Chlro'ng 1A%
TINH CHAT NHIET
CUA CHAT RAN



I. NHIET DUNG CUA CHAT RAN

1. Nhiét dung
Theo dinh luat I cia nhiét ddng luc hoc:
dQ =dU - dW
Trong do:
dQ : nhi€t ndng
dU : nd1 ndng
dW : cong, dW = pdV




Nhiét dung dang tich:

_(0Q) _(dU
Cv (aij (aij

Noi ndng cda vatrin U:

U= Umang + [\Ielectron )
U ane = Néng lugng toan phén cua géc nguyé€n tu

dao dOong quanh nut mang
U = Ning luong toan phan cia cic electron

electron

— Nhiét dung cta vat rin:
Cor=C.  +C

mang electron



2. Két qud thuc nghiém
> O nhiét do phong (300°K): gid tri nhiét dung clia hiu hét
cdc chat cé gia tri khong doi 3R = 3Nk = 6 cal/mol.do.
> O nhiét do thiap: Khi gidm nhiét d0 nhiét dung gidm rd rét
va tién dén gid triCy, =0khi T =0
d Do6i v6i chdt dién moi
Cy ~T?
3 Po6i véi kim loai
Cy~T
> Khi T ting : C,, ting dan dén gid tri khong doi
3R = 3NkB = 6 cal/mol.do
0 Pién moi C ~ T3
dKim loai C~9T
vGi v ~ 10%cal/mol.dd?




A CV
| Cal/mol.K




3. NHIET DUNG PANG TICH CUA
MANG TINH THE

Li THUYET CcO PIEN
MO hinh
1 hat § nit — 3 dao ddng t¥ di€u hoa.
Tinh thé N hat — 3N dao ddng ti.

Ning lugng cua mot dao dong tu:

1
E =% mv? + > mm>x?

véi mw? =f =hé s6 cda luc Hooke



Theo phan bd Boltzman:
Khi can bing nhiét, ning lugng trung binh ctia mot
dao dong tu: E

£ - HOO Ee KTdv.dx

j = kTdv(dx )
—” (v +oo2x2)e ST dvdx
(E) = :

j j e Tdvdx

2 2,2

m(DX
e 2kTdy J‘ Mo’ X e 2kT dx

2 m(DZXZ

jﬂ e 2deV J;) e 2kT dX

[




Trién khai tinh todn:

mv 2 Mo?X? 2. 9 mv Mo?X?
joo rnv e 2kT e 2KT dV j Mo X .e_2kT e 2KT dX
_ % 2 2
<E>_ . mv 2 Mo x> + . mv 2 Mo x>
JO e kT o 2kT dy J‘O e kT o 2kT (x
2 Mo’
jooo m;/ e_ﬁdv j UCES e 2T (x
<E> - mv? Mo°X?
jo e 2deV jo e 2KT dX




Trong dao dong diéu hoa:
dong ning trung binh = thé ning trung binh
= (E,)= (E/)

2

Mw?X>
e 2deV I m(D X e_ 2kKT dX

<E>: : 2 my 2 mmzxz
j e 2KTdy j e 2kT dx
0 0

Ta dat:
T v me’X?

us- = —
2KT 2KT

joomv

udu udu

2udu = 2 2vdv — dv = 2kT — =2kT.
2KkT myv 2kT

m



j “uZe ™ du
(E) = 2kT = ——
J e du
Theo dinh nghia va tinh chit ham Gamma:
F(m = | x"e™dx [(n) = (n-1) T(n-1)
—> F(%) = Jr
batx =u? —» dx =2udu
J‘OOX e dx 0 2
o x2.e dx
(E) = 2k~ 29X _opp )
dx L L

jowe_x-zJ; jo X 2.e7*dx



rc) <——1>r< )

_ 2 2
(E) =2kT.——=2kT. = =kT
) )

Ning lugng cia hé gom N hat (3N dao dong ti di€u
hoa): U = 3NkT
A 2 , aU
— Nhiét dung dang tich: C,, = e 3Nk
— Nhiét dung ding tich cda 1 mol:

Cy = 3N,k = 3R = 6 cal/mol.dd

Vay: Li thuyét cé dién phu hop vdi thuc nghiém &
nhiét do cao, khéng pho hop J nhiét do thap.



