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v RIEMZSNTBNIMIEDN D ?
b s LS BDOFTRTERETRID

EEMER C,

~

BEmzs J:ﬁi*a#ﬂ%ﬁﬂ‘% [ qp = AU + pAV (2-7-2)]

() 3 T OMHRF S
(2) REIEHRIC X D

Q) T ERELTS c- 4
@) 5 THBEEE % K% < 35 _AT
J
C,OHBELROARZN > B LRSS OBMBBE = BEVIZL




Cy OBE, MESNIMITRT [4 TORYIFE] Iiibh 5. RLUEOBIT L F— (1moli7ey)  MERETIRIEE

MgEfkr &) 252 TITZS | CeZ5dE f Gy — Cym = R (2-877) <5 _ 3 pr (2-8.6) - o
£3:-1 BCIBT2ELREECr & Cr OH i 4 Kol | 2 U=uv) dU=(aOcﬂ+§W>dV
% E C-V/J K—l mol—l C“P/J K—l molml 1 R i 83 — JK mo jﬁi@iﬁﬁbo)&%ié a — v AT
= ; Cp — Cy 3 eakitkons
A AUy, = Up(T) = Upy (0) = =RT (2-8-8)
~1) 74, He 12.47 20.79 8.32 2 _
L ' dU = C,dT  (2-8-9)
24>, Ne 12.47 20.79 8.32 Uy . W1 mol DN R I F—
Z%, N: 20.81 29.12 8.31 -
2%, CH, 27.00 35.31 8.31 — )
N7 v AtHi#E, SFs 88.97 97.28 8.31 — _ Cy DR EZAL T
ﬂ& ¢$: <+ Alhn —-CanT‘ Al]-— l/tib‘ﬁ%é§ Al]:: j- CVdTW
X, H.0 74.66 75.29 0.63 - 0
X, . CsHe 92.9 135.6 42.7 3 P
1*: CV,I’I] = ER = 1247 J mOl K
F4¥rErF, C 6.11 6.11 0
A2, SiOs 44.12 44.43 0.31 SEERED [ 0ERF X — iEED) C
#itF + ) 7 4, NaCl 477 50.50 2.80
— — . . - b i SEE)
%ﬁx:®m=§R=m4ﬂK*mm* * 78— 1 moldprz b Dk Ne 12.47 o, 21.03 N,RO0,DCHTBHE T T XV
EIhTREES R Cv =Cym Ar 12.47 CcO 20.83 REW, BELEAH?

p.74-77, 79-82

...........................................

FIEZAL

=2 REONBI 7K —

[HEARFEBIICBVT, ELEEICL D5 FOF
WHIANE—IL AT THBILRLE. 2%h, 4
FORFMOEVIANLF -1 SRTTHSH. Wl H
VEF— IR LTl EBOFGETEEET D &,

s BER LBNEOE 2 (BETOWHEICHEAITES)

...........................................

AUp = CymT

-

Translational Motion

CV,m trans — E R

Un(T) = Un(0) + 3 NoKT = Un(0) + 3 RT

THsb. 22T, Un(0)ZT=0DHBLALT—T
BHY, 0Lk Y bRECHEN DD BRAEAL). 25°C
IZBVT, RT=248k]Jmol ! %NT, KkDELH
BT AV ¥ — 1S B Wl B D F 1% 3.72 k] mol !
LB,

BEME2A-2 WL HEOHHIEL EELT25°C
B BIEREOELNET AL F—FEHE

;®3M‘3mﬁ®3!eﬁ$§

@m:am§1@kn%R

& [%: Un(T) = Un(0)+5RT]

CV,m trans + CV,m rot

N . = — H 12.47
2L LS+ ¢ vl - fRE)o AhEZ R €
% g | & EE® B Ne 12.47
s Ar 12.47
+ —is 3
i — g N, 20.81
== . 0, 21.03
QRN oD A R ) ‘_W : CcO 20.83
(Rotational Motion)

B:3 MO0 % 4 7DORIC

WazJ=102], ENMY
12] 1ZB 5% 0.6k] mol i

PR 7 T OL F —HE(E O[]
VIBRATHL, TITO
HFLw)

5
ER =20.78] K™ mol™?!

1
Cvmrot = 2 XER

TRV F—
Wi < liis < PRi@ - - -

MRk <0
o7 - O - [nlfiEB R &

ERBA R EIEHAR G =

BIVEEBR R Cp,m =

- U,
BIVERBAER Cym= 3T
v

WK o N BT

- {30) ),

(&),
(57),

W BV E I 7 L — LBk

s comeny dH = CpdT
ELTRICEDAATREES S, WIEEAZMET 5.
AH =
AU = qy H=U+pV | dp

. (IR DAL IR N & F)

........................




c R LEEDOE L2 (BEXADER)

p.74-77, 79-82

i 25 AL i g R4S AL E
: ~ au H oH E
L EREER Gy = (ﬁ) 8 EIEBAR (= (@) !
: v P
R . e U LAY
P \av), T P\er) T | H=T’+PV |
|
| eI OGS
T :
CT—CT=nRT |{==)| H-U=nRT (2B-3)}

,H

I alE—-

° Cp>CV

> «H>U
SHRBIRAF—, U <:| * %i}%‘nci EH&U@%?bij(%L\

BE, T

R2B-3 & 2B BT 2 EEMAERIE, GEIET) HEEC
HLTT7oy RO Y LY —HBOBROERT
b3, [T, HHRETOIY & VE— 2T BiRE
D70y FOHRIZNBIAVEF—IHT A REOTT Y
FOUR LY aTHD, DOFY Com ik Crm LD KXW,

KB - 3EBEIL. CAMEEILLEVEED Y57 EROZI )

(1)

, H

SHBIILF—, U

I RIE-

BE.T 2

B2B-3 & 2iREEC B B EEMAERE, GEET) REC ( )
HLCTTuy b LAROTY 5 LY —HBOBMROLET
HHMETOLY FVE—IHT BiRE
DTy F OHRIRRBZAVE I AREO T T Y
MOLR LY 2THE. DY Com it Crm LHKEW,

3) 4)

N

-

2-9 AT AN F— L T H N E—DRIEEL
* CyECNREEL LIRVIES

EREAL . AU = f CydT = Cy f dT = CyAT (2-9-1)

THEZAL : AH = f CpdT = Cpde = CpAT (2-9-2)
* Cy L CPREELT S8 MO E b EEEIZTFEET)

