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Nhiét dung cda chdt ran

< Nhiét 12 ning luong dudc chuyén tir mot vat nay sang vat
khac khi chung ¢c6 nhiet d6 khac nhau. Nhiét dugc chuyén
vao vat 1am thay doi ndi ndng ( ning lugng toan phan - dong
ning va thé€ ning ) cda nod .

+* Dinh luit th nhat cua Nhiét dong lyc hoc :
dQ = dU - pdV

< Nhiét dung 12 nhiét lugng can truyén cho vat d€ lam ting
nhiét d6 cua nd 1én mdt do :
AQ AU
Y AT AT

Nhi¢t dung cua chdtrain C,_; = Chang + C dt.;l




Nhiét dung cda mot s6 chdt o T = 20 °C

Chat (20°C) |c [J/emK] ¢ [J/mol K]

Bismuth | 0,123 | 00294 | 257
bong | 038 | 00923 24,5
Pongthau | 0380 | 0092 | ..

vang | 0126 | 0,301 25,6
cm | o128 | 0,0305 | 26,4

Bac | 0233 | 00558 | 249
I 0,134 | 0,0321 | 24,8
0.387 0.0925 252
IThuy ngan || 0,140 | 0,033 | 28,3
Alcoholethyh | 24 | o058 | 1m
INusc | 4186 || 100 75,2
Nwscdic100) | 205 | 049 | 369
Gramit | o790 [ o019 | .
Mhaynh | o84 [ 020 | .




Nhiét dung riéng ciia dong bang 0,093 cal/gm C ( hay 0,389
J/gm C) va ciia Chi bdng 0,031 cal/gm C (hay 0,13 J/gm C).

C6 thé rit ra nhitng nhin xét sau :

Su khdc nhau chii yéu la do chiing dugc biéu thi bdng ndng
lugng trén don vi khoi lugng.

Néu tinh theo ndng luong trén mol, chiing gan nhu bdng
nhau. Sy tuong tu cua nhiét dung cua 1 mol kim loai la not
dung cua dinh ludt Dulong and Petit.



) 1 mJ =239 .10% cal
Két qud thuc nghiém:
* O nhiét do cao : lcal=4,184]
Dinh luit Dulong - Petit ( C, = 3R = 6 cal/mol.dd = 25,1 J/mol.do)
* (J nhiét do thap : v6i chat dien moi C ~ T3
v6i kim loai C, = yT trong d6 y = 104 cal/(mol.d6? )
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Nhiét dung cda mang tinh thé

Tinh nhiét dung ciia mang tinh thé
Cdc nguyén t¢ trong chit rin dao ddng chung quanh vi tri
can biang dudi tic dung cia luc Hookes ( F = -fx).
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[Eexp(—E/KT)dE

Khi E iéntuc <E>=
j exp(—E/kT)dE

Tinh nang luong

trung binh E _E/KT
Khi E gidn doan <E >= ZZ ex;z( E//kT))
exp(—




1. Ly thuyét cd dién

* M6 hinh :

® Modi nit mang 12 mot dao dong tir (DPT) di€u hoa.
® Tinh thé c6 3N DPT diéu hoa

* Tinh nhiét dung :

Ning lugng trung binh ciia mdt DDT di€u hoa

E = imv2 +£ma)2x2
2 2



Ning lugng trung binh cia DPT khi cAn bang nhiét ( tinh theo
phan b6 Boltzmann ) :

2 2.2
EJ‘J‘(VZ + cozxz)exp— m(v" +o7x") dxdv
2 5 2kT
<E>= =
I I exp— m(V 212;0 ) dxdv
0
vaz XD mv? Tmcozx2 exp_ Mo’ x>
> TP o P ok
0 n 0
T mv? T mo’ x>
jexp— dv j exp—
7 2kT 9 2kT

Trong DDT di€u hoa dong ning trung binh bing th€ ning trung
binh nén

<E>=2<T>=2<U>



bat

2 2
U = ﬂ hoé_c 1y = mao Xx
2kT 2kT
1 [2kT
" kT du

:2 m\/;

