CHUYEN DE 19: PAI CUONG VE KIM LOAI

Phan I: HE THONG LY THUYET CO BAN VA NANG CAO

1. C4u tao cia nguyén tir kim loai. Tinh thé kim loai. Lién két kim loai
1.1. C4u hinh electron, vi tri trong bang tuan hoan

a) Vi tri

Trong bang tuan hoan, cac nguyén té kim loai c6 mit &:

- Nhém 1A (trir nguyén tb hidro) va IIA. Céc kim loai ndy | nhitng nguyén t6 s.

- Nhém IH1A (trir nguyén t bo), mot phan cua cac nhom IVA, VA, VIA. Cac kim loai ndy 1a nhitng nguyén
t6 p.

- C4c nhém B (tir IB dén VIIIB). Cac kim loai nhém B duoc goi la nhitng kim loai chuyén tiép, ching la
nhitng nguyén té d.

- Ho Lanthanides va Actinides. Cac kim loai thuoc hai ho nay 1a nhitng nguyén té f. Chiing dwgc xép riéng
thanh hai hang & cubi bang.

b) C4u hinh electron nguyén tir
- Cau hinh electron hoé trj cuia nguy@n tir kim loai & trang thai co ban:
(n-1)dnsnp (n: STT cua Iép ngoai cung).

- Bdi véi cac kim loai nhém A, 16p electron ngoai ciing ¢6 1, 2 hoic 3 electron, riéng nhém IVA thi cac
nguyén to & chu Ki 16n 1a kim loai (Sn, Pb).

- Lép ngoai cling caa cac nguyén té chuyén tiép déu cd 1 hoic 2 electron nén tat ca déu 1a kim loai. Ngoai
ra, khi xay dung vo nguyén tir, cac electron cudi cung duoc sap xép vao I6p bén trong, do d6 cac nguyén tb
chuyén tiép c6 tinh chat twong tu nhau.

1.2. Tinh thé kim loai
1.2.1. Mt s6 loai mang tinh thé kim loai:

Trong mang tinh thé kim loai ton tai cac nguyén tir kim loai va cac electron ty do nén lyc lién két chii yéu
14 lyc tuong tac tinh dién gitra ion kim loai va electron ty do. Mot s6 loai mang tinh thé kim loai thuong gap:
(1) Mang lap phwong don gian:

- binh la cac nguyén tir kim loai hay ion duong kim loai.
- S6 phéi tri = 6.
- Sb don vi céu trac: 1

(2) Mang lap phwong tim khoi:

- Pinh va tm khdi hop lap phuong 1a nguyén tir hay ion dwong kim loai.
- S6 phéi tri = 8.

- Sb don vi cau trac: 2

- S6 qua cau trong mot d cosd: 1 +8.1/8=2

- Po dat khit = 68%

(3) Mang lap phwong tim dién:

- Binh va tam cac mat cua khdi hop lap phuong 13 cac nguyén tir hoic ion duong
kim loai.

- S phéi tri = 12.

- Sb don vi cau trac: 4

-Héc tir dien 12 8

-Hécbatdienla: 1 + 12.1/4=4

- S6 qua cau trong mot 6 co s ;6. 1/2 + 8. 1/8 = 4

- B0 dat khit = 74%




(4) Mang sau phwong dac khit (mang luc phwong):

- Khéi lang tru lyc gidc gdbm 3 6 mang co sé. Mdi 6 mang co sé 1a mot khdi hop
hinh thoi. Cac dinh va tam khéi hop hinh thoi 12 nguyén ti hay ion kim loai.

- S phéi tri = 12.