EHEZEAL AH = f C,dT Cp f dT = C,AT (2-9-3)

BNz C,OREBLB FORTET Z LB TELIHRAEE LTS
(FTRTOWEHIZOWTHE D VDR TIHR « JELD 1)

Cc
Cp=a+bT+5 (294) (B

-8)

RALTQR-9-3)DDZFEITTD WlE2B-2)  a,b,c: R

T, Ty c - 1 Ty 1 T,
_ — = - —pr2| .=
AH = f CpdT = f (a + bT + Tz>dT = [aT]TZ1 + [2 bT ]T [CT]
1

Ty T
1 1 1
=a(T, —T,) +§b(T22 -T2 —c<———

T, Th
(2-9-5)IF2-17Hi%E THERS

Ty

) (2-9-5)

2-10 524& D} it

ORBEALIZ X VU, H, w, g BED K 5 ITEALT B D PfF

s HER I ¥ —

ou
Cy = (6_T>V (2-8-3)

* T TIRHIEILDLDH LD, ELDHHDITHED

dUu = ou dT + ou dv
—>U=U(T,V)+—' B GTV 6VT

>
P

wmewaw (0U
=Y (_> =0 (2-10-1)
sees demll

Y
14
A4

dU = CydT (2-10-2)

(2A-15a)

-
oH —— H =H(T,p)
Cp = <3—T) (2-8-4)
D

EZD(5) -0 e
Ju 6P ;

RETQR-10-3)%xRT

dH = C,dT (2-10-4)

(2B-6a)




=

(

E

) =0 (2-10-3)
T

.g—

Cp =

oH
<ﬁ>p (2-8-4)

ar = (2 ar+ (2 4
—\ar) ) |

P
<

dH = C,dT + oH d
> =Lp apr

RBEAE [ yriegs Lzl F o4 | | mEgs ik - Rk
DO EEtorEHEZIt (sobaric Process) HJ—%E
dp=0(p #0)

dvV =0

dT # 0

| SHE
EZ h oL

- (L

QA LorS AL (Isochoric Process) W& ZEARM

H=U+pV Ir ol dp #0
0,050 @ ] e o (O
op). dp ~\op dp
- . o o @iia§4gor%iﬁgm (Isothermal Process) MJE 5 B728 & P LIcR
p F
Rem—
Y 5) -0 o = P o [
r L BT
pre 0H aoT
FERETM <%> =nR @) =0 (2-10-6) @WiEAE{L (Adiabatic Process) BDIA DB Wish TE 1%
(6U> (0U> ° <6H> <0H> 0| § stz 0 b A
av) =\aw) =°I[\5p) =\av) = ESIETIE 0 1272 BRL av %0 i .: Vo
r A\ P\ 3HTHD aT %0 ' -
dy = CvdT dH = CpdT * 8D DOW, VOPIFTTITR > TOBH, T EHOERTETRT
G D B bt (BEVERR « EiR) p.73 « NI R X — : AU=q+w (2-5-1) p.73
. dv #0 w=-nR(T; —Ty) (2-10-7)
< @ dp = dT;tOO Mayer®DiEHI
R q C—Cr=nR (287) q=Cp(Ty—Ty)  (2-10-9)
% Gehsilh) | (ERo&H) AHEAE > Pin = Pex 52 RIR DB B DRI VLD
o Vo To) ™ (9, V1, Ty) FIEEAL — pin =10 AU =Cy(Ty —Ty)  (2-10-10)
" ” 2 AR
W= — ' = — ' = = A Ty
g iw= fvo PexdV = —po fvo dv PoVi = nRT; XT. 2e&moaulx| dU = CydT  (2-10-2) f» AU = | CydT (2-10-11)
To
= -—nR(T; — T, 2-10-7 -10- ~10- - N =
LMt dg = U 4+ pa¥ = QU % ) = |lw=—-nR(T, —Ty) (2-10-7) | (2-10-10)t3. (2£11)L%u 133
dH = CpdT  (2-10-4) T FHAHE SERAE - ?ggizc‘ég tgz‘%é‘
Ty _ 102 - » R
e i = f GodT  (2-10-8) g=AH (2-10-8) v (1/8 % 7)
dr AH @ IRHER [l e —————
g S REBEIEO D =% 5750 |
n R B P, 4
CRIEEIELARVES ) q=AH=Cp | dT = (2-10-9) " QA OFER IR
fo BB . AU=q+w (2-5-1)

| AU, AH, q,w * QL UHSSHR
? (/8 #&T)




Pt SOk 3 LIRLY 4 v dp#0 SEAKIRDSEIELAL (dp = 0) LHREIL @V = 0) OF L
= dT # 0
q#0 - S5 IER AL L
f ®o Vo, Ty) = Py, Vi, Ty) P Vo, Ty) = (P2, Vi, T))
3R w= —|[ pexdV _ —
% Gieslh) ) (EEROSH) ! Cv(T1 =To) Cv(Tz = To)
Po, Vo, To) ™ (91, Vo, T1) ﬁ = (2-10-12) n C,(T1 — Tp) Cy(T, —Typ)
—nR(Ty — Ty) 0
| dU = CydT (2-10-2) | | g s - =G -e)a-Ty)
dH = Cp,dT  (2-10-4) - Cp(T1 —To) Cp(T2 —To)
B odg= |
+ [HE2-10 INGIAEN Y o RaN@: 160732
| e () FHEWE T, To <7 OBESED EOOT, SEH 5 BMERIT S
q= (2-10-13) 7 Gy R ZeAL Q) WIEWHETIE, SR SHEWINT 285, T, > T, OBIRAIR Y 32
I LEVEE . .
— BTy =T, > Ty DIRIBIZT BITIT. HIEEBILD I HE K DD BB
SREIES ¢ BN | " AT, =T, > Ty DRI BIHE, BREALDSD% < OBA B
AH = (2-10-14) ' AU,AH,q,w @kl_l LF%
(3/8H#&T) : (48 #&T) L )
dT = dv =0 _ _ |
g %0 AU = AH = ) |
1
«—{ dU=CydT (2-10-2) | Grev = ~Wrev = nRToln 3 :
% Gkl | dH =C,dT  (2-10-4) % Gelekilh) CTjeEmE |
(Do, Vo, To) » (p1, V1, To) (Do, Vo, To) » (P1, V1, To) E A AAGETHRE D S0
(2-10-15) ) !
Vi q EwiRIREEBIE TIX v ' Y
WE T P s l‘— AU=q+w (251 2-6HiDBIREL, 2% BV ZZ 5 | v [AU=AH=0  @10-19)
@Eymwmwv j e [ FOME | Iwiel < lwpel Q67 (T
[ : v AU = 2-5-1
PinV = nRT |— dx—l _ - qtw( )
—=Inx In = log, v
1 X “ \: —nRTyln— (2-10-17)
Vo
Vi 174] v
Grev = ~WRev = f T dV = nRT, d7V = (2-10-16) "4 q=-w
Yo Vo (2A-9) v
0 < qurr < qrev = NRTHIn—  (2-10-18) DT
QWA > FTHEOGLwid® L RIZS (S8 HT) mo G FAERROT  ewer)