Iul/z exp(—u)du
<E>=2kT -2

Iu_]/z exp(—u)du
0




Theo dinh nghia va tinh chat cia ham Gamma

['(n) = jxn_l(exp— x)dx

0
I'(n)=(n—DI(n-1)
I(1/2)=+n
=) < E>=2KT [G72) =2kT \/E = kT
I'(1/2) e

Ning lugng U cia hé gom 3N DDT di€u hoa U = 3NKT
Nhiétdung C, = dU/dT = 3Nk
Nhiét dung cia mdt mol
C =3N,k = 3R ~ 6 cal/(mol.do)



2. Ly thuyét Einstein :

Albert Elnsdein 187 1955

Einstein (1907): ¢ If Planck’s
theory of radiation has hit upon
the heart of the matter, then we
must also expect to find
contradictions between the present
kinetic molecular theory and
practical experience in other areas
of heat theory, contradictions
which can be removed in the same
way.”



DPinh luat Rayleigh -Jeans , ra ddi trong nhitng nim dau ctia thé
ky 20, bi€u thi mat do ning lugng clia bifc xa cla vt den véi
buGc song A

f(N) = 8k

Nam 1900 Max Planck suy ra dinh lult

Sthe 1
f("}"} B }\5 hc

eAakT — |




Ning luong trong don vi thé tich
trén don vi buGc sOng

A

|
L]

(Y
*

Cong thuc
buc xa Planck

Sthe

FO) = =5

*“Tham hoa tf ngoai”

* Dinh luat
+ Rayleigh-Jeans

eAeT — |

Budc song ( nm
\

v



_ Pinh lud

Cuong do buc xa

DPén “thdm hoa t ngoai”

ayleigh-Jeans

8mv 2
EE

KT

(0

\)6 8

J tan sO thap
2 dudng trung
nhau

Pinh luat

Planck
Sy 3 iy
3 hv
C” kT -1




Ly thuyét Einstein :

* M6 hinh : chit rin 12 mot tAp hgp 3N DDT diéu hoa doc
1ap , ¢ cling tAn sd v. Ning lugng cia mbi DPT thay doi nhdy
bac E_ =nhv v4inla sd nguyén .

* Tinh nhiét dung :
Khi cdn bdng nhiét, ning lugng trung binh clia mot
DDT di€u hoa

B nhv

inhve KT _hv _2hv _3hv
<E> 5 _hv(e kT +2¢ KT 43¢ kT 4 )
e _nhv _hv 2hv o 3hv
de KT (1+e kT +e kT e kT 4 )
n=0
:hviLn(1+eX+62X+e3X+ ...... ) hv
dx =
1 h
=hv d Ln W kT

dx 1-e* e*-1



Ning lugng U cia hé gom 3N DDT di€u hoa

hv
hv
ekl —]

U =3N

® J nhiét dd T cao, kT >> hv

hv
kT _j=p4 ¥ v v
KT kT KT

nén U = 3NKT , trung vSi két qud c6 dién



® J nhiét @0 T thap, kT << hv

h
<E >=hv exp——V
KT
C=-L AN <E>)~ 3Nk 2 exp- ¥
dT KT KT

Bing cich 1am khép tot nhat véi két qud thuc nghiém cé thé
x4c dinh tan sd v .

Ly thuy€t cua Einstein cho phép gidi thich :
1. C khong d6i & nhiét do cao va gidm khi ha nhiét do T
2. C nhd hon 6 cal/(mol.dd) & nhiét 3o phong cia mot s
chat nhu B, C.



C = 3NK(Y)2 exp— 1Y
KT KT

Theo mau cta Einstein , &

nhiét do thap C, gidm theo
nhiét do theo ham

hv

eXP(—ﬁ)

nhanh hon két qua do dudc
bing thuyc nghiém.

