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|. CAC LOAIl LIEN KET TRONG TINH THE

Cac nguyen to khi tien lai gan nhau fie talo thanh tinh
the — Co so toéong tac gida chung — Nang 166ing
cua toan he giam. No giam nang 160ng nay xac fionh
nang 166ng lien ket cua tinh the.

Nang 166ing lien ket khac nhau gida cac loai tinh the:

Tinh the khi tré:

Ejich et = 0.02 — 0.2 eV/nguyen to
Tinh thé kim loai kiem:

Eicn ket = 1 €V/nguyen to
Tinh the nhom 4 nho Ge, Si:

Ejicn ket = 4 ; 5 — 7,36 eV/nguyen to




. BAN CHAT CUA CAC LOC TOONG TAC TRONG TINH THE
Khi cac nguyen t6 lai gan nhau, gida cac nguyen
td co the co cac t66ng tac:

00ng tac hap dan.

Toong tac ta0.

00ng tac tonh nien.

Neu hOp cac toong tac o lam nang 160ng he giam
— |0ic hut gida cac nguyen td se thang — tinh
the G fionh.

Neu hOp cac toong tac no lam nang I60ng he tang
— |6c flay thang — tinh the khong hinh thanh.




*Gla so xet toong tac gioa hal nguyen to gan nhau nhat cach
nhau 3 A
+ VOI nguyen td nang nhat co A = 250 nang 166ng hap dan
vao khoang:
Unap gan ~ 2:4.10%2 eV
+V0I cac nguyen t0 co momen td cO ban bang magnetron
Born nang 166ng toong tac:
Uy ~-7.10°eV
+ VOI cac nguyen t6 co filen tich e: nang 160ng hut tonh
dien: o?
Uﬁiezn = Uhu,t e T ~-oeV
*Nh0 vay:
U

Alen

| >> Utc'j: ?> Uhap dan _
*VVay nguon goc Zen ket chinh trong tinh the la t6ong tac tonh fAien.




TUONG TAC TONH NIEN
T66Ng tac tinh Aien trong tinh the gom:
TO0ng tac hut va tdéng tac Aay

» TO0Nng tac hut gida cac nien tich trai dau:
electron — hat nhan

2
e
Uhult -

r

» T00ng tac fay gida cac fien tich cung dau:
hat nhan — hat nhan: electron — electron

U _ A
hay — ~

r
Trong fio: A, n = hang so, n >> 1; r : khoang cach gita hai

nguyen to.




Vay: Nang l60ng t6ong tac gida hai nguyen to gom:
U(r) = Unue + Upay

Khir=r,,U(r,) = U, U (1)
= r, = khoang cach thoc -,
gida hai nguyen td gan nhau
nhat trong tinh the.

Khir—>0:
UIﬁajy >> U, = U(r) > o

Khir—
Usay << Up=0= U(r) — 0

U




2. CAC LOAI LIEN KET TRONG CHAT RAN
SO khac biet gida cac loai lien ket trong chat ran la
do s6 phan bo cua cac nien td hoa tr0 cua cac
nguyen to.
Khi fida cac nguyen td lai gan nhau fie tao tinh the
chat ran, chung co so phan bo: lai cac fnien to trong
cac nguyen t6. Qua trinh nay thoa fieu kien:

+ Bao toan fiien tich cua he.
+ XU hdong sao cho cac nguyen td co l0p vo ngoal
cung nay e-.
Tuy theo so electron hoa tro cua cac nguyen to ma
chung co the phan bo lai electron bang cach:
nhoong, hay thu, hay gop chung cac electron hay chs
bien dang cac 10p vo




CAC LOAI LIEN KET CO BAN TRONG TINH THE
1-Lien ket Van der Waals
Lien ket yeu gida cac nguyen to trung hoa boi tdong tac
Van der Waals — London do soi thang giang trong phan
bo fiien tich cua cac nguyen to.
2-Lien ket ion
Cac nguyen t0 trao foi fiien to hoa tro vOi nhau fiel tao
thanh cac ion (+) va ion (-) — lien ket bang 16ic hut tonh
Nien cua cac ion trai dau.

3-Lien ket long hoa tro

Lien ket gida cac nguyen to bang cach gop chung cac
electron hoa tro — Cac nguyen td trung hoa co sdi phan
bo electron chum len nhau mot phan.

