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6.1.1.Nhiét déong hoc & Nhiét ddng hoa

hoc
= Nhiét déng hoc

*Nhiét chay Q - Pong co nhiét - Cong co hocA

IMIIMIIHII

BT 7T

*Nhiét chay Q - Pong co dién - N.luong dién Q
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6.1.1.Nhiét dong hoc & Nhiét dong hoa

® Mat tr0i Q -~ Chat ban dan ﬁgﬁtqmg dién Q

- Solar Irradiance
-
,—-ﬂﬂo odule

® Nang luong hoa Q - Nang luong dién Q
(pin dién hoa -
*Thuy dién
Thé ning clanudc -  POng ning A
—~ Nang luong dién Q
General Chemistry HUI® 2006



6.1.1.Nhiét dong hoc & Nhiét dong hoa

® Nhiét dOng hoc la khoa’hOc nghlen clru cdc quy
luat vé sur bién héa tlr dang nang IU'O’ng ndy sang
dang nang luong khac va thiét l1ap cdc dinh luat
cUa sur bién doi do.

® Nguyénly : 2
—N.ly 1: dinh ludt bao toan ndng IU’O‘ng
—N.ly 2 : nhiét khong thé tur chuyen tU‘ vat
thé ngudi sang vat thé nong

Slid
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6.1.1.Nhiét déong hoc & Nhiét ddng hoa
hoc
= Nhiét dong héa hoc
* Nang lurong hoa hoc

-Nang lugng chuyen dOng ch. dOng tinh t1en va c.dOng
quay cUa ng/t(, phan t(r, hat nhan va dién tU

-Nang luong tuong tac: lurc hut va luc day cUa ng/t,
phan t(r, hat nhan va dién t(r

® Chuyén hod nding lurong:

P/u hod hoc : pha v& lién két cli - tao lien k€t méi O
Sinh nhiét Q, sinh cong A, sinh dién Q

® Ap dung NPH vao Hod hoc — Nhiét dong hod hoc

General Chemistry HUI® 2006



6.1.2.Hé & Moi trudong

Mobi
truo; khi H vaO

= Hé héa hoc

Mot IU’O’ng co gtO’l han gOm mot hay nhiéu chat 6 diéu
klen nhiét d@, dp suat & néng do nhat dinh

= Moi tru'Ong
Phan con lai xung quanh hé



6.1.2.Hé & Moi truong

Surroundings

A,
3 .

= Hée
=
Far
B
=
¥ 5]

Surroundings

(a) (b)

sgurpunoxing

Hé kin : trao doi ning luong véi moi trudng

General Chemistry:

HUI© 2006
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Hé m@ : trao dOi (chat &ning luong) véi moi

truong General o
Chemistrye® o



"Hé co lap
Khong trao d6i (chat &nang luong) voi moi |

truong General
Chemistrye® o



"Hé doan nhiét

*Khéng trao d6i ning luong véi méi trudng

*C6 thé trao d6i cong vOi mdi trudng
General
Chemistry™ve**

Slid
el3
of
48



® Hé dong thé: thanh phan, t6 chukc, tinh chat gidng nhau
® Hé di thé: thanh phan, t6 chuc, tinh chat# -
Bé& mat phan chia

Slid
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6.1.2.Hé & Méi truding

Vegetable
oll

B\ ,-"'
Water _ Water 0 0 0

* Pha: phan dong thé gidng nhau cua hé
General 15
Chemistrye®® =
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6.1.3.Trang thai & Thong sO trang thai
* Trang thai (vi mo) cla hé
duoc xac dinh bang tap hop cac thong s6 bi€u di€én cac tinh
chat Iy hoa cua hé : nhiét dd (T), ap suat (P), th€ tich (V),
thanh phan (n), khoi luong (m)....

" Thong sO trang thai : T, P, V, n, U....

* Thong s0 khuéch do :ty l& véi luong chat
nhu thé tich (V), khoi luong (m), s6 mol (n)...

* Thong sO cuong dO:khong ty 1€ vGi L.chat
nhu nhiét do (T), ap suat (P), ty khoi (d)

TOUN TS

1 : 1
fm: - FrL
%VI = V
—ie T I T
P | P
I
= : =

General Chemistry:

!

Extensive
properties

Intensive
properties

HUIO© 2006
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6.1.3.Trang thdi & Thong s6 trang thdi

* Phuong trinh trang thai: mé ta tuong quan gilra
cac thong sO trang thai |

* Vi du : khi Iy tudng

PV =nRT

17
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6.1.3.Trang thdi & Thong s6 trang thdi

= Trang thai can bang:
Gia tri cac thong s0 T, P, %, m...const & moOi
diém & 0 moi thoi gian

18
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HUIO© 2006



6.1.3.Trang thdi & Thong s6 trang thdi

* Trang thai chudn:
* Apsuat: P =1 atm.
* Nhiét do : T tuy y, thuong chon
T= 273 + 25°C = 298K
* NOng do : C
- Chat ran, 10ng - @ dang nguyén chat
_Khi — khi Iy tuéng,
-Dung dich C=1 mol/l

