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§1. Phuong trinh trang thai cua khi thuc

» Phuong trinh trang thai Clapayron-Medeleev
doi v6i 1 mol khi 1y tuong: pV=RT (Céc phan
tu khong kich thudc, khong tuong tac)

e Thuc t€ phan ti khi c6 kich thudc ~3.10%cm
chiém thé tich ~1,4.1023cm3 chiém 1/1000 thé
tich khoi khi

e thay V bing V-b; b -cong tich m?/mol dé y
dén thé tich do cdc phan tir chi€ém

¢ p(V-b)=RT

 Thuc t€ c6 tuong tac giira cac phan tu

¢ noi 4p p; bo chinh vao 4p suat:



p,~n, mat do hat 10p I va pl~nO 16p 11

_>p1~n0 => Pi ~ (V) = 5 V2

a-N.m*/mol? (phu thudc 0 = RT 0 o

ban chat chat khi) V-b ' plam

“ Mot mol khi thuc:(p + —; )(V b) =RT p giam
mkgkhi y_My o

til . u las6 mol va v = 2y
% i a Hm m

o+ V= D)= RT
a, b la cdc hang so phu tﬁuqc vao chdt khi (tra

bang Trang 192 sdch bai tdp)
Ap suat cang cao thi anh huong cua nodi ap va
cOng tich cang ro.




§2.Dudng dang nhiét 1y thuyét Van-der-Waals va
dudng dang nhiét thuc nghiém Andrews
1. DUONG DANG NHIET LY
THUYET
« Khi T=T duong cé diém uén P4
K (t61 han) tai py, V- ti€p tuyén
song song vo1 truc hoanh.

pA

Khi T>Ty dudong dang nhiét giong ctia khi 1y
tuong (hypecbol).

« Khi T<T, dudng dang nhiét c6 doan 16i
16m khac v6i cua khi ly tuong



. Tinh c4c gia tri t6i han RT a

, IO:V—b V2
d P_0 _2RT 62 _, VRT _a
av (Vi -b)* Vi 3V -b)° Vg
dp RT 28 .
VAR (VA AR Ve
a 8a
" P = 5702 % T 27R
. 27R*T? + _ RT

64P, 8P,



2 PUONG DANG NHIET THUC NGHIEM ANDREWS
Nén dang nhiét khi CO, tai T
khac nhau

» T>Ty khong thé hod 16ng->

giong hypecbol nhu khi LT

T->Ty thi BC->K. T = 304K, /L

pr= 73at V=9,6.10->m?3/mol LONG ,' KHI
KHI+HOI
T<Ty:AB-Khi; BC-Khi &Hoi (hat long)=trang

thai bao hoa; Bat dau tir C-hod 1ong hoan toan.
Chuong BKC & T tao thanh 4 vung: 1- T>Ty
khong thé hod 10ng; 2- T<T khi c6 thé hoa
long; 3- Hoi bao hoa; 4- Khi hoa long;

P




3. SO SANH PUONG PANG NHIET LY THUYET
VAN-DER-WAALS VA DUONG PANG NHIET THUC

NGHIEM ANDREWS:
Phu’a’ng trinh Van-der-Waals cho duong dang

nhiét cua khi thuc tru trang thai hoi bdo hoa:

« T>Ty, giong nhau;

e T, gidng nhau: Cing c¢6 diém tGi han K véi
ti€p tuyén song song voi OV

o T<Ty Khac nhau ché 16i 16m va viung hoi bao
hoa, nhung néu khi sach trén dudong thuc nghiém
cO doan chdam hoa long va cham bay hoi gidong
mot doan cua 1y thuyét

» Ung dung: Ho4 16ng khi & T<Ty va p cao




§3.N0i nang cua khi thuc, hiéu ting
Joule-Thompson

1. NOINANG CUA =W, W aSW
KHI THUC: Wo Z n 2 t”‘
Dong nang: Zde, — RT

OA.- cOng do no1 a
i g )1 ap p; SA pdV——dV

cua phan tu gay ra dV: i V2

00 o0 5 .

th(v) - W’[n(oo) — {“/BA| {[V—dV — —v
Vay no1 nang khi gomio— 2 o
thuc: U=U(T,V) B . M2 v



2. HIEU UNG JOULE-THOMPSON
La hién tuong nhiét do cua khi thuc thay doi khi
gian no doan nhiét va khong trao doi cong voi

bén ngoai

(AT <0 hiéu ung duong -> lam lanh,

AT > 0 hiéu tng am)

HU am, duong phu thudc vao nhiét do xay ra

doi véi khi cu thé:

HU duong d6i véi H, 6 T<200K, He, & T<40K

Trang thai
1(py, V1)

Trang thai
V2 7P, 2(p,, V), T))




Trang thai dau (p,,V,,T,)  Trang thai cuoi (pz,Vz,Tz)

1,2- pltt ng
. P12P2s 2>V1
Khi ¢ bén trdi M, 1 nén, 2 gian. p,, p, khong doi

va p,> p,. Pit tong 1 ép sat M-> V’,=0

Bén trai khoi khi nhan cong: A, =-p,(0-V,)=p,V

Bén phai nhan cong:A,=-p,(V,-0)=-p,V,

» Tong cong ca hé nhan: A=A +A,=0

e NO1 nang: AU= Q+A=0 ma U=U(T,V)

iU — (@—U)VdT . (a—U)TdV:O dV>0 -> dT<0
oT oV AV #0->AT #0 .

