2R AhEs 1Nl

 &fkOLoadMap
HH T 2L — O Pif#
4 ¥
AT RN E— s V¥ E— Iy pub—
BRI V¥ —) GiLEEX - BHE)

AN 1B 2% Ay 2 R I Ay 3 RN

LB COEE &L F 72 2 S 18

_________________________________________

2 BEONE (FHFEE p.66-p.106)

« BN ROIERE S B RN F— c BB R - VIV E—
- BJy2Es 1 L1

AT BIT 58 GEEU L « B )L « BUbF R0

PH2HEOXF—U—RK i E#fFH - PRI F— - =) E— - BB




HEREHFEOBR 2 RACITES |

2-1 Z AR
%* (System) :3HHULTOSHEY System
MR (Surrounding or Environment) : RDJE Y X T

MR (Open System) : R ENROBIZHEDOHAY HY | Surrounding

HiH%R (Closed System) -
R ENROBIZIWEDOHE AV IS L

HPTRINX—DRIIIH S =

(a) (b) § fc) =1
Hgf?“?&)‘?é (Adiabatic System) . B2A1 (@) WEGRTUMIE T 40— &AL & i
PIBRT, SOICHMOMADRL  seali

SR EZ|TE R,

ﬂﬁii;ﬁ (Isolated System) AR EEL TWIEWVWR L EDOA

-_—

O O E—h— - Hlll sy SR L

O O X R - RoNEIMLRYE | D%

O X X BEUR BERIVRE | On
A X X X W kD% X A [




22 1L « B e TR F—DHE
OBNHOIAHIE | [HE

i 84 =¥ —] O¥EzZ3T%
BT gl & T#E i3 TRl ¥—) OBBBETHS
« {3 (Work)
alH s ow B T (mRIVF— &R CHLND
B L NTHS - T, Mkz@rd L

wi=rae @2 < rgmcamiks | (LR
Az
HEmOMBEENITES > TAzONMER S LIPS L xoftF
i F=mg — HFH: |w|l = (2-2-2) l{--;r-l“{;i mg
UEBORF 26T

DB 6 TRD D, T TIIAZE GorHi) 7213%85)
g

D ERD EFS [P b raRD BT S - BiBE 2R

RE. SEIERMEFHEDDHDH,
LN ZETE. TREPER M 2RL EFSE] oz
KEDNEIE « iz FIZHS

(BRI 6L [EHIEY] THS)
* WD LEN SKREZR N EIFS5D L3 |w| = mgAh




« B (Heat) .68

R+ gor O

AL D T (R F—3 & E CHALD

EF% « IREDPRILDZMIENEMMT S & X, IREPEOIEN SN IERIZ
gafds )L X—

?ifzfs P TRV F—DOBEOBBIZOVWTERTES
PADIREZ D & DIZTDONWTE R DB TR W = BRI

KD --

* HEME > TWESE LB DGEHDHLDOT, HEPLE
HETHREZE#ERB T LHL0

FATLAZHIS (B & LCELOERE TR CEOREE
(FEPUHDOLGE D H D)

()G HIZ T8 PdHsOTEKEZIRE

) KIZ TE8] Mz 5 EKIZTIES

QY KPS TEU Z2HS LIKIZKS

4 KD 8] 2 FTF 5 EKITIKED

N J




%_E_l: % LA ROBEIE LY B (L : % LA c A B LRSS
~

N
ﬁ‘%ﬁ:i%ﬂ’g LR

BB E e Bz Fa—LiRE [ =&
& AR VAR A /

fZ8u1) (Diathermic) WrEt) (Adiabatic)
HROERE > ROEEE A ROBNCIREE DD >

THHDOBE
_ - - ZTILBRIEDHEAT & &
ZUTH R S DTN D ZIz5H 'l

REGEE T ROWE LR
RHGBE : ROEE TR

AROEE < ROEEE

RO RIZEDFN D

(a) s ?b; o (c) (d)

E2A-2 (a) Bi#RCTHRBGBRIET 2 LIRENTH 5.
(b) REGEBREL SIXREN EA 5. (o) EEMAERHTT
WEGHABRIEZ 5 LHARDP LB L LT A LT —HHA
L, RIZECEEICRZNS. () BEBRE S, T4
NEF=DBHELTEYT, TOBRIIFRICES.




* TRV — (Energy)
al¥ « Eore 122V A |

FEFE -

¥ TRNF—LEFY U ¥EET MEHE] OFEK

THE] & T#] 13 T ¥—] OBTpE
TARNF—IFZEH (Transfer) TX S

BTN F— o RT VY VT RN F— LK o B
(Kinetic Energy « Potential Energy) & .o .
1
mgh + Emvz = mgh’ + imv’z hA4u | IR

4Fe + 30, — 2Fe,0,
MEI T R F— o M )L F—

Work

T (17 - [ s t:j:-

Energy due to motion

(a) (b)

Energy transfer Energy due to motion




2-3 B ROy iR R B EHO BB
D TAAVR MR EE) 2RI 35 = oL —F 8] |

(| ]

B2A-4 FZpft$E2+ 2, SRICBY LRI EES
PHBAEZT D, 2k 2iE, STGRLARTEED B
SIT2 BY) ORORETFAL LAL. ETT5 B
) DR T OMBNNZ%E T ESIGRICH L THFEET 5,

e Z P - DOBGET) (Thermal Motion) DiEHK
(AN R OELME 7y B 2R3 5 = RV F—B 8] |

aﬁ

@ @ @ B4 GEfE) ZRT
— - -
g & T3y 25
® @ 0
) LR
| oo o
H2A-3 TALE—HRKELTHREBHTSE, 20 C C C ﬂﬁf*ﬂﬂgf

BHIZL > THROBETF OB 2 EB AR E Z1T 5.

SR RO I AN E—BHI I, SR TOREHILE -
) (ZE8) 2R 5. 7ﬁ‘




o .70

By e BRI 5 ETHEELSHE

2-4 NERT. 2 )V ¥ — (Internal Energy)
s s U HpL L)

FEFE -

*PEANE L TOB AT Rl E—

WME 2T 550 FITBET A N F— LT R F—, PR
WEF—, BFRIIE S ZRIIVF—) . 2T IEFITET IR
¥—(%§1*w¥—\%ﬁ1*w¥—) RYZHENT 5V — (B
%%‘ﬁ¥&—%¥%®£?VV¥w1*w¥—‘ﬁ%mﬁﬁi*W¥—)‘
BT S5 NV F—, L

]

o

i3 OPRD R
0 unee €€ U iy
RS DE
5 TR/ e—__ o
0 <00 e SRET + thRET

* N RV F —DHONEU %2 KD 5 DI #E Ly
N L — 1T IREEBH B
— AL TAU = Ugiyy — Uil QA1) LTS Z &%




A

NI I X — DRI &
* REBOEE) (HhERD HEE « NiER E) ISP N F—IZE& TN

R

[ AR mP 7 ]
o FOTINE—REATS
W, T

w [ FZOWHT R E—2HK ]

AU >0

= BEELRITIRTE LR
fHHIZ S 9 LABDOBRE. BRBOGHEBEININIET RN E—IZEDHIRN)
o o
— P —
o iz || TV | g
v < vx— || ok v
— A —

* NERT ROV F—IRIREBIE — K13 CIREZL 69 X TH CUZ RO
(BRBEB I TZERR LTa/K & K3 il L 7oK S IX I TE 280 )

