doi 1an nhau:

13,2°C 161°C 232°C
a-Sn == PB-Sn == y-Sn == OSnlong
(x4m) (tring) (dé gay)
- Khéi luong riéng (20°C): 5,75 7,31 6,6
-Cau triic :  dang kim - =
cuong

e Thiéc trang (B - Sn) ton tai & nhiét do khoang 13,2 — 161°C; thiéc xam(a. -
Sn) 1a dang bén duéi 13,2°C ; & nhiét d6 < 13,2°C mét it, sy chuyén hoéa tir 13 -
Sn sang dang (a - Sn) vdi van tdc rat bé, toe do chuyén hoa do lai tang rat manh
khi ha thép nhiét d6 va cuc dai ¢ - 33°C, vi vay ¢ vung lanh nhirng do vat béng
thiéc chong bi hong, do qua trinh bién d6i tir thiéc trang sang thiéc xam xay ra
nhanh nén di lam ting thé tich cua thiéc (dén 25,6%) vi vay thiéc da vun ra



thanh bot mau xam. Chinh vi nguyén nhan d6, thiéc han cta nhimg binh dung
nhién liéu 16ng bi pha hity ma mot doan tham hiém Nam Cuyc da bi hy sinh véo
nam 1912.

e Khi cho P - Sn tiép xlic v4i « - Sn di bién hoa thanh dang bot thi su bién
d6i 13 - Sn thanh « - Sn lai xay ra rat d& dang, vi vay nhitng do dung bang thiéc
chong bi pha hury khi dé 13n véi bot thiée - o nén thuong duoc goi 1a " bénh dich
thiéc ". Ngay nay dé lam chdm qua trinh d6 nguoi ta da dung dang hop kim .

e O nhiét d6 trén 161°C thiéc thuong chuyén sang dang thu hinh y - Sn.
Thiéc — y gion, nén thiéc da nung trén 200°C d& nghién thanh bot.

Trong ca ba dang thu hinh ctia thiéc thi B - Sn ¢6 khdi luong riéng 16n nhat
do céu trtc tinh thé dic khit hon cac dang thu hinh con lai .

e Chi 1 kim loai ¢6 mau xam va c6 khdi lugng riéng 16n nhét do c6 céu
tric lap phuong.

(2) Do su thay doi vé cdu tric cta tinh thé dan dén su thay doi nhiéu tinh
chét 1y hoc, chéng han Ge va a - Sn 1 chit ban dan; B - Sn va Pb 1a kim loai
dan dién. Mot luong 16n thiéc phu 1én bé mit cua sat dé chdng gi (sat tay) dung
trong cong nghiép thuc pham. L4 thiéc moéng (gidy thiéc) dung trong may tu
dién . Chi duoc dung ché tao cic ban dcquy, vo day cap, dau dan, ong dan nudc
va dung dé ché tao thiét bi dé bao vé khoi cac tia phong xa .

e Chi va cac hop chit cua chi déu rat doc. Mot lugng chi khi vao co thé s&
tich lily lai, thay thé mot phan canxi trong Cas(PO,), clia xuong; tac dung doc
gy ra vanh xam & loi ring va sy r6i loan than kinh.

5.5. Tinh chit héa hoc ciia Ge, Sn, Pb
(1) Cac nguyén t6 Ge, Sn, Pb hinh thanh hai loai hop chit ing véi hai trang thai
hoéa tri ddc trung 1a IV va I . Vi gecmani thi hop chat hoa tri bén 1a dang dién
hinh; véi thiéc thi hai dang hop chit déu c6 khac nhau , nhung & diéu kién
thuong thi hop chit héa tri bén bén hon so vdi cac hop chét hoéa tri hai, trong khi
do hop chit hoa tri hai lai dién hinh hon so véi hoa tri bon, vi vay cac hop chét
hoa tri hai cia gecmani va cua thiéc c6 tinh khir manh , dic biét trong moi
truong kiém; con véi chi thi hop chét hoa tri bon lai co tinh oxi hoa manh, nhat
1a trong mai truong axit , con trong mdi truong bazo thi hau nhu khong thé hién.

e Du6i ddy 1a thé oxi hoa - khir chuan cta ba nguyén t6 trén :

2 4 A 0
Phan tmg dién cuc E 298




Ge™ + 4e = Ge| + 0,124
GeO| +,H" +,e=Ge| + H,0 -0,2
GeO,| + 4H+ + 4e = Ge| + , H,0 -0,15
HGeO; + , H,O + 4e = Ge| +50H -1,0
Sn,” + ,e= Sn| -0,14
Sn** +,e =Sn," +0,15
Sn** + 4e=Sn| +0,01
HSnO, + H,0 + e = Sn| + 30H - 0,91
Pb," +,e =Pb| -0,13
Pb*" + ,e=Pb| +0,84
Pb*" +,e =Pb," +1,8
PbO|+ H,0 + ,e =Pb| + ,OH - 0,58
HPbO, + H,O + ,e =PbO] +30H" -0,54
PbO, + H,0 + ,e =PbO| + ,0H +0,,8
PbO, + 4H" + ,e =Pb," + ,H,0 + 1,46

(2) Gecmani khong phan tng truc tiép véi hidro phan tir, nhung khi H,
hoa tan trong gecmani néng chay ¢ ° > 1000°C ; thiéc tac dung véi hidro
nguyén tir khi c6 mat ciia xtc tac tao ra SnH, ; con chi phan tng truc tiép véi Hy
& 800°C :

800°C

Pb + 2H, PbH,

(3) ¢ diéu kién thuong , gecmani va thiéc khong tic dung véi oxi cua
khong khi , con chi thi bi oxi hoa tao ra mang oxit bao vé cho kim loai khong bi
tiép tuc oxi hoa.

e Khi dun ndng trong khong khi , gecmani va thiéc tao ra GeO, Va SnOs.
Con chi bi oxi héa dan dén hét tao ra PbO :

t°cao

M + O MO, (MIaGe, Sn)

t°

b + 0O, = 2PbO

e Khi nung néng ca ba kim loai déu c6 kha ning héa hop tryuc tiép voi luu
huynh tao ra GeS, SnS, PbS :

(o

Pb+ S = PbS

—

Vi selen va telu hoi cling c6 phan ing tuong tu tao ra GeSe, GeTe, SnSe,
SnTe, Pbse, PbTe.

(4) Ca ba nguyén -t6 d6 déu tac dung tryc tiép véi cac halogen; gecmani,



thiéc tao ra MXy, con chi tao ra PbX, :

M+ 2C, = MC, (MIaGe,Sn)

o

Pb + Cl, = PbClL

—

v6i clo va brom , phan tng cé thé xay ra véi thiéc ngay o nhiét d6 thudng , con
v6i tot thi ¢6 thé dun nong nhe. Vi gecmani phan tmg xay ra khé hon so véi hai
nguyén t6 con lai.

(5) Gecmani va thiéc khong tac dung voi HAO ngay ca khi Hyo ¢ trang
thai hoi . Do thiéc bén v6i H,O va khong khi, nén dugc dung dé ché tao sit tay (
sat trang thiéc) 1am vo dd hop trong cong nghiép thuc pham.

e Chi phan ting cham v6i H,O khi c6 mét cua oxi tao ra hidroxit :

2Pb + O, + 2H,0 = 2Pb(OH),

e Luong khi CO, hoa tan trong nudc ciing anh huéng manh dén tinh bén
ctia chi ddi voi nude. Nguoi ta di thay rang , véi ndng do thap, khi CO, di 1am
cho cac 6ng dan nudc bang chi bén hon do tao ra 16p PbCO3 thuc té khong tan (
tich sb tan cua PbCO; bang 1.107™"° ); nhung khi néng d6 CO, trong nudc 16n
hon sé tao ra Pb(HCO5), dé tan hon

PbCO, + CO, + H,0 =Pb(HCO,),
gdy ra hién tuong ngd doc chi khi udng loai nudc ¢6 chira nhiéu CO, ?

(6) Nhitng axit manh khéng c6 tinh o xi hoa chi &n mon duoc thiéc va chi,

con gecmani c6 thé dién cuc duong nén khong phan tng:
Sn + 2H" = Sn* + H,T
Pb + 2H" = Pb* + H,T

e Thiéc tan cham trong dung dich HCI lodng do thé tiéu chuan cua thiéc
g.:?ln véi thé tiéu chuan cua hidro; con chi lai tao ra 16p PbCl, kho tan nén lam
cho chi khong tan thém dugc nira; tuy nhién véo1 HCI dac , thiéc va chi lai dé tan
hon vi d tao hop chat d& tan dang H,[MCl,] Va H{MCL;] :

PbCl, + 2HClI = H,[PbCl,]
SnCl, + HCl = H[SnCl]

e Tuong tu HCI, axit sunfuric loang khong tic dung v&i gecmani; voi
thiéc phan mg xdy ra kho khin tao ra SnSOy:

Sn + H,80, = SnSO, + H,T

Chi chi tac dung trén bé mit v6i dung dich H,SO, C6 ndng d6 thap hon
80% tao ra 16p mudi kho tan, ngudi ta lgi dung tinh chat nay dé ché tao dcquy
chi.

Ca hai nguyén t6 déu phan ung véi H,SO4 dic néng tao ra SO,, riéng



thiéc tao ra Sn(SO4), :
S+ 4HS0, gic) = Sn(SO,), + 280,17 + 4H,0

con chi lai dé tan trong H,SOy4 ddc hon, do tao ra hop chat d& tan Pb(HSO,),
khong bao v€ duoc chi khéi bi axit tiép tuc tac dung :

Pb + 2H,SO,(4sy = PbSO, +SO,T + 2H,0

PbSO, + H,SO, = Pb(HSO,),

e Trong dung dich HNO; dic, gecmani va thiéc chuyén thanh axit

gecmanic H,GeO; (GeO,.xH,0) Va axit stanic H,SnO; (SnO,.xH,0) :
Ge + 4HNO, 4 = H,GeO; + 4NO,T + H,0
Sn + 4HNO; 4, = H,Sn0, + 4NO,T + H,0

con trong HNO; lodng, thiéc lai dé tan hon :
3Sn + 8HNO,(jmmg) = 3Sn(NOy), + 2NOT + 4H,0

do d6 dung méi tot nhét cua thiéc 1a HNO; lodng!

Chi tac dung véi axit nudc bat ky ndng do nao ciing tao ra Pb(NO;),. Tuy
nhién Pb(NOs;), lai kho tan trong HNO; bac nén da bao vé cho kim loai khoi bi
axit tac dung. Mit khac , Pb(NO;), lai dé tan trong nudc nén chi dé tan trong
HNO; loang :

3Pb + 8HNO, (g, = 3Pb(NOy), + 2NOT + 4H,0

Chi cling tan dugc trong axit axetic va mdt sb axit hitu co khac khi c6 mat

cua oxi :
2Pb + 4CH,COOH + O, = 2Pb(CH,COO), + 2H,0

(7) Gecmani hau nhu khong tac dung véi dung dich kiém, nhung lai dé
tan trong dung dich kiém dic khi ¢6 mat ctia H,0, :

Ge + 2KOH + 2H,0, = K,[Ge(OH)]

e Thiéc va chi tan duoc trong dung dich kiém dic ndng tao ra stanit ,
plombit va H, :

Sn + 2NaOH + 2H,0 = Na,Sn(OH),] +H,T
Pb + 2KOH + 2H,0 = K,[PbOH),] +H,!

don gian hon co thé viét & dang Na,sno, Va K;pbo,'

5.6. Hidrua ciia gecmani , thiéc va chi
Tuong tu cacbon va silic , cac nguyén t gecmani , thiéc va chi tao ra cac
hop chét hidrua, tmg v6i bac oxi hda + 4 chu yéu 1a cac hop chat MH, c6 cau
trac khong gian dang hinh bdn mat, Gmg véi trang thai lai héa sp’ cia nguyén tb
trung tam M ( Ge, Su, Phi.

Hién nay nguoi ta da biét gecmani tao ra mot diy hidrua ng véi cong



thitc Ge,Hy, + » tir GeH, dén GeoHy ; hai hidrua cta thiéc 1a SnH, va Sn,Hg va
mot hidrua cua chi 1a PbHy a

e Do khuynh huéng giam do bén cua trang thai lai hoa sp3 tir Ge dén Pb
nén do bén nhiét cta cac hop chat giam nhanh chong tir GeH, dén PbH,, vi du
GeH, bi phan hiy ¢ 280°C , con SnH, O 150°C :

280°C

GeH, Ge + 2H,

snH, 22E€ sn + 2H,

e Cac hop chat GeH,, SnH, va PbH, déu 1a chat khi , khong mau, dé bj
chay tao ra oxit va H,O :

o

t
GCH4 + 202 — 6602 + 2H20

Duéi day 1a nhiét do nong chay va nhiét do so61 cia mdt so6 chat :

G€H4 G62H6 GegHg SHH4
T,. (°C) -165 -109 -106 -150
T, (°C) -90 29 110 -52

e Gecman (GeH, ) va stanan (SnH, ) déu bi H,O hodc dung dich axit ,
dung dich bazo phan huy :
GeH, + 3H,0 = H,GeO, + 4H,T
e Céc hop chat trén déu c6 thé dugc didu ché bang cach cho hop kim cia
cac nguyén td trén véi Mg tac dung voi dung dich axit lodng hodc vi NH4CI
trong amoniac long:
Mg,M + 4HCl = 2MgCl, + MH,
MgM + 4NH,Cl = 2MgCl, + 4NH, + MH,
(M:Ge,Sn,Pb)

5.7. Oxitgecmani, thiéc , chi
Cac nguyén to gecmani, thiéc , chi déu tao ra hai oxit chinh 14 MO va
MO,.
(1) GeO 1a chat ran mau den , dugc diéu ché bang cach nung nong Ge véi
GeO, & 800°C:

Ge + GeO, XL 2Ge0

GeO hau nhu khéng tan trong nudce, nhung tan dugc trong axit va trong
kiém manh:
GeO + 2HCI = Ge(Cl, + H,0
GeO + 2KOH = K,GeO, + H,0




(2) S,O 1a chat ran c6 mau den hodc mau luc hay tim tuy theo phuong
phap diéu ché.
e Khi nung néng chdy mdt hén hop gém SnCl,.,H,0 va Na,CO;.10H,0 :

o

SnCl, 4y + NayCO; (1an) L S0 + 2NaCl + CO,
sau khi dé ngudi rua voi nudc dé hoa tan NaCl , chét rin thu duoc 13 SnO ¢6
mau den.

e SnO ciing duoc diéu ché bang cach dun néng dung dich gdm SnCl, véi
NaOH hoic v6i dung dich NH; trong diéu kién khong c6 khong khi. Ban dau tao
ra két tia Sn(OH),. Sau d6 Cho thém SnCl, tao ra oxiclorua SnOHCI 1a chét d&
bi phan huy:

SnCl, + 2NH, + 2H,0 = Sn(OH), + 2NH,CI

SnOHCl = SnO + HC
axit HCI tao thanh lai phan tng v&i Sn(OH), cho lai SnOHCI. San pham SnO
thu dugc theo phuong phap nay c6 mau luc hoac tim.

e SnO con duogc diéu ché bang cach nung mudi oxalat Sn(Il) trong diéu
kién khong c6 khong khi :

COU

t0
| S = SnO + cot + co,t

Hinh 44 . C4u tric ciia PbO va SnO.

e Tinh thé SnO c6 ciu tric 16p phire tap , trong cting mot 16p mdi nguyén
tor Sn lién két véi bon nguyén tir oxi tao ra nhém SnO hinh choép tr giac ( hinh
44) , nhitng chop do6 nd1 vai1 nhau qua nguyén tir oxi.

e SnO nodng chay ¢ 1048°C va s6i & 1700°C.

Khi nung trong khong khi dé dang chuyén thanh SnO) :

250 + O, 2 25n0,
Nung trong khoang 400 - 1040°c bi phan hiy dan theo so do:



o

4S5n0 =

—

= SmO, + Sn

Khi nung néng dé dang bi H,, C, CO khir dén kim loai :
SO +H, = Sn + H,0
SN0 + C = Sn + cot

L s o+ cot

e Hau nhu khong tan trong nudc, tan trong axit tao ra mudi Sn(II) va
trong dung dich kiém tao ra stanit:

SnO + CO

SnO + 2H' = Sn** + H,0
SnO + 20H =Sn0O,> + H,0
Trong dung dich kiém dic du phan tng tiép tuc tao ra Sn va stanat:

o

2Sn0 t-;- Sn + SnO,

SnO, + 20H = SnO;> + H,0

(3) PbO c6 hai dang thu hinh 1a a - PbO mau do va dang B - PbO mau
vang. Tinh thé PbO co cau tao 16p phiic tap , twong tu ciu tao tinh thé SnO (
hinh 44).

e Chi(Il) oxit dugc diéu ché bang cach nung cac hop chat hidroxit,
cacbonat, nitrat:

Pb(OH), 700°C

PbO + H,0

PbCO, 600°C

PbO + CO,T

2Pb(NO;), = 2PbO + 4NO,T + 0,1

Trong cong nghiép ngudi ta diéu ché bang cach nung néng manh hop kim
Pb - Ao (phuong phap Cupen ), chi trong hop kim chuyén thanh PbO mau do.

Nguoi ta ciing diéu ché PbO bang cach nung chi(Il) oxalat & 3000C :

2Pb(CO0), = Pb,O

-

+ cot + 3co,t

o

= PbO + Pb

Ip-o

Pb,O

e PbO la chit ran 7). = 880°C va T, = 1470°C ; dang tinh thé mau vang
goi la maxicot; dang tinh thé mau do goi la litac

Khi dun néng "maxicot" trong khong khi d¢én 4000C chuyén thanh Pb3o4
mau do, va sau d6 nung dén 470°C chuyén thanh "litac":

400°C
6PbO + O, == 2Pb,0,
470°C

e Khi dun néng "litac" trong ludng khi H,, CO hoic hdn hop véi cacbon,



PbO bi khtr thanh Pb:

PO + H, = Pb + H,0

o

PO + C = Pb + cot
e PbO tan rat it trong nudc, tan trong dung dich KOH , NaOH néng tao ra
plombit; tan trong HNO; lodng tao ra mudi Pb(Il); tan trong HCI tao ra PbCl, :
PbO + 2HCl = Pb(Cl, + H,O
e PbO duoc dung lam nguyén liéu trong cic nha may san xuat dcquy chi ;
trong cic nha may san xuat dung cu quang hoc, ché tao thuy tinh...
(4) GeO, - gecmani dioxit dugc diéu ché bang cach nung néng manh Ge
hoic GeS trong ludng khi O, hodc bang cach cho Ge tac dung véi HNO; dic :

o

Ge + 0, = GeO,

GeS + 20, = GeO, + SO,T

e GeO, 1a chat rin mau trang, T,. = 1115°C va Ts = 1200°C. Gibng véi
Si0,, GeO, rat bén ddi véi nhiét va dé chuyén sang trang thai thuy tinh, nén
GeO, ¢6 tam quan trong 16n trong céng nghiép thuy tinh quang hoc, vi khi thay
thé mot phén S;0; s€ tao ra mot loai thuy tinh c6 kha nang khtic xa anh sang rat
manh.

® GeO, it tan trong nudc , co tinh ludng tinh, nhung tinh axit 16n hon tinh
bazo nén tan trong dung dich kiém d& hon trong dung dich axit. Khi tan trong
kiém , tao ra hop chat dang hidroxi :
GeO, + 2KOH + 2H,0 = K,[Ge(OH),]

con khi phan tng véi kiém néng chay tao ra K,GeO3.

e GeO, co thé d& dang bi khtr boi C, Co, H,, Mg, Al dén kim loai .

3GeO, + 4Al — 3Ge + 2ALO,
(5) SnO, duoc diéu ché trong céng nghiép bang cich nung chay thiéc
trong ludng khi O, hodc khong khi:

(]

t
Sn + 02 —_— SHOZ

dé duoc dang tinh khiét nguoi ta cho Sn tac dung vé1 HNO3 ddc nong ,
san pham thu duoc ¢ dang hidrat hoa :

(Y

t .
Sn + 4HNO;, 4,y = SN0, (higrar heay  + 4NO,T + 2H,0,

sau d6 nung do thu dugc SnO;:

Sn0,.xH,0 =  SnO, + +H,0



Nguoi ta ciing diéu ché bang cach cho SnCl4 tic dung véi NaOH, sau d6
tac dung vo1 HCI tao ra két tua axit a - stanic , lam kho roi nung dé thu duogc
SnO,

Ngoai cac phuong phép trén , SnO, ciing duge diéu ché bang cach nung
Sn(OH), trong khong khi ¢ 800 - 900°C :

o

2Sn(OH), + O, L 2S00, + 2H,0
e SnO, 1a chét rin mau tring, néng chay & 1900°C . Khong tan trong
nude. Co tinh ludng tinh, chi tan trong axit H,SO4 dac néng; véi dung dich
kiém nong tao ra dang hidroxi:
Sn0, + 2KOH + 2H,0 = K,[Sn(OH)]
con khi nung véi kiém rén tao ra K,SnO3 :

tO
Sn02 + 2KOH — KZSDO3 +H20

e SnQO, cling dé dang bi khur boi C, Co, H,, Ai thanh kim loai :

SnO, + 2H, E—_— Sn + 2H,0

o

Sn0O, + 2C E; Sn + 2CO
e SnO, duogc dung trong céng nghiép d6 gém dé ché tao cac tht men
cling nhu lam thuy tinh mo.
(6) PbO, khong diéu ché duoc bang phuong phap truc tiép tir Pb va oxi
ma phai bang phuong phéap gian tiép.
e PbO, dugc két tua khi dun soi dung dich Pb(CH3COOQ), véi clorua voi
trong moi trudong kiém:
Pb(CH,C00), + CaOCl, + H,0 = PbO,Y + CaCl, + 2CH,COOH
hoac dung hipoclorit oxi hoa PbO:
PbO + NaOCl =PbOd + NaCl
hoic cho khi clo tic dung véi Pb(CH3COO), trong mdi truong kiém :
Pb(CH.COO), + Cl, + 2Na,CO; = PbO,} + 2CH,COONa + 2CO,T + 2NaCl
e L chat rin mau niu thdm, khi dun néng PbO, mét gin oxi bién thanh
céc oxit c6 bac oxi hoa thap hon:

Pb02 2300°C Pb203 ~400°C Pb304 =500°C PbO

(PbO.PbO,) (2PbO.Pb0O,) ( litac)

o}

t
3PbO0, = PbO, + O,1

o

t
2Pb,0, = 6PbO +0O,T



va san pham cudi cung 12 tao ra litac .
e Trong khi tinh o xi hoa cua GeO, va SnO, la khong dac trung thi PbO,
lai 13 chat oxi h6a manh.
PbO, ox1 hoa axit HCI dac tao ra khi clo:
PbO, + 4HCl = PbCl, + CL,T+ 2H,0
e PbO, va HNO; dic s& oxi hoa mudi Mn(II) thanh axit pemanganic
5PbO, + 6HNO, + 2MnSO, =2HMnO, + 3Pb(NO,), + 2PbSO, + 2H,0
e Oxi hoa SO, hoac S trong khong khi tao ra PbSO4 :
PbO, + SO, = PbSO,
PbO, + S + O, = PbSO,

e Khi dun nong véi H,SO4 dac ndng giai phong O; :

t
2PbO, + 2H,S0,( g;c) = 2PbSO, + 2H,0 + O,T

e Mt khac , khi dun nong véi kiém manh tao ra plombat tuong tu stanat:

o

t
PbO, + 2NaOH = Na,PbO;, + H,0

(]

t
PbO, + 2Ca0 = Ca,PbO,

( canxi octho plombat)

e Pb(v) ©Pb) @O0

Hinh 45 . Cau tric tinh thé Pb,0, .

(7) Pb;0, ( hodc 2PbO.Pb0O,) thuong goi 1a minium 13 chit bot mau do,
dugc xem 1a mudi Pb(II) cia axit orthoplombic (H,PbO, ), tic 1a Pb(II)
orthoplombat (Pb,PbO, ) trong d6 chi ¢ s6 oxi hoa 13 +2 va +4. Bén canh hop
chat trén con c6 Pb,O; mau da cam duoc xem la mudi Pb(II) cua axit
metaplombic (PbPbO;)

Trong tinh thé minium c6 mach gdm nhitng bat dién PbOg , cac bat dién
nay nbi voi nhau bai hai nguyén tir oxi va cac mach lién két v6i nhau qua
nguyén t Pb(II) (hinh 45).



e Minium dugc diéu ché bang nung PbCO; hodc PbO trong ludng khong
khi & khoang 400°C :

-
=]

6PbCO, + O, = 2Pb0, + 6CO,T

[}

6PbO + O, = 2Pb,0,

—

e Khi minium tac dung v6i H,SO, loing hoic HNO; lodng tao ra mudi
Pb(II) va PbO) :
Pb,0, + 4HNO, = 2Pb(NO,), + Pb(OH),
Pb:O, + 2H,S0, = 2PbSO, + Pb(OH),

nhung vi Pb(OH), khong ton tai chuyén hoa thanh PbO:

Pb,0, + 4HNO; = 2Pb(NO,), + PbO, + 2H,0
Pb,0, + 2H,SO, = 2PbSO, +PbO, + 2H,0

cac phan tng d6 chimg to Pb;0,4 13 mudi Pb(II) cua axit orthoplombic.
e Minium it tan trong nudc. Bi phan huy khi nung ¢ khoang 5000C tao ra
"litac ":

Pb,0, = 3PbO + O,

e Khi tac dung voi H,SO,4 dac nong gidi phong O, :
2Pb,0, + 6H,SO; gy, L 6PbSO, + 6H,0 +0,1
e Pb304 1a chit oxi hdéa manh, oxi hoa HCI tao ra Cly:
Pb;O, + 8HClI = 3PbCl, + CLT + 4H,0
Trong méi truong axit, oxi hoa Fe(II) thanh mubi Fe(iil); oxi hoa H,0, tao

ra O,:
Pb,0, + H,0, + 3H,SO, = 3PbSO, + O,1 + 4H,0

va ¢ thé bi khir ¢én kim loai khi nung véi cacbon hoic nung trong ludng khi
CO hay H;:

o

Pb,O, + 4C = 3Pb + 4COT

l -

tO
Pb,0, + 4CO = 3Pb + 4CO,T
e Pb;0, dugc dung chu yéu trong san xuat thuy tinh, men db st, va trong
cong nghiép ché tao son

5.8. Hidroxit gecmani, thiéc, chi
(1) Céc hidroxit dang M(OH), ( M 1a Ge, Sn, Pb) duoc diéu ché bang cach
cho mubi M, ctia cac kim loai trén tac dung voi dung dich kiém :



M* + 20H" = M(OH),{
Pb(NO,), + 2NH, + 2H,0 = Pb(OH),! +2NH,NO,

e Hidroxit gecmani, thiéc, chi 1a nhitng chat két tia dang keo, kho tan

trong nudc.
Ge(OH), Sn(OH), Pb(OH),
Mau do da cam tring tring
Tich s tan - 6,3.107% 1,1.10°%

e Khi dun néng, bi phan hiy thanh oxit Mo. Chang han , v6i Pb(OH), -
nung ¢ 100°C chua bi phan huy, dén 130°C bat dau mat H,O Va dén 145°C mat
H,O hoan toan:

0
pooH), 2V -1C po + HO

e Déu c6 tinh ludng tinh, tinh bazo ting dan tir Ge(OH), trén Pb(OH),.
Hing sb dién ly bazo cta Pb(OH), c6 gia tri K1 = 9,6. 10*va K, = 3. 10° &
25°C; con hang sb dién ly axit K = 2,1. 10° ( & 25°C) , diéu d6 ciing cho thay
tinh bazo 16n hon tinh axit.
Khi tan trong axit tao ra mudi ctia M," :

Sn(OH), + 2HCl = SnCL, + 2H,0
Pb(OH), + 2HNO, = Pb(NO,), + 2H,0

1

Khi tan trong kiém tao ra gecmanit , stanit, plombit:
M(OH), + 2KOH = K,MO, + 2H,0
déu ¢ dang phtc hidroxi K,[M(OH),]. Cac hop chét nay déu bi thiy phan manh,
nén chi bén trong dung dich kiém du. Tuy nhién, néu dung dich c6 ndéng do
kiém khong 16n, trong dung dich dan dan xay ra phan Gng phan hiy , chang han:
NaHSnO, = NaOH + SnO
do d6 dung dich stanit dé 1au ngdy s& c6 mau den. Khi du nhiéu kiém phan tng
phan huy lai xay ra theo phuong trinh:
INaHSnO, =Na,5n0, + Sn + H,0

do c6 nhiing hat Sn rat nho xuét hién trong qua trinh d6 nén dung dich ciing tré
nén den.

V61 dung dich gecmanit cling ¢6 phan rng tuong tu.

e Cac gecmanit , stanit, ciing nhu cac mudi ctia Ge(II) va Sn(I) déu la
chat khtr manh, con cac hop chat ciia Pb(IT) khong thé hién tinh khir. Chang han,
stanit c6 thé khir duge mot s6 mudi thanh kim loai ty do:




2Bi** + Sn0O,” + 20H = 2Bid +Sn0> +H,0
2Bi(OH),; + 3Na,SnO, = 2Bil + 3Na,5nO; + 3H,0
(2) Hidroxit cia Ge(IV) , Sn(IV) , Pb(IV) & dang M(OH), thuc té 1a dang
hidrat MO,.xH,0O ( hodc nMO,.yH,0O ) C6 thanh phan thay d6i, déu 1a nhiing
chat két tiia keo , khong tan trong nudc:

GGOz.XHzO SI’lOz.XHQO PbOz.XHzO
Mau trang trang nau
Tich sb tan 1.10™7 1.10™’ 3.10

e L nhitng chit c6 tinh ludng tinh, cac hidroxit ndy tan trong kiém dé
hon trong axit. Dang axit tng véi cac két tiia d6 1 axit gecmanic, axit stanic,
axit plombic va mudi tuong tng 12 gecmanat, stanat va plombat.

e Thiéc tao ra hai dang 13 axit « - stanic va axit 13 - stanic . Khi cho SnCl,
tac dung voi kiém tao ra stanat, sau d6 axit hoa dung dich tao ra két tia axit a -
stanic:

SnCl, + 6NaOH = Na,SnO; + 4NaCl + 3H,0
Na,SnO, + 2HCl + (x- DH,0 = 2NaCl + SnO,xH,0
(axit a - stanic)
e Axit B-stanic dugc diéu ché bang cach cho Sn tac dung véi HNO; dic:
Sn + 4HNO, + (x-2)H,0 = SnO,xH,0 + 4NO,T

(axit B - stanic)

e Su thay d6i vé thanh phan va ciu trac cia axit stanic din dén su thay
ddi vé hoat tinh hoa hoc. Chéng han axit « - stanic dé tan trong kiém va ca trong
axit, con axit B- stanic chi phan tmg voi kiém khi nung néng chay.

Khi cho dang « tac dung v&i HCI tao ra SnCl, con dang p hau nhu khong
thay d6i. Vé4i kiém dic hay lodng, dang « d& tan tao ra stanat, con dang B thi
ngay ca kiém dic ciing khong tan.

e Nguoi ta di biét dugc cac mudi gecmanat, stanat va plombat, chang han
metagecmanat ctia kim loai kiém M,GeO; ( M 1a kim loai kiém); mudi
orthogecmanat Mg,GeQ,, orthostanat Ba,SnO, ; Orthoplombat Ca,PbO; ...

e Cac stanat va plombat ctia kim loai kiém két tinh & dang trihidrat nhu
K,Sn0;.3H,0, Na,Sn0;.3H,0. Thyc té nhirng loai mubi do thuong & dang phirc
chat co chira cac ion [Sn(OH)e],” , [Pb(OH)e],; khi dun néng méat dan H,O
chuyén thanh dang don gian , vi du Na,[Pb(OH)s] ¢ 110°C mat H,O chuyén
thanh Na,PbO; va sau d6 lai dé dang héa hop voi H,O dé chuyén nguoc lai
thanh Na,[Pb(OH)¢] :



110°C
Na,[Pb(OH);] == Na,PbO, + 3H,0

5.9. Halogenua gecmani , thiéc, chi
Cac nguyén td Ge, Sn, Pb déu tao ra cic hop chat halogenua véi tat ca cac
halogen.
(1) GeX, dugc didu ché cho hoi GeX, tac dung véi Ge khi dun nong :
GeCl, + Ge = 2GeCl,
hoac cho HX tac dung véi Ge(OH),:
Ge(OH), + 2HI = Gel, + 2H,0
e Cic dihalogenua ctiia gecmani déu 1a chit ran , GeF, khong mau; GeCl,
0 nhiét do thuong khong mau nhung khi dun néng c6 mau dé da cam; GeBr,
hinh kim mau vang; Gel, mau da cam.
e Cac hop chit trén déu kém bén va déu c6 tinh khir manh. Gecl, d& bi
oxi oxi hoa va nhanh chéong bj clo chuyén thanh GeCly:
2GeCl, + O, = GeO, + GeCl,
GeCl, + Cl, = GeCl,
e Cic dihalogenua cuia gecmam déu tan trong nudc va bi thay phan manh,
bi H,Ophéan huy tao ra GeO dang hidrat hoa ; khi dun néng bi phéan huy :
GeCl, + H,0 = GeO + 2HCI
2GeCl, = Ge + GeCl,
2Gel, = Ge + Gel,
(2) SnX, c6 thé duoc diéu ché bang cach cho Sn tic dung véi axit
halogenhidric :
Sn + 2HBr = SnBr, + H,T
e Cac hop chét thiéc (II) halogenua déu 1 chat ran, c6 mau sic khac nhau
va déu dé tan trong nudc

SnF, SnCl, SnBr, Snl,
Mau siac| khong mau khong vang do
T, (°C) 210 mau 247 216 320
7, (°C) - 650 637 714

(3) Trong s6 cac halogenua cta Sn(II) thi SnCl, ¢6 nhiéu ing dung hon

ca.

e SnCl, khan dugc diéu ché bang cach dun nong thiéc hat trong ludng khi

hidro clorua kho:




Sn + 2HClI = SnCl, + H,T

hodac dun nong dang hidrat SnCl,.,H,0 ¢ 130 - 145°C thu duoc SnCl, khan.
Nguoi ta cliing diéu ché bang cach giit SnCl,.2H,0 trén H,SO, dic trong chin
khong & nhi¢t d0 phong trong khoang 10 ngay.

e Thiéc (II) clorua dihidrat SnCL.2H,O duoc diéu ché bang cach cho
thiéc hat tan trong dung dich HCI ddc (D =1, 14g/cm’ ) néng. Thiéc tan cham
trong HCI nhung néu trong dung cu platin thi thiéc s& hoa tan nhanh hon ( do
tao ra cap ganvanic Sn - Pt).

e SnCl, khan 1a chat rin tinh thé trong suat , khong mau dé tan trong nudc
, trong ruou va trong de. Két tinh tr dung dich nuéc ¢ dang dihidrat
SnCl,.2H,0. Tinh thé dihidrat két tinh ¢ dang hinh kim khong mau, néng chay
trong nudc két tinh & 40°C; khi dun noéng nudc két tinh bi mat dan.

e Sn(Il) clorua khan hoic hidrat déu bj thay phan manh tao ra mubi bazo
it tan.

SnCl, + H,0 == Sn(OH)Cl + HCl
ngay ca khi dun nong dang dihidrat ciing tao ra dang mudi bazo & trén :

o

SnCL2H,0 = Sn(OH)Cl + HCl + H,0

-

vi vay muén pha ché dung dich SnCl, ngudi ta khong hoa tan véi nudc ma hoa
tan SnCl,.,H,O Vi trung dich HCI dac!

(4) Sn(II) clorua 1a chat khir manh nhung kém GeCl,. Khi dé trong khong
khi , nd bi oxi héa cham bién thanh oxiclorua mau vang, bi do oxi hoa thanh
SnCly :

25nCl, + O, = 2SnOCl
SnCl, + Cl, =5nCl,

Khi dun néng SnCl, bién thanh SnO, :

o

2SnCl, + O, — SnO, + SnCl,
Trong dung dich nuéc SnCl, bi oxi héa cham b1 oxi ciia khong khi theo
phan Ung :
3SnCl, + 1/20, + H,0 = SnCl, + 2Sn(OH)CI
Vay ngudi ta phai thém Sn hat vao dung dich SnCl, dé tranh qua trinh oxi hoa
do.
e L3 chat khir manh nén c6 thé két tia duoc Au, Ag, Hg tir dung dich
mudi ctia chung:

2HgCl, + SnCl,
Hg,Cl, + SnCl,

Hg,Cl, + SnCl,
2Hg + SnCl,



SnCl, ¢6 thé chuyén dung dich mau vang nau cia mubi Fe(ili) thanh xanh
nhat ctia mudi Fe(1l) :
2Fe* + Sn** = 2Fe™ + Sn*
khtr dugc mubdi dicromat mau da cam thanh mudi Cr(III) mau xanh:
Cr, 0, + 35n* + 14H' = 2CP + 3Sn* + 7TH,0
khir duge CrO, 7 — Cr**, AsO,> — AsO;” ,MnO,” — Mn*™ ...

e Ngoai ra, khi hoa tan trong HCI dic hoic trong dung dich dic mudi
clorua kim loai kiém, SnCl, c¢6 kha ning tao ra cac con phic [SnCl]- va
[SnCly]," .

e SnCl, c6 nhiéu tmg dung quan trong, dung 1am chit cin mau trong
cong nghiép in hoa trén vai, lam chét khtr trong hoa hoc hitu co

(5) PbX déu 1a cac halogenua kho tan nén thuong dugc didu ché bing
phan tmg trao doi.

e PbF, duogc diéu ché & dang chit bot mau tréng khi cho mubi cacbonat
hoac hidroxit chi(Il) tac dung véi dung dich axit flohidric :

Pb(OH), + 2HF = PbF, + 2H,0

e PbCl, dugc diéu ché bang cach cho dung dich loing cia mudi chi (I)

tac dung vaoi dung dich c6 chira ton Cr :
Pb* + 2CI° =PbCl,

Ciing duoc diéu ché bang cach cho PbO hodc mudi cacbonat bazo chim)

tac dung vai axit HCI:
PbO + 2HCl = PbCl, + H,0
2PbCO,. Pb(OH), + 6HCl = 3PbClL, + 2CO,T + 4H,0

Ngoai ra, PbCl, ciing duoc diéu ché bang cach hoa tan thiéc hat trong
dung dich axit HNO3 loang rdi sau d6 két tua bang axit HCI:

3Pb + 8HNO, = 3Pb(NO,), + 2NOT + 4H,0
Pb(NO;), + 2HCl = PbClL{ + 2 HNO,

e PbBr, ciing diéu ché v6i cac phuwong phap twong ty phuwong phap diéu

ché PbO, ; Pbl, dugc diéu ché bang cach cho mudi Pb(Il) axetat tic dung véi Ki

Pb(CH,CO0), + 2KI = PbL,{ + 2CH,COOK

e Cac halogenua ctia chau) déu la chat ran ¢c6 mau khac nhau, it tan trong
nudc:

PbF2 PbClz PbBI’z PbIz




Mau sac

khong mau khong mau khong mau vang
T,.°C) 855 500 373 412
T,°C) 1290 954 916 950
Tich S6 tan 2,7.10° 1,6 .107 9,1.10° 1,1.10°

Hoi cua cac halogenua trén déu ¢ dang don phan tir va déu co ciu tric
tam giac; trong dung dich lodng , tt ca chiing déu phéan ly hau nhu hoan toan.

e Trong dung dich HCI khoang 10% , d¢ tan cua PbCl, gidm , nhung
néng dd HCI cao hon 10% thi d6 hoa tan tang; diéu do da duoc gidi thich 1a do
tao ra cac con phtrc [PbCl;],- va [PbCly], .

PbCl, + 2HCl = H,[PbClL,]

Céc ion phuc trén déu it bén, nén khi pha lodng dung dich PbCl, da bao
hoa trong HCI dic thi mot phan PbCl, thoat ra & dang ran.

e PbBr; két tinh trong nudc nong ¢ dang tinh thé hinh kim, khi nong chay
tao ra chat 1ong mau do, sau khi dé ngudi , dong ctng lai tao thanh khéi tring
gidng nhu sing.

e PbBr, cling c6 kha nang tao ra cac con phuc [PbBr;],” Va [PbBry],
tuong ty nhu PbCl, Pbl, dang tinh thé 1a nhimg 14 vang anh. Khi dun néng , ban
dau bién thanh mau vang d6 sau d6 chuyén sang mau do gach va cudi cung bién
thanh mau nau den, dé ngudi lai bién thanh mau vang ban dau.

Tan it trong nudc, phan tan tao ra dung dich c6 mau vang 1a mau ctia phan
tr khong phan ly. Tan nhiéu trong dung dich KI hodc Nal hodc HI hon 1a trong
nudc nguyén chat do tao ra ion phuc [PbL], :

2KI + Pbl, = K,[PbL}

e Ciing tuong tu cic con phuc [PbPCl,] va [PbBr,], , ion [Pbl], it bén
(K= 6.10"") nén khi pha lodng cac dung dich c6 chira ion phtic trén voi nude, Pbl
lai két tua xubng.

(6) Quan trong nhét trong cdc mudi ing véi bac oxi hoa +4 cia Ge, Sn,
Pb 1a cic hop chét halogenua. Nguoi ta da biét dugc tit ca cac halogenua cua
cac nguyén t6 trén trir hai hop chat PbBr, va Pbl4 va déu 1a hop chét cong hoa

!

tr1.
e Cac halogenua MX, & trén duoc diéu ché bang phan tng trao do6i hoic
bang phuong phap oxi hoa M hoic MX,
e Vi GeX, diéu ché béng cach cho GeO, tac dung voi HX hodc oxi hoa
Ge bang halogen :



GeO, + 4HF = GeF, + 2H,0
Ge + 2Cl, =GeCl,

e Voi SnX, dugc diéu ché bang phan tng trao doi :
SnCl, + 4HF 4, == SnF, + 4HCl
SnCl, + 4KI = Snl, + 4KCl
hoic dung halogen dé oxi hoa Sn hoic SnCl,:

SnCly ghany + Cla hoy = SnCl,
Sn + 2Br, = SnBr,

e PbF, duoc diéu ché bing cach cho PbF, tac dung véi F, & 250°C, con
PbCl, thi diéu ché bang phan tng trao doi giira PbO, v6i HCI dic ngudi:
250°C

PbF, + F, PbF,
PbO, + 4HCl = PbCl, + 2H,0
e V& mit tinh chat 1y hoc cac hop chat trén ( trir SnF, va PbF, ) déu
khong dugc xem 14 nhitng mudi dién hinh ma 1a nhiing hop chat twong tu hop
chit cua C va Si. Trang thai, nhi¢t d0 néng chdy va nhi¢t do sbéi cac hop chat
trén nhu sau:

GeCly GeCly GeBry Gely
Trang thai |  khi. thang hoa & - long long tinh thé d6 da cam
T, (°C) 36.6°C -15°C -50°C 26°C 144°C
T, (°C) -37°C 83°C 186°C 377°C
SnF, SnCly SnBry Snl,
Trang thai tinh thé long tinh thé | tinh thé vang nau
T,. (°C) >200°C -33°C 30°C 145°C
7,(°C) | thanghoa ¢ 705°C 113°C 203°C 344°C
PbF, PbCl,
Trang thai tinh thé long
T (°C) 600°C -15°C

o Tir cac dy kién trén, chung ta thdy cic halogenua trén déu c6 mang
ludi phan tir nén déu dé noéng chay va déu dé bay hoi. Khi chuyén tir GeF, dén
SnF,4 va PbF, nhiét d§ nong chay va nhiét dd soi tang, do tinh thé da chuyén tur
mang ludi phéan tir sang mang polime. Tinh thé SnF, va PbF, c6 mang 16p gém
nhitng nhom bat dién SnF, va PbF, lién két voi nhau qua nhitng nguyén tir F
chung ( hinh 46).



Nhu vay trong tinh thé PbF, nguyén tir Pb ¢ trang thai lai héa sp’d” , do
d6 PbF4 bén virng hon nhiéu so voi cac halogenua con lai caa Pb(IV).

Hinh 46 . Cau tric tinh thé cta SnF, va PbF, .

e Tinh chét hoa hoc dic trung nhit cta cac tetrahalogenua 1a kha nang két
hop vo1 mot sb chat vo co hodc hitu co tao ra hop chat phtrc, chéng han tao ra
axit hexaflorogecmanic H,GeOg :

GeF, + 2HF =H,[GeF,]
va mu6i K,[GeF, 1 ¢6 T, = 730°C vaT, = 835°C.

vé6i chi ciing ¢6 nhitng hop chét twong tu:
PbF, + 2KF =K,[PbF, ]

e Trong dung dich nudc céc tetrahalogenua déu bi thiy phan manh.

(7) Trong tit ca céc tetrahalogenua MX, thi quan trong nhét 13 SnCl,, ¢6
nhiéu tmg dung trong thuc t& nhu dung 1am chit cam mau trong cong nghiép
nhudm vai, lam chat xdc tac trong nhiéu phan tng héa hitu co...

e SnCl, dugc diéu Ché bang cach cho Sn néng chay trong ludng khi clo
khé; trong cong nghiép con duge diéu ché bang cach thu hoi thiée tir vo d6 hop ;
khi ché hoa vo d6 hop ( sit trang thiéc) & 550°C khi clo kho khong phan tng véi
sat, nhung 16p thiéc mong phan tng voi chi tao ra Sna.

e SnCl, khan 14 chat 16ng khong mau, boc khoi manh trong khong khi am
do bi thuy phéan béi hoi am trong khong khi .

Trong dung dich nude bi thuy phan manh tao thanh axit :

SnCl, + 6H,0 == H,[Sn(OH)] + 4HCI

e SnCl, tan trong mot s6 dung moi khong cuc nhu CS, va dong thoi
SnCly lai 1a dung moi tét dé hoa tan mot s chét khong dién ly nhu I, P, S ...

e Khi dun nong, SnCl, bi H, khir dén Sn kim loai:



o

SnCl, + 2H, E: Sn + 4HC]
e C6 kha ning két hop véi nhiéu chat nhu HCI:
SnCl, + 2HCl =H,[SnCl]
H,[SnO6] 12 mdt axit manh, két tinh & dang hexahidrat H,[SnC16].6H,O
khong mau, nong chay & 19,2°C.

Ciing két hop v&i nhiéu chat c6 cap electron " cho™ nhw NH;,
PCIls , PH3, POCIS...

5.10. Sunfua ciia gecmani , thiéc , chi
(1) cac monosunfua ( MS ) va disunfua ( MS, ) ciia cac nguyén t6 gecmani
, thiéc , chi c6 thé duoc diéu ché truc tiép tor cac nguyén tb ( trir PbS) ) hoac
bang cach cho H,S tac dung v6i dung dich mudi twong tng; chiang han :

o

Sn + S -t: SnS
SnCl, + 2H,S = SnS, + 4HCI
e PbS ciing c6 thé didu ché bang cach nung dén 300°C mot hdn hop gém
PbCO; va S bot :

(4]

t
2PbCO, + 3S = 2PbS + 2CO,T + SO,t

(2) Cac sunfua trén déu la chat ran c6 mau khac nhau :

GeS SnS PbS GeS, SnS, PbS,
Maiu sic dé ndu |ndu den trang vang dé hung
Tich s6 tan (25°C)|3.10%  [1.10% [2.5.107% |- - -

e Khong tan trong nudc va trong dung dich axit loang trir GeS, c¢6 tan mot
it va bi thuy phan:
GeS, + 2H,0== GeO, + 2H,S
con PbS, tu phan hiy ngay ca ¢ nhiét do thuong, dudi tac dung cua HCI dac giai
phong ra H,S, nén PbS, dugc xem nhu la dan xuét cta H,S, v6i chi hoa trj I1.
e Tan trong HNOj; va trong HCI dam dac :
3PbS + 8HNO, = 3PbSO, + SNOT + 4H,0
3GeS, + 4HNO, = 3GeO, + 65 + 4NOT + 2H,0
SnS + 2HCI = SnCl, + H,ST
SnS, + 4HCI = SnCl, + 2H,ST
e PbS b1 H,0O, oxi hoa tao thanh PbSO4 mau tréng.
PbS + 4H,0, = PbSO, + 4H,0



phan tng dung dé phuc hoi lai cic buc tranh c6 v& bang bot tring chi
[2PbCO5.Pb(OH), ] dé 1au ngay di nga mau den vi mudi chi di bi H,S trong khi
quyén phan tng tao ra PbS.

e SnS, tan trong dung dich kiém tao ra thiostanat va stanat [Sn(OH)6], :

3SnS, + 6KOH = 2K,SnS; + K, [Sn(OH)]

e Mot tinh chat quan trong cua sunfua va disunfua ctia cic nguyén to trén
1a sy khac nhau vé kha nang phan tng v6i (NH,),S.
cac monosunfua khong tac dung véi (NH,),S , Con cac disunfua MS, lai dé tan
trong dung dich (NH,),S tao thanh mudi thio cta axit thiostanic H,SnO; Va axit
thiogecmanic H,GeOs :

(NH,),S + SnS, = (NH,).SnS,

Vi cic axit theo néu trén déu khong bén nén khi cho cac mudi thio tac

dung véi axit sé tao ra cac disunfua va H,S :
SnS;* + 2H' = SnS,V +H,S

e M3t khac, SnS va GeS b1 amoni polisunfua oxi héa thanh SnS, va GeS,
(vi ¢6 du S) rdi sau d6 SnS, va GeS, tan trong amoni sunfua, cho nén SnS va
GeS tan dugc trong amoni polisunfua. Trai véi SnS va GeS, PbS khong tan
trong (NH,4),S, :

SnS + (NH,),S, =SnS, + (NH,),S
SnS, + (NH,),S = (NH,),SnS,

dua vao tinh chat d6 nguoi ta di tach GeS va SnS ra khoi PbS.

e Trong s6 cac sunfua trén thi SnS) ¢6 cong dung thuc té. Bot SnS, duogc
goi 1a " vang gid " duoc dung dé pha vao son ma vang.

"Vang gia " 1 nhitng vay vang trong sudt , 1p lanh mau va mém nhu than
chi. Khi dun néng bién thanh mau d6 thdm , khi 1am lanh tré lai mau vang ban
dau, khi dun néng rat manh bi phan huy thanh SnSva s :

o}

SnS, = SnS +S
"Vang gia " duoc didu ché bang cach dun néng dan dén khoang 300°C
mot hdn hop gdm hdn héng Sn - Hg véi luu huynh hoa va NH,CI .

5.11. Mt 6 mudi khdc ciia thiéc va chi
Nguoi ta dd diéu ché duoc nhiéu mudi chira oxi ctia gecmani, thiéc , chi,
trong d6 co thiéu ing dung quan trong 1a mudi Pb(1l).
(1) Sn(NOs), duge diéu Ché bang cach cho Sn hat tan trong dung dich
HNO; rat lodng khong c6 khi thoat ra), san pham thu dugc con c6 ca Sn(IV)
nitrat:



4Sn + 10HNO, = 4 Sn(NO,), + NH,NO, + 3H,0

Dang tinh khiét dugc diéu ché bang cach cho SnO tan trong dung dich
HNO; 30% lam lanh ¢ nhiét d6 thap - 20°C, tinh thé thu duoc c6 thanh phan
Sn(NOs),.2H,0.

e D& bi phan huy, dang mudi bazo Sn,O(NOs), bén hon so v6i dang khan,
dun noéng dén 100°C mdi bi phan huy.

(2) Sn(NO3), duoc diéu ché bang cach cho dang hidrat SnO, tan trong dung dich
HNO; dac :
S00ypigy + 4HNO; =Sn(NOy), + 2H,0
(3) SnSO, dugc diéu ché bang cach cho Sn hat hoic SnO tan trong H,SO, lodng:
SnO + H,S0, =5nSO, +H,0

e SnSO4 13 nhiing tinh thé hinh kim khong mau, tan trong nudc, bén hon
so v6i thiéc(Il) nitrat. Dung dich thiéc(Il) sunfat d& tach ra két tia dang mudi
bazo (SnOH),SO,

e SnSO, dugc dung trong ma dién ( phu thiéc 1én kim loai khac).