- S6 don vi cAu trac: 2

- Héc tir dien 1a 4

-Héc batdienla: 1 + 12.1/4=2

- S6 qua cau trong mot 6 co st 4. 1/6 +4. 1/12 + 1 =2

- b6 dat khit = 74%

Bang tong quat cac dic diém cia cac mang tinh thé kim loai

Cau trac Hang s6 [ S6 hat | S6 phdi | S&6 hdc | S6 héc | Bo  dac | Kim loai

mang (n) tri T @) khit (%)
Lap phuong tdm | a=p=y=90° 2 8 - - 68 Kim loai kiém,
khdi (Iptk:bce) | a=b=c Ba, Feq, V, Cr, ...
Lap phuong tim | q=p=y=90° | 4 12 8 4 74 Au, Ag, Cu, Ni,
dién (Iptd: fcc) | a=b=c Pb, Pd, Pt, ...
Luc phuong dac | a=p= 90° 2 12 4 2 74 Be, Mg, Zn, TI,
khit (hpc) y =120° Ti, ...

a‘b#c

1.2.2. Khoi lrgng riéng caa kim loai
Cong thizc tinh khoi lirong riéng cua kim logi
3.M.P

D= porin () hoeD=(M)/ (NaVic)

M : Khéi lugng kim loai (g) ; Na: S6 Avogadro, n: s6 nguyén ti trong 1 6 co so.

P : Do dic khit

(mang lap phuong tam khdi P = 68%; mang lap phuong tam dién, luc phuong chit khit P = 74%)

r : Ban kinh nguyén tir (cm), Vs : thé tich caa 1 6 mang.
2. Tinh chat cia kim loai
2.1. Tinh chat vat Ii cia kim loai
2.1.1. Kim loai c6 nhiing tinh chat vat 1i chung la: tinh déo, tinh dan dién, tinh dan nhiét va anh kim.
a) Tinh déo

Khi tac dung mét luc co hoc du manh 1&n miéng kim loai, n6 bi bién dang. Su bién dang nay 1a do cac 16p
trong tinh thé kim loai trugt 1én nhau, nhung khong tach rdi nhau, ma van lién két véi nhau nho lyc hit tinh
dién cua céc electron ty do vai céc cation kim loai trong mang tinh thé. Do vay kim loai c6 tinh déo.

e : Electron ty do @) : lon duong kim loai
Hinh 1. Su truot cua cac 16p mang tinh thé trong kim loai
Nhitng kim loai cd tinh déo cao 1a Au, Ag, Al, Cu, Sn.... Nguoi ta c6 thé dat duoc nhitng 14 vang mong téi
1/20 micron (1 micron bang 1/1000mm), anh séang c6 thé di qua duoc.
b) Tinh dédn dién
Nb6i mot doan day kim loai véi nguén dién, cac electron ty do dang chuyén dong hén loan trd nén
chuyén dong thanh dong trong kim loai. B¢ 1a su dan dién ctia kim loai. Noi chung, nhiét d¢ cua kim loai



cang cao thi tinh dan dién ctia kim loai cang giam. Hién tuong nay dugc gidi thich nhu sau: khi ting nhiét
do, su dao dong cua cac ion kim loai tang Ién, lam céan trd sy chuyén dong cua dong electron ty do trong
kim loai.

Nhiing kim loai khac nhau cé tinh dan dién khac nhau cha yéu 12 do mat do electron ty do cua ching khdng
gidng nhau. Kim loai dan dién tt nhat 1a Ag, sau d6 dén Cu, Au, Al, Fe,...

Néu quy udc d6 dan dién caa Hg 1a don vi, thi d6 dan dién cua Ag la 49, cua Cu 12 46, cia Au 14 35,5, cua
Al la 26.
¢) Tinh dén nhiét

Pét nong mot dau day kim loai, nhitng electron ty do ¢ vung nhiét do cao c6 dong nang 16n hon, chung
chuyén dong dén ving c6 nhiét do thap hon cua kim loai va truyén ning luong cho cac ion dwong & day.
Vi vay, kim logi co tinh dan nhiét.

No6i chung, nhitng kim loai ndo dan dién tdt thi ciing dan nhiét tét. Tinh dan nhiét cua kim loai giam dan
theo thar tu Ag, Cu, Al, Fe,...

d) Anh kim

Vé sang cua kim loai goi 1a &nh kim. Hau hét kim loai déu c6 anh kim. S& di kim loai ¢6 4nh kim 1a do
cac electron ty do trong kim loai phan xa tot nhitng tia sang c6 budc séong ma mat ta c6 thé nhan thay
duoc.