2 Gk OFIR b
AU =AH =0

qrRev = ~WRev = nRToln—

: Vo
E%%%&:

!

|

A5 o AAGETHER 2D 5780
__________ i____________'

D0 Vor To) WP (py, V4, Ty)

BHHBZE : R kol1D | AU=AH=0 (2-10-15)
ZhaoHE: 00 | @ T
_fpexdv = (2-10-19) AU =arw @5
F a=-
q= (2-10-20) S | e OFRIER

V.
Z Wirr > WRey = _nRTolnv_l (2-10-17)
0

£

FAXAEDFRIEIRELDE LD (AT =0)

- IFUE: (A ENCIPUE (4 B gk

Vi vV,
nRToln— nRTyln— > qi;,r > 0 0
Vo Vo
Vi
n —nRTyln — —nRToln < Wi < 0 0
0

BIROBEV, <V, - RIFBERILL. HHZ1TS
s RuHELDGE IR VECT/h XL
s N ROV — DARTEREE — w3 « Ruliilg KO D ITIRE LD

B | MZTBO—ER2EITES - AU > 0 (ZUEDRE L5
FHIR © AT BT RN THIITHES > AU = 0 (RUEDIEED HI20)

H gk
|5 0 AU = AH = w = ¢ = 0 ROIT, BRERWIFZHBIEST 2 ?
QL2 DW B ¥k
A Sk O AT ip = 0
=0 dV#0
dT #0

ARy
UEEDXF) |

AU=w | {2 KA |
-
g < @AU = [ CudTE@w = — [ pe, dVOW S HRD SN

AU =q+w (2-5-1)

% Gehkiuk)
(Do Vo, To) WP (p1, V3, Ty)

Ty
D|lw=AU= CydT

To

CyMIREEL LIRWES

| /T3« RAGETED SRV |

dH = C,dT  (2-10-4)

v

T,

w=AU=Cy | dT = @102 | | CodEH |
T,
0 JV
Q&> I IIRETHS
AH = Cy(Ty = Ty)  (2-10-22)
WRITW B A w2k

wHRIEBIB R DT, FIE - FRAL L ERICHRLZL PRTES 08T

| WiggEAL S g = 0 |

.
AU =w h-#ﬁ$:%%%ﬁ|
.
| Wi « Rl cwEDb SR |
Ruf gL O Jeks — E g

4t$ " Dw = le T [y pexdV ORI i & Reab 51D

- | amw% Pex =0 |

@ w = _f pede »
Vo — -

P W3l - AETWAED > TV / |

11 I e e e e .
ROFRPRIEL?PRLTAHALS | | w = Cy(Ty — Ty) (2_10_21)|

(1) WAL TIEwWIRIREEBI B TR AR ) ODEHHE.I A
BRI A (4) RHOIRIZF UZH, RBEOIRERRILD

w = (2-10-23)




I B Wik iqg =0
) & LETHEO RN T
AU =w
(o, Vo, To) ™ (p1, V1, T1) . (00, Vo, To) ™ (p2, V2, T2)
| w s IRTERI% =
| gk - Pex = Pin # 0 || — H IR : Pex = 0
41
w#0 L @w= —f DexdV w =0 (2-10-20)
Vo
figik T
@D AU = j CydT
T, s
AT ": @ AU = CyAT :IAT:O |
1+
W B AL = 3 3 = H HilZik
S HETFAS ERBER 0, >0 EE ARSIV
O widiIRiEBa %

X D EQDHFFEDEN
X W3 « Ru[HETwHIED> TS /
AL OIRED R B2 TRIIED LN

x>

ZEXEOWEELDE &

Wt Bn] i R R - % N BULY [ 0 Wr# 3 gk
Po> Vo, To p1, Vi, Ty Po» Vo, To p2, V1, T Po> Vo, To p3, V1, To
212 B e A L I
BT, > T, ¥ TEIL LI, ERIDNST,, Ty, T, DR/NBEREE ZRE N,
DTy >Ty>T, QT >T,>T, )To>Ti=T, BO)Ty=T,>T,
ey b @i — | LB © pey = pin |
Din ey
PSS [ R 0059 © py > e |
] |
7 Pex Rev PexIrr w = AU = CyAT
Wz_fpww _————w\\ ’
Vo
|WRev| |err| — IATRevl |AT1rr|
~

-

B4 DO BELDE &8
simoruns [0 > O  wrvsuwr () = ()
Po> VO: TO P1, Vla Tl Po» VO: TO P2, Vla TZ
dH = C,dT  (2-10-4) AH = Cy(T; —Ty)  (2-10-24)

| wame AR AL B e

- Cy(Ty—Ty) Cy(T, —Ty)
w Cy(Ty—Ty) Cy(T, —Ty) 0

AH
WrEIZR | AN RV X —2 > TR 2T 5

— JED T OB T RN X —PET - REET
SEf L WIBEHHIRD AU=0MH =w=q =0 7ZREXKTHHEETS?