(4) Sn(SO,), dugc diéu ché bang cach cho dang hidrat SnO, tan trong

dung dich axit sunfuric :

SnOspigray + 2HSO, =Sn(SO,), + 2H,0
hoic cho timg lugng nho dung dich H,SO, 50% Vao thiéc(IV) clorua, sau d6
1am bay hoi hén hop .

e Thiéc (IV) sunfat két tinh & dang Sn(SO4),.,H,O 1a nhitng tinh thé nho ,
tan trong nudc di axit hoa, co tac dung hut am.

(5) Cac mudi tan cua chim) nhu nitrat hodc axetat dugce diéu ché bang
cach cho "litac", hidroxit hodc mudi cacbonat cta chi (II) tac dung voi axit lodng
tuong tmg; con cac mudi khong tan cua chi (II) duoc diéu ché bang phuong
phap trao d6i ion trong dung dich.

(6) Pb(NO3), dang tinh khiét c6 thé duoc diéu ché bang cach cho chi hat
tan trong dung dich axit nudc 65% :

2Pb + 6HNO, = 2Pb(NO,), + NOT + NO,T + 3H,0

® Pb(NO;), la nhitng tinh thé tre"lng hoac khong mau , dé tan trong nudc,
trong nudc ndng tan nhiéu hon, khong tan trong ruou; khi nung néng bi phan
huy tao ra PbO :

Pb(NOy), X 2pb0 + 4NO,T + O

e Chi(Il) nitrat duoc dung cha yéu 1am nguyén liéu dé diéu ché cac hop
chat khac cta chi(Il).



(7) Pb(CH;CO0), ( tic duwong chi ) duge diéu ché bing cach hoa tan
chi(Il) oxit trong axit axetic 50% :

PbO + 2CH,COOH = Pb(CH,COO), + H,0O
e Két tinh ¢ dang dihidrat Pb(CH;COO),.,H,O , 1a nhiing tinh thé khong
mau trong sudt, nhanh chong 1én hoa khi dé ngoai khong khi. Trong chan
khong mét nude két tinh & 40°C. Nong chay trong nudc két tinh ¢ 75°C , néu
tiép tuc dun nong sé chuyén thanh chat bot mau trang, néng chay ¢ 280°C.
Pb(CH;COO), 1a Chét dé tan trong nudc va rat doc !

e Chi(Il) axetat dugc dung trong nganh nhudm va trong y hoc.

(8) PbSO, dugc diéu ché bang cach cho chi(Il) nitrat tac dung véi axit
sunfuric 15% :

Pb(NO;), + H,SO, = PbSO,l + 2HNO,

® PbSO, 1a chit rin mau tring, noéng chay & 11000C, kho tan trong nudc
(tich sb tan Tt = 1,6.10-8 ). Tan trong dung dich kiém tao ra plombit, va trong
dung dich amoniac cua amoni axetat.

e Trong hoa phan tich ngudi ta da dua vao do tan bé cia PbSO, dé tim ra
chi va dinh phan chi.

(9) PbCrO, duogc diéu ché bang cach cho chi(Il) axetat tac dung véi dung
dich natri dicromat :

Pb* + Cr,0.” + H,0 = 2PbCrO,l + 2H'

e Khi vira méi két tia 1a chat bot mau vang chanh, con ¢ trang thai tinh
thé c6 mau doé hodc niu thAm, nong chay ¢ 840°C chuyén thanh chat 16ng mau
nau tham.

® PbCrO, rat kho tan trong nuéc ( tich s tan Tt : 1,8.10™"* ) nhung lai dé
tan hon trong dung dich HNO; va ca trong dung dich kiém. Do kha ning hoa tan
bé nén duoc dung dé dinh phan chi. Chi (II) cromat duoc dung 1am son vo co
mau vang ( vang cromat).

(10) PbCO; dugc diéu ché bang cach cho mudi chi trung tinh nhu
Pb(NO;), hay Pb(CH3COO), tac dung voi dung dich natri cacbonat ngudi va du:
Pb* + CO% = PbCO,
hoac cho Pb(NO3), tdc dung v&i dung dich natri hidrocacbonat:

Pb* + 2HCO,> = PbCO,{ + CO,T + H,0

e Chi(II) cacbonat 1a chat bot mau trang , khi dun séi v6i nudc mat dan

CO, chuyén thanh mubi bazo.

Rt it tan trong nude( tich sb tan 7, = 1.10"" ), tan trong dung dich HNOs,



trong dung dich axit CH;COOH va ca trong dung dich kiém. O 3000C phan hay
thanh PbO va CO; :

300°C

PbCO, PbO + CO,7T

e Khi cho dung dich muéi chi (I) tac dung v6i Na,CO3 trong kiém dur
tao ra cacbonat bazo:
3Pb* + 200, + 20H = Pb(OH),.2PbCO; ¢

Chi(I) cacbonat bazo 1a chat bot mau trang , khong tan trong nudc va
trong luon , tan trong dung dich axit nudce, axit axetic loang va trong cac dung
dich NaOH , KOH. Khi dun nong dén nhiét d6 cao hon 180°C thi bi phan huy
thanh PbO:

180°C

Pb(OH),.2PbCO, 3PbO + 2C0, T + H,0

e Chi(II) cacbonat bazo duoc dung 1am son dau mau tring nén dugc goi
1a " tring chi ".



CHUONG 6
DAI CUONG VE NGUYEN TO CHUYEN TIEP

6.1. Vi tri cdc kim toai chuyén tiép trong bing tuan hoan

Trong bang tudn hoan mdi chu ky déu dugc bat du tir viéc dién electron
vao obitan ns ( n 13 sd thir tu chu ky) va sau d6 cac electron ké tiép s& dién vao
cac obitan tiép theo.

(1) & chu ky thir tu, sau hai nguyén t6 kim (4s') va canxi (4s, ), cac
electron bat dau dugc xép vao cac obitan 3d. Vi ndm obitan 3d c¢6 t6i da 13 10
electron nén c¢6 10 nguyén t6 ho d xuat hién trong chu ky thir tu, d6 1a cac
nguyén t :

Sc Ti V C Mn Fe Co Ni Cu Zn

e Nhimng nguyén té nay dugc goi 1a cac nguyén t6 (hay kim logi) chuyén
tiép ddy thir nhat.

(2) Ciing twong tu vdy, trong chu ky tht nim, sau hai nguyén to rubidi
(5s') va stronti (5s,), cac electron tiép tuc xép vao cac obitan 4d, hinh thanh 10
nguyén t6 ho d 1 cac nguyén to :

Y Zr Nb Mo Tc Ru Rh Pd Ag Cd

e Nhitng nguyén té nay duoc goi 1a cac lgllyéll khudy kim loai) chuyén
tiép ddy thir hai.

(3) Trong chu ky thir sau, sau khi electron xép vao obitan 6s & xezi (6s"”
va bari (6s*) va mot electron xép vao obitan 5d ¢ lantan , thi cac electron lan
luot xép vao 7 obitan 4f nén xuét hién 14 nguyén t6 tir 6 58 (Ce) &én 6 71 ( Lu).

e Vi khong tng véi nguyén td nio trong cac chu ky trén, nén 14 nguyén
t6 nay duoc xép chung cung mot 6 voi nguyén tb lantan, nén goi 1a cac nguyén
16 ho lantan hay lantanoit ( thuong goi 13 nguyén t6 dat hiém). D6 1a cac nguyén
t6:

Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

e Sau 14 nguyén t6 ho lantanoit, cac electron lai tiép tuc xép vao cac obitan
5d hinh thanh 10 nguyén t6 ho d 1a cac nguyén to :

La Hf Ta W Re Os Ir Pt Au Hg
duoc goi 1a cac nguyén to( kim loai ) chuyén tiép ddy thir ba.

(4) O chu ky thtr bay, bat diu hai nguyén té franxi va méi c6 cu hinh 7s'
va 7s°, sau d6 12 nguyén t6 actini voi cau hinh 7s,6d' , cac electron tiép theo xép
vao cac obitan 5f ( hodc 6d) hinh thanh 14 nguyén t6 xép vao cing mot 6 véi
actini nén duogc goi 13 cdc nguyén t6 ho actilloit, 6 1a cac nguyén to:



Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
e Sau cac actinoit , nguoi ta chi méi biét dugc hai nguyén t6 ho d & chu ky

thir bay 13 nguyén t6 c6 sd thir tu 104 13 rozefodi Rf ( con c6 tén 1a kursatovi
Ku) va nguyén to c6 sd thar tu 105 13 hani Ha (con c6 tén 1a ninxbori Ny).

Nhu vy cac nguyén té chuyén tiép ¢ cac chu ky dai va dugc chia thanh
ba nhom 16n :

a) Nhom nguyén to chuyén tiép chinh (ho d)

b) Nhoém lantanoit ( ho f)

¢) Nhom actinoit ( ho f).

Céc nguyén to chuyén tiép ( ho d) duoc néu tom tat & bang 9.

Bang 29. C4c nguyén t chuyén tiép ho d trong bang tuan hoan

3B 4B 5B 6B 7B 8B 1B 2B

21 22 |23 |24 25 26 27 128 |29 30
Sc T1 |V Cr Mn Fe CO |[Ni |Cu /n

39 40 |41 42 43 44 45 |46 |47 Ag|48
Y Zr |Nb |Mo |Tc Ru Rh | Pd Cd

571 72 |73 |74 75 76 77 178 |79 80
La| Hf |[Ta |W Re Os Li [Pt |Au Hg

&9 104 | 105 | [106]|[107] | [108] [109]
Ac| Rf |Ha

(5) Ciing can phai néi thém rang, néu xuat phat tir dinh nghia "nguyén té
chuyén tiét la nhitng nguyén té cé 1om Vo d (hodcf) dwoe dién mét phan & trang
thai co ban 13 cd nhitng nguyén khé 16p vé d hodc f dwoc dién mét phim trong
cdc hop chat” thi diéu d6 c6 nghia 1a cac kim loai Cu, Ag, Au van 1a cac kim
loai chuyén tiép, mac du co 16p vé (n — 1)d da hoan chinh véi1 10 electron,
nhung, ion Cu(I) ¢6 cdu hinh 3d° , ion Ag(II) c6 ciu hinh 4d’ va con Au(III) c6
cau hinh 5d° ; con cac kim loai Zn, Cd, Hg khong phai 1a cac kim loai chuyén
tiép, vi cac nguyén td nay déu co ciu hinh (n- 1)d'® ns* gidng nhu cac nguyén t6
tiép theo, hon nita chung lai khong tao nén nhitng hop chat c6 16p vo (n - 1 )d
bi ion hoa, vi du, & trang thai co ban ké€m cé cAu hinh 3d'%s, va con Zn** duy
nhit c6 cdu hinh 3d'° giéng nhu con Ga’* g sau kém. nhu vay, co tat ca 57
nguyén to chuyén tiép ( ké ca nguyén té 104 va 105).



6.2. Dic diém ciu tao nguyén tir cdc kim loai chuyén tiép day thir nhit

()

Nhu trén d3 néu cac kim loai chuyén tiép day tht nhat gdm cac nguyén to
tir 6 21 (Sc) dén 6 30 ( Zn) , nguyén tr cia cac nguyén t6 nay c6 mot s6 dic
diém nhu da néu & bang 30.

® V& cdu hinh electron, trir mot vai ngoai 1€, cac nguyén t6 con lai déu co
ciu hinh electron ngoai cung cua nguyén tir déu 1a 4s®, do do cac nguyén td nay
déu 1a kim loai,va chinh vi vay bién thién tinh chét cta cac nguyén t6 ho d theo
chiéu ting cua sd Z khong rd rét nhu trong cac nguyén t6 s va p.

(2) V& kich thudc nguyén tir ciia cac nguyén to chuyén tiép diy thir nhat
(va ca cac ddy khac) thi su bién ddi cua ban kinh nguyén tir va con khong don
gian nhu cac nguyén té khong chuyén tiép, nghia 1a khong bién doi mot chiéu
ma con bién ddi it hon so v&i cac nguyén tb

Bang 30 . Mot s6 dic diém nguyén tir ciia cac nguyén td chuyén tiép diy thu

nhat

Ngu | cau Nguyén | Bankinh |Théion [Poam | Thé

yén | hinh |t khéi | nguyéntar |hoatha  |dién (1)| tiéu

th electro (A) nhat (ev) chuian
Sc | 3d'4s® | 44,956 1.61 6,56 1,3 | -2,08
Ti | 3d4s* | 47,900 1,45 6,83 1,5 | -1,63
VvV | 3d%s* | 50,942 1,36 6,74 1,6 | -1,18
Cr | 3d%s* | 51,996 1,28 6,764 1,6 | -0,74
Mn | 3d°4s® | 54,938 1,31 7,432 1,5 | -1,18
Fe | 3d%s* | 55,847 1,27 7,90 1,8 | -0,44
Co | 3d'4s* | 58,933 1,25 7,86 1,8 | -0,277
Ni | 3d%s® | 58,700 1,24 7,633 1,8 | -0,25
Cu | 3d"s' | 63,546 1,28 7,724 1,9 | -0,337

(2) Céc tri S6 ban kinh nguyén tir da trinh bay & trén tng voi mang luoi
c6 s6 phoi tri 12 thong thudng nhat dbi voi kim loai ( ban kinh kim loai). Khi
chuyén sang cac sd phdi tri 8: 6: va 4 cac ban kinh nguyén tir giam xudng bang
cach nhén céc tri s0 d6 voi 0,97; 0,96; 0,88.

3 Thé tiéu chudn trinh bay trong bang (ing vGi qué trinh M?" + 2e Im—== M°; riéng trudng hop Sc va Cr (g
véi qua trinh M3 + 3¢ — M°.

khong chuyén tiép. Nguyén nhan 13 trong cac nguyén t6 chuyén tiép, electron



duoc thém dan vao céc obitan d, nhirng obitan nay chian manh dién tich hat nhan
bdi cac electron s 1am cho kich thudc ctua nguyén tir khong bién doi bao nhiéu.

(3) V& ndang leong ion héa ciing bién d6i it hon so véi cac nguyén tb
khong chuyén tiép, nguyén nhan ciing nhu trong truong hop trén, 1a khi s 16p
electron cua nguyén tir khong dbi, anh hudng cia sy ting dién tich duoc bu lai
bdi mirc do chin cua céc electron duge dién vao cac 16p trong.

(4) Mtic oxi héa ctia cac nguyén td nay duoc trinh bay ¢ hinh 47, trong d6
murc oxi hoa thuong gip nhat va quan trong nhat duoc ghi bang vong tron 16n.

Nhin chung , ta thdy mic oxi hoa cira cic nguyén té ndy thay doi trong
khoang tir +1 & Cu va +7 & Mn, trong d6 pho bién nhét ddi véi tat ca cac nguyén
td 1a mtrc +2 va +3, ngoai 1& khong c6 mic +2 & Sc va +3 & Zn. Mdi murc ox\i
hoa tng vdi mot c4u hinh electron nhét dinh chéng han véi crom c6 ciu hinh :

- 3d%4s! ttng v6i mifc oxi héa 0

- 3d* - +2
- 347 - +3
- 3d? - +4
- 3d! = +5
- 3d° - +6

e Tur cau hinh electron , chiing ta thdy rang nhiing nguyén t6 chuyén tiép
ma cac obitan chua hoac da Xép dt mot nira sb electron sé ¢ sb oxi hoda 1én nhat
trung véi sd thir tu cia nhém twong Gng ; con v6i nhitng nguyén té ma cac
obitan d gan duoc hoan chinh ( nghia 13 d3 xép qua

3B 48 58 6B 7B /_88_\ 1B 2B
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: : ® o . : : : : :
L SRR PR ® O o - . TEEEE TEETTEIRTTeS @ TTTET FrEpe
@ ¢ o O ¢ 0 O °*+» o
G B S S B Ai S BN Sl B Y
: : : : : : : : ® ;
0 +
Sc Ti \ Cr Mn Fe Co Ni Cu Zn

Hinh 47 . M{c oxi hda clia cac nguyén t8 chuyén tiép nhom thit nhat
( vong tron 18n 1a trang thai oxi hda thudng gap).

5 electron ) thi hau nhu khong c6 khuynh hudng tao nén hop chét ing voi
muc oxi hoa cao.

Chinh vi vay , ta hiéu duoc tai sao sit , coban, niken khong c6 muc oxi
hoa +8 , con Zn chi ¢ mirc o xi hoa duy nhat 1a +,.



® Miic oxi héa +2 thudng gip trong cac hop chat nhi t6 va thuong 1a hop
chat ion, chéng han cdc oxit MO déu c6 tinh bazo. Cac ion hidrat hoa
[M(H,0)]," déu duoc biét trong dung dich ciing nhu ¢ trang thai tinh thé ( trir
ion Ti*"). cac ion V**, Cr*", Fe*" d& bi oxi héa bai khong khi trong dung dich
axit. Mau sic cua cac con hidrat d6 dugc dua ra & bang 31 .

Co thé thu duogc cac ion hidrat hoa nay khi hoa tan kim loai, oxit, mudi
cacbonat.v.v..cia cac kim loai tuong tng trong axit cling nhu khi di¢n phan céc
mudi M

Nhitng mubi hidrat héa ma anion khong c6 kha nang tao phuc thi thuong
chtra cac ion [M(H,0)s]," . Chang han nhu

Cr(C10,),.6H,0 FeF, . 8H,0
Mn(ClO,),.6H,0 FeSO, . 7H,0

Khi thém kiém vao dung dich mudi M, " s& tao thanh hidroxit , ¢6 truong
hop c6 thé tao ra dang tinh thé nhu Fe(OH), Ni(OH), c6 cdu trac tinh thé dang
Mg(OH),.

Khi thém HCO;  sé tao ra két tia cacbonat ciia mangan, sat, coban, niken
va dong.

e Véi mic oxi hda +3 cling 1a mirc ddc trung cho cac nguyén t6 dang xét.
Riéng v6i Cu chi méi biét duwoc mét it hop chat ctia Cy(IIl) va thuong 13 khong
bén véi tac dung ctua nudc. Cac florua MF; , cac oxit M,0; thuong 1a hop Chét
ion , con cac hop chit khac nhu céc clorua, bromua, sunfua... ¢6 dic tinh cong
hoa tri dang ké.

Cac nguyén t6 tir Ti ¢én Co tao thanh ion hidrat hoa tam mat [M(H,0)s]*
, mau sic cua cac ion ndy dan ra ¢ bang 31 .

Trong dung dich nudc cac ion d6 dé bi thity phan , thi du:

[Ti(H,0)]** + HOH == [Ti(1,0); OH** + H,0"

Céc loai phen nhu Cs.Ti(SOy),.1,H,0, K.V(SO,), .1,H,O Ciing chtra cac
1on hexahidrat ctua cac kim loai do.

Bang 31. Thé tiéu chudn (V) va mau sic cia con hidrat héa [M(H,0)],"
va [M(H0)s]""



Nguyén t§ E° (V) E (V) ~ Mau clia Mau clia
M +le ===MZ?" | M*+3e == M° M(H,0)e* [M(H,0)e}**
Se - -2,08 - -
Ti -0,37 - - tim
\" - 0,255 - tim xanh
Cr -0,41 -0,74 xanh da troi tim
Mn +1,51 - ' héng nhat nau
Fe +0,77 -0,036 iuc nhat do nhat
Co +1,84 +0,33 héng xanh da troi
Ni - - luc -
Cut® - - xanh luc nhat -
Zn - - -

M CyY?* +1e == Cu* ,F°=+0,15V; Cu’ +1e =—= Cu® , E° =+0,52V.

6.3. Tinh chit Iy - héa hoc ciia cdc kim logi chuyén tiép day thir nhit

Tinh chat 1y - hoa hoc cu thé cua cac kim loai va cic hop chat cta chiing
dugc trinh bay cu thé trong cic chuong sau, ¢ day chi néu mot sd nhan xét
chung.

() Tat ca déu la nhirng kim loai , 6ng dnh, mot s6 c6 mau, nhu coban co
mau lam nhat, c’[éng c6 mau do nhat.

e Déu 14 nhitng chit ran c6 d6 climg cao (trir Cu); khdi luong riéng 16m;
dan dién dan nhiét tt; kho néng chay va kho bay hoi.

Mot sb tinh chat néu trén duoc trinh bay & cac bang 2; 3; 4; 5; 6 & chuong

(2) Trir Sé va Zn , cac nguyén to con lai déu da hoa tri, tao ra cac hop chat
déu co6 mau.

e Trir mangan va sat rat d& tham gia phan tng, cic kim loai con lai &
nhiét 46 phong it c6 kha ning phan tGng , déu bén véi sy dn mon. Khi d6t nong
déu phan ung véi oxi, halngen, luu huynh va céc phi kim khéc.

e béu phan trng manh véi cac dung dich axit nhu HF, HCI, HNOs, H,SO,
& Cac ndong d6 va nhiét d6 khac nhau. Cac phan tmg véi cac don chat va hop
chét dugc trinh bay cu thé trong cac chuong sau.

(3) Mot trong nhiing tinh chit quan trong ctia cac nguyén td chuyén tiép 1a
tinh thudn tir.

Nhu d3 biét, dua vao tac dung cua tu truong, cac chit duoc chia ra 1am
hai nhom 13 cac chdt thudn tir va cac chdt nghich tir (hay phan tir). Nhimg ion,
nguyén tir, hay phan tir bat ky c6 mot sd electron chua ghép d6i ( c6 s 1¢
electron) déu gay nén tinh thuan tir, vi it ra c6 mot electron trong sd do co tir
truong chua khép kin , bat ky vat liéu ndo co chira cac tiéu phan d6 déu bi tir



truong hat. Nguoc lai, cac chat khong co electron doc than ( tic ¢6 sd chan
electron ) - trir mot s6 ngoai 16 - déu 1 chét nghich tu.

e Viéc nghién ctru tir tinh cla cac chat 13 phuong phap hiéu nghiém dé
phat hién sb electron khong ghép ddi trong cac nguyén té héa hoc va trong cac
hop chét cia chung. Pon vi dung dé nghién ctru tir tinh cta nguyén tir, ton va
phan tir 1a manheton Bom (u8 ) va gia st mémen tir hoan toan gay ra bdi n
electron khong ghép do6i cua nguyén tir hay ion s€ dugc tinh theo phuong trinh:

p=2Jss+1 (1)

( trong d6 S 13 sém tdng cong cua tat ca cac electron khong ghép doi).

Moémen tir cia nguyén tir va ion ¢6 tir mot dén nim electron khong ghép
doi tinh theo phuong trinh ( 1 ) dugc néu ¢ bang 32 .

Pé minh hoa chung ta ldy din ching CUSO,.5H,0 Va MnSO4.4H,0 dé
lam dan chung.

Tt thuc nghiém , momen tir do dugc cua CUSO4.5H,0 1a 1,95 pp gﬁn voil
tri s6 1y thuyét (1,73ps); va ctia MnSO,4.4H,0 1a 5,86 pg Ciing gan tuong tmg véi
tri s0 1y thuyét (5,92 pg ). Tir nhitng két qua d6 , c¢6 thé két luan rang trong phan
tr CuSO4.5H,0 C6 Chtra ion Cu," tmg voi cdu hinh [Ar].3d’° voi mét electron
khong ghép doi.

Bang 32. Momen tir ciia nguyén tur va ion tinh theo phuong trinh(1)

sO etectron khong ghép 1 2 3 4 5
S 1/2 1 3/2 2 5/2
Momen tir (i, 1 ) 1.73 2.83 3.87 4.90 5.92

Ciing tuwong tu , trong phan tir MnSO,.4H,0 C6 mit ciia ion Mn, " tmg véi
cau hinh [Ar].3d’ véi 5 electron ddc than.

e Trén hinh 48 so sanh gid tri momen tir tinh theo 1y thuyét (duong nét
lién) va gid trj thuc nghiém (cac chAm den) ddi voi cac con kim loai chuyén tiép
day thu nhat. Su chénh 1éch gilra tri s6 thuc nghi¢m va tri sb ly thuyét nhu da
néu trong hinh 48, di duoc giai thich bang cach cho ring c6 1& 1a do anh hudng
clia cac momen tir gdy ra boi sy chuyén dong obitan cua electron.
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Hinh 48. Momen tir clia cac ion kim loai chuyén tiép day thir nhat..

e Noi tom lai, nguyén tir va ion cic nguyén té ho d déu co tinh thuan tir
va dic biét ba nguyén t6 Fe, Co, Ni va hop chét cua ching - & ngay nhiét do
thuong - lai co tinh thuan tur dac bi¢t manh, nén dugc goi la cac chdt sdat tir. Tinh
chat nay gy ra do cac nguyén tir hay ton thuan tir & rat gan nhau, xuat hién tac
dung hop luc véi nhau lam cho tinh thuén tir tré nén rat manh. Khong nhiing bi
nam cham hat , ma cac chat sat tir dudi tac dung ctia dong dién - lai tr& thanh
nam cham.

Nhiing chat cé tinh sat tir khong nhiéu lim ma lai con phu thudc vao nhiét
d6 , chang han Gd c6 tinh sét tir dudi 16°C ; con Fe (760°C) , Co (1075°C), Ni
(362°C) , trén nhiét d6 do6 - tinh sat tir s& mat.

6.4. Nhin xét chung cdc nguyén t6 day chuyén tiép thir hai va thir ba
Diy chuyén tiép tht hai va thi ba gdm nhimg nguyén té thudc chu ky 5
va 6 tuong tng. Cac nguyén t6 nay c6 mot sd dic diém khac véi cac nguyén to
day chuyén tiép thi nhat ( bang 33).
Bang 33. Mot s6 dic diém nguyén tir ciia cic nguyén to chuyén tiép day 2
va 3



Nguyén t6 Cau hinh Nguyén tir khoi o Nang lugng ion | Do am dién®@
electron Ban kinh nguyén t&" (A) [ héa 1 (eV)

Y 4d'5s? 88,905 1,81 6,38 1,2
Zr 4d%s? 91,220 1,60 6,835 1.4
Nb 4d*5st 92,906 1.47 6,88 1,6
Mo 4d°5s’ 95,94 1,40 7,131 1.8
Te 4d%5s? (99) (1,36) 723 1,9
Ru 4d75s! 101,07 1,32 7,36 2,2
Rh 4d85s’ 102,905 1,34 7,46 2,2
Pd 4d1%5s° 106,4 1,37 8,33 22
Ag 4d'%s! 107,870 1,44 7,574 1.9
Cd 4d'%5s? 112,4 1,49 8,998 , 1,7
La 5d'6s2 138,91 1,86 5,614 1.1
Hf 5d26s? 178,49 1,59 5,5 1,3
Ta 5d% s? 180,948 1,46 7.7 1,6
W 5d*6s? 183,85 1,41 7,98 1,7
Re 5d56s? 186,2 1,37 7,87 1.9
Os 5d%s? 190,2 1,34 8,7 2,2
Ir 5d76s? 1922 - 1,356 9,2 2,2
Pt 5d% s? 195,09 1,38 8,96 2,2
Au 5d'"6s 196,967 1,44 9,223 24
Hg 5d'°6 s? 200,59 1,55 10,434 1.9

" Ung véi mang Iudi ¢ s6 phdi tri 12.
@ Pd am dién theo Pauling. :

(1) Bdn kinh ctia cac kim loai déu 16n hon so voi ban kinh nguyén tir cia
cac kim loai ddy chuyén tiép thir nhat. Tuy nhién, ban kinh ctia cac nguyén tb
day thtr ba khac nhau khong nhiéu so voi ban kinh ctia cac nguyén té diy thir hai
cung nhém, mic du sb 16p electron ting 1én , diéu d6 da duoc giai thich 1a do
hién tugng co lantanit.

(2) Khac véi cac nguyén to diy mot khong tao ra mirc oxi héa +8; con cac
nguyén t6 chuyén tiép day 2 va diy 3 c6 sé oxi héa thay d6i tir +1 dén +8 nhu da
néu trong hinh 49.
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Hinh 49 . Mirc oxi héa clia cac nguyén t3 chuyén tiép thir hai va thir ba
( vong tron 16n hon ia mic oxi hda thudng gip).

Céc hop chat ing vai bac oxi héa cao lai bén hon nhiéu so véi ddy chuyén
tiép thir nhat.

Chéng han, W, Re, Ru, Pt c6 kha nang tao ra cac hop chit nhu WClg ,
ReF, RuOy, PtFg; trong khi d6 nhimng hop chat tuong tu khong hinh thanh & cac
nguyén t6 chuyén tiép diy thir nhat.

(3) Péu 1a nhitng chit ran c6 nhiét d6 néng chay cao, nhat 1a W (7}, =
3410°C ) va Re (T, = 3170°C ) . Mot s6 tinh chat khac nhu d6 cing, khéi luong
riéng, nhiét dd nong chdy, nhiét do soi, 46 dan dién dan nhiét di duoc trinh bay
0 chuong 1 ( cac bang 3; 4; 5; 6).

(4) So sanh thé ion hoa va d6 am dién cho ta thay tinh khtr cua cac kim
loai thudc hai day nay thay d6i khong nhiéu so véi cac nguyén td chuyén tiép
day thir nhat trong cling nhém.

(5) Pic biét cac nguyén tb thudc diy hai va diy ba tao ra claste nhiéu hon

s0 v4i cac nguyén to ddy thr nhat .



Claste la hop chdt ma trong dé cé ton tai lién két héa hoc gika cdc
nguyén tir ciia cde nguyén té chuyén tiép ho d. Vi du hop chét cacbonyl hai nhan
dang claste cua mangan [Mn(CO)s],:

o CcO CcO o
C i li =
N Ml l /CO a6 dai lién kétMn_ =293 A
oCc — Mn Mn — CO
/ | | AN
ocC CcO
cO CcO

Trong cacbonyl hai nhan trén c6 lién két o tao ra tryc tiép giita , nguyén
tir Mn do hai electron chua ghép d6i cua hai nguyén tir mangan:

obitan 3d 4s 4p
nguyén tir Mn NIVt 1
3 /\ / /
A4
Hinh thanh lign két n,’ Hinh thanh lién két o véi cac cip
vdi obitan phan ti clia CO electron clia CO.

“"Hinh thanh lién k&t
o Mn - Mn

e Nguoi ta da biét dugc kha nhiéu claste va chia ra lam hai nhom :
a) Cac halogenua thip va mot sd oxit.
b) Cac cacbonyl da nhan
(6) Nhom thtr nhat chil yéu tao ra boi cac kim loai Tc va Re , Mo va W,

Nb va Ta. Nhirng claste hai nhan da dugc nghién ctru k¥ 1a Mo,Cly* , W,Cly™
cling nhu Re,Cls”. Dy kién thuc nghiém ciing di thiét 1ap dugc rang trong ton
Re,CI> (hinh 50) c6 d6 dai lién két Re-Re 12 2,24 A bé hon 0,5 A so véi lién két
Re - Re trong tinh thé kim loai mang luc phuong ( ban kinh kim loai ctia Re
bang 1,37 A). Khoang cach ngan hon d6 di dugc giai thich 1a do sy tao thanh
lién két bn Re - Re trong d6 c6 mot lién két o, 2 lién két = va mot lién két § .

e (Claste ba nhan nhu polime ReCl, gé)m cac méanh Re;Cl,” nhu di néu
trong hinh 51 .Trong hop chét niy c6 khoang cach d ( Re Re ) = 243 - 250 A bé
hon khoang cach giira hai nguyén tir Re trong cau tric tinh thé mang luc phuong
cuareni 1a 0,3-0,25 A..



T

ore (O ) Cl Idm céu ndi
@ Re
O«
Hinh 50. C4u tric cla Re,Clg> Hinh 51. Cau trdc clia Re;Cl,*
trong K;Re,Clg . 2H,0. trong Cs;Re;Cly,

e Mot vi du vé claste tdm mit 14 MoCl, mau vang. Nhiing dir kién phan
tich Ronghen cho thdy MoCl, tmg véi cong thirc [MogCls]Cl, . Trong ion phirc
Mo,Os"" cac nguyén tir clo nam & goc cia hinh 1ap phuong , con cac nguyén tir
molipden chiém tdm & mit cta hinh 1ap phuong (hinh 52).

A

—_

Hinh 5§2. C&u truc claste dang MgX; Hinh 53. C4u tric claste dang MgX,,
(ion MogOg**) (ion MogCly,2")

Trong trudng hop ndy, cic manh claste M¢Xg déu kha bén khong bi bién
d6i khi chuyén thanh hop chat khac, chang han khi cho MoCl, tic dung véi
kiém tao ra mudi bazo [MoeCls](OH),, hop chat nay khi tac dung véi axit lai tao
ra 1on [Mo¢Clg ]4+ )

e Claste da nhan khac c6 dang M¢X;, trong phan tir [NbX;,]Cl,.7H,0 va
[Pt¢X,]PtCl, nhu da minh hoa & hinh 53.

(7) Nhom claste thir hai chu yéu tao ra bdi cac kim loai Mn, Tc, Re, Co,
Rh... Noi chung, cac nguyén td ho d c¢6 s6 16 electron hoa tri déu c6 kha ning tao
ra cac hop chat cacbonyl hai nhan dang claste nhu [Tc(CO)5],, [Re(CO)s], ,
[Co(CO)4]z , [RR(CO)4s...

Trong phan tir nhitng cacbonyl nay déu ton tai lién két o tao ra giita hai
nguyén tr M-M do electron chua ghép doi cua hai nguyén tir kim loai nhu da
néu & truong hop [Mn(CO)s],, Nhitng claste ndy déu 1a chat két tinh, d& tan
trong dung moi hiru co va cuc ky doc .



Nhitng cacbonyl d6 duoc dung dé didu ché kim loai tinh khiét bang
phuong phap nhiét phin; ngoai ra con dung 1am chét xdc tac trong cac qué trinh
tong hop hitu co ...

e Ngoai nhitng cacbonyl hai nhan néu trén, mot s6 kim loai chuyén tiép
ho d con tao ra nhiing cacbonyl di nhan va da nhan khac, chéng han nhu
MnRe(CO)yy :

Cco Cco

0oC | | o

OC —Mn — Re — CO

o({ I I \CO
Cco Cco

Céac cacbonyl da nhan khac nhu Fe;(CO), 1a tinh thé mau vang, diém
nong chay 1a 100°C; Fe3(CO)y, 1a tinh thé mau xanh den, néng chay ¢ 140 -
150°C ; Rhy(CO);, 1a Chét ran mau d6 nau néng chay & 150°C.

e Phuong phap chung dé diéu ché cacbonyl 1a khir hop chét kim loai véi
su ¢ mit cia CO, théng thudng can ap suat cao( 200-300atm );trong nhiéu
truong hop CO ciing dong vai tro 1a chat khir ; vi du :

p cao

Re,0, + 17CO == Re,CO),, + 7CO,

nhung thudong c6 mot chét khir nao d6 nhu hidro hodc kim loai nhu natri , nhom,
magie:
2CoCO, + 2H, + 8CO 20 Ruim Co,(CO); + 2H,0 + 2CO,
120-150°C

(8) Mot trong nhiing tinh chét dic trung cua kim loai ho d 1a kha nang tao
phtic voi cac phdi tir trung hoa nhu cacbon oxit ( d4 néu trén ) , photphin, asin,
stibin, nho oxit, va cad nho phan tir (N,)

e Chat dau tién cta phirc chit nao phén tir 1a [Ru(NH;)5N,]Cl,. Sy tao
thanh phtic chat chtra nito phan tir dong vai trd quan trong trong qué trinh cd
dinh nito khi quyén trong cac cdy ho dau , cling nhu trong qua trinh xuc tac tong
hop amoniac.

(9) Cac kim loai ho d tao phirc v&i nhiéu phdi tir 12 hop chat hitu co ,
trong d6 ¢ ca cac phan tr hitu co mach vong , thi du hop chét dibenzocrom
Cr(CeHg)s ( T, = 284°C ) va hop chit feroxen Fe(CsHs), ( T, = 173°C ). Ca hai
déu 1a chét tinh thé bén, déu c6 tinh nghich tir; dibenzocrom c6 mau nau tdi, con
feroxen c6 mau da cam.

Phuong phap Ronghen di cho thdy rang trong cic phan tir d6 nguyén tu
kim loai nam kep gitta hai mat phang song song ctia hai phan tir hitu co mach



vong ( hinh 54). Nhitng phén tir ¢6 cau trac nhu vay goi 1a cdu triic banh kep
hay 1a hop chdt kiéu xan uych.

e Lién két hoa hoc trong phan tir dibenzocrom tao ra theo co ché cho -
nhéan do 18 electron (6 electron ciia nguyén tir Cr va 1, electron n cua hai phan
tr C¢Hg) vo1 cac obitan tuy do ciia nguyén tor crom va hai phan tir benzen; 18
electron nay ¢ trong trudng ctia muoi ba tam ( moét nguyén tir Cr va 1, nguyén tir
C cua hai vong benzen).

Hinh 54 . C4u tric dibenzocrom Cr(C¢He), (a) va ciia feroxen Fe(CsHs), (b).

Phan tr feroxen ciing c¢6 18 electron ( 8 electron ciia nguyén tir Fe va 10
electron pi tir hai phan tir CsH;s ) chuyén dong trong truong 11 tim ( mot nguyén
tor Fe va 10 nguyén tir C ¢ hai vong CsHs )

o At e
R

di:(dy .0  dy )
dyl dzz, dxz__yz

obitan 3d, 3d, ds 4p

nguyéntitcrom | 1 [ TN | T

\ \ /
4)) (X)

(1) Dt vao cic obitan  tu do ciia CgH .

(2) Két hgp véi cic electron n ciia cap CiH .




CHUONG 7
CAC NGUYEN TO NHOM IB ( DPONG - BAC - VANG )

7.1. Nhin xét chung vé cdc nguyén té nhém IB

(1) Cu (Cuprum), Ag(Argentum) va Au(Aurum) 1 cac nguyén t6 gan cudi
cung thudc ho d trong cc chu ky 4; 5; 6 thudc bang tuan hoan.

e Ca ba kim loai déu 13 nhitng nguyén t6 da biét tir thoi ky cb dai , trong
d6 vang 1a mot nguyén t6 hiém, theo quan niém cua cac nha gia kim thuat thi
vang 1a " vua kim loai " do vé bé ngoai gdy 4n tuwong ludn ludn sang choéi, bén
v6i da s6 cac chat phan Gng.

e Nguyén tir khdi , s6 thir tu va sy phan b electron nhu sau :

Nguyén | Ki SOT |Ngyén t Phén bo electron Hoa tri
6 higu | T |khéi
bong | Cu 29 | 63,546 2 8 | 18] 1 I, I, IIT
Bac Ag 47 | 107,868 2 8 | 18| 18| 1 I, IL. IIT
Vang | Au 79 | 196,966 2 8 | 18| 32| 18| 2 I, IIT

(2) Vé cau tric electron ¢ trang thai co ban , thi dang 1& ciu trac ¢ hai 16p
ngodi cing ctia ba nguyén t6 nay phai 1a (n - 1)d’ns’ (n 12 sb tha tu chu ky tuong
tmg), nhung & 16p (n - 1)d d3 gan hoan thanh , nén viéc chuyén mét electron &
phan 16p ns’ sang phan 16p (n - 1)d s€ thuan lgi hon vé mit nang lugng, do do
ciu tric cac 19p electron ngoai cung ctia ba nguyén té Cu, Ag, Au sé 1a (n -
1)d'’ns' .

(3) Nhu vay, ca ba nguyén td ndy déu c6 mot electron & 16p ngoai ciing
tuong ty nhu cac kim loai kiém; nhung & 16p thir hai tir ngoai vao (16p n - 1) lai
co 18 electron , con cac kim loai kiém chi co 8 electron (trir Li). Chinh diéu do
dd gy ra su khac nhau vé kich thuéc nguyén tir , dan dén su khac nhau vé tinh
chét cua cac nguyén td cta hai phan nhom. Bang 34 so sanh sy khac nhau vé
ban kinh nguyén tir, thé ion hoa va ai luc electron cua ching.

(4) Tir bang 34 , ta thdy thé ion hoa giam tir Cu dén Ag sau d6 lai ting 1én
dén Au ; con &i luc electron lai tang to Cu dén Ag sau do6 lai giam dén Au.

So voi cac kim loai kiém, ban kinh nguyén tir cia Cu, Ag, Au bé hon cac
kim loai kiém

Bang 34 . Ban kinh nguyén tr . thé ion hoa va 4i luc electron ctia Cu. Ag. Au



Nguyén| Bankinh | Thé | Ailuc | Nguyén | Bankinh| Thé | Ailuc
t6 nguyén tir| ion |electro t6 nguyeén ion | electron
(A) héa I, | n (ev) tir (A) héal, | (ev)
Cu 1,28 | 7,724 2,4 K 2,36 4,339 082
Ag 1,44 | 7,574 2,5 Rb 2,53 4,176 -
Au 1,44 | 9,224 2,1 Cs 2,74 3,893 -

cung chu ky, nén thé ion hoa cua Cu, Ag, Au cao hon, ddng thoi 4i luc electron
cling cao hon nhiéu so véi kim loai kiém va 16n hon ca oxi (1.465 ev), luu
huynh (2,07 eV), nito (0,05ev), photpho( 0,77 eV). Vi vay, Cu, Ag, Au kho bi
oxi héa so véi cac kim loai kiém. va con cua chiing dé bi khir hon céc con kim
loai kiém.

(5) Do ¢6 mét electron ns' & 10p ngoai ciing nén c6 kha nang hinh thanh
phan tir hai nguyén tir nhu cac kim loai kiém( Cu,, Ag,, Au,). Nang luong phan
ly cia Cu Ag, Au, 1a 174,3 ; 157,5; 210 kj/mol; (ctua K,, Rb,, Cs,, vao khoang
40 kJ/mol). Nang lugng phan ly twong ddi 16n so véi phan tir M, cta cac kim
loai kiém cung chu ky, do d6 phéan t&r Cu,, Ag,, Au, bén hon kim loai kiém, 13
do c6 tao ra hai lién két n bd sung dugc hinh thanh do co ché " cho " giy nén
(cac cap electron d tu do va cac obitan d con trong) .

(6) V&i Cu va Au thi mic du phan 16p d da duoc dién ddy du , nhung cau
tric chua phai di hoan toan bén vimg, do d6 nguyén tir ¢ thé bi kich thich
chuyén thanh trang thai (n-1)d’4s'p', két qua tao ra ba electron khong cip doi va
nhu vay c6 mot hodc hai electron d tham gia vao qua trinh hinh thanh lién két :

NN NN N 0

(n-1)d" ns' np
(R 0 0

(n-1)d ns'

o

N

Il])l

Do d6 cac nguyén té phan nhom dong tng véi cac muc oxi hoa +1, +2,
+3. V6i Au thi trang thai oxi hoa +3 1 dic trung, & day ca hai electron déu tham
gia vao qua trinh hinh thanh lién két. V&i Cu thi trang thai ddc trung 1a +2 , con
v6i Ag 1a +1. Tinh bén vimng cua trang thai +1 & Ag 1a do cau hinh 4d"° ¢6 tinh
bén virng tuong ddi, vi rang ciu hinh d6 da duoc hinh thanh tir nguyén t6 dimg
trude bac 1a paladi (Pa) : 4s'° 5s°.

Ciing tir cdu trac d6 ching ta hiéu duoc tai sao nang luong ion hoa cia Ag
lai bé hon cua Cu.

(7) Tur so @6 vé thé dién cuc dudi day chung ta c6 thé so sinh muic do oxi



hoa - khir ctia cac hgp chat ung véi céac trang thai oxi hoa cua ching trong moi
truong axit:

+2 1 0
g 01 L 0
0,340
+3 +2 +1 0
1,670
1,980 0,799
Ag0, 1,360 Ag? 9 .
1,722 F
|
AgO Ag,0
1,569 1,398 1,173

+3 +1 0

Au 3+ 1,36 Aut 1,83 Au
' 1.52

(8) Vé cau tao tinh thé , ca ba kim loai déu két tinh theo mang 1ap phuong
tam dién.

~ -l ///,
o = <1
A= i B /
Cu: a=36147A = . "
SJ7 \
o A %
Ag: a=4,0861A =t 3
3 TR AN
Au: a=4,0786 A T s T
!, —= .
l.—_ a —

Hinh 55. Cau tric mang tinh thé cda Cu, Ag, Au.

7.2. Trang thdi thién nhién va thanh phan cdc dong vi
(1) su phan bd cac kim loai nhom IB trong vo qua dat ( Gng voi thanh
phan thach quyén) nhu sau :

% s nguyén tir % khoi luong
Cu 3.6.10” 1.10~
Ag 1.6.10°° 1.107
Au 5.0.10° 5.107

e Trong vo qua dat ngudi ta gip dong chu yéu ¢ dang hop chét sunfua 1an




voi cac kim loai khac. Quan trong 1a quang cancopirit CuFeS, cancozin Cu,S ,
quang cuprit Cu,O, malachit Cu,(OH),COs , tenorit cao.

e Vi bac , thuong gip & dang khoang chét acgentit Ag,S hdn hop véi
quang sunfua chi. Ngoai ra con c6 trong cac loai quang nhu naumanit Ag,Se;
prustit Ag;AsS;

e Véi vang, thuong gip & dang khoang chét calaverit AuTe, ; sinvanit
AgAuTe, hodc petxit Ag;AuTe,.

(2) Tuy nhién, dang thong thuong hon gip trong thién nhién la vang tu
do, nam rai rac trong cdc nham thach , trong cat. Ciing giéng nhu vang, trong
thién nhién , nguoi ta ciing gap dong va bac & trang thai tu do.

(3) Trong nuéc cua dai dwong (tinh trong mot lit nude bién) c6 3.107° mg
dong & dang Cu®" ; 3.10" mg bac ¢ dang AgCl," , AgCly™ ; 4.10° mg vang ¢
dang AuCl,"

(4) Trong chét séng gébm dong vat va thuc vat (tinh theo phan % khdi
lwong) thi ¢6 2.10™* % dong . Pong 13 mot trong nhitng nguyén to rat dic biét vé
mat sinh vét hoc . Nhiéu loai cay néu duoc bon thém mot luong thich nghi céc
hop chét ctia dong thi nang sut thu hoach thudng ting 1én; trong sé cac dong
vat thi mot s6 loai nhuy@én thé nhu hau , bach tudc cd chira nhiéu déng nhat. Co
thé nguoi va cac dong vat khac , dong chi yéu tap trung & gan. Mdi ngdy co thé
nguoi can khoang 5 mg dong, néu sinh vat bi thiéu dong, thi qué trinh tai tao
hemoglobin s& giam, gy ra bénh thiéu mau. Trong céc loai thirc an thi sita co
chtra nhiéu déng.

(5) Viéc xac dinh ham luong cac nguyén t6 hiém trong cac miu da Mt
Trang ( do cac tau Apollo - 11, - 12 va Luna - 6 dua vé Qua D4t ) trong ba ving
khac nhau , ngudi ta da thdy ¢ Mat Tring cac nguyén té dong , bac , vang co
ham lugng nhu sau:

Nguyén t6 | Ham luong trung binh( sé gam /1 g mau d4 )
Apollo-11 Apollo - 12 Luna-6
Cu 1.1.107 - 3,7.107
Ag 8.107 5.10” 2,8.107
Au 4.10™" 2.10” 2,8.107

(6) Cu co 11 ddng vi tir **CU dén **CU, trong d6 c6 hai ddng vi thién
nhién 1a ®Cu ( Chiém 69, 1 %) va ©Cu (Chiém 30,9%) con lai 1a déng vi phong
xa. Trong s6 cac dong vi phong xa, co hai déng vi bén hon ca 13 *’Cu ( Chu ky



ban huy 12 2,2 1 ngdy - dém) va °4Cu (Chu ky ban huy 1a 0 541 ngay - dém ) ,
con dong vi kém bén nhét 1 **Cu ( Chu ky ban huy 1a 3 gidy).

® Ag co 19 dong vi , trong d6 c6 hai dong vi thién nhién 14 '’Ag ( chiém
51,35%) va '"Ag ( chiém 48,65% ), con lai 1 cac ddng vi phong xa tir Ag
dén '"Ag, trong d6 dong vi phong xa bén nhat ''’Ag ( chu ky ban huy 1a 270
ngay - dém ).

e Au co rt nhiéu dong vi tir '"Au dén **Au nhung trong d6 chi c6 mot
d6ng vi thién nhién 1a "’Au ( chiém 100% ).

7.3. Didu ché Cu, Ag, Au

( 1) DPéng dugc san xuat chi yéu tir quing cancopirit CuFeS, bang
phuong phéap nhiét luyén. Trudc hét nguoi ta nung quing trong khong khi dé
tach bt luu huynh ra khoi quing. O giai doan nay mot phan st da chuyén thanh
FeO va mot phan 16n Iuu huynh da chuyén thanh SO,.

e Quang sau khi da nung , dugc tron véi SiO, va than cde 1oi tiép tuc
dugc ndu nong chay . Phan tap chit va mot phan st dd chuyén thanh FeSanh
FeSiO; & dang xi ; con lai 12 hdn hop cac sunfua trong d6 c6 chira Cu v6i ham
luong 16n ¢ dang Cu,S.FeS va cac nguyén t6 khac nhu Au, Ag, Ni, Se, Te... O
trang thai nong chay . Thoi khong khi qua trang thai nong chay nay tiép tuc
chuyén luu huynh thanh SO,, sat chuyén vao xi, con lai 1a Cu:

o

2(Cu,FeS) + 30, + 2510, = 4Cu + 2FeSiO; + 250, 1
san pham thu duoc chtra khoang 95 - 98 % Cu.

e Tir loai dong thu duoc & trén , tiép tuc tinh ché bang phuong phap nhiét
hodc phuong phap dién phan cé thé thu dugc loai dong c6 ham lugng 99,7% Cu.
San pham phu thu dugc 1a SO,

e Néu luyén Cu tir quing oxit hay quing cacbonat ngudi ta ding phuong
phap khir bang than .

e Ngoai phuong phap luyén Cu & nhiét d§ cao , nguoi ta con dung
phuong phap thily luyén bang cach ché héa quing dong trong cac chat 1ong khac
nhau ( thuong 1a H,SO, loang, dung dich amoniac ...). tr dung dich thu dugc ,
nguoi ta tich Cu bang sit hoic bang phuong phéap dién phan .

(2) Phan 16n lugng Ag khai thac duoc ( khoang 80% ) déu dugc luyén tir
quang da kim nhu quang acgentit 1a quang Ag,S Va PbS . sau khi khir quang ,
kim loai thu dugc & dang néng chay chita Ag, Pb va Zn, tir ¢y bang phuong
phap chung cat thu dugc Ag.

(3) Pé tach vang ty sinh c6 trong bdt quing ngudi ta d dung cac phuong



phap dai (rira quing bang nudc ) , hoa tan vang trong thuy ngan long ( phirong
phdp thity ngdn ) tao ra hdn héng Au - Hg , sau d6 cho hdn héng thing hoa ,
thily ngan bay hot, con lai Au.

e Phuong phap t6t nhat dé tach vang ra khoi quing 1a phuwong phdp
xianua. Ban chat cua phuong phap nay 1 hoa tan vang c6 trong bot quing bang
dung dich NaCN lodng (0,03 - 0,2%), dong thoi cho khong khi 16i qua, Au
chuyén véo phtic chit :

4 Au + O, + 8NaCN + 2H,0 = 4 Na[ Au(CN),] + 4NaOH
sau d6 cho dung dich phirc chat tac dung v&i Zn, Au duoc tach ra :
2 Na[ Au(CN),] + Zn =Na,[Zn(CN),] + 2 Au

7.4 . Tinh chit Iy hoc ciia Cu, Ag , Au va itng dung
(1) & trang thai don chat , Cu tim c6 mau d6 , Cu vun c6 mau do gach ; Ag
tdm c6 mau tring nhung Ag vun c6 mau xam; con Au trong anh sang phan chiéu
c6 mau vang , nhung trong dnh sdng xuyén qua ( céc la vang mong) c6 mau
xanh luc.
Bang 35 1a mot s6 hang sb 1y hoc quan trong cta chung.

Bang 35 . Hang s 1y hoc quan trong ctia Cu. Ag. Au

Tinh chat Cu Ag Au
Khéi luong riéng ( g/ cm’ ) 8.93 10,49 19,30
Nhiét d6 nong chay ( 7). , °C) 1083 961 1063
Nhiét d6 S6i ( T, °C) 2600 2210 2970
D0 cing ( so vo1 dO cling cua 3 2,7 2,5
kim cuong = 10)

D¢ dan dién (so véi Hg=1) 57 59 40
D6 dan nhiét (so véi Hg=1) 46 49 35

(2) Ca ba kim loai déu co khéi luong riéng kha 16n ; déu co6 nhiét 6 nong
chdy T,. va nhiét do soi Ty cao.

