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CHUONG 4
NHIET PONG LUC HOA HOC

Nhiét dong luc hoc la khoa hoc nghién ctfu cac quy luat diéu khién su bién doi nang
luong, dic biét la su bién doi nhiét nang thanh cac dang nang luong khac.

Nhiét dong Iuc hoc hoa hoc la khoa hoc suy dién vi ndéi dung chu yéu cua no dua vao
chu yéu ba nguyén ly cua nhiét déng Iuc hoc, ba trong bon nguyén ly nay co dugc tur
su khai quat hoa kinh nghiém va hoat déng cua con ngu0i trong nhiéu thé ky.

Nhiét dong Iuc hoc hoa hoc cho phep tinh ning lugng trao doi trong qua trinh phan
Ung, dua vao cac thong so nhiét dong co the tién doan dudc chiéu hudng cac phan
Ung, gidi han tu dién bién, trong diéu kién nao phan Ung tu xay ra va hiéu suat phan
ung.
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4.1. Khai niém chung

4.1.1 Hé

Hé la mét hay nhiéu vat the thuéc vu tru dugc chon nghién cttu, dudc ngan cach vGi
moi trrong ngoai (phan con lai cua vii tru) bing ranh gidi thuc hodc tudng tuong.

N
0

Trang thai dau Trang thai cuoi

Heé nhan cong W|> 0 He tao cong W <0

VST
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4.1. Khai niém chung

4.1.1.1 He co lap

Hé khong trao doi chat, khong trao doi nang luong dudi dang nhiét va cong vGi moi
truong. Hé co the tich khéng thay doi.

4.1.1.2 Hé kin

Hé khong trao doi chat, co theé trao doi ning luong dudi dang nhiét va cong vOi moi
truong. Hé co the tich thay doi. Hé phan Ung trong binh kin.

4.1.1.3 He doan nhiet

Hé khong trao doi chat va nhiét, co the trao doi cong vOi méi trudng.
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4.1.1.4 Hé ho

Hé co the trao doi chat va ning luong vGi méi trudng.

Y - DUOC - RHM TS. PANG Van Hoai



s HOA HOC PAI CUONG
% DAI HOC Y DUOC TP. HO CHI MINH

CHUONG 4
NHIET PONG LUC HOA HOC

4.1.2 Trang thai

4.1.2.1 Thong so trang thai, bién so trang thai

Cac dai luong vat ly nhu nhiét do, the tich, ap suat, khoi luong riéng, ... La cac thong
so trang thai cua hé.

Thong so trang thai dung dé, ti 1é vdi khoi luong. Vi du the tich, khoi luong.

Thong so trang thai cwong dé thi ngudc lai. Vi du nhiét do, ap suat, nong do.

4.1.2.2 Trang thai (chu y: khac trang thai tap hop chat: khi, long, rin)

Trang thai cua mét hé dudc xac dinh b0i tap hop cac gia tri cua thong sé trang thai.
Trang thai cua hé se thay doi néu mét trong nhling théng so trang thai thay doi.

Vi du thanh Fe 10 cm?, & 30 °C, 1atm. Khi nung dén 120 °C thi Fe van ran.
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4.1.2 Trang thai

4.1.2.3 Ham trang thai

Mot dai luong F (P,V,T) duoc goi la ham so6 trang thai cua hé néu bién thién cua dai
lugng do chi phu thudc vao trang thai dau F, (P,, V,, T,) va cuéi F, (P,, V,, T,) cua hé
ma khong phu thuéc vao cach tién hanh thuan nghich hay bat thuan nghich. Vi du U,
PV,H, S, P, V, T. vi phan dU, d(PV), dP, dV, dT la nhling vi phan toan phan.

dF = <ai dx + 9F dy
18, oy
2

! dF(x,y) = ;
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4.1.2.3 Ham trang thai
i<ai _d <5i
dy \ox / dx \dy /
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4.1.2 Trang thai

4.1.2.4 Ham khong phai la ham trang thai

Cong co hoc W khong phai la ham trang thai vi gia tri caa W phu thuéc cach bién doi
thuan nghich (hé chuyen tit TTCB nay sang TTCB khac vé cung cham qua lién tiép
cac trang thai can bang, su khac gia tri thong so trang thai la vé cung nho) hoac
khong thuan nghich (bién doi khéng thuan nghich la qua trinh khong can bang, tu xay
ra).
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4.1.2.4 Ham khong phai la ham trang thai

Trang thai dau Trang thai cuoi

Khi hé gian n@ mét doan vé cung nho dl,
he sinh cong

dl dv

ow=-Fxdl

Cong = luc x quang duong di chuyen
Ap suat = ap luc tac dung trén mot don vi dién tich
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4.1.2.4 Ham khong phai la ham trang thai

Khi hé bién doi htGtu han tU trang thai 1 sang 2.