IRTEBHE — AU = QA1) |THRITZLVTES
[ BBRA 2T UCTRBERON Q-8ffi) THWITS )




2-5 #N2 1 ERD eI L

N e S N
ROWHLAN X '(%Kﬁﬁ%%i%k%m

Work
o - ('@ = * =
Energy transfer Energy due to motion
\ (c)

~N

RO RNF—EI = # + L3 ) 2245 1352 H

(2-5-1) TRIVF—IREDOER
I QA * 2) \

* AL S B BRIEBARL ¢ Agq, Aw & FH TN

AU ypiy = AUsys + AUgyrr

AU gy e AU g ypr | Universe

AUpniy =0 — EBFHOZRNF—EZHLIEETNHKL, BHILERW,
)2 1ERORBODO1D




2-6 RAEVIZIRT D L X DLH
L5 DTS > TR zEird 2 &

B2 b OWiHERE ¢ A[m?] AE D pey [N m2] G
|W| — FAz (2_2_1) @ extemahty

B A%z Ko |
— BB FIIN] . F =p A (2-6-1)
v AAz = AV

(w| = pexAAz (2-6-2)

<
<«

\4

(W = pexAV (2-6-3)

fiszEZzxLo |
RINODXE GR) DHMEITKH LTS

\ 4

w = (2-6-4) -
B2A-5 HfAOYE R b AHsEdz 2L LIFHR

SLE K AV=Adz 5322 5. SHEBOEN pex 1L ¥

APYEMLTWS BHY LEMiThD, BWERICHESS
NOKE 212 |Fl=p A TH5D.

* 2-6-DFN D P —EDIGEDIH KV VD




MIED—EOBE | W= —DehV (2-6-4) p

P%Xi
 SLEDEALT BB/E - (2-6-4) % — LT B =1 Ind
WABAEAV DIE]. pex DA XBIAV DR —E LEZEZ D &
— _(pex 1AV T Pex ZAV T ot Pex iAV + )
AV V >

z pex lAV

DFEY | {EFHI pV K

L () =

= — lim z Pex AV = (2-6-5) (2A * 5b)

AV -0

\{ﬁ%!]

- ftEOF S ~

- AE < NIE IREAL v >0 -
RPARIMEFHZ L. - ROV F—3IwiliT

- HHE > NIE EREZAE V<0 -

NWRBRIHEFZ L - RO ROVF —IEwl/liT g

Hjw
35



3. BFIETREA5.0 X 1073 m? ORBANTILRRIEHRE >fz. Z0
fR, 1.0X10° PaDAEIZH S >TEA b 0.15 miZFHIL
&Nz, BAE o I % RO S,

(1) 7.5 K] (2) 75 ] (3) =75 ] 4) —7.5K]

4. ZFONBZ RN F—EBLZEOR I BEElLEd5)

(1) 7.5 K] (2) 75 ] (3) =75 ] (4) —=7.5 K]




* i 13T, AREEMD 2B XDEH

1 molDSELEXMEDHET | sw = —pdV

Jist P BB c AREMWMN D& > A+ BODBIZLIznww—-dV 245135
Vit p& T OB T W (5_V> dp+<0_V> ar
T p

ap aT
(6_V> =_E | i
P 2
=KL L \P/p P RT R
D v\ R dV = ——-dp + —dT »
arl T, P p
p P v
RT
SWZFdP—RdT
ow ow
Wik pETOBIE 2dw=|—) dp+|==) dT )
op . aT )
o (0 R d (0 ow) _ RT
O (ow\ _R 0 fow\ _ | (a—) _ET s
dT \ dp r P dp \ 0T ) p/. P

ow
[ﬁ%ﬁ@ﬁ ~— K%é@fi‘%}] (a_T)p =R (1-5-7)




LSRR GED DV ITIKE)THH Z L 2R T
By (Roeleiisy) ik, mcrRd 2 Q

Bl 1  BEZREE1.0 mMPDBEEITAN. 0.2 MPaDETJITHE > T2,

HE 2 FTHAROENEUTO LS BEETEILS S, &5

[t TR TR E2E 2 X 0

(1) A RO ) 2 /8RR T0.2 — 0.4 MPa ~
) RO 2w T0.2 — 0.3 MPa R FEZ{L#% — 0.4 MPa
) RO T W] 2 1 THR 41202 — 0.4 MPa

Z2F ¢ (HO~ONIIRNTRE—DOEL (FHREL
A&z, AED0.4 MPalZZE > TWAD T, 582X DERIERIT

PiniVini = PfinVein — 02X1=04XVs, - Vg, =0.5m’

p A
fin (1) — —
0.4 55t AL pr RO
(2) !
SIRER LD Z RONITR W
0.2 ini
0 0 > (HEQWEFNE—EDGE
' ' 4 GUIMENEALT 254G




(1) SME0.4 MPad—5E FTHREZL 1.0 — 0.5 m?

() DIRE p/MPa
0.5 A |
w = _jl Pex dV = — _pex[AV]g'S 0.4 ﬁanl
_ 6 _ .
=—-04x%x10°%x(05—-1) = 200K] 0.2 ini
>
Pex AV 05 1.0

(2) SR OIE S Z5EIEIEIT0.2 — 0.3 MPa IKREZEILAE — 04 MPa  V/ T
BREIL : 1L0m — g W [02x1=03xV] — 0.5m3
QO -

% 0.5 0.4 fin
W = —0.3] dv | + —0.4]2 dv ]
! : 3 , 0.3 [—

2 2 2
— —0.3 x 10° x (— - 1) + [—0.4 X 108 x <O.5 — —)] 0.2 3
5

p/MPa

3 3

= (0.1 + 0.0666---) x 10° = 167K] V/m?



Q) AR 2R Z 1 THR ~120.2 — 0.4 MPa w | NE=#E

ROIOER L 1.0m>  HREOER D 0.5m’ p V= nRT%

) DRE / nRT

w=—fpeXdV= = — TdV

I —EDEALIRD T,

findV
W=—nRTj — =
1

.V

nl

DEY. WEE (B))) LEEZROILERD S,

p/MPa poVo =nRT — nRT = (0.2%x10°) x1=0.2x 10°
1 fin (0.2 % 105) In 2> = 139 K]
w = —(0. n—=
0.4 1
Hilk?
log, x = Inx
0.2 ini d 1 dx
—lnx=- < — =1Inx
> 17/ m3 dx X X

0.5 1.0
NEX DN ED G EN I WAL - - AL GERR)



WH X D SNED T A/ I WEAE - - - aJ gL GEFE)

e H

—_—

5 & A
H Mﬂ(Reversmle Process)

o~

J

EROKFRIPLE .-

(1]

_All}r—r}oz Pex AV = — J PexdV

PERIRIBZ R > T L E AL T D8 pex = Pin

[ Wi (Irreversible Process)

#ER

— T U £ 780 s

(KIh DO FH O

+)Z5{E(Quasi-Static Change)

CIBULP 7 i1 S 113139 /)
ArfakR e ERETS 2 &

!