(3) Po cling twong ddi thap, vi vay dé dat mong va dé kéo dai thanh soi;
lo Au c6 thé kéo thanh soi dai 3 km, va c6 thé dat mong thanh 14 vang c6 chiéu
day 1.10™ mm.

(4) Ca ba kim loai déu dan dién va dan nhiét tot, dic biét 1a Ag, Au c6 kha
nang din dién 16n nhat . Pong tinh khiét c6 d6 dan dién cao, nhung d6 din dién
ciia dong giam xudng rat manh khi c6 cac tap chat ; tuy thudc vao ban chét va



luong cua tap chat ma d6 dan dién cta dong thay doi. Vi du c6 khoang 0,03%
mdi tap chit sau day thi ¢ dan dién twong d6i so véi Cu nguyén chat 1a:
Tapchit Al Fe Sn Zn Pb
Do din dién : 88% 96,4% 98% 99,2% 99,7%
Ngay nay , nguoi ta da diéu ché duoc nhing vat liéu c6 d6 dan dién cao
chira Cu nhu YBa,Cu;0; ( Siéu dan ); YBa,Cu;0¢ ( ban dan ).
(5) Cu, Ag, Au dé& tao hop kim véi nhau va véi nhiéu kim loai khac. Duéi
day 13 thanh phan gan ding ciia mot s6 hop kim thudng gip ma Cu 1a kim loai
chinh (%) :

Tén hop kim |Cu Sn Zn Mn Ni Al Fe
Bronzo 80-90 5-10| 2-10

Pong thau 70-80 30-

Pong den 90 20 10

Mayso 80 20

Thanh - dong

(hop kim 67 33

speculum) 1

Hop kim 50 5 40
Devarda 59 40

Constantan 55 41 4
Hop kim Denta

(6) Trong thyc té, Cu duoc dung trong hai nganh chi yéu 1a k¥ thuat dién
va luyén kim.

Trong k¥ thuat dién , dong dung dé ché tao day dan ( & dang tinh khiét).
Trong luyén kim dung dé ché tao cac hop kim véi ung dung khac nhau. Vi du
ddng thau dung trong nganh ché tao dong co, vi c6 do déo cao lai bén hon dong.

e Hop kim thanh - dong bén hon Cu nguyén chét va déng thau lai d& an
khuén nén dung dé duc trong cong nghé ché tao may.

e Hop kim Devarda dung 1am chat khir c6 thé giai phong hidro ra khoi
nudce ngay khi ngudi.

e Hop kim constantan c6 dién tr¢ cao, dugc dung dé ché tao cac dung cu
dbt nong.

(7) Bac dung chu yéu dé trang guong soi, do dung trong gia dinh. Dung
dé duc tién ( tién bac 13 hop kim c¢6 khoang 50% bac , 40% Cu, 5% Ni, 5%zn);



dung lam dd trang strc (hop kim voi 7,5% Cu); mét s6 hop chit cia bac dung
trong cong nghiép anh va trong y khoa , chang han AgNO; dung chita bénh co
that , viém hong ... 1am thudc tra mat ... Ion Ag' c6 tinh tiét tring rat manh .
Nudc dé trong cac binh bing bac c6 thé dé hang thang ma khong théi, do c6
mot luong rat nho ion Ag’ chuyén tir thanh binh vao dung dich du dé tiét trung.

(8) Vang duoc dung 1am db trang sttc , dung ma 1én cac kim loai khac . La
kim loai chii yéu dé dam béo cho viéc luu thong tién gidy. Tién vang 13 hop kim
chtta 90% Au va 10% Cu. Hé tién té Viét Nam trong cac thé ky trude 1a tién
ddng, chu yéu 1a hop kim ctua Cu va Zn; co loai pha thém vang; c6 loai pha
thém sit nhu tién & thdi Vuong triéu Mac.

(9) Tt ca cac hop chat tan ctua Cu, Ag, Au déu doc !

7.5. Tinh chit héa hoc ciia Cu, Ag, Au

Hoat tinh hoa hoc ciia nguyén t6 ndy twong ddi nho va giam nhanh theo
chiéu tir Cu dén Au.

(1) Ca ba kim loai déu khong phan tmg v6i H, ngay & ca nhiét do cao, tuy
nhién khi H2 c¢6 kha ning hoa tan trong Cu, Ag nong chay ¢ 4p suit cao; riéng
hidro phan tir khong tan trong vang.

e Hidro nguyén tir tic dung voi Ag tao ra AgH (bén ) va voi Au tao thanh

kém bén hon.

(2) Véi oxi , chi ¢6 Cu la phan ung truc tiép . Khi nung trong diéu kién
thiéu khong khi tao ra Cu,O mau dé gach ; néu du khong khi tao ra CuO mau
den.

4Cu + 0, = 2Cu,0

2Cu + O, E_i 2Cu0O

e Ag va Au khong phan ng truc tiép v6i o xi, nhung & nhiét d6 cao, dic
bi¢t & trang thai ndng chdy , cac kim loai do hép thu o xi vo1 lugng kha 16m , vi
du ¢ 960°C bac néng chay hap thu dén 20 thé tich O,.

e Trong khong khi Ag va Au khong bi bién ddi; trong khong khi kho Cu
cling khong bi bién d6i, nhung trong khong khi am c6 chira khi CO, thi Cu bj
bao phu mot 16p mong mau xanh cia mudi cacbonat bazo Cu,(OH),CO:s.

(3) Cu va Ag déu phan tng truc tiép v6i luu huynh . Khi nung hdn hop
bot min Cu va S (ca khi nén & ap suit cao) tao ra Cu,S, dong thoi ciing tao ra
CusS:



2Cu + S 580 y,8

Cu+ S 5% (ys,

Phan tng cling tuong tu nhu trén tao ra Ag,S:
2Ag + S = Ag,S
e Au khong phan tng truc tiép vai S.
(4) Cu, Ag, Au ciing hoa hop truc tiép véi Se, Te khi nung cac don chat
trong ampun han kin. Thanh phan cta cac hop chat tao thanh kha phtc tap ,
trong d6 c6 Cu,Se; CuSe, Ag,Se ; Cu,Te; Ag,Te va AuSe; ; AuTe; 1a don gian
hon ca.

(5) Vi cac halogen, phan tmg v6i Cu, Ag, Au dé dang hon cac nguyén t6

khac.

e Cu hoa hop voi flo tao ra CuF, ngay ca ¢ nhiét do thuong , tuy nhién tac
dung do6 bi han ché do tao ra 16p hop chét florua che pht , lam cho kim loai
khéng tiép tuc bi tac dung nita. Do d6 trong thyc té Cu rat bén d6i véi flo ( khi
khong c6 mit cua H,0). Ag Ciing phan ung truc tiép véi flo nhung cham hon ,
con Au chi tac dung véi flo & nhiét dd cao. San pham phan tng 1a CuF,, AgF ,
AuF;.

e Khi cho khi clo qua Cu, Ag , Au , nung ndng tao ra mudi clorua twong

tmg: CuCl,, AgCl , AuCl;. Trong dung lach nuéc clo , Au tan dé dang hon,
nhung v&i Ag phan ing lai chdm hon vi c6 16p AgCl che phu :

Cu + Cl, = CuCl,

2 Ag+ Cl, = 2AgCl

200°C

2Au + 3Cl, 4, —— 2AuCl,

400°C

2 Au + 3F, —— 2AuF,

(6) Nito khong phan tng truc tiép véi Cu , Ag , Au; nhung photpho thi c6
phan tmg truc tiép v6i Cu, Ag, Au ¢ nhiét d6 cao tao ra cic hop chat co thanh
phﬁn CusP, AgP,, Au,P; :

3Cu + P = Cu,P

(7) Ca ba kim loai déu khong phan ung truc tiép voi cacbon . Ag va Au
khong phan tmg truc tiép véi silic, nhung khi nung Cu vé6i Si & nhiét do cao thi
c6 phan Ung tao ra nhiéu san phém nhu CugSi, CusSi , CusSi ,Cu3Si ,

(8) Trong diy thé dién cuc, ca ba nguyén té déu sap xép bén phai hidro,



nén déu cé tinh khir yéu Ca ba kim loai déu khong bi H,OVa hoi H,O an mon.
Riéng Cu chi phan tng v6i hoi nudce & nhiét d6 nung néng trang .

(9) Cu va Ag khong phan mg v6i kiém ngay ca kiém nong chay, vi vy,
trong phong thi nghiém nguoi ta dung chén bac dé ndu néng chay cac chét kiém
& nhiét dd cao; con Au bi kiém nong chdy an mon.

(10) Ca ba kim loai déu khong phan mg véi cac axit khong co tinh oxit
héa, nghia 1a khong phan tng vé&i cac con hidroni H;O" trong dung dich axit.

e Trong cac axit 1a chat oxi hoa nhu HNO; , Hyso, dic nong , Cu va Ag
déu dé tan con Au chi tan trong axit co tinh oxi héa manh liét, ch'fmg han
H,SeO,4 khan nong.

e Cu va Ag khi tdc dung vo1 HNOj; dac tao ra nho 6ioxit, con HNOj; loang
vira phai ( khoang 50% ) tao ra nito oxit, san pham tao thanh con c6 muébi nitrat
va H,O:

Cu + 4HNO, = Cu(NO,), + 2NO,T + 2H,0
3Cu + 8HNO, = 3Cu(NO,), + 2NOT + 4H,0

Phan ung véi Ag cling xay ra tuong tu .

e Ag tac dung véi H,SO, dac tao ra Ag,SO4 Va khi SO,:

2 Ag + 2H,S0, g0y = Ag,S0, + SO,T + 2H,0

vt Cu, H,SO4 dac ndng cling bi khir tao ra SO, va H,O , Con Cu bi oxi hoa dén
CuSO, mic du Cu,S Ciing duoc hinh thanh ¢ dang chat bt mau den (1) :
Cu + 2H,S0, = CuSO, + SO, T + 2H,0
e Nhu trén da no6i, Au khong tac dung vé1 HNO; Va H,SO,4, nhung lai tan
trong H,SeO,4 khan néng ( nhung khong hoa tan dugce platin) , Ag cling hoa tan
tuong tu ( nhu H,SO, ) :

2Ag + 2H,8e0, = Ag,Se0, + Se0,7 + 2H,0

(11) Dung méi tét nhat ciia Au 13 nuéc cudng thuy ( hdn hop gom IV
HNO; dac + 4VHCldac ) do tac dung ctia chlomdi sinh , tao ra axit cloroauric
H[AuC4]:

Au +HNO, + 3HCl = AuCl, + NOT + 2H,0
HCl + AuCl; = H[ AuCl, ]
Au + HNO, + 4HCl =H[ AuCl, ] +NOT + 2H,0

hay Au +3Cl + HCl =H[ AuCl, ]

e Ag khong tan trong nudc cuong thuy vi AgCl khong tan .
(12) Trong khong khi, H,SO, @an mon Cu tao ra CuSO, do sy c6 mat cua
O, trong moi truong



axit (Eg =+1,23V ) da oxi héa Cu (Eguz, =+0,34V) theo phan tng:

/Cu
2Cu + 2H,S0,+ O,= 2CuSO, + 2H,0

e Trong khong khi , Cu ciing tan trong HCI déc tao ra dung dich mau

,+4H" /2H,0

xanh t61 cua phuc chat :

()" Sy hinh thanh Cu,S theo phan (g :
8Cu + 4H,S0, = 3Cu,80, + Cu,S + 4H,0 (1)
Trong dung dich, Cu,SO, bi phan huy :
Cu,SQ, =CuSO, + Cu (2)
T (1) va (2)
5Cu + 4H,S0, = 3CuSO, + Cu,S{ + 4H,0

2Cu + 4HCl + O, =2CuCl, + 2H,0
CuCl, + CI' = CuCly”
CuCl, + 2CI" = CuCl,>”
Ag va Au khong c6 phan img nhu trén .
e V& nguyén tic Ag khong phan tmg vé6i cac dung dich axit lodng, nhung
Ag c6 kha ning day duoc H, khoi axit HI , vi tao ra Agl kho tan (T} (agn = 8,3.10°
17y,
2Ag +2HI = 2Agl + H,T
e Khi dun néng Ag trong khi quyén hidro clorua xay ra phan tng thuin
nghich:

2Ag + 2HClI == 2AgCl + H, (AH=-71,13kJ)
(Ti(agary = 1,8.107%)

Phan Ung trén phu thudc vao nhiét do , & ap suét khi quyén , khi dun nong
dén 600°C hén hop khi thu duge gdm 92,8%V 1a HCI va 7,2%V 1a H,, con &
700°C - 95% HCI va 5%H.,.

Trong diéu kién nhu trén , Cu ciing c6 phan Gmg tuong tu.

(13) Trong dung dich kiém, Cu ciing bi oxi héa khi c6 mit cta oxi
(E002+2H20/40H_ = +0,4v ) nén Cu phan Uung v6i dung dich amoniac tao ra |
Cu(NH;),]* :

2Cu + O, + 8NH, + 2H,0 = 2[ Cu(NH,),] (OH),
(14) Cu, Ag va Au déu phan tng voi dung dich KCN khi c6 mit cua oxi
vi tao ra phirc chat :
2Cu + O, + 8KCN + 2H,O = 2K,[ Cu(CN),] + 4KOH
2Ag + O, + 8KCN + 2H,0 = 4K,[ Ag(CN),] + 4KOH
2Au + O, + 8KCN + 2H,0 = 4K,[ Au(CN),] + 4KOH
Trong cac loai hop chét cta Cu, Ag, Au thi Cu tao ra chu yéu 1a cac dan



xuat hoa tri I va II, trong d6 bén va c6 nhiéu tng dung quan trong 1a cac hop
chét Cu(II). Bac ciing tao ra cac dan xuét hoa trj 1 , hoa tri II, nhung quan trong
1a hop chat Ag(I) . Vang tao ra hop chat hoa tri I va III trong d6 quan trong 13
cac hop chat Au(III).

7.6. Cdc hop chit véi sé oxi héa +1
Oxit
(1) Cu,0 13 hop Chét gip trong thién nhién ¢ dang quing ddng d6 (quing
cuprit), 1a chat ran c6 mau d6 gach ; rat bén d6i v6i nhiét . Pun néng dén T, =
1235°C ma khéng bi phan hay; chi phan hiy rd rét khi nung dén 7, = 1 800°C :

1800°C

2Cu,0 4Cu + O,1

Trong thuc té , nguoi ta didu ché Cu,O bang cac cach sau:

e D6t Cu trong diéu kién han ché khong khi

4Cu + 0, = 2Cu,0
e Nung néng CuO dén 1150°C hoic nung CuO véi bot Cu :

4Cu0 = 2Cu,0 + O,1

o]

CuO +Cu = Cu,0
e D& hon, 1a dung chat khir nhu andehit , glucozo dé khir cac hop chat
Cu(II) trong mdi truong kiém nong. Chang han khi dun néng fomalin vi CuSOy,
khi c6 mat cia NaOH :

o

HCHO + 4Cu(OH), + 2NaOH = Na,CO, + 2Cu,0 ! + 6H,0
Hoac khi cho CuSO, tac dung véi Na,SO; khi; ¢ mat NaCl tao ra dung
dich khong mau c6 chira ion phire CuCly™ :
2Cu*™ + SO, + H,0 E_i 2Cu* + SO, + 2H'
Cu* + 3CI° = CuCl,™
sau d6 thém tir tir dung dich borac néng vao , Cu,O S& Xuét hién :
2CuCl,”™ + 20H C Cu,0¢ +H,0 + 6CI°

Cu,0 12 oxit c6 tinh bazo 14 cha yéu , khong tan trong nudec.
e Dun nong trong khong khi, Cu,0 bi oxi hoa thanh CuO va bi H, hoac CO
( hodic hon hop voi C ) khir thanh kim loai :



20u,0 + O, = 4Cu0

o

Cu,0 + H, = 2Cu + H,0

Cu,0 + CO -‘-_i 2Cu + CO,
e Vi dung dich H,SO, loang , tao ra Cu va CuSOy:
Cu,0 +H,S0, =CuSO, +Cu + H,O
Nhung néu 1a H,SO, nong chi tao ra CuSOy:

Cu,0 + 3H,S0, gpe) =2CuSO, + SO,T + 3H,0
e HNO3 oxi héa Cu,O tao thanh Cu(NOs), va nito oxit :

3Cu,0 + I4HNO,; = 6Cu(NO;), + 2NO + 7H,0

e Trong diéu kién khong c6 khong khi , Cu,0O hoa tan trong axit HCI tao
ra dung dich khéng mau c6 chira cac ion phirc CuCly* hoic CuCly :

Cu,0 + 8HCI = 2H,[CuCl,] + H,0
nhung trong diéu kién c6 khong khi lai tao ra CuCl, :

2 Cu,0 + 8HCI + O, =4CuCl, + 4H,0
e Trong dung dich nudc c6 phan tng kiém yéu :

Cu;0 + HO == 2Cu" + 20H (T, =210")

e Cu,0 kho tan trong nudc, nhung dé tan trong dung dich amomac va
dung dich amoni sunfat do tao ra phtic chat :
Cu,0 + 4NH; +H,0 = 2[ Cu (NH;),]JOH
e Cu,0 ciing ¢ kha ning tan trong dung dich kiém dic :
Cu,0 + 2NaOH + H,0 = 2Na[Cu(OH),]
e Cong dung dic bi¢t cua Cu,O la dung ché tao may chinh Iuu. Dung dich
Cu,O trong axit clohidric dé dung hap thy khi CO va dung dich trong amoniac
dung dé hap thu C,H, :
CuCl + CO + 2H,0 = [CuCl(CO)].2H,O
CH=CH + 2CuCl + 2NH;, —> (Cu-C=C-Cu) ! + 2NH,C
(2) Ag,O la chét ran.co mau hung sdm . Mic du Ag khong phan tng truc
tiép voi O, ¢ ap suét thuong ngay ca khi dun nong, nhung khi nung dén 300°C
trong oxi dudi ap suit cao, Ag lai hoa hop truc tiép tao ra Ag,O :

(8]
4Ag + O, ?2.(_: 2Ag,0
pcao

e Trong thuc té nguoi ta diéu ché chat bot mau hung sAm nay bang cach
cho dung dich kiém an da vao dung dich AgNOs:

2AgNO, + 2NaOH = Ag,0 + 2NaNO, + H,0



e Ag,0 bén dudi 100°C , nén c6 thé lam khé & 80°C. Trén 100°C bét dau
phan hay va dén 300°C thi phan hiy hoan toan thanh kim loai :

(o]
248,0 € 4ag + O

e Trong dung dich nudc, tao ra moi truong kiém yéu, c6 kha niang doi
mau qui tim, do d6 Ag,0O 1a Oxit bazo, nén c6 kha niang hap thu CO, trong
khong khi tao ra cacbonat :

Ag,0 +CO, = Ag,CO;
e L4 chit oxi hoa, Ag,0 bi H, Va H,0, khir thanh kim loai :

>100°C

Ag.0 + H, 2Ag +H,0

Ag,0 + H0, =2Ag +0, + H,0

e Ag,0 Ciing co thé két tua tir dung dich amoniac, nhung két tua d6 lai
tan trong amoniac du tao ra bazo phic [Ag(NH;),]JOH c6 d6 phan ly gan bang
NaOH :

Ag,0 + 4NH; + H,0 = 2 [ Ag(NH,),]JOH
phtc chat nay dé lau sé& hinh thanh chat két tia mau den 1a AgN ( bac nitrua hay
bac fuminat ) 1a chét nd !

(3) Au,0O 1a Chét ran c6 mau tim xam; it dugc nghién ctru, va duogc tao ra
khi cho dung dich Aucl tdc dung véi NaOH hoac KOH. Khong tan trong nudc,
va dé dang bi nhiét phan huy tao ra kim loai :

(o]
2800 X 4au + OF

Hidroxit
(4) Ngudi ta chua biét dugec CuOH! Khi cho dung dich mudi Cu' tac dung
v6i dung dich kiém manh tao ra két tia mau vang, nguoi ta cho rang két tia d6
la dang hidrat héa ciua Cu,O .
(5) AgOH dugc hinh thanh khi cho dung dich KOH trong ruou tac dung
v6i AgNO; ¢ -30°C . Mit khac , khi cho Ag,O tac dung voi luong nude 10n ,
dung dich thu dugc co6 tinh kiém, c6 kha nang két tua duogc hidroxit cia nhiéu
kim loai , chtng t6 trong dung dich c6 chira AgOH vao khoang 2.10™* mol/l. Qua
trinh phan ly trong dung dich :
AgOH = Ag' + OH" K =110
AgOH = AgO™ + H' K =8.107"
(6) Khi kiém hoéa dung dich AuCl tao ra két tia mau tim 13 Au,O khong
phai 12 AuOH, la dang hidrat hoa ciia Au,0O.
Cac mubi halogenua

Céac muoi halogenua Cudi dugc diéu ché bang cach sau :



(7) CUF : Cho HF tac dung véi Cucl & nhiét do cao hon 1000°C tao ra
CuF, sau do6 lam ngudi tur tur thu dugc tinh thé mau do6 tham .

(8) CuCl : dugc tao ra khi nung Cu trong khi clo ¢6 han ché hodc cho khi
hidro clorua kho qua Cu nung nong do :

2Cu + Cl, = 4CuCl

2Cu + 2HClyy, £ ocual + H,
Ciing c6 thé thu duoc khi khir CuCl, bang Zn ( dang bui phan )hoic bang
SO;:
2CuCl, + Zn = 2CuCl + Zn(Cl,
2CuCl, + SO, + 2H,0 = 2CuCl + H,SO, + 2HCI
Trong phong thi nghiém dugc diéu ché bang cach nung néng dung dich co
chtra CuCl, ( thuong dung 13 hdn hop gdm CuSO, + NaCl ) véi axit HCI dic véi
Cu. Nguoi ta khudy dung dich d6 cho dén khi mau dung dich chuyén tir xanh
lam sang mau vang rom sang, giai doan nay di tao ra phirc chét :
CuCl, + Cu + 4HCl = 2H,[ Cu(Cl;]
CuCl, + Cu + 6HCl = 2H,[ CuCl,]
sau do nguoi ta cho thém mdt it dung dich Na,SO; dé tao ra moi truong khong
c6 tinh oxi hoa, lac d6 két tua tring CuCl xuat hién :
CuCly = CuCH + 2CI
(9) CuBr diéu ché bang cach nung néng manh CuBr, trong khong khi :

2CuBr, ; 2CuBr + Br,
(CuCl, Ciing phan huy theo phan tng tuong tu )
(10) Cul duoc diéu ché bang cach cho dung dich Ki tac dung véi CuSOy
tao ra Cul Nguoi ta giai thich rang ban dau tao ra Cul,, sdn pham trung gian nay
bi phan hiy thanh Cul mau trang va iot:

2CuSO, + 4KI = 2Cul, + 2K,SO,
2Cu12 = 2CuI + Iz

(11) Céc halogenua cta cudi déu 1a chit ran. Phuong phap do ti khéi hoi
cho thdy ¢ trang thai hoi Cu(I) clorua va bromua c6 dang nhi phan Cu,CI2,
Cu,Br,, con iotua chi & dang don phan Cul. Mot vai hang s6 1y hoc nhu sau

CuF Cu(Cl CuBr CHI




Mau sic Do thim trang trang tring
T,.(°C) 908 422 504 605
7, (°C) | 1100 (thing hoa) 1366 1345 1290
Tich s6 tan Khong tan 1.2.10° 5,25.107 1.1.10"
(T1)

e Tit ca déu bén ddi v6i nhiét , hau nhu khong tan trong nude, nhung tan
trong dung dich amoniac (trir CUF) tao ra phtc chat khong mau dang ion [
Cu(NH3),]":

CuCl + 2NH,; = [ Cu(NH,),ICl

e Cac halogenua Cu(I) cling tan trong axit halogenhidric dam dic tuong

ung khi dun nong tao thanh cac axit phue. Vidu :
CuBr + HBr = H[CuBr,]

e Cac dung dich khéng mau trong amoniac hodc trong axit HCI , khi dé
ngoai khong khi s& nhanh chong chuyén thanh mau xanh luc do ton Cui da oxi
hoa thanh Cu*":

4CuCl + 4HCl + O, = 4CuCl, + 2H,0

(12) Cac hop chat halogenua Ag(I) dugc diéu ché bang cach sau : AgF tao
ra khi hoa tan Ag,CO; hodc Ag,0 trong axit HF:

Ag,CO, + 2HF = 2AgF + CO, + H,0
Ag.O + 2HF =2AgF + H,0
(13) AgCl duogc diéu ché bang cach cho axit HCI hodc mudi clorua tac
dung v&i dung dich AgNO; :
HCl + AgNO, = AgCl,y, + HNO;
(14) AgBr, Agl ciing duogc tao ra tuong ty nhu diéu ché AgClL
(15) Mot vai hang sb 1y hoc cta cac halogenua Ag(I) nhu sau

AgF AgCl AgBr Agl
Mau s3c vang trdng hai vang vang
T.. (°C) 700 457 434 558"
T, (°C) _ 1550 700" _
Tich sé tan ( T;) tan 1,78.107° 53.107" 8,3. 107"

V) phan huy & 700°C va & 558°C.

Khac véi cac halogenua khac , AgF tan trong nudce . N6 tach ra khéi dung
dich ¢ dang tinh thé khong mau AgF.H,O hodc AgF.2H,0 ; Con trong dung
dich HF dac lai thoat ra ¢ dang axit phic H[AgF,] hoac Hy[AgF;].

e Cac halogenua Ag(I) cling tan trong axit halogenhidric dic tuong tng




va cac mudi kim loai tuong tng tao ra cic axit phirc hodc mudi phuc , chang
han khi cho Agl tac dung véi Hi va KI tao ra axit phirc H[Agl,] Va cac mubi
phtrc khong mau nhu K[Agl,] , Ky[Agls].
e Cac halngenua bac cling c6 kha nang tan trong HNO3 dac néng tao ra
cac mudi kép AgNO;.AgCI; AgNO;. AgBr; AgNO;.Agl .
e Trong dung dich amoniac hoa tan dé dang AgCl; AgBr it tan hon, con
Agl khong tan :
AgCl + 2NH, — [ Ag(NH,),JCl = [Ag(NH,),]* + CI
dong thoi ciing co6 kha ning hap thu ca khi amoniac tao ra AgCl.3NHs;
2AgCIL.3NH;
e Cac halogenua Ag(I) ciing tan trong dung dich natri thiosunfat va kali
xlanua
AgCl + 2Na,5,0, = Na,[Ag(S;0,),] + NaC
AgCl + 2KCN = K[Ag(CN),] + KCl
e Khi nung ndng chay Na,CO; V&i AgCl, nd sé& bi khir dén kim loai
4AgCl + 2Na,CO, = 4Ag + 4 NaCl + 2CO, + O
e AgCl ciing bi khir khi nung néng trong luéng khi H, hodc bang dung
dich H,SO4loang v61 Zn ( tao ra hidro mai sinh ) :

2A¢Cl + H, = 2Ag + 2HC

o Trir AgF , cac halogenua con lai déu bi anh sang phan huy thanh bac
kim loai va halogen tu do, vidu :

as
2AgCl = 2Ag + C1,T

Nguoi ta da biét rang sy phan hiy d6 chi xay ra voi cac lia ving xanh -
tim, con nhitng tia do thi khong c6 tac dung , vi vdy trong cac phong rtra anh
nguoi ta thuong dung anh sang mau d6 . Nhiét do cang thip , qua trinh phan huy
cang giam.

(16) Cac mubi halogenua Au(l) dugc diéu ché bing cach dun néng nhe
cac halogenua Au(Ill) twvong Ung :

170°C

AuCl;, —— AuCl + CL,T

e Dudi day 1a mot vai tinh chat dang chu ¥ ctia cac halogenua Au(l):

AuF AuCl AuBr Aul




Mau sic - vang vang xam vang nhat
Tich s6 tan - 2.10°"° 5.10" 1,6.10%
Nhiét d6 phan hiy - 290°C 115°C 120°C

e Khac véi cac halogenua cua Cu(l) , Ag(l) ; cac halogenua cua Au(l) tac
dung v6i dung dich amoniac tao ra két tua khong mau AuCl.NH;, AuBr.NH;,
Aul.NH; :

_AuCl + NH; = AuClLNH,
e Ciing tan trong axit halogenhidric twong Uing tao ra cac axit phtrc hoac
mudi kiém cua axit phtc d6

AuCl + HClg, = H[AuCL]

AuCl + KCl = K[AuClL]
3AuCl + KCI  =K[AuCl,] + 2Au
Ciing bi H,O phan huy :
3AuCl =  AuCl, + 2Au

Hop chat xianua
(17) CuCN : thu dugc khi cho mudi Cu(Il) tac dung voi dung dich chira
ion CN tao ra két tia Cu(CN),, & nhiét do thuong két tia nay nhanh chong phan
huy thanh CuCN va khi xianogen :

CuSO, + 2KCN = Cu(CN), + K,SO,
2Cu(CN), = 2CuCN{ + (CN),

AgCN : thu duoc khi cho mubi Ag+ tac dung véi dung dich chira CN- :
AgNO, + KCN = AgCN{ + KNO,
AuCN : nguoi ta cho Au tan trong dung dich KCN khi c6 mat cua khong
khi tao ra K[Au(CN),] ( hoic thay thé O, bang H,0, ) dung trong k¥ thuit ma
vang :
2Au + 4KCN + 2H,0 + O, = 2K[Au(CN),] + 2KOH + H,0,
2Au + 4KCN + H,0, = 2K[Au(CN),] + 2KOH

dun néng phirc chat d6 vai HCI & 500C tao ra AuCN :
K[Au(CN),] + HCl = AuCN{ + KCI + HCN

(18) CuCN mau trang ( 7,= 3,2 .10-20 ); AgCN mau trang (7, = 2,3.10-16
); AuCN mau vang . CuCN néng chay ¢ 475°C ( trong khi quyén nho 1 va sau
do6 bi phan huy khi tang nhiét ; con AgCN va AuCN bi phan huy khi chua dat
dén trang thai néng chay .

e Ca ba muoi hau nhu khong tan trong nudc va trong cac axit loang ,



nhung lai dé tan trong dung dich KCN tao ra phirc chat bén:

CuCN + KCN = K[Cu(CN),]
v6i hing s6 khong bén tuong tGng: [Cu(CN),]" = 1.107'¢ ; [Ag(CN),]” = 2.107 ; [Au(CN),]” =
5.10%.

Hop chat sunfua
(19) Cu,S trude diéu ché bang cach nén manh hdn hop bot min Cu va S
dué6i ap suat hang ngan atmotphe :

2Cu + S 23 Cu,S
e Ag,S tao thanh khi cho H,S tac dung véi Ag c6 hoi 4m va khong khi :
4Ag + 2H,S + O, = 2AgS + 2H,0
vi vay cac dd dung bang Ag dé lau ngay trong khong khi bi hoa den . Ciing c6
thé di€u ché bang cach cho H,S tac dung voi dung dich muoi Ag(I): .
Khi nung trong khong khi tao ra Ag va SO,:
Ag,S + O, = 2Ag + SO,
e Au,S duoc diéu ché bang cach cho dung dich bdo hoa H,S tac dung véi
dung dich K[Au(CN),] :
2K[Au(CN),] + H,S == Au,Sy + 2KCN + 2HCN
(20) Duéi dy 1a mot vai tinh chat dang chu y ciia cac hop chét trén:

Cu,S Ag,S Au,S
Mau sac den den den hung
Tich s6 tan 6,3.10°% 6,3.10°% khéng tan
T (°C) 1100 825 _
T, (°C) _ phan hiy _

Hop chit hidrua , nitrua , cacbua

(21) CuH : Hop chét hidrua nay dugc tao ra khi dun néng mot dung dich
gom 2mol axit hipophotphoro ( H;PO;) véi Imol CuSO, trong khoang tur 40 -
50°C tao ra két tia mau d6 nau c6 thanh phan Gmg véi cong thirc CuH.

CuH d& bi oxi héa va khi dun néng bi béc chay do phan hiy tao ra hidro .

e AgH : Khi cho hidro nguyén tr tdc dung lén Ag kim loai tao ra bac
hidrua mau trang , bén trong khi quyén hidro , nhung lai bi H,O phan huy :

2AgH + H,0 = Ag,0 + 2H,T
e AuH : ciing dugc tao nhu AgH. Bi nhiét phan huy ¢ 100°C :

(s
24uH H°€ 2Au + BT

(22) CusN mau lyc thdm , tao ra khi cho ludng khi NH3 khé & 250 -
270°C qua Cu,O hay CuO Ciing c6 thé cho qua CUF,. H,O . Trén 300°C phéan



huy thanh Cu va N,.

o Ag:N chit bot mau den, tao ra khi cho hoi Ag tac dung véi NH; &
1280°C. Ciing duoc tao ra cho dung dich amoniac trong rugu hodc axeton tac
dung voi Ag,0. Khong tan trong nude lanh , tan mot phan trong nudc néng. Tan
trong HNO; va céc axit vo co khac .

(23) Cu,C, mau hung do; Ag,C, mau tréng duoc tao ra khi cho axetilen
CH - CH qua dung dich amoniac ctia cac mudi CuCl , AgNO; :

CH, + 2[ Ag(NH,),]* + 20H = Ag,Cy g + 4NH; + 2H,0

Nhitng cacbua nay khong tan trong nudc va trong dung dich kiém nhung
tan trong HCI tao ra C,H, . Trong khong khi , & dang kho , dé dang bi phan hiy
gy no !

Cac hop chat khac ciia Ag(l)

(24) Trong cac hop chét con lai cua Cu(I), Ag(l), Au(l) thi thuc chat quan
trong 14 cac hop chéat cia Ag(I). Hon nita, Ag(I) lai tao ra duoc nhiéu mudi bén
hon so véi Cu(I) va Au(l) . Mot trong cac mudi quan trong ctia Ag(I) 1a AgNOs.
Mubi ndy duoc diéu ché bang cach cho Ag tan trong HNO; va sau d6 két tinh lai
tr dung dich :

Ag + 2HNO, = AgNO, + NO,T + H,0

T,. = 208,5°C va bi phan huy khi nung d6. AgNO; khong bi phan huy
dudi tac dung ctia anh sang néu khong c6 mit cua chat hitu co . Khi c6 mit cia
chat hitu co no s& hoa den, vi vay, AgNO; dé lai cac vét trén trén da tay. AgNO;
rt tan trong nudc (O nhiét do thuong co kha ning tan duoc 13mol trong 1 lit
H,0) va trong glixerin.

Khi nung noéng n6 bi phan huy :

2AgNO, = 2Ag + 2NO,T + 0,1

Nhiét d6 phan huy cia AgNO; cao hon cia Cu(NOs), , vi vay nguoi ta da
diung phuong phap nay dé tach Cu(NOs), tap chit khoi AgNO;. Khi nung ,
Cu(NO3); bi phan huy trudc thanh CuO hoa tan trong nudc thu dugc AgNOs.

(25) Ag,SO, duoc tao ra bang cach cho Ag tac dung véi H,SO, dic ndng
hodc hoa tan Ag,0Ohay Ag,CO trong H,SO.

Ag,SO la chét it tan trong nuoc ( 7, = 1,6.107 ), nhung dé tan hon trong
H,SO, Va HNOj; loang . Ag,SO, bi phan huy ¢ nhiét d§ cao hon 900°C :

Ag,SO, = 2Ag + SO,T + 0,1

Tuong tu kim loai kiém, Ag ciing tao ra duoc AgHSO4



(26) Ag,CO;5 duge két tua tir dung dich AgNOs va Na,COj; hodc thoi khi

CO, vao dung dich mudi nitrat amoniacat Ag(I) :
2[Ag(NH;),]NO; + 2CO, + 2H,0 = Ag,CO; ¥ + 2NH,NO; + (NH,),CO;,
Ag,CO, it bén vé6i nhiét, bi phan hiy khi dun néng :
2Ag,CO, L 4Ag + 2C0,T + 0,7

N6 13 chat rin mau vang , it tan trong nuée ( 7, = 8,2.10™"%).

N6i chung , cac mudi cua bac déu khé tan va c6 mau, dudi day néu vai dir
kién vé mau sic va tich sb tan ctia mot s mudi thuong gip

Anion Mau T, Anion Mau T,
CH;COO trang 4.10” Fe(CN)g™ da cam 1.10*
C,0,” trang 1.10™" Fe(CN)g" vang 1.5.10"
CrO,” nau do 1.1.10™" MnO, tim den 1,6.107
Cr,0;” do 1.107"° PO,> vang 1,3.107°

7. 7. Cdc hgp chit vdi so oxi héa +2
Trong sb cac hop chét ing véi bac oxi héa +2 thi cac hop chat ciia Cu(Il)
c6 nhiéu gia tri thuc té nén dudi day chi néu cac hop chat ciia Cu(Il) .
Cac oxit
e CuO duoc diéu ché bang cach nhiét phan Cu(NO;), , cacbonat bazo
CuCO;.Cu(OH), hoic Cu(OH),; trong cong nghiép diéu ché tir malachit:

o

2Cu(NO;), = 2CuO + 4NO,T + 0,1

o

CuCO, Cu(OH), = 2CuO + CO,T + H,0
e CuO la mot poli me cé cAu tric cong hoa tri, mau den hoi nau ( 7,~=
1148°C ). Pun néng dén 1150°C thi bi phan huy :

1150°C

4Cu0 2Cu,0 + O1

e Khong tan trong H20, d& tan trong axit lodng tao ra dung dich mudi
Cu2+:

CuO + H,S0, = CuSO, + H,0
Khi nung néng , bi khir boi H,, CO , C va chét hitu co tao ra Cu :

CuO + H, =Cu + H,0

CH, +7Cu0 = 2C0, + 3H,0 + 7Cu

CuO duoc dung dé tao mau xanh cua thuy tinh va cia men str.



Nguoi ta ciing di diéu ché dugc Ag,O, khi cho dung dich AgNO; tac
dung véi hdn hop gém Na,CO; + K;,S,05 ; va cling da diéu ché duoc Au,0, ma
thuc chat 1a mudi Au'TAu"0,].

Hidroxit

e Cu(OH), 1 chit két tua keo mau xanh khi cho dung dich mudi Cu*" tac
dung véi1 dung dich NaOH hay KOH :

CuSO, + 2NaOH = Cu(OH), } + Na,SO,

Néu dun nong dung dich dén 90 - 100°C s& tao ra hidrat, chéng han
4Cu0.H,0, luc d6 két tua chuyén sang mau den .

e Dung dich amoniac tac dung véi dung dich mudi Cu®" tao ra két taa
mudi bazo mau xanh thim hon , két tia ndy tan trong amoniac du :

2CuSO, + 2NH; +2H,0 = CuSO,. Cu(OH), ¥ + (NH,),SO,
CuSO,. Cu(OH), + 8NH; = [Cu(NH,),]SO, + [Cu(NH;),J(OH),

hozc viét & dang :
NH, + H,0 == NH," + OH

2Cu®* + SO + 20H = CuSO,. Cu(OH), ¥
CuSO,. Cu(OH), + 8NH; = 2[Cu(NH,),]** +SO; + 20H

Cu(OH), tan trong axit tao ra dung dich mudi Cu*" ; ciing tan trong luong
du dung dich dac kiém manh tao ra mudi cuprit mau xanh Na,CuO, hay
Na,[Cu(OH),]:

Cu(OH), + 2NaOH (4., = Na,CuO, + 2H,0

Tuy nhién Cu(OH), ¢6 tinh bazo manh hon héan tinh axit, thé hién & tinh
dé thuy phan ciia Na,CuO.,.
Cac halogenua

CUEF,: duoc diéu ché bang cach cho axit HF tac dung véi CuO dun ndng :

2HF + Cu0 = CuF, + H,0
CuCl, : diéu ché bang cach cho khi Cl, tic dung voi Cu nung néng; hoic
nung tinh thé hidrat CuCl,. 2H,O , rdi cho ludng khi hidro clorua di qua ¢
150°C; hoic cho tinh thé CuCl2 .2H,0 tac dung véi H,SO, dam dic :

+ H,SO, dac
CuCl, . 2H,0 ———> CuCl, + 2H,0

hoac cho CuO hay CuCOs;, Cu(OH), tac dung véi axit HCI , sau d6 cho bay hoti
thu duoc tinh thé .

CuBr; : cho CuO tac dung véi HBr trong chan khong .
Cul, : hién nay chua biét duoc Cul, vi khong bén, bi phan hiy thanh Cul



val,

Duéi day 1a mot s6 tinh chat cta cac Cu(Il) halogenua :

e O dang hidrat héa CuF,.2H,0 C6 mau lam , khi nung néng trong ludng
khi HF tao ra tinh thé mau tréng (T, = 950°C ) ; it tan trong H,O lanh (4,7 g
/100g H,0 & 20°C).

e CuBr, 1a chit rdn mau den , d& bi chay rita , trong dung dich nudc co
mau niu do; khi két tinh phu thudc vao nhiét do tao ra CuBr,. 2H,0 hoac CuBr;.
4H,0 . Dé tan trong nudc (126,8 g CuBr,. 4H,0 / 100g H,O ¢ 20°C ). Khi nung
néng, mot phan brom tach ra.

e CuCl, khan 1a chét rdn c6 mau vang nau , Tnc = 498°C , khi nung dén
993°C bj phan tich tao ra CuCl. D& bi chay rita trong khong khi . D& tan trong
nuée ( 72,8g CuCl,. 2H,0 / 100g H,O & 20°C ). Khi tan trong nudc mau sic
thay d6i dan. Tir dang hidrat hoa CuCl, . 2H,0 mau xanh 14 cay , khi c6 dau vét
ctia nudc chuyén thanh mau xanh thdm , khi thém it nudc chuyén thanh hung
thAm , néu pha lodng thém chuyén thanh mau lyc va cudi cung dung dich lodng
c6 mau lam.

Hién tuong thay d6i mau sic nhu trén c6 lién quan dén su hinh thanh céac
ion phirc ; mau xanh lam giy ra béi cac ion [Cu(H,0)s], + va mau tham gy ra
bdi cac ion CuCly” Va CuCl,” , Chang han theo phwong trinh :

2CuCl, + 6H,0 = [Cu(H,0)** +CuCl>

e Céc dung dich dam déc cua CuCl, va CuBr, hép thu NO tao ra cac ion
phuc [Cu(NO)CI;] va [Cu(NO)Br;]” mau xanh tim.

e V& mit ciu triic , CuCl, va CuBr, ¢ dang khan 1a nhiing polime cong
héa tri co cAu tao mit phéng :

\/\/\/\/\
/\/\/\/\/

Trong mat phang d6 , mdi nguyén tir Cu lién két v6i hai nguyén tir clo voi
lién két cong hoa tri binh thudng va véi hai nguyén tir clo khac bang lién két
"cho - nhan ", trong do6 clo 1a "chat cho" .

e O trang thai hidrat héa CuCl, . 2H,0 la nhitng nhém phang c6 dang :

Ci H

N

O—» Cu €+ 0

/ | AN

H cl H



e Nguodi ta cling dd diéu ché duoc AgF, bang cach cho flo tac dung véi

Ag.La chit bot mau den , bi nuée phan huy :
4AgF, + 2H,0 = 4AgF.HF + O,T (ca0,).

Khi cho Au bot tac dung véi clo kho tao nén hop chat mau do tng voi
cong thirc AuCl,.

Cic loai mudi khac

(4) CuCO; Chua diéu ché duoc , nhung diéu ché duoc dang phuc chét
K>[Cu(COs),] mau xanh den. Trong thién nhién , gip dudi dang mudi bazo
malachit mau xanh 14 cady Cu(OH), . CuCO; Va dang agurit mau xanh lam
Cu(OH), . 2CuCO; . Khi cho dung dich Na,CO; hoac NaHCO; tac dung véi
dung dich mudi Cu?" thi thu dugc chét bot mau xanh 14 cay :

2Na,CO; + 2CuSO, + H,0 = 2Na,SO, + Cu(OH),.CuCO, + CO,!
4NaHCO, + 2CuSO, = Cu(OH),.CuCO, + 2Na,SO, + 3CO,T + H,0

(5) Cu(NOs), khan c6 mau trang , dang hidrat hoa Cu(NO;),.3H,0 C6
mau xanh thdm. Piéu ché bﬁng cach cho kim loai, oxit, hidroxit hodc cacbonat
bazo tan trong dung dich HNOs.

e Khi nung ndng dang Cu(NO;),.6H,0 hoidc Cu(NOs),.3H,O thi ban dau
méat H,O két tinh sau do tao ra CuO, NO, va O,

Cu(NOs), 1a chit dé tan trong nudc ( 55,6 g Cu(NOs), khan /100 g H,O &
20°C); T, =114,5°C.

(6) Cu(CH;C0O0),. H,O 1a Chét ran mau luc pha lam thim. Khi ngam
nhiing 14 dong trong dung dich gidm an c6 mit cta khong khi :

2Cu + 4CH, COOH + O, = 2Cu( CH,CO0), + 2H,0
thuong thu dugc ¢ dang Cu( CH3COO),. Cu(OH),.

Ngudi ta ciing diéu ché bang cach cho CuO tic dung voi CH;COOH tao
ra tinh thé Cu(CH;COO),.H,0.

Cu( CH;COO0), ( T,. = 115°C), tan trong nudc , dugc dung 1am chit cAm
mau trong y khoa va lam thudc bao vé thuc vat .

(7) CUSO,.5H,0 1a mudi quan trong nhat cia dong. Puoc diéu ché bang
cach cho CuO tan trong H,SO, loang ; hodc cho Cu tac dung véi H,SO, dac
nong.

Trong cdng nghiép , bang cach cho Cu tan trong dung dich H,SO, lodng
c6 mit cta khong khi [ xem 7.5(12) ] hodc bang cach nung hdn hgp gém mat Cu
voi S trong luong du khong khi:



o

Cu + S = cCuS

o

CuS + 20, = CuSO,

e Dang CuSO, khan c6 mau tring, dang thudng gip c6 mau xanh lam
CuS0,4.5H,0, trang nay khi phoi trong khong khi thanh dang CuS0O,.3H,0; dun
noéong dén 100°C tao ra dang CuSO4.H,O ; & 250°C thi hoa khan CuSO,. Khi
nung dén 650 - 700°C tao thanh CuO:

2CuSO, &= 2Cu0 + 250,1 + 0,1

e Trong phan tir dang CuSO,.5H,0 Co phan tir H,O déng vai trd cau ndi
gay ra boi lién két hidro gitta con SO4> va ion [ Cu(H,0),]*" :

2+ 2-
H,O OH, H~—|o0 (0]
N/ N/ N\
Cu (&) 'S
/N RN VRN
H,0 OH, H—|O o

Ngoai cac hidrat néu trén ngudi ta con diéu ché dugc ca dang heptahidrat
CuS0,.7H,0 gong hinh vé1 FeSO,4.7H,0 .

e Cu(Il) sunfat c6 nhiéu tng dung. CuSO, khan c6 mau tring rat dé hut
H,0 nén dung lam chat phat hién dau vét H,O.

Trong néng nghiép , dung 1am chat diét nAm, mdc cling nhu sdu bo pha
hoai cay nho.

Hon hop Boocdd ( dung dich CuSO, véi voi ) dung phun vao khoai tay
diét nam Phytophthora.

Trong cong nghiép , dung lam chat dé ma dong.

Trong y khoa, 1am thudc sat tring , tdy ué nha cira, dung dich 0,3 - 1 %
lam thuoc chira dau mat hot ; 1am thuoc chita bong do photpho gay ra , hodc dé
khtr photpho du trong cac dung cu thi nghiém :

2P + 5CuS0O, + 8H,0 =2H;P0O, + 5H,SO,4 + 5Cu

(8) CuS duogc didu Ché bang cach nung Cu bdt v6i luu huynh hoa hodc

bang cach cho H,S qua dung dich mudi Cu(Il) da dugc axit hoa :

H+
Cu* + S o CuS

e CuS la chat két tia mau den khong tan trong nudc ( T, = 6,3.107° ) ;
khong tan trong axit trt HNOj3, ¢ trang thai am dan dan bi khong khi oxi hoa
thanh CuSQO,,

(9) Nhin chung tat ca cac dung dich mudi Cu(Il) déu c¢6 mau xanh do ion



hidrat hoa cua Cu®" . cac mubi d6 déu co thé bi khir thanh Cu boi cac kim loai ,
tror Ag, Au va kim loai ho platin c6 d0 duong dién thép hon.

Tao ra két taa Cu(Il) hidroxit véi dung dich kiém , con vé6i dung dich
amoniac; thi ban dau cho két tia hidroxit sau d6 tan trong luong du amoniac
hinh thanh ion [ Cu(NH;).]*" .

V&i hidro sunfua tao ra két tia mau den CuS, con tac dung vai kali
feroxianua K4[Fe(CN)s] tao ra két tia dang keo mau ndu - socola ctia Cu(Il)
feroxianua Cuy[Fe(CN)g]trong mdi truong axit yéu hodc trung tinh.

Trong khi cac hop chat Cu(l), Ag(I) , Au(I) dé dang bi phan huy khi dun
néng nhe hodc khi chiu tac dung cua anh sadng, nén phai bao quan trong céac chai
mau t6i, thi cac hop chat ciia Cu(Il) lai bén .

Tuy nhién niotuava xianua ctia Cu(II) lai kém bén hon Cul va CuN vi cac
jon I va CN™ déu c¢6 hoat tinh khir cao.

7.8 . Cdc hop chit véi sé oxi héa +3

Trong cac hop chét c6 s6 o i hoa +3 thi ddc trung hon ca 13 d6i véi Au.

(1) Au,O Va Au(OH);

e Khi cho dung dich AuC; tac dung véi dung dich NaOH hodc dun nong
dung dich doé roi cho thém Na,CO tao ra két tia mau vang thAm . Sau khi 1am
kho két tua d6 bang P,Os thu dugc chit bot mau niu d6 co thanh phan 13
Au(OH); .H,Ohay Au(OH). Pun néng can than dén 140 - 150°C két tua d6
chuyén thanh chat rin mau niu den 1a Au,O . Tuy nhién Au,O lai dé gang tach
o0 1 ngay ca khi vira méi dugce tao thanh vi du & 160°C di bi phan huy .

e Au,0 Va Au(OH); la nhimg chat ludng tinh dién hinh, tan trong
HaClva cic axit vo co khéc tao ra cac phic chat :

Au(OH); + 4HCI = H[AuCL] + 3H),0
Au(OH); + 4HNO, = H[Au(NO,),] + 3H,0

va tan trong dung dich kiém nong :
Au(OH); + NaOH = Na[Au(OH),]
hay NaAuO, . 2H,0 .
(2) Nguoi ta ciing da diéu ché duoc Cu,0; ¢ dang bot mau do khi cho
dung dich nam cudm tac dung v&i Na,Oy:
2Na,[ Cu(OH),] + Na,0, = Cu,0; + 6NaOH + H,0
nung Cu,05 dén 100°C mat dan oxi, nén 400°C chuyén thanh CuO :

(s}
2000, XE€ 4cu0 + OF

Cu,0; 1a Chat ludng tinh , tan trong HCI va trong kiém tao ra cuprat mau



do :
Cu,0, + 6HCl = 2CuCl, + Cl, +3H,0
Cu,0; + 2NaOH + 3H,0 = 2Na[Cu( OH),]
e Nguoi ta ciing da diéu ché dugc oxit Ag( Il ) & dang Ag203 ' 2Ago
mau den .
(3) Cac halogenua Au(I1I)
e Nguoi ta da diéu ché duoc cac hop chit AuF; mau da cam; AuCl; mau
do; AuBr; mau nau thim ; Aul; mau luc tham, khong tan trong nudce (7, = 10'46).
e Trong dung dich nudc chi co6 AuF; bi phan huy hoan toan, con lai thuy
phan theo phuong trinh:
AuCl, + H,0 => H,[ AuOCl,]
dung dich nay c6 mau hung do, khi cho tac dung véi Ag’ tao ra két tiia khong
tan 1a Ag,[ AuOCL;] , két tua d6 khong phai 1a AgCl, ching to ion [ AuOCL]*
c6 d6 bén cao.
e Cic hop chit AuCls, AuBr; va Aul; déu dé bi nhiét phan ; v6i AuOs bit
dau bi nhiét phan & 200°C ; AuBr; ¢ 150°C ; con Auls ¢ nhiét do thuong. Vi du :

(s]
Aucl, 22 ava + at

e Chung dé dang tao phurc véi axit hodc halogenua twong tng. Vi du :
K[AuCl,] mau vang ; K[AuBr,] mau do va K[Aul,] mau den.