4-Lien ket kim loai
Cac electron hoa tro A60c giai phong khoi nguyen to va

co the di chuyen td do trong tinh the. Cac ion (+) AGOC
nam O Vo0 tri nut mang.




1. VI DU MINH HOA CHO CAC LOAI LIEN KET
TRONG CHAT RAN

1. TINH THE KHI TRO

A. NIEN HINH
Cac tinh the khi tr6 nh6é He, Ne, Ar co 16p vo fien td hoa tro
noan toan nay, nang I60ng ion hoa rat lon, nang 160ng lien
ket giba cac nguyen td rat yeu, khong iiu lam bien dang cac
Op vo electron cua chung
— t00ng tac chu yeu Van der Waals — London




Xet hai nguyen t6 1 va 2 cach nhau mot khoang r nhu hinh.

Nguyen to 1 Nguyen to 2

E<@

pl > p2

&
< »

r

Toong tac van der Waals — London

Gia sd & thdi fliem t, nguyen td 1 co momen 166ing coc fien

toc thoi la P, — sinh ra mot fiien trodng E co o 10N tai tam

cua nguyen to 2 la:




Momen I60ng coc flien cam ong tai nguyen to 2 la P.:

Trong no a = no phan coc nien
The nang todng tac gidia hai momen P, P,
1 F.ﬁz EGERIGYE

U.(r) =
R () Ang | 1 e
Vi P /I B, nen:

e

1 {PIPZ_BPlr.PZr}__ 2PP, 1 4oP]
0

Ul(r): 47’[ 3 5

I I
c

r6

Nguyen to cang gan nhau lien ket cang manh = Too0ng tac
Van der Waals — Lon don = fiong val tro chinh trong cac
lien ket cua cac tinh the khi tro.

6

€ 4re, I Ame, I

U,(r) = U, =- —> T60Nng tac hut




Khi fida cac nguyen td lai gan nhau hdn — co
them td6ng tac fiay co dang:

A
Uiav = =

hay r

The nang toong tac toan pr&ajn: A
U(r) = Un(1) + Upy() = -+ 5

Hay : U(r) = 4¢ {(fj —(fj }: The Lennard — Jones

Trong fio: C =4ec%; A =4ec?? la cac hang so ddbdng




The Lennard — Jones

Vay: Toong tac Van der Waals — London fiong vali tro
chinh trong lien ket cua cac tinh the: khi tro.




B. MOT SO TINH CHAT CUA
TINH THE KHI TRO

> Lien ket cua tinh the khi trd la lien ket Van der
Waals — toong tac hut — xu hddng cac nguyen
t0 keo ve minh so cac nguyen to lan can toi fa.

— Tinh the co cau truc xep chat: lap phodng tam
mat cho fna so tinh the khi trd, va luic giac xep chat
vOi tinh the He.

> Cac tinh the khi tr6 la chat flien moi trong suot co
nang l60ng lien ket nho va nhiet nho nong chay
thap, de new.




Nang 166ng lien ket cua cac tinh the khi trd
Gia so tinh the khi trd6 la mot tap hdp cac nguyen t6 nam tai
nut mang, bo qua fiong nang cua chung
— Nang 100ng t60ng tac cua nguyen t6 nam tai goc toa o
vOi cac nguyen td con lai i trong tinh the la the nang:

U=2 U()

VOi: T = Nyd; + N,a, + N5,
=R : khoang cach gi0a hai nut lan can gan nhat.
Né'ng\llérdng tong cong trong tinh the co N nguyen to (toc la
CoO — cap nguyen t0) bang tong nang I60ng t60ng tac cua

cac cap nguyen to N.U

— Nang 166ng toong tac tinh tren mot nguyen to la:
1 NU U

U=




Mat khac, theo the Lennard _ Jones ta co:

- 12 - 6
Nat L =vR U(r) —4¢ () _(j
I I

el
~oraafg) (R

Voi A, = i(lJ
i=1 \ Y]

5377)




A phu thuoc — Loai mang tinh the van.

Khin—o: A — solan can gan nhat.
VD: mang lap phdong tam mat A = 12.

Khi n giam — A, tang vi co sO fiong gop

cua cac nguyen to 0 xa hon.