LI THUYET EINSTEIN
Mo hinh : mot chat rdn ¢6 N hat 1a tdp hop cta 3N
dao dong tir di€u hoa ddc 1ap c6 cung tan s6 v
— Ning lugng cua moi dao dong tir (1 lugng tr)

E_=nhv vGinla sé nguyén.
Nang lugng trung binh cua mdt dao dong tu la:

o0 nhv / _hv _2hv A
Znhv.e_ﬁ hvie ' +2e *' + ..
n= N J
(E) == v T T 2y N
e K l+e T +e KT + ..
n:1<]3> _ hv \ y
hv



Ning lugng trung binh cia hé gom 3N dao dong tu:
U= 3N

hv
ek —1
) nhi€t d0 cao: kT >>hv=x<<1:

eX~]l+X+Xx%+..

—> U — 3NkT
= phul hgp vdi két qué c6 dién
(Pinh luat Dulbng- Petit)



* (J nhiét do thip: kT <<hv = x >> 1: "

<E>: hv ~hv.e X

hv
ekT _1
ouU hv g
— U=3N<E> - (= (—j :3Nk(—j e K
Vv

hv oT KT
bat: 0. =—=: nhiét d6 Einstein

0,) %

C, =3Nk(—Ej e’

T N =

— Cy gidm theo nhiét d6 theo ham € ' nhanh
hon két qua do dudc bang thuc nghiém.

= Lithuyét Einstein cho phép gidi thich C,, khong

doi & nhiét do cao, & nhiét do thip C, gidm khi

nhiét do gidm nhung gidm nhanh hon két qud thuc

Og



Lf THUYET DEBYE

MO HINH
Chat rin gom cdc dao dong ti; mot dao dong
t¢ khong bi€u thi dao dong cia ting gdc
nguyén tif nhu miu cda Einstein ma bi€u thi
cho dao ddng chuin cda toan tinh thé.
Tinh thé c6 N nguyén ti thi cé 3N dao dong
chuan: N dao dong doc va 2N dao dong ngang.
Ning lugng trung binh cua mot dao ddng tur
vGi tan sO v 1a: hv

<Ev> ~ Thy

ekl —1




> Ning lugng clia mang tinh thé chit rin 1a:

N ON 3N h
V.
—_— 1
U= ZUidQC T ZUingang B Z hv,
i=1 i=1 i=1
C

kT
>Tinh thé 12 mdot moi trudng tdn sic
_» Hé thdc tdn sic:

®=qV

2n

= . vectd song

—1



»>Tinh thé hitu han ¢6 cdc canh L_, L, L,
Piéu kién bién vong cho ham séng:
expliq(r + L)] = expiqr

2 2r 2T
T T T T

X y Z

n, e/

— qx_

VGin,, n,,

4=4/q +q’ +q2



Trudng hgp don gian
Tinh thé 14p phuong canh L

> Moi trudng ding hudng.
»>Van toc truyén cdc song l1ay trung binh 12 v_.

— Heé thdc tin sic:

2T 2T
Wy =V, = Vo —0=Vy—

5 5 n; +n; +n;



Xé€t trong khong gian g

» Cac gia tri dugc phép cua q xdc dinh vi tri

cdc nidt cua mang.