(4) Cac hop chit khac ciia Au(III)

Au(NOs); Va Auy(SO,); khong tach dugc & trang thai ran chi biét duoc
trong dung dich dac cia HNO; va H,SO, tuong tng. Khi pha loang véi1 H,O s€
bi thity phén tao ra Au(OH); ( 7,=10").

Au,S; diéu ché dugc bang phuong phap gian tiép & nhiét do thip trong
moi truong ruou khi cho Li[ AuCly ] tdc dung voi H,S kho. Aus,S; 1a chit bot
mau den bi phan huy & 250°C thanh Au va S; bi H,O phén hiy thanh :

H,0
AuZS3 3 2AUS + S



CHUONG 8
CAC NGUYEN TO NHOM II B
(KEM - CADIMI THUY NGAN)

8.1. Nhin xét chung vé cdc nguyén té nhom IIB
(1) Zn ( Zincum), Cd (Cadmium), Hg ( Mercurius hay Hydrargyrum) la
cac nguyén td cudi cing ho d trong cac chu ky 4; 5; 6 thudc bang tun hoan .
e Kém va thuy ngan da biét tir thoi c6 dai, con cadimi 1a mét nguyeén td
hiém dugc nha hoéa hoc ngudi Puc 1a Stromaio ( F. Stromeyer) tim ra nam 1817,

e Nguyén tir khdi , s6 th tu va sy phan b electron nhu sau :

Nguyén t6 | Ki S6 thtr | Nguyén Phén b electron Hoa
hiéu tur tur tri
K&m Zn 30 65,37 2| 8| 18] 2 11
Cadimi Cd 48 112,41 2| 8| 18] 18| 2 11
Thuy ngan | Hg 80 200,59 2 8 18| 32 18] 2 LI

(2) Vé mit céu trac electron ca ba nguyén t6 nay déu co 16p vo (n - 1)d"°
ns’ (n 13 s6 thir tu chu ky twong tng ). Lép (7 - 1 )d hoan toan bén vimng véi 10
electron.

(3) Ca ba nguyén t6 ndy déu co6 hai electron s nam ngoai vo d nén giéng
v6i cac nguyén té nhom II A , déu tao nén cation hai dién tich dwong M*" ,
nhung khac voi nhom IT A |, cac nguyén t6 11 B ¢6 16p vo ( n - 1)d" lai dé b bién
dang hon so v&i 16p vo khi tro ( n - 1 )s’p® cua cac ion nhém IT A |, vi vy kha
ning phan cuc cua Zn>*, Cd**, Hg*" 16n hon .

Bang 36 néu mot s6 dic diém nguyén tir cta cac nguyén to trén .

Bang 36. Mot s6 dic diém ciia nguyén tir cac nguyén té Zn , Cd,. Hg

Nguyén to Zn Cd Hg
Electron hoa tri 3d'%s° 44" 55° 5d"%s"
Ban kinh nguyén tir (A) 1,39 1,56 1,60
Ban kinh ton M*" (A) 1,74 0,97 1,10
Thé16n hoal, (ev) 9,391 8,991 10,431

s A - * A 5 A 3 2 A A . r 5 A \
4) Do tinh bén dac biét ciia cau hinh 6s” nén thé ion hoa cia Hg rat cao va



cao hon ca cac nguyén t6 d con lai , diéu d6 di gay ra tinh chat khac biét giira
Hg v6i Zn va Cd . Cac hop chat ciia Zn va Cd bén hon , con cac hop chét cua
Hg it bén hon . Sy khac biét d6 con thdy ¢ chd Hg tao ra cic hop chat chira
nhom Hg,™" , trong d6 hai nguyén tir Hg di lién két v6i nhau bang lién két cong
hoa trj - Hg - Hg - ciing do c4u hinh 6s° .

(5) Thé dién cuc chuan ctia Hg rat cao, trai lai Zn va Cd lai c6 gia tri thap
. Hai kim loai nay Xép trudec Hg , thé hién tinh kim loai manh hon nhiéu so voi
Hg.

Sau dy 1a so dd thé dién cuc chudn cta chiing trong mdi truong axit :

+2 +1 0
- 0,763
an+ Zn
- 0,403
cd 2+ cd
0,854
| |
0911 2 0,796
ng+ —_— Hg2+ Hg

0,26
Hg,Q, __2_3_1

(6) V& cau tric tinh thé , Zn va Cd c6 ciu trac mang luc phwong ma mdi
nguyén tir lién két dugc vai 12 nguyén tir khac.

oVGi Zn :  a=26649A

¢ = 49468 A
eV6iCd : a =29788A
c=56167A

e V6i Hg : khi hoa ran tao ra tinh thé hinh tam mat dung, nhung van la
cau trac luc phuong. Trong mang tinh thé cua Hg c6 dang dic biét hon : mdi
mot nguyén tor Hg dugc bao quanh sdu nguyén tor Hg véi khoang cach 1a 3,005
A va 6 nguyén tir con lai v6i khoang cach 1a 3,477 A

N Ve
/--H l

a ]

Hinh 56. Cau truc tinh thé cla Zn va Cd.




8.2. Trang thdi thién nhién va thanh phén cdc dong vi
(1) Su phan bd cua cac kim loai nhom II B trong vo qua dat ( tng voi
thanh phan thach quyén ) nhu sau :

Nguvyén to % s0 nguyén tir 9% khdi luong
7Zn 1.5.10° 5.10°
Cd 7.10°¢ 5.107
Hg 7.107 7.10°

(2) Trong vo qua dat, kém ¢ dang cac khoang vat chu yéu 1a quing blen
kém ( ZnS ), calamin (ZnCOQO;) , Phranclinit hay ferit kém ( Zn(FeO,), ) , ngoai
ra con cé zincit ZnO. Trong thién nhién , cac khoang vat cua Zn déu c6 lan
khoang vat cua Pb, An va Cd.

e V¢i Cd , khoang vat chi yéu 1a quing grinokit (CdS). Trong quing blen
k&m va calamin c6 chtra khoang 3% cadimi .

e V4i Hg , khoang vat quan trong 14 quing xinaba ( cinnaba ) thanh phan
chinh 12 HgS (con goi 12 Than sa hay Chu sa).

(3) Trong co thé cua dong vat hodc thuc vat c6 chtra Zn v6i ham lugng bé
, trong sO hén c6 khoang 12% ; trong co thé nguoi c6 khoang 0,001% c6 nhiéu &
rang , hé than kinh va tuyén sinh duc .

(4) Trong nuée cua dai duong ( tinh trung binh véi 1/ nude bién ) c6 1.107
mg kém & dang Zn*" (ZnSO,) ; 1,1.10* mg cadimi & dang Cd*" (CdSO,) ; con
thiy ngan c¢6 ham luong 3.10° mg & dang HgCl,> va HgCls",

(5) Ham luong trong cac mau da ¢ Mit Trang do cac tau Apollo -11 , -12
va tau Luna - 6 dua vé cho thiy cac kim loai Zn, Cd , Hg ¢6 ham luong nhu sau
¢ ba vung khac nhau :

Nguyén Ham lugng trung binh ( s6 gam / 1 g mau d4 )
Apollo - 1 Apollo - 12 Luna -6
Zn 1,5.107 5.4.10° 3,34.107
Cd 4.10° 4.10° 5,2.107
Hg - - 0,4.10”

(6) Zn c6 15 ddng vi, trong d6 c6 cac dong vi thién nhién 1a *Zn
(48,89%); °Zn(27.8 1 %) ; “Zn@4, 1 1 % ); ®*Zn( 1 8,56% ) ; "°Zn(0,62% ) .
Trong cac dong vi phong xa thi bén nhat 1a dong vi 65Zn c6 chu ky ban huay 1a



245 ngay dém; con déng Vi 8171 chu ky ban huy chi co6 1a 90 giay .

e Cd c6 19 ddng vi , trong d6 tam dong vi bén gip trong thién nhién '*°Cd
(1,215% ); '°Cd (0,875 % ) ; ''°Cd 12,39 % ) ; '''C( 12,7 % ) ; '*C( 24,07 % ) ;
"3Cd(12,26 % ) ; '*Cd (28,86% ) va ''°Cd (7,58% ) . Trong cac dong vi phong
xa thi ddng vi '"°Cco chu ky ban hay 470 ngay dém la bén nhat .

e Hg c6 24 ddng vi trong d6 c6 bay dong vi thién nhién 1a "*°Hg (0,04 %
); *Hg (10,02%) ; ""Hg (16,84%) ; *“Hg (23,13%) ; *"'Hg (13,22% );
*2Hg(29,80%) ; ***Hg(6,85% ). Trong cac dong vi phong xa co dong vi " *Hg cd

chu ky ban huy 1a 130 ngay dém .

8.3. Piéu ché Zn, Cd , Hg
(1)Nuoi ta luyén Zn tir cac quang blen k€m (ZnS ) hodc tir quang calamin
(ZnCOs). Cac loai quing duoc 1am giau bang cic phuong phap khac nhau,
chang han phuong phép tir hoc dé tach oxit sat ; phuong phap dii ndi ... T loai
quing da dugc lam gidu, qua trinh luyén k&m duoc tién hanh bang phuong phap
nhiét luyén, qua hai giai doan : giai doan dau 1a nung quing trong khong khi ,
cac loai quang déu chuyén thanh oxit :

o

ZnCO, = ZnO + CO,}
2ZnS + 30, & 2Zn0O + 250,
Giai doan hai 1a khtr oxit bang than :
Zn0 + C =Zn + cot

Duéi day néu tom tat qua trinh trén:

I
I

|
T

LT o

Hinh 57. S0 d8 15 luyén kém.
Nguoi ta tron than v6i quing da 1am giau rdi cho vao cac ngin nung (4)
trong 1. Dung khi d6t 16 & khoang 1200°C , quing sé& bi phan tich thanh oxit ,
cacbon s& khtr oxit tao thanh Zn. Kém long s€ tu lai trong cac khoang ngung (B),



mot phan Zn chuyén thanh bui ty lai ¢ thung (C) gan véi khoang ngung , duoc
1am nguoi bang khong khi.

Luong kém tho thu dugc c6 chira khoang 97 - 98 % Zn, tap chit 1a Pb ,
Fe; con bui kém c6 chtra 80 - 90 % Zn , tap chit 1a Cd, Pb , Fe va c6 ca Sb va As

(2) Trong cac quang blen va calamin c6 chtra CdS . Vi vay trong qué trinh
luyén Zn con thu ca cadimi . Vi Cd d& bay hoi hon Zn nén phan 16n Cd chta
trong bui Zn.

Pé tach Cd , ngudi ta hoa tan bui trong H,SO, lodng , sau d6 dung Zn dé
khtr ion Cd*" :
Cd* + Zn = Cd + Zn*
Pé tinh ché Cd , ngudi ta dung phuong phap dién phén .
(3) Vi do bén cua HgO kém hon nén thu duoc Hg tir HgS theo phan tng :
HgS + O, Y He + SO,
nguoi ta cling dung Fe hay voi song dé diéu ché Hg tir HgS :

HgS + Fe = Hg + FeS
4HgS + 4CaO = CaSO, + 3CaS + 4Hg

Ngung tu hoi Hg , thu dugc Hg long.

8.4. Tinh chit ly hoc Zn, Cd , Hg va irng dung
(1) O dang don chat ca ba kim loai déu c6 mau tring bac , nhung dé trong
khong khi 4m bj phu mét 16p oxit méng. Mot sd hang s6 1y hoc duge néu & bang
37:

Bang 37. Mot s6 hang s6 1y hoc quan trong ctia Zn, Cd, Hg

Tinh chat Zn Cd Hg
Khoi lugng riéng (g /cm’ ) 7,14 8,64 13,55
Nhiét d6 néng chay ( 7, , °C) 419 321 -39
Nhiét d6 Séi ( T, , °C) 907 767 357
D6 dan dién (so véi Hg=1) 16 13 1
Do am dién 1,6 1,7 1,9

e Ca ba kim loai nay déu c6 khodi luong riéng 16n, c6 T, va Ty thép hon so
v6i cac kim loai nang , vi vay déu co do bay hoi cao.
Véi Zn , & 353°C (gan véi T,. = 419°C ) c6 4p suét hoi 1a 1,57.107



mmHg; v6i Cd, c6 ap sut hoi 1a 3,13.10” mmHg & 291°C ( gan véi T, = 321°C
). Riéng dbi voi Hg thi ¢ 20°C da c6 4p suat hoi 1a 1,33.10”° mmHg.

e Vi ¢ diéu kién thudng Zn kha gion , nén khong kéo dai duoc , nhung
khi dun néng dén 100 - 150°C lai déo va dai, khi dun néng dén 200°C lai c6 thé
tan duoc thanh bot . Tréi lai, Cd co thé rén va kéo dai duoc .

(2) Vé dbc tinh, Zn & trang thai ran khoéng doc, nhung hoi cua ZnO lai rat
ddc , con cac hop chit khac cua Zn lai khong doc. Véi Cd, ¢ dang kim loai
khong doc , nhung cac hop chit cua Cd lai rit doc . Pac biét, thuy ngan rat doc
, cac mudi cia thity ngan nhu clorua , nitrat cuc ky doc Poc tinh cia thity ngan
gay ra tac hai lam té€ 1iét hé than kinh , giam tri nh¢, viém loét 1oi rang .... Luong
thity ngan cho phép cuc dai trong khong khi & cac nha may 1a 10” mg/lit. (3).
Ca ba kim loai déu c6 kha ning tao ra hop kim véi nhau va véi cac kim loai
khac , dic biét 1a hop kim ctia thay ngan goi 13 " hdn hong " . Hon héng thudng
1a nhitng hop chét cia thity ngan va kim loai da hoa tan trong thity ngan . Mot
s6 hdn héng ¢ trang thai 16ng, mot sb & trang thai ran hodc nhao. Hon hong cia
Na hoic K 1a chét ran tinh thé ; hdn hong cta Sn dung trang guong ...

e Nhiéu kim loai dé& tao ra hdn héng nhu Au , Ag, Cu, Sn, Na, K ... mot
s6 khong tao ra hdn hong nhu Mn, Fe , Ni ... bang phuong phap truc tiép khi
hoa tan cac kim loai d6 trong thuy ngan , vi viy nguoi ta dung binh bang sit dé
cat trir thay ngan .

e Mic du qua trinh tao ra hdn hong 14 qua trinh phéat nhiét , nhung céc
kim loai trong hdn héng khong thay d6i tinh chat héa hoc ciia né . Vi du hdn
héng natri khi tiép xtc voi H,O vén tao ra H, va NaOH nhung ém dju hon :

2NaHg, + 2H,0 = 2NaOH + H,T + 4Hg

Mit khac, trong hdn héng, c¢6 ton tai cac hop chét cia Hg voi kim loai. Vi
du:

Vi Li ¢ cac hop chat LigHg , Li;Hg , LiHg , LiHg, , LiHg;.

Véi Na c6 cac hop chit NasHg , NasHg, , NaHg , NaHg, , Na,Hg;.

Vi Ca c6 cac hop chat CaHgs , CaHgs , CaHg,,,

e Goc NH,’ ciing tao ra hdn hong véi thity ngan , khi cho hdn hong natri
tac dung vo1 dung dich dam dac mudi amoni .

Vidu:

NaHg + NH,Cl = NaCl + NH,Hg

Géc tu do NH,° trong hon hdng nay bén hon & trang thai tu do va phan

hiy cham hon:



2NHHg = 2NH,T + H,T + 2Hg

(4) Mot luong 16n Zn dugc dung ma 1én sat dé bao vé cho sit khoi gi, trén
bé mit ctia 16p ma c6 phtt mot 16p mong cacbonat bazo ( ZnCO5.3Cu(OH), )
bao vé cho kim loai .

e Mot phan Zn dung didu ché hop kim nhu hop kim véi Cu. Mot sd hop
chat ctia kém dung trong y khoa nhu ZnO dung lam thudc giam dau day than
kinh, chita eczema, chira ngtra ...

e ZnSO, dung lam thudc giy non, dung lam thudc sat trung; dung dich
0,1 - 0,5 % lam thudc nhé mét chita dau két mac .

® Zn con dung dé san xuat cac pin kho . Loai phi ndy gdm mot vo ngoai
bang Zn dong thoi 1a andt ; & gitra pin 14 mot tru bang than chi dong vai tro cua
catot. O gilta Zn va try than chira hdn hop h6 nhdo gom MnO, , NH,CI va bot
than . Phan ung x4y ra trén bé mat dién cuc khi phong dién nhu sau :

andt: Zn-2e=Zn>"

O catot : 2NH,” + 2MnO, + 2¢ = Mn,0O, + 2NH, + H,0

(5) Cadimi dung dé diéu ché mot s6 hop kim dé nong chay chang han hop
kim Wood néng chay ¢ 68°C gom 50% Bi, 25% Pb , 12,5 %Sn va 12,5% Cd.

e Mot lugng Cd pha 1an vao Cu lam ting tinh bén ctia Cu nhung khong
lam giam tinh dan dién .

e Mot phan Cd dung 1am dcquy Ni - Cd . Loai dcquy nay t6t hon dcquy
kho 1a khi phong hét dién c6 thé nap lai nhu dcquy chi . Trong loai pin nay, Cd
dong vai trd ctia andt , con NiO, dong vai tro cia catot . Khi phong dién , & bé
mat dién cuc xdy ra cac qua trinh sau :

G anot : Cd + 20H -2e = Cd(OH), E = -0809V
O catot: NiO, + 2H,0 + 2¢ = Ni(OH), + 20H  E° = +0490V

Khi dcquy Ni - Cd phong dién c6 dong véi thé khoang 1,2 - 1,3V.

(6) Mot luong 16n Hg dung trong k¥ thuat dién , k¥ thuat &nh sang , dén
thity ngan cao ap , dén thuy ngan thach anh ...

e Dung diéu ché cac hdn hong c6 nhiéu tmg dung thuc t& nhu hdn hong
6 chtra 5,8% tali hoa rian ¢ - 60°C nén dung ché tao nhiét ké c6 nhiét d6 thép )

e Dung trong y khoa dé chita mot s6 bénh . Quing xinaba ( cinnabar )
thanh phﬁn chinh 1a HgS, 1a mdt loai da d6 ¢ Trung Qudc nén goi la Chu sa (
hay Pan sa , Than sa ) dung dé chita bénh mat ngu , chira tinh hoang hét ; cac
hop chat HgCl, , Hgl, , HgO, HgCN chu yéu dé chita bénh giang mai va sat
trung . T4t ca déu 1a thudc doc bang A.



8.5. Tinh chit héa hoc ciia Zn , Cd , Hg

(1) Hoat tinh hoa hoc cua cic nguyén t6 trong nhém II B giam déan khi
khéi luong nguyén tir ting . Trong diy thé dién cuc Zn va Cd dung trude hidro ,
con Hg sau hidro . K&m 1a nguyén té kim loai trung binh , con Cd thi kém hon .
Mac du 1a kim loai dimg sau hung , nhung lai c¢6 hoat tinh héa hoc cao la do Hg
& trang thai 16ng lam cho phan g xay ra dé dang hon .

(2) Ca ba kim loai déu khong phan tng voi H, , nhung H, ¢6 kha ning tan
trong Zn nong chay tao ra dung dich ran .

(3) Khi tiép xtic v6i khong khi kho & nhiét do thuong , Zn , Cd va Hg déu
khong bi bién d6i , nhung khi nung néng thi Zn va Cd bi chay nhanh hon , con
Hg thi cham hon . TAt ca déu tao ra oxit : ZnO , CdO , HgO .

e Ca ba kim loai déu phan tng truc tiép v6i luu huynh, véi Zn va Cd thi
phai dun néng, con véi Hg xdy ra ngay ¢ nhiét do thuong khi nghién S bot voi
Hg ; phan ung tao ra ZnS , CdS va HgS.

® V6i Se va Te ciing c6 phan tng truc tiép tao ra selenua va telurua tuong
ung : MSe va MTe (M 1laZn, Cd, Hg).

(4) Phan tmg truc tiép véi cac halogen tao ra cac halogenua mau trang trir
Hgl, c6 mau dé .

(5) Ca ba kim loai déu khong phan tmg truc tiép véi Ni , cac hop chat nhu
ZnN, , Cd;N, , Hg;N, Chi diéu ché duoc biang phuong phap gian tiép .

e Khi dun nong ca ba kim loai cung véi P trong ampun chan khong , thi
Zn phan tmg truc tiép v6i P ¢ 400 - 450°C tao ra ZnsP, ; V6i cd ¢ 450 - 500°C
tao ra Cd;P; ; v&i Hg & nhiét do thép hon 275 - 300°C tao ra Hg;P,.

(6) Zn , Cd va Hg khong phan tmg voi C , Si, B va khong tao ra hop chat
, tuy nhién cacbon hoa tan mot it trong Zn va Cd néng chay , khi dé ngudi
cacbon thoat ra & dang than chi .

(7) V& mit nhiét dong , Cd khong day duoc H, ra khoi H,O nguyén chat ,
nhung Zn lai c6 kha nang d6 khi so sanh thé dién cuc chuan cua Cd, Zn véi.

E’
2HT =
Az(pH 7)

bé mit da bao phi mot mang oxit .

— 0,413V . Thuc té, kha nang d6 cta Zn lai khong xay ra vi trén

e Khi nung Zn trong ludng hoi nudc tao ra oxit kém :

Zn + HO,y = Zn0 + H1
(8) Trir Hg va Cd khéng phan Gng v6i dung dich kiém , con Zn tan trong
dung dich kiém dic ndng tao ra zincat:



Zn + 2NaOH = Na,ZnO, + H,T

Céc zincat chi ton tai trong dung dich kiém du vi Na,ZnO, bi thuy phan
manh nhu Na2SnO2 hay NaAlO2 , do d6 trong dung dich nuéc khong phai 1a
Na,Zn0, ma 1a NalZn(OH);], Na,[Zn(OH),] , Ba,[Zn(OH)s] . Cac hop chit nay
da tach dugc o trang thai ran.

(9) Zn va Cd tan trong axit khong c6 tinh oxi héa nhu HCI , H,SO,4 loang
tao ra Hp; con Hg khong phan tng .

Cd + H,S0, = CdSO, + H,T

e 7Zn nguyén chéat phan ung rat cham véi axit loai trén , nhung néu cho
thém mot vai giot dung dich CuSO, hodc trong Zn cé tap chat 1a nhimng kim loai
kém hoat dong hon thi phdn Ung véi axit xdy ra nhanh hon . Nguyén nhan la
ban dau hidro thoat ra trén bé mit ciia Zn nguyén chat tao ra mot 16p mang
mong cach ly kém véi chat 1ong. Khi ¢o tap chat, s& hinh thanh nguyén t6
Ganvani nén H, thoét ra tai cac dém tap chit d6 .

e Khi nhiing mot thanh kém k¥ thuat ( c6 chira tap chat ) va mot thanh
kim loai khac (vi du Cu ) vao dung dich H,SO, lodng d¢é hinh thanh mét pin
dién , thanh Zn s€ bi axit an mon ngay ca khi pin hoat dong. Pé khic phuc diéu
d6, nguoi ta d3 hdén hong héa bé mat thanh kém ; v6i thanh Zn da bi hdn hong
chi thuc sy an mon khi pin hoat dong , do electron da chuyén tr thanh Zn sang
thanh Cu qua day dan.

(10) Vo1 axit co tinh oxi hoa , ¢4 ba kim loai déu bi an mon.
e V41 H,SO, dam dac va nong , Zn va Cd s€ phan ung tao ra SO2 va S,
con v6i H,SO, dic ngudi c6 thé tao thanh H,S

o

Zn + 2H,S0, = ZnSO, + SO,T + 2H,0

o

3Zn + 4H,S0, = 3ZnSO, + S + 4H,0
4Zn + S5H,SO, = 4ZnSO, + H,ST + 4H,0
e Hg tac dung véi H,SO, dic nong tao ra HgSO, néu axit du , khi Hg du
tao ra Hg,SOy:

Hg + 2H,SO, gy = HgSO, + SO, T + 2H,0

2Hg gy + 2HSO, g, = Hg.SO, + SO,T + 2H,0
e Vi HNO; dic tac dung véi Zn ngoai NO, hay NO con tao ra N,O ; néu
13 HNO; lodng tao ra mubi amoni :

Zn + 4HNO3(dflC) = Zn(NO3)2 + 2N02T + 2H20
4Zn + 10HNO, = 4Zn(NO;), + NH,NO, + 3H,0

ion NO5™ dong vai tro 1a chat oxi héa trong méi truong axit (H") tao ra ion



NH,"
Con trong mdi truong kiém , ion NO;™ s& bi Zn khir thanh amoniac :

4Zn + NO; + 7O0H = 4ZnO;>" + NH,T + 2H,0

hay  4%n * NO; + 7OH™ + 6H,0 = 4[ Zn(OH),’” + NH,!

e V&i Hg , khi tac dung vaoi1 HNO; loang tao ra Hoat thuat khi Hg du; con
khi axit dac du tao ra Hg(II) nitrat :
6Hg sy + SHNO(joag, = 3Hgx( NOy), + 2NO + 4H,0
Hg + 4HNO, g 4y = Hg(NOy), + 2NO, + 2H,0
(11) Kém con tan ca trong dung dich amoniac , nhdm khong c6 kha nang

nay , do céc qua trinh sau :

NH, + H,O = NH, + OH

Zn + 2H,0 = Zn(OH), + H,T
Zn(OH), + OH = [Zn(OH), T
hoac Zn(OH), + 4NH, = [Zn(NH,),}(OH),

Khoéng nhiing thé , Zn con tan ca trong dung dich mubi amoni dic do qua
trinh thuy phan mudi amoni tao ra san phadm pha hity mang bao vé !

8.6. Cdc hop chdt véi sé oxi héa + 2
(1) K&m va cadimi tao thanh cac hop chat hoa tri 1T, con thily ngan ngoai
hoa tri II con tao ra nhitng hop chat héa tri I .
e S6 phdi tri ddc trung cta Zn (II) 13 4 va cua Cd (II) 1a 6 , tvong tmg véi
obitan lai hoa sp’ ( phan bd lién két dang hinh bén mit ) va sp’d’ (dang tam

mat):



Ciéc obitan ctia ion M*>* +— »
. o . 3
tao ra lién két xichma (o) sp
< >
sp’d*
“—
sp

Hinh 58. Lién két dang hinh bdn mat clia ZnS:
( a) c4u tric mang 1ap phuong clia sphalerit (o - ZnS ) ;
( b) c4u tric mang luc phuong clia vuxit ( B - ZnS ).

e Vi du cac hop chit nhu K,[ZN(OH),4]; [ZN(OH2)4]SO.; ZN(NH3),]CL;
[ZN(NH;),CL]; ZNO, ZNS, CdS, HgS déu c¢6 cau hinh bén mit Gmg voi dang lai
hoa sp’ (hinh 58).

e Con cac hop chit nhu [CA(NH;)¢(NO;),; [Cd(NH3),CL]; CdO, CdBr2,
CdI, déu c6 cdu hinh tdm mit Gng véi dang lai héa sp’d” (hinh 59).

o-1 (O-2
Hinh 59. Céu trac 16p lién két dang hinh tdm mat cia MX:
(1) nguyén tir kim loai M;
(2) (3) nguyén tir X; X phan bd phia trén va dudi mit phang chira
nguyén tu M.
e Vi cac hop chat cua Hg(Il) c6 dang hinh tuyén tinh Gng voi dang lai
hoa sp, chang han nhu Hg(CN),, [Hg(NH3),]CL...



Sau ddy xét mot s6 hop chét quan trong ctia Zn(IT), Cd(IT), Hg(II).

(2) Cac oxit MO
e ZnO duoc diéu ché bang cach nung mudi cacbonat, nitrat, ferit kém,
hodc nung bot ké€m trong khong khi

o

Zn(Fe0,), = ZnO + Fe,0,

ZnCO, = ZnO + CO,1

o

27Zn(NO;), = 2ZnO + 4NO,T + 0,1

e (CdO duoc tao ra khi nung bt Cd trong lugng khi O,, tao ra tinh thé mau
do nau.
e HgO duoc diéu ché bang cach nhiét phan mudi nitrat Hg(II):
2 Hg(NO,), i 2HgO + 4NO,T + O,

o

Hg,(NO;), = 2HgO + 2NO,1
Hoic bang cach tron dung dich nong HgCl, véi K,CO; hay Na,COs:
HgCl, + K,CO, = HgO + 2KCl + CO,t
Pun néng Hg trong khong khi dén gan nhiét do s6i ( T, = 357°C ) ciing
tao ra HgO :
2Hg + 0, = 2HgO (AH=- 9037kJ)
Hg thu duoc tir cac phan tmg déu c6 mau do.
Khi cho dung dich kiém du tac dung v&i dung dich clorua hoac nitrat
Hg(II) tao ra dang HgO mau vang :
HgCl, + 2NaOH = HgO + 2NaCl + H,0
e Cac oxit ZnO, CaO, HgO déu bén véi nhiét, do bén giam tir ZnO dén
HgO.
Khi dun néng, tir ZnO mau tring, dén 250°C chuyén sang mau vang
chanh, khi dé nguoi lai tré vé mau tring ban dau. Nung dén 1950°C thi bi phan
huy thanh nguyén td.

0 -~
27n0 1950°C

2Zn + 0,7
CdO bi thing hoa ¢ khoang 700°C, dén 1813 °C thi bi phan hy.
Khi dun néng HgO ciing ¢ hién twong chuyén mau. Vi du khi dun néng

HgO mau do, s& chuyén mau vang, dé ngudi - trd lai dang mau doé ban dau.
Nung dén 400°C HgO bi phan hiy thanh don chét :

400°C

2HgO 2Hg + 0,1

e Ca ba oxit hiu nhu khong tan trong nudc, riéng HgO cé tan nhiéu hon so



v6i ZnO va CdO; khi tan, HgO tao ra moi trudng kiém yéu :
HgO + H.O => Hg" + 20H (T, =3,6.107%)
e 7ZnO 1a chét ludng tinh, trong dung dich axit tao ra cic mudi clorua,

sunfat kém, con trong dung dich kiém du tao ra zincat :
Zno + H?_SO4 = ZI]SO4 + H?_O
ZnO + 2NaOH = Na,ZnO, + H,O

Khi nung hdn hgp gdm ZnO va BaO & 1100°C tao ra oxit kép Bao, ZnO
hay BaZnO, :

O
BaO + Zn0 1% C  Bazno,

e CaO va HgO la nhiing oxit bazo.
e ZnO, CdO déu bi H, hodc C khir thanh kim loai :
cdo + H, 2C 4 + HO

(4]
cdo + ¢ € 4 + cot

(3) Cac hidroxit M(OH)2
e 7Zn(OH), tao ra khi cho dung dich kiém tac dung v6i dung dich mudi

kém; két tia tan trong kiém du:

ZnSO, + 2NaOH = Zn(OH),{ + Na,SO,

e Cd(OH), ciing duoc diéu ché twong tu, khong tan trong kiém dur:
CdSO, + 2NaOH = Cd(OH),{ + Na,SO,

e Hg(OH), rat khong bén, can bang sau day chuyén dich manh sang phai :

Hg(OH), == HgO + H,0
Vi vay khi cho mudi Hg(II) tac dung véi dung dich kiém, tao ra HgO :
Hg(NO,;), + 2KOH = HgO + 2KNO, + H,0
e Zn(OH), va Cd(OH), déu 1a chat két tia mau tring, khong tan trong

nudc; co tich so tan nhu sau :

Zn(OH), { == Zn(OH)* + OH" T, = 1,810
Zn(OH), Y == Zn>* + 20H T, =7,1.107"
Cd(OH),{ == Cd(OH)* + OH" T, =2210"%
Cd(OH),y == Cd* + 20H T, = 59.107"°

e Khi nung Zn(OH), trén 100°C thi bit dau bi phan hay thanh ZnO va
H,0; voi Cd(OH), San pham thu duoc sau khi nung c¢6 mau sic khac nhau phu
thudc vao nhiét d0.Vi du nung & 350°C thu dugc oxit mau vang xanh, con &
800°C la oxit mau xanh den.

e Zn(OH), c6 tinh ludng tinh, tan trong axit va kiém :



Zn(OH), + H,S0, = ZnSO, + 2H,0
Zn(OH), + 2KOH = K,[Zn(OH),]
Ban chat ludng tinh ctia Zn(OH)2 ¢6 thé mb ta theo so do :
, OH " OH"
[Zn(OH, ),] * === [Zn(OH),(OH,),] === [Zn(OH),]*
H,0” H,0"

[Zn(OH )],
e Cd(OH), ciing thé hién tinh axit nhung rat yéu; dé tan trong dung dich
axit, con trong kiém dic khi dun s6i 14u mdi tao ra cadimat :

]

Cd(OH), + 2NaOH, g, = Na,CdO, + 2H,0
san pham phan tmg da tach dugc ¢ dang rin c6 thanh phan Na,[Cd(OH),].
e Zn(OH), va Cd(OH), tan trong dung dich amoniac do tao ra phtrc chat :
Zn(OH), + 4NH, = [Zn(NH,),](OH),
Cd(OH), + 4NH; = [ Cd(NH,),J(OH),
tir gia tri hang s6 khong bén cta ion phic [ Zn(NH3),]* va [ Cd(NH3),]*" tuong
tmg 14 3.10"° va 8.10"® cho thay amoniacat ctia kém bén hon.
e Zn(OH), ciing tan mot phan trong dung dich mudi amoni. Co ché phan
ung nhu sau :
NHY = NH, + H
Khi c6 mit ciia Zn(OH)2 can bang trén s& chuyén sang phai :

hay Zn(OH), + 2NH, ==  [Zn(NH,),] + 2H,0
e Nhitng amoniacat nhu trén ciing dugc tao ra khi cho cac mudi Zn*>" hay
Cd* tac dung véi1 dung dich amoniac, chéng han :
ZnSO, + 4NH; = [Zn(NH,),]SO,
nhung véi [Hg(NH;)4]*" chi dugc tao ra khi c6 lugng rat du NH; va phai c6 mit
ctia mubi amoni. Vi du hop chat [Hg(NH;),]Cl, tao ra dang tinh thé tring khi
cho HgCl, tac dung véi dung dich amoniac du va dung dich NH,C1 dam dac.

(4) Cac halogenua
Trong cac mudi halogenua cta kém, cadimi, thiy ngan thi c¢6 Gng dung
rong rai nhét 1a ZnCl, va HgCl,.
e ZnCl, khan duogc diéu ché bang cach hay nhat 1a dun néng mudi kép
ZnCl,.3NH,CI trong luéng khi hidro clorua kho :

o

ZnCL3NH,Cl = ZnCl, + 3NH,CI
hodc bang cach cho ludng khi do hay HCI khé qua Zn nung ndng, hoic bang
céch cho Zn hoa tan trong axit HCI, sau d6 1am bay hoi dung dich trong ludng



HCI ( khi ) dé tranh hién tuong thuy phan :
ZnCl, + H,0 = Zn(OH)Cl + HCI

e Cac mudi halogenua khac cta kém ciing diéu ché tuong tu.

e CdCl, duoc diéu ché bang cach nung Cd trong ludng khi clo; con CdBr,
cling diéu ché tuwong tu trong hoi brom, hodc bang cach cho Cd tac dung véi
nudc brom néng. Ngudi ta ciing c6 thé diéu ché Cdl, bang cach cho CdO,
CdCO; tan trong dung dich HI loang.

e HgCl, dugc diéu ché bang cach cho Hg tan trong nuéc cudng thiy hoic
cho HgO tac dung v6i HCI dun néng :

3Hg + 2HNO, + 6HCl = 3HgCl, + 2NOT + 4H,0
Trong cong nghiép diéu ché bang cach dun nong hdn hop gdm HgSO, voi
NacCl:
HgSO, + 2NaCl = Na,SO, + HgCl,
Hgl, 1a chat bot mau d6 tao ra khi nghién Hg voi L.
Ciing c6 thé tao ra khi cho mudi Hg(NOs), hay HgCl, tac dung véi dung
dich KI :
Hg(NO;), + 2KI = Hgl,!{ + 2KNO,
Hgl, tan trong lugng du KI nén lugng KI phan tng phai dugc tinh toan
trudc :
Hgl, + 2KI = K,[Hgl,]
Ciing vi ly do d6, HgO cling phan tng véi dung dich K1 :
HgO + 4KI + H,0 = K,[Hgl,] + 2KOH

e Cac mudi halogenua ciia kém, cadimi, thuy ngan déu két tinh ¢ dang
khong mau, trir Hgl, mau do6, da sb tan trong nude. Dudi ddy 1a d6 hoa tan (mol
/ 1 H,0) ctia cac halogenua & diéu kién thuong:

F Cl Br I
Zn 5.107 27 21 14
Cd 0,3 7 4 2,5
Hg - 0,3 0,017 1,3.10°

Cac mudbi florua it tan trong nudc, chimg to cau tric ctia ZnF, va CdF, déu
c¢6 nang lugng mang ludi cao. Cac mudi clorua co do tan 16n nhat va dic biét
v6i ZnCl, lai ¢6 tinh hat Am manh.

e Cac halogenua cua Hg(Il) déu 13 nhitng chét dién ly yéu, do dién ly cua
HgCl, vao khoang 0,1%.

o V& lién két, florua 1a chét c6 lién két ion, do d6 déu nong chay & nhi¢t do
cao, con cac halogenua khac déu co6 ban chat cong hoa tri.



e Cac halogenua cua Zn(Il), Cd(II), Hg(II), nhét 13 cac clorua, bromua,
1otua khi tadc dung voi1 ion halogenua tao ra phirc halogenua tuong img. Vi du :
ZnCl, + 2NaCl = Na,[ZnCl,]
HgCl, + 2KCl = K,[HgCl]
Trong dung dich cdc mudi halogenua cua cadimi déu cé chua cic con
Cd*, CdX", CdX,°, CdX"...
Trong s6 cac phtrc halogenua do, c6 nhiéu chét rat bén,vi du [HgBr,] va
[HgLy]* c6 hing s6 khong bén 14 2.10°** va 5. 107°' twong tmg.

e Khi cho dung dich KI vao dung dich HgCl, dén khi két tia Hgl, tan hét,
sau d6 cho thém KOH, thu duoc dung dich mau vang goi 1 thudc thir Nette (
Nessler ) dung dé nhan biét amoniac va cac mudi amoni tao ra két tha mau niu
dé :

NH; + 2K,[Hgl,] + 3KOH = HOHg.NH.Hin + 7KI + 2H,0
e Dung dich ZnCl, dac phan ting véi H,O tao thanh axit phirc :
ZnCl, + 2H,O0 = H,[ZnCl,(OH),]
vi vay nguoi ta dung dung dich thu dugc sau khi cho Zn tdc dung vo1 HCI (dung
dich ZnCl, dic) trong k¥ thuat han thiéc dé tay 16p oxit trén bé mat ciia kim loai.
Phan Umg xay ra theo vi du sau :
FeO + H,[ZnCl,(OH).] = Fe[ZnCl(OH),] + H,0
Khi tiép tuc nung néng chd han, nuéce bay hoi, kim loai dugc phit mot 16p
mudi noéng chay, ngan can su oxi héa kim loai, lam cho su tiép xuc giira thiéc
han véi kim loai duoc tot hon,

e Cac mudi ciia Hg(Il) déu co tinh oxi hoéa. Trong dung dich, HgCl, bi

phén hity cham tao ra Hg,Cl, mau trang va clo :
2HgCl, = HgCl, + CL,T
Ciing bi bién doi twong ty khi tic dung voi chat khi :
2HgCl, + SO, + 2H,0 = HgCl, + 2HCl + H,S0,
2HgCl, + SnCl, = Hg,Cl, + SnCl,
Hg,Cl, + SnCly4, = 2Hg + SnCl,
2HgCl, + HCOOH = HgCL{ + CO,T + 2HC
Hg,Cl, + HCOOH = 2Hg + CO,T + 2HCI

(5) Cac sunfua
e 7ZnS la chét rin mau tréng, duogc tao ra khi cho H,S qua dung dich mubi
kém trong moi trudng kiém, hodc bang cach cho dung dich mudi amonisunfua
tac dung v6i dung dich mubi kém:
Na,ZnO, + 2H.S = NaS + ZnS{ + 2H,0



Két tua ZnS khong dugc hinh thanh khi cho H,S tac dung véi dung dich
mudi k&m cua axit manh ( vi du HCI ), vi ZnS tan trong axit manh. ZnS khong
tan trong CH;COOH nén c6 thé cho Zn(CH;COOQ), tac dung voi H,S

Zn(CH,CO0), + H,S = ZnSY + 2CH,COOH

e CdS ciing duoc diéu ché bang cach cho H,S tac dung véi dung dich mudi
cadimi. CdS c¢6 mau vang chanh hodc vang d6 tiy theo diéu kién két tua.

e HgS duoc biét dudi hai dang : den va d6. Dang mau den dugc tao ra khi
nghién Hg véi S hoic khi cho H,S di qua dung dich mudi Hg(IT). Két ta nay
mau trang sau d6 chuyén thanh mau do6 va cudi cung chuyén thanh mau den.

e Khi HgS den thang hoa chuyén thanh dang HgS d6 1a dang thuong gip
trong thi€én nhién.

e Do tan cua cac sunfua d6 rat nho. Dudi day 1a gid tri tich sd tan cua
ching :

‘ a - ZnS ‘ a -ZnS ‘ Cds ‘ HgS do ‘ HgS den
2.107% ‘ 31077 ‘ 1.10 ‘ 5.10° ‘ 2.107%

Tich sb tan T,

Do tan trong nudc giam dan tir ZnS dén HeS. Do tan trong axit cling giam
tuong ty:

ZnS tan trong axit manh, khong tan trong axit yéu.

CdS khong tan trong HCI loang, nhung tan trong trong HCIl déc, trong
HNO; loang, trong H2SO,4 loang nong.

HgS chi tan trong HCI dac s61. Tan trong nudc cudng thuy tao ra HgCly;
tan trong dung dich kiém cua natri hodc kali sunfua tao ra mubi thio :

HgS + K.S = K,[HgS)]

HgS den tan trong HNO; tao ra mudi nitrat. Khi dun nong trong khong

khi tao ra thuy ngéan va SO, :

o

HgS + O, = Hg + SO,

e 7ZnS duoc dung ché tao son khoang mau trang, thuong duoc ding hon
hop v&i BaSO4 goi 1a litopon. Loai son nay khong bi hoa den boi H,S va dugc
diéu ché theo phan tng :

ZnSO, + BaS = BaSO,V + ZnS|{

Khi nung ZnS vo dinh hinh trong luéng khi H,S tao thanh ZnS tinh thé.
Dang nay khi c6 1an vi mot lugng nhé kim loai khac (nhu Cu) thi ¢6 tac dung
phat 1an quang, nghia 1a sau khi chiéu sang, né tiép tuc phat sang trong bong ti.

(6) Cac xianua
e Cac xianua Zn(CN),, Cd(CN),, Hg(CN), duogc tao ra khi cho dung dich



cac mudi M** tac dung voi dung dich xianua cta kim loai kiém. Vi dy :
CdSO, + 2KCN = Cd(CN),{ + K,SO,
Véi Hg(CN), ngoai phuong phap trén con c6 thé hoa tan HgO trong dung dich
HCN:
HgO + 2HCN = Hg(CN), + H,0
e Zn(CN),, Cd(CN), thyc té khong tan trong nudc nén di ling xubng &
dang két tia mau trang, con Hg(CN), tan nhiéu trong nudc, nhung khong tao ra
ion Hg®" vi d¢ dién ly ciia Hg(CN), v cing nho; vi vay ngudi ta co thé dung
mot mudi Hg(I1) dé hoa tan nhitng mudi xianua khong tan. Vi du :
2AgCN + Hg* = 2Ag" + Hg(CN),
Khi dun néng dén 320°C, Hg(CN), bi phan hiy thanh xian

o

HgCN), = Hg + (CN),

e Céc xianua trén déu dé tao thanh phirc chat, phan 16n cic phtc chat d6
déu dé tan trong nudc va déu bén ¢ dang [ M(CN),]*. Vi du :
2KCN + Cd(CN), = K,[Cd(CN),]

(7) Cac nitrat
e 7Zn(NO;), duoc diéu ché béng cach cho Zn hat, hodac ZnO tan trong
HNO; loang:
3Zn + 8HNO, = 3Zn(NO,, + 2NOT + 4H,0
két tinh trong nudc & nhiét do thap hon - 18°C va ndng chay & +36,5°C.
Tao ra bon dang hidrat v6i 2; 4; 6; 9 phan tr H,O. Dang hidrat bén nhat 1a
Zn(NOs),,. 6H,0.
e Cd(NO;), & dang tinh khiét dugc diéu ché bang cach cho CdCO; tan
trong HNO; loang :
CdCO, + 2HNO, = Cd(NO;), + CO,® + H,0
O nhiét do thuong, da tach ra dang tinh thé hidrat hoa Cd(NO;),.4H,0
(cling ton tai & dang 2; 9 phan tir H,0).
e Hg(NO;), duoc diéu ché bing cach cho Hg tan trong HNO; du hodc cho
Hg,(NO3), tac dung véi HNO; loang :
Hg + 4HNO, = Hg(NO;), + 2NO,T + 2H,0
3Hg,(NO;), + 8HNO,; = 6Hg(NO;), + 2NOT + 4H,0
sau khi 1am bay hoi dung ch, mubi tach ra ¢ dang hidrat Hg(NO5),.H,O.
Hg(NO;), chi bén trong dung dich khi c6 mit cia HNO; dé tranh hién
tuong thuy phan. Trong dung dich loang, hoan toan bi phan huy :
Hg(NO,, + H,0 = HgO + 2HNO,



e Ca ba mudi déu két tinh mau tring, déu dé tan. Do hoa tan trong 100 g
H,0 6 20°C véi Zn(NO3),.6H,0 1a 118,4 g, con voi Cd(NO;),.4H,0 1a 153 g.

(8) Cac sunfat
e ZnSO, dugc diéu ché bang cach cho v bao kém tan trong dung dich
H,S0O, loang, hodc nung ZnS trong khong khi :
Zn + H,S0, = ZnSO, + H,T
ZnS + 20, = Znso,

Khi lam bay hoi dudi 39°C, tinh thé tach ra & dang ZnSO,4.7H,0. Tinh thé
mau trang, dé tan trong nudc. O 20°C, d6 hoa tan 1a 54,4 g ZnSO,.7H,0 trong
100 g H,O.

Dé trong khong khi dan dan bj 1én hoa. & 39°C néng chay trong nudc két
tinh tao ra dang ZnSO4.6H,0. Mat nudc két tinh & 250 - 270°C. Khi nung ndng
do, bi phan huy:

o

2ZnS0, = 2Zn0 + 250, + O,1

e CdSO, duoc diéu ché béng cach hoa tan Cdhay CdCO; trong H,SO,
loang :
Cd + H,S0, = CdSO, + H,T
CdCO, + H,S0, = CdSO, + CO,T + H,0
T dung dich trong nudc, thu duogc tinh thé hidrat CdSO,.7H,0;
CdS0O,4.H,0. CdSO, tan trong nudc. V6i sunfat cia kim loai kiém, CdSO, tao ra
mudi kép, c6 cong thuce 1a : M,S0,4.CdSO,.6H,O (M 1a kim loai kiém).
Khi nung dén 700°C, bt dau thiang hoa, dong thoi bat dau phan hay. O
1000°C phén huy 16 rét thanh CdO va SO3:

2CdSO, = 2CdO + 250,1 +0,1

e HgSO,dugc diéu ché bang cach dun néng rat can than H,SO, dic v6i Hg
hoic bang cach hoa tan HgO trong H,SO, :
Hg + 2H,SO, = HgSO, + SO,T + 2H,0
HgO + H,SO, = HgSO, +H,0
O dang khan c6 dang hinh vay trang, khi c6 nudc tao thanh tinh thé
hidrat HgSO,. H,O khong mau. Khi dun ndng lic dau bién thanh mau vang, sau
d6 chuyén thanh mau nau, dé ngudi mau s& bién mat. Khi nung dén nhiét do
nong do tao thuy ngan :
HgSO, C Hg + SO, + 0,1
HgSO, tan it trong nudc lanh, nhung khi dun néng dung dich dén 25°C,
tao ra tinh thé mudi bazo mau vang va H,SO, tu do:



2HgSO, + 2H,0 = (HgOH )80,y + H,SO,

2HgSO, + H,0 = HgSO,.HgO! + H,SO,

(9) Mudi cacbonat
e ZnCO; dugc diéu ché bang cach cho dung dich lanh KHCO; hay
NaHCO; di bdo hoa CO, tac dung voi dung dich mudi kém hodc cho ludng khi
CO, qua huyén phu Zn(OH), trong nudc tao ra két taa tring :
Zn* + 2HCO; = ZnCO,{ + CO,T+ H,0
ZnSO, + 2NaHCO, = ZnCO,{ + Na,SO, + CO,M+ H,0
(T, = 145.107")
Néu lai cho dung dich cacbonat cta kim loai kiém tac dung véi mudi kém
thi tao ra mudi cacbonat bazo, két tia mau tring :
3Zn* + CO;* + 40H ™ + 2H,0 = ZnCO,. 2Zn(OH), . 2H,0
Thanh phan cua két tia phy thudc diéu kién phan tUng nhu
ZnCO05.Zn(OH),.H,0; 2ZnC0O;.3Zn(OH),.H,0
e Mudi cacbonat khong tan trong nudc nhung bi phan hiy dan thanh mubi
cacbonat bazo. Khi dun néng dén 150°C, mudi ZnCOs kho di bat dau phan hay
thanh CO,.
e CdCO; duoc diéu Ché bang cach cho dung dich mubi cadimi tac dung
vo1 dung dich cacbonat kim loai kiém hodc amoni :
CdCl, + Na,CO, = CdCO,{ + 2NaCl
Két tha ¢ dang vo dinh hinh mau tring, khong tan trong nudc (T, =
5,2.10'%). Mubn chuyén thanh dang tinh thé ngudi ta dun néng dang vo dinh
hinh véi dung dich amoni cacbonat dén 170°C va sau d6 lam lanh tir ti.
Khi dun nong CdCO; bi phan tich thanh CaO va CO, :
CdCo, Y cio + co,t
HgCO; chua diéu ché duoc. Khi cho K,CO; vao dung dich mudi Hg(Il)
tao ra két tia ndu HgCO5.2HgO.

(10) Céc hop chit khac
e K&m hidrua (ZnH,) gi duoc diéu ché bang cach cho Znl, hodc Zn(CHs),
- dimetyl kém - tac dung véi LiAlH, :
Znl, + 2LiAlH, = ZnH, + 2AIH; + 2Lil
ZnH, 13 chét rin, mau tring, dun ndéng dén 90°C da bi phan hiy thanh Zn
va Hy; voi H,O - tao ra Zn(OH); :
ZnH, + 2H,0 = Zn(OH), + 2H,T



ZnH, ciing da duoc diéu ché bang cach cho Znl2 tac dung véi LiH trong
ete :
2LiIH + Znl, = ZnH, + 2Lil
e Ciing bang phuong phap tuong tr, ngudi ta di tong hop duoc cadimi
hidrua CdH, va thuy ngéan hidrua HgHz :
Cd(CH,), + 2LiAlH, = CdH, + 2AlH, + 2LiCH,
Hgl, + 2LiAIH, = HgH, + 2AlH; + 2Lil
Qua trinh téng hop céac hop chét trén déu duoc thuc hién & nhiét do thép,
dac biét vdi HgH,. Chét nay ¢ nhiét do - 125°C da bi phan huy.
CdH, va HgH, déu 1a chét rin mau trang, dé bi phan hiy hon so véi
Z/nH,.

e K&m nitrua Zn;N, duoc didu ché bang cach nung kém trong ludng khi
amoniac ¢ 527 - 627°C cung nhu khi nhiét phan kém amit Zn(NH,), & nhiét do
227°C .