Tom lai, nhizng tinh chdt vat 1i chung cuia kim logi nhue trén la do cdc electron tw do trong kim logi gay ra.
2.1.2. Tinh chat riéng

Ngoai ra, kim loai con c6 mot sé tinh chat vat i riéng biét. Quan trong hon ca 1a : khoi lugng riéng,
nhiét d§ nong chay, tinh cting cua kim loai,...

a) Khéi lwong riéng

Nhitng kim loai khac nhau c6 khéi luong riéng khac nhau rd rét. Li 1a kim loai c6 khéi lwong riéng nho
nhat, D = 0,5g/cm®. Kim loai ¢d khéi luong riéng 16n nhat 1a osimi (Os), D = 22,6g/cm?.

Ngudi ta quy wéc, nhitng kim loai ¢ khéi luong riéng nho hon 5g/cm?® 1a nhiing kim loai nhe, nhu : Na,
K, Mg, Al,... Nhiing kim loai c6 khéi lwong riéng Ion hon 5g/cm® I nhitng kim loai ning, nhu : Fe, Zn, Pb,
Cu, Ag, Hg,...

b) Nhiér dp ndng chay

Nhiing kim loai khac nhau c6 nhiét do nong chay rat khac nhau. C6 kim loai nong chay & nhiét do thap,
nhu Hg nong chay & -39°C, nhung c6 kim loai ndng chay & nhiét do cao, nhu W (vonfam) néng chay 3410°C.
c) Tinh ciéng

Nhirng kim loai khac nhau c6 tinh ctg rat khac nhau. C6 kim loai mém nhu sap, dung dao cat duoc
dé dang nhu Na, K,... Ngugc lai c6 kim loai rat cung, khong thé diia dugc, nhu W, Cr,...

Néu chia d6 cung cua chat ran thanh 10 bac va quy udc d6 cing cia kim cwong 1a 10, thi do ciing caa mot
s6 kim loai nhu sau : Cr1a 9, W 1a 7, Fe 1a 4,5, Cu va Al 1a 3. Kim loai ¢6 do ciing thap nhat la cac kim loai
thudc nhom 1A, Vi du: Cs ¢6 @6 cang 1a 0,2.

Nhin chung, mét sé tinh chat vat Ii caa kim loai nhu khéi lugng riéng, nhiét d6 néng chay, tinh ctiing phu
thudc vao do bén caa lién két kim loai, khdi lugng nguyén tir, Kiéu mang tinh thé,... caa kim loai.

2.1.3. Sw bién ddi tinh chit vat Ii cia cac nguyén to kim loai chuyén tiép d

a) So vai cac kim loai khong chuyén tiép thi hau hét cac kim loai chuyén tiép déu ctimg hon, kém déo hon, c6
ti khdi 16n hon, c6 nhiét do s6i, nhiét dd néng chay cao hon, ¢6 ning luong ion héa 16n hon, c6 thé dién cuc
chuan dwong hon, hoat dong héa hoc kém hon.

b) Tinh chét cua cac kim loai chuyén tiép bién doi tly theo vi tri cia chling trong bang tuan hoan va néi chung
sw bién doi do dién ra khdng manh mé va déu dan nhu d6i véi cac kim loai khong chuyén tiép

¢) Khéi lwreng riéng

- Do ban kinh nguyén tir caa kim loai chuyén tiép trong cing mot chu ki giam tir ¢au dén cudi chu ki nén
khdi lwong riéng tang tir dau dén cudi chu Kki.

- Trong cting mot nhém B, theo chiéu tir trén xudng dudi khéi lugng riéng ciling ting.



d) Nhiét dé soi, nhiét dp ndng chay

- Tir dau ddy dén gitra ddy kim loai chuyén tiép, sé electron chwa ghép ddi ting (dic biét Ia cac electron
d), 1am cho d6 manh cua lién két kim loai ting — nhiét d6 nong chay, nhiét d6 soi tang dan tir dau dén giira
day kim loai chuyén tiép. Va sau d6 do céc electron tiép tuc ghép d6i nén nhiét do sbi va nhiét d6 néng chay
giam.