ER D 2- 10 T RAEXRKDORB > Te. BIEXKTIEIRRZ5E5HH 5
FFHE94-101 HIX3-8Hi TH S Dl CSER T RTKT

2-11. SEL XA D%

2-10fiE TThholkZ &
« A GEBREARKOHFZER Y HE 3
o I FR PRI O R BE . FIE - WiEGBR TIRIRERIE.

bt |

HiY . G r 524 IO H Ly,
THLWBILTHRTHAES,

s

T % Fii

W Bl iR

(g=0)

AENEEIE (AT =0 - AU = 0)

Ty
w =AU = .[ CydT  (2-10-18)
To

w=-—q= —nRToan—1
0

(2-10-13)

=

Po> Vo, To P, Vi, Th Po> Vo, To
EHLH0FPRERMAEFEEZRYHES ?
. p1 & p, D R/NBIR%E
e : Pl kbES )

p

I

P2, V1, T

Po> Vo Ty
%lﬁ

P2, Vlu TOﬁ

|4




WEAATIGAE (q = 0) ST (4T =0 - AU = 0) e g -
o - §-a ool
‘j:$ . ano)ﬁi*E To Vo Po> VO: TO P1, Vla Tl
Po-Vo.To  p1. V1, Th - Po-Vo.To P2, V1. To oy Hif Xz i < In = log,
Jigt : AWN:J UROT py & p,ORNEEERD S CoBMRIE AL LIV & 9 nx
InA+InB =1InAB
? o pV=nRT f > (2-11-1) InA—InB :ln%
p,V,T ﬁf’;ﬁlk@‘% T—3E |SHRALEZR  BoyledDiERI
p, VOB HpEHEzZS | n RT """"
T, Cy-— V.
UDIEREIL | dU = CydT > _— nRT | | | lnT—z =G £ 7:
— Car - _"Ray -Gy G _
WwODRERR | Sw = —pedV > g |, T % Ina™ = nlnx , o L7 o=/ (2-11-2)
Pex = Pin W35
Ty 11 L_(h) (Y ’
CydT = —po, dV i 7 4T =—-nR fV 7 @11-3) (= 1, o\) \) @114
T G20 [ RbIc DD, v OBFR
| vtz oy, vOBIER - -
- Cp Cy  (2-8-7)
L _ (%) () (2-11-4) Vo T, Vi, T VE& (2-11-2)
T, \Vo) \I o po’%ﬁ?gs%ﬁﬁg%éﬁ 1T Cy ! NI 1 (2-11-5)
T b (@=0) ' sgerm HEZISLD WAROBS
«—— Vv, nR [ pV=nRT i (dT =0 - AU = 0) £=<ﬁ>"’ 2-113) Ly 1l
: o \V,
i o (Vo | - »- GEPRP RN D MO BIRE RO &V
n_Rzn_R(V) ' o Vo, To P2, V1, T r r
1 1 1 1
Y1 X)) (1 =<0 (2)0<—0<1 (3)1<T—0
L SEREZMA DM E ] i 25 L DO BIR v SRR LOBIRR +
(2-11-5) - _ 1 p
GE-3) e poVo = p2Vi (2-11-1) | - I @116
= BoyleDEHI p% Vi Ty - pV = nRT
y = C—S (2-11-2) .
ZOMOBMIL. p Lp, EBBBFRZVMES SERRR OS] L IRREOBIFR , ,
1 2
2-11-1) & (2-11- N IR — TR k5
( )&( 5%ZHARTH J:'<2b7b 575 ‘ ﬁf‘*"&ﬂ:*\c}:') W BT R = (L2
SSRASAL DIREET,  WIAVEIL D RE T T, GRIEFASB) — BEFAS SRTBWEOHHHEEI BSOS




2-12. K — T T2 K p.83

NI F— « T H)E— « B« 1 - BEBOME 2R LD T,
T IhHIMERERIEZ R TV L,
C12H22011 + 1202 4 12C02 + 11H20

R 0V =0 2w =0 =) g=av = [ cyar
| AR THIRY D F

BIRE ¢ AR EDORMET, 1010gDAZ7B—R
(C,Hy0p, =3423) ZMMBESEI LT A, RERN
341 KER UL, 1mol47z DAUZERD &, 72721,
BREOBARITEEICIRFERES, 490kIK'T, &

FoO#ARIIEETXEEDLT S,

Diz4.90 kJHE

Cy=4.90 kI K

T
W AUgypr = Cvf dT = CyAT = 4.9 x 10% x 3.41 = 16.7K]
‘ System To

i Kab % DlE Imol 1z ) DAUZDT,

Surround 1.01g & 167kJ = 3423 1 x — x = 5.66X10% kJ mol~!
AT=+3.41K

EEoREEE) SOHE AROANGTHD. ROITODIZROAU

AUgyrr + AUgys = 0 | > AUgyg = —5.66 X 103 kJ mol ™

2-13. %EETT@’":?RIE; W= — f p dv —» —pAV p-83
W DOLFERISIIEE FTIT S HHL
AU=q+w J'# q=AU+pAV — q=AH
T p— EIE R TIAH RS & f]
4 )
- 3 -5 =
() ? q>0 y

| 2-13 R e e AR L S Lt
3 DL BT B

4 KD T
5. KRDBETF B

(1) BEAH <0

Q) B AH >0 Q) FEBAH <0

(4) FEBAH >0

MR D 247 —I2iX 7% 2 (CH, ) MEDR TS, | moldDT ¥ L HHRKE
T35 L, 2658 KIDEEIIL L, 3kDHFEET S, AHEAUZRD X,
2C,H;o(g) + 130,(g) — 8COy(g) + 10H,0(g)

fRE
BB RIED T, AH = —2658K]

AU =q+w=—2658k] — 3k =— 2661k

EEE v F ot LBV DIRER ? )
BEELROOPMI S E TR LS.,

D AU = [ CydTHRODOT, BEPEATELAUIIRELIRS,
@ TH UHMBET S LRAMOBEIZX ERT DT, AU > 0TH 5.
@  AUypiv= AUsys + AUgyre= 0 TH 2D G225 1IERD
@ ko T, AUys<0THS, :
® Alsys= [ Cy dTROT, KOMOREEER & V150, w

NI 2L E—  DEHPHLLTVE LT R F— p.83

MEERRT 20 FICBT 22NV F— O R F—, hliET
FINF—, BFRICEH L RN F—) . DFERRT RIS RIL
¥F— WA NF—, FEHLF—) |\ Brelkismrl¥— (&
T R —BFRORT VY VTN F—, ETOEHTRLF—) |
BEBR T =R F— RE

INE T B FOEEH TR F—DEEZFEIZELTBEY., L2Kn
G R 3 25 COIREEL) X2 THREP oI,

TH L DIRBET AUsys< 0 IFIE LYY ( AHgys< 0B KD 32D)

13
4 CHj(g) + 702(g)

. Surroundings

H

2658 k]

(LIS ¢ ALEEATR EDNEIE L, Uy HoyHEILT 5

4CO,(g) + SH,0(g)

Exothermic




2-14. 8L 5K p.83
CH,(g) + 20,(g) = CO,(g) + 2H,0(g)  A.H = —890K]

AH D RIRODOI 4 )L & —(Enthalpy of Reaction) or Jxits#(Heat of Reaction)

Qﬁ;ﬁég CHy(g) +20,(2) = COx(g) + 2H,0(g) + 890 k]

u Exothermic Reaction Endothermic Reaction
Reactant Product
Product Reactant
VAN .

