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Nhiét dong lwe hoc (Thermodynamics) nghién ciéu hién twong
nhiét xdy ra bén trong hé¢, cic moi lién h¢ gitta cac bién trang
thai, cac qua trinh bién doi nang lugong.

Hai phuong phap nghién ctru co ban:

- Nhiét dong lwe hoc c¢b dién (Classical Thermodynamics):
Nghién ciru vi md sy bién doi trang thai va bién héa ning
lwgng dé rat ra cac dinh luat vé nhiét. Phuwong phdp nay dua
trén hai nguyén ly co ban cua nhiét dong luc hoc.

- Nhiét dong luc hoc thong ké (Statistical Thermodynamics):

Nghién ciru sy van dong vi mé (phin tir) bén trong vat chat
bang phwong phap co hoc thong ké.

——E{

1. Vai khai niém

Khi Iy twéng: 12 khi chira mgt s6 rat I6n phan tir chuyén dong
ngiu nhién khéng twong tac nhau trir khi va cham dan hai.
Khai niém khi 1y tuong rat hitu ich vi n6 tuin theo dinh luat khi
ly twéng, c6 phwong trinh trang thai don gian va co thé giai
thich bdi co hoc thong ké.

Mot mol khi Iy twéng c6 N, phan tir, ¢ didu kién tiéu chuan
(T= 0°C, p= 1atm) chiém thé tich 22,4 lit.

N, = 6.02214179. 1023 phan ti/mol
Cdc khi thue (Real gas) nhe, ¢ nhiét do khong qua thap va ap suét
khong qua cao so voi dicu kién ti€u chuan dugc xem gan ding la

khi ly tudng.
——mF]
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2. Bién trang thai va phuong trinh trang thai
Bién (thong s6) trang thai (State variable):

- Mbi trang thai ctia mot chat khi dugc xac dinh boi mot tap
hop tinh chét.

- Moi tinh chét duoc dic trung bdi mot dai lugng. Pai lugng
nay co tri s6 thay doi theo trang thai cta chat khi duoc goi 1a
bién trang thai hay thong sb trang thai.

- Bién trang thai thuong dung: Ap suét (p), Nhiét dd (T), Thé
tich (V), Mat d¢ phan tt (ny).

Phwong trinh trang thai (Equation of state): la hé thirc gitra cac
bién trang thai cia mdt h¢, bi€u dién cach thire bién doi trang thai

na hé.
o f(pPV/T)=0

———E]

3. Nhiét dé

Nhiét 9 bicu thi d6 néng ctia mdt vat khi tiép xic.
Cam gic nong, lanh 1a chii quan, do d6 can xay dung thang nhiét
do va nhiét ké dé do nhiét do cia mot vat.

Nhiét d9 lién quan mic do chuyén dong cua cic phan tir bén
trong hé nén nhiét do ciia mgt hé phu thu¢c dong ning cia cac
phan ti chuyén dfng trong hé.

Pinh luit thir O nhiét dong lwe hoc: Néu hai hé nhiét dong luc
hoc dang can bang nhiét (cung nhiét d6) voi hé thir ba, thi chiing
cling dang can bang nhiét v4i nhau.
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4. Thang nhiét do
Thang nhiét d¢ (Temperature Scales): Nhiét do Celsius (°C, Bach
phan), nhiét 36 Fahrenheit (°F), nhiét d6 Kelvin (K, Tuyét doi)...

] ]
- ===
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-273,15°C 0°C 100 °C
-459,67 °F 32 °F 212 °F
0K 273,15 K 373,15 K
9 5
TF = ETC + 32 TC = 6 (TF - 32) |TK: TC+ 273,15
Khi 1
p /Kh"2
/’/Khig
’,1;;}}?}:::"' V: const
»*:’:’::u/— ! ! !
-273,15 200 -100 0 100 200 T(°C)
0K 273,15 K

Kelvin temperatures are
measured 1n kelvins ...