Vv,
W=25w=J'5w =£Pngxdv \%Y
1
\f!
W =-P, Idv

- -nRTJ' 3V . = -1nRT [n—
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4.1.2.4 Ham khong phai la ham trang thai
>

Khi hé @ trang thai 1, ap suat khi trong cylinder bing
vOi ap suat pistol va cac vat trén pistol.

Néu lay bot vat vo cung nho, the tich tang va ap suat
giam. Hé sinh céng do khi gian nG.

Néu nen khi tU trang thai 2 vé trang thai 1 bang cach
thém cac vat vé cung nho, thi hai dudng bac thang sé
tién dan dén dudng Hypecpol. Qua trinh bién doi

v
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4.2 Nguyén ly thut nhat nhiét dong luc hoc, noi nang U, enthalpy H.

4.2.1 Nguyén ly I
Su bién doi ndi nang cua hé bing tong tat ca cac dang nang luong ma hé trao doi voi
moi truong.
AU=Q + W Q : nhiet
W : cong
Poi vGi bién doi vé cung
nho.
dU=0Q +O0 W
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4.2 Nguyén ly thut nhat nhiét dong luc hoc, noi nang U, enthalpy H.

4.2.1 Nguyén ly I

Khi ly tudng, U <a£> =0 <a£> =0
dU=8Q +5 W chii phy thugc nhige ~ \9V /- P /o
do.

Péi vOi chu trinh AU = 0, W = - Q nhiét hé nhan chuyéen hét thanh cong, khong thé ché
tao dugc dong co vinh cttu loai I, cai ma sinh cong lién tuc khong can tiép thu ning
luong tu bén ngoai.

Poi vOi hé co 1ap W = Q = 0, AU = 0 hay U, = U, néi ning hé cé lap dugc bao toan.

Poi vOi qua trinh md AU = const., bién thién néi ning khong phu thudc cach tién hanh,
chi phu thudc trang thai dau va cudi.
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4.2 Nguyén ly thut nhat nhiét dong luc hoc, noi nang U, enthalpy H.
4.2.2 Enthalpy H
Nhiét dang tich Q,
dU=06Q +0 W
OW=-PdV =0 (viV = const)
dU=6Q
AU = Q,
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4.2 Nguyén ly thut nhat nhiét dong luc hoc, noi nang U, enthalpy H.

4.2.2 Enthalpy H

Nhiét dang ap Q,
dU=3Q +3 W Q, =AU +P AV
SW=-PdV Q,=(U,-U) +P (V,-V,)
dU=5Q- PdV Q, = (U, + PV,) - (U, + PV))
AU =Q,-P AV Q,=AH (vGi H="U + PV)
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4.2 Nguyén ly thut nhat nhiét dong luc hoc, noi nang U, enthalpy H.
4.2.3 Lién hé nhiét dang ap va nhiét dang tich cua khi ly tudng, P = const, V = const
AH = A(U + PV), = AU + PAV

Q, = Q, + AnRT

An = s6 mol san pham khi - s6 mol khi tham gia phan Ung
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Day dot
Nho At k‘ ':%I Igniticm
1e e wites
) | Stirrer
? : > May khuay

Vo thép «—

) — Vo ngoai cach nhiét
Bomb bang thep

Insulated  Stesl Sample  Steel
cutside container  dish bomh
cantainer

Chen su chura
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Tinh nhiét chay cua octane theo phuong trinh, khi dot 1 gram octane tao ra su ting
nhiét dé tur 25 dén 33,20 °C, nhiét lugng ké chita 1200 grams nudc, nhiét dung cua
bomb la 837 J/K.

C.H,, (g) + 25720, . 8CO, +9H,0
Tinh nhiét trao doi gilta phan Ung vGi
nuoc
Q = (4,184 J/gK).(1200g).(8,20K) = 41170 J
Tinh nhiét trao doi gilta phan Ung vGi

bomb
Q = (837 J/K).(8,20K) = 6863 J Q = 48033 J nhiét dot chay 1 gram la -48 kJ
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Tinh nhiét lugng thoat ra khi lam ngudi miéng nhom nang 25 grams tu 310 °C dén 37 °C,
nhiét dung riéng cua nhom la 0,902 J/g K.