3Zn + 2NH, = Zn,N, + 3H,1
3Zn(NH,), = Zn,N, + 4NH,T
ZnsN, 1a chat ban dan dién, & dang hot mau x4m nung néng trong chan
khong bi phan hay thanh Zn va N2 & 350°C, bén trong khong khi, bi H,O phan
huy :
ZnN, + 6H,0 = 3Zn(OH), + 2NH,T

e Cadimi nitrua Cd;N, ciing duoc diéu ché bang cach nung cadimi amit
Cd(NH,),) trong chan khong ¢ 180°C :

o

3Cd(NH,), = Cd,N, + 4NH,T

—

Cd;N, 1a chat bot mau den, bi H,O phan hay va nd, phan tung tuong tur
nhu trén.
e Thuy ngan nitrua Hg;N, lai dugc diéu ché bang cach cho ludng khi NH;
nong ¢ 120 - 170°C lién tuc qua HgO vang :
3JHgO + 2NH, = HgN, + 3H,0
Hg;N, 1a chat bot mau nau thdm, bi phan hay gay nod.
e Kém cacbua ZnC, va cadimi cacbua CdC, dugc tao thanh khi dun nong
kim loai trong ludng khi axetilen, con thity ngan cacbua HgC, thu dugc khi cho
C,H, qua dung dich mubi thuy ngan.

8.7. Hop chit thity ngéin (I)
Nhimng hop chét cta thily ngan ma trong thanh phan phan tr co chira
nhom - Hg - Hg - hodc trong dung dich c6 chira ion phirc tap Hg,”" goi 13 hop



chét thiiy ngan (1). Khoang cach Hg - Hg bién d6i trong khoang tir 2,5 - 2,71&.

K&m va cadimi ciing tao ra cic ion Zn,”" va Cd,”" nhung hoan toan khong
bén.

Nguoi ta da biét duoc nhiéu hop chat Hg(I) nhu Hg,O, cac halogenua
Hg,X, va nhiéu mubi khéc.

e Vi ion Hg,”" khong mau nén da sé cac hop chat Hg(I) déu khong mau.
Hau hét déu kho tan trong nudc, chi c6 Hgy(NOs), 1a d& tan nén thudng ding
1am chét ban dau dé diéu ché cac hop chat Hg(I) khac.
e Céac chat dé tan thi dién li manh va bi thuy phan tao ra mudi bazo. Vi du
khi pha loang Hg,(NOs), s€ ¢6 phan ung :
Hgy(NO;), + HOH = HgNO,.HgOH! + HNO,
vi vy phai axit hoa dung dich Hg,(NO;), bang HNO;.
e Tuy theo diéu kién phan tng, ma cac hop chat Hg(I) thé hién tinh oxi
hoa hoac khtr. Vidu :
Hg.Cl. + Cl, = 2HgCl,
Hg.Cl, + SnCl, = 2Hg + SnCl,
e Cac hop chat Hg(I) c6 khuynh hudng ty hiy thanh Hg va hop chat
Hg(I) trong tng, nghia 13 c6 cin bang :
Hg;’" — Hg + Hg*’
chang han xianua Hg(I) khong ton tai, va Hg(CN), 1a chét dién ly rit yéu nén :
Hg,* + 2CN° = Hg + Hg(CN),

Ciing chinh vi vay, cic hop chat Hg,(CN), va Hg,S khong thé diéu ché

bang phan tng trao d6i do qua trinh tu phin huy nén xdy ra theo phuong trinh :
Hg,(NO,;), + 2KCN = Hg + Hg(CN), + 2KNO,
Hg(NO,), + H.,S = Hg + HgS + 2HNO,

Duéi day néu phuong phap diéu ché va mot vai tinh chat ctia mot sé hop
chat Hg(I) :

Oxit Hg,O dugc tao ra khi dung dich Hgy(NO;), hay calomen Hg,Cl, tac
dung v6i dung dich kiém manh s& hinh thanh chat bot Hg,O mau den. Tuy nhién
bang phuwong phap phan tich tia X 1a hdn hop gdm HgO va Hg ( HgO.Hg).

Hg,O thyuc té khong tan trong nude. Khi dun nong hodc khi chiéu sang
manh, phan huy theo phuong trinh :

Hg,O = Hg + HgO

Hg,(NOs), duoc diéu ché bang cach hoa tan khi dun néng thiy ngan du

trong HNOs:
6Hg + S8HNO, = 3Hg.(NO,, + 2NOT + 4H,0



Ciing c6 thé thu duoc bang cach cho thily ngan tac dung voi dung dich
Hg(NO;), trong nudc :

Hg(NO,), + Hg = Hgy(NO,),

Két tinh tir dung dich trong nudc tao ra tinh thé hidrat Hg,(NOs),.2H,0
khong mau. Dé trong khong khi mat dan nuéc két tinh va dén 70°C thi bat dau
phéan huy.

Rét dé tan trong nudc, trong dung dich loang bi thiy phan cham khi lanh,
va nhanh hon khi néng tao ra mudi bazo HgNO;.HgO hay Hg,(OH)(NOs) c6
mau vang chanh.

Dung dich Hg,(NO3), ¢6 tinh khir manh, dé trong khéng khi bi oxi héa
thanh Hg(NOs),:

2Hg,(NQO,), + 4HNO, + O, = 4 Hg(NO,), + 2H,0

Vi vay dung dich Hg,(NOs), duoc bao quan trong cac lo c6 chira mdt it

thiy ngan.
Thuy ngan (I) nitrat bi phan huy khi dun nong thanh HgO va sau d6 HgO
phan huy tiép thanh Hg:
Hgx(NO;), c 2HgO + 2NO,T
JHgO = 2Hg + O,

Hg,Cl, ( calomen ) dugc diéu ché bang cach cho SO, qua dung dich
HgCl, dun s6i, hoic bang phan tmg trao doi ctia Hg,(NO;), véi NaCl:
Hg,(NO,), + 2NaCl = Hg,Cl,{ + 2NaNO,
C6 thé bang cach nghién HgCl, véi Hg trong cdi bang st :
HgCl, + Hg = Hg,Cl,
Ciing diéu ché bang cach hoa tan Hg trong H,SO, nudc mudi sunfat, sau
d6 dun nong véi mudi an va Hg :
Hg + 2H,SO, = HgSO, + SO,T + 2H,0
HgSO, + 2NaCl + Hg = Hg,Cl,{ + Na,SO,
Ciing duoc diéu ché bang cach hoa tan Hg trong HNO; lodng tao ra thiy
ngan (I) nitrat sau d6 cho thém NaCl hodc axit HCI.
Hg,Cl, 13 chat bot mau trang, hau nhu khong tan trong nudc (2,1 ma trong
1 1 H,O 6 18°C). Hoa tan trong HNOj3 va trong nudce cudng thily. Dudi tac dung
clia 4nh sang, calomen sam lai dan do phan hily mot phan thanh HgCl, va Hg.
Khi dun néng dén 383°C thi thang hoa khong néng chay, nhung khi nung trong
6ng han kin thi néng chay ¢ 525°C ( ¢6 phan hay mot phan thanh HgCl, Va Hg )
tao ra cht long mau nau do.



Khi dun néng v6i C hoic Na2CO3 thi bi khtr dén thay ngan kim loai :

JHgCl, + C = 4Hg + CCl,

Heg.Cl, + Na,CO, = Hg + HgO + 2NaCl + CO,!

Mot trong nhitng phan (mg quan trong ciia Hg2CI2 ( Ciing nhu cac mudi Hg22
+ khac) 1a phan Gng phan hity Hg22+ do NH3 lam cho can bang Hg22+ Hg2+
+ Hg chuyén dich manh sang phai gan nhu tic thoi, tao ra hop chat amidua
khong tan trong nudc, con Hg thoat ra & dang mau den :
Hg,Cl, + 2NH, = H,N-Hg-Hg - CI + NH(C
Cl

NH,(Hg),Cl = Hg + Hg
\\NH,

N6i chung, cac mudi halogenua ciua Hg(I) déu kho tan trong nude. Tich sb
tan img v&1 qua trinh sau day co gia tri :

Hg,Cl, == Hg’ + 2CI T, = 1,3.107"
Hg,Br, == Hg,’* + 2Br T, =58.10%
nglz # ngl* + 21— T. = 4,5 .10" »

Hg,F, tan nhiéu hon va bj thuy phan. Hg,Cl, Va Hg,Br, khong mau, con
Hg,l, ¢6 mau vang dam; con khi moi két taa tir dung dich Hg,(NO3), véi KI thi
c6 mau vang xanh :

Hg,(NO;), + 2KI = Hg,,1 + 2KNO;,
néu KI du, két tia sé& tao thanh ion phuc :
Hg,l, + 2KI = K,[Hgl,] + Hg

N6i chung cac halogenua ctia Hg(I) déu it bén, d6 bén giam tir Hg,Cl, dén
Hgol,

Hg,S0, dugc diéu ché bang cach cho luong du Hg tac dung véi H,SO,
dic hoic bang cach cho Hg,(NOs), tac dung voi H,SO, lodng :

Hg,(NO;), + H,S0, = Hg,;SO,¢ + 2HNO,

Hg,SO, 1a chat rdn mau trang, két tia hiu nhu khong tan trong nudc va
trong H,SO, loang.

Trong dung dich loang (du H,0), Hg,SO, bi thity phan tao ra mudi bazo
sunfat khong tan mau vang xanh.

Hg,COs tao ra khi cho luong du dung dich Na,COj; tac dung véi dung
dich mudi Hg(I).

Hg,(NO;), + Na,CO, = Hg,CO,d + 2NaNO,

Hg,CO; 1a chat két tia mau vang, dun nong dén 100 - 130°C hoic chiéu

sang, bi phan huy :



[+]

Hg,CO, = HgO + Hg + CO,t



CHUONG 9
CAC NGUYEN TO NHOM VIB
(CROM - MOLIPDEN - VONFRAM)

9.1. Nhin xét chung vé cdc nguyén té6 nhém VIB
(1) Ba nguyén t6 Cr ( Chromium ); Mo ( Molibdenium ); W ( Wolframium ) 13
cac nguyén to thudc ho d trong cac chu ky 4; 5; 6 thudc bang tuan hoan.

Crom dugc nha hoa hoc nguoi Phap la Vocolanh (N. Vauquelin ) tim ra
nam 1779; nam 1782 - nha hoéa hoc Thuy Pién 1a Hienmo (P. Hjelm) diéu ché
duoc molipden; con vonfram lai do nha héa hoc Thuy Pién 1a Sao (K. Scheele)
va cac nha hoa hoc Tay Ban Nha 14 anh em Péluia ( d' Elluyar ) tim ra dong thoi
vao cudi thé ky 18 vao khoang cac ndm 1781 - 1783.

Nguyén tir khéi, s6 thir ty nguyén t6, sy phan bd electron va trang thai hoa
tri cia ba nguyén té nhu sau :

| Ki . Nguyén . :
én to 0 TT . Phan bo el H¢
Nguyén to hiéu SO it khéi an bo electron Oa tri
Crom Cr 24 51,996 |2 |18 |13 |1 I I, I, 1V, V, VI,
Molipden (Mo |42 95,940 |2 |8 |18 |13 |1 IL 0L, 1V, V, VI
Vonfram (W 74 183,850 |2 (8 |18 |32 |12 |2 IL 1L, IV, V, VI

(2) Lép (n- 1)d chua hoan chinh nén c6 nhiéu trang thai hoa tri.

Bac oxi hoa duong cao nhat 1a +6 tuong tu nhu nguyén té6 nhom VIA.
Pic biét 14 crom - nguyén t6 dién hinh ctia nhém VIB - ¢6 nhiéu tinh chat gidng
lwu huynh, ca hai déu tao ra oxit XO3 (CrO; va SO5), déu 1a oxit axit va déu co
axit tuong ung la H,SO, va H,CrO,4; Ca hai cling déu tao hop chat SO,Cl, va
CrO,Cl, déu c6 ban chat cong hoa tri. Ca hai nguyén t6 déu tao ra mudi dang
M,X,0, 13 mudi disunfat (vi du Na,S,07) va dicromat (Na,Cr,07).

Ngoai ra, crom ciing c6 nhiéu tinh chat gidng nhom va sit, chang han
crom va nhom tao ra oxit va hidroxit ludng tinh; mudi Cr(Il) twong tu mudi
Fe(Il) vi du CrCl, va FeCl,; ca crom va sit déu tao ra mudi c6 mau, vi du ferat
K,FeO, mau do; cromat K,CrO, c6 mau vang. Nhitng tinh chat giéng nhau, tao
ra hop chat twong tu nhau, déu c6 lién quan dén ban kinh cta ion trung tim

(75, =034 A; r = 0.35A; ., = 0.83A; 1. = 0,84A; r, = 0,57A (hodic



0,62A); 1, = 0,67A; 1 = 0,64A).

(3) Mic du c6 mot sd tinh chat gibng v6i nguyén tb nhém VIA, nhung vi
ca ba nguyén td nay déu c6 mot electron s nam ngoai vo d ( ca 2e & vonfram )
nén co tinh duong dién hon va 16p vo (7 - 1)d ciing dé bién dang hon so véi cac

nguyén té nhém VIA.

Mot s6 dac di€ém nguyén tir cia ba nguyén to trén néu ra ¢ bang 38.

Bang 38. Mot s dic diém caa Cr - Mo - W

Cr Mo W
Electron hoa tri 3d°4s' 4d°5s' 5d°6s”
Ban kinh nguyén tir (A) 1,27 1,39 1,40
Ban kinh ton M>* (A) 0,83 - -
Ban kinh ton M*" (A) 0,64 - -
Ban kinh ton M** (A) - 0,68 0,88
Ban kinh ton M® (A) 0,35 0,65 0,65
Thé ion hoéa 1; (eV) 6,704 7,10 7,98

(4) Tr bang 38, ta thiy ban kinh nguyén tir ting tir Cr - Mo, nhung hau
nhu khong doi khi chuyén tir Mo dén W. Biéu d6 da duoc giai thich 1a do hién
tugng nén lantanit ciia cic nguyén td6 ho lantan & phia trudc W. Do vay,
molipden va vonfram c6 tinh chat gan nhau hon so véi crom.

Ciing chinh do su co 16p vo electron, nén thé ion hoa ting, dic biét ting
manh khi chuyén tir Mo dén W.

(5) Khi so sanh thé dién cuc chuan c6 thé thidy duoc crom va molipden
déu 13 kim loai c¢6 hoat tinh trung binh. Crom dimg sau mangan va trudc sit, con
molipden dimg trudc thiéc. Dudi day 1a so do thé dién cuc cia crom va
molipden:

Trong moi trudong axit :

+6 +5 +4 +3 +2 0
Cr,02" ot -0424 o2 209 Cr
I 1,38 -074
0,646 - 0,008 202
H,MO,———— MoO, Mo Mo
| 0,114

Trong moi truong bazo :



+6 +4 +3 0

Cro?” -0,11 Cr(OH), — 3%
-0,72 Cr(OR); - 1,33
- -0,78 - 0,98
MoO] MoO, Mo
I -0,913 |

(6) V& mit cu tao tinh thé, ca ba kim loai Cr - Mo - W déu két tinh theo kiéu
1ap phuong tam khoi( hinh 60 ) :

VéiCr: a: 2,8846A

Mo : o =3,1464 A

W:o=23,1650 A

Hinh 60. CAu tao tinh thé cta Cr - Mo - W.

9.2. Trang thdi thién nhién va thanh phain cdc dong vi
(1) su phan b cac nguyén té nhém VIB trong vo qua dat tng v6i thanh
phan thach quyén thu sau :

Nguyén t6 % tong sO nguyén tir % khoi luong
Cr - 6.107

6.107 3.10™
W 1.107 6.10™

Trong vo qua dat, khoang vat chu yéu cua crom 1a quing sit cromit
[FeCr,04 hay FeO.Cr,0;; Fe(CrO;),] va quang croisit hay chi cromat (PbCrO,);
cua molipden 1a quang molipdenit ( MoS,); con vonfram la quang vonframit (
FeWO, va MnWOQ,), quang silit (CaWO,), quang tonsit (PbWQO,), déi khi con
gip trioxit WO tu do trong quing tungstit. O Viét Nam c6 khodng san cromit &
C6 Pinhh (Thanh Hoa ).

(2)Trong co thé séng, chii yéu 1a thyc vét c6 chira khoang 10 - 4 % crom
(theo khéi luong) va 1.10” molipden (theo khéi lugng).

(3) Trong nuéc cha dai duong( mg/1/ nude bién ), ¢6 5.10° mg crom;
0,01 mg molipden & dang MoO,> ; con vonfram chiém 1.10™ va & dang WO,*.

(4) Trong mau da & Mt Tring, cac kim loai Cr, Mo, W ¢6 ham luong nhu
sau :



Nguyén td Ham luong trung binh (s6 gam /1 g miu d4 )
Apollo - 11 Apollo -12 Luna - 6
Cr 2,1.10° 2,8.107 5,3.10°
Mo 0,5.10° ; ;
W 0,3.10° _ _

(5) Crom c6 10 dong vi, cac doéng vi thién nhién 1a *°Cr (4,31%); *Cr
(83,76%); Cr (9,55%); >*Cr (2,38%). Trong cac dong vi phong xa thi dong vi
>!Cr ¢6 chu ky ban huy 1a 28 ngay dém, va dong vi kém bén nhét 13 *'Cr ¢6 chu
ky béan huy 1a 0,4 giay.

Molipden c6 16 dong vi, biay déng vi bén gip trong thién nhién la
”Mo(15,86%); **Mo (9,12%); “Mo (15,7%); **Mo (16,5%); “"Mo (9,45%);
*Mo(27,75%); '"Mo(9,62%). Trong cac dong vi phong xa thi Mo bén nhat
v6i chu ky ban hiy 16n hon 2 nim; con ddng vi kém bén nhat 1a *'Mo ¢6 chu ky
ban huy la 66 giay.

Vonfram c¢6 nim dong vi thién nhién 1a "“*W(0,135%); '**W(26,4%);
"W (14,4%); "MW (30,6%); '*°(8,4%). Pdng vi phong xa bén nhit 1a "*'W véi
chu ky ban huy 1a 145 ngay dém.

9.3. Diéu ché Cr, Mo, W
e Trong thyc té, thuong duoc luyén thanh cac hop kim véi sit c6 gidu cac
kim loai d6, nhu hgp kim ferocrom (chira 30-60% crom); hop kim feromolipden
(chtra 50-75% Mo) va hop kim ferovonfram (chura 50 - 80% W).
e Dé diéu ché hop kim cacbon - ferocrom ngudi ta da ding cacbon dé khir
tryc tiép quing cromit trong 16 dién hodc 10 Xi men Mactanh (Siemens -
Martin):

o]

FeO. Cr,0, + 4C L Fe +2¢Cr + 4cot
e Dé diéu ché kim loai tinh khiét, thi nguyén tac chung 1a chuyén cac loai
qudng trén thanh oxit, sau d6 dung Al hoac hidro dé khtr & nhiét do cao.
e Dé diéu ché crom tinh khiét nguoi ta d3 nung néng chay quing cromit
sat - (sau khi d3 1am gidu) - voi NaOH hodc K,CO; va oxi hoa bang oxi dé
chuyén Cr(III) thanh CrO,> & 1000 - 1300°C:

o

4Fe(CrO,), + 8K,CO, + 70, = 8K,CrO, + 2Fe,0, + 8CO,T

o

4Fe(Cr0O,), + 16NaOH + 70, L 8Na,CrO, + 2Fe,O; + 8H,O
Hoa tan hdn hop trong nudc rdi axit hoa tao ra bicromat, sau do dung
cacbon dé khir natri bicromat tao thanh Cr,Os:



o

Na,Cr,O; + 2C

Cr,0, + Na,CO, + cot
oxit tao thanh dugc khir dén crom bang phuong phap nhiét nhom; H, khong khir
duoc Cr,0O5 :

(&)

Cr,0, + 2Al

L ALO, + 2Cr AH = -527,2K)
e Quing molipdenit sau khi di 1am giau c6 khoang trén 70% MoS,. Dé

chuyén thanh oxit MoO; ngudi ta d6t chay quing theo phwong trinh :

2MoS, + 70, = 2MoO, + 4SO,
hodc nung quang vdi xoda trong 10 Itra tao ra natri molipdat :

2MoS, + 6Na,CO, + 90, = 2Na,MoO, + 4Na,SO, + 6CO, T

chuyén héa natri molipdat thanh axit H,MoO, khong tan, sau d6 nung két tia
H,Mo00, tao thanh MoOs :

Na,MoO, + H,SO, (45, = H,MoO, + Na,SO,
o]
H,MoO, L MoO; + H,0O

sau d6 khir MoOj; bang hidro hodc bang than:

(]

MoO; + 3H,

Mo + 3H,0
e TU quing vonframit FeWO, ngudi ta ciing diéu ché dugc vonfram bang

cach nung quang voi xoda sau d6 cho tac dung véi HCI tao ra axit vonframic
mau vang :

4FeWO, + 4Na,CO, + O, = 4Na,WO, + 2Fe,0, + 4CO, T

Na,WO, + 2HCI = H,WO,l + 2NaCl

0

—

H,WO,

- WO, + H,0
sau khi nung két tua, khir WO; bang hidro hodc bang than :
WO, +3H, = W +3HO

Qua trinh thoat ra mot nhiét luong rat 16n, 1am cho vonfram nong chay,
san phém thu dugc & dang bot.

9.4. Tinh chit Iy hoc ciia Cr, Mo, W va irng dung

(1) O trang thai don chat, crom, molipden, vonfram déu 1a nhitng kim loai
mau tréng bac. Mot sb héng $6 1y hoc cua Cr, Mo, W dugc trinh bay trong bang
39.

e Ca ba kim loai déu c6 khdi luong riéng rat 16n, rat kho nong chay va kho

bay hoi. Dan dién kém trong d6 crom dan dién kém nhat chi bang 10% do dan
dién cua Au va 6,8% do dan dién cua bac.

e Cac kim loai Cr, Mo, W va céac hop chat cua chung déu doc dac biét cac
hop chat c6 bac oxi héa cao nhu cromat, dicromat, trioxit ciia molipden va cac



molipdat, cdc dung dich vonframat.

(2) Ca ba kim loai déu c6 kha ning tao thanh hop kim dic biét voi sit tao

ra cac loai thép dac biét.

Bang 39. Mot s6 hing s6 1y hoc quan trong ctia Cr. Mo. W

Cr Mo W
Khoéi lugng riéng (g/cm’) 7,2 10,2 19,3
Nhiét d6 néng chay (7,.,°C) 1875 2620 3380
Nhiét d6 Séi ( T, °C) 2430 4800 6000
Do dan dién (so véi Hg=1) 4 20 18
Do am dién 1,6 1,8 1,7

e Crom duogc dung dé ma cac dung cu bang kim loai can c6 sttc chju dung
t6t, thuong dung phuong phap dién phan véi 10p ma co chiéu day khoang 0,5
mm. Thép crom ché tao bang cach cho hop kim ferocrom vao thép; loai thép nay
cimg hon va déo hon so thép thudng, dung ché tao cac dung cu quay nhanh;
thép khong gi (stainless - steel) chtta 12% crom va 0,7% niken. Thép crom -
niken (nichrome) chira 6% ni ken, 25% sat va 15% crom c6 nhiét d6 néng chay
cao, dan dién cao, khong bi oxi héa bdi khong khi, duoc dung trong cong nghiép
dién.

e Molipden kim loai duoc dung trong k¥ thuat dién chan khong, dé ché tao
chan bong den dién.

e Vonfram c6 nhi¢t d§ nong chay cao nén dugc dung lam day toc bong
deén di¢n; dung ché tao hop kim rat cung dé san xuét cac loai dung cu cat got,
khoan. v.v..

9.5. Tinh chit héa hoc cua Cr, Mo, W
Hoat tinh héa hoc cua cac kim loai nhém nay giam tr crom dén vonfram,
do d6 kha nang phan tmg véi cac chat giam dan.
(1) Ca ba kim loai déu khoéng phan ung truc tiép véi H,, nhung tao ra
dung dich ran & cac nhiét do khac nhau.
(2) O diéu kién thuong khong phan tng voi oxi, nhung khi dét trong
khong khi thi crom tao ra Cr,Os; molipden va vonfram tao ra MoO; va WOs.
e Khi nung hdn hop gdm bot crom vai bot luu huynh trong ampun thu cac
sunfua co thanh phén khac nhau nhu CrS, Cr,S;, Cr;S4, CrsSe, CrsSs.
Ciing tuong tu, khi nung Mo va W véi S san pham tao ra 1a Mo, MOS; va
WS,, WS;.
e Vi Selen va telu ciing c6 phan tmg truc tiép. San pham cua phan Gng
tong hop tir cac nguyén to ¢ thanh phan tng véi cac bac oxi hoa khac nhau cua



ba kim loai do :

Vo1 Cr tao ra CrSe, Cr,Se;, CrSey, CrTe.

V1 Mo tao ra MoSe, MO,Ses, MoSe,, MoSes, Mo,Tes, MoTes.

Vo1 W tao ra WSe,, WSe;, WTe,.

Tat ca cac hop chit trén - trir hop chat ciia crom - déu bén trong dung dich
axit lodng va axit khong c¢ tinh oxi héa & nhiét do trong phong.

(3) Vi céc halogen, phan trng xdy ra ¢6 mic d§ khac nhau phu thudc vao
hoat tinh ctia cac kim loai va cac halogen; ca ba kim loai déu phan tng truc tiép
v6i flo ngay cd khi ngudi; véi clo phai dun nong; molipden khong phan tng véi
iot; con vonfram khong phan g véi ca brom va iot.

(4) Khi nung bot crom trong khi quyén nito tao ra Cr,N & 900°C va CrN ¢
1200°C.

Vonfram tac dung vGi ngo khi nung ¢ 2800°C tao ra WN3.

e Photpho ciing phan ung truc tiép v4i ba kim loai khi nung trong chan
khong, trong ampun bang thach anh tao ra cac hop chat nhu CrP, MoP, WP;
Cr;P, MosP; CrP,, MoP,, WP,...

(5) Phan tng truc tiép v&1 cacbon tao ra Cr,Cs; Mo,C, W,C; MoC, WC
khi nung cac kim loai d6 véi cacbon & nhiét d0 cao; véi silic tao ra CrSi, Cr;Si,
CrSi,; Mo3Si, MoSi,; W3Si, WSi;... cling ¢ nhiét do cao.

(6) Vi trén bé mit c6 16p oxit co hoat tinh hoa hoc kém rat mong va bén
viing che cho cho kim loai, nén & nhiét o thuong, crom rat bén vé mit hoa hoc.
Khi nung dén nhiét do nong do, crom khir duge H,O tao ra hidro :

(]

2Cr + 3H,0 L Cr,0, + 3H,T
Mo va W ciing ¢6 kha nang do.

e Crom hoa tan trong HCI va H,SO, lodng néng tao mudi Cr(II) mau xanh
lam, sau d¢6 mudi Cr(II) bi oxi cua khong khi oxi hoa tao ra mudi crom(IIl) mau
xanh 14 cay :

Cr + 2HCI = CrCl, + HT
4CrSO, + O, + 2H,S0, = 2Cr(SO,), + 2H,0
H,SO, dic hoa tan crom tao ra mudi Cr(IIl) va SO, :
2Cr + 6H,S0, v Cry(S0,); + 30,7 + 6H,0
HNO; déac hoac loang va nudc cuong thuy - khi ngudi - khong tac dung
v6i crom, khi dun néng tac dung yéu, khi dun soi phan (mg xay ra manh tao ra
mudi crom (I11) :

o

Cr + 4HNO, & Cr(NO,), + NOT + 2H,0
Cr + HNO, + 3HCl = CrCl, + NOT + 2H,0



Nguyén nhan gy ra tinh bén cua crom trong cac loai axit trén 1a do da tao
ra 16p oxit bao vé bé mit kim loai nén da gy ra " tinh thu déng " ctia crom.
e Tac dung v6i dung dich mudi ciia nhimg kim loai ¢6 thé tiéu chuan cao
hon tao thanh mudi Cr(II) :
Cr + CuCl,= CrCl, + Cu
(7) O diéu kién thuong, molipden khong phan g véi axit lodng, nhung
khi dun néng lai tan dan :

[s)
Mo + 2HCI & MoCl, + H,

e Molipden ciing bi " thu dong héa" bo1i HNOs; cling tan trong H,SO,4 dac
va s0i, tan manh trong nudc cuong thuy va trong hon hop gdm HF va HNOs.

e Molipden khong tan trong dung dich kiém nhung phan tng rat cham véi
kiém néng chay khi co6 mit ciia chat oxi hoa :

o

Mo + 3NaNO,; + 2NaOH L Na,MoO, + 3NaNO, + H,O

(8) Vonfram rat bén dbi véi axit, do tinh thy dong cua W, ngay ca HNO;
dic hodc nudc cudng thuy ciing chi phan timg duoc trén bé mit. Tan chdm trong
hdn hop gém axit HF va HNO;.

e Vonfram phan irng manh véi NaNOj; trong NaOH néng chay :

o]

W + 3NaNO,; + 2NaOH L Na,WO, + 3NaN02~ + H,0

9.6. Cdc hop chit vdi sé oxi héa +2

Nhu d3 néu ¢ 9.1, crom - molipden - vonfram c6 cc bac oxi héa tir 1 dén
6, trong d6 crom tao ra nhitng hop chat bén va c6 nhiéu tng dung thuc té 13 cac
dan xuit Cr(Ill) va Cr(VI); con v6i Mo va W 13 cac dan xuit cia Mo(VI) va
W(VI).

Nguoi ta chi biét dugc mét sb it cac hop chét ung véi bac oxi héa +2 nhu
CrO mau den; Cr(OH), mau vang; CrS mau den, CrCl, mau trang...

(1) Trong dung dich, ion Cr*" ¢6 mau xanh nhat. Cac hop chat caa Cr(Il)
déu co tinh khir, d& bj oxi hoa thanh Cr(II), do d6 déu 1a tac nhan khir tét.

Ton Cr*" ¢6 tinh khir manh dén muc c6 thé khir duoc ion H theo phuong
trinh :

¥ + 2H = O + HT

Trong dung dich ion Cr** ¢ dang [ Cr(H,0)s]*" véi cdu trac tam mit.



(2) Crom(ID) oxit (CrO) dugc diéu ché bang cach phoi hdn hng
crom trong khong khi, nhung khéng thé thu dugc khi nung crom (II) hidroxit
Cr(OH)2. Hidroxit nay tao ra khi cho muéi Cr(Il) tac dung voi dung dich kiém
trong di€u kién khong c6 khong khi :

CrCl, + 2NaOH = Cr(OH),+ + 2NaCl

(vang nau)
dé trong khong khi dan dan chuyén thanh Cr(OH); mau xanh réu :
4Cr(OH), + O, + 2H,0 =4Cr(OH),
e Khi dun néng CrO véi lugng oxi du tao thanh Cr,O;, con khi nung
Cr(OH); tao ra Cr,0O; va H, :
2Cr(OH), L Cr,0, + H,O + H,T
e CrO va Cr(OH), déu tan trong axit khong ¢ tinh oxi hoa tao thanh mudi
Cr(IT); khong tan trong kiém, chimg t6 chi cé tinh bazo.

(3) Crom(I) clorua ( CrCl2) khan dugc diéu ché bang cach dun
nong crom trong khi quyén hidro clorua :

Cr + 2HCl = CCl, + H,T
(khi)  (khan)

hodc nung d6 CrCls trong ludng khi hidro & 600°C :
20:Cl, + H, = 2CrClL, "+ 2HC
e CrCl, dung dich duoc diéu ché bang CrCl3 bang hidro méi sinh (hdn
hop gém Zn + HC).
e Khi cho dung dich CrCl, dic tac dung vdi natri axetat tao ra két tua do
Cr(IT) axetat :
2NaCH,COO + CrCl, = Cr(CH,CO0),! + 2NaCl
e CrCl, dé bi oxi cia khong khi oxi héa, nén ngudi ta thudng dung dung
dich CrCl, trong HCI d¢ hap thu oxi :
4CrCl, + O, + 4HCl = 4CCl; + 2H,0
e Khi khong c6 mit chat oxi hoa, CrCl, bi H,O phan huy :
2CrCl, + 2H,0 = 2C(OH)Cl, + H,t
e CrCl, khan 1a chit két tinh mau tréng, T,. = 824°C, rat hiit 4m va tan
trong nudc thanh dung dich mau xanh da troi. Tt dung dich, CrCl, c¢6 thé tach ra
& dang hidrat két tinh CrCl,.4H,0 mau xanh cé c4u hinh tdm mit, trong dé bao
quanh Cr(II) 1a 4 phan tir H,O va 2 nguyén tu clo :

Cl

HO_ | OH,
N~ [ Cr(OH,),]Cl,

10" | N\ 0H,

Cl



e Nguoi ta cling da diéu ché duogc CrF, mau xanh ( 7,,, = 11000C); CrBr,
mau vang nhat ( Tnc = 842°C); Crl, mau d6 ( Tnc = 195°C ), bang phuong phéap
kho (d6t crom trong khi hidro halogenua ). Trir CrF; it tan, con lai déu dé tan
trong nudc.

(4) Crom(Il) sunfat ( CrSO4 ) dwoc diéu ‘ché' bdng cach hoa tan
crom hoac Cr(Il) axetat trong H2SO4 loang trong diéu kién khong co khong khi

Cr + H,S0, = CrSO, + H,T

e Tao ra hai dang hidrat héa CrSO,4.4H,0 va CrSO,4.7H,0 déng hinh vo1
FeSO,.7H,0.
Trong tinh thé CrSO,.4H,0 thi nhom (SO,) dong vai tro cau ndi giira 2
nguyén tr Cr(I); con trong tinh thé CrSO,7H,0 thi c6 mét phan tr H,O dong
vai trd cau ndi do tao ra lién két hidro :

— HO T2+ B T2-
H,0 | OH, HT O /0
H,0 | OH, H— o 0
B OH, | i A
[ Cr(OH,),]5(SO,), [Cr(OH,)¢]SO,.H,0

Khi két tinh véi sunfat cta kim loai kiém, CrSO, ciing c6 kha ning tao ra
dang mudi kép K,S04.CrS0,.6H,0.
e Vi co tinh khir, nén dung dich CrSO, trong H,SO, lodng ciing dung dé
hép thy oxi, theo phuong trinh tong quat :
4Cr* + O, + 4H" = 4Cr*™ + 2H,0
4[Cr(OH,)¢]** + O, + 4H;0" = 4[Cr(OH,)]** + 6H,0

(5) Nguoi ta biét duoc kha it cac hop chat cuia Mo(II) va W(II).

hay

Molipden (II) clorua (MoCI2) 1a chat bot mau vang khong tan trong
H20 nhung tan trong rugu va ete; cong thirc phan tir la Mo3Cl6. Khi dun nong
trong ludng khi H2, n6 b1 khur dén molipden kim loai.

e Vonfram (II) clorua (WCl,) ¢ dang bot mau xam, khong bén trong khong
khi. Pugc diéu ché bang cach dung hidro dé khir WCls ( néu & nhiét do cao c6
thé khir dén kim loai) :

WCl, + 2H, =WCl, + 4HCI
cling duoc diéu ché bang cach nhiét phan WCl, trong ludng khi CO, kho. WCL,



1a chét khir manh, khi tac dung véi H,O giai phong khi H; :
2WCl, + 2H,0 = 2W(OH)Cl, + H,T

Vonfram bromua (WBr2), ciing c6 tinh chat tuong ty. Vonfram
iotua, WI2, chat rin mau nau, thu dugc khi cho hoi I2 tac dung véi W dudi tac
dung cua anh sang. Khong tan trong nudc lanh, tan trong nudc nong va bi phan
huy.

9.7. Hop chit véi sé oxi héa +3
Nhu d3 néu & nhan xét trén, cac hop chét cua Cr(III) c6 nhiéu gia tri thuc

Trong cac hop chat Cr(IIl) c¢6 sb phdi tri 1a 6, tng véi dang lai hoa d’sp’ :
3d 4s 4p
Tt

N

»

d*sp?

(1) Crom(III) oxit ( Cr203 ) la Chét bot mau xanh thAm, con &
trang thai tinh thé c6 mau den va c6 anh kim. Cr203 la Chat rat kho nong chay
(Tnc=2650C). Cr203 c6 cau trac ion dang corindon ( a - AI203).

e Cr,0; duoc diéu ché béng nhiéu cach khac nhau.
+ D6t bot crom trong khong khi, crom chay theo phuong trinh :
4Cr + 30, i 2Cr,0, AH = -2285k]
+ Nung ( NH4),Cr,0; ( hay hon hop K,Cr,0; + NH,4Cl):
(NH,).Cr,0; = Cr,0; + N, T + 4H,07
+ Dung than g hoic luu huynh khir K,Cr,0; & nhiét do cao:
KChO, + S & Cro, + K,SO,

Na,Cr,O, + 2C & Cr0, + NaCO, + CO

e Cr,0; khong tan trong nudc, tan rat cham trong axit tao thanh mudi
Cr(IIT), va khi nung véi kiém trong khong khi hodc véi chat oxi hoa khac nhu
KNO; tao ra cromat :

Cr,0; + 2NaOH = 2NaCrO, + H,0
(néng chay)
h 4NaOH + 4NaCrO, + 30, = 4Na,CrO, + 2H,0
ay 2Cr,0; + 8NaOH + 30, = 4Na,CrO, + 4H,0

e Nguoi ta c6 thé chuyén Cr,0; khong tan thanh mot chat dé tan hon bang
cach nung véi kali disunfat tao ra Cr,(SOy); dé tan hon :
Cr,0, + 3K,5,0, = Cr,(S0,); + 3K,SO,

e Cr,0; ciing co6 thé thanh chit tan duoc trong nudc bang cach nau noéng



chdy voi Na,CO3; va NaNOs tao ra natri cromat :
Cr,0;, + 2Na,CO, + 3NaNO,= 2Na,CrO, + 3NaNO, + 2CO,

Ngoai ra, natri peoxit, kali pemanganat, chi(IV) oxit, bot tay... déu c6 thé
ox1 héa Cr,05 thanh cromat.

(2) Crom hidroxit (Cr(OH);) 13 két tiia keo mau xanh nhat, tao ra
khi cho dung dich kiém tac dung véi dung dich mubi Cr(III). Thuc chat cta két
tua keo do 1a dang hidrat héa Cr,0;.xH,0.Cr(OH); 1a mot polime da nhan trong
d6 nhom OH va H,O dong vai trd phdi tir va dong vai trd cau ndi 1a nhém -OH.
Thanh phan va cdu trac phu thudc vao diéu kién didu ché, vi du c6 ciu trac 16p
nhu sau :

B OH, OH, s ]
I H l H
- O~ ! -9~ ! ~
HZO = \O/Tr O/ |r\
\ H OH, H OH,
HO OH
H H OH,
N/ o 0|
Cr/ \Cr/ \Cr/
\O/ \O/ | N
/ \ H H OH,
HO OH HO OH
NSNS
SN SIS

Khi x = 3 Cr,03.3H,0 ttc 1a dang Cr(OH);
e Két ta thu dugc khong tan trong nude (7; = 1.107%) nhung dé tan trong
axit va kiém, lac d6 c6 xdy ra su cit dat lién két gitra cac 16p,vi du :
2Cr(OH);, + 3H,S0, = Cr(SO,); + 6H,0

hay Cr(OH), + 30H," = [Cr(OH,)**
Cr(OH); + NaOH = NaCrO, + 2H,0
hay Cr(OH); + 30H = [Cr(OH))*"
Qua trinh tao ra cation va anion phirc c6 thé tom tat nhu sau :
OH™ OH "
n [Cr(OH)e)’* —=———= [Cr(OH);(OH,);],, ——————= n[Cr(OH){J’
OH,’ /H/ OH,"
Cr(OH),

e Cr(OH); cling bi oxi hoa tao ra cromat mau vang khi cho tac dung voi
Na,O,, Br; trong dung dich kiém, bot téy, nudc Javen, PbO,...



2Cr(OH); + 3Na,0, = 2Na,CrO, + 2NaOH + 2H,0
2Cr(OH); + 3Br, + 10NaOH = 2Na,CrO, + 6NaBr + 8H,O
2Cr(OH); + 3NaOCl + 4NaOH = 2Na,CrO, + 3NaCl + 5H,0
2Cr(OH); + 3Pb0O, + 4NaOH = 2Na,CrO, + 3PbO + 5H,O

(3) Crom(III) clorua (CrCly) & dang khan duoc diéu ché bang cach
cho khi CI2 qua crom nung néng :

(]

2Cr + 30, & 20,
hoic cho khi clo qua hdn hop gébm Cr,Os va Cacbon nung néng :
Cr,0, + 3C + 3ClL, o 20rCl, + 3cot

e Dang hidrat hoa CrCl;.6H,O dugc diéu ché bang cach cho Cr(OH); tan
trong dung dich HCI, sau d6 cho két ta tir dung dich nudc.

e Phu thudc vao cac nhiét do, néng do va pH cua dung dich ma thanh phﬁn
ctia cation phirc aquo thay ddi, do d6 mau sic cua CrcCs.H,O s& thay ddi tir tim
dén xanh. Vi du :

OH, |3+ B cl Tov [ cl 1+
H,O OH, H,O OH, H,O OH,
” \l S AN | yan AN l /
/Cr /Cr\ /Cr Ny
1,07 | NOH, 1o | Now, HO0” | OH,
OH, OH, cl
N i B B i i
[ Cr(OH,),]Cl, [Cr(OH,),Cl1]ClL,. H,O [Cr(OH,),C1,]CL.2H,0
( xanh tim) ( xanh nhat ) ( xanh thim )

e CrCl; khan ¢c6 ciu trac cua polime, c6 mau tim do, khac voi mau cua
dang hidrat hoa da néu trén. Sy khac nhau vé cdu tric di gay ra su khac nhau vé
tinh chét, vi du CrCl; khan khong tan trong nude, con CrCly.6H,0 lai dé tan
trong nudc.

Trong dung dich, ca ba dang hidrat hoa déu dan dan bién thanh hdn hop
dang mau xanh thdm va dang xanh tim. Budc chuyén d6 kéo dai tir 10 - 40 ngay
phu thudc vao diéu kién bén ngoai, vi du ¢ 25°C sau 15 ngay trong dung dich ¢
chtra khodng 42% dang xanh tim va 58% dang xanh tham.

Khi nung & nhiét do cao trong ludng khi clo, CrCl; thing hoa nhung
khong c6 clo thi phan huy :

2CrCl, == 20rCL,  + Ot
Khi nung trong khong khi chuyén thanh oxit :

o

4CiCl, + 30, = 20n,0, + 6CILT
va khi tac dung véi hop chat chira hidro thi clo trong phén tir duoc thay thé :



2CrCl, + 3H,S = CrS, + 6HCI
CCl, + NH, = CN + 3HC
CCl, + PH, = CP + 3HC

(4) Crom (III) sunfat (Cry(SO4);) dugc diéu ché bing cach khudy bot
nhao Cr(OH); trong H,SO,4 dac. Tinh thé thu dugc ¢ mau tim Cr,y(SO4);.18H,0
hoac Cry(S04)3.6H,0 ¢6 mau luc.

o Khi déng két tinh véi mot mudi sunfat ciia kim loai hoa tri 1 (Na', K,
NH,', Rb", Cs', TI") tach ra tinh thé phén crom mau tim thdm c6 thanh phan
[M3,S04.Cry(S04)3.24H,0] trong d6 phen kali dé tan trong nudc va cod nhiéu ung
dung thyc té nhu dung trong cong nghiép dét, cong nghiép thudc da.

e Phen crom - kali 1a nhitng tinh thé hinh tdm mit, mau tim thAm, khi cho
anh sang truyén qua c6 mau do tia.

Phén crom - kali dugc diéu ché bang cach khir K,Cr,O- trong dung dich
da duoc axit hoa béng H,SO,. Tac nhan khir tét nhat 1a SO, hoic C,HsOH; phan
ung xay ra theo phuong trinh :

Cr,0.2 + 2H' + 350, = 2C* + 350 + H,0
Cr,0;” + 8H' + 3CHOH = 2Cr* + 3CH,CHO + 7H,0
hoac:
K.Cr,0, + 350, + H,SO, = [K,SO,. Cr,(SO,);] + H,0
K.Cr,0, + 3GH,OH + 4H,S0, = [K,SO,. Cry(S0,); ] +3CH,CHO + 7H,O

Pé ngoai khong khi, phén bi 1én hoa, pht mot mang mong mau tim. Khi
dun nong dén 100°C, phén c6 mau xanh luc do mat mét phan H,O két tinh.
Nudc két tinh mat hoan toan & 350°C, va khi nung qua 350°C mubi c6 mau vang
luc khong con c6 kha nang hoa tan dugc nira.

Bang phuong phap phan tich tia X cho thiy rang cu trac ciia phén gdbm
[M'(OH,)][Cr(OH,)s].(SO4),. Nhu vay phén 1a mot mubi kép.

(5) Crom(III) nitrat (Cr(NOs);) dugc diéu ché bing cach hoa tan
Cr(OH); trong axit nitric. Dung dich trong anh sang phan chiéu c6 mau tim -
xanh da troi, con trong anh sang di qua lai ¢c6 mau dé. Khi dun néng, c6 mau
xanh luc, d€ ngudi tré lai mau tim ban dau.

e Khi két tinh tir dung dich nudc, ham lugng nudc két tinh thay doi phu
thudc vao diéu kién diéu ché.

e Cr(NOs); dugc dung 1am chat cAm mau trong k¥ thuat in hoa vao vai.

(6) Crom(I1I) sunfua (Cr,S) 14 chat rin mau den, khong tan trong nudc
va bi nudc phan hily cham.
Tuong tu nhu nhom sunfua, Cr,S; khong thé tao ra khi cho dung dich
mudi Cr(IlI) tac dung véi mot sunfua tan ma tao ra hidroxit do qua trinh thuy



phan :
3(NH,),S + 2CrCl; + 6H,0 = 2Cr(OH), ¥ + 6NH,Cl + 3H,ST
e Dé diéu ché Cr,S; ¢o thé béng cach nung hon hop bot crom véi bot luu
huynh trong dng kin :

o

20r + 38 L cns
hozc bang cach cho hoi H,S qua CrCl; nung do :
2CiCly + 3H,S L8 Cr.S, + GHCI
e Cr,S; bi thuy phan tao ra Cr(OH);:
Cr,S; + 6H,0 = 2Cr(OH),Y + 3H,ST
e Ciing tuwong ty, khong thé diéu ché Cr(IIl) cacbonat bang cach cho xoda

tac dung véi dung dich mubi Cr(I1I) :
3Na,CO; + 2CiCl; + 3H,0 = 2Cr(OH),y + 6NaCl + 3CO,T

(7) Crom (III) xianua (Cr(CN)3) tao ra khi cho dung dich mudi Cr(III)
tac dung voi dung dich xianua cta kim loai kiém. Két tia Cr(CN)3 tan trong axit
va tan trong dung dich xianua du tao ra M3I[Cr(CN)6] :

CrCl; + 3KCN = Cr(CN);{ + 3KCl
3KCN + Cr(CN), = K, [Cr(CN)]
K5[Cr(CN)] 1a chit mau vang tuoi, dong hinh véi K;3[Fe(CN)s] mau do
mau.
(8) Trang thai héa tri +3 ctia Mo va W it dugc biét dén, nguoi ta da biét
mot $b hop chit nhu Mo,O; mau den, Mo0,S; mau xam; MoCl; mau do tham;
cling da tach duoc cac mudi kép nhu 2WCls, 3KCl...

9.8. Cic hop chit véi so oxi héa +6
Trong diy cac hop chat caa Cr(VI) - Mo(VI) - W(VI) do bén ting dan.
(1) Crom(VI)oxit (CrO;) mau d6 thim, duoc diéu ché bang cach cho axit
H,S0O, dac tac dung vdi dung dich bao hoa kali dicromat hoac kali cromat :
K,Cr,O;, + 2H,SO0, = 2KHSO, + H,0 + 2CrO,
CrO; tach ra ¢ dang tinh thé hinh kim (7}, = 196°C).
e CrO; 1a mét anhidrit axit dién hinh, hat &m manh va dé& tan trong nudc
tao ra axit cromic :
CrO, + H,O = H,(CrO,
e CrO; rat doc va 1a chit oxi hda manh. Khi nung nong dén 196°C tao ra
chét 1ong mau do thAm; dén 250°C tao ra crom(IV) dioxit va cubi cting & 420°C
tao ra crom(III) oxit:



29C 200, + O

4Cr0, = 2Cr0, + 01

e Anhidrit cromic oxi hoa duoc rat nhidu chat gay ra hién twong nd, phan
ung manh voi nhiéu chét hitu co, chéng han ruou, giéy déu bi boc chay khi tac
dung v61 CrO;. Tuy nhién, CrOj; lai tan trong axit axetic ma kho,g giy ra hién
tuong gi.

(2) Ca ba oxit déu 1 nhirg chét két tinh c6 mau khac nhau : MoOs - mau
xanh (Tye = 791°C); WO5 - mau vang (T, = 1473°C). Tinh thé MoO; va WO; ¢6
cAu trac hinh tAm mat; con CrO3 c6 ciu tric hinh bén mit :

Hinh 61. Ciu tric tinh thé tdm mat Hinh 62. Ciu trac tinh thé bdn mat
cua MoO; va WO; : cua CrO; :
® - Mo hay W; O - oxi. e - crom : O - oxi.

e Khi dun néng, MoO; va WO; thang hoa khong bi phan huy, ching t6 do
bén tir CrO; - MoO; - WO ting 1én.

Khac voi CrO;, MoO; va WO; khong tan trong nudc nén khong tao thanh
axit nhu CrO;. Tinh axit cia MoO; va WO; thé hién khi tan trong kiém tao
thanh mudi molipdat va vonframat :

2KOH + MO, = K,MO, + H,0

(3) Axit cromic( HyCrOy) va mudi cromat ( CrO4%).

e Khi hoa tan CrO; vao nudc tao ra axit cromic 1a mdt axit trung binh, chi
ton tai trong dung dich, khong tach dugc & trang thai tu do; trong dung dich
nudc ton tai can bang :

H,CrO, =—> H' + HCrO, = H' + Cro,”

( axit cromic ) (hidro cromat ) ( cromat )

2JHCIO, =—> H,0 + Cr,0O”

( dicromat)



Nhu véy trong dung dich ton tai ca hai dang ion CrO,* va Cr,07" :
2C0” + 2HY = Cr, 07 + H)0
e Nhitng cromat tan quan trong la kali cromat K,CrO, va natri cromat
Na,CrO4.10H,0. Nhitng Cromat khong tan quan trong 1a chi(Il) cromat PbCrOy;
bac cromat Ag,CrQy; va bari cromat BaCrOy,.