General Chemistry: HUI© 2006 19



6.1.3.Trang thdi & Thong sO trang thdi
" Ham trang thai: F (T, P, V...)
F : - phu thuOc vao cac thong s6 T, P, V...
- khong phu thudc vao cach bié€n doi
(duong di) clia hé

] et e nRT
* Ham trang thai khi ly trong P = v
“Trang thai 1: p = "k,
-
b = nRT,
-Trang thai 2: 2 ™ v,
-Bién thién cua ham AP=P —-P

20
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6.1.4.Qua trinh

50g
H,0 (I)
25°C

Cooling

Quia trinh- la con duOng ma hé chuyén tlr trang
thdi ndy sang trang thdi khdc cé6 su bién doi it

Heating

nhdt mOt théng sO trang thdi




6.1.4.Qua trinh

= Q.trinh thud@n nghich: qua trinh can bang
Xay ra theo 2 chi@u nguoc nhau

= Q.trinh bat thu@n nghich: khéng can bang

Xay ra theo 1 chi€u

Slid
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6.1.5.Nang lurong

= Cong (A) & Nhiét (Q) : 2 hinh th(c truyén ning
luong gilra hé & moi truong

Slid
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Pressure Vol une Wirk

W =Fxds=(PxA)xds=P(Axds)

W =(PxA)xds = P(Axds)

W = PAV

Slide 24 of 50
Prentice-Hall © 2002
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6.1.5.Nang lurong

" Dau cUa niang luong
*Hé nhan ndng luong : Q>0 & A >0
*Hé sinh nang luong : Q <0 & A<0

Surroundings
—~ TR
>—<#—<
— -
(- v I
Tw —w
—— g —q —>
—System >
Surroundings Slid
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6.1.5.Nang lurong

= Cong (A) & Nhiét (Q) : khong phai la ham trang
thai vi gié tri cUa chung phu thuQc vao cach bién
doi
" Pon vi do
Calo (Cal) hoac jun (J)
lcal = 4.184 ]

Slid
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6.2.2.Ap dung nguyén ly | cada NPH
vao héa hoc. Nhiét héa hoc

6.2.3.Ndng luong lién két & Nhiét
phan Ung

27



6.2.1.Nguyén ly I cia NPH

1.Khai niém noi nang
=Ning luong ctia hé (E): 3 phan
*Pdng nang chuyén ddng véi m.trudng (Ed):
Hé khong chuyén dong Ed = 0
*Thé ning tuong tac véi m.truong (Et):
TAc dung cuUa trudng ngai la khong doi Et=0
*NOi ndng cua hé (V)

Méi truong

khiH vaO

28




6.2.1.Nguyén ly I cia NPH
1.Khai niém néi nang
*NOi ndng cua hé: 2 phan
*Pdng nang chuyén ddng cua cac

phan tu, nguyén tu, hat nhan va
electron (tinh tién, quay, dao dong)

*Thé nang tuong tac (hat, day) cua
cac phan tu, nguyén tu, hat nhan va
electron

29



6.2.1.Nguyén ly I cia NPH

1.Khai niém néi nang

=NOi nhang
* Phu thudc ban chat, P, T, thanh
phan cua hé Ham trang
thai

* NOi nang la mot dai luong khuéch
do

30



6.2.1.Nguyén ly I cia NPH

2.Nguyén ly | cia NPH
=Hé kin: Trang thai 1: U1 -Trang thai 2: U2
-Trao déi véi mdi trudng:
Nhiét nang (Q) + Cong (A)
-Dinh luat bao toan nang luong:
AU=U2-Ul=Q + A =const

System Heat System

(a) At constant volume, (b) At constant pressure,
AU= AU + PAV =

31



6.2.1.Nguyén ly I cua NDH

2.Nguyén ly | cia NPH
= Phat biéu
«TON tai Mot ham trang thai U goi la

noi nang. dUIarnotV|phantoan
phan

SU blen déi ndi ndng AU cta hé khi
chuyen tu trang thai 1 sang trang thai
2 bang

AU=U,-U,=Q + A=const

32



6.2.1.Nguyén ly I cia NPH
3.Nhiét dang tich : V = const

dU =Q+ A
Vi OAA=-=pdV=0 - 4qu=00

AU =1dU =1Q =Q,

Nhiét luong Q, truyén cho hé chi lam
thay doi ndi ndng cua hé

33



6.2.1.Nguyén ly I cia NPH
4.Nhiét dang &p : P = const

\___.iti_/ %
I Reaction ‘ V“‘;I
AU =U,-U, =Q+A
Vi A==fpdV ==p(V,-V)

—

Uu,-U, :Qp —P(V,-V)
Qp :(Uz +PV2)_(U1+PV1)

