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L& néi dau

"HOA HOC VO CO™- Tdp 2 (Céc kim logi dién hinh) da dwoc bién sogn
theo chuwong trinh Hoa hoc V6 co - Khoa Hoa hoc - Truong Dai hoc Sw pham
Ha Ngi, duwa trén co s¢ cac bai giang ma tac gid da giang day trong nhiéu nam
cho sinh vién Khoa Hoa hoc tai Triecong Pai hoc Su pham va Ni.

Ngi dung cudn sach da dé cdap dén mét sé kién thirc co ban vé kim logi ;
vé trang thai thién nhién, vé phurong phap diéu ché, tinh chat ly, hda hoc cuia
cac don chdt va hop chat cia cac kim logi dién hinh, déng thei ciing 1a ngi dung
thuwong duot giang day trong chwong trinh Hoa hoc V6 co ¢ cac Truong Dai
hoc va mét phan ¢ Trueng Trung hoc phé théng Nhizng kim logi con lai khong
de, cdap dén trong sach, tac gid sé trinh bay trong tdp 3 "Céc kim logi chuyén
tiep".

Vi vay négi dung sach khong chs duwoc si: dung cho sinh vién nganh Héa
hoc - Truong Pai hoc S pham, ma con hd tro cho gido vién mén Hoa hoc 6 cac
Truong Trung hoc phé thdng lam tai liéu tham khdo trong qué trinh giang day.
Ngoai ra con cd thé gitp ich cho sinh vién hoc mén Hoéa hoc Vo ca ¢ céc
Truong Pai hoc khéc va ¢ cac Trieong Cao dang.

Chdac chdn rang cudn sach khéng tranh khdi thiéu sét, tac gid xin tran
trong cam on nhiing nhon xét dong gop cua ban doc.
Tac gid
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CHUONG 1
DAl CUONG VE KIM LOAI

1. 1. Sw phan bé kim logi trong thién nhién. Vj tri kim logi trong bdng tudn

hoan

(1) Mat trong nhitng dac tinh quan trong cua cac nguyén t6 hoa hoc 14 tinh
pho bién trong thién nhién. Hau hét cac kim loai déu c6 trong thanh phan vé qua
dat, cd trong nudc dai duong, trong co thé sdng véi mac dé nhiéu it khac nhau.

* Trong vo qua dat (phan thach quyén) cac kim loai Al, Na, Fe, Ca, Mg, K,
Ti, Mn va mot sé phi kim khac... 1a nhirg nguyén to cd d6 pho bién 16n nhat
Trong bang 1 dudi day la thanh phan phan tram vé sb nguyén tir va phan tram vé
khdi lwong cua céc nguyén té do:

Bang 1. Thanh phan cé&c nguyén t c6 do pho bién cao trong thach quyén

Nguyén td | % nguyén tt | % khoi lweng | Nguyén td | % nguyén tt (% khéi lwong

O 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 (1,5.107) (1. 107 P 5.10% 8.10%
Mn 3,2.10% 9.10% N (2,5. 102 (1.102)

S 3,0. 1072 5: 10

* Trong nugc dai duong, cac kim loai c6 ham luong cao nhat 1a Na, Mg,
K, Ca trng véi thanh phan nhu sau:
Na : chiém 1,0354% (khéi luong); 10,354 mg/l.
Mg : chiém 0,1297% (khdi luong); 1,297mgl/l.
K : chiém 0,0388% (khdi lrong); 387,5 mg/l.
Ca : chiém 0,0408% (khdi luong); 408,0 mg/l.
~* Nhiing kim loai chiem thanh phan cao trong c4c co thé song, ¢6 thanh
phan phan tram vé khoi lugng nhu sau :

Ca :5.10"% Fe:1.10%% Mn: 1. 103%
K :3.10%% Al:5.10°% Zn:5. 104%
Mg :4. 10 *% Ba:3.10°% Cu:2.10"%
Na: 2.10%% Sr:2. 10%%