A

EEATII A TReZaaf (Hrh O R OfEE)

(pﬁrv Vﬁn? T)

(pini7 Vinia T)

>

BEMIZIE. Do DREEZELEEEZ LT V
WP WRFE L AT T A TR S — #EHE/L

(X

u

DD




D EFREEZE DD E, PO KHITIES

p/MPa p/MPa p/MPa
A 4 A
0.4 A 2 04 04 ?
0.3 L
200 kJ 167 k) I \4
0.2 ® 0.2 0.2 139 kJ
> > >
0.5 1.0 ¥V/m? 0.5 1.0 ¥V/m? 0.5 1.0 V/m?
N A Y N4 \
QEPREE ELV{DETRNTHERPZID W= —[pedV (2-6-5)
7 ° > °
SRR U LS LR HH DTS 2 BT 5 |

(1) EfEEfR <. RiXMEEEZL, ARIMEHEEZBTHS

2) EfmEfE T, RIFMEFEZE, ARTMAEFEZLTHS

Q) EMD AT v 7 %% FTHIEENTS SADHEEPLE

4) EMBD AT Th% < THIEFENIPBROVHBETLABLEMRTE S




B DM A £ 22 GUEOSEIPEBE)  of PR | SR TR0

Bl 2 @ HERAEZ0.5 mMDOREHZAN, 04 MPaDJE NI S Te ——
HE—E T THROENZUTO LS I2EIL S8, K&kTH [
B oBONIHEE2ELZE BMROEDR — SHEE .

(1) AR D) 72 R T0.4 — 0.2 MPa
) RO 2w T0.4 — 0.3 MPa RS2 {L#% — 0.2 MPa
(3) W] HRIZ0.4 — 0.2 MPa

Z2F 1 (H~OFEFXTHEBELEL
AR, A EH30.2 MPa

TR DRI © piniVini = PainVin = 04X 0.5 = 0.2 X Vgy = Vi = 1m3

N |

Ji &t JEfEE & T |

3 pV KO

l
FIREBE ORI Z RONIER W

(HEQNINE—EDLBE
ONWIMENEIL T B LS




TR HTIRE DI CPRAE DI

TORNZX) &

N

r%(M%I).%@Eéh(mmmxbwﬂmoﬁﬁm?ﬁ&h)
— I
p/MPa p/MPa ’) p/MPa )
A A “~ m3 A
04| o4 2 0.4 oo 0.4
0.3 L
200 kJ A— I
0.2 0.2 0.2 139 kJ
4—> > >
0.5 1.0 V/m?3 0.5 1.0 V/m?3 0.5 1.0 V/ mj
/ ik (Bl 2) ~N
p/MPa p/MPa p/MPa
A A 4
0.4 ¥ 0.4 0.4
3. 4,
0.3
0.2 2 A 0.2 139 kJ
= 9 R R
0.5 1.0 wm30§3 10 /w05 1.0 p/my
\_ 3 )
(1)200k) (2)167k)] (3)139k)] (4)117k) (5)100k] (6)84kJ (7)50Kk]

/




NEeEy — ik g 1) N

p {“MPa p/MPa p '/“MPa
0.4 04 o 0.4
0.3 L
200 kJ 167 kJI
0.2 0. 02 139kJ
> > >

X 05 1.0 ¥/m* 05 10 ¥/m} 0.5  L0V/m]
— gk (BE2) p

p 4‘ MPa p/MPa p /AMPa

0.4 0. 0.4

0.3 Ll \»
0.2 I—y 0. AN 02 139kJ
> > >
05 10 V/m* /2 10 y/md 05 1.0 p/my
. 053 y
3. A A RFRIZ ODOWTIE LNWER 2RI W .
4 TESERIT OV TIE LORBI 2RO £ 10 g A
C (D) NEIBEADOHHETREONEZ RN X —2HAEES
SR < 2) NI ROHEFTHEBEONHZ RN F—2ARIES
Q) R/BEDOHNHZ AN F—2 6, NIAPOHFHEFS

\_ (4 ZEONIBZ AN T =96, NIRROMEFEEZES Y




IR SN O
ZODFEFTIE, ZUEDIZIE - [EfEZ BIZH O, okELHD (FAa-1)

/ (4 B TERUZ XA 1FHITMN D)
SERAE S PHER I BAKIB-2, B-3, BARHI2A -4 (hiRD{lgE
830wl i iy AARNARZAL A—UTD
SV g HE (00 C
dV IR ZEAL S e o Ea‘\\ﬁ
Fmngk  vdo YIiZEKEBE Nm ! m?
do I ZTHFZAL
MW fdl FIZEH Nm ///( C
Al B % 0L QU
A $dQ pIBEBRET V¥l VC R—R.=x. YA
dQ X EM D EAL l ,
Qdo de 13 ERT2 VC X
QIIREL /2B
D) R, RICSHfHE dw= —|Fldz TET I AT F = —kx ‘K Hooke’s Law
5. ZZTC, |Flid “—mibaniz " okEEChHY, dzid
—RILENEANT THA. v l \
b) HEOHAIEY 2— 1 (J) TS, INm=1], $7-1VC= R_R R_R
1] ChHoo LIZEREL. € €
w = Fdx = —k x dx
0 0
1 2
— _Ek(R — Re)
HHlZk - HIREILR &

T NE—EFPILIBETE LD TERS  * ILPIREEHETIREDII Y



- BREY

oy RAYIR

BB 1895 (GERd %) @k

- Point SR I TEoE

A

O (AL 7)) #EZD

IREBIRDEIL = REDOIRE) — GRIODIRE)

A—-BCHDADIA%E 25 LIREBIR DL 0
(B OIREE L R OIREDFE Ul T)

BATHT L

HFIIREEBIR — 2 DDA H 2D (ABCEADC)

il - LR =pV XD, HREEABC EREADCOHTH

QYRR

e apc |4

pA

! 1
> AU=0  (2-6-6) 4
IZHYS 3 559 28D
r? z
C mApC |4 C
>
V V



UIRIRTEBAR — — 9% &0

éduzo (2-6-6)

LI DL

D

W = Wpagc + Wcpa = WaBc — WaDC

U L fIOEOFEESEIZL, 1B LIZEZ0MHLEHIZ
Y3828 3w (F EXID)

DFY, FBERAE (1RLTRIZESER TXAU=0, w=+0

— g LTSRS« FERRRRIEU O & & OB 55 1 0 A
FLHse AU=q+w= q—fpdV (2-6-7)
y,
L O ThH D,

A as RN DWW THEAER mZEOTWHWS, Thzhi 5 |




- 8 1 fiAAEEBY (Perpetual Motion Machine)

NRDHEPIEHEZMZIZS TH,
KEICT RV F—2WR TS (HFE295) BB

B2 1A OV TRBE > TV S
B2 T X TERIL I

() 1 KRB Z2ED Z TRV i,
AP 1 EHoOYOEBTH S

(2) %5 1 FRABRBEBEN IR VDX, ROAERT )L
F—MPORDOT, RITHAPSERLHZIMZIZVERD,
RPHEFEZRY BBV HTHD

(3) % 1 FEARABEBIPEN VDI, BB 135 L RO RN F—5
L0 DT, RIADPSECTEHEZMZIIZOERY . RO SHMAFHEZER HE
IS THD

(4) 55 1 REA O BBIAMENR O O, IR 1T % L RONIBT 3L F —
EEHHRTH R, RHSIEHERY HF EVFR0IZRE7 5 THS

HFIZOWTELHEHLTER > #HZHOWVWTEZTHWIH !