Kali cromat (K2Cr04): 1a nhirng tinh thé ta phwong, mau vang, bén ngoai
khoéng khi; T,. = 968°C. Tan trong nwdc cho dung dich mau vang dam,
c6 phan rng trung hda vaéi qui. Khi cho thém axit, dung dich c6 mau
vang da cam do phan &ng :
2K,Cr0, + H,50, = K,Cr,0;, + K,SO, + H,0
Khi dun néng dén 670°C, K,CrO, chuyén thanh mau do, dé ngudi tro lai
mau vang dong hinh véi K,SOs.

e Nguoi ta diéu ché K,CrO, béng cach cho Na,CO; hodac KOH tac dung
vo1 dung dich K,Cr,07 :

K.Cr,0, + 2KOH = 2K,CrO, + H,0
K,Cr,0, + K,CO; = 2K,CrO, + CO,
e Natri cromat (Na,CrO,) duoc diéu ché bang cach cho natri dicromat tac
dung v6i Na,CO; :
Na,Cr,0, + Na,CO, = 2Na,CrO, + CO,
Trong coéng nghiép diéu ché bang cach nung hdn hop gdm Fe(Il) cromit
vo1 Na,CO; trong khong khi :
4Fe0 .Cr,0, + 8Na,CO, + 70, = 8Na,CrO, + 2Fe,0, + 8CO,}

e Khi két tinh tir dung dich nudc, tao ra tinh thé ngam nudc. Sd phan tir
H,0 két tinh phu thudc vao nhiét d6. O 19,5°C tao ra tinh thé Na,CrO,.10H,0; &
khoang 19,5-25,9°C 1a Na,CrO,.6H,O; khoang 259-62,8°C tao ra
Na,Cr0,.4H,0. Khi két tinh & trén 62,8°C tao ra mudi khan. Tat ca cac dang
tinh thé déu c6 mau vang. Mubi khan c6 T, = 7920C.

e Amoni cromat (NH,),CrO,) 14 nhimg tinh thé hinh kim vang anh, dé tan
trong nudc. Dé ngoai khong khi hay phoi kho bi mat mot phan amoniac va bién
thanh (NH,4),Cr,0. (NH4),CrO4 khi dun nhanh, bi phan hity va béc chay :

2(NH,)-.CrO, = Cr,0, + N,T + 2NH,T + 5H,0

e Dang tinh khiét duoc diéu ché bang cach cho dung dich (NH,4),Cr,0; tac
dung v6i dung dich amoniac sau d6 cho két tinh & +5°C :

(NH,),Cr,0, + 2NH, + H,0 = 2(NH,),Cro,

e Bac cromat ( Ag,CrO, ) 1a chét bot v6 dinh hinh mau do it tan trong
nude, T, = 1,1107"% nhung lai tan dugc trong axit nitric va trong dung dich
amoniac :



Ag,CrO, + 2HNO, = 2AgNO, + H,CrO,
e Dang tinh khiét dugc diéu ché bang cach cho dung dich AgNO; tac dung

vOl KQCI'O4 .
2AgNO, + K,CrO, = Ag,CrO4d + 2KNO,

e Chi cromat (PbCrO,) khi méi két taa 13 chit bot mau vang chanh; tinh
thé do, trong sudt hay nau thim. T,. = 844°C, khong tan trong nudc, tan trong
dung dich HNO3 va dung dich kiém (7} = 8,3.10™%).

e Dang tinh khiét dugc diéu ché bang cach cho chi axetat tic dung voi
dung dich Na,Cr,0; :

2Pb(CH,CO0), + Na,Cr,0, + H,0 = 2PbCrO,4 + 2CH,COONa + 2CH,COOH

e PbCrO4 tan trong dung dich kiém 13 do d3 tao ra hop chét
hidroxoplombit:

PbCrO, + 4KOH = K,[Pb(OH),] + K,Cro,

e Nhung néu lugng kiém it lai tao ra chat khé tan 1a chi(Il) cromat bazo
PbCrO4.Pb(OH), :
2PbCrO, + 2KOH = [PbCrO,.Pb(OH), ¥ + K,CrO, .
e Néu luong cromat Pb(I) nhiéu hon thi tao ra hop chit mau d6 thim

PbCrO,.PbO :
2PbCrO, + 2KOH = PbCrO,.PbO + K,CrO, + H,0

e Bari cromat (BaCrOy) 1a chat bot mau vang, khong tan trong nudc, T, =
1,2.10™"°,
e Dang tinh khiét duoc diéu ché b::ing cach cho dung dich K,Cr,0O; tac
dung voi hdn hop gdm natri axetat va BaCl, :
K,Cr,0, + 2BaCl, + 2CH,COONa + H,0 = 2BaCrO, + 2KCl + 2NaCl + 2CH,COOH
(4) Theo trat tw H,CrO4.H,M00,.H,WO, tinh bén ting, trong khi H,CrO,
chi biét duoc trong dung dich, thi H,MoO, va H,WO, la nhiing chit bot mau
trang (H,MoO, ) hodc mau vang (H,WO,) hau nhu khéng tan trong nudc.
Khi dun ndng ca hai axit nay déu mat H,O, vi du:

o
HWO, - H0 + WO,

e Ciing theo trat tu H,CrO4.H,;M00,. H;WO, thi d0 manh cta axit giam
dﬁn, tinh bazo tang dan. Chéng han H,Mo00O, va H,WO, cling tdc dung v&i axit:
MO,(OH), + 2HCI == MO,Cl, + 2H,0
Hang s6 ion hoa ciia H,CrOy4: K; = 1,8.10™; cia H,MoO, : K, = 1,2.107.
e Mubi cromat, molipdat va vonframat cta cac kim loai kiém va cla magie
déu dé tan.



(5) Axit dicromic (H,Cr,07) va mudi dicromat ( Cr,07")

e Axit dicromic chi biét dugc & trong dung dich c6 ciu tao tuong tu
H,SO;. Trong cac mudi cua axit H,Cr,0; thi dic biét 1a mudi K,Cr,O; va
Na,Cr,0-.2H,0 1a nhitng mudi quan trong, thudng 1am chat dau dé diéu ché cac
hop chét khéac cia nguyén t6 do.

e Kali dicromat (K,Cr,0) duoc diéu ché bang cach cho KCl tac dung voi
dung dich dac Na,Cr,05 :

2KCl + Na,Cr,0, = K,Cr,0, + 2NaCl
(d6 tan ctua Na,Cr,07.2H,0 1a 180g/100 g H,O ¢ 20°C). Lam bay hoi dung dich
thu duoc tinh thé khan mau da cam.
K,Cr,0- tan trong nudc; dun soi dung dich c6 mau dé thim; néng chay &
3950C. Khi nung K,CrO; ¢ nhiét do ndng trang phan huy theo cac giai doan:
K,Cr,0; =K, CrO, + CrO;
4CrO; = 2Cr,0; + 30,1
cudi cung 1

0

t
4K,Cr,0, = 4K,CrO, + 2Cr,0, + 30,T .

o Amoni dicromat (NH4),Cr,0;) dugc diéu ché bang cach cho dung dich
amoniac tac dung v6i dung dich CrOs.
(NH4),Cr,07 1a chét rin két tinh mau d6 da cam, tan nhiéu trong nudc tu
bbc chay ¢ 168°C tao thanh Cr,0x:

(o]

(NH).Cr,0, = Cro, + N1 + 4H,0

e Bac dicromat (Ag,Cr,0;) duoc diéu ché bang cach dun soi dung dich
K,Cr,07; va HNOj; sau d6 cho tac dung véi dung dich nong AgNOs:
K,Cr,0; + 2AgNO; =Ag,Cr,0, + 2KNO,
dé nguoi, tinh thé mau do tach ra.

Khi dun s61 vé1 H,O tao thanh Ag,CrO,, dé ngudi lai tr¢o lai tinh thé
Ag,Cr,0O7 ban dau. No it tan trong nudc T; = 2.107, & 25°C tan nhiéu trong
HNO:;.

(6) Cac hop chit cromat déu c¢6 tinh oxi héa manh. Khi tac dung voi chét
khir tity theo méi truong ma tao ra san pham khéac nhau, tir Cr(VI) chuyén thanh
Cr(III).

e Trong moi truong trung tinh tao ra Cr(OH)s:
K,Cr,0, + 3(NH,).S + H,0 = 2Cr(OH), + 3S! + 6NH,T + 2KOH
e Trong méi trudng axit tao ra ion [Cr(OH,)s]":
K,Cr,0; + 3Na,SO; + 4H,SO, = Cr,(S0,); + 3Na,S0O, + K,SO, + 4H,0

e Trong méi trudng kiém tao ra aon phirc [Cr(OH),]’:



K,Cr,O, + 3(NH,),S + 4KOH + H,0 = 2K,[Cr(OH), ] + 3S{ + 6NH,T

e Tinh oxi hoa cuia dicromat thé hién manh trong méi trudng axit. Trong
moi trudng axit, cac mudi dicromat oxi héa duoc Fe*" — Fe’’; I — I
S0;*—80,”..v.v...
Tinh oxi hoa ctia cac hop chat Mo(VI), W(VI)
chi thé hién khi tac dung véi chat khir manh.
(7) Ion dicromat c6 céu tao nhu hinh 63.
CroCr=131°
doo@w = 1,78 A; derop = 1,61A.

. ® -oxi ;O -crom
Hinh 63 . Cau tao ion dicromat trong Na,Cr,0; .

e Nhu da néu trén, trong dung dich, vi
tri ciia can bang:
Cr0,2” + H,0 => 2C0,>" + 2H'

s& chuyén dich phu thudc vao pH cta dung dich:

+ O pH > 6 trong dung dich ton tai ion CrO,>.

+ 2 <pH < 6 ion HCrO,4 va ion Cr,O,*” nim cén bé‘mg vé1 nhau.

+ O pH < 1 chi yéu ton tai cac phan tir H,CrO, (hang sb axit ctia H,CrO,:

K, =18.10" K, =3,2. 107; cia H,Cr,07: K>, =2,3.10).

e Chi ¢ axit HNO; va HCIO, méi 1am thay doi can bang. Néu sir dung
HCI sé¢ tao thanh clorocromat:

CrO,(OH) + H' + CI' = [CrO,Cl]T + H,0
con trong H,SO, s& tao ra phirc chat sunfat:
CrO4(OH)” +HSO,” = [CrO,(0SO,)]* + H,0

e Can bang trén ciing thay do6i khi cho thém céc cation c6 kha ning tao ra
cromat khong tan nhu ion Ag”, Pb”, Ba®™, thi s& két tiia cromat ma khong phai 1a
dicromat.

e Vi Cr(VI) co6 kha ning tao ra mot diy hop chét goi chung 1a policromat
c6 cong thuc téng quat K;[CrO4(CrOs),.1], Vi du K,Cr,05 - dicromat; K,Cr;0y -
tricromat; K,Cr;O,3 - tetracromat.

(8) CroMyl clorua (CrO,Cl,) 1a mét trong nhitng hop chat dic trung cua
Cr(VI). La chat long mau do tao ra khi cho CrOs khé tac dung v6i khi HCI:
CrO, + 2HCI = Cr0,Cl, + H,0
hodc khi dun néng dicromat véi hén hop gdm mudi clorua kim loai kiém trong
H,SO, dac:
K,Cr,0, + 4KCl+ 3H,SO, = 2CrO,Cl, + 3K,SO, + 3H,0

e Cromyl clorua c6 T,. = -95,6°C va Ty, = 117°C, la chit oxi h6a manh liét



cac hop chit hitu co. CrO,Cl, bi thity phan tao ra CrO,>:
CrO,.Cl, + 2H,0 = H,CrO, + 2HCI

V&1 MoO,Cl, (molipdenyl clorua) va WO,ClI, (Vonframyl clorua) cling bi
thity phan nhu trén, nhung cén bang chuyén dich vé phia trai.

Ca ba kim loai ciing tao ra hop chat tuong tu véi flo va brom.

(9) Cac hop chat ciia Cr(VI) c6 tinh chét twong ty nhu S(VI).

e CrO; c6 cdu tao tuong ty SO; va déu co tinh oxi hoa, déu phan ung voi
H,O0 tao ra axit tuong tng.

e (Céc muoi cromat két tinh dong hinh v&i mudi sunfat:

NazCrO4 . IOHzo

KzCTO4 PbCI'O4 BaCrO4
Nast4 . IOHzo KzSO4 PbSO4 BaSO4
tan tan khong tan khong tan
e Céc axit dicromic va axit disunfuric co cu tao tuong tu va déu tao ra
mudi trong Gng:
chr207 KgCl‘:O7
H.S,0, K.S,0,
e Crom va S déu tao ra ion policromat va ion polisunfat twong tng:
[Crn#lo3n+4]2_ [Sn§|03n¢4]2—
Cr,0,?" S,0,%"
Cr;0,°"

8$:0,0°"
e Crom tao ra cromyl clorua va luu huynh tao ra sunfuryl clorua c6 tinh
chat tuong ty nhau.

Cro.Cl, SO,Cl,
T, = 117°C 69°C
T, = - 96,5°C - 54°C
CrO.Cl, +2H,0 = H,CrO, + 2HCI

SO:CI: + 2H]O = HzSO4 + ZHCI



CHUONG 10
CAC NGUYEN TO NHOM VII B
(MANGAN - TECNEXI - RENI)

10.1. Nhén xét chung vé cdc nguyén té nhém VIIB
(1) Ba nguyén t6 Mn(Manganum), Te(Technecium), Re(Rhenium) thudc
ho d & cac chu ky 4; 5; 6 thudc bang tuan hoan.

e Mangan duoc Silo (K.Scheele) tim ra nim 1774. La nguyén t6 nhén tao,
Tecnexi duoc tong hop vao nim 1937 do cac nha khoa hoc Italia 13 Périe (C.
Penier) va Ségro (E.Segré) khi chiéu chum doteri vao ban molipden. Reni duoc
phat hién vao nam 1925 lién quan dén tén tudi cua cac nha bac hoc Puc 1a W.
Noddak, I. Noddak va O. Berg.

e Nguyén tir khéi, sb thir ty nguyén tb, sy phan bd electron va trang thai
hoa tri ctia ba nguyén t nhu sau:

Nguyén | Ki | Sé | Nguyén tir

@ hiéu | TT Khéi Phan b electron Hoa tri
Mangan | Mn | 25 54,938 2 8 13 2 L 1L IIL, 1V, V, VI, VII
Tecnexi | Tc | 43 [99] 2 8 18 | 13 2 IV, VI VI

Reni | Re | 75| 186210 | 2 | 8 | 18 | 32 | 13 | 2 |LILIIL IV, V, VI, VII

(2) Ca ba nguyén t6 co s electron phan bd ¢ hai 16p ngoai cung 1a: (n - 1)d’ns’
Tt Tt ™
(n-1)d ns np

e Mn, Tc, Re 1a nhitng nguyén t6 da hoa tri, gdy ra bdi cac electron & hai
16p ngoai cung. Bac oxi hoa dic trung ciia mangan la +2, +4 va +7, ngoai ra con
tao ra nhitng hop chat tmg v&i bac oxi hoa +3, +4 va +6. Bic oxi hoa dic trung
ctia tecnexi va reni 1a +7. Khi theo chiéu ting ctia bac oxi hoa, khuynh huéng
tao ra anion phirc tang 1én, con khuynh hudng tao ra cation phirc giam xudng.

(3) Tuong tu cac halogen - dic biét 1a véi clo - mangan va reni tao ra hop
chit Mn,O; va Re,O; ¢ tinh chét tuong tu Cl,O7; céc mubi pemanganat
(MnOy), renat (ReO,) dong hinh v&i mudi peclorat (ClO,); ca hai axit
pemanganic (HMnO,) va axit pecloric(HClO,4) déu 1a axit don chirc va déu co
tinh ox1 hdéa manh.

e Trong s cac hop chat ctia mangan, c6 mot sd gidng v6i hop chét caa



crom va cla sat. Mangan va crom tao ra oxit thp (tinh bazo) va trioxit (tinh
axit).

Mudi cromat (CrO4> ) dong hinh véi mudi manganat (MnO,”). Mangan
cling tao nén phén twong tu nhu phén sit K,SO,.Mny(SO,);.24H,0; hodc dang
mudi kép nhu (NH4),SO,. MnSO,.6H,0 twong ty mudi kép cua sat (IT). Ngoai ra
mangan cling tao ra cac oxit MnO, Mn,03;.Mn;04 MnO.Mn,03) tuong tu cac
oxit cua sat.

(4) Bang 40 13 mot sé dic diém cua ba nguyén té Mn, Tc, Re.

Bang 40. Mot s6 dic diém caa Mn, Tc, Re

Mn Tc Re

Electron hoa tri 3d°4s’ 4d°5s? 5ds6s,
Ban kinh nguyén tir (A) 1,30 1,36 1,37
Ban kinh ion M>* () 0,91 0,95 -
Ban kinh ion M>* () 0,70 - -
Ban kinh ion M*" (&) 0,52 0,72 0,72
Ban kinh ion M7" (&) 0,46 0,57 0,57
Thé ion hoa 1; (eV) 7,43 7,23 7,87

e Ban kinh nguyén tir ting tir Mn dén Re, nhung khong dang ké, dic biét
khi chuyén tir Tc d¢én Re; do d6 Tc va Re c6 tinh chat gan nhau hon so véi Mn.
(5) Dudi day 1a so do thé dién cuc cia mangan va reni:

e Trong moi trudng axit:

+7 +6 +5 +4 +3 +2 0
+1,51
AnO,” MnO,*= MnO,*- nO, Mn*t Mn*" Mn°
+0,56 +0,27 +4,27 l +0,95 +1,5 | -1,18
+227 +1,23 )
+ 1,7
+ 0,37

+0,77 + 0,63 +0.3 l
ReO,~ ReO, ReO, Re** Re°

| +0,51 | l +0,26 l

+0,12 +0,51
ReCl™

e Trong moi truong ki€ém:



+7 +6 +5 +4 +3 +2 0

. +0,34
| I
MnO,- MnO,*= MnO,*- MnO, Mn,0; —— Mn(OH), Mn°
+0,56 | +0,27 +0,96 | | +0,15 - 0,25 | -1,51
+0,62 ' - 0,05
+0,60
RCO4~ RCO3 —_— Reo: .ZHZO RC:O:; Reo
- 0,89 - 0,446 | l - 1,25 - 0,333 l
- 0,594 ' ' -0,56

- 0,584

(6) Vé mit cdu tao, cac dang thi hinh ctia mangan déu két tinh theo kiéu
1ap phuong; con reni két tinh theo kiéu luc phuong.

Vi du dang hinh thi y - Mn ton tai & 1070 - 1130°C c6 dang cau tric
mang 1ap phuong tdm dién co6 canh o = 3,862 A, theo dang ciu trac ctia Cu. Con
dang thu hinh & - Mn theo dang a - Fe, nghia 1a két tinh theo kiéu lap phuong
tam khdi c6 canh a = 3,081A.

10.2. Trang thdi thién nhién va thanh phén cdc dong vi
(1) Khoang vat cha yéu ctia mangan 1a pirolusit (MnO,); ngoai ra mot so
khoang vat khac c6 chra mangan nhu bronit (Mn,0s3); manganit Mn,0;.H,O; va
cac sunfua nhu MnS; MnS).
e Tecnexi la nguyén t6 nhan tao.
e Luong reni ¢ trong vo qua dat co rat it. Quing gidu reni nhét 13 cac
molipdenit ciing chi chtra khoang 2.10~ % vé khéi luong.
(2) Trong co thé ngudi, mangan c6 khoang 4. 10 % chira trong tim, gan
va tuyén thuong than, anh huong dén su truong thanh cia co thé va su tao mau.
e Trong nudc dai duong cé chira rat it mangan, nhung ¢ day sdu cua dai
duong c6 mot luong rat 16n mangan.
(3) Ham luong céac kim loai trén & Mat Trang do cac tau vii tru Apollo va
tau Luna thu thap dugc cé gia tri sau:

Ham luong trung binh ( s6 gam /1 g miu d4)
Neuyen to Apollo -11 Apollo - 12 Luna -6
Mn 1.9.10° 1.9.10” -
Tc - -
Re -0,01.10° - -

(4) Mangan c6 nhiéu dong vi tir “Mn dén >'Mn, trong d6 chi c6 >>Mn 1a
d6ng vi thién nhién chiém 100%. Pdng vi phong xa bén nhat 1a >*Mn c6 chu ky




ban hiy 1a 140 ndm va kém bén nhat 1a **Mn c6 chu ky ban huy 1a 0,4 giay.

e Tecnexi l1a nguyén td nhan tao, cac ddng vi déu co tinh phong xa 1 trong
s6 d6 dong vi ’Tc bén nhat c6 chu ky ban hity 1a 2,12.10° nam.

e Reni c6 14 ddng vi.Cac ddng vi thién nhién 1a "Re (37,07%); '®'Re
(62,93%); con lai 13 cac dong vi phong xa.

10.3. Piéu ché Mn, Tc, Re
(1) Mangan dugc diéu ché bang phuong phap nhiét nhom tir cac oxit
MnO hoac Mn;Oy:

3Mn,0, + 8Al = 4ALO, + 9Mn

e Ciing c6 thé diéu ché bang phuong phap nhiét silic:

MnO, + Si % Mn + SiO,

e Trong coéng nghiép mangan duoc diéu ché bang cach dung cacbon dé
khtr oxit mangan trong 16 di¢n.

e Cing duoc diéu ché bang phwong phap dién phan dung dich mubi
sunfat.

e Mangan tinh khiét duoc diéu ché bang cach dién phan dung dich MnCl,
v6i catot bang thuy ngan. Mangan hoa tan trong thily ngan tao ra hon héng Mn -
Hg. Chung cat hdn hdng trong chan khong, tich dugc Mn va thu hi lai Hg.

(2) Nguoi ta diéu ché mot lugng nho tecnexi (vai mg) trong 1o phan tng
hat nhan khi ban pha oxit molipden bang notron
BMo + ¢n = pMo + Y

99 _ 99 =
osMo = [Tec + B

e Ciing diéu ché trong 10 phan tmg hat nhan khi phan hach urani.
(3) Nguoi ta diéu ché reni bang cach dung H2 dé khir amoni renat ¢ nhiét
do cao:

o

INHReO, + 4H, = 2Re + N, + 8H0

10.4. Tinh chit ly hoc ciia Mn, Tc, Re va irng dung
(1) Tuy theo phuong phap diéu ché, mangan tao ra & bén dang thu hinh.
e Mangan diéu ché bang phuong phap nhiét nhom, ton tai & hai dang o -
Mn va 3 - Mn.
Dang a - Mn ton tai & nhiét do thuong co khéi luong riéng 1a 7,21g/cm3.
Dang 3 - Mn tdn tai & nhiét do cao (742 - 1070°C) ¢b khdi luong riéng la
7,29 g/cm’.

e Néu mangan dugc két tia bang phuong phap dién phan, mangan ton tai



& dang y - Mn, bén trong khoang 1070 - 1130°C; c6 khéi luong riéng 1a 7,21g/
cm3. Dang thu hinh ton tai ¢ nhiét d6 cao hon 1130°C 1a dang & - Mn:
a - Mn B - Mn Y - Mn 0 - Mn

Tén tai: (t° thuong ) ( 1070°C) (1130°C) (> 1130°C)

e Cac dang o - Mn va B - Mn déu cing va gion; dang y - Mn thi mém va
déo.

e Mn va Re c6 mau tréng bac, con Tc ¢c6 mau xam.

e Mot sb hing s Iy hoc ctia Mn, Tc, Re néu ra & bang 41.

Bang 41. Mot sb hing sb 1y hoc quan trong ctia Mn, Tc, Re

Tinh chat Mn Tc Re
Khéi luong riéng (g/cms) 7,4 11,5 21
Nhiét d6 nong chay (Tye, °C) 1244 2700 3180
Nhiét d6 s6i (Ts, oC) 2120 4900 5670
D6 am dién 1,5 1,9 1,9

(2) Mot luong kha 16n mangan duoc dung dé diéu ché hop kim fero -
mangan (60% - 90% Mn va 40% -10% Fe) khi khir hdn hop sit va quing
mangan. Loai hop kim nay rat bén va ctng, thuong dung lam 6 bi, cac bo phan
may nghién, 1am dudng ray xe lira.

Nguoi ta cling dung hop kim ctiia mangan dé diéu ché truc tiép gang tring
trong 10 cao.

Hop kim bronzo - mangan (95%Cu va 5% Mn) ¢6 d6 bén co hoc cao.

e Reni dugc dung trong cong nghiép dién vi ¢6 do dan di¢n cao (16n hon
Hg 4.5 lan va thip hon vonfram ) 1a nguyén liéu rat tot dé lam day toc bong dén
dién, bén hon vonfram. Hop kim Re va Pb dung lam pin nhiét dién.

Ngoai ra, reni lam chat xuc tac cho nhiéu phan tmg hoéa hoc hitu co.

10.5. Tinh chit héa hoc cua Mn, Tc, Re

Hoat tinh hoa hoc cua kim loai trong nhom gidm dan tir Mn dén Re do d6
kha nang phan ung véi cac chat giam dan.

(1) Mangan va reni khong phan tmg truc tiép vdi hidro, nhung khi H2 tan
dugc trong mangan néng chay (70 - 100 cm’ H, trong 100 g Mn & nhiét do
1244°C).

e Reni khong hoa tan dugce Ho.

(2) Trong khong khi, mangan & dang khéi rin, khong bi oxi hoa, ngay ca
khi dun nong vi dugc bao boc bdi mdt 16p oxit méng bao vé cho kim loai; néu &
trang thai vun lai d& bi oxi héa hon; nhung néi chung mangan rat khé phan g
vOi oxi, tao ra Mn;O4 & 940°C:



940°C

3Mn + 20, Mn,0,

Khi dun néng bot reni trong khi quyén oxi & 300°C tao ra oxit Re,O».
e Mangan va reni déu phan tng truc tiép v6i luu huynh, selen, telu tao ra
cac hop chat nhu MnS, MnSe, MnSe,, ReSe,, MnTe, MnTe,...
(3) Mangan hoa hgp truc tiép vOi nito tao ra Mn3;N, ¢ nhié¢t d§ khoang
600 - 1000°C khi cho bot mangan tac dung véi nito:

o]

N, + 3Mn & MnN,
e Mangan va reni phan tng truc tiép v6i photpho khi nung trong ampun
han tao ra cac chat Mn;P,, MnP, ReP...

(4) Mangan hoa hop truc tiép voi cacbon va silic tao ra cic hop chat
Mn;C, Mn,C;; Mn;Si, MnSi...

(5) Ca mangan va reni déu phan tng manh v&i cac halogen tao thanh
mudi dang MX,, vi du:

Mn + Cl, = MnCl,

(6) Mangan c6 thé dién cuc dtng trudc Zn, nén khi dun néng phan huiy
duoc H,O, dac biét khi co tap chit nhu cacbon, mangan dé bi nuéc va khong khi
am an mon:

Mn + 2H,0 = MnOH), + H,T

Tecnexi va reni khong c6 kha ndng do.

e Mangan tan trong céc axit loang khong c6 tinh oxi héa nhu HCI, H,SO4
tao ra H,:
Mn + H,SO, = MnSO, + H,T
Tecnexi va reni khong c6 kha nang do.
e Mangan tan trong H,SO, dic tao ra SO,, néu H,SO, dic ngudi phan tng
X4y ra rat cham, nhung khi dun noéng phan tng xay ra rat nhanh.
Mn + 2H,SO, = MnSO, + SO,T + 2H,0
Vé1 HNOj tao ra khi NO:
3Mn + 8HNO, = 3Mn(NO,), + 2NOT + 4H,0

Mangan khong thé hién tinh thu dong khi ngam trong HNO; dic.

Tecnexi va reni phan tmg manh v6i HNO; va H,SO, dic tao ra hop chat
g voi héa tri bén cta Te(VIID) va Re(VII) 1a:

3Tc + 7HNO, = 3HTcO, + 7NOT + 2H,0
2Re + 7H,S0O, = 2HReO, + 7S0,T + 6H,0

(7) Mangan khong phan (mg véi kiém.



10.6. Cdc hop chit vdi sé oxi héa +2

(1) Mangan va reni tao ra duoc cac hop chét Gmg véi cac sb oxi hoa thi
dén +7, riéng tecnexi co cac s6 oxi hoa +4; +6; +7. Trong d6, mangan c6 cac
hop chat quan trong ung véi s6 o xi hda+2; +4; +7; con tecnexi va reni tao ra
hop chat bén nhat ing véi s6 oxi hoa+7.

Duéi day chi néu cac hop chat Mn(II).

e S4 phdi tri dic trung cia Mn(II) 14 bang 6 ing v&i dang lai hoa sp’d” voi
su phan b6 lién két tAm mit.

Céac hop chat Mn(II) déu c6 tinh thuan tir va déu c6 niam electron doc
than. CAu tao ctia phurc chat tim mit spin cao ctia Mn(I) tuong tmg v6i cAu hinh
electron nhu hinh 64.

e S6 phdi tri cia Mn(Il) trong tinh thé bang 6. Mot s6 hop chat ludng to
déu d& két tinh, c6 tinh dong hinh chang han MnO va MnS c6 cdu trac dang
NacCl...

ok gPlk GPlk
G;,)lk
b\ plk
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Hinh 64. Su phan b electron theo cac obitan trong phtc chat Mn(II) tdm mit spin cao

Pa s6 cac mubi déu dé hoa tan trong nudc va déu 1a mudi bén nhat cia
Mn(II). Khi tan trong nudc, cic mudi Mn(I) phan ly tao ra phitc - aquo
[Mn(OH,)s]*" va dung dich c¢6 mau hong.

Mot sé hop chat khong tan trong nuéc nhur MnO, MnS, MnF,, Mn(OH),,
MnCOj3, Mn3(POy,)s,.

(2) Mangan(Il) oxit (MnO) dugc diéu ché bang cich nhiét phan Mn(II)
oxalat hodc cacbonat khi khong c6 khong khi (nung trong ludng khi H, hoic
N»):

COO

AN t°

/Mn — MnO + cot + Co,?
(s}

COO
MnCO, & MnO + O
e Ciing dung H, hoac Co dé khir oxit bac oxi héa cao nhu MnO,, Mn;O,:



o

MnO, + H, L MnO + H,O

e MnO la chat tinh thé, mau xanh xdm, T,. = 1780°C. Khong tan trong
nuée, khong phan ang véi nude. O trang théi tinh thé hoan toan bén trong khong
khi, nhung & dang bot dé bi oxi hoa tao thanh cac oxit cao:

6MnO + O, = 2Mn,0,
ngoai ra con tao ra MnO,, Mn,0;.
e MnO bi H; khtr thanh kim loai nhung phai & nhiét o rat cao:

o

MnO + H, L Mn + H,0

e MnO tan trong céc axit tao thanh mubi Mn(1I):
MnO + 2HCl = MnCl, + H,0

(3) Mangan (1) hidroxit (Mn(OH),). Tuong tu nhu Fe(OH),, khi cho
kiém tac dung v6i dung dich mubi Mn(II) tao ra két tia mau tring:
MnSO, + 2NaOH = Mn(OH),{ + Na,SO,
Mot  s6 phirc  amoniacat ctia  Mn(Il) nhu  [Mn(NH;)]Cl,,
[Mn(NH3)6](C104), cling dé dang bi nuéc phan huy tao thanh Mn(OH),:
[Mn(NH,)ICl, + 2H,0 == Mn(OH),¥ + 2NH,l + 4NH,
Vi vay cac loai phtre trén chi tdn tai & trang thai ran hodc trong dung dich
nhung phai c¢6 lugng du NH; rét 16n.
e Mn(OH), dé trong khéng khi dan dan bj héa niu vi bi oxi hoa theo
phuong trinh:
2Mn(OH), + O, + 2H,0 = 2Mn(OH),
hay 2Mn(OH), + O, = 2[MnO,.H,0] (rin)
e Mn(OH), khong tan trong nudc (T, = 4,5.10™"°), 1a mot bazo, dé tan trong
axit tao thanh cac mubi Mn(II).

Mn(OH), + H,SO, = MnSO, + 2H,0
( lodng)

Trong mdi trudong kiém, Mn(OH), s& bi oxi hoa, ngay ca O, cia khong
khi:

(I avy
6Mn(0H)2 + 02 = 2Mn2 Mn04 + 6H20

(4) Mangan(Il) clorua (MnCl,.4H,0) dugc diéu ché bang cach cho kim
loai, oxit, hidroxit, cacbonat tdc dung véi axit HCI va két tinh tur dung dich
nudc:

MnCO, + 2HCI = MnCl, + CO,T + H,0

Trong cong nghiép, diéu ché bang cach dun néng MnO2 vdi axit HCI cho
dén khi khong con khi clo thoat ra:

MnO, + 4HCl = MnCL, + CL, T + 2H,0



Trong tinh thé hidrat hoa, mot s6 phan tir H,O da dong vai tro phéi tir. O
trang thai khan tao ra tinh thé hinh phién mau hong. Nong chay ¢ 650°C, va
trong ludng khi H,, MnCl, bay hoi & 1190°C; H2 khong khir dugc MnCl, nhung
khi dun néng trong ludng khi O, hodc trong hoi nudc chuyén thanh Mn,Os.

4MnCl, + O, + 4H,0 = 2Mn,0, + 8HCI

(5) Mangan(Il) sunfat ( MnSO,). Phuong phap diéu ché MnSO, twong tur
nhu MnCl, 1a cho kim loai, oxit, hidroxit, mudi cacbonat tan trong dung dich
H,SOy:

MnO + H,SO, = MnSO, + H,O
e Trong cong nghiép, MnSO, dugc diéu ché bang cach cho pirolusit
(MnO») tan trong HISO, dic nong, hodc nung hon hgp MnO, véi FeSOy:
2MnO, + 2H,S0, = 2MnSO, + 2H,0 + O,!
4MnO, + 4FeSO, = 4MnSO, + 2Fe,0, + O,1
e O trang thai khan hau nhu 12 mau tring. Khi két tinh tir dung dich nudc
tao ra tinh thé c6 mau h6ng khac nhau phu thudc vao ham lugng nudce két tinh:
MnSO,.H,O; MnS0O,.4H,0; MnSO,.5H,0; MnSO,.7H,0.
Trong tinh thé cac sunfat d6, nhém SO, déng vai trd cau ndi gilta cac

nguyén to Mn(II):
s/

HO O " No OH,
1\|4 \| _ OH, (MnSO, . 4H,0)

n n

H,0~ J) \o / | “\oH,
OH,
o

e Tu dung dich MnSO, va mudi sunfat cta kim loai kiém c6 thé tach ra
nhirng tinh thé mudi kép dang M,SO4.MnSO4.nH,O (n =2; 4; 6).

e Khi tac dung véi chit oxi hoa, MnSOy, thé hién tinh khur phu thudc vao
moi trudng: Trong mdi trudong kiém manh Mn*" — MnO,>. Vi du:

3MnSO, + 2KCIO, + 12KOH = 3K,MnO, + 2KCl + 3K,SO, + 6H,0
( néng chay )

Trong mdi trudng axit, Mn**—MnO", khi tdc dung v&i chat oxi hoa
manh, vi du PbO,:
2MnSO, + 5PbO, + 6HNO; = 2HMnO, + 3Pb(NO,), + 2PbSO, + 2H,0
(6) Mangan(Il) nitrat (Mn(NOs),) dugc diéu ché bang cach cho kim loai,
oxit, hidroxit, cacbonat tdc dung voi HNO; loang tao ra dung dich mau héng
nhat:
Mn(OH), + 2HNO, = Mn(NO,), + 2H,0



e O nhiét d6 thuong, tinh thé tach ra & dang Mn(NOs),.6H,0; néu cao hon
25°C - 6 dang Mn(NOs),.3H,0.
e D@ tan trong nudc, khi nung nong tach ra NO, va MnO,:
Mn(NO;), = MnO, + 2NO,7T
Pay 1a phuong phap diéu ché MnO, nguyén chét.
(7) Mangan (II) cacbonat - MnCOs - dugc diéu ché bang cach cho mudi
Mn(II) tac dung v6i dung dich cacbonat.
Néu tac dung vo6i dung dich mudi cacbonat s& thu dugc mudi cacbonat
bazo:
2MnSO, + 2 Na,CO; + H,0 = 2Na,SO, + [ MnCO,. Mn(OH), ¥ + CO,T
Néu tac dung v6i dung dich hidro cacbonat da bao hoa khi CO, tao ra két
tua mau tréng MnCO;.H,O:
Mn(NO;), + 2NaHCO, = MnCO;J + 2NaNO, + CO,T + H,0
e MnCO; 1a chat bot mau trang, min nhu 16ng to, khong tan trong nudéc (T,
=1.10"% ¢ 25°C). Khi dun ndng dén 100°C, MnCOj bi phén hiy:
MnCO, = MnO + CO,T

Khi dé trong khong khi am dé bi oxi héa chuyén thanh mau tham lai do
tao ra Mn,0;.

(8) Mangan (II) sunfua (MnS). Khi cho mudi mangan (II) tac dung voi
mudi sunfua tan tao ra két tha mau hong thim. Mau cua két tia thay doi tuy theo
diéu kién tao két tua. Khi dé 1au (khong c6 khong khi) tao ra dang khan MnS
mau xanh.

e Dé trong khong khi, bi oxi hoa chuyén dan thanh mau nau:
MnS + O, + 2H,0 = S + MnO, 2H,0

e Khong tan trong nudc (T, =2,5.10"7).

10.7. Céc hop chit vdi sé oxi héa +4

(1) cac mubi don gian cua Mn(IV) déu khong bén. Pa sb cac mudi déu
duoc biét & dang mudi phtrc axido nhu le[Man, M,I[MnClg], con dang
MnF,, MnCl, déu khong bén, dé bj phan hay.

e V6i mangan(IV) thi bén nhét 1a MnO, va Mn(OH), hay MnO,.2H,0.

(2) Mangan(IV) oxit (MnO,) 1a thanh phan chinh cta khoang chat
piroluzit.

MnO, tinh khiét dugc diéu ché bang cach dun nong Mn(NOs), dén 200°C:

o

Mn(NO)), = MnO, + 2NO,T

Cac dung dich mudi mangan (II) ciing déu bi oxi héa bdi bot tay,



hipoclorit, KMnOy,, va nhiing tac nhan oxi hoa khac déu tao ra MnO, trong méi
truong kiém:

MnSO, + CaOCl, + 2NaOH =MnO, ! + Na,SO, + CaCl, + H,0

2KMnO, + 3MnSO, + 4KOH = 5MnO, { + 3K,S0, + 2H,0

e MnO, 1a chit bot mau niu den, khong tan trong nudc.
Khi dun nong bi phan huy:
3MnO, = MnO, + O,T

va khi dun nong voi H2SO4 dac nong tao ra O2:

JMnO, + 2H,S0, = 2MnSO, + O;1 + 2H,0

e MnO, va hidroxit Mn(OH), déu c6 tinh luong tinh. Tac dung véi H,SO,
dic tao ra mudi Mn(SO,), khong bén, con khi nung néng chay véi kiém tao ra
cac hop chat M,"MnO; va M, MnOy,:

2KOH + MnO, = KMnO, + H,0
4KOH + MnO, = KMnO, + 2H,0
e MnQO, c6 tinh oxi h6éa manh va c6 ca tinh khir.
Ox1 hoa HCI dac tao ra khi clo:
MnO, + 4HCl = MnCl, + C,T + 2H,0
Trong moi trudng axit, MnO, oxi hoa mudi Fe(II) thanh mubi Fe(IlI), oxi
hoa axit oxalic thanh CO»:
MnO, + 2FeSO, + 2H,SO, = MnSO, + FeySO,), + 2H,0

COOH

MnO, + | + H,S0, = MnSO, + 2CO,T + 2H,0
COOH

Oxi hoéa axit sunfuro thanh Mn(II) dithionat; oxi h6a H,O, thanh O;:
MnO, + 2H,SO; = MnS,0, + 2H,0
MnO, + H,0, + H,SO, = MnSO, + O, + 2H,0
e Khi tac dung véi chat oxi ha manh hon, MnO2 thé hién tinh khtr.
Khi cho MnO, tron voi dung dich KOH 5% dun néng ¢ 250°C rdi cho
khong khi di qua s€ tao ra K2MnO4 mau lyc:
2MnO, + 4KOH + O,= 2K,MnO, + 2H,0
hoac 3MnO, + KCIO; + 6KOH = 3K,MnO, + KCI +3H,0
Trong moi trudong axit, tao ra dung dich mau tim:
2MnO, + 3PbO, + 6HNO, = 2HMnO, + 3Pb(NO,), + 2H,0
(3) Nguoi ta cling biét dugc cac hop chét héa tri IV cia tecnexi va reni
nhu TcO,, ReO,, cac halogenua nhu ReCly, M,'ReCl...
(4) MnO; 1a hop chat c6 nhiéu tng dung trong thyc té. Dung trong cong
nghiép thily tinh dé oxi hoa cac hop chat sunfua va cac hop chat cia sit; dung



trong cic mit na phong doc tranh cacbon oxit. Dung 1am chét oxi hoa trong pin
dé khtr hidro; dung trong cong nghé ché tao diém.

Ngoai ra, MnO2 dugc dung lam chat oxi hoa trong méi truong axit, 1am
chat xtc tac cho qua trinh nhiét phan KCIl;... /

10.8.Cdc hop chit véi sé oxi héa +6

(1) Céac hop chat tmg vé6i sb oxi héa +6 déu khong bén. V&i mangan,
duoc biét 6 nhét 13 mudi manganat MnO,*; trong dung dich nudc tdn tai can
bang sau:

3MnO,” + 2H,0 == 2MnO, + MnO, + 40H"
vi vay cdc mudi manganat bén trong méi truong kiém, con mubi pemanganat
bén trong mdi trudng axit.
e Cic mudi TcO4”, ReO,” trong dung dich nudc ciing ton tai can bang
nhu trén.

(2) Kali manganat (K;MnO,). Nhu trén di néu, néu nung néng hdn hop
gém MnO,; véi NaOH hoac KOH khi ¢6 mat cua khong khi hodac mdt tac nhan
oxi hoa khéc nhu clorat, nitrat tao ra manganat:

MnO, + KNO, + 2KOH = K,MnO, + KNO, + H,0

Hoa tan san phdm vao nudc tao ra dung dich mau xanh 14 cy, va khi lam
bay hoi trong chan khéng thu dugc tinh thé mau xanh 14 cay 1a K,MnO, hoic
Na,MnO,.10H,0, déng hinh v&i cac mudi sunfat.

e Khi axit héa dung dich K,;MnO, tao ra axit H,MnO, nhung lai khong
bén, phan huy ngay theo phuong trinh:
3H,MnO, = 2HMnO, + MnO,y + 2H,0

e Khi dun néng dung dich K,MnO, tao ra dung dich mau tim va két tua
mau nau den:
3K,MnO, + 2H,0 = 2KMnO, + MnO,! + 4KOH

e Céac mudi KsMnO,, Na,MnO, déu dé tan trong nudc; BaMnOy, it tan (7
=2,5.10"%

N6i chung, tat ca cac dan xuat ctia mangan (VI) déu c6 tinh oxi hoa manh.
Trong moi truong kiém sé& bi khir &én MnO,, con trong méi truong axit tao ra
mudi Mn(II):

K,MnO, + 2H,S + 2H,SO, = 28! + MnSO, + K,SO, + 4H,0
K,MnO, + 2Fe(OH), + 2H,0 = MnO, 4 + 2Fe(OH),! + 2KOH
e Vi Mn(VI) tng véi s6 oxi hoa trung gian, nén khi tac dung véi chét oxi
hoa manh, cac manganat c6 thé bj oxi hoa tao thanh pemanganat MnO™*. Vi du:



2K,MnO, + Cl, = 2KMnO, + 2KCl
4K,MnO, + O, + 2H,0 = 4KMnO, + 4KOH
(3) Nguoi ta da biét duoc mot s6 hop chat caa Re(VI) nhu ReFg c6 mau
vang nhat; ReClg c6 mau xanh; ReOCly, ReOF,; ReO; c6 mau do. Cac hop chat
d6 déu co tinh axit. Trir ReOs, con lai d& dang bi nude phan hiy:
3ReF, + 12H,0 = 2HReO, + Re(OH), + 18HF
3ReOF, + 9H,0 = 2HReO, + Re(OH), + 12HF
e Reni trioxit khong tac dung v6i H,O va véi axit, con trong kiém xay ra
qua trinh ty oxi hoa khu:
3ReO, + 4KOH = 2KReO, + K,ReO, + 2H,0
e Cac dan xuat caa Re(VI) thé hién tinh khtr, dé dang bi oxi hoa, ngay ca
oxi cia khong
4K,ReO, + O, + 2H,0 = 4KReO, + 4KOH

10.9. Cdc hop chit vdi sé oxi héa +7

(1) Theo ddy cac hop chat Mn(VII), Te(VID), Re(VII) thi d6 bén ting dan.
Chéng han, vé1 Mn(VII) chi dugc biét Mn,O; va oxoflorua MnOsF, con véi Re
(VII) ga diéu ché mot day hop chit ReF,, ReOFs, ReO,F;, ReO;F, Re,0-; vi du:

Mn,07 ¢6 mau xanh thAm T = 5,9°C.
Re,07; mau vang T, =296°C

Trong cac dan xuat ctia Mn(VII) thi quan trong nhat trong thyuc té la
KMnQOy.

(2) Axit pemanganic (HMnQy,) va anhidrit penanganic (Mn,05). Khi dun
néong mot dung dich gébm mudi Mn(Il) véi PbO, va HNO; tao ra axit
pemanganic:

2Mn(NO;), + 5PbO, + GHNO, = 2HMnO, + 5Pb(NO,), + 2H,0
e Khi lam lanh mot dung dich dic KMnO, va AgNO; thu duoc két taa
mau d6 AgMnO, (T, = 1,6.107).
KMnO, + AgNO, = AgMn(zth; + KNO,

Néu cho BaCl, vao dung dich c6 chita AgMnO, thi AgCl s& két tua (T, =
1,78.10"%), con lai Ba(MnO,), trong dung dich:
2AgMnO, + BaCl, = Ba(MnO,), + 2AgCN
Tt dung dich bari pemanganat, cho thém mdt lugng H,SO, can thiét, sau
khi tach két tia BaSO,, dung dich con lai ¢6 chira HMnOy:
Ba(MnO,), + H,SO, = 2HMnO, + BaSO,{
e Axit pemanganic la mot axit manh tuong duong HCl va HNOs; dung
dich chi c6 thé c6 dic dén 20%, sau d6 bit dau bi phan hay:



4HMnO, = 4MnO,y} + 30,7 + 2H,0

e Anhidrit trong tng vé1i HMnO,4 1a Mn,0,.Mn,05 1a chit long, mau xanh
thAm thu dugc khi cho H,SO, dic 90% tac dung v&1 KMnOy:

2KMDO4 + H2SO4 = Mn207 + KgSO4 + Hzo

Khi bay hoi, tao ra hoi mau tim cung véi hoi nudc. Khi dun néng bi phan
huy:

o

L 4Mnod + 30,1 (+0,)

Vi vy Mn,0O; 1a chit oxi hoa rat manh, ete, ruou va nhiéu chit hitu co
khac bbc chay khi tiép xuc voi Mn,Os.

2Mn,0,

e Téac dung vdi nude tao ra HMnOy:

Mn207 + Hzo = ZHMHO4
(3) Kali pemanganat ( KMnO,) 12 mot mudi quan trong nhét ciia axit

pemanganic. Dé diéu ché KMnOy c6 thé bang cach cho K;MnO, tac dung voi
H2S04:

3K.MnO, + 2H,SO, = 2K,SO, + 2KMnO, + MnO,y\ + 2H,0

Loc tdich MnO,, sau d6 c6 dung dich nudc loc. Kali pemanganat c6 do hoa
tan bé hon kali sunfat nén két tinh trudec.
e Ciing c6 thé diéu ché bang cach cho clo tac dung vi KxMnOy:

K,MnO, + Cl, = 2KMnO, + 2KCI
hoac cho khi CO, tac dung vo1 dung dich K,;MnOy:

3K,MnO, + 4CO, + 2H,0 = 2KMnO, + MnO,! + 4KHCO,
hay 3K,MnO, + 2CO, = 2KMnO, + MnO,d + 2K,CO,
e KMnO, ¢ trang thai ran 1a nhiing tinh thé hinh thoi, d& két tinh mau tim
d6 gan nhu den, c6 anh kim. Tan trong nudc c¢6 mau tim dam; dung dich lodng
c6 mau do.

e O trang thai ran két tinh dong hinh véi KClO4. Khi nung nong bi phan
huy ¢ 200°C:

L K,MnO, + MnO + O,1
va khi dun s6i1 véi dung dich kiém tao ra K;MnO, va O,:

2KMnO,

4KMnO, + 4KOH = 4K,MnO, + 2H,0 + O,1

e Kali pemanganat 1 chat oxi hoa manh c¢6 nhiéu tmg dung thuc té trong
phong thi nghiém. Tinh oxi héa cuia KMnO,4 phu thudc vao méi truong cia dung
dich, manh nhat 1a méi trudng axit. Vi du:

Trong moi trudong axit:

2KMHO¢ + SKst:; + 3H2$04 = 2MHSO4 + 6K'_)SO4 + 3H20
Trong moi trudong trung tinh:



2KMnO, + 3K,SO, + H,0 = 2MnO,d + 3K,SO, + 2KOH
Trong moi trudong kiém:
2KMnO, + K,SO, + 2KOH = 2K,MnO, + K,SO, + H,0

Phan Umg tao ra K,;MnO, Phai c6 néng do kiém cao va chat khu it, hon
nita cac phan ng trén thudng xay ra trong dung dich lodng, do d6 san pham khur
trong moi trudng kiém hay trung tinh thudng 1a MnO,.

e Trong dung dich, KMnOy oxi héa duoc cic mudi Fe(Il) thanh mudi
Fe(IIl); axit H,SO,4 thanh H,SO,; sunfit thanh sunfat; axit oxalic tao ra CO, va
H,O (60°C); iotua thanh iot; axit halogenhidric thanh halogen twong ung; nitrit
thanh nitrat; hidro moi sinh thanh H,O; hidro sunfua thanh Iuu huynh; thiosunfat
thanh sunfat; amoniac va mudi amoni thanh nito; mudi stanit thanh mudi
stanat... Vi du:

2KMnO, + 10H + 3H,SO, = 2MnSO, + K,SO, + 8H,0
6KMnO, + 10NH, + 9H,S0, = 5N,T + 6MnSO, + 3K,SO, + 24H,0

e Trong moi truong axit, oxi hoa dugc ca H,0,:

2KMnO, + SH,0, + 4H,SO, =2MnSO, + 2KHSO, +8H,0+ 50,7
e KMnO, oxi hoa dugc mudi Mn(II) thanh MnO:
3MnSO, + 2KMnO, + 2H,0 = 5MnO,l + K,SO, + 2H,SO,

(4) Nguoi ta ciing da biét cac mudi kim loai kiém khac nhu LiMnO,.3H,0
dé tan; NaMnO,.3H,0 d& tan; RbMnOj it tan (T, = 2,9.107), CSMnO, khé tan
(Ty = 9,1.10-5); mudi pemanganat cua kim loai kiém tho, kim loai nang nhu
Ca(MnQ,),.5H,0 dé tan; Ba(MnOQy), tan; AgMnOQy it tan (T, = 1,6. 10'3);

(5) Céc hop chat Te(II), Re(VII) twong ty cac hop chat cia Mn(VID).

e Cac oxit Tc,O7 va Re,O7 cling duogc diéu ché béng cach dun nong cac
axit HTcO4va HReO4:

o

2HReO, t= Re,O; + H,0

o

2HTCO, & Te,0, + H0
Ciing c6 thé thu duoc khi dun néng bot Tc hay Re trong ludng khi oxi:

o}

4Re + 70, & 2Re,0,

o

ATc + 70, & 2Tc,0,
Ca hai déu 1a chat ran mau vang, va déu dé tan trong nudc tao ra axit
tuong tng:
Re,0; + H,0 = 2HReO, .
Tc,0, + H,0 = 2HTcO, .

e Cac axit HTcO, va HReO, (axit petecnexic va axit perenic) déu la nhitng



axit manh. Phuong phap diéu ché chu yéu 1a cho kim loai twong tng tac dung
voi HNO; 30%:
3Re + 7HNO, = 3HReO, + 7NOT + 2H,O
Céac dung dich lodng HTcO4 va HReO, déu khong c6 mau va khi dun
néng bi phan hay thanh anhidrit twong tng.

e Cac mudi petecnat va perenat déu khong c6 mau (néu cation khong
mau). Pa s6 déu dé tan trong nudc, mot s6 mudi perenat khé tan KReO, (7; =
1,9.107); RbReO(T; = 9,6.10"); CsReO4(T; = 4.10™%); AgReO4(T, = 7,9.107);
Ba(ReO,), (T,=5,3.107).

(6) So sanh véi cac dan xuat caa Mn(VII) thi cac dan xuat ctua Tc(VII) va
Re(VII) bén hon.

Chang han:

Mn,0; & trang thai 16ng; AH9s = - 743 kJ/mol.

Tc,07 & trang thai rén; A Hog: - 1117 kJ/mol.

Re,O ¢ trang thai ran; A Hios = - 1243 kJ/mol.

e HMnO;, chi ¢6 dic dén 20%, con HTcO4 va HReOy co thé co dung dich
dén kho.