> O nguyén tg)' cia mang nay cé dang lap
T R s A

phuong canh — — Theé tich 6 mang:

L V

V = thé tich ctia tinh thé, V = L3
» Cac diém c6é cung mot gid tri cla g thudc
cing mot mit cau c6 ban kinh q — thé tich

. 4\,
mat cau gnq



S0 cédc gid tri dugc phép cua q bing s6 dao dong
tr c6 sO song tr 0 — q:
* 3
N(q) = 38 =V q g 2%03\/3N(q)
on. bm L 4
\Y%
Hé thdc tdn sdc: o = v q = v,.2T /3N
L 4m

S6 cdc dao ddng t& co tAn sO vir 0 — v :

R)
g 4
N(V) = — [ ’WJ B VLN

6| v 3y°

O O



2n 271y

Vi g=—=——
b A vV,
S6 dao ddng tr c6 gid tri q trong khodng q = q +
. 2
dq: dN(q) = V._9__dq
21’
dN(q) ., q°
— g(q) = =2Y% (1)
= dq 2
SO dao dong tr c6 v trong khodng v — v + dv:
dN(v 47
dN(V) = V. 4—73-[V2d\/ —> g(v) — ( ) — V—3V2(2)
\% dv \%

(1) va (2) : goi I3 ham mat do trang thdi (mat
do mode dao dong).



NOi ning cua hé:

hv Vaax N 4T
U = J ——dN(v) = IO — .v.—3v2dv
ekT —1 ekt —1 Yo
Dung gia tri trung binh cia van toc theo cong
thac: 1 1 2
— = | = const
Vo Vg Vi
4T Vo hv AT (Voo hV°
V. —3 o 2d\/ V.— I o AY;
y3 Jo hv v3 Jo b

9) ekT _1 O ekT _1



v__: tan sd cuc dai clia dao ddng chuan, dudc tinh tir

max

max

" dN(v) =3N
AT Ve 5
— V. —3j v'dv =3N
Vo Tl
V13nax
3




hv hv

0

bat: x = T > Xmax = o7 T
— 0Op = h\’l;nax : nhiét do Debye.
—>\ = k—T x —> dv :k—T dx
h h
kT
dn o M n Y kT
—)U = V—3 j . . dX
v, Y0 e -1 h
4 Xmax 3
>U=YV. 3753 k4T4j 2 dx
h'v 0 e -1



* 09'12111'6”{ do cao: KT >>hv — x<<1

e*=1+x+x>+..~1+X

47[ k4T4 X max
h'v’ 3

)

4m T4 hvmax )
h3 3
Vo kT

> U=V 4 k4T4ijax X dx
N °h3vi 0 1+x-—1

\ - 7

U=V,

= U=




— U= V4—nkTv ~=3NKT

hV
H_l

ON |
—.V:
41V

U =3NKT : trung v6i két qud cd dién.



> O nhiét do thip: x =Y >> 1

kT

4
o X°dX T
N _

0 eX—l_E

U = 47TVK4T4 n_4 _ 4nV 7T_4 14T

h3V(3) 15 h3 47—5—\/\/3 15

9N max
ONr*k*T?
15h°v>

—=U




Nhi€t dung
_0U _1oNm'k 12Nmk( T
OoT 5h'v: 5

3
= Cy =[J]

Cy ~T° — phu hgp véi thuc nghiém.

Cy

= L7 thuyét Debye tring vdi két qud thuc nghiém

J cd nhiét do cao vdi nhiét do thap.



II. Lf THUYET PHONON VE NHIET DUNG

Anh sdng c6 ludng tinh:
> Tinh chit song dic trung bdi budc song
2T
=T
k

> Tinh chat hat dic trung bdi ning lugng photon

€ =hv

hav xung lucgn . —
y g luong IFth

—_

K = vecto song.



—=Su lugng tir hda séng anh sang la photon.
Tuong tu, su luong t& héa ctia séng dan hoi trong
tinh thé 12 phonon c6 ning lugng va xung luong.
Photon ¢6 thé ton tai trong chin khong, nhung
phonon chi cé trong cdc mdi trudng cé thé truyén

song dan hoi.

[ photon : hat thuc

—> < P
phonon : chuan hat




Niang lugng trung binh cia mot dao dong tu
trong tinh thé 1a:

hv
E) = in)hy
ekt —1
véi (n)= &1 : sO phonon trung binh c6 ning
ekl —1

luong hv.