NP RN X —DEE

N RN F— . WEERENT D20 FPFF> TSI RTOZ RN F—
O FDOMHET RN F—, BT RV —, A?%V@(izw%— tEE
TN F—, BN — BFeERT 5L F—, .

 lezEde @ + © . 00
P L E—DEAET B
N 4
TR
_ y

FR AL RISICKD 8 T3] 28I - 7 F O IRiEZE b % Bl

EhkTIL 2 OG22 B4 % Kk, RES 7T T2HEH D

EREEIL D RS BORBOPTER 70 5)
HIEEAL ¢ BN —EDRERDHTHEER

= #

HBENDETE

KREITI, ThEnZzHTHZS |

X




2-7 V¥ ) ¥ — (Enthalpy) H : L) CHRER MR
L2ERE S DAL | N RV F—DEAL
b2 )i TIXEOH A Y 2810 — 58 Ok %2 g

W SEE S SMEILTE [z
| Point_ SHRrhR vy RO

- SR

a1 A AU=q+w=q—fpdV (2-6-7) b q=AU+deV

EREIL—-dr =0 r—i

qy =| |(2-7-1) (2A * 11b)
Po> Vs Ty P> Vs T —

LHEEBILIRDT
WZEVEODITTWVAS

s [ RN Lz
: RENRTRIWLT B8] = WL F—&(L]

I LOBERL B S, EBR) SRR EHIERETE S




- SFIEAAE

@ﬁ%%l&ﬂAu=q+w=q—prf@@ﬂ_» q=AU+fmw

HBEHEILE ->dp =0 q

»

Po> Vo 1T Po V15 T

ol

qp =

iﬁii?p%’)ﬁfhéj

[ EIEEALIR DT

RiIEHZET D

%Eﬁm[r%aﬂﬁfﬁwﬁuﬁamj

EFELplT e —

A4

b i I ey o | A i i -

[MEFEEZ2EZEZROEEN SN RN F—BIEDRRE 5720 ]
LWV E 2B AT 5 & HH]




« BB EFEELDE LD

(3 RRIIRIE T OB E) A”=q‘fmw
o st e wIEgsk ‘;
AU =qy  (2-7-1) 5 AU = gp — pAV  (2-7-2)
; qv ; i qp i
i Ug » Up + qv i i Ug »‘UO‘FCIP —pAV |
AU=gqy | AU # g,
m (2-7-2) > U +pV Z—OOYMgr LT 5 L., EHIZKRD

N 7)) E—Lps (HALX])

[ IV NWE—DREFERA (2-7-3) (2B - 1)]

---------------------------------------------------------------------- w221 b
wps A gl J

gp = AH (2-7-4) (2B + 2b)
HOBIH > =) —2k

--------------------------------------------------------------------------------------

- as as av av av a» a» > @ @ @ o,

lav=AU  (7-1) @A« 11b)]




c LUHINWE—HDE LD p7879.

H X, [EEPEREZIRIZT O5EE,
FRBROU LFH Cdlz EE#AE TH>o TV

I NE—D/NEAL
dH = d(U + pV) = dU + pdV + Vdp

NIRRT — « 65 - B DIRBBEE (R LIRBEDATRDOHND)

-
| HREE @

[ WS H MM EFI H=U+py ]

$EHEPEREBEIRDANA L H DS L qp # AHTH S
CY4mmOfE., HFIXBRE T 3%, EXNRHEZ2ELEEIIHTHES)
¥ fbEnld. FETFTITO 2 EHh%0
S AL TR O BT L ¥ )L ¥ —H D%
¥ B TE SR EnEIRILTZNVE—ThH5H
UL RIBIZB T 5 NEETA LIETHES)




3. TRV F—I2 DV TE LVEB A TR TR S
(D) NN F—IXIREBEMTH S

(2)dU = 6q — pdVTH D

3)AU = gy TH D

(4) AU = q,TH %

4. TN E—IZOWVWTIE LWERBZ T X TGRERR IV
(1) o) E—Ii3IREEETH S
Q)H=U—-pVThH?

(3)dH = dU + pdV + Vdp<TdH 5

(4) AH = q, TH B (LHFPWRIZIRDO A DTT)

LRtz RS NS RIR EREARHZNZTEZS |
(FBHE TRIE L7280 )




2-8 B (Heat Capacity)
B CEEMEIZH5 2T, ERITHDIREATIIRILS OREHKRE)

— BVRBEODEA r

EHA T g=CAT (2-8-1) (2A-12) Hifif ¢ JK1

' 2| Vo BT

qu =AU (2-7-1) 1| qp = AH ~ (2-7-4)
qv AU | q dp
= = = — —_— = — = 2-8-2
Cv=7r=77 (281 C=-7 2 G =77 (2-8-2)
ThEgnmiicEl e

il
i
P
%
el

T
REMATES &

oT

‘---------------------—,

\ﬁ---------— ---------------------------

AREPRIVIEFEE, IREDIZKWL




- SFIEBARRC L ERREC,D

(5

U OH
Cy = (6_T>V (2-8-3) Cp = <ﬁ>p (2-8-4)
l Ulx, TEVORI% 14— H=U-+pV (2-7-3)
U=U(T,V) ( :
I _ (oW +pV)\ _ (0U v
oU AU “p = ( oT ) B (aT) tp (0T>
dU=|—) dT +|(—| dV P p P
(57) ar+(57).
o p—iE T TTHOY
(ay) - (aU) (aV) /i
ar) ~“T\av) \ar _ ou\ (v o
p T p Cp = CV+(6V)T (6T>p+p(6T)p
3
C,—Cy = (2-8-5)

(2-8-5)I%. FELEXATHY LD, WHTRHEEXAMBITOVTHTHI S



ou av "y L
o= () (%) vl mmmesmy o
T p

5

SEARMHIZONT(2-8-5)%# <
AL C L 52 B RUR D T 3L X — 3 i E )

3
‘ E = ERT (2-8-6) OV = nRT
Il
SEREXBEDONIE RN F—ITEEDOADBEEL nRT
3 = —
p
(au) .
¢ — —_—
oV
r oV 0 nRT

¢ (), =5, -

v

Cp, —Cy = (2-8-7) (2D-10) Mayer's Relation

nR>0 — C,>Cy (FEERETHC, > CyDED D)



Cp—Cy=nR (2-87)| BIEERETHC, > CyTHB, TOHMEEZ LS |

RA b LG IR WR—EOBER, CIIBEEILZES,
AEMZDEHRFIIEDIRD?