2-15. HessDEHI (Hess's Law) Q@b EE

O N E—EIREER — bR (Stoichiometry) IZHDOH9H

1 molD7 XL HMRIET HE2658 KIDEDFEET B,
— nmoldDTH L HBRBET D & 26580 kI DEDEKT S,

Q@ THNE—ITREREB — RIS TR

A+2B->2C AHQ)
2C>A+2B  AHGBRIR) = —AH(1) (2C-2)

@ AN E—ITRERE — &Y ERBOREBIZTTRED

A+2B-2C AH(D C—2D AH(2)
A+2B—>4D AHQ3) = AH(L) + 2A.H(2)
FRTHEHBERD SNBOKINEERDD Z A TES

Lk RA LRI RS

y—2x=5y=7 - 2x=7-5 |

[3 . \
PUE 199 AV T 52 nT I OMBEELLY FLE—13 298K, 1atm HE2-15 n'C4H10<I-"-l'C4H10

NEE, TNEN ~2869 kI mol ! & —2877kImol™! Th b, | ELD n-7 % TliE. EFBo5D0FPT xR
BB 1L RADL YT E I ANDERD AH FiHER L, R
NEF—=PREN?

BE. “oompsn{b¥EhRRIL,
()n-C,H,, (2)i-C,H
n-CiHio(g) + 2 0:(g) — 4COu(g) + SHO 1) o o

A:H (1) =—2877 kJ mol~! 3) I U‘,
BrU (4) ZOFERP BT
N
i-CqHo(g) + 12—302(g) — 4CO0,(g) + 5H,0(1) (2) B tﬁb

AH (2) =—2869 kJ mol~!
TH, RQ2)OUWRKIEEEX, ZORKREER(1) IS 2 &, FifbEhHE,

n-C4Hyo(g) — i-C4H0(g) (3)
AH(3) = AH(1) — AH(2)
= —2877kJmol~! — (—2869 kI mol~!) = —8kJmol~!
DL D, ERRBBEAEIRI 20T, ZORGHEYEEAET - ik

En,

J/

HAHER DD L /AWE "
xS nfEH /

2-16.BHERAR L (L RIED LV YV E— oy ¥— i H=U+pV [ p.83,84
UD#EHIE % 3R oD 2 DUXHE L HOMe HEZ KD DD L
U DIREEBEE. — AUZRRS HDRIEBEIE, — AHZHS
L2 RIBTIEZ U Ve —2{k (AH) BB ENh 5
— HHENSDXETHZRD D
i@ (BEE) 1 3ifEm %2 HEEIz LTh5S

o PEALIREE (Standard State)

. i) 500 KOG DEEHEIRTE : 1 bar, 500 K
U NE—ITRETEDS
—  FIRIREE D REEZIEL L TOARWEEAIX298.15K
o JE#ET Y ¥ ) ¥'— (Standard Enthalpy) AH®© HHIC S ZD 5

EEARIREEDAH

AHOIZIXA HO, A(HO, AdHO, A cHO 12 ENDH D
REPHENLZE LHD WWHELIZET




 fLEEDO LV FZ P —
BE#¥ LT ) ¥— (Standard Reaction Enthalpy) A.H®
EEARIRTEIZ D D ) — BEHEIRTBIZ D 5 40k
2CH,(g) + 130,(g) — 8CO,(g) + 10H,0(g)

(GERT 7> | molAMkBET B L2658 IO ¥ L E—%L |
1

[ ArHez

L2 RDOBEEEZR TS @, BALIZmol 12Dy

* [T OO ¥ E—EBIUITAHO = —2658 k] mol 1 TH 5]
EWVIHERBUTESHWS,

Lt OBITIE. 2mold 7 > HEEHK 13 mol & ity Lz & X DA HO

(LRI DT BREE & BRI NC IR 2 T a0 5,
BEREREET )L ¥—  (Standard Enthalpy of Combustion) A H©
HHLTOWAWE % ERREETREE Lz & X DG

BE#AE R # )L ¥ — (Standard Enthalpy of Formation) A:H®©
AHHLTOWE % BERRE TH KR 2 DIz p B B

BRI & )L —

(Standard Enthalpy of Combustion) A.H®© RIES

HHLTOW S WHEHZ KR THREE Lic & S O#E
2C,H,(g) + 130,(g) — 8CO,(g) + 10H,0(g)

| TH 1 molMRES B L2658 IDTL ¥ L E—EIL |

1ERfEFH T
WATFr-c

[ AHO = —2 x 2658 k] = —5316 K] ]
% [T LDAHS = 2658k mol 1 THB] LWVWHEBIT LI HWES,

13
C4H,(g) T 5 Oy(g) — 4CO4(g) + 5H,0(g) AH® = —2658 k] mol ™!

®2C-4Y 208K DARILEWOBHEER T Y &L ¥ —

(AfH®) LEEHERIEL ¥ 5 W E — (AH®)

AH®/ (] mol ™) AcH®/ (k] mol™)
%>, CHslg) —84.68 —1560
Za—2X, CeHpp06(s) —1274 —2808
Ny ¥, CHs() +49.0 —3268
x% /7=, CH;OH()  —238.66 —726
A%, CHi(g) —74.81 —890

a) BRER7—7 1255128 Oftidd 5.

BEHREAR T ) ¥P— (Standard Enthalpy of Formation) AH®©
AHLTODWE % R REE TR 32 DIz p B/ #vi

HOLWEOBEERI 2N E—Y AH® 13, T01ibs
WA RAE 2 B TCE D S AR T % & X OEERE
IV NVE—ThH5.