Céac axit d6 déu c6 tinh oxi héa manh va tinh axit manh, nhung tinh oxi
hoéa va tinh axit giam dan tir HMnO, dén HReO,.

e Mubi perenat rat bén khi nung nong, vi du KReO4 néng chay & 555°C va
dén 1370°C van chua bi phan huy; trong khi d6 KMnO4 bi phan huy ¢ 200°C.

o Nguoi ta chua biét duge hop chat khong chia oxi caa Mn(VII) nhung da
diéu ché duge cac hop chét cta Re(VII) nhu Re,S;, HReS,...

e (7) Vo1 mangan, tao ra cac oxit va cac hidroxit ng véi bac oxi hoa tir
thap dén cao va su bién d6i bac oxi hoa anh hudng dén tinh chét cua chung:

MnO Mn,0, MnO, (MnO,) Mn,0,
tinh axit ting din
Mn(OH), @ Mn(OH); Mn(OH), H,MnO, HMnO,

tinh axit tang dan

v

v

e Tinh axit ting theo ddy trén ciing c6 thé giai thich trong khuén kho su
tuong quan dién tich va ban kinh cua céac ion. Khi chuyén tir Mn(II) - Mn(VII),
ban kinh cta ion giam déan, dién tich cta ion ting dan, nén kha ning tach ion H'
tang dan theo chiéu tir Mn(OH), dén HMnO,.

e Do bén cta ion MnO, 16n hon dd bén cta ion MnO,> cling duoc giai
thich trong pham vi ctia thuyét obitan phan tir nhu sau:

Trong ion phtrc hinh 4 mat, chéng han nhu MnO*, CrO*, MnO,* ... thi
cac obitan cta cht tao phirc tham gia hinh thanh lién két gdm 5 obitan (n-1)d;



mot obitan ns va ba obitan np, véi cac obitan p ctia bon phoi tur.

e Trong ion MnO, c6 24 electron hoa tri gdm 7 electron cta nguyén tir

Mn (3d°4s%), 16 electron ciia 4 nguyén tir oxi O (2p4) va 1 electron do tich dién
cua ion. Trong ion MnO42- ¢6 25 electron hoda tr1 da tham gia hinh thanh lién
két.

Su phan b electron trong cic obitan phan tir (MO) trong ion MnO, va
ion MnO,” c6 c4u hinh nhu sau (hinh 65 ).
MnOy: (¢")(@*)" (m)°
Mno42—: (le )8 (T[lk )10 (71:)6 (nplk )1
Nhu vdy, trong ion MnO,4 c¢6 mdt electron hoa tri chiém MO phan lién
két, do d6 ion MnO,” kém bén hon ion MnOj.
Tuong tu nhu vy, trong cac ion MnO4”; MnO," ¢6 2 va 3 electron chiém

MO phan lién két nén cang kém bén, va vi vy chung ta hiéu dugc tinh khong
bén ctia s6 phdi tri 4 trong hop chat Mn(IV) va ciing hiéu duoc vi sao cac ion
MnO,>, MnO,* khong ton tai.
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Hinh 65. Cac mirc ning lugng cta phirc chat bon mit véi lién két ~



CHUONG 11
CAC NGUYEN TO NHOM VIII B
(SAT - COBAN - NIKEN VA HO PLATIN)

11.1. Nhin xét chung vé cic nguyén té6 nhém VIIIB

(1) Nhém VIIIB gém 9 nguyén tb thudc ho d & cac chu ky 4; 5; 6 thudc
bang tuan hoan.

e Sit (Ferrum) dugc biét tir thoi ky cd dai. Coban (Cobaltum) duoc mot
nha khoa hoc Thuy Dién 1a Bran(G.Bandt) tim ra nim 1775. Niken (Niccolum)
duogc tim ra ndm 1751 boi nha héa hoc ki€ém khoang vat hoc nguoi Thuy Dién 1a
Cronstet (A. Cronstedt) va dén dau thé ky tha 19 méi duge nha héa hoc nguoi
Pric 1a Richte (J. Richter) nghién ctru k¥ vé tinh chét cua niken kim loai.

e Ruteni (Ruthenium) do nha hoa hoc nguoi1 Nga 1a Claoxo (K.Klaus) tim
ra nim 1843; hai nguyén t6 rodi (Rhodium) va paladi ( Palladium) déu tim ra
nam 1803 do phat minh cua nha hoa hoc ngudi Anh 1a Volaston (W. Wollaston);
osmi (Osmium) va iridi ( Iridium) do nha hoa hoc ngudi Anh 1a Thenon (S.
Tennant ) tim ra ndm 1804, con platin ( Platinium) d3 biét tir thoi ¢6 dai.

(2) Khi so sanh tinh chat 1y hoc va hoa hoc co ban cua cic nguyén to
nhom VIIB, ngudi ta thiy cac nguyén td sat, coban va niken c6 tinh chat twong
tu nhau, nén duoc Xép chung thanh ho sat; cac nguyén td con lai co tinh chat
gidng nhau theo chiéu thang dtng, nén dugc xép chung thanh ho platin. Noi
cach khac, khi khao sat cac tinh chat cua cac nguyén té nhoém VIIIB, nguoi ta
khong xem nhom nay 1a mot nhom thdng nhat nhu cac nhom khac, ma xem la
nhimg bd ba chuyén tiép gitta cic nguyén té nhom VIIB (Mn, Tc, Re) va nhom
IB(Cu, Ag, Au). Tom tit nhu sau:

HO SAT
25 26 27 28 29
Mn Sét Coban Niken Cu
HO PLATIN
43 44 45 46 47
Tc Ruteni Rodi Paladi Ag

75 76 77 78 79



Re | Osmi Irid Platn | Au

(3) Nguyén tr khoi, su phian bd electron va trang thai hoa tri ctia cac
nguyén t6 d6 nhu sau:

Nguyen | hiéu Nguyen Phan bd electron Héa tri
to6 t&r khoi
Sat Fe 55,847 | 2 | 8 14 2 I, 1, NIV, VI
Coban Co 58,933 | 2 | 8 15 2 [T\
Niken Ni 58,710 | 2 | 8 16 2 [ VI 1 I AV
Ruteni Ru 101,070 | 2 | 8 18 15 1 I, 1, 1v, v, Vi, Vi, VIl
Rodi Rh 102,905| 2 | 8 18 16 1 LI, L1, VI
Paladi Pd 106,400 | 2 | 8 18 18 0 i, v
smi Os 190,200 | 2 | 8 18 32 14| 2 i, uL, 1, v, Vil
Iridi Ir 192,220 | 2 | 8 18 32 150 2 | LI UL, VI
Platin Pt 195,090 | 2 | 8 18 32 1701 | LI 0L, VI

(4) V& tinh chét , cac nguyén té thuoc nhom VIIIB cé nhitng nét chung nhur
sau:

e Péu co tinh chét cia kim loai, mau sic tir xdm dén xam tréng; rat kho
néng chay va rat kho bay hoi; thé tich nguyén tir thap.

e Tat ca déu c6 kha nang hap thu hidro trén bé mat it hodc nhiéu va gy ra
hoat tinh cao cua hidro (hidro hoat dong).

e Tt ca déu c6 tac dung xtc tac cho phan tmg hoa hoc v6 co hodc hitu co.

e Déu c6 khuynh hudng tao phirc, dic trung nhat 1a phan tng tao phirc véi
NH;, vo1 CO va ca vol NO.

e C6 kha ning tao ra nhiéu hop chit c6 hoa tri khac nhau va c6 thé dé
chuyén hoa tir trang thai hoa tri ndy dén trang thai hoa trj khac.

e Déu tao ra hop chat c6 mau ngay ca o trang thai tu do( dang hidrat héa ).

e Hidroxit cua ching déu c¢6 tinh bazo yéu, hoac axit yéu, hoac co tinh
ludng tinh.

e Co ai lyc yéu d6i véi oxi va giam dan tir trai sang phai; nhung lai c6 ai
luc manh vé6i luu huynh va ting dan tir trai sang phai. Vé mit ndy, cic nguyén tb
nhom VIIIB tuong tu nhom IB.

(5) Vé cau hinh elcctron, nguyén t6 nhom VIIIB déu thudc ho d ma nguyén
tir 1dp day dan cac obitan d & 16p (1 - 1) - (1 1a s tht ty cua chu ky).

(6)Tinh thé cac kim loai d6 c¢6 cau tric theo mang nhu sau:
Fe Co Ni
Mang lapa phuong tdm khoi Mang luc phuong Mang 1ap phuong tdm dién

0 0 0
a=2,8664 A a=1,5063 A a=3,5238 A




0
c=4,0795 A
Ru Rh Pd
Mang luc phuong Mang lapa phuong tdm dién | Mang 1ap phuong tam dién
0 0 0
a=2,7085 A a=23,8044 A a=3,8907 A
0
c=4,2816 A
Os Ir Pt
Mang luc phuong Mang 1ap phuong tdm dién | Mang lap phuong tdm dién
0 0 0
a=2,7353 A a=3,8938 A a=23,9239 A
0
c=43191 A
CAC KIM LOAI HQ SAT

11.2. Nhin xét chung vé kim logi ho st

(1) ® Ca ba kim loai sat, coban va niken - ¢ trang thai kim loai ciing nhu &
trang thai hop chat déu c6 nhitng dic diém gidng nhau vé tinh chat.
e Ca ba kim loai déu tao ra cac mudi c6 sd oxi hoa +2 ; ngoai ra sét tao ra
cac mudi co sb oxi hoa +3; coban(Il) dé dang chuyén thanh Co(III) nhung
thudng gip trong cic hop chat phic; voi niken thi chii yéu tao ra hop chat

Ni(ID).

e Khuynh huéng tao ra hop chat hoa tri I ting tir sit dén niken; niken dé

dang tao ra hop chét hoa tri I twong tu dong.

Hoa trj cuc dai cua sit 13 Vi ( trong ferat FeO,” ) twong tu mangan; trong
khi d6 hoa tri ciia coban va niken 1a (IV) trong cac hop chét cua dioxit d& dang

bi phéan bay tach ra oxi.

(2) Bang 42 13 mot s6 dic diém nguyén tir cia ba nguyén td trén .

Bang 42. Mot sb dic diém cua Fe - Co - Ni

Fe Co Ni
Electron hoa tri 3d%4s2 3d7s2 345452
0
Ban kinh nguyen tuf A 1,26 1,25 1,24
0
Ban kinh ion M?* (A) 0,80 0,78 0,74
0 -
Ban kinh ion M>* (A) 0.67 0,64
Thé ion hoa |4 (eV) 7,90 7 86 7,63

(3) Thé dién cuc : tom tat theo so d6 sau :

¢ Trong mdi truong axit:




+6 +4 +3 +2

0
Fev "% g M g
| -0,04 |
3- i
[FC(CI\I)G] [FC(CN)(’]
+0,361 | | -1,16
Co0, A6 pn +192 Cot 028 Co
1,56 ) ;
Nioz 2% Njo, * Niz— 237
>+1,6
oTrong moi trudng bazo:
+6 +4 +3 +2 0
FeOj}" 0,55 FeO; _ %% fpeo(OHy 08 g,
Co0,—21__ Co(OH), 47— Co(OH), —F— Co
- >+040 . 4 . 0,72
NiO;” ————— NiO, +049 Ni?* Ni

(4) V& c4u tao tinh thé :

e Sit co bdn dang thu hinh, c6 cAu tao nhu hinh 66.

o
56 A
2904 l-if—..i 2934
2,86 l«—-[

- Fe f3-Fe y-Fe QSR

Hinh 66. Mang tinh thé cac dang thi hinh cda Fe.

O diéu kién thuong dén 770°C ton tai dang o - Fe c6 mang lap phuong tdm
khéi ; & 770°C dang o - Fe chuyén thanh dang p - Fe, mang tinh thé khong thay
d6i nhung do dai gitra hai nguyén tir ting 1én; dén 9100C chuyén thanh dang y -
Fe, mang tinh thé thay doi thanh mang lap phuong tam dién; dén 1390°C lai
chuyén thanh mang lap phuong tam khéi 1 dang & - Fe.

e Coban c6 hai dang thu hinh. O diéu kién thuong dén 417°C ton tai dang a
- Co c6 mang luc phuong (a : 2,5063 f\ , C - 4,0795& ); dén ~480°C ton tai dang
B - Co c6 mang lap phuong tam dién (a : 3,5441 A ).

e Niken ton tai hai dang thu hinh. Thap hon 250°C ¢ dang o - Ni c6 mang
luc phuong (a = 2,65 A, (c = 4,32 A); cao hon 250°C chuyén thanh dang B - Ni
v61 mang 1ap phuong tam dién (a = 3,5238 A ).



11.3. Trang thdi thién nhién va thanh phin cdc dong vi

(1) e Sit thudc cac nguyén td phd bién nhét cau tao nén vo qua dat. Khoang
vat chu yéu cua sit 1a manhetit (Fe;04), hematit do(Fe,O;), hematit nau
[Fe,O3.2Fe(OH);s]. Ngoai ra, mot luong sat kha 16n & dang khoang chat xiderit
(FeCO;) va ca trong quang véi luu huynh, asen nhu pirit FeS; ... tuy nhién pirit
khong phai 1a chit dung dé diéu ché sit ma dung diéu ché H,SO,. Ham luong
clia coban trong vo quéa dét it hon nhiéu so véi sit. Khoang vat quan trong cua
coban 1 cobantin ( CoAsS). Coban & 1an véi cac kim loai khac nhu Cu, Ni, Ag,
Fe, Mn trong cac quang da kim.

e Ham luong cua niken trong vé qua dat nhiéu hon coban. Khoang vat chi
yéu ctia niken 13 penladit 13 quing sunfua cua ni ken, dong va sit. Ngoai ra con
c6 céc loai quang khac nhu gacnierit ( NiS103;.MgSiO; ), quang smantit 1a quang
arsenua cua Ni, Co, Fe.

(2)e Trong cac thién thach da c6 khoang 5,15%Fe; 0,01%Co; 0,14%Ni(%
nguyén tur), nhung trong cac thién thach sat ¢b dén 90%Fe; 8,5Ni; 0,5%Co cung
v6i mot it tap chat khac. Hang nam c6 dén trén 1000 thién thach roi xuéng trai
dat chi yéu 1a thién thach sat. Thién thach sat 16n nhat ning 60 tan phat hién
nam 1920 & Tay Nam chéu Phi.

e Trong co thé dong vat , sat c¢6 trong hemoglobin, chirc ning chinh cua
phtc chét nay 1 lién két oxi phan tir va chuyén oxi d6 vao cidc md. Ngoai ra, con
c6 trong mioglobin 1a chat protein du trit oxi trong co bap; co trong phirc chat
feritin cling 1a protein c6 chirc ning tao nén nhitng hop chat khac chira sit can
cho co thé cua sinh vat . Gan va 1a lach 14 bo phan giau sit nhit trong co thé.

e Coban thudc sd nguyén td quan trong dbi véi con ngudi, vitamin By, hay
cobanamin 1 phirc chit ciia coban c6 chta 4,5% Co vé khdi lugng , dung dé
chita bénh thi€u mau.

(3) Trong nuéc dai duong, cac nguyén td ho sit, coban, niken & dang
Fe(OH); ; Co™™ , CoSOy4; Ni*", NiSOy [ theo D. Golldberg ( 1963)] ung véi
thanh phan hoa hoc trung binh nhu sau ( theo A.P. Vinogradov -1967) :

Nguyén t6 Ham luong
% | mg/l




Fe 1.10° 0,01

Co 5.10° 0, 0005

Ni 2.107 0, 002
(4) Ham luong ba nguyén td trong cac miu da & Mit Tring c6 cac ham

lugng nhu sau:

_ ;| Ham luong trung binh (s6 gam/ 1g mau d4)
Nguyén to
Apollo - 11 Apollo -12 Luna -6
Fe 0,134 0,132 -
Co 2,5.10° 4,2.107 4,1.10°
Ni ] 2.10™ 1,171.10™

(5)e Sit c6 boén ddng vi bén 1a **Fe (5,84%); *°Fe (91,68%); *'Fe (2,17%);
*Fe (0,31%); trong sd cac dong vi phong xa thi dong vi >Fe 1a bén hon ca , c6
chu ky ban haty 14 2,9 ndm. Coban ¢6 tim dong vi tir **Co dén ®'Co nhung chi c6
*Co 1a dongvi thién nhién (100%) , sé déng vi con lai déu 1a déng vi phong xa
trong d6 bén nhat 12 ®®Co ¢6 chu ky ban hiy 1a 5,2 nim, kém bén nhit 1a **Co
V61 Chu ky ban hay 1a 0,18 gidy.

e Niken c6 11 ddng vi tir °Ni dén “Ni , trong d6 c6 nam dong vi thién
nhién 13 **Ni (67,76%); °°Ni (26,16%); *'Ni (1,25%); ®Ni (3,66%); *'Ni (1,16%).
Trong cac dong vi phong xa thi ddng vi *’Ni ¢6 chu ban hiy 1 7,5. 104 nim bén
nhat, va déng vi ®Ni kém bén nhét c6 chu ky ban hay 1a 0,108 ngay dém.

11. 4. Piéu ché Fe, Co, Ni
(1) e Sat tinh khiét duoc diéu ché bang cach dung H, tinh khiét dé khir oxit
sat tinh khiét :

3]

Fe,O, + 3H, &~ 2Fe + 3H,0

Qua trinh khir xay ra & khoang 175 - 270°C; & nhiét d6 do, san phém thu
duogc 1a loai sat tw chdy khi tiép xtic voi khong khi loai sat nay s& bi oxi hoa
nhanh va néng do 1én. Bé thu duoc san pham c6 d6 bén cao dbi voi khong khi,
qua trinh khir phai thuc hién ¢ nhiét d6 cao hon khoang 550 - 650°C; & diéu kién
do, sat thu duoc & dang bot min khong con c¢6 kha nang tu chay.

Qua trinh khir xay ra theo ting giai doan, ban dau tao ra Fe;0,, sau d6 mai
tao thanh Fe:

o

3Fe,0, + H, L 2Fe,0, + HO



Néu nung & 573°C thi tao ra oxit FeO:
Fe,0, + H, L 2F0 + H,0

Néu qua trinh khir xay ra khi ting nhiét 46 dén khoang 700 - 1000°C khong
thu dugc dang bot min ma & dang sdt rén tic 1a & dang khéi chay.

e Co thé diéu ché bang phuong phap nhiét phin Fe(CO)s sat
pentacacbonyl:

Fe(CO), - TFe + 5COT

e Sit rat tinh khiét c6 thé diéu ché bf?tng phuong phéap dién phan dung dich
mudi Fe(II) chéng han nhu FeSO,. FeCl,, voi1 duong cuc la tam Fe - Cr, con 4m
cuc 1 sit tinh khiét. Qua trinh dién phan phu thudc vao cac yéu t6 nhu pH cua
dung dich , néng dd cua chat dién phan , mat o dong cta anot va catot.

(2) o Coban tinh khiét dugc diéu ché bang cach dung H, dé khir coban(Il)
oxit CoO hoac cac oxit khac :

0

CoO + Hb, L Co + HO

Khi nung dén 120°C qua trinh khir d3 bat dau xay ra , dén 250°C thu dugc
(coban ty (hay.

Néu nung dén khoang 400°C, san pham thu duoc ¢ dang bot hoan toan bén
d6i voi khong khi kho.

San phém thu dugc phu thudc vao nhiét dog, chéng han ¢ 450°C thu duoc
dang thu hinh B - Co (mang 14p phuong), & nhiét d thap hon 450°C sé& thu duoc
dang a - Co (mang luc phuong).

e Coban tinh khiét c6 thé diéu ché bang phuong phéap dién phan dung dich
CoSO, trong nudc v4i duong cuc bang thép khong gi da dugce xir Iy bé mat va
am cuc béng tam chi tinh khiét hoa hoc. San phém thu duoc c6 chira 99,1% -
99,2% coban, tap chét con lai 1a niken.

(3)e Niken tinh khiét ciing dugc diéu ché bang cac phuong phap nhu trén.
Khi dung H, dé khir oxit NiO:

[

-

néu nung ¢ 270 - 280°C thu dwoc niken tw (hay, con & 350 - 400°C hodc cao hon
thu duoc niken bot, hoan toan bén ddi véi khong khi.

e Niken bét ciing dugc didu ché bang phuong phap dién phan dung dich
NiSO, trong nudc véi duong cuc bang cac 14 ( Fe - Ni ), con 4m cuc bang Ni; pa
ctia dung dich chét dién phan & khoang tir 4 - 4,5 .

e (Niken tinh khiét cling c6 thé diéu ché bang cach nhiét phan niken



tetracacbonyl Ni(CO), :
Ni(CO), & Ni + 4cot

(4) Ngoai cac phuong phap di néu, cac kim loai trén déu c6 thé diéu ché
bang phwong phap nhiét nhom thu duoc kim loai khdi nong chay :
~ 2700°C

3Fe,0, + 8A1 — =0 C  OFe + 4ALO,
~3300°

3C0,0, + 8A1 —2 V€ 9co + 4ALO,
~ 2450°

N0+ 281 —220C 3N+ ALO,

Céc phan ung toa ra mot luong nhiét kha 16n dit dé cho chét phan mg néng
chay. San pham thu duoc khong tinh khiét.

(5) Nhu trén da néu , cac kim loai Fe, Co, Ni ¢ trang thai bot rat nho tach ra
tir cac hop chat co kha ning tu chay, nghia 1a tu bdc chay trong khong khi ¢
ngay nhiét d6 thudng. Bot ty chdy cia sat ciing ¢ thé diéu ché bang cach nung
can than Fe(I) oxalat:

0

Fe(COO), L Fe + 2C0,0

Céc hat st diéu ché bang cach d6 co6 dudng kinh khoang 5.10"® cm do d6
bé mat tiép xtic rat 16n nén da lam tang toc do oxi hoa, tuy nhién nguyén nhan
quan trong 13 do cdu trac mang tinh thé ctia cic hat so vai kién triic bén cta kim

loai do.

11. 5. Tinh chdt Iy hoc ciia Fe, Co, Ni va irng dung

(1)e Ca ba nguyén t6 1a nhiing kim loai mau trang c6 anh kim ; Fe va Co ¢
mau xam, con Ni c6 mau tréng bac.

e Mot s6 hang s 1y hoc cua Fe, Co, Ni néu ra ¢ bang 43.

Bang 43. Mot s6 hang s6 1y hoc quan trong ctia Fe, Co, Ni

Tinh chat Fe Co Ni
Khéi lwong rieng (g / cm®) 7,9 8,9 8,9
Nhiét d6 néng chay ( Tre , °C ) 1539 1495 1455
Nhiét do séi ( Ts, °C) 2740 2900 2730
P6 din dién (Hg =1 ) 10 10 14
D6 dAn nhiét (Hg =1 ) 10 8 7
Do am dién <7 1,8 1,7 1,8

M Theo Pauling.

e Sat va niken dé rén, dé dat mong; coban clrng va gion.

(2)e O diéu kién thuong , khac voi tit ca cac kim loai, ba nguyén té Fe, Co,




Ni déu 1a chét sat tir tirc 1a chat bi nam cham hat. Tuy nhién, trong bon dang thu
hinh cua Fe, chi ¢6 a - Fe mdi c6 tinh sat tir, nghia 13 tinh sat tir cta sat chi &
nhiét do dén 770°C, trén nhiét d6 do tinh st tir cta sat bién mat, miac du mang
tinh thé khong d6i, sat chi con lai tinh thuén tir.

e Coban c6 tinh sét tir & nhiét d6 1075°C, con niken - & 362°C; trén nhiét do
d6 tinh sat tir cia coban va niken s& mat.

e Mot s6 hop chét ctia cac nguyén té trén cling c6 tinh sit tir, do d6 nguoi
ta d4 1am gidu quing sit bang phuong phap ttr hoc.

e Ngoai tinh chit bi nam cham hat , dudi tac dung cua dong di¢n cac chét
sat tir s& trd thanh nam cham . Tuy nhién, sit nguyén chét chi tac dung nhu mot
nam cham khi chiu tdc dung cua dong dién, con thanh thép khi da nam cham hoa
thi sau d6 van tac dung nhu mot nam cham vinh ctru.

(3) o Sat 1 kim loai quan trong nhat dbi vdi cac nganh k¥ thuat va cong
nghiép hién dai. Ca ba kim loai dugc dung chu yéu dé tao ra cac hop kim dac
biét 1a cac loai thép.

e Nhiéu hop chét cua sit c6 y nghia quan trong trong thuc té nhu FeCls
dung lam chat dong tu khi lam sach nudc, lam chit cAm mau, 1am chat xuc tac
trong hoa hoc hitu co. Cac mudi ferit ctia kim loai hoa tri hai dung trong k¥ thuat
may tinh.

Céc oxit ctia sat khong nhirng 1a ngudn diéu ché nhiéu hop chat cia sit ma
con 13 ngudn nguyén liéu quan trong ctia nganh luyén kim den.

(4)  Hon 3/4 luong coban duoc san xuat dung dé ché tao thép va hop kim
ddc biét. Coban truyén cho thép tinh cimg va tinh chiu mon nén loai thép co
chtra coban dung dé ché tao cac dung cu cit got khac nhau.

e Mot s6 hop kim ctia coban dung trong k¥ thuat qudc phong va k¥ thuét
tén lura.

Coban 14 vat liéu sit tir, nhiéu hop kim cua co ban ciing c6 tinh sat tir. Hop
chét giira cac kim loai ctia coban va samari ( SmCos ) va mot s6 kim loai dat
hiém khac duoc dung lam vat liéu dé ché tao nam cham vinh ctru manh.

e Pong vi % Co duge diéu ché theo phan tng:

37Co(n,y) HCo
duoc dung rong rii trong y khoa dé chita bénh ung thu.
(5) @ Niken c6 nhiéu (mg dung hon coban, c6 nhiéu tng dung trong nhiéu
nganh kinh té qudc dan, hon 80% luong ni ken duoc san xuét, ding trong nganh
luyén kim.

e Thép co6 chtra niken ¢6 d6 bén cao v€ mat hoa hoc va co hoc; niken duogc



dung dé ma 1én bé mat cac san phém lam bﬁng vat liéu dé bi an mon.

e Hop kim Monen ( A. Monel 13 giam ddc mot cong ty & Canada d3 ché tao
ra loai hop kim nay) c6 d6 bén cao véi moi trudng dn mon, duge sir dung nhiéu
trong nganh ché tao may cho coéng nghé hoa hoc , dong tau... Mot sé hop kim
khac cua niken dugc dung dé san xuat cac loai tién thay cho bac.

e Niken va hgp kim cua n6 dugc dung trong k¥ thudt hang khong va vii tru
, trong cong nghiép hoa chit dung lam chat xic tac.

(6) « Mot diéu can chu ¥ 1a khi n6i dén tinh chat 1y hoc cta sit can dé y dén
thanh phan tap chat co trong sat véi hai loai :

o Sat c6 dg tinh khiét cao ¢ chira dudi 0,001% tap chat, c6 tir tinh t6t va dé
han, nhung tinh chit co hoc khong cao, do bén kém hon nhiéu so véi gang va
cac loai thép; khong thé dung trong vat liéu ché tao.

o Sdit tinh khiét ky thudt con goi 1a thép dién ky thudt c¢6 chira 0,02 - 0,04%
cacbon, ngoai ra con c6 cdc tap chat khiac nhu oxi , nho, luu huynh, photpho
cling c6 tur tinh tét va d& han, c6 tinh co hoc cao, dung lam vat liéu ché tao.

11.6. Tinh chit héa hoc cua Fe, Co, Ni

Fe, Co, Ni la nhitng kim loai hoat dong trung binh. T4c dung dugc véi
nhiéu don chat va hop chat. Hoat tinh hoa hoc giam dan tir Fe dén Ni. Chang
han, Fe dé dang bi oxi hoa trong khong khi am; Co bén & diéu kién thuong, dun
nong dén 300°C thi bi oxi oxi hoa; con niken bit dau bi oxi hoa & 500°C.

(1)  Ca ba kim loai déu khong phan tng truc tiép voi hidro, nhung ¢ trang
thai bot nho va ¢ nhiét do cao déu hap thu hidro véi lugng khé 16n. Cac hop chat
vé6i hidro cua ching déu khong c6 thanh phan x4c dinh va diéu ché bang phuong
phap gian tiép. Céac hidrua déu bén nhu : FeH, FeH,, FeH;; CoH, CoH, ; NiH,
NiH,

e Do hoa tan cua hidro trong sat nong chay phu thudc vao dang thu hinh
cua sit. dang y - Fe 13 dung méi tot hon ca so véi cac dang thu hinh khac, &
1540°C c6 thé hoa tan duoc 18gH, trong 100g Fe; ngudi ta cling di nghién ciru
thdy rang su giai hap thu bat dau ¢ 150 - 300°C.

e Coban hép thu hidro kém hon nhiéu. O 1200°C ,100g coban hép thu duoc
5,46 cm’ hidro. Coban dién phan hép thu kém, con coban tAm hau nhu khong
hap thu hidro.

e Dic biét 1a niken hép thu manh hidro, kha nang dé cho phép dung niken
lam chét xtc tac trong qua trinh hidro hoa céac chat hitu co.

D0 hoa tan cua hidro trong niken ¢é khac nhau phu thudc vao trang thai ran



hay long. O 1600°C, 100g niken hoa tan duoc 43cm’ hidro.

(3)e O diéu kién thuong sat, coban va niken déu bén véi khong khi va
nudc.

Khi nung bét Fe trong khong khi hodc trong oxi tao ra Fe;O; :

o

3Fe + 20, & ° Fe,0,

O nhiét do nong tréng, coban bi oxi1 héa tao ra CO;04,:

o

3Co + 20, & Co,0,

Con niken bi oxi hda chdm hon, bt dau & 500°C tao ra NiO:

o

2Ni + O, = 2NiO

—

(4) e Trong khong khi am, sit c6 13n cac tap chat s& bi g7, tirc 1a bi an mon
trén bé miat. Lép gi tao nén co thanh phan chi yéu 1a Fe,05. XH,0, 16p gi nay
x6p va gion nén khong bao vé dugc cho sat. Phan tng tao gi chu yéu theo
Phuong trinh:

4Fe + 30, + 2H,0 = 2[Fe,0;.xH,0]
Tbc d6 tao ra gi sat 16n nhit ¢ cac dau mat, & chd bé cong dac bi¢t & cac
vét cit ; con ¢ phan phing cua tdm sat bi n mon & mirc dd nho.
(5) @ Ca ba kim loai déu phan tmg manh véi cac halogen. Khi dun néng sit
kim loai v&i cac halogen thu dugc Fe(Ill) halogenua khan FeX3; vi du:

[

2Fe + 3ClL, L  2FeCl
Tuy nhién khi nghién bot t6t voi bot sat tao ra san pham co6 thanh phan 1a
Fe3Ig ( hay 2FeI3 .FeIQ )
3Fe + 4, = Feil;
nghia 12 hdn hop co ca iotua Fe(III) va Fe(Il). Noi cach khac, Fels chi bén trong
can bang véi luong du kha 16n Fel,
2Fel, == 2Fel, + I,

e Coban va niken tac dung truc tiép véi cac halogenua tao ra mudi tng voi
s6 oxi hoa +2 ciia kim loai. Vi du: khi dat chay coban hay niken trong ludng khi
chi tao ra CoCl2 va NiClI2 ; tuong tu nhu vay vdi brom.

[

M + C, L wMaq, (M1a Co, Ni )

nhung véi flo, coban tao ra hdn hgp COF, + COF;
(6)e Khi nung hon hop gém S véi cac kim loai ho sat tao ra cac sunfua :



Fe + S v FeS

Co va Ni cling ¢6 phan img tuong tu tao ra COS va NIS.

Selen va tau phan tng truc tiép vai Fe, Co, Ni:

Véi Fe tao ra : Fese, FeSe, ; FeTe, FeTe ; trong do Fese va Fese, la chat
ban dan.

Vo1 Co tao ra : CoSe, CoSe, ; CoTe, CoTe,.

Vi1 Ni tao ra : Ni Se, Nise, ; Nhe, NiTe,

(7) ® Ca ba kim loai déu khong phan tng truc tiép vdi nito. Cac hop chat
nhu Fe,N, Fe,N; Co,N, CosN, CosN,; NizN, NisN, déu duoc diéu ché bing
phuong phap gian tiép va déu it bén. Tac dung véi photpho trong cac ampun han
tao ra dung dich ran ung voi cac hop chit c6 thanh phﬁn FesP, Fe,P, FeP, FeP, ;
Co,P, CoP, CoPs; N1sP, Ni,P, NiPs.

(8)e Fe, Co, Ni tao ra hop chét voi cacbon tng voi thanh phan M;C va
M,C, trong d6 quan trong nhat 1a Fe;C:

o

Fe + C L FeC
Fe,C duoc diéu ché bang cach nung Fe véi C ¢ 250°C.
Céac hop chét ung véi thanh phan nhu trén ctia Co va Ni duoc diéu ché
bang phuong phap gian tiép, chang han khi nung coban bot véi CO:

3Co + 200 £ coC + CO,

e Fe tao ra cac xilixua quan trong nhu FeSi,, FeSi, Fe;Si, va Fe,Si co6 trong
thanh phan cia ferosilic.

e Coban tao ra cac hop chit Co;Si, Co,Si , CoSi, CoSi, truc tiép tr cac
nguyén td, néong chay ¢ nhiét do trong khoang tir 1200 - 1400°C ; vi du :

o

3Co + Si & CoSi
e Niken cling phan Ung truc tiép voi silic tao ra cac silixua Ni3Si, Ni,Si,
NiSi1, NiSiy; chéng han:

o

NI + Si L NiSi
Noéng chay trong khoang tir 1000 - 1200°C
(9)e Fe, Co, Ni déu phan tng truc tiép voi B :
Nung néng bot Fe v6i B & 1300 - 1400°C trong bau khi tro tao ra FeB va
FeBz .
e + 3B L FeB + FeB,

Khi nung Co v6i1 bot B vo dinh hinh trong 6ng thach anh han kin tao ra cac



hop chit CosB , Co,B, COB, COB..

Ciing tuong tu cach diéu ché nhu trén, niken tao ra céc hop chit Ni;B,
Ni,B, NiB, Ni3;B,, NisB;.

(10) ® Nudc khong chira khong khi hoa tan hdu nhu khong dn mon st ¢
nhiét d§ thuong, vi trén bé mat dé tao ra 16p mdéng Fe(OH), bdo v¢ cho kim loai
. Nhung khi cho hoi nuéc qua Fe nung dé tao ra Fe;O; :

3Fe + 4H0 & Fe,0, + 4H,1

e Co va Ni khong bi H,O an mon & nhié¢t d¢ thuong, nhung khi cho H,O
qua Ni nung dé tao ra NiO:

Ni + H,0 Y Nio + HT

(11)e Véi dung dich kiém, ¢ diéu kién thuong thuc té khong tac dung voi
ca ba kim loai. Tuy nhién, khi dun s61 bot sat khtr véi dung dich NaOH 50% ,
trong diéu kién khong c6 khong khi, thu duoc dung dich natri hipoferit:
Fe + 2NaOH + 2H,0 = Na)[Fe(OH),] + H,T

(12) e Trong day thé dién cuc, Co va Ni ding giita Fe va Sn nhung gan Sn
hon nén ca hai kim loai tan trong axit loang cham hon Fe.
Sat tac dung véi axit khong co tinh oxi hoa tao ra mudi Fe(I) va H, :

Fe + 2H,0' = Fe* + H,7 + 2H,0

sat khir duge cac ion kim loai dirng sau st trong day thé dién cuc :
Fe + Cu” = Cu + Fe”
Fe + 2Fe* = 2Fe”
H,SO, ddc ngudi gay ra tinh thu dong cho sat nhung véi H,SO,4 ddc nong
s& oxi hoa sat tao ra mudi Fe(IIT) va dong thoi bi khir dén So):

Fe + 6H,50,4 = FeSO,); + 350,17 + 6H,0

A

Téc @6 hoa tan

%H,S0,
: ; : ; —>
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Hinh 67. T&c dd hoa tan cla Fe trong H,SO,

Hinh 67 cho thay sat hoa tan manh nhét trong dung dich H,SO, khoang



50%.

e Khi nhting thanh st vao HNO; bbc khéi mot thoi gian, sau d6 nhing vao
dung dich chtra ion Cu”" hoic dung dich axit loang nhu HCI, H,SO, sdt s& mat
kha ning phan tGng, nghia 13 sat da bi thu déng héa boéi HNO; boe khoi, HNO,

lodng , lanh hoa tan sit tao ra sat(Il)nitrat :
8Fe + 20HNO, 5., = 8Fe(NOy), + 2NH,NO, + 6H,0

(13) e Trong dung dich axit loang nhu HCI, H,SO,, coban kho tan hon so
véi sit, tao ra Hy :

Co + H,S0, = CoSO, + H,1
e Coban phan trng vo1 H,SO,4 ddc nong tao ra SO, :

Co + 2H,SO0,q = CoSO, + SO,T + 2H,0

e Coban tan trong HNO; lodng, va ciing twong tu nhu sit, coban ciing bi
thu dong hoa bd1 HNOs dac.

(14) e Cac axit vo co lodng tac dung voi niken cham hon sét tao ra Hy:

Ni + 2HCI = NiCl, + H,T

nhung dé tan trong HNOj; loang :
3Ni + 8HNO; 050, = 3Ni(NO;), + 2NOT + 4H,0

e Tuong tu Fe va Co, Ni ciing bi thu dong hoa bai HNO; bdc khoi.

11.7. Hop chit cacbonyl ciia Fe, Co, Ni

Ciing tuong tu nhu cac nguyén t6 Mn, Cr, V, Ti, cac nguyén td Fe, Co, Ni
cling c6 kha ning phan tmg v6i cacbon oxit tao ra cac hop chit cacbonyl ma
trong d6 cac nguyén to trung tAm nay mang sd o xi héa " 0 ",

(1)e Khi dun ndng bot sit trong éng chita CO & 150 - 200°C & ap suét
khoang 100atm tao ra sdtpentachonyl:

Fe + 5CO0 L Fe(CO),

e Fe(CO);s 1a chét 1ong mau vang nhat (T, = - 20°C ; T, =103°C) ¢6 ciu tao
hinh chop kép voi nguyén tor Fe ¢ trung tdm [d(Fe - C) = 1,84 /O\; d(C - O0) =
1,15 f&] , img v6i obitan lai hoa dsp’ cia nguyén ti st (hinh 68 ).
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e Khi d6t chay hoi Fe(CO)s trong khong khi tao nén Fe,Os :

v

4Fe(CO), + 130, L  2Fe,0, + 20CO,T
e Bi nhiét phan hity ¢ 140°C tao thanh sat kim loai:

140°C

Fe(CO); Fe + s5cot

Ngudi ta dung phan tmg nay dé diéu ché sat tinh khiét hoa hoc.
Fe(CO);s khong tan trong nudc, tan trong ete va benzen, trong dung dich ete
Fe(CO)s phan tmg vé1 H,SO, theo phuong trinh :

Fe(CO); + H,SO0, = FeSO, + H,7 + 5cot
diéu @6 chung to sat ¢ trong hop chat dé co tac dung nhu 13 sit kim loai.
e Fe(CO)s c6 tinh chét oxi héa va khtr. Chang han trong amoniac 16ng, tc
dung v&i natri kim loai thé hién tinh oxi hoéa:
Fe(CO); + 2Na = Na.[Fe(CO),] + co?

va tac dung vdi dung dich kiém trong ruou thé hién tinh khu:

Fe(CO); + 4KOH = K,[Fe(CO),] + K,CO, + 2H,O

e Céc hop chit M,'[Fe(CO),] dé dang bi thity phan tao ra hidrocacbonyl
H,[Fe(COy4] ¢ tinh axit:

K,[Fe(CO),] + 2H.O = H,{Fe(CO),] + 2KOH

e Goc [Fe(CO)4]? 6 thé xem 1a dan xuét cua sét (- 2) .
(2) ® Khi dun néng bot coban trong khi quyén cacbon oxit & 150 - 200°C va
250atm tao ra coban octa cacbonvl:

2Co + 8CO = CoyCO),

e C0,(CO)s 1a hop Chét hai nhén, trong d6 nguyén tir coban tao ra sau lién
két - & . Bon lién két § tao ra boi bon cip electron ciia bon phan tir CO dit vao
bon obitan tu do cla coban; lién két & thir ndm tao ra tir mot cap electron d dat
vao obitan 7 ctia phan tir CO. Lién két gitta Co - Co tao ra do su ghép d6i boi
hai electron ddc than ctia hai nguyén tir coban:
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C0,(CO)s 12 tinh thé c6 mau da cam, bat dau bi phan huy & 60°C:

V]

Co (CO); % 2Co + 8coO?

Khi dun néng dudi ap suét ctia khi hidro tao ra hop chat hidrua cacbonyl:

[v]

Co(CO), + H, L 2H[Co(CO),]

Chét nay co6 mau vang, T,. = - 33°C, tan trong dung dich kiém tao thanh
mudi nhu K[Co(CO)4] , NH4[Co(CO),].
(3) o Da biét dugc nikell tetracabonyl Ni(CO),4 1 hop chat ciia Ni(0) ¢ cau
hinh bdn mit Gng véi dang lai héa sp® ( hinh 69 ).
3d 4s 4p
NN T

dipe.cy = 1,84 A dpic, = 1,82A
o o
d(C-O) =1915A d(c'o) =1,15A
Hinh 68 . So d6 cau tao phan tif Fe(CO)s Hinh 69 . So dé c4u tao phan tit Ni(CO),

e Ni(CO), 14 chat 16ng khong mau ( Ty = 19,3°C ; T, = 43°C ) dé dang diéu
ché bang cach cho CO tac dung véi bot niken ¢ 60 - 80°C:

Ni + 4CO L Ni(CO),

Ni(CO), khong tan trong nudc, khong phan Gng véi axit lodng, kiém loang,
dé tan trong cac dung mdi hitu co.



Khi dun néng khoang 180 - 200°C, Ni(CO), bi phan huy tao ra Ni nguyén
chat:

Ni(CO), & Ni + 4co?

Phan (mg trén dung dé diéu ché ni ken tinh khiét.

CAC HOP CHAT VOI SO OXI HOA +2

S6 phdi tri cua Fe(IT), Co(IT) va Ni(II) 1a bang 6 va 4 tmg voi cau hinh tdm
mit va bon mit hodc mat phang vudng .

(1) S phbi tri 6 cta Fe(Il) trong ciac hop chat nhu FeO (hinh 70); FeF,
(hinh 71); FeCl, va da sb cac ion phic nhu [Fe(OH),Js" ; [Fe(OH)s]" ;
[Fe(CN)s]* .... Mot sd phirc bdn mit tng voi sd phdi tri 4 cua Fe(Il) nhu
[FeCly]” , [Fe(NCS)4]*"..

Hinh 70. Cau tric tinh thé (dang NaCl) cla FeO. Hinh 71. Cau truc tinh thé (dang rutin) cGa FeF,.

(2) S6 phdi tri 6 cta coban trong cac phic sém cao nhu [Co(OH),]ls*" ;
[Co(OH,)s]*"; [CoFs]" hodc trong cac phtc spin thap [Co(CN)s]* , [Co(NO,)s]*
... CoO déu co cau tric dang NaCl. Mot s6 phirc bén mét ing véi sd phdi tri 4
nhu [CoCL,]* , [CoBrs]*, [Co(NCS)4]*

Pa s6 cac hop chat ciia Co(IT) déu co tinh thuan tu.

(3) Cac hop chat ludng t6 tng vai sé phdi tri 6 ciia Ni chang han nhu NiO
c6 cau trac tinh thé dang NaCl (hinh 70); NiF, - ¢6 ciu trac dang tuan (hinh 71)
NiCl,, NiBr,, Nil, ¢6 cu tric 16p.

11.8. Cac oxwr FeO, CoO, NiO
Nhu trén da néu, cac oxit trén déu két tinh theo mang tinh thé nhu NaCl véi

a(FeO) =429 A:a(CoO)=424 A a(NiO)=417 A (hinh 70)
()e Sit (II) oxit 1a chat bot mau den, dugc diéu ché bang cach dung H, dé
khtr Fe,05 ¢ 300°C




Hoic bang cach nhiét phan Fe(I) oxalat ( chat rin mau vang) trong diéu
kién khong c6 khong khi:
COO

AN

CoO

tO

Fe FeO + cot + co®

e Ham luong cia sit trong FeO thudng bé hon so v6i ham luong cua
nguyén t6 d6 tmg véi cong thirc phén tir, vi cic nguyén tir Fe chiém khéng hoan
toan cac mat ciia mang ludi tinh thé, Gmg véi cong thic Feg 950.

e FeO khong tan trong nudc, nhung ¢6 phan img vd1 H,O dac bi¢t khi dun
nong. Sau khi nung néng manh, FeO tr¢ nén tro, nghia la mat hoat tinh hoa hoc
cao.

e FeO dé tan trong axit , khong tan trong dung dich kiém, 13 oxit bazo. Khi
tan trong axit lodng tao ra ion [Fe(OH2)6 ]*":

FeO + 2H,0' + 3H,0 = [Fe(OH,)

( mau xanh nhat )

(2)e Coban(II) oxit 1a oxit bazo. CoO 1a chit rin mau xanh, tao ra khi nung
Co(OH),, CoCO; hay Co(NO3), trong bau khi tro hay trong chan khong:

Co(OH), & CoO + H,0

coco, L o0 +co,t

2Co(NO,), & 2C00 +4NO,t + O,1

néu nung trong khong khi s& chuyén thanh Co;0,:
3Co(OH), + 120, £ Co,0, + 3H,0

[

3Co(NO;), - Co0, +6NO, + 0,1

e Khi nung rit manh, tit ca cc oxit ciia coban déu chuyén thanh CoO , va
khi nung trong ludng khi H, tt ca cac oxit d6 déu bi khir thanh kim loai:
2C0,0, L 4Co0 +0,1

o

CoO +H, L Co+ HO

e Mau sic ciia CoO khan ciing khac nhau, phu thudc vao cach sip xép
nguyén tir trong tinh thé, ngoai mau xanh con c6 cac mau vang, xam, hung, do
hodc den, tuy nhién cho dén nay chi méi biét duoc dang lap phuong, chua biét
dugc dang thu hinh khac.

(3)e Niken(Il) oxit 1a chat ran mau xanh, dugc tao ra khi nhiét phan
Ni(OH),, NiCOs3, Ni(NOs),.



e Thyc té khong tan trong nuéc, nhung dé tan trong axit.
e Hidro dé dang khir NiO thanh kim loai:

o

NiO +H, & Ni+ HO

¢ Khi nung manh, NiO chuyén thanh dang hinh tdm mat dang, mau den
xam, c6 vé sang kim loai, lac d6 NiO mét kha ning hoa tan trong axit.

e NiO duogc dung lam chit tao mau xam cho thuy tinh, [am chét xtc tac cho
cac phan ung hitu co.

11.9. Cac hidroxit Fe(OH)2, Co(OH)2, Ni(OH)2
Phuong phap chung dé diéu ché cac hidroxit trén 13 cho mubi tac dung véi
dung dich kiém manh :

M?* + 20H = M(OH),{

(1) Fe(OH), két tia mau trang, hap thu manh O, , mau sic xanh thAm dan
va cudi cing thanh mau nau cta Fe(OH); :

4 Fe(OH), + O, + 2H,0 = 4 Fe(OH),
Can chu ¥ riang amoniac khong thé két tia hoan toan Fe(OH),, vi khi co
mit lugng 16n mudi amoni, két tia Fe(OH), hau nhu khong xay ra do su tao
thanh phirc chat amoniacat ctia Fe(Il):

FeCl, + 6NH; == [Fe(NH,;):Cl,

ndng d6 ion OH khéng thé tang rat 16n vuot qua giéi han , vi khi ting ndng do
OH d6ng thoi lai giam ndng d6 Fe™ nén ndng d6 cac ion khong du dé dat dén
tich s6 tan T, = [Fe*" ][OH], . Phitc chit amoniacat Fe** chi bén & trang thai ran,
trong dung dich nudc dé dang bi thiy phan:

[Fe(NH,)JCl, + 2H,0 = Fe(OH),V + 2NH,Cl + 4NH,

Fe(OH), tan trong dung dich axit loang khong c¢6 khong khi; tan trong dung
dich kiém dic tao ra hipoferit :

Fe(OH), + 2NaOH gc = Na,[Fe(OH),]

khi 1am lanh dung dich, tinh thé hipoferit tich ra & dang mau xanh - nau. Khi tan
trong nudc bi phan huy.

Khi cho Sr(OH), hay Ba(OH), tac dung 1én Fe(OH), ciling tao ra cac
hipoferit twong tu Sr,[Fe(OH)e] va Bay[Fe(OH)¢]

(2) ® Co(OH), ton tai ¢ hai dang thu hinh : xanh va hong. Khi tac dung



dung dich kiém v&i mudi Co(II), lanh, tao ra dang thu hinh mau xanh; khi dun
nong, két tia Co(OH), chuyén thanh dang mau hong:

+OH” Co(OH) __L_;CO(OH)Z
(tanh) 2

(xanh) (héng)

Co 2+

e Trong khong khi , Co(OH), bi oxi héa cham chuyén thanh Co(II)
hidroxit mau hung.

4 Co(OH), + O, + 2H,0 = 4 Co(OH),

e Co(OH), c6 tinh ludng tinh, nhung ning vé tinh bazo. DE tan trong axit,
tan trong dung dich kiém dic néng tao thanh cobantit mau tim - xanh

o

Co(OH), + 2NaOH g, — Na,[Co(OH),]
Ciing tuong tu, cac hop chat Sr,[Co(OH)s] va Ba,[Co(OH)s] ciing duogc
hinh thanh ¢ dang tinh thé mau tim - do.
e Khi cho dung dich amoniac du tac dung véi mudi Co(II) tao ra phtic chét
amoniacat:

CoCl, + 6NH, == [Co(NH,)Cl,

Phtrc chét ndy bén hon amoniacat Fe(II) , nhung ciing bj H,O phan huy:

[Co(NH,),JCl, + 6H,0 == [Co(OH,)]Cl, + 6NH,.
e Ni(OH), két tiia mau xanh qua tao, khong bi oxi hoa trong khong khi.
C6 tinh bazo, tan trong axit tao thanh mudi twong Gmg.

e Tan trong dung dich amoniac du va trong dung dich mubi amoni do tao ra
phirc chat amoniacat :

Ni(OH), + 6NH, == [Ni(NH,),}(OH),
¢ Ciling tuong tu nhu cdc amoniacat cua Fe,; va Co,,, amoniacat cua Ni(II)
cling bi nudc phan huy mot Phan :
[Ni(NH)Cl, + 2H,0 == Ni(OH),{ + 2NH,Cl + 4NH,
Khi du amoniac va mubi amoni , cin bang trén chuyén sang trai d& hon

truong hop cua Fe,; va Cop .
Nhu vay , dung dich amoniac két tia khéng hoan toan céac hidroxit trén.

11.10 Cac halogenua cua Fe(Il), Co(1l), Ni(1l)
()e Sat(II) nghia va clorua khong thé diéu ché truc tiép tir cac don chat.
Ca hai mudi trén & dang khan duoc diéu ché bang cach cho hidro halogenua tac



dung v6i sat nung nong:

Fe + 2HF,; & FeF, + H,1

FeCl, ciing c6 thé diéu ché bang cach nung mudi kép FeCl,.2NH,CI hay
(NH,), FeCl, trong diéu kién khong c6 khong khi:

FeCl,2NH,Cl & FeCl,

+ 2HCl + 2NH,
Ciing c6 thé diéu ché bang cach dung H, dé khir FeCl; nung ndng:

0

2FeCl, + H, & 2FeCl, + 2HCI

e FeCl, 1a chat két tinh mau tring. O 1500°C tng véi cong thicc FeCl,,
nhiét d6 thap hon tng véi cong thirc Fe,Cl,.

e Tinh thé hidrat héa FeCl,.4H,0 tao ra khi lam bay hoi dung dich sau khi
cho sét tac dung voi axit HCL. Tinh thé mau lam. Dé ngoai khong khi ¢6 mau luc
vi b1 ox1 hdéa mot phﬁn.

Khi dun nong nhe hodc dé trén H,S0, dac Chuyén thanh FeCl,.2H,0 .
FeCl, bi oxi hoa thanh Fe,O3 va FeCl; khi dun nong trong khong khi:

6FeCl, + 3/20, & Fe,0, + 4FeCl,

(2) o Sat(II) bromua va iotua duoc diéu ché truc tiép tir sit va cac
halngen.

Fe + Brn, L FeBr,

Fe + 1, L Fel,
néu du im tao ra Fe;lg (hay Fel,. 2Fel;)

FeBr, 14 nhitng vay c6 mau vang luc, hat am. Khi dun néng dén 300°C
chuyén thanh Fe, 04

(3)  Coban (II) clorua khan dugc didu ché bing cich nung coban trong
ludng khi clo:

o

Co +Cl, L CoCl

e Dang khan la chét bot mau xanh lo, hép thu manh hoi H,O tao ra
COC12.6H20.