AR C,
MEMATYIRE S — O PRI LA (s o))
= MxSAIHRIE, (9 TORRETFS] I2iibh

LI FOBE. Rz S i B iz b3 ?
b LESLDOFTRTEZERLEN

EIEBAR C,
BRI B LRI T [%zAUﬂMVQJ@]

(1) 7 T ORR)F X

~

(2) HREIBIRIC X B (L2

() B THMERZ LTS —

(4) 5> TR E K % < 35 = AT
- J

C,0H A ERORNKEN — B LIS OBRBBE = BEDIZW



C, OB, MABRIMET ST 5 FORRIFS] IZhibh B,

[z

S|

kP 2F512TITTH |

L £ Com — Cym = R (28-7)

£3-1 25°CicBIFa2ENEBEE Cy & Cr Df
@ _ R = 8.314 JK-'mol"!
7| ] Cv/J K *mol™ Co/ ] K mnl™ —
s Cp—Cv
~1) %7 2, He 12.47 20.79 . 8.32 |
2%, Ne 12.47 20.79 ' 8.32 !
2%, N, 20.81 29.12 . 8.31 |
A %3, CHy 27.00 35.31 . 8.31
N7 v ALHEE, SFe 88.97 97.28 ' 8.31
& - o At S el el
K, Hx0 74.66 75.29 0.63
~2 £, CeHs 92.9 135.6 42.7
% :
FA4xrErF, C 6.11 6.11 0
A3, Si0, 44.12 44 .43 0.31
YEikF V) 72, NaCl 47.7 50.50 2.80

Cp — CyDIELKYD ., TNHOXMBITRIER - WETEEX M E LTHRZD

FH A Cym

3
= ER = 1247 J K 1 mol~1

3k /*‘—G‘l_l moldh Tz D&

AN

EZhTRIZXKS%. -

Cy = Cym




p. 70

TERAEOEE T IV F— (1mol24/zy) Rl HAeRlLp:

3
KE = >RT (2-8-6)

U=UTV) > qu = (Z—?) dT + (Zg) dv
R DBE 2 B &

3 L eSbkons
AU = Up(T) = Uy (0) = —RT (2-8-8)

- . dU = CydT  (2-8-9)
Upy « P81 molONET RN F—
oy
. Cvi)){m,#}i'fk vT
— AUy = CypT AU = LW s |[AU = JF CydT’
l 0
3
Cym = ER = 12.47 Jmol ! K™!
SRR 9 TOMKITE] — iED) .
il )
He 12.47 N, 20.81
Ne 12.47 O, 21.03 N,RO,DCIFHE 557 & b

Ar 12.47 CO 20.83 AW, BELEAH?



L RHEORBI I F -

[EAFHEB|ICBWT, TEEEICLZ5TFOF
HIANFE—E ST THBHILRLE. 2%h, &
TFORMOELVIALF 13 SRTTHA. WL R
VE I L CHEEBOF ST EEET D &,

Un(T) = Un(0) + 3 NakT = Un(0) + 5 RT

THb. T, UnO X T=00HFLANLF—T
HY, 0LV IREVEENDHD BFEEAL). 25°C
I2BWT, RT=248k]Jmol ' 2D T, [EOENLVA
MBI ALF— 1203 2 EHOZ 5 1E 3.72 k] mol !
L5,

BEME2A-2 WELNEOHHEZZELT25°C
BT BILREOE VAR AN —FEIEE

k. [&: Un(T) = Un(0) +3RT] $~

2Ll L5y L bl -

S e

IxIF——

2 Ff A D )iz i )
(Rotational Motion)

p. 15, 70, 76

® AUp, = CymT

Translational Motion

CV,m trans — E R

3 .

CVm . EEE”# 1 5)7’;.

—R
2

CV,m trans + CV,m rot

B &3O S

A% Ne
- Ar

g N,

e 02
CO

EB-3 WoN#% 4 7ORICHMAEF A T H )L X —HEMORH . -1 -1
(1zJ:10’2IJ, %Jb%?‘:‘)l:#}&ﬁ'ibt. CoTo —R = 2078 ] K mol
1 1zJ @B Z06kImol M IZELW) 2

CV,mrot = 2 XER

iz < o

TN F— [P S

12.47
12.47
12.47
20.81
21.03
20.83

g < $x@) - - - 5 - DM HE

)i R g 7 &




’----------------------------—\

- MR ERWEOE Lt (B TOMIITENTES)

---------------------------------------~ _---------------------------------------~

HHEZL
TR Cy =

ou

aT FE LR b= |37

|4

U,

BIVERBER Cyym = T

IV ETBE p,m — W

<

W o N BRG] WrERE IR 7 L — A BT

o,
S
I
~

<
a,
~

=)

-

¥ | UDBERE(E SE(E - RER)
>y —EVT, UD

H TICBIY 3 Q& [

=

4 3577

|

- q _---_--_---_--_---_--_---_--_—’

18,

R2A-8 EFX I NBEEE TR X IPROFHT,

BIEC AR PREL boTws, SoioRLAMET  B2A-10 ROMEBIALF -2 LREC S > TR
M7 TONLLENRET BERIBATETREES T8 TORTRROBETRLAEL) 4L, 55—
B Th. WAEERES Ao MR GAMCL OFRIRoLL O L F - OREELLE, V-
BOENTVD, BENRE o TREFORENZDS L, EOTPHLO (THISHIL) MRTRLTHL. S0l
KEOKORIE S BEF EFILRIEICES L) Elishs,  LOERORIST2HRIRHNE QU/T)y TH2.

B2B-2 WHMELET7 V- AR, CoRBEHEE —
BOSOMMEANZ DD TH S, BEAIRO S % #RF dH = deT

ELTRICEDAATHRES S, MELRZIET 5.

-----------------------—‘

AH = q,
(BIRDSL DAL HHBIZ N & F)

e
|

AU = qy + pV

ou av

AU:qV:fCVdT Cp—CV: g — D a_T AH:qp:ijdT

- oo o oo o oo c o a C GG G G G G G G G G G G G G Gb Gb G G Gb GD G G Gb GD G Gb Gb G) G G G G) G G Gb Gb Gb G Gb Gb Gb G» a» o




oo s an a» e a» a» a» a» a» @ @ any,

AR EBIEOE L2 CGRRKEORE)
SR

_ U
PV Cv=|-%
vV

------- oo @), AE), -

p s oo oo oeooeoee
e an a» a» a» o> o> @ @ o any,

r
sEER DY 5
v +

C,T— CyT =nRT | H—U=nRT  (2B-3)
E B c H>U
0 . <j s BIRIEEHEUDENPREZN
Y 7 ARBIRILE—, U
Q ° Cb >’CV

aE, T

K 2B-3 & ziREICBT 5 EFEREREIL, GEHET) WS
HLT7uy MLEBOIY Z VY —HSOEROHRT
Hb. RHATIE, HLEETOIYINY—I2]T 2iRE
D7ay hOHNRRIABLAILF—ICHT2EEDO Oy
POBREDATHS. OFY Cu it Crm FVKEZ V.