= (0,902 J/gK).(25g).(273K) = - 6156 J

James Joule (1818 — 1889)
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4.2 Nguyén ly thut nhat nhiét dong luc hoc, noi nang U, enthalpy H.
4.2.4 Nhiét dung

Nhiét dung la luong nhiét can thiét dé nang nhiét dé cua hé 1én mét do.
Nhiét dung riéng la lwong nhiét can thiét de nang nhiét dé cua 1 gram chat Ién mot do.

Nhiét dung mol dang tich la luwong nhiét cin thiét deé nang nhiét dé cua 1 mol chat lén
mét do & didu kién thé tich khong déi.

Nhiét dung mol dang ap la luong nhiét can thiét de nang nhiét dé cua 1 mol chat 1én
mét dé O diéu kién ap suat khong doi.
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4.2 Nguyén ly thut nhat nhiét dong luc hoc, noi nang U, enthalpy H.

4.2.4 Nhiét dung

_ <0U> _ <6£>
T/ T | Biét nhiét dung mol dang tich va dang ap

co the tinh dugc bién doi ndi ning va
T, T, bién doi enthalpy theo nhiét do.

QV=AU=fCVdT Qp=AH=prdT
T, T

1
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4.2 Nguyén ly thut nhat nhiét dong luc hoc, noi nang U, enthalpy H.

4.2.4 Nhiét dung

Y - DUOC - RHM
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4.2 Nguyén ly thut nhat nhiét dong lu'c hoc, néi nang U, enthalpy H.

4.2.5 Dinh luat Kirchhoff

AH(T)=AH(T) + AC(T -T)
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Pon vi nang luong.

Calorie (cal) lwong nhiét can dun mot gam nudc tur 15 do t0i 16 do .
1cal =4,184 )
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Bai tap 1.
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Bai tap 2.
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4.3 Pinh luat Hess va hé qua.

@
N
=@

Qua trinh tu dién bién Qua trinh khéng tu dien bien

Y - DUOC - RHM TS. PANG Van Hoai



HOA HOC PAI CUONG

E.E‘ié DAI HQC Y DUOC TP. HO CHI MINH

CHUONG 4
NHIET PONG LUC HOA HOC

4.3 Pinh luat Hess va hé qua.

Chat tham gia phan Ung

> g \
T
Z

San pham

.
>

Phan ung toa nhiét, ning luong du
duoc giai phong, san pham bén
hon
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San pham

e

Chat tham gia phan Ung

Nang

[
»

Phan Ung thu nhiét, cin cung cap
thém nang luong, san pham kem
bén hon
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4.3 Pinh luat Hess va hé qua.

“Néu co nhiéu cach chuyen cac chat ban dau nhu nhau thanh cac san pham cudi giong
nhau, thi hiéu Ung nhiét tong cong theo cach nao di ntfa cung déu bing nhau”.

Hiéu Uing nhiét cua phan Ung chi phu thuéc vao trang thai dau va trang thai cuoi,
khong phu thuéc cac giai doan trung gian.

Hiéu Ung nhiét & day la @ ap suat khong doi va qua trinh phan Uing khéng thuan

nghich AH
A+ B »C + D
AH1 | | a3 AH=AH + AH + AH
AH2
E + F »G + H
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4.3 Pinh luat Hess va hé qua.

Vi du 1: tinh nhiét phan Ung cua
AH 298K

=9

2 C(gr) + O (k) 2 CO (k)

Biét AH 298K = -393,5
C(gr) + O (k) CO (k) kJ

. AH 298K = - 566 kJ
2CO (k) + O (k) 2.CO (K)

v
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4.3 Pinh luat Hess va hé qua.

Cach 1: tao chu trinh

AH 298K
2 C( +O(k)=r ' CO (k)
- (- 566 kJ)
2(- 393,5 kJ) %20 (k)
+ 0 (k)

2 CO (k)
AH 298K = - 221

kJ
Y - DUOC - RHM
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4.3 Pinh luat Hess va hé qua.

Cach 2: phuong phap dai so

AH 298K
2C(gr) + O (k) 2 CO (k)
Viét lai . AH 298K =2 (- 393,5 kJ)
2 C(gr) +20 (k) 2CO (k)
= AH 298K = - (- 566
2CO (k) 2CO (k) + O (k) kJ)

AH 298K = -221
kJ
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4.3 Pinh luat Hess va hé qua.

Vi du 2: tinh nhiét phan Ung cua

C(r)than chi » C(r)kimcuong AH =?
Biet > AH1 =-393,51 kJ
C)ic + O (k) CO (k)
> AH2 =-395,41 kJ
C (ke + O (k) Co (k)
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4.3 Pinh luat Hess va hé qua.