(2) Hau hét cac nguyén té hoa hoc 1a kim loai, chiém hon 80% tong sb
nguyén td. Trong bang tuan hoan céc kim loai duoc xép phan bén trai va phia
dudi cua bang va co thé coi Be, Al, Ge, Sr, Po 1a nguyén té gii han. Con phan
bén phai phia trén caa bang 14 cac nguyén té phi kim va giéi han la B, Si, As va
Te.Vay giita kim loai va phi kim c6 mét ranh gigi gan dung 1a duong thang nam
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gilra hai day nguyén t6 néu trén. Cac nguyén to gidi han nam canh duong ranh
gidi @6 duoc xem la cac nguyén to ban kim.
T6m lai, cdc nguyén to chuyen tiép, cac nguyén to nhom la va A, cc
nguyén t6 nang nhom A, IVA, VA déu la 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 (@) F Ne
11 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 Sb 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 tric 1op vé electron thi hau hét cac kim loai c6 tir 1 dén 3
electron ¢ I6p vo ngoai cung:

Céc kim loai nhém la va 1A c6 sb electron 16p vé ngodi cung 1a ns* 2 (n 1a
s6 thtr tu chu ky). Vi du vai Na (3s%); Ca (457).

« Céc kim loai tir nhém HIA dén VIIA c6 s electron 16p vo ngoai cing 1a
ns’np' >. Vi du Al (3s*3p') ; At(6s°6p°)

* Trong chu ky 4, sau khi xay dung xong |6p 4s. cac nguyén t6 tur 021¢
nhom 1B (Sc) dén 6 30 ¢ nhdm IIB (Zn) hop thanh day kim loai chuyén tiép
thir nhat, c6 cu hinh electron ngoai cung 1a 3d* " *° 4s' 2. Vi dy :

(21) Sc (30) Zn
3d" 4s° 3d'0 4s?

Trong ddy nay c6 hai sai léch 1a Cr ¢ cau hinh 3d54s1 khong phai la
3d*4s*; & Cu c6 cau hinh 3d'°4s" khong phai 1a 3d°4s’. Hién tuong sai léch d6 1a
do su khac nhau rat it vé nang lugng cac phan muc nang luong (n - 1)d va ns ¢
cac nguyén to chuyen tiep gay ra.

* Trong chu ky 5, ¢6 10 kim loai chuyen tiép tir 6 39 ¢ nhém I11B(Y) dén 6
48 & nhém 11B (Cd) co cau hinh ¢ l6p ngoai cung la 4d1 - 10 5s1 - 2. Vi du

(39) Y (48) Cd
4d" 55 4d" 557
_Nhirng sy sai léch vé cdu hinh electron trong chu ky nay ciing c6 mot
nguon goc nhu trén.

Nhu vay, cau hinh electron cta cac kim loai thugc hai ddy chuyén tiép trén

c6 dang chung la:
(n - |)d1-10 nst” 2
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« Trong chu ky 6, ngoai 10 kim loai ho d ¢6 cau hinh nhu trén, con c6 14
nguyén t6 kim loai ho f tir 6 58 (Ce) dén 6 71 (Lu). Ddy nguyén t6 nay khong
tng véi ddy nguyén té ndo & cac chu ky trén, duoc goi 1a cac nguyén té (kim
loai) dat hiém hay con goi & cac nguyén té ho lantan (lantanoit). Lop vo
electron cac lop ngoai cung la :

411 5¢%" 6s?

Vi du:
(58) Ce (64) Gd (71) Lu
4f2 65 4f" 5d* 6s? 459" 652

Nhitng sai léch trong ddy nay la do su khac nhau rat it vé ning luong caa
cac phan mac (n - 1)d vans; (n- 2)fva (n - 1)d gay ra.

Trong chu ky 7, c6 14 nguyén t6 kim loai thuoc ho f tir 6 90 (Th) dén 6
I03(Lr) ciing cé 1op vo tuong tu.

1.2. Cdu truc tinh thé cia kim loai
« O trang thai ran, hau hét cac kim loai déu két tinh theo ba dang mang
tinh thé chinh 1a: mang luc phuong (Ip), mang lap phuong tam dién (Iptd) va
mang lap phuong tam khéi(lpth).
a

——

3e=s

Hinh 1. Ba dang mang tinh thé caa kim loai :
(1) mang luc phuong: (2) mang lap phuong tam dién;
(3) mang lap phuong tam khéi.