&y cal/deg grom atom

"~ Ly thuy€t Einstein |
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DPiém thuc nghiém
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3. Ly thuyét Debye

* Mo hinh :

» J nhiét d6 khdc 0 K, cdc nguyén ti trong
mang tinh th€ dao dong quanh vi tri cAn bing.
Do ¢6 su tuong tic manh giita cac nguyén tr ,
dao dong xuat hién & mdt hat dugc truyén sang oo w
cho hat bén canh : trong tinh thé xuit hién

chuyén dong tap thé dudi dang séng dan hoi bao

gdm tit cd cdc hat cla tinh thé.

(@) (b}

oy

J.J' . ’j)f:)




= Tinh thé 12 mdt mdi trudng tdn sic : gilfa tAin s6 v ( hay ® )
va sO séng q clia cic song co hé thic tdn sic

®=qv
trong d6 van toc v, néi chung , phu thudc vao budc séng.

= Chuyén ddng tap thé d6 c6 thé bi€u dién bing cic dao dong
chudn cia mang.

= SO dao dong chudn c6 thé xuit hién trong mang bing s6 bac tu
do clia cdc hat trong tinh th€ ( = 3N vSi N 13 s6 hat tao nén tinh
thé ).



= ChAtrin gom cdc DPT doc lap trong d6 mot DDT khong
phai bi€u thi cho dao dong clia tirng gdc nguyén t& nhu
trong mau cla Einstein ma bi€u thi cho dao déng chudn ciia

toan tinh thé.

= Tinh thé c6 N nguyén t& c6 3N dao dong chuin ( 3N
DDT ) trong d6 N dao ddong doc va 2N dao ddng ngang .

= Ning luong trung binh cia mot DPT vdi tan sO v bing
hv
<Ek,6 >=
hv

exp———1
%




* Tinh nhiét dung :
Ning luong clia mang tinh thé chi't rin :
U = tOng ning lugng cia 3N DPT
= tong N.L ctia DPT doc + tdng N.L ctia DPT ngang

hv, hv,

hv, i hv,
exka -1 exp

hv,y :ivl hv,

—1 exp——+—1 = exp};c‘]/f—l

U =

Cé6 hai cach d@é tinh U.

’ ’ . A A R, e A
Cach 1 : Xac dinh 3N tan s6 v d€ tinh tong trén.
A A A A , A , A A N A A
Do mot s6 dao ddng chuin co6 thé c6 tan s trung nhau , nén dé
tinh U can xdc dinh su phdn bo theo tan sé ciia cdc dao dong
A
chudn.




X4c dinh sy phan bo theo tan sé cia cac dao dong chuan

Khi tinh thé 1a hitu han ( cdc canh dai L, , L, va L, ), 4p dung
diéu kién bién vong cho ham séng

expiq(r+L)=expiqr
dan dén sv gidn doan cda q :

2z
q, _L—xnx
g = 2r .
y Ly y

2z
qZ _L—nz

trong d6 n_, n, va n 1a cdc s6 nguyén dudng va Am.

Ko o, . ')y . , . A A A
Mbi gia tr1 cua g, (1=X,Yy, z) xadc dinh mdt dao ddng chuan
vG1 moOt tdn sO va buGdc song nhat dinh.

4=~q.+q.+q’



Xét trudng hgp don gian :
+ mAu tinh thé cé dang l4p phuong vSi canh bing L
+ tinh thé 12 moi trudng ding huéng
+ van tdc truyén cla cic séng dudc 14y bing mot gid tri
trung binh v_khong d6i nao dé.
Vi cac gid thi€t trén, hé thic tdn sic thanh
27

W, =V =V, —n= v—n+n+n
o4, 7 \/( 2

Tir day, ta thdy ¢c6 6 DDT ¢6 tan s6 », , 12 DDT c6 tan sd m,, 8
DDT c¢6 tan s6 o;, 6 DPT ¢6 tan s6 m,, 24 DDT ¢6 tin s o, ....

0 86/ 6' 5 O
5 t8 h(jp= ( ) 2(30 o= 0)

(sO 0 trung)!