AHl =-393,51
C(r) (k)
+ 0 (k) AH2 =-395,41
AH =7?KkJ
+0 (k)
C (r)kc
AH =+1,9kJ
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Hé qua 1:Hiéu Ung nhiét phan Ung thuin = - Hiéu Ung nhiét phan Ung nghich

Hé qua 2:Hiéu Ung nhiét phan Ung = tong nhiét sinh cac san pham — tong nhiét sinh
cac chat dau phan ung

AH = ZX2AH (product) - XAH (starting material)

Hé qua 3:Hiéu Ung nhiét phan Ung = tong nhiét chay cac chat dau phan Ung — tong nhiét
chay cac san pham

AH = ZXAH (starting material) - XAH (product)

Hé qua 4:Hiéu Ung nhiét phan Ung = tong nang luong lién két cac chat dau phan Ung —
tong nang luong lién két cac san pham

AH = ZXE (starting material) - XE (product)
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4.3 Pinh luat Hess va hé qua.

AH 298K

=7 >

Hk) + Cl (k) 2 HCI (k)
H-H (k) + CI-CI (k) » 2 H-Cl (k)

AH 298K =1 mol EH-H + 1 mol ECI-CI - 2 mol
EH-CI

AH 298K =1 mol (436) + 1 mol (244) - 2 mol
(432)

AH 298K =-184 kJ
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TRANG THAI TAP HGP CHAT

Chu trinh Born - Haber

Cl (k) AH "

Z
{=B)
—_
r
'
v

Na (r) J AH = +107,6 kJ/mol

1/2AH AH, = +495,8 kJ/mol
AH AH,
Na(r) + NaCl (r) 12AH = +120,0 kJ/mol
_ ]
=\

AH =-348,8 kJ/mol
AH, = -410,7 kJ/mol

AH AH
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4.3 Nguyén ly thut hai nhiét déng luc hoc, entropy S.

Nguyén ly I cho phep tinh nhiét cua cac phan Ung nhung khong cho phép tién doan chiéu
va giGi han cua qua trinh.

Hai yéu to enthalpy H va entropy S dudc dung deé xac dinh chiéu dién bién cua phan Ung.

Khi ly tudng co the tu dong gian nd sang mét binh chan khong, qua trinh nay khong lam
giam noi nang cua hé, vi U cua khi ly tudng chi phu thudc nhiét do.
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4.3 Nguyén ly thu hai nhiét dong luc hoc, entropy S.

Entropy dai luong do luong dé mat trat tu (hdn dén) hoac xac suat nhiét déng hoc cua
he.
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4.3 Nguyén ly thut hai nhiét dong Iuc hoc, entropy S.
Xeét hé gom cac phan ti nudc O nhiét dé phong, néu ta dot nong hé thi cac phan tu nudc
se gia tang chuyen déng, gdy mat trat tu (dé tu do), néu nhiét lugng q cung cap cho hé

tang 1én thi su mat trat tu se tang ti 1é thuan.

Tuy nhién, néu cung nhiét lugng q cung cap cho hé dang @ nhiét do cao hon thi su bién
thién mat trat tu se it hon so v@i luc hé dang & nhiét do thap.

Ham trang thai do muc dé mat trat tu (dé tu do) cua hé duoc ky hiéu la S (doc la
entropy)

ds=w
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4.3 Nguyén ly thut hai nhiét dong Iuc hoc, entropy S.

G nhiét dé khong doi, véi mot bién doi thuan nghich xac dinh

Khi nhiét d6 thay déi
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4.3 Nguyén ly thut hai nhiét dong Iuc hoc, entropy S.

Xet hé bién doi tu trang thai (1) sang (2) theo hai dudng bién doi tn va ktn.

dU=06Q + O =0Q +O0W

WadW -83W =8Q -980Q

Ly do Nén
OW <Oo0W dQ <d0Q
2
AS > AS > <
q !69
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4.3 Nguyén ly thut hai nhiét dong Iuc hoc, entropy S.

4.3.1 Nguyén ly II nhiét dong lu'c hoc

“Trong qua trinh bién doi cua hé, bién thién entropy cua hé chi tuy thudc vao trang thai
dau va cuoi va luon 16n hon hay bang nhiét luwong trao doi cua hé chia cho nhiét dé
tuyét doi”.

5 25
ds > AS >
>T >!—@r—

Dau = doi vOi qua trinh thuin nghich (can bang).

Dau > doi vOi qua trinh khong thuan nghich (tu xay
ra).
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4.3 Nguyén ly thu hai nhiét dong luc hoc, entropy S.