34



6.2.1.Nguyén ly I cia NPH

5.Entanpi
Q,=H,—H, =AH
=Entanpi : H

eLa ham trang thai
Bién thién entanpi AH =H,—H,

*Nhiét luong Q truyén cho hé chi lam thay doi
entanpi cua hé

=Truong hop téng quat : AH = AU + PAV +VAP }



6.2.2.Ap dung nguyén ly I . Nhiét héa hoc
1.Nhiét phan Ung : P = const
nA+mB=qC + pD
Tr.thai dau: n mol A, m mol B, ndi nang U,
Tr.thai cudi: g mol C, p mol D, ndi nang U,

= Nhiét p/u la nhiét lugng ma hé thu vao hay phat ra
trong qua trinh p/u dé thay doi n6i nang (AU) hay

entanpi (AH) ciia hé
Surroundings

Surroundings

Entropy

Entropy

-

(a)

(b)



6.2.2.Ap dung nguyén ly I .. Nhiét héa hoc
1.Nhiét phan ung
= Ky hiéu
-P/lu &V =const: AU =Q,
0 P =const: AH=Q,

-P/uthu nhiét: Q,>0; Q >0
tod nhiét: Q,<0; Q,<0

37



6.2.2.Ap dung nguyén ly I. Nhiét héa hoc
1.Nhiét phan ung
* P/lu chat ran, chatléng : AV= 0

AH =AU + PAV =AU +0 =AU

» P/u chat khi ly tuéng :
PV =nRT PAV =/MRT

AH =AU + PAV =AU +AnRT

38



6.2.2.Ap dung nguyén ly I. Nhiét héa hoc

2.Dinh luat Hess

"Phat bi€u:Hiéu Ung nhiét clla phdn Ung hoa
hoc chi phu thudc trang thai dau va trang thai
cudi cUa cac chat tham gia va cac chat tao thanh

chtt khong phu thuﬁc vao duong di clua qua
AH?, = -393.5kJ

298

trinh.

"Viduw G 51210 / Ao Ly
“CO + 0.50



6.2.2.Ap dung nguyén ly I. Nhiét héa hoc

2.Dinh luat Hess

"Hé qua 1
AH +AH =0
AH =-AH

TOng hiéu Ung nhiét trong mdt chu trinh kin

bang khong



6.2.2.Ap dung nguyén ly I. Nhiét héa hoc
2.Dinh luat Hess
*Hé qua 2

*Nhiét sinh (nhi€t tao thanh)

Nhiét luong thoat ra hay thu vao khi tao
thanh 1mol chat doé tU cac don chat bén viing 6

diéu kién dé.



6.2.2.Ap dung nguyén ly I. Nhiét héa hoc
2.Dinh luat Hess
*Hé qua 2
*Phat bi€u
Hiéu Ung nhiét cla mot p/u bang tOng
nhi€t sinh cUa cac chat cudi trir di tdng nhiét

sinh cUa cac chat dau
AH = ZAHS,SP — ZAHS,CJ



6.2.2.Ap dung nguyén ly I. Nhiét héa hoc
2.Dinh luat Hess
"Hé qua 3
*Nhiét chay
Nhiét chay cua mot chat la nhiét luong
thoat ra khi dot chay hoan toan 1 mol chat do

thanh cac oxit cao nhat bén & diéu kién doé.

POt chay chat hifu co': CO,,, & H,0,,



6.2.2.Ap dung nguyén ly I. Nhiét héa hoc
2.Dinh luat Hess
*Hé qua 3
*Phat bi€u
Hiéu Ung nhiét cla mot p/u bang tOng
nhi€t chay cUa cac chat tham gia trtr tOng nhiét
chay cla cac chat tao thanh

AH — Z AI_Ic,cc'l’ - Z AI_Ic,sp



6.2.2.Ap dung nguyén ly I. Nhiét héa hoc
3.Su phu thuéc cia HUN vao nhiét d6
=Nhiét dung

Nhiét dung mol dang tich C

Nhiét luong can thi€t d€ nang nhiét dd clia
1mol chat nguyén chat 1€n 1°K & di€u kién thé

tich khong d6i
- - dQ _dAU c = 48U

1%

Y dT  dT drT




6.2.2.Ap dung nguyén ly I. Nhiét héa hoc
3.Su phu thuéc cia HUN vao nhiét d6
=Nhiét dung

*Nhi€t dung mol déng ap C

Nhiét luong can thi€t d€ nang nhiét dd clia
1mol chat nguyén chat 1én 1°K & diéu kién ap

suat khong doi
C = dQP — dAH C = @
PdT  dT P dT




6.2.2.Ap dung nguyén ly I. Nhiét héa hoc
3.Su phu thudc cua HUN vao nhiét d6
=Nhiét dung

*Nhiétdung C C :ham cUa nhiét dO

C=a, +aT+aT*= > a,T"

n=0,1,2)
C=a,+aT+aT’= > a,T”

(n=0,1,-2)



6.2.2.Ap dung nguyén ly I. Nhiét héa hoc

3.Su phu thuéc cua HUN vao nhiét d6

=Nhiét bién d6i trang thai (nhiét chuy&n pha)
Less randomness N More ran domness
(less entropy) g (more entropy)
*—o
i 5
D
9
S )
d
Solid Gas
R = L 2 H