Gian: V>V ,>T, #T,->AT=T, - T,



« Khong xay ra doi véi khi 1y tuong
» Ung dung:
= Lam lanh: nén khi ¢ nhiét d6 phu hop véi hiéu
ung duong va cho gian no trong cac 6ng kin.
“ Hoa long khi ¢ T&p phu hop.
- Tudoc:  84. Su chuyén pha:
” Pinh nghia pha, chuyén pha
. Chuyén pha loai I: 4n nhiét chuyén pha
¥ Diéu kién can bang 2 pha, 3 pha
— S0 pha trong hé nhiéu céu tu:
Qui tac pha cta Gibbs: r < n+2
E Phuong trinh Clapayron-Clausius:



Xdc dinh sy phu thuoc ctia nhiet _ dT ar _ T \v
do chuyén pha vao ap suat: aP  Q

Y nghia, tng dung ctia phuong trinh Clapayron-
Clausius.

84. Su chuyé’n pha

1. KHAI NIEM VE CHUYEN PHA:
O BN: Pha la tdp hop cdac phdn vi mé

dong tinh (cung tinh chdt) cung ton tai

trong mot hé nhiét dong. 2 pha

) 2 R v aae ¢

6 Chuyén pha: Qua trinh bi€n do1 H,Odwi

he tr pha nay sang pha khdc. Hoi- ' H0
p a4 ===

> Ldéng ->Ran



«Chuyén pha loai I: Thuan nghich, ¢6 hap thu
hoac toa nhiét, V va S thay doi dot ngot: Pao
ham bac nhat cua cdc ham nhiét dong thay doi
dot ngot.

 Chuyén pha loai II: V,U,S Bién d6i lién tuc
khong c6 noi ma sat: Kim loai «<>Siéu dan:

Dao ham bac hai cua cidc ham nhiét dong thay
déidétngéb

. loai IT . loairl

S — (—)p vaV = (—)T VS T R
0°G

Cp = _T( aTZ )p Bac B; t(g)




Chuyén pha loai I Chuyén pha

S : loa1 11
S — (6_G) o S
ar'® - —
0°G | e G|
Cp — _T( 2 )p J\_ S
oT —
fl T T r
oG A v
V = (_)T v _— v




2. PIEU KIEN CAN BANG PHA. PHUONG TRINH
CLAPEYRON-CLAUSIUS

a. Diéu kién can bang 2 pha: Chuyén P phal /
pha xay ra 0 nhiét dd va ap suit xac phall
dinh -> dudng can bang giita 2 pha: * T
T,=T,; p;=p,. * dG=0

=>S0 hat hai pha n;+n,=n=const

=>dn= dn+dn,=0
2

=1 T — T
dG:Mldnl+M2dn2 :O Ml(p1 )_“2(p1 )




b. Diéu kién can bang 3 pha: Trang thai TGi han
I =T="T5; pi=p,=ps; Li=H= 3 Pre /L i

(P T) = (P T Mpiém M

uy (P, T) = pa(p, T);  chap3
T =T, LK,RK va RL loai I khong lién tuc.
T>T.: chuyén pha LK lién tuc,
T<T,: chuyén pha RK lién tuc.

c. S6 pha trong hé nhiéu cau tu:

Goi N la s6 nguyén/phan tur cua cau tu k trong

phai. Nong do cua pha thiila: _,,  N¥
k=1,2,3...n cau tu Ci = Z IR
1=1, 2,3,...r pha "




> Ci =1 Suy ra ¢6 (n-1)r néng do doc lap.
K S6 thong so doc lap (bién) cua hé 1a
(n-Dr+2 (56 2 la cua p,T)
SO phuong trinh can bang 1a (r-1)n:

17 (p, T) = s (p, T) = oo = 1y (p, T)
Qui tac pha ctia Gibbs (n—l)r+2 > (r-1)n (s bién
> sO phuong trinh), hay: r < n+2

2. PHUONG TRINH CLAPEYRON-CLAUSIUS:
XAC PINH SUPHU THUQC CUA NHIET PO
CHUYEN PHA VAO AP SUAT

Xét chu trinh Carnot véi chat long va hoi bao
hoa cuand:  p=const -> T= const



Vang bao hoa khi thuc

T,=T,+dT dT rQ
o T -T2 =—(p1 - P2) plf
Pi=po+dp dp b,

Cong gian dang nhiét 12:
A1=py(V-V,)

Cong ca chu trinh: A’=A +A,=(p,-p,)(V,-V,)
(Cong gian, nén doan nhiét 23.41:

0A,;~0A ,;=0; 0U=0)

A T T, dT (P —P2) _ (P —py)(V; - V5)

'Q T, dr T Q,

N



cT_T al T

1
dP Ql A T aP Q AV
Nhiét do chuyén pha T>0 dT
An nhiét Q>0: nhiét toa ra hoac thu — ~ AV
vao trong qud trinh chuyén pha dP

0 Két luan: Nhiét do chuyén pha ty 1é véi ap
suat.
Ung dung: trong noi hoi, ndi 4p sudt, P cao nhiét
do so1 cao ( dén 200°C)
Trén nui cao P thap, nuéc so61 duéi 100°C
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