4C(s, graphite) + SH,(g) — C4H;(g)

CTEOT BERERRE? L, RE SNz L 1bar ©

3 1
EHZ (8 + ENz(g) - NH3(g)
EHZBOTRLLELRIRETHS. BEAERE L

v
HERR R i« BEREIRTE « o> TWABIEE GR¥298.15K) T
b ZEBIKEMLEH L TOWABILEMZE 1 moERkd 5 Kt

H,(g), Ny(g), O,(g), C(s, graphite) 7% ED AHO = 0 (PIIBISL)
* EHLIRTELIAL TIE. 01T 5780,

KPTIIHWAEAHE, RETRTI 774 b, R
ATIRAE (B8 AXTH 5D, JEEIREO—KILIFE
HEiE—20NsH 5. ZHUE) Y Thb. ) DIk
KEIHY Y25, ZOMEFEKRIY ¥ O dLERIRE
TEZVY, TAPRIHBLLTVRENLSTHS.

B BRI A HOPBEIZ D > TRk Eh TV 3.

.

*298 KTt b REIRHIAD AHO = 0 ZHER LR E W
3.AX VOBERER T YN E—ZRA LRI

C (s, graphite) + 2H,(g) — CH,(g) AHS = k] mol~?
4. F OB R T N E—ZRA LRI
~0,(g) - 05(g) AgHO = kj mol ™t

J

AHODIEPIEDILEM L ADILEMD DD, AHC > 0DILEMDOR %%
ZRE W, BV b IAHES S 0K EERME S WS BR?

| aHo<0 | |
C (s, graphite) + 2H,(g)

H H
Zh
L

| CH,(g) + 20,(g) ~ COy(g) + 2H,0(g)
CH,(g) T 204(g)
H[

AHO >0 |
05(g)

20,® ]" 2

AHS <0 |

e &8

CO,(g) + 2H,0(g) 1- M AHS > 0 1 CO,&H,0% 5 CH, D £k L |




EREREREAVELY Y L E—D BRI ARIEEORE & B

Ay ORI 7N E—AHO % RDD
CH,(g) + 20,4(g) — CO,(g) + 2H,0(g)

XK1 M1 ERRERENES | | FIH2 D AHOREX I |

(FIA3 ALRRIEADOREENT, LD |

AH® = 2

C(s, graphite) + 2H,(g) — CH,(g) A¢HS = —74.8 k] mol™! @
C(s, graphite) + O,(g) —» CO,(g) A¢H® = —393.5 k] mol~! @
Hy(g) + %Oz(g) - H,0(g)  AfHO = —241.8Kk mol™! ©)

—D0+@+2x3
CH,(g) — C(s. graphi®®) + 2H,(gJ A = +74.8 K mol? @
C ite) + 0,(g) — CO,(g) A¢H® = —393.5 k] mol~! @
£@) + Oy(2) — 2H,0(g) AHO = 2 x (—241.8) K mol™? @

CH4(g) + 20,(g) — CO,(g) + 2H,0(g) AH® = ?

AHS =

MEOH AR EZKIZT D L
C(s, graphite) + 2H,(g) — CH,(g)
C(s, graphite) + O,(g) — CO,(g)

Hy(g) + 50,(2) — H,0(g)
—D+@+2x® — {@+2x@} — @
CH,(g) + 20,(g) — CO,(g) + 2H,0(g) AHS = —802.3K] mol‘w

A¢HS = —74.8 k] mol™1 @
AeHS = =3935k mol™t @
AfHO = —241.8kJmol™t @

PRI -
. ® @ @ KISHDH = 0
] o, | ] L1 I
74.6 kJ 3935k 2418k 241.8kJ

cn, ¥ v v
H ; " H,0 H,0

2

CH,(g) + 20,(2)
Reactant
802.3 kJ

CO,(g) + 2H,0(g)
Product

CH,(g) + 20,(g) — CO,(g) + 2H,0(g) AH® = ? p-86

C(s, graphite) + 2H,(g) — CH,(g) AeHS = —74.8 k] mol™! )
C(s, g tpmm + O)(g) > CO,(g) AfHS = —393.5 k] mol™! @
H,(g) + =O,(g) —  H,0(g) AeHS = —241.8 k] mol™?! ©)

Z 4» 2 te)

mEHFN BREERT Z)LE—0 W< Hik

AH® = (ZERM DAHO DFRFN) — (G D AcHO DR FN)
= Z vp; AfHO  — Z VR AH®  (2C-5a)

Product,i Reactant,j

Ve ¢ RISORE LFERD)

R DAHS = —393.5 + 2 X (—241.8) = —877.1 kjmol !
RIGMIODAHS = —74.8 4 2 X 0 = —74.8 kjmol ™!

AHO = —877.1 — (—74.8) = —802.3 k] mol ™1

REFL-NEHBLHTHLRVDT, HBRTESLSIZTHZ L

R et t50 (60 SHBMIRATIX. 20 2— A (CH,00h Kk E )

Y H,0,CO, )

BRALIRFBITHRILEN D, LA L. BN TIIBESRZ TS L1 mold /)
2 —Z1%2 molDFLEE(C,HONZERE (& D) T3,
HRIEBROEEM > To-D-27)V 32— ZADMFHEST DEEDAHO 2 L TR BED
R HONASI AN

CH,,O4(s, glucose) + 60,(g) — 6H,0(1) + 6CO,(g) )

C;H(O4(s, lactic acid) + 30,(g) — 3H,O(1) + 3CO,(g) @

(1) =5496 kj mol™! (2) —4152 k] mol™! (3) —1464 k] mol~! (4)—115 k] mol~?!
(5) 5496 k] mol™t  (6) 4152k mol™!  (7) 1464 k] mol™?  (8) 115 k] mol™?!
TN aA—R

2808 kJ

BERVBIZNE TN A=A PSP T R F — LR HERD




 SERIREE T ¥ )V B — (Mean Bond Enthalpy) #d% : AH(A —B)
1L24RE S 2 U) 5 DI BB T ROV F—D V)il

cWBhDA AL DERT VAN E—

A F L D8E. BT FRA A 2 (Counter lon)A3dH 5,
Wil BIM LRV R A DA A L OFREER T 7 NV E—ITEE S0

HEOAHNR0THS ]
£ A2 DAHOD LN MHOM" aq) =0  (HEAWH) |
-

HARpiIC-3

1 1
=H,(g) + 5 Br,(1) » HBr(aq) - H*(aq) + Br~(aq)
AcHO(Br-,

aq) = —122 k] mol~?!

