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A MMERNE-NMEHRNAERNET, WAERRM, K
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V =constant =>w=0 Q =A4U
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Py =constantow=p AV ".Q =AU+W =AU+ p, AN = AU+p,V)

it: H=U+ pV (enthalpy) Fﬁ A Q =4H

J

www . kaoyancas.net




www . kaoyancas . net

\

IR e

10 #45 (enthalpy)
1.8 X: H=U+ pV
2 FEEEZ M TR RN AFETRE.

3.AH—%AUE‘]9‘§§\:

(1) T = constant,n = constant .. AU = 0,AApV=0=> H =0
(2) 4n # 0,pV =nRT(T = constant)

SoAH = AU + ApV = AU + AnRT
#il: 1E298KAET, RMNB,C(s)+40, = 2B,0, +CO, (g
AU = -2850kgmol™, KAH
\ ff: An=1-4=-3,4H = AU + AnRT = -2827kgmol™ j
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1. Hess’ lawA & : &

17, W—1)

M — IR & AR Y,
Hess’ law states that if a reaction is
carried out in a series of steps, AH for the

reaction will be equal to the sum of the
enthalpy changes for the individual steps. /
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f#: C,H, +0,(g) > 2C0,(g)+H,0(l)

B AH® =-393.1 A H’ =-285.5

Bl: S THEMPERRA H,, = -129Tkgmol ™

W H))
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Al

Bl: SHAR HFCHBBREMA H 435158 —393kJmol ', — 285.5kJmol "' F1 — 3269kJmol ',
ﬁ$6C(E%) + 3H2 g)— C6H6 (I)HQA,HZ .
ﬁ: C(Zf%) + Oz(g) - Coz(g)AmH; = _AcH;,E &=

1 (o] (o]
H,(g) + Eoz(g) —->H,0()A,,H;, =-A_H

¢’ "'mH,

C¢Hq(1)+O,(g) - 6CO,(g) + 3H,0(1)A ;H; = _AcH:)n,CGHG
(1)x6+(2)x3—-(3):6C(A = )+3H,(g) > C,H.(I)
A H, =6A H> +3A ,H' —A H = 54.5kJmol

2% B AR R N R TR, S IR AR 25 A HI R
JERX Uil B BRSNS A BT A
BRI ARG R, FMI AUEE—T, R
\ HOR RS FHE AR RN AR T EYE? j
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ArHlon =ZviAchn,i(}im%)_ZvjAcHlon,j(fh%)
Sample exercise :

1.the enthalpy of combustion of C to CO, is - 393.5kJmol

and the enthalpy of combustion CO to CO, is -283.0kJmol ™
Using these data, calculate the enthalpy of combustion of C to CO.

Solution:C + %OZ — CO

k ~ AH2 = A_HC (C)—A_HZ (CO) = -110kJmol * j
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3./% (entropy) —NFTHIRSRE S

EN: WREKRBILEN—MEE, BMERINBEE
A, BEFF#EE. The more disordered a

system, the large its entropy.
RER: S=kInQ
Bk EINLERT, BRIERRBEE LR
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WV

EILLAE R, AL TT R AR BE A9

a.S,., =S, +S,,, =0 Reversible process
b.S

=8, +S
Unlike energy, entropyis not conserved; entropy is contually increasing

>0 Irreverible process

univ surr

omg (B FIEE:
WE: 1.R8E
2.5 FREK, MBS, SHEBK
3N AESREAT S, MHRIEEE, BIELER/, HSHE

&

AN TESREZEP RN, HAn=08}, S 2R/,
AN>08}), AS>0 :An>08f, AS>0

\_ /
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H,0(g) H,0() H,O(s)
S(Jmol'K"') 188.7 69.96 39.33

CH, C,H, C,H; n-C,H, n-C,H,,
S(Jmol'K™") 186.15 229.49 269.81 310.03 345.40

C(CH;), (CH),CHCH,CH, CH,(CH,),CH,
S(Jmol'K")  306.4 343 348.40
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VAR 0 NELE
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1.#&: SIEEETQ

2. m; FERER, BEENRUSIEERE
RAREELERL; BERSREET, F
FERR IR, A 2R B VR ELEE DUR BRAR X /N
A, BISRITT , XPEAMNHRMERESER

b

ﬁﬂ&%$%%,%%ﬁTﬂi
RIS R: AS = 42
T

Ei{ﬁ: J-mol 'k~

SthRREE, &
RIS MAR.
FR 43 WA 5 7 W] 3 )

HEFSTEE. 4//
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AWAE S PRV e

=.45%1% (Absolute entropy)
1./ E =% (The third law of thermodynamics)

Z%ﬁiﬁ?f?m‘ EAAF R SERBEYIRKEET

AR T=0RETE 4 FHEsIEVEIE T, FrigsER oo aid s
RN LG, FERE —MBUNEH, WRED T,

| 73FRIE E B —B, 5 FRaAkCONOSE, 7E0 KR HJ &t
=AW EKHES]: NONONONONO

NOONNOON , XEHEF| HIMIER — kP, NEERATERE
ToE i ik, BHBANE.