Chuyén pha : T = const & Trao d6i Q



6.2.2.Ap dung nguyén ly I. Nhiét héa hoc

* Nhi€t chuy€n pha 1a nhiét lugng can thi€t can cung cap
cho mOt don vi khoi luong chat thuc hién qua trinh chuyén
pha

* Qua trinh chuy@n pha céc chat nguyén chat 1a dang nhiét
- Nhiet’hoa h0i va nhiet ngung tu:

AH® =-AH?

nc dd

AH, =AH  +AH

49



6.2.2.Ap dung nguyén ly I. Nhiét héa hoc

3.Su phu thuéc cila HUN vao nhiét d6

(aA +bB)o T, (cC+dD) o T,
=Pinh ludt Kirchhoff o; AL "
(JA + bB — CC + dD AHY’ AH,"’

AH, =AH,+AH,+AH, o At e
(aA +bB) o T, (cC+dD)o T,
I,
Cowety =AC ) TDC 5 AH, = I C,a)dT
L
L
Cpispy =CChcy TAC ) AH, = ICP(Sp)dT



6.2.2.Ap dung nguyén ly I. Nhiét héa hoc

= Dinh luat Kirchhoff
AH,=AH,-AH, -AH,
T; T

AH, = BH, = [C,4ydT = [C, o) dT
T, T,

T T

AH, =AH, + [C,,,dT = [C,yydT
T, T,

T.

AH, = AH, + [(Cy = C ey AT
Tl



6.2.2.Ap dung nguyén ly I. Nhiét héa hoc
= Dinh luat Kirchhoff

AC, =Ch) ~Cheay = ( cCpcy +de(D))_(an(A) +bCp(B))'

T,

AH, =AH, + [AC,dT

Néu khodng hep nhiét d0 —A Cp = const
AH, =AH, +ACP(T2 -T)



6.2.3.Nédng luong lién két & Nhiét p/u
1.Ndng Iurong lién két (E)
La niang luong thoat ra khi tao thanh mot lién két tir

2 nguyén tU tU do (@ trang thai hoi)

Vidu A(k) T B(k) — AB(k)

E, ,=AH



6.2.3.Ning lugng lién két & Nhiét p/u
2.Ndng luong lién két (E) & Nhiét p/u

P/u hoa hoc : Pha lién két cii — Tao lién két moi

AH =Y E, - S E,



Bai tap Ung dung

Vidu 1 Tinh hi€u Ung nhiét p/u tao thanh

CH,,, +20,,, =CO,,, +2H,0,,

2(g) 2(g)

—-mm

AH , ki/mol - -394 -2806

AH° = (AH®tt CO2 + 2 AHCtt H20) - (AHPtt CH4 + 2
AH°tt O2)

= (-394 + 2x-286) — (-75 + 0)
= (-1066) — (-75) = -891 kJ/mol



Vi du 2: Tinh nhiét tao thanh

C (r) than ch1 + O2 (k) - CO2(k)

AH tt (CO2,k) = - 393,51 kJ/mol



Vi du 3: Tinh nhiét tao thanh

2H2 (k) + 02 (k) - 2H20 (1)
AH p/u = - 571.66 kJ/mol

AH tt (H20,]l) = - 285,83 kJ/mol



Vidu 4: Tinh nhiét phan huy

H20 (1) - H2 (k) + 1/202 (k)
AH ph (H20,l) = + 285,83 kJ/mol

Ghi chu: AH, =|-AH



Vi du 5: Tinh hiéu Ung nhiét dot chay

C(gr) + 2 O2(k) = CO(k) (3) , AH 298
= 7 .

Biétrang :

C(gr) + 02 (k) = CO2(k) (1), (AH 298)dc =
-393.5k}/mol

CO(k) + 202 (k) = CO2(k) (2),AH 298)dc =
-283.0kJ/mol

AH, =% O0H =% AHS O (1) -(2) = (3)

AH 298 = (AH 298)dcC - (AH 298)dc CO = -
110, 5k]



Vi du 6: Tinh nhi€t chay

CH4 (k) + 202 (k) = CO2 (k) + H20 (1)

AH dc (CH4,k) = - 212,7 kcal/mol



Vidu7: TinhAHOT =398 K
CO +%O2 =CO,;AH ., =-238kJ / mol

Biét rang :

C , cal/mol K 6 97 . 8 96

AC, =8.96 - E6.97 + % 7.05 QZ 1.33cal / mol°k =6.48J / mol°k

AH,,, =—238-6.48/398 —298).107 = —283.648kJ / mol



Vi du 8:Tinh nang luong liéen két O-H trong
nudc H20

2H2(k) + 02(k) = H20(1), AH 298 = 924.2kJ/
mol

Phan t& H20 c6 2 lién két O-H [

Ning luong lién két O-H
Foun =~ = 462K



Vi du 9:Tinh nhiét phdn Ung

H2(k) + ClI2(k) = 2HCI(K)