H
T=273.15K <«RIGHT!

water .
% ... not “degrees” kelvin,
¥

T = 273.15 °%K, <WRONG

——
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5. Gian nd nhiét

- Sw gian dai (Linear expansion)

T, ¢ O
05 T I

: Ly < AL
TD + AT{l : O .
AL = aLAT — | L = Lo(1+ aAT)] . <—2a1—>1
Ty + 2ATC ()
a (K1): Hé s6 gian dai
Bimetallic
strip
- Sw gidn khéi (Volume expansion)
On 25°C Off 30°C
AV = BVAT - | V = V(14 BAT) | Ung dung b ngdt nhiét
B (K1): Hé sb gidn khi
- pB=3a
‘

6. Ap suat chat khi
Ap suét chét khi 1a lyc do chdt khi tac dung 1én mot don vi
dién tich cua thanh binh theo phuong vudng goc.

F

pzA_S

(N/m?)

(F: lyc tdac dung trén
dién tich AS)

Pon vi SI:
N/m? = Pa (Pascal)

Pon vi khac:
1 bar = 100 kPa

Standard atmosphere: 1 atm = 1,01325.10° N/m? = 760 mmHg (torr)
Technical atmosphere: 1 at = 0,98066.10° N/m? = 736 mmHg

——E |

CuuDuongThanCong.com

https://fb.com/tailieudientucntt

10/25/2017


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

10/25/2017

7. Nhiét
Nhiét, nhiét lwong (Heat, Quantity of heat)

A B A B A B
(@) (b) )

Khi hai vdt nong va lanh tiéb xtic nhau, vét lanh dan am lén va

vdt néng ngudi xuong den knhi 2 vét can bang nhiét. Nguyén nhan
la do qua trinh truyén nang luong tir vdt nong sang vdat lanh.
Nang luong do goi la nhiét.

Nhiét do 1a bién trang thai va nhi¢t lrong 1a ham qua trinh.

Pon vi Sl cta nhiét lwong: Joule (J)

Pon vi khac: Calori (Cal) 1a nhiét lugng can thiét dé nhiét do cua
mot gam nudce 1én thém 1°C (tir 14,5°C 1én 15,5°C).

1cal =4,1861J 4

8. Nhiét dung
Nhiét dung riéng ciia mot chat (Specific heat) 1a dai luong c6
tri s6 bang nhiét lwgng cin thiét truyén cho mét don vi khéi
lwong ciia chat d6 dé nhiét d ting thém 1 K.

Goi dQ 1a nhiét lugng lam cho mgt chat khéi lwgng m tang nhiét

dgdT: [dQ=mc.dT| — AQ=mcAT
1d
— Nhiét dung riéng: c= Ed_g (J/kg.K)

Nhiét dung mol (Molar heat capacity): nhiét dung tng véi 1
mol (u: kg/mol).

C=pc| (J/mol.K)

m
— Nhiét lwgng hé nhan vao: | dQ = E C.dT = nC.dT

> AQ=nC.AT
ﬂ
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Phase of water changes. During these periods, temperature stays
constant and the phase change proceeds as heat is added: Q = +mlL.

T(°C) ——— - ~
Ice melts to Liquid water vaporizes ‘
liquid water to steam at 100°C. !
125 at 0°C. /
100 kool d__ S B 0‘111ng
e point
75
50
25
b Melting
0 H i — — S b i Ami .
point
—25 4 Time
Ice warms. Liquid water warms. Steam warms.
— [ -

Temperature of water changes. During these periods, temperature
rises as heat is added: Q = mcAT.

Water (p=1atm): Latent heat of fusion and vaporization
L=3.33x10°J/kg ; L,= 2.26 x 108 J/kg

9. Cac dinh luat khi ly tudng
Dinh luit Boyle (Mariotte)

T =const => PV =const =>PV =PV,

Pinh luat Charles (Gay-Lussac)

v v Te + 273,15
P=const => _ =20 |v=y,—— " =V,(1 +«aT
T, 0727315 o1 +aTe)
1
_ _ p _ Po _ =
V =const => T T_o = | p=po(1+aTc) (« 273,15)