3]
Vidu: 210 022 24




Trén hinh , sy phian bo theo tan sd cia cdc DDT cé dang bic
thang ( du6ng mau xanh ).
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56 dao d6ng 1

Lam theo cdch nay cho d€n khi s6 DDT = 3N sé& dudc tit cd
tan sd can d€ tinh U



Cé4ch 2 : X4c dinh dudng cong lién tuc bi€u dién su phu
thudc cia tan sd theo s6 DPT.

Xeét khong gian . Cac gia tri dugc phép cua q xac dinh vi tri cia cac
nit cia mot mang. O nguyén td cda mang nay c6 dang ldp phuong

vGi canh bing (2n/L)

Mbi gid tri dudc phép cia q ( xdc dinh 1 tan

s6 ctia DPT ) chi€m 1 thé tich bing :

27T,
(T) B 7
trong d6 V 12 thé tich cda tinh thé .

Trong khong gian q, quy tich clia cdc diém c6 cling mot gid tri q 12
mot mit cau c6 ban kinh bing q .

Thé tich cda hinh cdu = (4/3)nq? .

S6 gid tri dugc phép clia q chia trong thé tich hinh ciu

Arg’ /3 Y 27 3N
N(q) = % s =T
IV 6r L\ 4rn

N(q) chinh 12 s6 DDT ¢6 s6 s6ng nam trong khodng tir 0 dén q.
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4rnq’ /3 Y
8n’/V  6r’

Tu N(q) = q’ ()
va hé thic tdn sic , c6 thé suy ra sd DPT N(v) c6 tan sd nim
trong khodng tir 0 dén v

4

N(V) — V—3V3

3v
S6 DPT c6 q nim trong khodng q dén gq+dq c6 thé x4c dinh
bing cdch 14y vi phan (*):

V

o’

dN(q) = —q°dq (%)

Tu (**) , s6 DPT c6 tan sd nim trong khodng v d€n v + dv

4
dN(v) = V—? vidv
v

0)



Mat do trang thai :
dN(v dN
2R g(q) = @
dv dq

Vi dN(v), dé tinh noi ning U clia hé, c6 thé chuyén tong
sang dang tich phan:

g(v) =

U= hv, hv, +o hVay :3ZN: hv,
exphvl -1 exp hv, -1 exp "V i=1 exphvi -1
k kT kT kT
hv e hv 4m
U= dN(v) = j V—-vidv
hv hv Vv
exp— —1 O exp——1 "o
kT kT
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Su phan bd clia mat dd trang thdi g(®) theo tin s6 clia mode
chuan cho nhom.

Pudng lién nét suy dudc tir cic phép do tdn xa tia X va dudng
chdm cham 12 gin ding cia Debye.



Pal PaY / / N\ /{) A ° ~
Dao ddng am déng gép vao tdng ndi ning cua mang.

4 V max h
U= V—Tc j v vZdv
3 hv
°© 0 exp——1
kT

s N YA ~ . ? A A s A
trong do v__ la tdn sO cuc dai cua dao dong chuan. v__ co thé
xac dinh tu

Vmax

j dN(v) = 3N

0

Thay bi€u thic ctia dN(v) vao, tinh dudc tan s6 cuc dai

/ 9N
Vmax — 3 VO
47V




~ A e -
Tong ndi ndng cua mang :

41 hv

_4n max )
U=V 3 _([e 0 1v dv
O X -
ka
hv
X = ——
Pit kT
hvmax ®D
XmaX: —
kT T
41V e 3 dx
U 3.3 k4T4 I X
hv: e —1




4nV *oxPdx
3..3 k T X
hv; —1

% O nhiétdd cao: kT>>hv nén x<<1

U =

0

eX = 1+ X+xX2+xX3+ ... ~ 1+x

max 3 max 3 3
x dx 5 1 1 h”v

j - ~ j x dX — _ X3 — max

0 0

e —1 3om T3 T3
4
U= v kTvmaX
3y’
.. ON
Thay gia tricuav,_ Vioax =3 v,
47V
U = 3NkKT

N 2y ® e ~ o N
truing véi k€ qua co dién .