- Riéng cac kim loai chuyén tiép nhém I1B (Zn, Cd, Hg) lai twong d6i mém, c6 nhiét do nong chay, nhiét
d6 soi thip, do nguyén tir caa ching c6 cu hinh electron “gia tro” va khong co electron doc than.
2.2. Tinh chat hoa hec ciia kim loai

Tir nhimg dic diém vé ciu hinh electron, d6 am dién, ning luong ion hoé cua nguyén tir kim loai, ta nhan
thay tinh chat hod hoc dic trung cua kim loai 1a tinh khiz. N6i cach khéc, nguyén tir kim loai d& bj oxi hoa
thanh ion duong:

M—> M"™ +ne
2.2.1. Tac dung véi phi kim
Hau hét cac kim loai khtr dwgc phi kim thanh ion am.
Vidu:: 4Al + 302 — 2Al,03
Cu + Cl2 —» CuCl2
2.2.2. Tac dung veéi acid
a) Péi véi dung dich HCI, H2SO; lodng
Nhiéu kim loai c6 thé khir dugc ion H* (HsO") cua cac axit nay thanh Ho.
Vidu:: Zn+ H2S04 — ZnS0O4 + HyT (Zn + 2H" — Zn?* + H1)
Nhing kim loai c6 tinh khir manh nhu K, Na, ... s& gay né khi tiép xuc véi cac dung dich axit.
b) Péi véi H2SOq (dic, nong) HNOs3

+5 +6 +4
Hau hét cac kim loai (trir Pt, Au) khir dugc N va S trong céc axit nay xuong so oxi hoa thap hon: N (NO»);

+2 +1 0o -3 + +4 0 -2
N(NO); N (N20); N2; N (NHy); S(S0,); S; S (H2S).

0 +5 +2 +2
Vidu::3Cu + 8HNO; (lodng) ——— 3Cu (NOs)2 + 2N O + 4H20
0 +6 +3 +4

2Fe +6H,90, (dic) — > Fea(S0,)g + 330, T + 6H20
2.2.3. Téac dung véi dung dich muai
Kim loai hoat dong khtr dugc ion kim loai kém hoat dong hon trong dung dich mudi thanh kim loai tu do.

0 +2 +2 0
Vi du: Fe + CuSO; — FeSO4+ Cuv

2.2.4. Tac dung véi nwéc
- Nhirng kim loai ¢6 tinh khir manh nhu Na, K, Ca,... khir H2O dé dang & nhiét o thuong.

0 +1 +1 0
Vidu: 2Na +2H20 —2NaOH + Ho T

- Mét s6 kim loai c6 tinh khir trung binh, nhu Zn, Fe..., khir dugc hoi nuéc & nhiét do cao.

Vi du: 3Fe + 4H,0 — 5 FesOq + 4H,

- Nhitng kim loai c6 tinh khtr yéu nhu Cu, Ag, Hg, ... khong kha duoc H20, du & nhiét do cao.
3. Cac phwong phap tach kim loai

San xuat kim loai bat dau bang viéc xir ly quing dé chiét xuat kim loai, va bao géom hdn hop kim loai dé
tao ra hop kim. Hop kim kim loai thuong la su pha tron cua it nhat hai nguy@n té kim loai khac nhau. Tuy
nhién, céc yéu té phi kim thuong dugc thém vao hop kim dé dat duoc cac tinh chat phu hop cho mét tng
dung. Nghién ciru vé san xuat kim loai dwoc chia thanh luyén kim sét (con dwoc goi 12 luyén kim den) va luyén
kim khong sat (con goi la luyén kim mau). Luyén kim sat bao gdm cac qué trinh va hop kim dua trén sat trong
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khi luyén kim mau bao gém cac qué trinh va hop kim dua trén cac kim loai khac. Viéc san xuat kim loai sit
chiém 95% san luong kim loai thé gigi.
3.1. Phwong phap thiiy luyén

- Phuong phap thiy luyén con goi 1a phuong phap uét, duge ding dé didu ché nhimng kim loai co do hoat
dong hoa hoc thép nhu Au, Ag, Hg, Cu...