Biét rang | N PR

K|/mol -435.88 -242.6 -431.6

AH2098 = ZEH—CI _(EH—H T Ecz—cz)

AH298 = 2x(-435.88) — (-242.6 -431.6)
= -184.72 KJ/mol



NGUYENLY?2 -



6.3.Nguyen ly 2 cua NDH.
Chiéu dién bién cta qud trinh héa
hoc '
6.3.1.Chiéu dién bién cUa cdc qiia trinh trong tu
nhien
6.3.2.Nguyen ly 2 & Entropi
6.3.3.Nguyén ly 3 cua NPH
6.3.4.Bi€n déi entropi ciia phan tmg héa hoc
6.3.5.Thé nhiét déng & Chiéu tuw dién bién cla qua
trinh
6.3.6.Bién d6i AG & Chiéu phan trng héa hoc
6.3.7.Cdc yéu t6 anh huéng téi AG
General Chemistry: HUI® 2006
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6.3.1.Chi€u dién bién cUa cac qia trinh

»Su tu dién bién cla cac qua trinh

thap
Tu di€én bi€n

<
Khong tu dién bi€n

A _.B._
hé'p Tu dién bién N / \\\L 4
Khong tu dién bién \ _/ \ /
Evacuated 1 atm 0.5 atm 0.5 atm
Slide 66 of 48
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6.3.1.Chi€u dién bién cUa cac qia trinh
»SU tu dién bién cUa cac qua trinh

7

*NUOC : Vitri ,,— Vitrig

P A +2HCI - ZnCl, +H, 1

*P/u:

Seoe’ ool
.-:". -;?'-:‘

- € & -t.'.
. » \. ,J ‘f**)
g D A g g Y

.\,m_?ef 2é oy . b

General Chemlstr'y: HUI® 2006

Slide 67 of 48



6.3.1.Chi€u dién bién cUa cac qia trinh

*Y&u t0 quy dinh su tu dién bién : 2

Entropy Tinh h6n loan ——— Entropy
>
° g
L &
® e
2
Ran Khi
*Noéng chdy : Thu nhiét (+Q) Sap x€p : Trat tv — Hon
don
eBayhoi: Thunhiét (+Q) Sap xép : Trat ty — Hon
don
*Ngung tu : ToOa nhiét (-Q) Sap x€p : HOn dOn - Tishik ss ot as

tu General Chemistry: HUI® 2006



6.3.1.Chi€u dién bién cUa cac qia trinh

»Yé&u t0 quy dinh su tu dién bién : 2

Entropy Tinh hOn loan —— Entropy
e g
A D
Y e
D
Ran Ldng Khi
Qua trinh Nang luong Sap x€ép
R - L :Néngchdy Thu nhiét (+Q) Trat tu » Hon don
L - H :Bayhoi Thu nhiét (+Q) Trat tu — HOn don
H - L :Ngungtu Tda nhiét (-Q) HOn dén - Trat tu
L - R :Keéttinh TOa nhiét (-Q) HOn doén - Trat tu

Slide 69 of 48
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£6.3.1.Chi€u dién bién cla cac qua trinh

»Yéu tO quy dinh su tu dién bié€n : 2
*Nang luong :
Tu dién bién theo chi€u ! nang luong Q (1Q)

*Trat tu sap x€p:
Tu nhién tu dién bi€n theo chi€u thon don ( thon don)

= Nhiét dOng hoc
* Nang luong : nguyen ly 1
Bi€u dién bang h.trang thai : Entanpi
Ky hiéu : H dH-vi phan toan phan
*Trat tu sap x€p: nguyén ly II
Bi€u dién bang h.trang thai : Entropi
Ky hi€éu : S dS-vi phan toan phan

Sli
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6.3.2.Nguyen ly 2 & Entropi

= Entropi

*HEé khi ly tudng : co lap
Tu dién bi€n : trang thai trat tu kém -  trang thai hon
don

A B B B
/ X Tu di€én bi€n R N\
- > | LS - .._..""'""_\_. — 4 1
| < - \ r = -_'I;_h_.__,'r.. — | \ J.'I
&j Khong tu dién bién ./ L 4
Evacuated 1 atm 0.5 atm 0.5 atm
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6.3.2.Nguyen ly 2 & Entropi
= Entropi
*Hé : 2pc5u tu

Tu dién bi€n : trang thai trat tu kém -  trang thai hon

'
=) N

(b)

T | P |Cichsapxép
0 2 1
1 1 2
2 0 1

Nhén xét : trang thai hon don nhat : 2
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6.3.2.Nguyen ly 2 & Entropi
= Entropi
*Hé : 4 cau t
Tu dién bi€n : trang thai trat tu kém - trang thai h6n__ don

1 —

T DI S

had ©
| |

% ° Q A.B.C

D AB D
A.B.C.D | ( ) B 5 g = = g
none , ; : ; :
B.C, 1 cach g,g,g i 4 cach S 5o ol
o B.D B