G nhiét do xdc dinh, s6 phonon coi nhu x4c dinh.



* O nhiét do cao: x =M << 1

kT
e o lal4ex—lax= Y
kT
—(E)=kT = (n)hv
_ kT
= <Il> B hv
2t 2mv qvVv,
q: — > \V =
AoV, 2T
kT kT
> ()= <o
h Yo Nqv



S6 phonon trong thé tich V:

. kT
N, =[""(n n)dN(q) = [ thvzqn dq
dN(q)
‘dqv°d?
g(q)
. dN .
Vo1 g(q) = @ =v ] > Qoax = 20V
dq 2m \
KT o, Qi




Ma N (q)=V

qfnax V 2nv

A 4nt v



* O nhiét dp thap: Np - ( T T T3

3
va C, ~234Nk [1} ~ T3

= Ly thuyét phonon vé nhiét dung phi hop vdi
két qud thuc nghiém.



TOM LAI

Tinh thé chat rin c6 thé coi nhu 13 mot
hop chita khi phondn c6 s6 phonodn thay
doi theo nhiét do cia chat ran.

Phonon va photdn déu tuin theo phan bo
Bose — Einstein va dudgc goi la cac hat
Boson.



I11. SU DAN NHIET VA NO NHIET
CUA CHAT RAN
SU DAN NHIET

Trong cdc vat ran dién moi qua trinh dan nhiét
chu y€u 1a do ciac phonon.
Theo thuyét dong hoc chit khi: Hé s6 dan nhiét

trong chat khi 1a: |
k==-Cy(v).A
TV V)

C, : nhiét dung ctia mot don vi thé tich khi.
<V>: van tdc trung binh cta cdc phan ti khi.

2. ): quang dudng tu do trung binh cua cac hat.



Trong chat ran: Coi nhu mot hop chita khi phonon
Debye di dung cong thic trén cho tinh thé, véi:
Cy : nhiét dung clia mang tinh thé.

(v): vAn tdc cia phonon (van tdc truyén Am) = v,

(A):quiang dudng ty do trung binh cua céc
phonon dugc xac dinh bdi hai qua trinh:

+ Tan xa hinh hoc:
Tén xa trén mit tinh thé, sai hdng, ..
+ Tan xa phonon — phonon.



Quéing dudng ty do trung binh A cua phonon ti 1€

nghich véi nong d6 phonodn n va ti€t dién tin xa

hieu dung o ;: Ap = |
nPGP
|
= K= —Cy(y) I
3 n.o,

O Nhiét do cao ( T >> 0p):

Cy =const; n, =3n 3(1]
2( 0,
const
=
T
— K s€ giam khi nhiét d6 ting. Phu hgp dinh tinh
vGi k€t qua thuc nghiém.




> O Nhiét do thdp (T << 0,,):

3 / 3
Cy ~[1j; n, = lj — K = const.

eThuc t€ K tiép tuc ting khi ha nhiét do.

eGiai thich 1a do khi nhiét do giam thi bién do dao
dOong cua nguyén tor giam = quang duGng tu do
trung binh A  cua cdc phonon ting cho dén khi
quang dudng ty do trung binh bi han ché bdi tdn xa

hinh hoc trén c4c nit mang tinh thé.



SU NG NHIET
eCoi mang tinh thé nhu mot hé cidc dao dong tif
(DPT) dao dong di€u hoa.
eKhi nhiét do ting bién dd dao ddOng cua cac
DDPT ting = Khoang cach giita cac nguyén tu
ting = NG nhiét.
eNhirng phép tinh todn chinh xdc cho ta két qud hé

sO nd nhiét a~Cy

) nhi€t dd cao: C,, =const = o = const = khong
phu thudc vao nhi€t do.

G nhiét do thap: Cy ~ T3> = o ~ T5.
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