< O nhiét do thap: x >> 1

4
_ ouU _ 127 Nk( T )3 z234Nk(®l)3

C
YT 5 0, S

G nhiét do thap, nhiét dung cla mang tinh th€ C ~ T3 phi hop
vG1 thuc nghiém.



Ly thuyé€t Debye

Ly thuyét Debye cho két qua phi hgp véi nhi€u loai vat liéu
khac nhau

T 1T T 1T T 1°T 1T 1T 1T 7T T°"7T1
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oU 12n*Nk T T
=— = (—)° = 234Nk(—)’
T 5 0, 0,
Trong cong thic trén chi chita mot thong s6 chua dudc xdc dinh

®., dudc goi la nhiét d) Debye.

Cy

Nhiét d6 Debye c6 thé xdc dinh bing cdch so sdnh 1y thuyét véi
két qud thuc nghiém.

Nhiét dung & nhiét do | > e
thap clia chat rin Ar Ar |/
so vGi du dodn T3 cua g Vs
ly thuy€t Debye véi ool Z
y thuy&t Deby ; —
0, =92 K ( dudng 1 AT |
lidn nét ) . -
m"’{”

’’’’’’’



Nhiét do Debye ctia mét sé chat

Chat

Be
Mg
Ca
La
Ti
Pt
v
Nb
Ta
Cr
Mo
\YY

Op (K)

1160
406
219
132
278
229
273
252
231
402
425

(379)

Chat O, (K)
Fe 467
Co 445
N1 456
Pd 257
NaCl 320
KCl 227
Cu 339
Ag 225
Au 165
/n 308
Cd 300
Hg 71,9

Chat O, (K)
Al 418
In 109
Tl 89
C (kimcuong)
1910
Si 658
Ge 366
Sn (xam) 212
Sn (tring)189
Pb 94,5
Bi 117
KBr 174

CaF, 474



Nhiét dung (J K-'mol )

3 {:I i 1 1 1 1 1 1 1 1 E 1 1 1 1 1 1 1 E 1 1 1 1 1 1 1 1 i
25 —
I Ly thuyét Debye :
! = 310K .
F TRRR - Cu Z

f :
10 1 = L‘_'i,:" thuy&t Einstein )
: /‘ b =230 K : i

| | | | | | E | | | | | | | | E | 1 1 | | 1 1 1 1 ]

0 50 100 150 200 250 300
Nhiét d6 (K)

So sanh 1y thuy€t Debye va Einstein
vGi k€t qud thuc nghiém cia Bac.

Hinh nho cho thdy chi ti€t G nhiét do
thap.

1 mJ =239 .10% cal




Phonon

Trudng va hat khong mau thuAn nhau ma thé hién hai mit clia
cung mot thuc thé. Ban chat d6 dudc thé hién trong hé thuc de
Broglie

E =hv

p=rk

Mbi hat chuyén ddng véi ning luong E va xung luong p
c6 thé dugc bi€u thi bing mot qud trinh séng véi tin sd v ( hay
® ) va budc séng A = (2n/k) .

Tuong tu, séng c6 tan s v va vectd song k ¢6 thé xem nhu mot
(14 hat (14

cO nang lugng hv

va ¢O xung lugng n{é



Photon va Phonon

= Vdi song 4nh sdng ( séng dién tir ) ¢6 tan sd v va budc
sOong A , hat do 1a photon c6 nang lugng hv va xung lugng
Mot hoc ctia vat den tuyét doi dudgc 14p day bédi cdc bic
xa nhiét cin bing. Theo quan di€m lugng t¥, bic xa d6
dugc xem nhu mot chat khi photon .

* Tuong tu, su lugng t héa cua niang lugng cua cac soéng
dan hoi truyén trong tinh thé c6 thé quan niém trong tinh
thé cé chta mot chat khi cia mdt loai hat nao dé :
phonon .