Khoang cach can bang R, gida cac lan can gan nhat R00C
tinh t6 nieu kien: oU

R s n

=0

o

oU _,, | Apo12 A6
Rl RT RS

%

12A,6% 6Ac°
— R 1 - RS —
0 0

Ket qua li thuyet nay phu hop tot voi ket qua thdc nghiem

noi voi cac nguyen to co khoi I60ng 1on, con Aol vOiI cac
nguyen to co khoi 166ng nho thi co so sai khac fiang ke.
Nguyen nhan la do bo qua nong nang cua cac nguyen to.




Nang 100ng lien ket can bang

| 2A | N c
The R, = / O vao cong théc: u = 2¢ {%(R
ta tinh A66C nang 166ng lien ket can bang:

12 6

A, Y
2A12 . 2A12

O

6

2 2 2
Uo:28|:A6 — A6 :|=— A6 e =-8.6¢
A4A, 2A., 2A,

Ket qua nay cung phu hop voi ket qua théc nghiem fioi voi
cac nguyen to co khoi 160ng lon.

Khi khoi 166hg giam — co sO sal lech nhieu voi ket qua
thoic nghiem.

Nguyen nhan la do bo N0 ng cua cac hguyen to.




No cong cua tinh the B
No cdng B cua tinh the la so fio cua nang 16dng can fie lam
bien dang tinh the. Tinh the co B cang 16n thi cang cong.
Nghoch fiao cua B la fiol nen cua tinh the.

Theo nonh nghoa: SEEAVA 2—5

Voi: V lathe tich cua tinh the;; P la ap suat.
O nhiet fio T = 0°K, ap suat id6c tinh:
oU 0°U

=- = V.
P N B N7

Ta co: Nang l60ng cua mot hat: u :N_) U =Nu

The tich cua mot hat: v = N_) \VA=2\\Y;

. a(auj:Nv 0 {a(Nu)} o

oV \ oV O(NV) | 8(NV)




VoI mang lap ph6ong tam mat, mot o ma‘w’ng choa 4l
hat va ta coi the tich cua moi hat gan fiung la bajng—

the tich o' mang: a3
V =
a4

Mat khac, khoang cach gida 2 hat gan nhau nhat la:

R = %—)a R 2

3 (Rﬁ)g:RTg BN dv:%S.RZdR
2

— B =

R O (8u aRj

J2 ' ov 6R ov




3= Sl R R
[o(ou V2)orR
OR| 0R 3R? | ov

(_@Zu J2  au a[ﬁj_

. +—.
OR* 3R* OR OR| 3R?

RS a[au ﬁ)

3 |3R?0R* 3 R® OR
J2 0%u 242 éau
" OR 0R? 9RZ 0R
1 0% 2 auj

:R{ﬁ o’u 2 2 @u}

ROR?2 R2 4R




O khoang cach can bang, nang 166ing la céc tieu nen
ta co:

ou
oKhiR=R_ : =| =0
' R|pn

«/_@u

B, = 9R, aR2

2A 5

VOIR,=§ A O; U=2¢
6




2. TINH THE ION
A. NIEN HINH
» La cac Halogen kiem: NaCl, LiF, CsCl, ...
» Cac nguyen to kim loail kiem co mot electron
hoa tro (VD: Na), con cac nguyen to Halogen co
7 electron hoa tro (VD: CI).

+ Nguyen t0 Na nhodng 1 electron hoa tro — 1on
Na* co 8 electron 6 10p vo ngoai cung.

+ Nguyen td Cl nhan 1 electron hoa tro — ion CI-
co 8 electron 0 10p vo ngoai cung.

— Llen ket ion




B. TINH CHAT
Toong tac gida NaCl la toong tac hut tonh
Nien gida cac ion trai dau.
—Lien ket manh, khong co electron toi do.

—Cac tinh the lien ket ion khong dan fien o
nhiet no thap, 0 nhiet no cao no dan nien
tang.

—Co fiiem nong chay cao, fiol cdng 16n, hap thu
hong ngoail.




NANG LOONG LIEN KET
NANG LOONG MANG U,,

e Ne fi6n gian , ta dung mo hinh cau truc cua 1
tinh the ion hoa tro | : NacCl

e U,, la nang 166ng can chi fie tach tat ca cac hat
trong mang ra xa vo han.

e U,, la 1 fiai 166ng fac tréng trong tinh the lien
quan tdi cac tinh chat cua tinh the: fio nen, fio
gian no nhiet, nhiet no nong chay, no ben co
hoc...