RI0B + SEBEIT. CSRIEEIL LIEVRED Y 57 R RO SN

(1) A
T H
:_\‘_]
;Q NSRBI RLE—, U
H >
T
B, T t
KI2B-3 »aREICBIT2EEAEREL, EET) REIC ( ) H
HLTToy PLEZROZ Y Z VY —HBOEBEOER T
5)»5_. SETIE, HAEBETO I ALY —IIHTAHIEE
DTay FOHYRIZAB LIV F— T LREDOTT Y
FPOAR I D B THS. 2FY Com it Crm LHKREW,
T
A ( ) A
H / H
T T




2.9 IR HN E— LTy ¥V E—DIRIEEE
+ Cyk prbwm% e LRWE S

[ EREL : AU = Jr CydT = Cy f dT = CyAT (2-9-1)
_ EHEZAL AH = Jr C,dT = C,, Jr dT = C,AT (2-9-2)

« CylC WREEILT SIS oS L dEELZTidd)
EEZEAL AH = ] CpdT Cp j dT = C,AT (2-9-3)

BHRMIZC, DREEALBLL FOXRTE T Z LB TX S LEEEL TS
(TRTOYWEIZDOWTHE D VDA TR « 3Bl 1)
(?=a+bT+%;(}9® (2B-8)

fRALTQR-9-3)DFS Z2FE1735H WE2B-2)  a,b,c: &
T; T; . 1 T 1 T,
AH = f deT = j ((l + bT + ﬁ) dT = [(,lT]TZ1 + [Eszl — [C T]T
1

T; T

1 1
=a(T, —Ty) + Eb(Tz —-T{)—c (_ — _> (2-9-5)

r, Ty
(2-9-5)IF2- 178 THEH S



2-10 EeExAEDIREEE L
ORBEALIZX VU, H,w, g BED X 5 ITEALS D DOHBRf# A
T L — * T TIZRIEBILL H DD, FEDDDiziEED

0
Cv=\37] (283 v r
4 >

oT
B2 (77), -0 o .
av ).

dU = CydT (2-10-2) (2A-15a)

s LU E—

Cp =

- dH = _OH dT oH d
(2-8-4) P .
p

oT

»
B (7;) -0 oo J
dp /.,

dH = C,dT (2-10-4) (2B-6a)

RETQ2-10-3)Z2mR7




oH
dH = CodT + (| dp
T

dp

(a—H> =0 (2-10-3) | BmF oH
dp T -0 09 o Cp = <6_T)p (2-8-4)
- H(’I:’ Z;)H-— oH dT o d 1
- (a7) o+ (5), 0
H=U+pV Pl

EZD)

(),

o(U + pV)

(

dp

au) <6(pV)
— | +
)T (ap . dp

)

= nRT

U
dp

>

) =0 (2-10-5)
T

), =),

T

>

v

3,

T

(

OH
dp

) R (BT) 0 (2-10-6)
ju— n —— j— - -
T ap T
FIERMAETIZ 012 S0
3HETHS




4o

RIEZAE | izl Foao || anegsie - Aansgsie || sHi

OrEEE{LorFEZEIL (sobaric Process) JEJ)—% E R b OE#E)RE

dp=0(p # 0)
dV # 0 + ()
=0 aeo () ) G

QERELorFFEIL (Isochoric Process ) AH—x¢ HPHA

dp #0
dT # 0

@ERELorFHEIL (Isothermal Process) RE—% BILDEELIR

dp #0
dV #0 qg+0 D ﬁ
dT =0 (T # 0) .

@&t (Adiabatic Process ) DA VDR BB TE- TR

dp #0
v e (e
dT + 0

* 8D DN, WOPIIXTTIZH!H>TVER, FLOOEKTETRT




D2 OFETHEEAL (FEAHREHER « )

q[ dV #0

dp = dT + 0

4?? %'@ g
A

FGeasdh) | (EROSE) AZEIE — piy = Doy
(90, Vo, To) » (Po, V1, T1) FEEAL - pin = o
. ” Sk
ALH lw = _J PexdV = —po dV = J( poVi = nRT;

w=-nR(T; —T,) (2-10-7)

+ B! dgq=dU+pdV =dU +pV) =

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

CoPREELLAEWSEE » q=AH=Cp | dT = (2-10-9)




p.73

* IR ARNF— 1| AU=q+w (2-5-1)
‘ w=-nR(T; —Ty) (2-10-7)

Mayer®%HI
C,—Cy=nR (2-8-7) J1a=06T-T)  (2-10-9)

* SERERADLEDHED D

A 4

I,
XT. BEeESMEDAUIL | dU = CydT  (2-10-2) | AU = j CydT (2-10-11)
To

(2-10-10)1%, 2-10-1DIZFHELWET

SHEZAL SERAUR | oA IRIEIZ AT LIRS A,
q=AH  (2-10-8) Co & MBI HAE LI LS sty
i:i AH  JREEBA% ittt ittt
R [ IREBHIEUIED DV IZF SRV
REBE | R j >
| @RSk O BER AL
WIBBB S AU=q+w (5D | AULH qw I DZFILHR

(/8% T)




O e o LI 3 - LIBLL | 9

(pOi VO' TO) » (P1; VO' Tl)

e

F Giasl) | EEOXMW)

dV =

dp #0
dT # 0
q+0

—|w = —jpeXdV

dU = CydT (2-10-2)

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

vl een

q:

FREILD g RRERE

—

AH =

(2-10-14)

(2-10-13) I CyDiREEIL
. LARWEA

- @RAREOERRTHE
" AU,AH,q,w : @& UHGHR

(/8 H&T):! (4/8 ¥ T)



BERABDOEITLEIL (dp = 0) EHFEEL @A =0 DFE LD
LHHEEL LREEL

(poa Voa To) — (poa Vp Tl) (p09 V09 TO) e (p29 V09 TZ)

Cy(Ty —Ty)

Cp(Ty —To) Cy(T2 —Ty)
—nR(T1 — To) 0
= —(Cp, — Cy)(T1 —Typ)
AH Cp(T1 —To) Cy(T2 —To)

ELOb0ET < CHOE S

(1) %EH&?%T@ To < Ty DBRBE O NEDODT ., AR SEZRINT S
2) FIEMIETIX, ARDPSBEERIT DB, T, > T, OBRHEY 2D
3T, =T, > Ty DIRFEIZT BITIX. FIEEID D% < DD LE

DT, =T, >Ty DIRFEIZT BIZiX. HHEEID D% K DB LE

-
\_




@5t 4 xUb O I H 2L

dT = dV # 0
q AR 7% 0
LE > dU = CydT  (2-10-2)
— = - -
B2 v
% Gelkilb) | dH=c,dr (2-104)
(Po, Vo, To) M (py, V4, Ty)
(2-10-15)
V1
= — dv =
v JV0 Pex »w l'_ AU=q+w (2-5-1)
@ﬂﬁ%’ﬂﬁﬁ@f ) g =
pinV = NRT | — dx — Inx In = log
x e
v T
"nRT 1qy l
cmw=ﬂww=j bﬁmummnj-vz (2-10-16)
Vo Vo

2A+9)

qEwiIREERIR — ARHREDqEwiE® RIS (5/8#T)



CEAKEOSRFTIEL | p GrbkoSETIEE

|
I |
) |
q HH| ! AU = AH = 0 !
V- |
4 ’ : drRev = —WRev = nRTOln_1 :
- el L |

h GRS 7 IST%
(D0, Vo, To) ™ (p1,V4,Ty) /’é | A RALGE TR D S0

!

q EWIRIRBRBTIZZZ W
2-6HiiDBIEL, 22BN ZZ S v& AU=AH=0 (2-10-15)

_k,\

BV L [Wiee| < [WRey|  (2-6-7)
!

— AU=q+w (2-5-1)

41
= —nRTyln— (2-10-17)
Vo

} q=-w

I
0 < qirr < Grev = NRTQINT=  (2-10-18) | RAFHEALRDT
0 (6/8 #&T)




©' XA DOFIR B HEEE

Z M @582 XUAOFIR vl H 2L

7 Gelgik) | D

AU =AH =0

(pOi VO' TO) » (P1; V1; TO)

|

l

|

|

1 |
Qrev = —WRev = nRToan_ '
I

l

|

|

|

|

|

|

|

|

|

|

rl 0
5%%%&:
|'

)

i« AHETHIR 2D 5780

BHEZIE ¢ AAHEED1D | p

ex =0

AU=AH =0 (2-10-15)

AT H | RN —FT————
Wz_anW= (2-10-19) L_'Auzq+w(}5n
l¢ q=—w
g = m (2-10-20) Z | R OFREIER
|-i2 Wirr > WRey = —nRToln% (2-10-17)

H ik

%ef : AU=AH=w =q =070z, I¥5MBITEHEBIEST S ?