- Co s6 ctia phuong phap nay 1a dung nhitng dung dich thich hop, nhu dung dich H,SO4, NaOH, NaCN...dé
hoa tan kim loai hodc hop chit cta kim loai va tach ra khoi phan khong tan c6 trong quing. Sau dé cac ion
kim loai trong dung dich dugc khwr béng kim loai ¢6 tinh khir manh hon, nhu Fe, Zn...

Vi du 1: Nguoi ta diéu ché Ag bang cach nghién nho quing Ag,S, xir 1i bang dung dich NaCN, rdi loc dé
thu duoc dung dich mudi phirc bac:

AQ2S + 4NaCN — 2Na[Ag(CN).] + Na.S
Sau d6, ion Ag* trong phirc dugc khir bang kim loai Zn:
Zn + 2NaJAg(CN)2] — Naz[Zn(CN)4] + 2Ag
Vi du 2: Vang (gold) 13n trong dat d4 c6 thé hoa tan dan trong dung dich NaCN cuing voi oxygen ctiia khong
khi, dugc dung dich mudi phirc cia vang:
4AuU + 8NaCN + Oz + 2H20 — 4Na[Au(CN).] + 4NaOH
Sau do, ion Au®* trong phirc dugc khir béng kim loai Zn:
Zn + 2Na[Au(CN)z2] — Naz[Zn(CN)s] + 2Au
3.2. Phwong phap nhiét luyén

- Phuong phép nhiét luyén dugc tmg dung rong rii trong cong nghiép dé dicu ché nhiing kim loai c6 do
hoat dong hda hoc trung binh nhu Zn, Cr, Fe, Sn, Pb, ...

- Co s6 clia phuong phap nay 1a khir nhitng ion kim loai trong cac hgp chét ¢ nhiét d¢ cao bang cac chat
khir manh nhu C, CO, Hz hodc Al, kim loai kiém hodc kiém tho.

Vidy: PbO+C ——» Pb+CO
Fe,03 + 3CO — 2Fe +3CO;
WOs + 3H; —%—> W + 3H;0
TiCls + 4Na —"— Ti + 4NaCl

V205 +5Ca —“— 2V +5Ca0
Céc phan tng dung kim loai kiém va kim loai kiém tho lam chat khir déu phai thuc hién trong moi
trueong khi tro hodc chan khong.
- Trudng hop quing 1a sunfua kim loai nhu Cu,S, ZnS, FeS;. . .thi phai chuyén sunfua kim loai thanh oxide
kim loai. Sau d6 khir oxide kim loai bang chat khtr thich hop.

Vidu véi ZnS: 2ZnS + 302 —% 5 27n0 + 250;

Zno+C —“»27Zn+CO
- D6i v6i kim loai khé nong chay nhu Cr, ngudi ta dung Al lam chat khir (phan ng nhiét nhém
(aluminium)). Phan tng nhiét nhém (aluminium) toa nhiét manh, lwong nhiét tao ra duoc sir dung dé dun
nong chay Cr203, nho vay giam dugc chi phi cho nhién li¢u:

Cr0s + 2Al —“— 2Cr + Al,0;
- P6i voi nhimng kim loai kém hoat dong nhu Hg, Ag chi can d6t chay quang ciing thu duge kim loai ma
khong can dung chét khir
HgS + O, —%» Hg+ SO>
3.3. Phuwong phép dién phan
- Phuong phap dién phan 1a phuong phap van ning, duoc dung dé diéu ché hau hét cac kim loai, tir nhiing
kim loai ¢6 d6 hoat dong hoa hoc cao dén trung binh va thép.
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