A¢HO(HBr, aq) = —122 k] mol™?!
HERME2C 4 |Ag A A L OFREER T )L B —

1
Ag(s) + Esz(l) — AgBr(aq) - Ag*(aq) + Br~(aq)
AHO(Ag*,aq) = ?

A¢HO(AgBr,aq) = —17 k] mol ™1

¢H©(AgBr,aq) = AfHO(Ag*,aq) + AcHO(Br~,aq)
> —17=x+(-122) » AHS(Ag" aq) = 105 k] mol™!

AR TIEASE S :I‘-/’ﬁ)l/f‘r LLTE>TWS

#£10C-2b 298 KIIBUI L PHF#Gy ¥V E—, AH® (A—B)/(k] mol
cl Br 1

S P Si

N (0] F

H C

1
> Cl,(g) — Cl(g)

Cl(g)

AsHE(CD)

226

LK AL, () RS,

1
2 Cl,(g)

D—DTHY, HEMMELILF—
Iniversity Press (1960).

RS . CI-CIHEEDREE TV ¥ VB —AHO(Cl — CD) 1XAH (CHP HRD D
4 BB — AHO(Cl—Cl) = 2 x A;HO(Cl) = 2 x 121.68 = 243.36 kJ mol ™2
FIRRIZAHO(H) = 217.97 K] mol™1, AiHE(N) = 472.70 k] mol~?,
— AHO(H — H) = 435.94 k] mol~ { ,AHS(N = N) = 945.94 K] mol L

T A NE—DBIE

R 2= s

A

B © F£10C-20DF —% ZHWTAHO(0 — H) ZRDIZ XN,
B, AHS(H,0) = —241.82 k] mol™* TH B,

| OIS OREHALTS | H,0(g) » 2H(g) + 0(g) | AHS(0 — H)
H,(g) + %Oz(g) - H,0(g) AHS(H,0) = —241.82 k] mol~!

|
QR IE A%

gg%%‘a“%H % | H,(g) - 2H (g) AHS(H — H) = 436 kJ mol
 0,(g) > 20 (g) AHS(0 = 0) = 497 k] mol ™!
| @FRE AR LT | G
BIAIES L0h D T . AHO
H,OIZIX0-HAS &2 AH B DT Ha(g) +702(8) 20H®
AeHS
2AHS(0 — H) = AHS(H — H) + 1AH@(O = 0) — AHS(H,0)
2 H,0(g)

AH®(0 — H) = —{436 +5497 — (241, 82)} = 463.16 kJ mol~1

[463.16 kK mol™! | X EHMETH S, H,O—HO + H— O +2H
1AHE2AHTIZRLD (499 K mol ™1, 428 kJ mol 1)

2H (g) + 0(g)

R
H
Bk Hy(g) + Oz(g) I IH 0(g) - 2H (g) + 0(g)

H,0(g)

L&

IUZNE— >0 — fREERIS

v
DS BT HE TRV R~ D RAE TR |

7 N
IS =]

1

H,(g) + 3 0,(g) —» H,0(g)

OB E . HHHEO=0#E &2 U->Th, H-OMEZHK T D BRIV X —INzE f
GE R EIIARF] — K2 BU THH,LO0IZIEBIRNY)

Ly 7N E =GR ETEDD - P E LTLA R
EARX 2 Y B a —F Ot - GHRALY TR S GHED TRFEY] )




2-17. T2 ¥ W E—OEEEE

RIZHDAHOMITAW Ty = 298K, HAHBET THILEKINIZ LD Z )V
=LY WG EDS D - REPRBDGEDAHODRD I %25

TUHNE—IRREES - Mo I LRy |

aA + bB - cC+ dD

A fE L ToDAHO(TOIXBER  HBMETDAHO(T) =MD T2

Reactant aA + bB m Product cC + dD

Reactant aA + bB A He(To) Product cC + dD

CERBER A HO(T) & L TEZOLNDA R, FTOEMIZANIZIN
(2)AHO(T) = —AH®g — ALHO(T,) — AHSp
(4)AHO(T) = AH®R — A HO(T,) — AH®p

(1)AHO(T) = AHOy + AHO(T,) + AHOp
(3)AHS(T) = AH®p — A HO(T,) — AH®g

(2-17-1) ||

AHO(T) =

Reactant aA + bB AH AHO(T) (T Product c¢C+ dD
Reactant aA + bB AH e(TO) Product cC+ dD

‘7 YA TR
[h = an = (22} ar + () 4 dpfo .
H=H®pT) =\37 o) P T dH = C,dT
. OH\ _ .
T , P 5
To o T o T,
AHS(T) = f Cor dT' + ALH®(T,) +f Cop dr’ | AH = f CpdT
T To Ty
B #EPA O f s HDiREEZAL

AHS(T) = f CpR dT' + ALHS(T,) +f C pdT’  (2-17-2)
To

p.89,90

aA + bB - cC+ dD

AHO(T) = — fchdT'+A HG(T0)+f CopdT"  (2-17-2)
T T,

0 0

e _ e 1<
p =Cpp_ PR (2-17-3)

~
>

—
)

ek 7OEN
AHS(T) = AHS(T,) +

T o
f AC, AT (2-17-4) (2C+7a)
To

A Cy = {CCam(C) + dCam(D)} = {aCom(A) + bCon (B))

dH = C,dT

v
HERUEZS > = ). WiGn@®— > wyGon()  (@175)

I Product,i Reactant,j (2C . 7b)

Com (A) & 1 molODYIELA O EHE R B i

DACE P ELBEWES (XA D)
Fedry 7oEM r
AHO(T) = ALHO(T,) + f Arcpe dr’ (2-17-3)
I -
AHO(T) = (2-17-6)

© S . S
Al = Z Vi Com (D) = Z VR, Com() (2-17-5)

Product,i Reactant,j

B ERIE2C-7 [400 KIZBIT DY 7 undd L oOBEERT ¥ )L v—
6C(s, graphite) + 6H,(g) — C.H, (1)

AHO (298 K) = —156 k] mol~?
Cfm(graphite) =8.527] K™ mol~? Cfm(Hz) =28.824]K 1 mol™?!
Con(CeHy) = 156.5] K~1 mol~!