C.D A.B

T | P Cichsdpxp
4 0 1
3 1 4
2 2

Nhén xét : trang thai hon don nhat : 6
General Chemistry: HUIO 2006
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6.3.2.Nguyen ly 2 & Entropi

= Entropi
*S0 vi thai Urng vOi moOt vi thai goi 1a xac suat nhiét dong
hoc
_ _ R
Theo Boltzman : S=klnW = FIDW
K =1,38.103]J/°K W-s0 vi thai Ung v6&i mOt vi thai
R = 8,314 J/mol.°K N =6,022.10%

Két ludn : MOt hé co 1ap tu dién bi€n dén trang thai co
xac suat nhiét dong hoc 16n nhat, nghia la dén trang
thai vi mé Ung vGi sO trang thai vi mo 1dn nhat.
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6.3.2.Nguyen ly 2 & Entropl

= Phit bi€u nguyen ly I1 | "
TOn tai mOt ham trang thai goi la entropi (S). ke

dS 1a mOt vi phan toan phan o
*Hé kin: bi€n d6i thudn nghich nhé —w—
dQ,
T
o ) _ _29Q,
Bi€n d0i entropi : T.thai T, -»T.thai T, AS=S5,-S =] T
1
A ~ ~2 7 n - dS > %
* He kin: bien doi bat thuan nghich: T
2
AS=S, =S, =15th”
dQ A 2 1 T
2 ) a¥ >[— . A
Téng qudt: %2 T > 2 JI T S-ham khuech do

D.vi do : J/ Kxmol
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6.3.2.Nguyen ly 2 & Entropi

" Bién dOi entropi trong hé cé 1ap
Vihé colapdQ =0 dO
-Qua trinh thudn nghich : dS = Tm =0

-Qua4 trinh bat thuan nghich
(qud trinh tu’ xay ra):
&S cho dén khi dat trang thi can bang

s > 9% 5
T

eTiéu chudn xac dinh chieéu & gioi han cUa qua trinh
dS>0 (entropi tang) : hé tu dién bién
dS=0

d’S <0
General Chemistry: HUIO 2006

] (entropi cuc dai) : hé & trang thai can bang
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6.3.2.Nguyen ly 2 & Entropi

= Tinh chat cQa entropi: thudc do dd® hon don clia hé

Ran
= | =]
S
rd
Long
— Dung moi
e RO e S W,
LR oo Lo g'ﬁg
o S So=o
g e e ow
Chat tan
"N ird
He oT1

Nung nong

Néng chay Léng

Hoa hoi Khi

Hoa tan Dung dich

Hé 6 T2 (T2 >T1)

Tang nhiét do

General Chemistry:

HUI© 2006
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» 6.3.2.Nguyen ly 2 & Entropi

= AS trong g.trinh din n® dang nhiét cta khi ly

tu’dng. = const
Vv > V
Q=AU+ A J 0=A
ViT = const - AU =
PV =nRT - P=ﬂ
v
IPdV —Iﬂ dV =nRT In = Vs
Vi
AS =5, -S, -Q :annK
I Vi

General Chemistrv:

HUI© 2006

P
=nRTIn—Lt

P,

P

—nRln—1t

P2
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6.3.2.Nguyen ly 2 & Entropi

=AS qia trinh chuyén pha clia chat nguyén chat

Entropy Tinh hon loan

Entropy

T p > T p > T
P = > P > > P
Ag = Qo - OH
T T
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. 6.3.3.Ap dung nguyén ly 2
= AS clia chat nguyén chat phu thuOc vao nhiét do
*Qua trinh dézng dp : P = const
dQ =dH =C dT

AS, =S, -S, _TfQ ch a1

Néu T,-T, = nho AS,=C, In 22

1

*Qua trinh déng tich : V = const

. > — -2
NE&u T,-T, = nhd 85, =C o

General Chemistry: HUI© 2006 Slide 80 of 48



% 6.3.3.Nguyén ly 3 cia NDH

1.Nguyén ly 3 (Pinh luat Nernst)

=Chat két tinh: ¢ nhiét do T =273+t=0"K
Cac cau tUr sap x€p chat khit theo quy luat; sOW =1
trang thai vi mo6 Ung v&i mOt trang thai vi mod bang
1C )
S, =klnW =kIn1=0
" Theo Boltzman :

= Entropi cla cdc chd@t nguyén chdt dang tinh thé &
nhiét d0 khong tuyé@t d6i bang khong
General Chemistry: HUIO 2006
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6.3.3.Nguyén ly 3 cua NPH

2.Entropi tuyét doi

Entropy Tinh hon loan Entropy

T R T H
C,  DH
AS=S.-S, = [—2dT + "C+I J'_P
) T T I, 4T
Vis§, = ’
O ST=}C§dT+ ”C+J' pdT+ } f
0 S T, r
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Sw bién déi Entropi ctia qud trinh chuyén pha