WRERAAEDOFRPIRELDOE LD (AT = 0)

- HJ ek An[HEAL H iR

V4
nRToln— > qier > 0 0
Vo
V4
—nRToln— < Wpr <0 0
Vo
0 0

c JBIEDBE V, <V, - RIFEZBRIRL, LHE2ITS
s N[ HEILDOGE | DR VWET/N I I LS
« R RV — ARTEBHEL — n]3fi « Au[HL EEDO YV ITIRE LIgW

FHENZIE ¢ M2 O—H2LHIT/HES - AU > 0 GUEDERE EAY)
HBRIER ¢ MA T XTLERITMES > AU =0 GREDIREED S8




Drad 5k oW B ] Higs (b

@E E o

| RO

dp #0

=0 dV # 0

dT + 0

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

(pO' VOJ TO) » (P1; V1; Tl)

Il J—=

AU

w H FE 2 RAERESK

T,
Q) W=AU=[ CydT

T

l COMMEIE AL LIE B &

-

Hd < QAU = [ CydTEQw = — [ pe, dV DR Sip HRD SN B

ﬂﬁ-$ﬁﬁﬁﬁb%&h

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

(2-10-21)

C, bR
q

@7z > T FIRHETHS
RTWEA v 552

v

wHRIEBERR DT, FH « HFREL L FRERIC

iz L pHTES (78#T)




oA XA D WA ]

F GEEXUE)
(Po. Vo, To) » (p2, V2, T2)

Uip [ WiEgE b L g = 0
—) {1 IR
SR I
(EREDXUE) A5« A TwWED S

®' sEA RN DWEEL A Hh 2

| R ZE LD Jek — B |

HH

| 7 )
1

@ w=-— j DexdV
Vo

HHIBZIR  pex = 0
T >w:‘ \Qﬂﬁﬂ
e

FG? A3« AALETWHAIEDH>TNG /

WIZBFES (L CIRIBIBIR O 37205, 7202k L WA E Bl

ROMBARES ? PRUCAES | [ 2 oo —T0) (21021)

(1) B BEAL TRWIRIREERIE TR 2) DDOHFEI A
3) @DFH.I A

(4) P OIRBIIIE CIEA, ixEOIRTEN RIS




SeE R OW B Y Z AR & Wk ph 2k
W Wizt g = 0 M«-),
v )
AU = o
(P0, Vo, To) » (1, V1, T1) - . (o, Vo, To) W (p2, V2, T2)
wDRERE
n gk Pex = Pin # 0 H gk : Pex = 0
Vi
w*0 |% J‘ @ w —j DexdV l w =0 (2-10-20)
Vo
B - -
L===T==J C>m1=j CydT
To &
U< Ol o EZIE] L vgs Af —
AT < @ AU = CyAT » AT =0
AT — S 3 : 1R
SBETRHAS EREVER 0y >0 IRE R 5780
O wiXIREEBYEL

X O EQDFHREFHFHEDE N

X B[ « RO[HiTwhHEDH> TS [
FBALBOIRED R D121 TRIIED SN




EEXAEDEEELDE LD

LR B

>0 =

Po- Vo, T pP1, V1, Ty

Pt AN ] i i

Po- Vo, T P2, V1, T

Wk B gk

Po- Vo, T

5 » » iy

P3, Vla TO

s A AR A RV A SV, E T iE L, & X
STy, Ty, T, DINBEUREE 2 12 &0,

BDHTy=T,>T;

{J]]].Fr‘cj:To — Tzifg’ﬂﬁ L7z, kKX
(1)T0>T1>T2 (2)T0>T2>T1 (3)T0>T1=T2

H‘Bﬁﬂ%% . Pex = Pin

Kﬂ‘ﬁﬂ%gﬁ . Pin > Pex

Pex Rev PexIrr

N

|WRev| D |err| —»

w = AU = CyAT

~

|ATReV|

|ATIrr|




EEXEDOEBENDE LD

— q Niar —f »

Po>, VO» TO P1, Vla Tl Po, V09 TO P2, Vla TZ

dH = C,dT  (2-10-4) || AH = C, (T, = Ty) (2-10-24)

- Al AL A AL 1 IR

Cy(Ty —Ty) Cy(T2 —Ty)
0 0 0
Cy(Ty —Ty) Cy(T2 —Ty) 0

AH

WrE IR © [BIENRRn RL F—2 o TIEHZ T S
— R OEH) TR X —PME T - REET
Sefm C WEEMEIRL AU=AH=w=q=0 ZRERKITIEHEKRTS?

AR 2-10fi T RE5E DR E STz, BIEXRETIIERRIGEXD S
HFE94-101 HIX3-8HiTH S DL FCSHREET RN T




2-11. SEEZRMEDEIR v Wik & Wi Zhon] ik o His

2-10iE TThhHolzZ &
- 3RS R KO EZERY TS

Ein

HIFIRBPEIE R BERL FIE - BrEGE TIIRIERIZL.

&

JRiE

Hiy . x5 HEFH 2L KD H Lcw, P REEBIBTH 2 FHikiBH

HETHLMBEILTHRTA K S,

Wik nlHgsR (g =0)

AR AHEIE (AT =0 - AU =0)

T1 V
W=AU=J C,dT  (2-10-18) \N:—._ﬂmnm—-
T,

(2-10-13)

-~

>

Po- Vo, To p1. V1. Ty Po> Vo, Ty P2, V1, T

EHGLOGHPRIMEFHZRY ES?

(] ]
e

(IR

D1 k [90) o)j(/J\Bgl'f‘%
RKDEXS /

Po> Vo To '
Wlﬁ

P2, Vi, To)

14



Wi BT (g = 0) SR EHIGIE (AT = 0 — AU = 0) DRSS

o o >

Po, Vo, To  p1, V1, T " Do, Vo, To D2, V1, T
Jiglk . AVHBF UIDTp, & p, D K/NBRZERD S

(]!

e
=

<

? — pV = nRT T > (2_11_1)
p.V, T HIALT S | s |mmensmgE Boyledi:Hl
p, VOBERAIP HpEHEZS | n RT """"
Wik (5 =0) > dU = sw —| GdT =———dv
UDREREAL | dU = CydT | b = nRT 1) l
— oar dv
wDEZERA | Sw=—p. dV | T __7
Pex gk |, —
Pex = Pin I*ﬁ]] T%
= ey 11
—~dT = -nR | =
CvdT = —peydV fT r ¢ " fv Tt
0 0




-

h 4

Cy 11
?dT = —an VdV
Vo Po> Vo, Ty p1, V1, Th
W57 FitE Az g < In = log,
CyDMRELSAE LIs WA 9 nx
< X InA+InB =1nAB
A
InA—InB =In—
n n nz
2 Cy—Cy=nR (2-8-7)
T Cyv—C |74
In L_ ?1In 1
° al i C C C
vV bp b _
=1-v — =Yy (2-11-2
Inx" =nlnx —»T Cy Cy ( )