Phonon

* Phonon c¢6 ning Iugng va xung lugng.

= Khdc véi photon ( c6 thé tdn tai trong chan khong ), phonon chi
c6 trong cdc moi trudng cé thé truyén séng dan hoi.

Photon : hat thuc. Phonon : chudn hat .

* Ning lugng trung binh < E > cia mo6t DDT bing

<E >= hv

eXpB —1

) ) kT

Né€u vi€t lai cong thuc nay dudi dang <E > = <n>hv thi

1

<n>=
eXp(&)—l
, KT
la s6 phonon trung binh co ndng luong hv .
= J mot nhiét dd x4c dinh, tinh thé c6 th€ xem chita mot s&
phonon nhat dinh.



Su ddn nhiét vd nd nhiét caa chdt ran

Su dan nhiét
Ly thuyé&t dong hoc ciia cdc chat khi cho bi€u thifc clia
hé s6 dan nhiét 1
K = §CV <v>A

trong d6 c,, 12 nhiét dung ctia mgt don vi thé rich chat khi
< v >1a van tdc trung binh cia cdc phan tr khi
A 1a quang dudng bay tu do trung binh cia cac hat

Khi xem chit rdn 12 mdt hop chta khi phonon trong d6 cdc
phonon c6 thé chuyén dong tir thinh nay dé€n thanh kia va c6 thé
c6 va cham, Debye da st dung cong thitc trén vi

¢y 12 nhiét dung cda mang tinh thé

<v>1a vin td¢ truyén 4m ( vin td¢ cda phonon ) = v,

A 1a quang dudng bay tu do trung binh cia cac phonon Ap



A, dudc xdc dinh chi y€u bdi 2 qud trinh :
+ t4n xa hinh hoc ( tdn xa trén cdc miit tinh thé , sai hdng ...)
+ tan xa phonon - phonon .

Né€u gilta cdc nguyén t chi c6 luc tuong tdc dang -fx thi
cac phonon s€ khdong va cham v&i nhau. Ching la cac song cua
cic DDT di€u hoa va theo nguyén 1y chong chit, ching khong
anh hudng dén nhau khi di qua nhau.

Thuc nghiém cho thdy c¢6 tdn xa phonon - phonon. Di€u d6
chirng t6 thé ning tuong tdc gifta cdc nguyén t khong c¢6 dang
don gian U ~ x2 ma phdi chita cdc sO6 hang bic cao hon :

Ux) = ax?-bx3 - cx*.....



Hé so6 dan nhiét K ¢ nhiét do phong

Chat K Chat K
w \W%
m.” K m.” K
Al 237 K cuong 550
Cu 401 Si 137
Fe 80,4 Ge 54
Ag 407 e e
Au 296 Khg khi 0,026

N1 60 Nudc 0,61



Li || Be Mhigt 3§ Debye vd d& din ohiét B i M o F ||He
344 ||11440 || Gidi han ohiét dé thip cia ohiét db Debye [ Eelvin ) . ||2230 75
Q25| 2.00 B din ohigt 3 00K | WicmK ) 027 1.29
Ha || Iz L] 51 P a || Cl ||&x
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141 |[1.56 23714
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0.5% 017 (023|054 )| 1.32 |0.510 (117|150 (072|420 (097 (022|067 |{024 {002
Cs || Ba |La ||Hf || Ta || W ||Be || Qs || Ir [Pt |&u||Hg || T1 || P || B1 || Po || &t ||BEx
38 || 110 || 142 || 252 || 240 || 400 |[ 430 || 500 | 420 [ 240 [ 165 [[T12 |75 105 || 119 fid
0.36 0.14(023 ||058 174|048 (088|147 1072|317 044|035 |00
Fr || Ra || Ac

Ce || Pr ||Hd |[Prm || St || En || Gd || Th || Dy || Ho || Er || Tm || ¥h || Lu

200000 . (12100 . . (120 210

011|013 |0.16 0.13 011 (011 01T (016|014 (017|035 ||0.16

Th || Pa || U |[Hp || Pu || &m ||Cw || Bk || Cf || Es || Frn ||IId || Ho || Ly

163 207

0.54 022 |(0.0& 007




Su no nhiét

= Khi xem mang tinh th€ nhu mot hé clia cic DPT c¢6 thé gidi
thich hién tugng nay la do su ting cua bién dd dao dong .