Mot s6 kim loai két tinh mang hdn hop ; mot sé kim loai tuy theo nhiét do
ma ¢6 dang khac nhau. Vi du coban két tinh theo mang hén hop luc phuong va
lap phuong; scandi ¢ 250C tinh thé c6 mang 1ap phuong tdm dién, nhung & nhiét
d6 cao lai c6 mang luc phuong (hinh 1). Trong cac kiéu mang tinh thé, cac
nguyén tir cua cling kim loai dugc xem 12 nhitng hat cau c6 kich thudc 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 d6 bang cac doan thang s& dugc nhing
hinh tam gi4c déu dinh sét hinh nay vai hinh kia (hinh 2).

Néu xép mot 16p hat cau tha hai 18n 16p thir nhat, dé cho cach xép dic khit
nhit c4c hat cau Iop tha hai phai xép vao chd 16m cua 16p tha nhit, luc ¢6 mot
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phan sé chd 16m nay duoc che khuit (1) s6 chd 16m con lai khong bi che khut
(2) bi lop thir hai (hinh 3).

Ché 16m & 18p thir nhat.

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

I6p thirnhat
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Hinh 3. Cach xép 16p hat cau tha hai 1en 16p tha nhat:.
(1) 18m dé bi che bai lop tha hai :
(2) 16m chua bi che boi 16p thir hai;
(3) 16m cua I16p th hai.

« Khi xép 16p th ba Ién 16p thir hai xay ra theo hai cach khac nhau.

Cach thtr nhat : Xép céc hat cau lép thi ba vao cac 16m (3) cua I6p tht hai,

lGc d6 cac hat cau 16p thir ba ¢ dlng trén cé4c hat cau caa lop tha nhat va hat cau
I6p thir tu & dlng trén 16p tha hai (hinh 4).

N\
n.\\\\\\\\%
A\

::\{ ‘ §

hat cau 18p thir ba

Hinh 4. Céach xép 16p hat cau thtr ba 18n 16p thir hai.
* Nhu vay, 16p thir nhat va 16p thi ba twong @ng voi nhau va dugc ki hiéu l1a
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ABA. Néu tiép tuc chong thém, lop thir hai twong ang Iop tha tw, 16p thir ba
twong tng 16p thir sau... va dugc day ABABAB. Cach sap xep nay tao ra mang
tinh thé luc phuong.

Hinh 5 . Cach sap xép luc phuong.

Trong mang luc phuong (hinh 1 va hinh 5) cé4c hat cau chiém 74% thé tich
cua kim loai, mdi nguyén tir kim loai duoc bao quanh béi 1 2 nguyén tir kim loai
khac (6 nguyén tir & cung 16p, 3 nguyén tir & I6p trén va 3 nguyén tir ¢ 16p
dudi), vi vay trong tinh thé mang luc phuong, nguyén tir kim loai c6 sb phdi tri
la12.

« Céch thir hai : c4c hat cau 16p thir ba xép vao céc 16m caa lép thir hai, che
khuat céc 16m(2) (hinh 3), ldc d6 16p nay khéng twong tng vai hai 16p trude va
cach sap xép d6 duoc ki hiéu 12 ABC, nghia 1a hat cau 16p tht ba khdng ¢ ding
trén 16p tha nhat (hinh 6).

v
eaa

V2 {2
77 Q

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 thir tu, thir nam... hat cau 16p thi tu chdng ddng trén hat cau
I6p thir nhat, thi nam trén 1op tha hai...(hinh 7) va tao ra ddy ABCABC... cach
sap xép nay tao ra mang lap phuong tam dién, cac hat cau chiém 74% thé tich
cia kim loai. Ciing nhu trong mang luc phuong, trong mang nay mdi nguyén tir
kim loai cling duoc bao quanh boi 1 2 nguyén tir kim loai khac, nén nguyén tu
kim loai c6 s6 phéi tri 1a 12.
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Hinh 8. Cach sap xép kidu lap phuong

tam khai.