Arcpe =156.5 — (6 X 8.527 4+ 6 x 28.824) = —67.606 ] K~ mol~!
[2-17-6 Y)ALHO(400 K) = (=156 x 10%) + (—67.606) (400 — 298) = —163 k] mol~*

BRE




Q)A.Cy PREEILT 25 GERBETR->TV5)

e . e .
b Z vp,i Cpm (D) — VR CpmU) (2-17-5)

Product,i

Reactant,j

Com (D) = a(i) + BT + y(D)T? { SR 1%
a(), B(),y(D)  ALaW i icHtiT 2 FRICHEEAEDS

Py

v

e
ACy = Aa+ ABT + AyT? (2-17-5)

Aa = Z vp; a(i) — z vr; a()) AB = -

Product,i Reactant,j

bk 7Ol .
AHS(T) = AL HO(T,) + f Arcpe dr’ (2-17-3)

To

-
T 2
AHO(T) = AHO(Ty) + | [Aa + ABT' + AyT"|dT’  (2-17-7) ‘
To

p.108-110

CH, MDA HE (500 K) % 3R3b7Z S\

g 2
AHO(T) = AHO(T,) + f [Aa + ABT' + AyT”*]dT"  (2-17-7)

To
LH5 (oERAOBE. SRR RED)
AHS(T) = ALHS(Ty) + Aa(T — Ty) + % (T? —TZ) + AS—V (T3 =T5) (2-17-8)

a/(JK 'mol™) B/(mJ K 2mol™Y) 7/(uJ K—3mol 1)

CHa(g) 14.16 75.5 w17.99

R chyg) + 20,(m) — CONg) + 2H,0g) S8 Mo =

0:(g) 25.72 12.98 —3.862

204 ACH9(298 K) = —890 k] mol~1 HO® 3036 961 1181
GREMOTAaZRD, RBEWVIHZRTR IV (AL DK T mol™) o
Aa = J K=1 mol~1 (1) —21.98 (2)17.34 (3) 21.98 (4)153.18
AB ={6.97 +2%x9.61} — {75.5+ 2 X 12.98} = —75.27 m] K=2 mol™?

Ay ={—0.82+2x1.184} —{—17.99 + 2 X (—3.862)} = 27.262 ] K™3 mol™?!

[ (2-17-8) > AHO(T) = (=890 x 10%) + (500 — 298)

75.27 x 1073 27.262 x 1076

(5002 — 2982%) + (5003 — 2983)

. 3
ko TR 5 L - - - — FIEZHE L, FHETEZS X910
( [AHS(T) = —890.73 k] mol LTBEELEXS J

2-18. HEigEfL Lz H )L B —
WE OB
LRI EED S0 T, B « ik « SR E~ZE (RiER)
B . > ¥ )V E'—  (Standard Enthalpy of Transition) A, H®
1 bar® F TYESHEERE (B -HkR L) 3 25BR0#4L
Al (fusion) « 28%8(vaporization) » 5+-3#(sublimation)?g &

[HessOEI (HIIRTERIZD | | s+ sy
i F£2C2 VWHVHLEBIY LY —
" B @ s o
e e e

AsupH ArusH AvapH  # o 1 p Aw

[ g1 ApsH

. N F 1—g AvpH
PR © F2C-1Z2HV, KROFEHERIET L 4 )L o sz skt
o OS2 \ noa SO — B AnisH
B —AsupH ZRDIZ I W m W — AwH
K F X=(g) = X=(aq) ApaH

#ED WL 1L (s 1, g) — BT (2) Aul
141t X(g) =X*(g)te (g) AionH

HZO(S) - Hzo(l) AfusHe = TR X(g) +e (g) =X (g) AcH

o — K& BUBIEFR — AR AH

HZO(D - HZO(g) AvapH - ot 1b&t (s, g) +0s(g) AH

— C0:(g), H0(1, g)

¢ L2 el [ 4257 AsH

L WIS R — iR 4 ik INo%s
H,0(s) - H,0(g) AsubHe = o) UPAC OIS 5. #oCIREEREA R Fo 3 L AH

1220 T, AHn D X527,

BFL2 ¥V E— (Lattice Enthalpy) A H
| MX() > MY (@ +X (@) ¢ ZOBEOTIILE—EL |
A F Uitim B LTI A 2 NI N30T 5 DITHEREGR
® © WO A > LIRS
a — @ © ¢ Wil 2 KSR &
HWBI2C-1 |V e N—=R—=F A7)}

|KCI(s) » K*(g) + CI(g) ALH |

A¢H + ALH
= AqupH + DgiH + DignH + AggH

N = K*(g) + e~ + Cl(g) AegH 22039 9BKIBUAMTE ¥ NU=,
AjonH K*(g) + ClI~(g) AH/ (k] mol™)
H NaF 926
i B K(g) + Cl(g) NaBr 752
MgO 3850
AacH 1 MgS 3406
A 1.; K(g) + 2 Clz(g) AH a;?:;‘é).ﬁifiﬁ,’?wﬂilslm EE5iE
sub .
KE) + 30 (@) A HAKEORIA bt
AfH KCI(S) * ,J\él(‘/f j-‘/
c BHBRENASF




Hifii TR X IIZRIESRTETO ) E—0iREEkIT
T,

AH =H(T,) —H(T) = | C,dT (2-17-8)
Ty

MXIEE (T, =0) O FZNE— - ERORET O ¥ ) B —DinHl

bl - AR I INA THIREDL —E —
DFY, EEOREOT YN E—%RDDHIZIT (HO)=0KD)

Ttus T
H(T) = f Cy(5) AT + ApgsH +
0 Ttys

(D dT” (2-18-1)

=
3
=

%
S
T

H(T)-H(0) / k] mol

e (=

o =3

T T

>
=
w

)

cBJIE CZTRBZEIZEEDD (EL®] THWET D)

« AZEES T (Differential Thermal Analysis; DTA)
REAZBN — Wi - mEIOEEICRE - 2R

o A2EERBER ( Differential Scanning Calorimeter; DSC)

WEALBOTEN—RITRDIINEE MR D — HddZm e
—mm—'

il SENE

TR B

. AR ESEWIEE -2
W S haekrsmkshs, M
WS ONEORBELEL R

Y ECE
S
GTEAQ
g

S

T s
= oy BEFBRSREDODSC 24
0 TA - TB
0 100 200 300 400 500
T/K T/K " .
B19:6 ~ 4> 0K 24 500K & COEEE LIER, | atm < B19:7 ~o%> 00K 2b S0K & T (0) 12 M2 £ nx v Time Time
YR OBMBEHSEIZNEN278.TK B L1 3532K Th B, Fne—,
100
[ Solid  Liqui 4 % )
HiK LY. Solid  Liquid Gas 2BDE LD
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