T = 722OC, dé tan trong nuoc.

e Mudi CoCl, . 6H,O bi mat mot phén nuéce két tinh kém theo su thay doi
mau sic kha rd rét

49°C 0 0 o
C0(126H20_—’ COC]24HZO ﬂ’COCIZZHZO ig’ C@lezo 140°C > COGZ
(hong) (do) (tim héng) (tfm xanh) (xanh lo)



e Khi cho H,O tac dung 1én CoCl, khan qua trinh lai xay ra nguoc lai. Sy
thay d6i mau sic d6 duoc dung trong cac am ké dé xac dinh do 4m cta khong
khi.

e Khi dun néng dung dich CoCl, hay mudi coban khac ciing c6 su thay doi
mau sic. Mau hong cta dung dich CoCl, lodng s& chuyén thanh mau xanh khi
dun néng hodc khi ting ndng do, hodc khi cho thém cac chit nhu HCI dic,
CaCl,, 1am pha v su hidrat hoa cua Co*', thay thé cac phan tir H,O trong cau
ndi bang ion Cr’:

[CoOH)* + 4CIT == [CoClL]® + 6H,0
( héng) (xanh)

e Nguoc lai , mdt dung dich CoCl, trong rugu c6 mau xanh khi cho thém
Zncb hay HgCl,, lai chuyén thanh mau hong do phan tng:

[CoCLI® + 2HgCl, + 6H,0 == [Co(OH,)* + 2[(HgCL)*
(xanh) (khéng mau) (hdng) (khéng mau)

(4)e Coban(II) nghia va bromua duoc diéu ché bang cach cho coban(Il)
cacbonat tac dung véi axit twong ung :

CoCO, + 2HF = CoF, + CO,T + H,0

con coban(Il) iotua lai c6 thé diéu ché tryc tiép tir cac don chat :
CO + 12 = COIZ

(5) Niken(IT) clorua co thé diéu ché bang cach cho niken tac dung voi
nudc cuong thiy hodc cho tdc dung vdi niken nung nong:
3Ni + 2HNO, + G6HCI = 3NiCl, + 2NOT + 4H,0
hay Ni+a, £ nNig,
(6) Niken(II) bromua va iotua dugc diéu ché bang phan ung truc tiép tir
cac don chét :

Ni + Br, = NiBr,

con niken florua dugce di€u ché bang cach nhi¢t phan florua kép niken va amoni.

- 4 As > 2+ 2+ 2+
(7) No6i chung cac mudi halogenua cua Fe™ , Co™ , Ni

, & dicu hién
thudng phan 16n déu két tinh véi sau phan tir H,O ( trir florua ), déu dé tan trong
nudc va trong rugu.

O trang thai khan, déu c6 mau khac nhau do chiu anh huéng cua anion:

F Cr Br I
Fe™ khong mau khong mau vang luc hung doé
Co™" do nhat xanh nhat nhat luc den
Ni** vang nhat hung vang hung sam den




11.11 Cac sunfua cua Fe(Il), Co(Il), Ni(Il)

(1) e Cac sunfua FeS, CoS, NiS duoc diéu ché bang cach nung cac kim
loai twong tng véi luu huynh, hodc bang cach cho (NH,),S tac dung voi dung
dich mudi cua céac kim loai do, tao ra két tia mau den, thuc té khong tan trong
nude. ( Types) = 5. 1075 Ty pcos) = 2,0. 1075 Typ-nis) = 1.10°*). Ngay sau khi
két tua, ca ba sunfua d6 déu dé tan trong axit lodng ké cé axit yéu nhu axit axetic
. Pé lau trong dung dich, CoS va NiS chuyén sang dang kho tan trong axit. V&
cAu trac tinh thé, ca ba sunfua déu két tinh theo kiéu NiAs (hinh 72 ; 73).

VGiFeSthia=343A; ¢=586A; dp.s=245A.
Kiéu kién triic 6 giéng nhu kiéu NaCl, déu c6 s phdi tri 6, nhung khoang
cach tir mot tiéu phan dén céc tiéu phan khic bao quanh né 1a hoan toan khac
nhau (bdn tiéu phan sap xép gan hon hai tiéu phén kia).

Hinh 72. T& bao tinh thé clia NiAs. Hinh 73. Mang tinh thé cla NiAs:
O (Ni); @ (As).

Do kién triic theo kiéu NiAs nén c6 sy giam khoang cach trong mang ludi
4 LN 92 J4 r . 4 0
so vo1 tong ban kinh hi¢u dung ctia cac con , vi du vo1 FeS c6 d = 2,45 A trong

khi d6 ban kinh hi¢u dung cua ion Fe’" =0,83 /Ox va cua S* = 1,74 /Ox , diéu do da
duogc giai thich bang su bién dang twong hd cua hai ion.

Mot diéu can chu y 1a trong tinh thé, vi du FeS, mot phan nguyén tir st co
thé thay thé boi cing mot s6 nguyén tir luu huynh ma céu tric va do bén cua
tinh thé khong thay doi. Trong ba sunfua trén thi FeS c6 nhiéu tmg dung thuc té,
duoc dung 1am nguyén liéu dé diéu ché H,S.

FeS thuc té khong tan trong nudc, nhung tan dugc trong axit lodng tao ra
H,S.

Trong khong khi 4m, két tia FeS dan dan bj oxi hoa thanh sunfat va cubi
cung tao thanh Fe,0; :



o

FeS + 20, -  FeSO,

o

4FeS + 70, L  2Fe,0, + 4S0,

(2)e Sat(Il) disunfua FeS, thuong gip trong thién nhién ¢ dang quing giut
sit va quing maccasit.
e FeS, c6 thé duoc diéu ché bang cach nung nong FeS véi S:

o

FeS +S L  FeS,

Trong khong khi am, FeS, bi oxi hoa cham tao ra FeSO,; & nhiét do cao
tach ra luu huynh va thuan nghich 1 rét & khoang 550 - 700°C; khi nung trong
khong khi tao ra Fe,O3; Va SO, :

2FeS, + 70, + 2H,0 = 2FeSO, + 2H,SO,

FeS, © FeS + S

[\

4FeS, +110, L 2Fe,0, + 850,1

C4 hai dang pirit va maccasit déu c6 mau vang dong thau, déu c6d vé sang
kim loai, va cé cau tao mang tinh thé khac nhau.

11.12. Cac xianua cua Fe(Il), CO(II), NI(1l)

(1)e Cac hop chét xianua trén déu tao ra ¢ dang két tia vo dinh hinh mau
vang (Fe), mau do(Co) va mau xanh (Ni) khi cho KCN tac dung véi cac mudi.

e Xianua cua sat (II) & dang tinh khiét chua duoc biét. Khi cho ion Fe*' tac
dung vé6i ion CN™, két tia lang xudng ban dau s& nhanh chéng tao thanh anion
phtc [Fe(CN)s]* ™ :

FeSO, + 2KCN = Fe(CN), + K,SO,
Fe(CN), + 4KCN = K [Fe(CN)

e D3 biét duoc nhidu mubi dang M,'[Fe(CN)s] va thuong két tinh ¢ dang
hidrat hoa, trong d6 quan trong nhat 1a kali feroxianua K4[Fe(CN)s] tach ra tir
dung dich & dang hidrat tinh thé K,[Fe(CN)s].3H,0 C6 mau vang, mét nude két
tinh & 87°C, thudng duoc goi 1a mudi vang - mdu ( vi trudc kia nguoi ta didu ché
chét nay tir mau bo ).

e Céc feroxianua cua kim loai kiém va kiém thd déu dé tan trong nudc, tru
bari feroxianua Ba,[Fe(CN)g] 1a kho tan.

Trong dung dich nudc, khong c6 phan tmg ciia con Fe** va CN ban dau vi
con [Fe(CN)]* rat bén ( Ky = 1077 ):

K,[Fe(CN),] = 4K" + [Fe(CN)¢]*~



e Noi chung, cac hop chat d6 déu bén véi khong khi, voi axit, véi kiém, tuy
nhién khi nung néng bi phan huy va khi tdc dung vdi H,SO,4 dac néng tao ra CO:

K [Fe(CN)] + 6H,SO, + 6H,0 = 2K,SO, + 3(NH,),SO, + 6COT + FeSO,

(2) @ Khi cho HCI dic tac dung voi dung dich dam K4[Fe(CN),] tao ra két
tha tring Hy[Fe(CN)g] :
K,[Fe(CN)] + 4HCl = H,Fe(CN);¥ + 4KCl

(axit feroxianhidric)
e L3 axit manh & hai chirc dau, con sy phan ly tiép theo thi yéu hon ( K5 =
1.107; K4 = 5.107 ). D& tan trong nudc va trong ruon.
Khi dun ndng véi axit lodng tao ra HCN ( Ty = 26°C ) tur do:

K,[Fe(CN),] + 3H,SO, = FeSO, + 2K,SO, + 6HCN

con khi tc dung vi CuSO4 tao ra két tia mau nau socola Cu2[Fe(CN)6] :

2CuSO, + K,[Fe(CN)] =Cu2[Fe(CN)6]l + 2K,SO,
(nau)

(2)e Khi cho KCN tac dung véi dung dich mudi coban (II) hinh thanh két
tia mau d6 nau coban(Il) xianua Co(CN)2 :

CoSO, + 2KCN = Co(CN),¥ + K,SO,

e Co(CN), tan trong KCN du tao ra dung dich mau vang , sau d6 d6 dan va
cudi cung tao ra tinh thé mau tim c6 thanh phan K4[Co(CN)e] ( kim
cobantoxianua):

Co(CN), + 4KCN =K,[Co(CN)s] {
e Hop chit nay bén trong diéu kién khong c6 khong khi, d& tan trong nudc

cho dung dich mau do, nhung khi dun nong dung dich s& bi H,O oxi héa ( khong
c6 khong khi):

2K, [Co(CN),] + 2H,0 =2K,;[Co(CN),] + 2KOH + H,T

(3)e Khi cho KCN tac dung v6i mudi niken(II) tao ra Ni(CN), két tia mau
xanh sang.

e Khi cho du KCN, két tia ban dau sé& tan tao thanh phuc chat mau vang
K2Ni(CN)4], két tinh dang monohidrat K,Ni(CN),].H,0O mau da cam.
NiSO, + 2KCN = Ni(CN),+ + K,SO,
Ni(CN), + 2KCN = K,[Ni(CN),]
e Hop chit nay d& mat nudc va tan nhiéu trong nudc, bi axit manh phan
huy giai phong Ni(CN),
e Khi thém nhiéu KCN vao dung dich chira ton [Ni(CN)4]* mau cua dung



dich tir vang chuyén thanh mau do, do su tao thanh con [ Ni(CN), ]4' :

KLINI(CN),] + 2KCN =K, [Ni(CN)4]

11.13. Cac sunfat cua Fe(Il), Co(Il), Ni(Il)

(1) e Sat(IT) sunfat 13 mudi quan trong nhat trong thuc té, & dang long tinh
thé ¢6 thanh phan FeSO,.7H,0.

Trong cong nghiép dugc diéu ché bang cach dung O, ctia khong khi va
H,0 oxi; hoa pirit Fe(Il) ¢ nhi¢t 4o thuong:

2FeS, + 70, + 2H,0 = 2FeSO, + 2H,SO,

Trong phong thi nghiém diéu ché bang cach hoa tan sat tinh khiét trong
H2S04 loang:

Fe + H,SO, = FeSO, + H,T

e Két tinh tu dung dich nu6éc tao ra tinh thé mau xanh lam
[Fe(OH2)6]SO4HzO

e Khi nung néng tao ra mudi khan mau trang va khi nung néng manh tao ra
F6203 .

o

4FeSO, L 2Fe,0, + 450, + O,
Phan g trén dugc dung dé diéu ché Fe,O:.
e Nhiéu kim loai khic ciing két tinh ddng hinh véi FeSO, véi cong thirc
tong quat:

MSO,7H,0 hay [M(OH,)]SO,H,O.

Trong d6: M la Fe, Zn, Cd, Mn, Cr, Co, Ni

e FeSO, tao ra dung dich mau nau tdi khi tac dung v&i khi NO do tao ra
phtic chét nitrozo Fe(II) sunfat:

FeSO, + NO = [FeNO]SO,
(nau to1)

e Ciing nhu cac mudi Fe(Il) khac, FeSO, bi oxi héa cham khi dé trong
khong khi. Trong méi truong axit tao ra mudi Fe(II); con khi khong c¢6 mit axit
tao ra mudi bazo:

4FeSO, + O, + 2H,0 = 4Fe(OH)SO,
4FeSO, + O, + 2H,S0, = 2Fey(S0,); + 2H,0
FeSO, 1a chat khir tot, khir dugc mudi Ag' va mudi Au®" thanh kim loai:
Ag" + Fe** = Ag + Fe”
Au** + 3Fe™ = Au + 3Fe™



Khir duoc HgCl, (thop chét cong hoéa tri ) thanh Hg,Cl,:
2HgCl, + 2Fe** = Hg,Cl,{ + 2Fe* + 2CI

e FeSO, hinh thanh mudi kép véi kim loati kiém hodc amoni:
R,SO,. FeSO,.6H,0 ( R 1a kim loai kiém)
(NH,),SO,. FeSO,.6H,0  ( mu6i Mohr)
(2) o Coban(Il) sunfat duoc diéu ché béng cach cho kim loai , oxit,
hidroxit tan trong H,SO, .vi du:

CoO + H,S0, = CoSO, + H,0
CoS0, két tinh tir dung dich ¢ dang COSO,.7H,0 hay [Co(OH,)s]S0O4.H,O
mau dé son.
e Pé trong khong khi khong hé bi bién doi, nhung khi nung manh thi ban
dau mat nudc két tinh tré thanh dang khan CoSO, mau do va sau d6 bi phan hay
thanh Co;0;, :

3C0S0, £ Co,0, + SO, + 250,

e CoSO, dé tan trong nudc nhung khong tan trong ruou. Trong dung dich
nude & 40 - 50°C két tinh & dang CoSO4.6H,0.

CoSOy ciing tao thanh mubi kép voi kim loai kiém va amoni, vi du amoni
coban(II) sunfat mau doé:

(NH,),SO,. CoSO,.6H,0

d6ng hinh véi mudi amoni magie sunfat.
e Coban(II) sunfat tao ra dang mudi bazo : dang mau xanh c6 thanh phan
Co0S0,. 3Co(OH), va dang mau tim ¢6 thanh phan 2CoSO, . 3Co(OH), .5H,0.
(3)e Ni ken (II) sunfat duoc diéu ché bang cach hoa tan niken, oxit hodc
hidroxit trong

Ni(OH), + H,SO, = NiSO, + 2H,0

Két tinh tur dung dich nudc & nhiét do thép hon 32°C tao ra tinh thé
NiSO,.7H,O hay [Ni(OH,)s]SO4+H,O mau xanh. Trén 32°C khoang 31,5 -
53,3°C két tinh dang NiSO,.6H,0O mau xanh, con khi két tinh & trén 53,3°C tao
ra dang NiSO,4.6H,0 mau lyc.

e T4c dung vé1 khi NHj; tao thanh amoniacat :

NiSO, + 6NH, = [Ni(NH,)]SO,

nhung v6i (NH4),SO, thi tao mudi kép mau lyc xanh:



(NH,),S0, . NiSO,.6H,0

dugc dung 1am chéit ma niken.
NiSO, cling tao ra mudi kép voi cac kim loai kiém, vi du nhu K,SO;, .
NiSO,4.6H,0.

11.14. Cac nitrat cua Fe(Il), Co(1Il), Ni(Il)
(1) e Sat(II) nitrat tao ra khi hoa tan sit trong HNO; lodng, lanh:

8Fe + 20HNO, = 8Fe(NO;), + 2NH,NO, + 6H,0
Tt nhat 13 bang phan Gng trao ddi gitra FeSO4 va Pb(NO;), :

FeSO, + Pb(NO,), = Fe(NO;), + PbSO

e Két tinh & dang hexahidrat Fe(NO;),.6H,0O mau xanh sang & nhiét do
thuong, con & - 10°C két tinh & dang nonahidrat Fe(NOs),. 9H,0

Khi dun nong dung dich sat(ll) nitrat bi phan huy tao thanh mudi bazo
sat(11I).

(2)e Coban(II) nitrat duoc diéu ché bang cach hoa tan coban, oxit Co(Il),
Co(OH),.

CoCO0;.6H,0 trong axit HNOj; loang :

Co(OH), + 2HNO, = Co(NO,), + 2H,0
e Két tinh ¢ trang tinh thé hexahidrat Co(NOs),.6H,0 mau d6 thim. Chay

rita ngoai khong khi am, khi giit nau trén H,SO, s& mat mot phan tir H,O. Khi
dun néng s& noéng chay & gan 55°C rdi mat nudc két tinh, sau d6 bi phan hiy.

3Co(NO,), & Co,0, + 6NO,T + 0,1

(3) e Niken(I) nitrat dugc diéu ché bang cach hoa tan niken kim loai ,
NiCO; trong HNOs:

NiCO, + 2HNO, =Ni(NO,), + CO,T + H,0
Két tinh ¢ dang hexahidrat Ni(NO;)2.H,O mau lam ngoc bich, dong hinh
v6i mudi coban tuong tmg.
Niken(II) nitrat dé 1én hoa trong khong khi kho, va chay rita nhanh trong
khong khi am.
Noéng chay trong nude két tinh & 57°C, tiép tuc dun ndng cao hon 85,4°C
mat dan nudc két tinh, va dén 3000C phan hiy con lai Ni203 va NiO :

ONi(NO,), L Ni,O, + 4NO, + 120,



Ni,O; 13 Chét bot mau xam hodc den, do d6 ngudi ta dung Ni(NOs), dé tao
mau xam trong céng nghiép dd gbm.

11. 15. Muéi cacbonat ciia Fe(Il), CO(II), Ni(II)

(1) e Sat(II) cacbonat gip trong thién nhién thanh nhitng moé 16n & dang
khoang chat xiderit.

Pugc didu ché bang cach cho dung dich mudi Fe*" tac dung v6i dung dich
mudi cacbonat trung tinh chang han Na,CO;

FeSO, + Na,CO, = FeCO,y + Na,SO,

e FeCO; 1a chat rin mau tring khong tan trong nudc, nhung tuong tu nhu
CaCOj; tan 10 rét trong nude c¢d chra CO, vi tao nén mudi hidro cacbonat :
FeCO, + CO, + H,0 = Fe(HCO,),
e Fe(HCOs), ciing dé bi phan hity khi dun néng. Trong nudc thién nhién
thudng c6 sit & dang sat(Il) hidrocacbonat cting véi Ca(HCO;), va Mg(HCO3),
e O trang thai am, nhanh chong trd thanh mau luc va sau d6 chuyén thanh

nau khi dé trong khong khi, do qua trinh thity phan dan dan va qua trinh oxi hoa
tao thanh Fe(OH);:

4FeCO, + O, + 6H,0 = 4Fe(OH),! + 4CO,T
Khi dun néng , FeCO; bi phan huy:

FeCO, & FeO + €O
ap suat hoi khi phan huy 13 latm & 282°C.

Fe(HCO3), cling bi oxi hoa thanh Fe,0; :

4Fe(HCO;), + O,

2Fe,0, + 8CO,T + 4H,0
(2)e Coban(II) cacbonat; niken(II) cacbonat két tia ¢ dang hidrat tinh
thé CoCO;. 6H,0 ( mau do) 1a NiCH,. (mau hong nhat ) khi cho cic
hidrocacbonat ctia kim loai kiém tac dung véi mudi cia CO(II) va NI(II):

CoCl, + 2NaHCO; = CoCO;l + 2NaCi + CO,T + H,0

NiCl, + 2NaHCO, = NiCOjl + 2NaCl + CO,T + H,0

Khac véi cach didu ché FeCO5 néu cho cac mudi CO(II) , Ni(Il) tac dung

v6i Na,COs5 thi san pham thu duoc lai 1a mudi cacbonat bazo két tia COCO:;.
nCo(OH); (mau xanh); NiCO;.mNi(OH), mau luc sang.

Mudi khan CoCO; va NiCO; ¢6 thé diéu ché bang cach dun nong dang
hidrat tinh thé trong 6ng han kin & 140°C.



CoCO; thuce té khong tan trong nuée ( T, = 8.10™"° & 25°C ), con NiCO; ¢
tich sb tan T, = 6,6. 107 nhung NiCO;. mNi(OH);, lai ¢6 tich sb tan T, = 1,7. 107

CAC HOP CHAT VOI OXI HOA +3

Nhu dd néu & muc 11.2 hop chat tmg véi sb oxi hoa +3 cua niken 13 khong
dic trung, nén trong phan nay cha yéu trinh bay cac hop chat cua Fe(IIl) va
Co(I1I).

S6 phdi tri ctua Fe(Ill) 1a bang 6 va 4 tng véi sy phan bd tdm mat va bon
mit. Chang han FeCls & trang thai hoi tmg véi cong thic Fe,Clg ( dang ALClg )
con khi hoa vao nudc tao ra phirc chat tim mit [Fe(OH,)e]>"

S6 phdi tri dic trung cua Co(II) 1a bang 6, ching han cac ion Co(OH,)e]*",
[CO(NH3)6]3+-

Mau Sic Cua cac hop chat sit (III) phu thudc vao ban chat cia anion. Vi du
FeCl; - mau nau den; Fe(CNS); - mau dé mau; Fe,S; - mau den; Fe(NOs)s.
6H,0 - mau tim sang.

Céc hop chét cua Fe(III) déu c6 tinh oxi héa; trong dung dich cac mubi
Fe(III) bi khir dén mubi Fe(Il).

11.16. Cac oxit Fe203, Co203, Fe304, Co304

(1) e Sit (III) oxit tao ra ba dang thu hinh 13 o - Fe,0; dang thuén tir, dang
v - Fe,05 12 dang sit tir va dang & - Fe,05 ¢6 céu tric kiéu corindon.

e Khi nung sat (III) hidroxit, ndi dung hon 1a oxit bi hidrat hoa Fe,O;.
nH,O , & nhiét do thép hon 650°C tao ra chit rin & dang bot mau do nau, nhung
néu nung & nhi¢t do cao hon tao thanh tinh thé mau xam den khong con kha
nang tan trong axit, trong tu nhu Cr,03, Al,O; dang tinh thé :

o

Fe,0,. nH,0 = Fe,0, + nH,0

¢ Fe,0O3 Cling ¢6 thé diéu ché béng cach nung FeSO,4.7H,0 ; FeO hodc mdt
mudi sat (II) ctia axit dé bay hoi khéc :
FeSO,7H,0 & FeSO, + 7H,0

2FeSO, L Fe,0; + SO,T + SO}

Ngoai ra trong céng nghiép dugc didu ché bang cach nung quing pirit ma
thanh phan chinh 14 FeS,

v

4FeS, + 110, L 2Fe,0, + 850,71

e Fe,0; ndng chay & 1565°C va thing hoa & 2000°C.



e Fe,0; tan trong axit tao thanh ion phirc [Fe(OH,)s]’" khong mau ; mau
nau cua dung dich mubi sat (III) 12 do mau cta san pham phan Gmg thuy phan,
tirc 1a mau cua céac con phuce hidroxo - aquo :

[Fe(OH,)]* + H,0 == [Fe(OH,);OH|* + H,0"

( vadng nau)
e Bén canh tinh chét chu yéu la tinh bazo, Fe,O3; con co tinh axit tao thanh
mudi ferit mau vang hoac dé, khi nung hon hop Na,CO; + Fe 05 :

o

Fe,0;, + Na,CO, L  2NaFeO, + CO,}

Khi nung vo1 C, hodc nung trong lué)ng khi CO, H, hoac khi than da, Fe,O3
s€ bi khtr thanh Fe:

(a3

Fe,0, + 3C 2Fe + 3COT

[+]

Fe,0, + 3CO L  2Fe + 3CO,
Fe,O, + 3H, -  2Fe + 3H,0

(2) e Coban(III) oxit dugc diéu ché bang cach nhiét phan Co(NOs), :

[\

4Co(NO,), &  2C0,0, + 8NO,T + O,1

Ciing duoc diéu ché dang tinh khiét bang cach nung Co(OH), trong 1o dién
&350 - 370°C trong chén su:

o

4Co(OH), + O, % 2C0,0, + 4H,0

e Dé c6 san pham that tinh khiét ngudi ta dd dung phan tmg sau:
4CoCl, + 4NH,Cl + 16NH, + O, = 4[Co(NH,)ClICl, + 2H,0
2[Co(NH,),CIICl, + 3H,0 == Co,0, + 4NH,T+ 6NH,CI

e C0,0; 12 Chét bot mau nau sam, nung dén gﬁn 600°C tao thanh CoOy, 1a

chit bot mau

o

6Co,0, L 4Co,0, + O,

e Nung & 1300°C phén hiy tiép tao ra 4Co0O. Co,0; va cudi cung 1a CoO :

1300°C

2Co,0, 4Co0 + O,7

e C0,0; ciing bj hidro khir d¢én kim loai :

0

Co,0; + 3H, =  2Co + 3H0

tan trong axit HCI tao ra Cl, va v6i H,SP, tao ra O,:
Co,0, + 6HCI = 2CoCl, +CLT + 3H,0
2C0,0; + 4H,S0, = 4CoSO, +0,T + 4H,0

(3) e Niken(III) oxit tao ra khi nung trong khong khi mudi cacbonat hozc



nitrat niken(II) & 300°C :

ANICO, + O, & 2Ni,0, + 4co,t
ANINOy), L 2NL,o, + 8NO,T + 0,1

tuy nhién thanh phan cua san pham thu duogc tir cic phan tng d6 c¢6 ham luong
oxi thap hon so voi cong thirc Ni,Os.

La chit bot mau den hodc xam, cling nhu Co,03, Ni,0; la chit oxi hoéa
manbh, chéng han tan trong HCI tao ra khi Cl, :

Ni,O; + G6HCl =

2NiCl, +CLT + 3H,0
(4) e Sat(Il, IIT) oxit ( Fe;04) c6 thanh phan ung véi khoang chat oxit sdt
tir dugc didu ché bang cach nung noéng Fe,O; & nhiét d6 trén 1450°C :

0

6Fe,0;

4Fe,0, + O,T
Khi nung sit trong khong khi tao ra Fe30, ( Cung véi cac san pham khac):

]

-

3Fe + 20,

Fe,O,

e Fe;0, ciing tao ra khi cho ludng hoi H,O hodc CO, qua sit nung do :
3Fe + 4H,0 = Fe,0, + 4H,T
Fe + 4CO, =

~  Fe,0, + 4COT
Ciing c6 thé diéu ché bang cach cho hdn hop hidro va hoi nudc di qua
Fe,O; nung ¢

400°C
3Fe,0, + H, ——

2Fe;0, + H,0T

e Ngoai ra dé diéu ché dang tinh khiét nguoi ta da cho dung dich FeSO, va
Fe,(S0,); tac dung véi dung dich KOH, dun s6i1 thu dugc két tia Fe;0, :

FeSO, + Feu(SO,), + 8KOH = Fe,0, + 4K,SO, + 4H,0

lam kho két tia trong khi quyén H, thu dugc san pham véi thanh phan Fe;O,
2H,0.

e Fe;0, 1a chit bot mau den, nong chay & 1540°C; nung ¢ nhiét d cao hon
, mat mot phén oxi tao ra FeO:

o,
We,0, —2  6FeO +0,1

O trang thai am, d& bi oxi hoa ngoai khong khi tao ra Fe,Os:

am
4Fe,0, + O, —

6Fe,0,

e Khi tac dung vdi it axit tao ra Fe,O; Va dung dich mudi sat (II) , sau d6
thém tiép axit dén du, s& tan hoan toan tao nén mudi sat(Il) va sat(I1I):



Fe,0, + 2HCI
Fe,0, + 8HCI

Fe,0, + FeCl, + H,0
FeCl, + 2FeCl, + 4H,0

e Fe;04 bi (Al, H,), CO khtt thanh kim loai:

0

3Fe;0, + 8Al =  OFe + 4ALO;

e Oxit sat tir thién nhién (manhetit) khong tan trong kiém va axit, lai ¢ do
dan dién cao nén d6i khi dugc dung 1am dién cuc trong mot s qué trinh dién
hoa ,nhu dién phan mudi clorua kim loai kiém...

Nguoi ta cling xem Fe;O, nhu 1a mot mubi cua axit fero HFeO, va Fe(OH),

Fe''(Fe''0,), .
(5) ® Coban(ll, III) oxit (Co304) dugc tao ra khi nung coban(Il) nitrat:

3Co(NO,)), & Co,0, + 6NO,0 + 0,1

Ciing dugc tao ra khi nung CoO trong khong khi:

o

6Co0 + O, &  2Co,0,
e C0;0, 1a Chét bot mau den, bi H, khir thanh kim loai khi nung nong;:

o]

Co0, + 4H, L 3Co + 4H,0

tac dung véi axit HCI tao ra mudi Co(II) va chi:

Co,0, + 8HCI = 3CoCl, + CL,T + 4H,0
Khac véi Fe;04, trong mang tinh thé c6 ion kim loai héa trj IT va hoéa tri II,
trong Co304 c6 ion kim loai hoa tri II va héa tri IV, va dugc xem 1a mot mudi
ciia Co>" twong tw Mn;0, : CO,"[Co"™vO,]

11.17. Cac hidroxit Fe(OH)3, Co(OH)3, Ni(OH)3
(1) e St (III) hidroxit 13 chat két tia mau d6 nau duogc tao ra khi cho mot
tac nhan két tha nhu kiém, amoniac, dung dich cacbonat tac dung véi mubi
Fe(III):
FeCl, + 3NH, +3H,0 = Fe(OH),{ + 3NH,CI
2FeCl; + 3Na,CO; +3H,O = 2Fe(OH)3¢ + 6Na(Cl + 3C03T

e Thuc ra, dang két tua keo mau nau d6 vo dinh hinh dé 1a dang Fe,0;.
nH,0, v&i ham luong nude khac nhau. Trong cong thic thudng viét Fe(OH)3
chinh 1a Fe,O; .3H,0; trong thién nhién, dang hematit nadu Fe,O3 .H,O hay la
FeO(OH).

e Fe(OH); kho 14 nhimg cuc xbp, khdi luong riéng thay ddi trong khoang tir
3,4g/cm’ dén 3,9g/cm’ . Hau nhu khong tan trong nude ( T, =4.107°).



e Kha ning hoa tan trong axit phu thudc vao "tudi" cia két tia. Két taa vira
méi diéu ché dé tan trong axit vo co va hitu co, nhung dé 1au mot thoi gian thi
lai kho tan.

e Khi dun néng dén 500 - 700°C s& mit nudc hoan toan bién thanh Fe,O;:

2Fe(OH), 2-"MC  Fe0, + 3H,0

e Bén canh tinh chat chu yéu la tinh bazo, Fe(OH); con thé hién tinh axit
yéu ( axit fero HFeO,) nén khi cho Fe(OH); tac dung véi kiém dic nong hoic
bﬁng cach nau chay voi Na,CO; hay K,COs; tao thanh cac mudi ferit NaFeO,
hay KFeO, :

Fe(OH); + NaOH (4o, = NaFeO, + 2H,0

2Fe(OH), + K,CO, & 2KFeO, + €O, + 3H,0

e NaFeO, hay céc ferit khac déu bi thity phan dén kiém va Fe20s:

2NaFeO, + H,O0 = 2NaOH + Fe,0,
Ngudi ta ciing loi dung phan tGng trén dé diéu ché NaOH trong cong nghiép
bang cach nung hdn hop Na,CO3 va Fe,0; & 1100°C:

1100°C

Na,CO, + Fe,0, 2NaFeO, + CO,

sau do cho NaFeO,; thuy phan nhu trén.

e Ngoai cac ferit ctia kim loai kiém, nguoi ta con biét mot sd ferit khac nhu
Mg(FeO,), Zn(FeO,), .v.v..

(2) o Coban(IIl) hidroxit 13 chit bot mau ndu den, tao ra khi oxi hoa
Co(OH)) bang oxi ctia khong khi twong ty Fe(OH), hoic oxi héa nhanh céc
mudi Co(IT) khi cho tac dung voi cac chat nhu NaOCl , Cl,, Br2, H,O :

2CoCl, + NaOCl + 4NaOH + H,0 = 2Co(OH),{ + 5NaCl
2CoCl, + H,0, + 4NaOH = 2Co(OH){ + 4NaCl

e Co(OH); 1a chat khong tan trong nuédc ( T, : 4.10™% ), tan trong axit tao
thanh mubi CO(II), trong kiém dic du tao ra mudi hidroxo, vi du :
K;3[Co(OH)¢].

(3) o Niken(III) hidroxit 13 chit bot mau den, tao ra khi oxi hoa Ni(OH)2
bang oxi khong khi hodc bang brom trong méi trudng kiém tao thanh oxit bi
hidrat hoa NiO(OH), thuong viét & dang Ni(OH)s.

Qua trinh ox1 héa dé cling duoc thyc hién béng cach oxi hda dién phan
trong moi truong kiém. Nguoi ta di loi dung tinh oxi hoa ctua Ni(OH); dé ché
tao dcquy kiém ( Acquy Edisen). Khac voi dcquy chi , dcquy kiém gom mot dién
cuc béng Fe, va mot dién cuc duge ché tao b@fmg bot oxit Ni(IIT) ngdm nudc voi



chét dién ly 1a KOH. Su van hanh cta loai dcquy trén theo so d6:
Phéng dié
Fe + 2Ni(OH), _v_s____én_ Fe(OH), + 2Ni(OH), (1,3V)
Tich di¢n

Nhuoc diém cta loai dcquy nay 1a hé s6 hiéu dung thép.

Cac mudi Fe(III), Co(II)

e Cac mudi Fe(Ill) duoc diéu ché bang cach oxi hoa cac mubdi Fe(Il) hodc
Fe(OH), bang axit twong tng. Vi du hoa tan Fe(OH), trong HNOs:

3Fe(OH), + 10HNO; = 3Fe(NO;); + NO + 8H,0

e Dung dich cta cac mudi Fe(Ill) khong c6 axit du, c6 mau thay doi tir
vang - nau dén nau thdm, mau sic d6 khong phai 13 mau caa ion Fe’* ma do
dang keo ctia mudi bazo gy ra boi phan tng thuy phan.

Ban than cta ion Fe’" khong mau, trong dung dich & dang hidrat hoa
[Fe(OH,)s]’" mau vang nhat, mau vang ¢am dan do qua trinh:

[Fe(OH,)e] " == [Fe(OH,);,OH]* + H' == [Fe(OH,),(OH),]* + 2H"
Trong mdi truong axit du, mau cua dung dich lai phy thudc vao ban chét
cua anion va axit thém vao. Vi du dung dich FeF; khi thém axit HCI c6 mau
héng , con dung dich FeCl; ¢6 mau vang.
e Cac mudi Fe(IIl) déu d& bi khir ¢én mudi Fe(Il) boi cac chat nhu hidro
méi sinh , SO,, SnCl,, H,S, KI va mét s6 kim loai 4m dién hon nhu Zn... Vi du :
Fe* + H = Fe* + H'
2Fe™ + SO, + 2H,0 = 2Fe* + SO + 4H'
2Fe™ + Sn* = 2Fe™ + Sn*
2Fe™ + H,S = 2Fe” + S+ 2H'
2Fe™ + Zn = 2Fe® + Zn*
2Fe’™ + 2" = 2Fe* + 1,
e Trir oxit Co(II) va cac phirc chét, noi chung cac mudi Co(IIl) déu kém
bén va déu c6 tinh oxi héa.

11. 18. Cac halogenua cua Fe(IIl), Co(I1l)

(1) e Sat (IT) nghia duoc diéu ché khi hoa tan Fe(OH); trong axit HF, sau
khi 1am bay hoi trén ndi cach thity thu dugc tinh thé FeFs. 3H,0.

Tinh thé hidrat héa c6 mau hé)ng nhat; dang khan ¢6 mau hoi xanh.

(2) e Sit (IIT) clorua thu duoc khi cho khi clo khd qua bot sit nung nong
dé tao ra FeCl; khan :

|

2Fe + 3Cl, L 2FeCl,

Khi hoa tan sit trong axit HCI, sau d6 cho khi clo qua dung dich, tir dung



dich nay tinh thé hexahidrat FeCls;. 6H,O sé tach ra:
Fe + 2HCI = FeCl, + H,T
2FeCl, + Cl, = 2FeCl,

e FeCl; khan 1a nhitng tinh thé mau hung den dang vay hodc phién, c6 mau
d6 lyu trong anh sang truyén qua va c¢6 mau luc trong anh sang phan chiéu.
Noéng chay & 300°C thanh chat 16ng linh dong mau do. S6i va phan hay mot
phan ¢ 317°C.

O 440°C, ti khéi hoi tmg voi cong thire kép Fe,Clg (hinh 74 ); & 750°C tmg
v6i cong thire 16n FeCls; trén 750°C tmg v6i su phan hay FeCls thanh FeCl, va
Cl,:

2FeCl; == 2FeCl, + CLT

Trong khong khi, FeCl; dé bi chay rita, nhung khi nung FeCl; trong khong
khi hodc cho ludng hoi nuée di qua s& chuyén thanh Fe,Os; :

o]

4FeCl, + 30, = 2Fe,0, + 6CL,T

-

2FeCl, + 3H,0 & Fe,0, + GHCIT

Hinh 74. So dé cdu tao phan tir Fe,Clg,

e FeCl; d€ bi khir dén FeCl, nhu da néu & trén.
(3) @ Fe(III) bromua mau do hung, ciing duoc diéu ché twong tu FeCls:

2Fe + 3Br, = 2FeBr;
Dang khan c6 mau nau do; dang hidrat hoa FeBrs.6H,0 la nhiing tinh thé
c6 mau lyc thim. C4 hai dang déu dé tan trong nudc. Khi nung & nhiét do cao
FeBr; bi phan hity dé hon so véi FeCls

2FeBr, == 2FeBr, + Brn,
(4) Sat (IIT) iotua khong bén ngay & nhiét do thuong, chi bén trong cin
bﬁng voi lugng du 16m Fel,

2FeI3 — ZFCIZ + 12

do d6 khong thé tach ra & dang nguyén chat. Khi nghién I, v6i bot sét tao nén
san pham c6 thanh phan Feslg ( tirc 2Fels. Fel,). Khi nung san pham nay véi
K,CO; tao ra KI:

4K,CO, + Fej;, = 8KI + Fe,0, + 4CO,T



Phén tng trén dung diéu ché Ki trong k¥ thuat tir rat ty do.

(4) o Coban(III) florua bén nhét trong halogenua ctia Co(Ill) . CoF; la
chat bot mau hung luc c6 thé diéu ché bang cach cho flo tac dung vdi CoF, &
300°C:

300°C

2CoF, + F, 2CoF,
Ciing duoc diéu ché & dang hidrat CoF;.3,5H,0 khi dién phan véi dién cuc
platin mot dung dich bao hoa CoF, trong dung dich HF 40%, thu duoc tinh thé

mau lyc tuoi & anot. Nudc tinh khiét phan hay COF; thanh Co(OH);:

CoF, + 3H,0 = Co(OH);{ + 3HF
Khi dun noéng dén 300°C trong ludng CO,, CoF; bi phan hiy thanh CoF, va
F.
(5) ® Coban(III) clorua rit khong bén. Khi cho Co(OH); tac dung v6i HCI
khong thu dugc CoCl; do phan tng:
2Co(OH), + 6HCl =2CoCl, + CL,T + 6H,0

nhung c6 thé diéu ché bang cach cho Co,0; tac dung voi hidro clorua trong
bong t6i & - 5°C dudi 16p ete kho.

11.19.Cac sunfat cua Fe(Ill), Co(IIl)
(1) e Sat (IIT) sunfat duoc diéu ché bang cac cach sau day :
Hoa tan hidroxit sat(IIl) trong H,SO, :

2Fe(OH), + 3H,S0, = Fey(SO,), + 6H,0
Pun nong FeSO, vd1 H,SO, dac:

2FeSO, + 2H,SO, = Fe SO,), + SO,7 + 2H,0

Pun nong FeSO, vo1 HNO; va H,SO,4 dédc theo phuong trinh:

2FeSO; +H,SO,450) + 2HNOy gy = Fey(SOp); + 2NO,T + 2H,0

Ché hoa Fe,05 véi axit sunfuric dac :

F6203 + 3HZSO4(dﬁC) = FCZ(SO4)3 + 3H20

Y6 trang thai khan la chit bot mau tréng hoac vang nhat, hut am manh, dé
ngoai khong khi s& chay rira thanh chat 1ong mau hung.

e Tao nén véi nudc mot sd dang hidrat héa nhu Fey(SO4);. 9H,O va
Fe,(S0O,4);.10H,0. Ca hai dang nay cling gdp trong thién nhién. Khi tan trong
nudc co6 kha nang tao thanh dung dich rat dam dic, nhung qué trinh tan kha



cham. Tan trong ruou , nhung khong tan trong H,SO,4. Dung dich nudc ¢c6 mau
nau do do bi thuy phan manh, nhung néu cho thém H,SO,, phan Umg thuy phan
bi han ché va dung dich hau nhu khong mau. Khi dun séi dung dich lodng, mudi
bazo sé& két tua:

Fe,(SO,); + 2H,0 == 2Fe(OH)SO, + H,SO,

Khi dun nong, s€ méat dan nude két tinh tao ra Fe,(SO4); khan va sau do bi
phan huy:

o

Fe SO,);, = Fe,0; + 350,

° Sét(HI) sunfat c6 kha nang tao ra mudi kép dang M’ Fe(SO,),. 12H,0
dugc goi 13 phén - sdt. Quan trong hon ca 13 phén sdt - amoni NH,. Fe(SO,),.
12H,0 va phén sit - kali K.Fe(SO,),.12H,0, dugc dung lam chat cAm mau vai.

O trang thai tinh khiét cac loai phén st nay déu khong mau, nhung thudng
c6 mau tim nhat 12 do c6 dau vét cia mangan(I1I) sunfat.

Phén duogc didu ché bang cach oxi hoa dung dich FeSO,.7H,0 bang HNO;,
cd dung dich dén trang thai bdo hoa thi thém mot lugng dong phan tir amoni
sunfat hoac kali sunfat:

6(FeSO,.7TH,0) + 3H,S0, + 2HNO, = 3Fe,(SO,); + 2NOT + 46H,0
(NH,),SO, + Fe)(SO,); + 24H,0 = (NH,),SO, . Fe,(SO,); . 24H,0

O 33°C phén - sit amoni bién thanh mau niu; ndng chay ¢ khoang 40 -
41°C, @én 150°C mat 23 phan tir H,O va & 750°C tao thanh phén khan.

(2) e Coban(III) sunfat dugc diéu ché bang cach dién phan dung dich dic
CoSOy trong H,SOy, thu dugc tinh thé mong hinh kim mau xanh nhat, ¢ anot da
lam lanh dén 0°C, ¢6 dang hidrat hoa Co,(SO4);. 18H,0; bi H,O phan huy,
nhung trong dung dich H,SO,4 loang lai khong bi phan huy.

H,0 phan huy Co,(SO,); tao ra oxit

2C02(SO4)3 + 2H20 - 4C0SO4 + 02 + 2H2504

e Vi sunfat kim loai kiém va amoni , C0,(S0O,); tao ra phen - coban , vi du
phén coban - kali dugc diéu ché khi 1am lanh dung dich dong phan tir K2SO4 va
Co2(SO4);. Phén K,SO4 . Co,y(SOy); . 24H,0 1a nhitng tinh thé tAm mait mau
xanh thAm, bi H,O phan hiy & nhiét do phong tao ra O,.

Phén coban- rubidi va phén coban - xezi cling c6 mau xanh thAm nhung
kho tan hon nhiéu so vdi phén coban - kali.

Phen coban - anloni (NH4),S0,4.C0,(SO4); .24H,0 cling thu dugc khi dién
phan dung dich gobm (NH,)2SO,4 va CoSO,



11.20. St (IT]) nitrat

e Puoc tao ra khi hoa tan vo bao sat trong HNO; lodng gin 25% tao ra
Fe(1II) nitrat va hon hop céc oxit nao khac nhau. O nhiét do thuong , phu thudc
vao nong do , mubi d6 co thé két tinh & dang khong mau hinh ldp phuong cd
thanh phan Fe(NO3)3. 6H,0 hoidc dang don ta mau tim ¢ thanh phan Fe(NOs); .
9H,0.

e Sat(III) thuat tan trong nudc tao ra dung dich mau nau do thuy phan, mau
d6 s& mat dan khi cho thém HNOs.

Trong cong nghiép , sat(I11) thuat duoc dung lam chat cin mau.

11.21. Cac sunfua cua Fe(IIl) va Co(1Il)

(1)e Fe(IIT) sunfua ( Fe,S; ) duoc tao ra ¢ dang két tia mau den khi cho
H.,S hodc (NHy4),S tic dung v6i mudi Fe’' trong mdi trudng trung tinh hoic
kiém yéu(amoniac).

O trang thai am, Fe,S; bi phan hily nhanh chéng trong khong khi tao thanh
Fe(OH); va luu huynh tu do:

2Fe,S, + 30, + 6H,0 = 4Fe(OH),4 + 6S

e Fe,S; thuc té khong tan trong nudc , tan trong dung dich HCI lodng:

Fe,S, + 4HCl = 2FeCl, + 2H,S + S
Tuy nhién, nguoi ta nghi ngd két tha d6 co phai 1a hoan toan 1a Fe,S;
khong, hay 1a mot hdn hop gém FeS va S tao ra do phéan tng :

2Fe + 385 = 2FeS + S
Khi nung sit voi S khong tao ra sat(Il) sunfua. Trong thién nhién gip ¢
dang mudi kép Cu,S. Fe,S; va 3Cu,S. Fe,S;
(2)e Coban(III) sunfua ( Co,S; ) chi tao ra khi nung néng chay mubi Co"
v6éi S Va Na,COs;; san pham thu dugc 13 nhitng tinh thé mau xam, khong tan
trong nudc va rat kho tan trong axit dic

11.22. Phikc chit xianua ciia Fe(III) va Co(IIl)
(1)e Kali ferixianua ( Kz[Fe(CN)g]) duoc diéu ché bang cach oxi hoa kém
feroxianua K4[Fe(CN)s] boi cac chit nhu Cl,, KMnO,, HNO; hoic H,02:
2K,[Fe(CN)] + ClL, = 2K;[Fe(CN)] + 2KCl

Hop chét nay khong thé didu ché bang phuong phap nhu khi diéu ché



K4[Fe(CN)o] , nghia 1a khong thé cho mudi Fe’* tic dung véi dung dich KCN |
vi s& tao ra két tia Fe(OH); do su thuy phan KCN tao ra méi trudng kiém.

e K5[Fe(CN)s] 12 chat két tinh mau do - gach, khi nghién nhé chuyén thanh
chit bot mau vang, tan trong nude cho dung dich mau vang.

Trong dung dich nuéc, khong co phan tng cua ion Fe’* va ion CN vi ion
[Fe(CN)s]” rat bén ( Ky, ~ 10 :

Ki[Fe(CN)] == 3K" + [Fe(CN)yJ”

o K;[Fe(CN)g] 1a chit oxi hoa manh, dic biét hoat dong trong moi trudng
kiém, kali ferixianua c6 thé oxi héa PbO thanh PbO, ; hop chit Cr’" thanh Cro,*
; H,S thanh S:

2K,[Fe(CN),] + 2KOH + PbO = 2K,[Fe(CN),] + H,O0 + PbO,
2K,[Fe(CN)] + 2KOH + H,S = 2K,[Fe(CN)] + 2H,0 + S

Khi cho HCI dac tac dung véi dung dich bao hoa K;[Fe(CN)g] tao ra tinh

thé mau do nau 1 axit ferixian hidric H;[Fe(CN)q] :

Ki[Fe(CN)] + 3HCl =H,[Fe(CN)¥ + 3KCl

Pun nong K;[Fe(CN)y] voi dung dich KOH dac ( voi ti 1€ 1: 1 tao ra
K4[Fe(CN)¢] va O;:

4Kj[Fe(CN)] + 4KOH 4y = 4K[Fe(CN)] + 0,7 + 2H,0

Véi mudi Fe*', dung dich Ks[Fe(CN)g] tao ra két tia mau "xanh Tuabun"
(Tumbull) :

3Fe” + 2[Fe(CN)s]” = Fe;[Fe(CN)l,d
Nguoc lai, céc mubi Fe’™ lai tac dung véi dung dich kim feroxianua
K4[Fe(CN)e] tao ra két tia mau " xanh Pho" con goi 13 " xanh Beclin" hay "
xanh Phut Prussian):

4Fe®  + 3[Fe(CN)* = Fe,[Fe(CN)ls¢

e Trong ion [Fe(CN)s]> ¢6 17 electron hoéa tri (12 electron ctia 6 nhom CN
va 5 electron ctia ion trung tm), c6 c4u hinh :

[6" 1" [n()
nhung mudn c6 cdu hinh bén [n(d)]6 can phai thém mét electron, do d6 ion
[Fe(CN)s]’" 1a chat oxi héa manh; tinh oxi hoa cua ion [Fe(OH,)s]’" ciing giai
thich twong tyu; tuy nhién, [Fe(CN)s]” c6 tic dung oxi hda manh trong moi
truong kiém, con ion [Fe(OH,)s]™*
(2) o Kali cobantixianua ( K3[Co(CN)e) 1a nhiing tinh thé mau vang, thu

- trong moi truong axit.



duoc khi cho mubi Co*" tac dung véi KCN trong diéu kién c6 chat oxi hoa:

4K,[Co(CN),] + 4HCl + O, = 4K,[Co(CN),] + 4KCl + 2H,0

Néu mudi d6 tac dung voi HNO; hay H,SO,4 S& thu duoc tinh thé khong
mau la axit cobantixian hidric :

2K,[Co(CN),] + 3H,SO, = 2H,Co(CN)] + 3K,SO,
Axit d6 ciing co thé diéu ché bang cach cho Ks3[Co(CN)] tac dung véi
CuSO, dé tao ra két tia mau xanh 13 Cus[Co(CN)s], Sau d6 cho phan huy véi

}1281

2K,[Co(CN)] + 3CuSO, = Cuy[Co(CN)s,¥ + 3K,SO,
(xanh)

Cu;[Co(CN)), + 3H,S = 3CuSy + 2H,[Co(CN)]

e Axit cobantixianhidric 1a axit manh ba 1an axit, két tinh & dang hidrat hoa
H;[Co(CN)].5H,0 , trong dung dich nudc chi bén & dudi 50°°. Khi dun nong
lau dén 120°C tao ra Co(CN); mau xanh:

H,[Co(CN),] & Co(CN), + 3HCN
(3) o Sdat(I1l) thioxianat ( Fe(NCS);) hay sat(III) sunfoxianua duoc tao ra
khi cho mudi Fe’™ tac dung v6i KNCS hay (NH,)NCS :
FeCl, + 3KNCS = Fe(NCS); + 3KCl

13 chat mau do mau, ¢ thé tach ra tir dung dich ¢ dang hidrat tinh thé Fe(NCS)s.
3H,0 mau do6 thAm, dé tan trong nudc. Mau do6 mau cta dung dich chinh 1a mau
ctia ion [FeNCS]*".

HQP CHAT CUA SAT VOI SO OXI HOA +6
e Hop chat gip ¢ dang ion FeO,> tao ra khi oxi hoa kim loai Fe hoic hop
chét cua Fe(II) bang chat oxi hoa manh trong méi trudng kiém manh.
Khi ndu chay Fe,O; v6i KNO; va KOH tao nén mudi K,FeO, theo phan
ung :
Fe,0, + 3KNO, + 4KOH = 2K,FeO, + 3KNO, + 2H,0

hodc khi ndu chay Fe,O; vo1 Na,O; :

FCZO;, + 3Na202 = 2Na2FeO4 + Nazo

hoic cho clo tac dung véi huyén phu Fe(OH); trong kiém dic:



3Cl, + 2Fe(OH), + 10NaOH & 2Na,FeO, + 6NaCl + 8H,0
e Céc ferat co mau do sdm, it bén trong dung dich nudc, khi dun noéng nhe
giai phong ra oxi
4Na,FeO, + 2H,0 = 4NaFeO, + 30,17 + 4NaOH

Cho tac dung véi BaCl, tao ra két tiia mau do tim cta bari ferat:

K,FeO, + BaCl, = BaFeO4d + 2KCl

e Cac ferat déu la chat oxi hdéa manh, vi du oxi hoa amoniac ¢ di€u kién
thuong dan dén nito tu do:

2K, FeO, + 2H,N = 2KFeO, + N,7 + 2KOH + 2H,0
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