* 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 t) mic du & day con ¢ 6 nguyén
ter cta 16p tiép theo nhung khoang cach Ién hon 15%. Cach sap xép nay chi
bang 92% mat do co6 thé co cua cach sap xép luc phuong va lap phuong tam
dién, nghia 1a thé tich caa kim loai chi chiém 68% thé tich kim loai tao ra mang
lap phwong tam khéi. S6 phdi tri ciia kim loai trong mang nay la 8.

« Sur phan bé ba dang mang tinh thé cua céc kim loai trong bang tuan hoan
duoc dan ra ¢ hinh 9.
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Hinh 9. Céc kiéu cau trlic mang tinh thé cua cac kim loai trong bang tuan hoan.
(Iptd : 1ap phuong tam dién: Ip: luc phuong: Iptk: lap phuong tam khol
mot s6 ki hiéu 1ong vao nhau thi ki hi¢u to nhat 1a dang ciu tric bén
& 250C : ki hiéu Ip/lptd 14 cau trdc dang hdn hop).

NG6i chung. da s6 kim loai khi ket tinh déu theo mang luc phuong va mang
lap phuong tam dién voi s6 phol tri 1a 12; cac cau trlc d6 cua kim loai déu khac
mét it so vai cau trdc tinh thé ly tuang; dac biét 1a cu trac luc phuong.

NGi cach khéc, su phan bd céc nguyén tir kim loai hoan toan dung theo kiéu
mang lu6i khdng gian nhu @4 néu trén, 13p lai mot cach tuan hoan chit ché theo
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ba chiéu trong toan bo tinh thé, chi c6 thé xay ra trong truong hop Iy tuong, khi
ma dleu kién két tinh khdng gay ra sy bién d6i nao trong cau tao cua nd. Thuc
té, da s truong hop, do su hinh thanh tinh thé luén ludn dién ra trong nhiing
didu kién 1am cho hinh dang bén ngoai cua tinh thé bi bién doi, hoic ¢4 1am cho
cau tric bén trong cua tinh thé cé sy sai léch nao d6 vé su phan bé hinh hoc
hoac thanh phan cua tiéu phan. Cé thé cé nhiing trudng hop sau:

Mang tinh thé c6 thé thiéu mot sé nguy@n ti kim loai ¢ ndt ndo cua mang
[ goi la mang khuyét Sétky (Schottky)] ciing c6 thé ¢ nhitng hguyen tu kim loai
nam ¢ khoang gira cac nut nao d6 1 [goi la mang khuyét Phorenken
(Frenkel)]; ngoai ra ciing c6 thé nit b thay thé boi mot nguyén tir kim loai khac
(hinh 10).

o &6 & 0 O ® & 6 & O ® &6 6 & O o &6 ¢ o O
® &6 6 & O @ ® & e e o ¢ e O ®e O e o @
® o6 6 0 O ® © L I o ® o ® @ O o 0
e 6 6 0 O ® © 6 o o @ .. [ ] .. ® @ C o 0 O
(D 2) (3) @)
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 phdan va cdu truc tinh thé ciia hep kim

(1) Hop kim 1a vat lidu c6 tinh chat cta kim loai ma thanh phan gom maot
kim loai co ban va mét kim loai khac hoac mot phi kim nao do. Vi du : loai hop
kim thép khong gi cé thanh phan 80,6% Fe, 18% Cr, 1% Ni va 0,4% C; hop kim
Wood co 50% Bi, 25% Pb, 12,5% Sn, 12,5% Cd...

Dua vao thanh phan va cau trdc caa tinh thé nguoi ta chia hop kim thanh
cac loai 1a hop kim dung dich, hop kim di thé va hop chét giita cac kim loai (cac
metalit).

(2) * Hop kim dung dich hay con goi la dung dich ran 1a mét hdn hop dong
thé ma cac cau tir phan bd ddng déu nhu khi ndng chay. Nguyén tir chat tan co
thé chiém vj tri caa kim loai dung mdi (nGt caa mang ludi) hinh thanh mang tinh
thé hon tap kiéu thay thé, hoic cd thé xam nhap khoang gitta cac nit cia mang
ludi hinh thanh mang tinh thé hon tap kiéu xam nhap.