HTRAOFBE=r, BN HENREFRIERS T

\ FRIZE XTI j
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2 FRHEZENHE (Standard absolute entropy)

EN: FEHREER)

FEF11 atmF,1 mol¥) i K1 #L %2

B, FMANZYIRBISHELR, AFS S, K

7N,

1?]‘f41§54?i5fjﬂﬁﬁﬁlﬁf]3{%51@5} AS = é;nzT‘ - é;;thA§>: :g;;ﬂ% = AFZUOKT =0

51 I i I~ VA
A.S, 208k = sz

SmT = AS El] A S:z 298 K =S:1 298 K

208k (£ ) - Z v;S 298K (R BL¥r)
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. T:'ﬂ!ﬁ K Q ﬁ'é The Gibbs free energy

. FRJ S BION
HreE RIBELEE K TTH I REE:

BIEFEE. KT, %,

ﬁ%@ﬂﬁﬂﬂkﬁ’ﬁ@bﬂ%ﬁﬁﬁﬁmﬂ‘*

1T , BRINILSEH

V. ) 2R AR AL 5
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BA1298 K,101bar i}, T34 5 Bm i 285 1 40 31 12 -
S i, o) = 219.45kJ - mol "IK_I,S,‘,’,,HZO(g) =188.74kJ -mol 'K ',

Smc.mon =160.70kS -mol "K' . FERM: HRHEHE .

fit: A S° =219.45+188.74-160.70 = +247.49kJ - mol 'K

RPN IEE, R AR AR B AGEAT
A, BENR SRR, EE T, MRS
Hﬁ%’?iﬂ:. T B RFEAT DI FELE KA T BILIE R

\ B R R B B % R NANEE B K HEIT? tBAEE. /

' %@ﬂé’l‘ﬁ‘]‘%ﬁiﬁ%, A%
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WS

5 A0 B ---- R E 2% 75 2 R (Gibbs-Helmholtz

equation)
v Q,=AH = AQ+AG =TAS + AG

ZAG=AH-TAS=A(H-TS) ..G=H-TS
NF—MEERM, BT, A.G,,=AH, -TAS,
EBIHA, G =41-298x0.2475 = —33kJ - mol ™'

EFEFET, ERZWH B KIEMRE “,II;EB’J&{E;%\
323 %’éﬂﬁ o P RN SN

HIMEE,

G<0 IERMNFHHEK e
\_ FERMRSMRES R LY e o

HX )
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VAR 0 NELE

B A7 R H B RERIRZ M

AG = BL 5 TA]
7K 3z TEE T, ERMER
7K 3z 1E TRET,¥ERMEK
<AH/IAS NIE BTF,ERMEK
>AHIAS i BTF,ERMEK
<AH/AS At BT, ERMNBXR

>AHIAS AL BT R E R )
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VAR 0 NELE

5.5 B

PREAE R B
M RE TERRS T L1
H

HEBE )R A
PRERS:

State of
matter

A=

Solid

AE

liquid

-] %2 7€ FI AR B
R ImolZEY R i B

FEZZ.10:A G

gas

Solution

fe4r (Standard free energy change )

REANZE.
AL NI KR

element

Standard
state

pure
solid

pure
liquid

at 1 atm

™M

0

J
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A.G, 0k ZVG 208k (BB

Sample exercise

Solution : A, G}, .5 =D v,G

\_

) - z VG, 208k (R BLH)

298K (—

Using the standard free energies of formation tabulated
in Appendix, calculate G for the following reaction(298K)
CH;OH(l) +30,(g) » 2CO (g) +4H,0(9)

2 - Z v,G, sk (R BLY))
=2x(-394.4) + 4 x(-228.6) -2 x(-116.2) = -1371kgmol

J
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I TR

6.Gibbs-Helmholtz 5 &1 ™

"Iujz ¥ RN EEREETE, X TAHEASHE
,H"Jr {Ru %E&/E) }@ﬁ}%ﬁﬂ‘, ﬁEEMgﬁ

K (BMNEERBIER) HER, RIHE
620 IR P WY %% ) i A H
AG=AH-TAS=0,T, = AH/AS » — 2%

Z&r m,298K

\_ J
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i - SO, (g)+ CaO(s)=CaCO,(s)
AHS ook (kJmol 'K™')  -395.72 -635.09 -1434.11
S ek (Jmol'K™')  256.65 39.75 106.69
2% B B 1P B

fi: AHY o0 =—1434.11 —(-635.09) — (-395.72) = —-403.3(kJmol "' K™')
Ars;mK =106 —39.75 - 256.65 = —189.71(Jmol 'K )
= (-403.3)/(-0.1897) = 2126K

v A Hm298K <0,A Sm298K <0 - fRETHZ-

\_ /
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HERMNXEERTEIT, NEmM ﬁ%zm
TS—Iin] L Z K, BIG=H. ﬂHTUE
=H H%%—H%‘U&F Y. W2 RMEP
Eﬂﬁﬁrﬁ, PRl 03X 05t 24 WA 52 e
m ﬁﬁ%%ﬁﬁ%ﬁ@ WNEE B R

Fﬁ%ﬁ%ﬁﬁl%ﬁ&%' R, HIREBE
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AT e
JEFREIRA T I H HIA AR /] HVan't Hoff SFiE 5
R
AG,,=AG’,+RTInQ
NHOR RN, XK BB ik e b -
fildn: X aA(aq)+bB(l) > dD(g) + eE(s)

\_ J
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#l: AN N,(g9)+3H,(g)=2NH,(g) A Gm298K NH, = -16.48kJmol
RW: fEp,, =100kPa.p, =1kPa.T =298K WHRERNETHR?
fB: A,Grsoek, n, = 2A(Gly 05 = -32.96kJmol”

/ 0\2
A¢Grzosk = A¢Gl sk +In (P, 1 P7) = —21.55kJmol ™" < 0

(py, ! P) Py, /P

\_
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