THE TAC DUNG CUA CHUOI MANG LEN HAT X

The tac dung cua nda chuoi mang len hat x
2 2

<|>1=k(—‘;+

e

e e
= ¢, = —@, — =-0,6935—
(|)1 Pq R n

—> the nang tac dung cua ca chuoi len x bang 2 lan
the nang tac ating cua nda chuoi len x.




HE TAC DUNG CUA MAT MANG LEN X

The tac dung cua néa mat mang len Xx:
2 2 2 2 2
¢, = K( »
R Rf R\f 000
000

= §, a2 ) o008
R 000

V2 5
e’ e? O0®
R R
— The tac dung cua ca mat mang len x bang 2 lan
the tac dung cua n0a mat mang len x.




THE TAC CUA MANG KHONG GIAN LEN X

The tac cua nda mang khong gian len Xx:

eZ 2

e
= (¢, =—@, — =—-0,0062 —
O3 =—0; R R
— The tac dung cua ca mang khong gian len x
bang 2 lan the tac dung cua nba mang len x.

Do fio, the cua toan mang tinh the: tac dung len
X:

¢ =2(9; + Oyt 3)




Nang 160ng mang khi

| mang co N, hat IaJ

UM:'NA¢:2\|A((P1+(P2+(P3)—

Nat: oy, = 2(p, + ¢, + ¢5) = hang so Madelung

—Nang [60ng mang :

ay, la mot thdéa so hinh hoc, cac vat chat khac

nhau, nhong co cung
nhau.

cau truc thi co o, giong




— Nang loong lien ket tren mot 1on:
2 2
e

e
U=op\—~=17476—
R R
+ Nang 166nhg mang cua 1 hop chat ion voi hoa
tro ion bat ky Z,, Z, la:

2

U =aMNAzlzz%

— Nang loong lien ket tren mot ion:
2
e
R




NO CONG CUA TINH THE ION

TooNng to, ta co the tinh A66c fo cdng cua tinh

2
5 _ oce4(RO _Zj
18R, \ p

the ion:

VOI p = const co thd nguyen la Adn vo chieu
dai.




3.TINH THE NONG HOA TR0
A. NIEN HINH

Cac nguyen to thuoc nhom IV trong bang phan loali
tuan hoan nho Ge, Si, C ...

Moi nguyen to nay co 4 electron hoa tro, khi lien ket
vOI nhau chung gop 4 electron hoa tro voi 4 nguyen

to lan can tao thanh 4 lien ket fiong hoa tro — moi
lien ket co 2 electron hoa tro.

= LIEN KET NONG HOA TRJ(
Quanh mot nguyen td bat ki co 4 nguyen to lan can
nam tai fiznh cua hinh to dien ma nguyen t0 fiang xet
nam 0 tam cua t6 dien fio — kieu mang kim c66ng.




B. TINH CHAT
e Lien ket nong hoa tro manh.
e E, khoang bang nang l0ong lien ket cua
lien ket ion.

e Nac fiiem noi bat cua lien ket fiong hoa tro
la tinh fionh h6dng cua tinh the.

e Co nhiet no nong chay cao, o ran va no
ben cao, no deo thap, no dan nien thap o
nhiet no thap.




4. TINH THE KIM LOAI
A. NIEN HINH
e La cac nguyen to nhom 1 trong bang phan loal
tuan hoan. VD: K, Li, Na ...

e Moi nguyen td cht co 1 electron hoa tro lien ket
yeu VOl 1on.

e Khi cac nguyen td lai gan nhau tao thanh tinh the,
electron hoa tro thoat khoi nguyen td (vi ham song
phu nhau) trd thanh cac electron t6 do trong toan
mang tinh the — Cac electron dan.

— LIEN KET KIM LOAI




B. TINH CHAT
» Co tinh dan fiien tot.
» Nang 160ng lien ket nho so vOiI nang 100ng
lien ket ion.
» Khoang cach gioa cac nguyen to téong noi
Ion — cac ion 0 nut mang co the dich

chuyen t60ng foi xa ma khong b pha v lien
ket — No deo cao, de uon, dat, keo sOi.

» Kim loal nang co lien ket chac chan
— nhiet no nong chay cao, no ben co hoc lon.
» Cau truc: cac nguyen td co xu hoong keo ve
minh toi ha cac nguyen to khac
— hinh thanh cau truc xep chat: lap phoong




VI DU
Cu = lap phoong tam mat
Mg = luc giac xep chat.

Mg = lap phoong tam khoi