Absolute entropy, S

Solid

Liquid

e

J““ Melting

—
—

——Boiling

____Ii__ Solid-state phase change

Temperature (K) >

83



6.3.3.Nguyén ly 3 cua NPH

3.Entropi chudn
* Piéu kién chuan
Chat 16ng, ran : nguyén chat
Khi ly tudng & P = 1atm
Dung dich :1mol/lit
Nhi€t do : T =25 + 273 = 298°K

e Ky hiéu : GO  (xem bang 6.2, tr.214)
298

e Ponvido: J/mol.’K

Slid
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Gid tri entropi tiéu chuén S°,,, mét s6 chat

(J/mol.do)
Khi Pon chat ran
S S
H 114.604 C(grafit) 5.740
130.575 C(kim cucong) 2.377
H
C 157.987 51.21




Gid tri entropi tieu chuan S’,,, moOt sO chat

(J/mol.dd)

Hop chat Hop chat




Gid tri entropi tieu chuan S’,,, moOt sO chat
(J/mol.dd)

Hop chat Hop chat




6.3.4.Bi€n ddi entropi clia phdn Uing héa hoc
"Phan Ung aA+bB - cC+dD

»Bi€n d0i entropi
Vi S 1a ham trang thai & dai lugng khuéch do

AS =(cS +dS,)—(aS +bS,)

AS=%'S, =Y S,

O diéu kién chudn & nhiét dd T = 298°K
— 0 _ 0
AS = 2 S298(sp) 2 S298(cd)
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Bai tap Umg dung

Vidu 1:Tinh AS cUa qua trinh dun séi nudc ?

Nhiét hoa hoi cla nud@c ¢ P = latm :
AH = 9700 cal/mol

¢_Q_AH _ 9700

JAN =
T T 273+100

= 25.70cal / mol°K

Slid
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Bai tap Umg dung

Vi du 2: Tinh AS cUa gqua trinh nong chdy nudc da
Gt=0°C?

AH=6008.22J /mol @ P=1atm &
T=273+0=273°K

AH _ 6008.22
T 273

=22J/mol°K

ps =2 -
T

Slid
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Bdi tép Umg dung

* Vidu 3: Tinh AS cUa qia trinh dan n@ thuan
nghich 5mol khi Ar & t = 25°C t P =10 dén P
=latm

AS = annE =5%8.314xIn10 =95.72J/°K

P,

Slid
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Bai tap Umg dung

*Vidu4 _
' Cgraphit T COZ(k) — ZCOk-
¢ lco. Jco

S ,J/mol K  5.74 213.68 197.54

ASS. =(2%197.54) - (5.74+213.68) =175.56

General Chemistry: HUI© 2006 Slide 92 of
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4 6.3.5.Thé nhiét ddng & Chi€u qua trinh

1.Thé nang

Thé ning El = mghl
E, =mgh,

Cong

A=E, -E,=AE =mg(h, —h,)

Tu dién bi€n : * Thé nang : giam
e Sinh cong : A> 0

General Chemistry: HUIO 2006 Slide 93 of 48



4 6.3.5.Thé nhiét ddng & Chi€u qua trinh

2.Thé nhiét dOng
Theo ng.ly 1 Q=AU+A

Q ,_
Theongly2 OS2 - TAS2Q [ TAS2AU+PAV+A

R A=PAV +A’ -
Cong

PAV -Cong dan n6 thé tich

A’ -Cong c6ich:  cOng di€n trong pin,
cong chOng lai dién trudng, ﬁ
tU trurong ngoai

Slide 94 of 48
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6.3.5.Thé nhiét dong & Chi€u qua trinh
- A'> AU + PAV —-TAS
-A'2 (Uz _U1)+ P(Vz _Vl)_T(Sz B 51)

-A2|U, +PV,-TS,|-|U, + PV, - TS,
-A'2 (Hz _Tsz) _(Hl _TS1)

Pat G = H- TS goi la Nang luong Gibbs

Gz_Glz(Hz_Tsz)_(Hl_Tsl) _
6,~G,=(H,~H-(1s,-15) [~ BC=AH-IA3

-A2G,-G =AG —> AG<-A

T = const & P = const —> G-Thé dang nhiét, dang ap

hay Thé dang a |
(hay Ggen%)ral o5

Chemistryiee o



4 6.3.5.Thé nhiét ddng & Chi€u qua trinh

"Piéu kién chuan

Chat IOng, ran : nguyén chat _
Khi 1y tudng 6 P = 1atm D.dich :1mol/lit
Nhiét d0 : T = 273 + 25 = 298°K

Ky hiéu: AGS,

Pon vi do : KJ/mol (bang 6.3, tr.220)

Slid
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4 6.3.5.Thé nhiét ddng & Chi€u qua trinh

3.Chiéu (di€u kién) tu dién bién cua qua
trinh AG < _A’

A>0- AG<0
e A=0-AG=0 : qua trinh tU xay ra
e A<0-AG>0 : quia trinh dat can bang
. : qUa trinh khong tu xdy ra

AG=-A,
Qua trinh thuan nghich:

Slid
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6.3.6.Bi€n ddi A\ G & Chiéu P/u héa hoc

1.Tinh AG duavao G cUasdnphdm & G cUa
chat tham gia p/u

DG =DD0G, —SOLG,

=KCl,, +— . Oz(k)

*

Vidu

KCIO,,,, =

__“

G , kJ/mol -289.9 -408.0

AG° =(—408+0) —(-289.9) = —118kJ / mol

Slid
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6.3.6.Bi€n ddi A\ G & Chiéu P/u héa hoc

*
2.Tinh A G dua vao nhié€t tao thanh H & Entropi S
Vidu 3 |
KCIO, =KCly, +~ 0y _
___
AH , kJ/mol -391.2 -435.9
S , kJ/mol K 142.96 82.56 205.04

H® =(-435.9+0)-(-391.2) = -44.7kJ / mol
= EBZ.SG + %X 205.04 @— (142.96) = 247.15J / mol°K

AG° =—44.7 —(298%0.247) = -118.1kJ / mol

General e 99
Chemistrye® o



*

6.3.6.Bi€n ddi A\ G & Chiéu P/u héa hoc

Vidu: AG 0t =25 C ?CaC0;,, =CaQ,,,+CO,,

AH , kJ/mol

-1206.9

-635.5

-393.5

S , kJ/mol K

92.9

39.7

213.68

AH® = (635.5-393.5) — (~1206) =177.9kJ / mol

AS° =(39.7 +213.68) —(92.9) =160.48J / mol°K

AG° =(177.9) - (298x0.160) =130.22kJ / mol

General .
Chemistry™e>* 2
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. 6.3.6.Bi€n dBi AG & Chi€u P/u héa hoc

Tinh AGo t =1227C ?

T =273+1227 =1500° K

AG® =(177.9) — (1500 % 0.160) = —62.1kJ / mol

Slid
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6.3.7.Cac yéu td anh hudng t6i AG

* Anh hudng clia nhiét dd
G=H-TS —> dG=dH-d(ST)

*

dH=dU+PV)=dU+d(PV)
dU =dQ=PdV =TdS - PdV

—> dG=(TdS+VdP)-S8dT-TdS - dG=VdP-SdT

]- dH = (TdS - PdV)+ (PdV +VdP) = TdS + VdP

KhiP=const 0dP=0 —> dG=-=8dT

T o B
—> AG=AH+TH6(6ATG)H > Tﬁa?—f)ﬁ—AG:—AH Chia2 vé T

O -ag
oT _-MH 0 PAGH _- x _
_ >6Tﬁ%ﬁ JT‘#.uang tri nh G bbs- Hel nhol

2 2
I T Slide 102 of 48
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*

6.3.7.Cac yéu td anh hudng t6i AG

* Anh hudng clia nhiét dd

paPe H=- 2y
Tich Eh%ﬂ]tu‘ ihiBt b 298 dén T

AGO AG;)98 —

r AH
— J' d
T 298 o8 T°

General Chemistry: HUI® 2006
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6.3.7.Cac yéu td anh hudng t6i AG

*
= Anh huéng clia ap sudt
dG =VdP = SdT
Khi T = const —> dG=VdP
2
ldG=jvip  —>  GunGry=[VdP
1 1
Chat ran & Chat 10ng
V = const —_ GT’P2 - GT,P1 =V(P,-P)
*Khi ly tuGng
2 P
V= R; > G, =G, ={R;dP —> G;, =G, =RTln—
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*

6.3.7.Cac yéu td anh hudng t6i AG

= Anh hudng clia thanh phan
Hé gbmicautl:nl, n2,n3, ...... ni mol

Thé nhiét dong G =G(T,P,n,n,,n,,....n)
dG=$H dT+E§H ap+PCH  an +HPCH dn2+....+EQC—; dn
T ,N P ,N Epnl D,P,“j;tl Epnz G,P,nj;cz ani / ;

G A ha I
Bét %EP .dni =U The hoa — z,uidni = 0A

Thé héa cua mét cau tr la do ting (tinh cho 1mol cdu
ttr) kha ndng sinh céng hiru ich cua hé khi thém mét lurong voé
cting bé cau ttr dé vao hé & nhiét dé, dp sudt va s6 mol cUa cdc
ca@u tir khdc khong doi.

U la dai luong cuong do

General Chemistry: HUL© 2006
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Chuyén ddi don vi do ludng

1] =1 N.m=1 Pa.m3 =1 kg. m2. s-2
lerg =10-71J
lcal = 4,184J

l1eV  =1,6021892 x 10-19J
L.atm =101,325J
cm-1 =1,986477 x 10-23J

1Pa =1N.m-2=1kg m-1.s-1 R =8,31441).K mol

1 bar =105Pa = 1,987 cal. K mol
1atm =101,325 Pa = 0,0831441 L.bar. K
1 atm = 760 torr .mol

1psi =6897, 7572 Pa = 0,0820568 L.atm.K

.mol
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