« Hop kim kiéu thay thé dugc hinh thanh khi hai nguyén tir kim loai c6 ban kinh
tuong tw nhau va cé ban chat lién két hoa hoc gidng nhau. Vi du Ag va Au déu

0
c6 ban kinh nguyén ti 1a 1,44 ; Cu va Ni co ban kinh tuong tng 12 1,24 A va
0 N ? 2 14
1,28 A déu co thé tao ra hop kim cd mang tinh thé dang thay thé (hinh 1la).

Khi hai kim loai c6 ban kinh khac nhau vao khoang 15% thi d6 hoa tan cua
kim loai nay trong kim loai kia s& bi han ché. Trong kiéu hop kim nay céc ciu tir
tham nhap c6 béan kinh cong hoa tri bé hon nhiéu so vai ban kinh cia nguyén tir
dung méi. Bién hinh cho loai cau tir xam nhap nay la cac phi kim. Vi du, cacbon
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0 2 2 7
c6 ban kinh cong hoéa tri 1a 0,77 A cé thé xdm nhap vao mang tinh thé cua sat

0
c6 ban kinh 1a 1,27 A, tao thanh thép cacbon. Thép cacbon ¢ mang tinh thé
hon tap kKiéu xam nhap 1am cho hop kim cang hon, bén hon va déo hon (hinh
11b).

(3) Trong cac hop kim di thé cac ciu tar déu khdng phan tan déng déu.
Chang han trong qué trinh luyén thép tao ra hdn hop peclit c6 chira hai pha riéng
biét 1a Fe - o va xementit FesC tron 1an mat thiét vao nhau va hop chét ostenit
1a hdn hop gdm Fe - ~ va Fe3C. Cac hdn hop d6 déu 1a hop kim di thé.

(@

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 sé kim loai c6 kha nang tuong
tac voi nhau, hinh thanh tinh thé hop kim kiéu hop chét gitra cac kim loai. Thanh
phan va cau trlc caa loai hop kim nay cd thé xac dinh bang cach dya vao nong
do electron trong mang tinh thé. Nhu d4 biét, nong do clcctron trong hop kim cé
mang lap phuong tam khéi 1a 1,5 ; con trong mang luc phuong 14 1,75. Chang
han, hai kim loai Cu va Zn khi tao ra hop kim mang 1ap phuong tam khdi thi cé
thanh phan don gian 1a Cuzn, con néu tao ra mang luc phuong thi ¢ thanh phan
la CuzZn3, vi cu Co mot electron héa tri (sY), con Zn ¢6 2 electron héa tri (s%).

Bang cach d6 co thé cho thay cac metalit AgZn, AgMg, CusAl, CusZn déu
c6 cau trdc 1ap phuong tam khéi ; con cac hop kim AgsAls, AglsSbs, CdsLi,
Cu3Si déu C6 Cau tric luc phuong.

* Tuy nhién trong da sb cac metalit dac biét la cac kim loai d c6 phén phtc
tap hon, do d6 thanh phan va cau trdc cua ching khong thé ap dung qui tic trén
ma duoc xac dinh bang phuong phép thuc nghiém. Chang han trong mang tinh
thé cia Cu va Au, cac nguyén tir Au chiém dinh cua hinh lap phuong, con cac
nguyén tir Cu lai phan bb o tam caa mat gidi han; mdi nguyén tir Au duoc phbi
tri boi 12 nguyén tir Cu, con mot nguyén tir Cu dugc phdi tri bai 4 nguyén tir
Au, do d6 cong thic don gian cua hop chat tao thanh 1a CuzAu (hinh 12). Thanh
phan cua cac hop chat gitra cac kim loai phan 16n khéng phil hop rd rét véi hoa
tri ctia nguy@n td, vi mdi cap nguyén tb tao thanh khong phai mot ma mot sb hop
chat gitta kim loai. Thi du Na tao nén vai Sn va Hg céc hop chat sau:

NaSns, NaSn,, NaSns, NaSn,, NaSn, Na,Sn, NasSn, Na,Sn, Na;Snsz; NaHg,,

Nang, NaHg, Na3Hg, Na3Hg2, Na5Hg2, Na7Hg8 ;
trong s dd chi cd Na2Sn va Na4Sn Ia phu hop véi héa tri binh thuong cua
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