Pinh luit Dalton vé ap suét riéng phan ciia hdn hop khi

1 p: dp sudt ciia hon hop khi
P=p1tpz+ +pn= z Pi\ pi:dp sudt riéng phan khi i
i=1

———E
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10. Phuong trinh trang thai khi ly tuéng

Dinh luat khi ly twéng Clapeyron
Thuc nghiém ching t6 ap suat khi p:
1. Tilé voi s6 mol n

nT
2. Ti té voi nhiét do tuyét doi T p =R+

, \Y
3. Ti I nghich véi thé tich V

M N N

= pV=ERT=N—ART= NKT | = p=va=n0kT
M: Khoi liong ciia chdt khi (kg);

w: Khoi lwong mol cia chat khi (kg/mol);

N=M/p: S6 mol khi; N: S6 phén tir khi; ny: mdt dé phan tir (m3);
R ~ 8,31 (J/mol.K) : Hang s6 khi Iy tuwong;

N, ~ 6,022.1023 (mol™) : Hang s6 Avogadro;

k= RIN, ~ 1,38.10 23 (J/K) : Hang s6 Boltzmann.

———E T

11. Thuyét dong hoc phan tur vé khi ly tudng
Cac gia dinh vé khi ly twéng:

1. Chét khi chira mt s rét 16n cac phan tir, mdi phan tir co
khéi Iuwgng xac dinh m.

2. MGi phan tir nhu chit diém co6 kich thuéc rat nhé so véi
khoang céach trung binh giita ching.

3. Céc phén tir chuyén dong ngiu nhién va tuin theo dinh
ludt chuyén dong Newton.

4. Cac phén tir khéng twong tac nhau (hip din, dién tir), va
cham nhau va vé6i thanh binh 1a va cham tuyét déi dan hoi.

5. Thanh binh 13 vat rin khdi luong rat 16n so véi phan tir va
ding yén.

————E
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12. Thiét lap phuong trinh co ban khi ly tuéng

Xét khi 1y tuong gom N phan tir
don nguyén tu khoi lwgng m trong
binh 1ap phuong canh L.

Xét phan tir i va cham thanh trai:

-Po bién thién dong luwong cua
phan tr i sau 1 lan cham thanh
trai: Ap, =mv;, —(-mv;, )= 2mv;,

- Thoi gian gitra 2 lan cham thanh
tréi: At= 2L/, L X

- Lyc trung binh F; do phan tir i tac dong
l1én thanh trai:

- Lyc trung binh F do toan bo N phan tit Al
tac dong 1én thanh trai: F= Z

12. Thiét lap phuong trinh co ban khi ly tudng (2)

- Do sy binh déng cta cic phuong

Ny _ )
—>v2=v§+v}2,+vg=3v,z($vx=?

B Nmv?2
- F=

3L

= Ap suét p clia chat khi:

_F_Nmv2 Nmv2 2 mvZ b= 2nw
P=5™= 33 T3y ~ 3™ 3 07K

- Theo PT trang thai khi ly tuong: p =n, KT

. 3
= DPOng nang tinh tién trung binh cta phan ta: | wy = > kT
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13. Phucng trinh co ban cia khi thu'c
Chat khi trong thuc té khong thoa man day du diéu kién cua
khi 1y tudng (phan tir co kich thudc va ¢6 tuong tac hap dan va
dién tu gilta cac phan tir) duoc goi la khi thuc. Phuong trinh
trang thai khi 1y tuong khong thé ap dung cho cac khi & ap

sudt cao hay nhiét do thap.
Phwong trinh Van der Waals

VZ

2
(p +£) (V= nb) = nRT

a, b: hang s6 phu thudc logi khi.
a phu thuéc lyc twong tac hdp
dan ciia cdc phan tir.

b déc trung thé tich cia I mol
phan tu.

.. Gas molecules have

F F_o¥"| volume, which reduces
? §F the volume in which
F D

they can move.

..... .- They exert altractive

' forces on each other,
ng which reduces the
pl'CSSUl'C

Ung véi 1 mol khi thye:

(p+%)(V—b) = RT

—17
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