= P& tinh dén do nd nhiét can xét d€n cdc sd hang khong diéu

hoa trong ham thé niing.

= P dich chuyén trung binh clia cdc nit mang ( sy thay doi kich
thudc dai ) dudc tinh theo phian bd Boltzmann :

: U(x)

I X eXp— dx
2 kT
<X >="2
I exp— V) dx
< kT
j xexp[—(ax” —bx’ —cx*)/ kT]dx
<X >= =

| expl—(ax” = bx* —ex*) / kT1dx

—Q0



Néu cac s6 hang khong diéu hoa l1a nho

_[ [exp——](x+%)dx

R ax’ (*)
_[ [exp— k—T]dx

—00

—Qo0

<X >=

o0
ax2 bx4

o ) J fexp=" I )
__[Olexp—%](x)dx=0 ) <x>="2—

2
ax
exp———|dx
-[[ P kT]

2
ax

bat u=——  ¢6 thé dua ti s6 vé ham I'(5/2) va miu s6
vé ham I'(1/2)
s ax’ bx?
_[ [exp———](x +——)dx
kT k 3 b
< X >= - ” 5 = Z—kT
ax
exp———Jd
j [exp T Jdx



Hé s6 nd dai vi nhiét o theo dinh nghia

0<X>
(x o
Xo0T

trong d6 x_ 1a khodng cdch giita hai niit mang.
O nhiét do cao, tu (*) ta cO

O<X> 3kb
a o o >
X, 0  4a’x,

- hé s nd nhiét khong phu thudc nhiét do .



Hé s6 nd dai vi nhiét ¢ nhiét do phong

4

Chat o x 109 Chat o x 100

(K1) (K1)
Li 45 Fe 11,7
Na 71 Ni 12,5
K 83 Cr 75
Cs 97 Mo 52
Cu 17.0 Ta 6.6
Ag 18,9 W 4,6
Au 13,9 Ir 6.5
Ca 22.5 Pd 11,6
Al 23.6 Pt 8.9
Pb 28.8 Ge 5.8

Si 2.5

GaAs 5,9



Nhiét dung cda kim loai

Theo két qua thuc nghiém, ¢ nhiét d6 thip (T << ©,)

C = Cmang + Celectron = OLT3 + ’YT
o 234Nk
vGi - 3
®D

Gia tri thuc nghi€m cuia y dudc cho trong Bang sau
(1 mJ=2,39.10%cal).



CT(J K2 mol)

0.006

0.005

0.004

0.003

0.002

0.001

B E 1 T 1 | 1 1 T | . E -
B CT=y+al?
- : 0.0007377
- | ] 48661 - 10°
N E 1 1 ] | ] ] | | 1 E ]

100



Gia tri cua y cua nhiét dung electron

Chat

L1
Na

Rb
Cs

Be
Ca

Sr
Ba

0] nhi€t do phong, C

electron

Y

mJ/(mol.do?)

1,63
1,38
2,08
2,41
3,20

0,17
1,3
2,9
3,6
2,7

Chat

Fe
Co
N1
Cu
/n

Al
Ga
In
Tl
Pb

Y

mJ/(mol.do?)

4,98
4,73
7,02
0,695
0,64

1,35
0,596
1,69
1,47
2,98

chi vao khodng 10! d€n 1072 cal/(mol.dd) trong

khi theo 1y thuyét cd di€n ( xem cédc electron nhu cdc hat ty do ) thi nhiét

dung C,, do electron phdi bang 3 cal/(mol.do).

Ly thuyét c6 dién khong gidi thich duoc tai sao C

vav!

electron

lai nhé dén nhu