Entropy dai luong do luong dé mat trat tu (hdn dén) hoac xac suat nhiét déng hoc cua

s =
i i
:'.‘.:,‘.5-. .
.!-"1"{: 4 n ®
-..'r'- T
S T
16ng khi
S =K.LnW AS < AS

K =1,38066 .102 J/K
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4.3 Nguyén ly thut hai nhiét dong Iuc hoc, entropy S.

4.3.2 Y nghia thong ké cua entropy
G phan cau tao chat da cho thay Ung vOi méi trang thai vi mé cua hé sé co mot so rat
I6n cac trang thai vi mé khéng the phan biét dugc & quy mé vi mo.
“So trang thai vi mé Ung v0i mot trang thai vi mé (ky hiéu W) duoc goi la xac suat
nhiét dong cua hé”.

S = K.LnW

Entropy la dé do mufc do mat trat tu cua hé. Mot hé ¢6 1ap co khuynh hudng tu dién
bién dén trang thai co xac suat nhiét dong 10n nhat, nghia la trang thai vi mé tuong ung
vOi so trang thai vi mo 10n nhat.
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4.3 Nguyén ly thut hai nhiét dong Iuc hoc, entropy S.
4.3.3 Cach tinh bién doi entropy

Ham so trang thai entropy S phu thuéc vao cac bién so T, V hay P.

S = S(T,V) hay S = S(T,P)

4.3.3.1 S = S(T,V)

V@i khi ly tudng
dU =nC dT

Y - DUGQC - RHM OW =-PdV =-nRTdV/V
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4.3.3 Cach tinh bién doi entropy

4.3.3.1 S = S(T,V)

dT dVv
ds = + nR——
T \Y
nC
V@i bién doi dang nhiét (dT = 0)
dv
dS= nR——
\Y
Lay tich phan to V, dén V,
nRLn
AS =
\Y
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4.3.3 Cach tinh bién doi entropy

4.3.3.1 S = S(T,V)

dT dVv
dS = + nR——
T V
nC
V@i bién ddi ding tich (dV = 0)
dT
dS = —
T
nC
Lay tich phan tu T, den T, dT
o T
AS = nC C khongdoi o _ o1,

tl\l' T1 déll T2 . T
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4.3.3 Cach tinh bién doi entropy

4.3.3.2 S = S(T,P)

du - dU -(-PdV)

T T

dU + PdV +VdP - VdP

T

dU + d(PV) - VdP d(U +PV) - VdP dH - VdP

T T T
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4.3.3 Cach tinh bién doi entropy

4.3.3.2 S = S(T,P)

dH - VdP
dS= 55— =
5Q T
V@i khi ly tudng
d§} = ik198
dS = di _ anL
T P
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4.3.3 Cach tinh bién doi entropy

4.3.3.2 S = S(T,P)

dT dP
dS = — - nR——
T P
nC
V@i bién doi dang nhiét (dT = 0)
dP
dS= -nR ——
P
Lay tich phan tu P, dén P,
- nRLn
AS =
P
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4.3.3 Cach tinh bién doi entropy

4.3.3.2 S = S(T,P)

dT dpP
dS = — - nR——
T P
nC
Vi bién doi dang ap (dP = 0)
dT
dS = —
T
nC
Lay tich phan tu T, den T, dT
o e i T
AS = nC C khongdoi o _ ¢

tl\l' T1 déll T2 . T
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4.3.3 Cach tinh bién doi entropy

4.3.3.3 Bién doi cua bién doi entropy theo nhiét dé

Biét AS (T0) & nhiét dé T,, tinh AS (T) & nhiét dé T cua mot phan Ung

mA + nB » pC + gD

AS = PS¢ tqS, - m§S, -n§;

<aAs <asc <asD <asA <asB
— ) =P + qg— ) -m — )} - n
oT / oT or / oT oT
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4.3.3 Cach tinh bién doi entropy

4.3.3.3 Bién doi cua bién doi entropy theo nhiét dé

Vi bién doi dang ap (dP = 0)

dT 0S Cp

ds = —_— —> | — ] =
T oT T
C

AC
oT ] T ] T | T ] T ] T
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4.3.3 Cach tinh bién doi entropy

4.3.3.3 Bién doi cua bién doi entropy theo nhiét dé

AC
oT T / T / T / T, T

T
dT . A(T) aTr
T ] Sl [ T
dAS = AC T dAS = AC
dT AS(T) T
AS(T) ~ AS(T) Jac ¢

T
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4.3.3 Cach tinh bién doi entropy

4.3.3.3 Bién doi cua bién doi entropy theo nhiét dé

AC
oT T / T / T / T, T

T
dT _ AS((T) dar
T ] S[ l T
dAS = AC dAS = AC
AS(T) T
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