(2-11-3)
(2E-2b)

T, (Vi (Vo)
r=() () e

LRDIZODIZp, v OBIER



L RdICODEp, VOBIFR - »-

Tl V]_ VO !
=) (7 2-11-4) | po, Vo, To  p1,V1, T4
0

Yo/ \11 T
T, (@=0) 53R ] B
¢ V.,  nR pV = nRT (dT =0 — AU = 0)

A 4

-~

Po» Vo, Ty P2, V1, T

P _ o (Vo)
nR nR\V;

ST D

| SRR W AT 02 (L DB st A2 (L O BB
(2-11-5) Heusg poVo = P2V (2-11-1)
(2E-3)

Boyle®D:HI
_ Cp
=— (2-11-2)
V

CZOHOHMNIE. p Ep, EHEBRRZEVRIEHT
2-11-1) & Q2-11-5)Z R TH, K< DPLHRV» S BEZERKS

FIRAE DR T, Wi D IRE T~ T, (RETFHS)



1 (2-11-5)

Cp Cy (2-8-7)
_b
Y=g @112) T |y
T ii R s A o kD% &
Vo <V,

To \Vo

1-y
h_ (ﬁ) (2-11-3)

I Po; Vo,ITo |
HIRAEL
- WL

v
L |
EEEREN ko ik v rOBIR AR S 1

(1) =<0 (2) 0 <

Ty
— <1 1< —
To (3) To

P2, Vla TO

p1, V1, Th
]

V

TEAMDIET) L RRHOBARR

Wik nilgak =L 595

— W M5

v

o[ Jn e

r pV = nRT
P1 P2
FR [ WRIRO TG PLERIEOGND




2-12. {6 —E P TOLZ R p.83

N TR F— e o Z N E— - E e {1 - AREDORESZHE LIz T,
62N Z R TV,

Xﬁﬂ—x (?‘/ 3 *ﬁ) (C12H22011)0)m‘k§%
Cy,H,,041 + 120, - 12C0, + 11H,0

%ﬁﬁﬁidV:O*W=0—>q=AU=jQAT

FIELATHHY Vi O

mong s o smonee | NG L AR OBRT, 1.010g DA T T —R

M THNLERPHEER (BARPHATETRIERS

B Thd, BBPERRIET 5720 0 BEahiklIisik (C12H22011 — 342 3 ) %Wb—%éﬁfg &: - 5 ]Imfﬁi)‘i
HHNTWD, BEART > THRBEETORENLED S L,

KABOAROHREE b Bkt & 7 LR 45 £ O #E S 15, 341 KJ:% Lf;o 1 molé[ 7;, IO DOAU é‘f;,k&) J: 71.7’;.

BHOEKZ1KETS RO R EI K E R, 490k K-IT, 3
DI 90 R HORERIEHTEZ b0 LT 5.

Cy = 4.90 kJ K-

Ty
* AUgypr = c\,f dT = CyAT = 4.9 x 103 x 3.41 = 16.7 K]
‘ System T,
. RDDDIE1ImolXH 72D DAUILDT,
Surround 1.01g : 16.7k] =3423 . x — x = 5.66X10% kJmol™?!

AT=+3.41K  _ ‘ _
(RBOBEESEIR) COEIF, HARDOAU,TH 5, Ekﬁb?":h‘@@‘i;ﬁ@AUsys

AUsyrr + AUsys =0 | > AUgys = —5.66 X107 kJ mol~*




S > 3 .83
2-13. P TOLE It o W= — f pdV — —pAV b
B DL RILIEERE B T 9 EHL WV

AU =q+w quzNﬁHﬂV g = AH

N — EIEFCTEAHE RS & HF
£

8 -3

3
q<0 ? q>0 )
‘@@’Lo&5

\J

~

1/
LR OAKIZOWTIE LOER 2 B S B0 S U ‘
3. DPIISERET S
4. KRDSEHETHS
5. KDIBT S
C(DWEAH <0 QWEAH >0

) FEBAH <0 () FEBAH >0 |




FIRE 54 ¥ 12127 ¥ S (C.H )P TO B, | moldd7 5 o hoikie
F 3 L. 2658 kIDEZHE L, 3kIDHFEET D, AHEAUZRD X,
2C,H,((g) + 130,(g) — 8CO,(g) + 10H,0O(g)

RS
EHP -

q=AH | RBEIILIZOT, AH = -2658K]
AU =q+w=—-2658k] —3k]=—2661K]

Y FOXETE L RVDIFEER?
BEELIBVOPHHDBEZLTALI,

@ AU = [ CydT78DT, BEDP LEHTDHL AUITIRELKDS,

@ TH BT S LRABEOREIX ERTADT, AUy > 0THD,
@ AUypiy= AUsys + AUgyry=0 TH B (FIZH 1IERD

@ K-oT. AUsys<0TH %,
® AUsys= [ CydTIRDT, ROHPOREEIXEIE K D K,




p.83

N RNF— TP E L TSR F—
MEZRERT D0 FIZBT RN F— (TS R)VF—, gz
FINF—, HLEZE =R NF—) « L ERRTSRFICBET 5L
X— (@A RINF—, R r V¥ —) . Bkl ¥— (8
. B —EBFRORT Vv X —, BFOMEBIZRILF—) |
BRIV F—, L

CNE T B roiEEE T )L F—DOELZ FITEZTEY, L7
- 7ZR s 2R FOIREZEL) FEXLTWIE o7

T L DBBET AUsys< 0 IFIE LW ( AHgys< 0BV 3ED)

L..4l

C,Hyo(g) + ?Oz(g)

>

2658 K]

LG ¢ AP ETIREDEIL L., Usys¥ Hyys PEILT D

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

Exothermic




2-14. 8L HBR
CH,(g) + 20,(g) —» CO,(g) + 2H,0(g) AH = —890 K]

AH P DI A )L &' —(Enthalpy of Reaction) or Jxita#@%(Heat of Reaction)

=Y A RN e B
bt CHi® 1 20,(g) = COy(g) +2H,0(g) + 890K
A
I Exothermic Reaction a Endothermic Reaction A
Reactant Product
Product Reactant




2-15. HessDEH] (Hess's Law) O @b OE N

O N E—IrnBEH — tZEmI (Stoichiometry) ZHDH 9

1 molD T H L DMRBET HL2658 KIDEDFHEAET D,
> nmolDTH VP REEST S & 2658n kI OEDVERKRT 5,

@ T HNE—IRIREREE — WX 99k

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

Q@ TN E—IRIRERE — R EHEBEOREBLETITRES

A+2B—-2C AH(1) C—-2D AH(2)
A+2B—4D AH(3) = AH(1) + 2A:H(2)
ERTHERD SNZOKILHERDD ZLHTES
 HRALRRIZI®RZD y—-2x=5,y=7 > 2x=7-5



FiE 19-9 AVTEen-7FDRBEENLI I NLE—I1F 298K, 1atm
DES, TNEN —2869kImol~! & —2877kImol~! TH 2. | END n-T7 %
YW 1 BADA Y T I ~DOEHRD AH %388 k.

BE: “oomsRisoftFERRERE,

13
n-C4Hio(g) + 7oz(g) — 4CO0,(g) + 5H,0(1) (1)
AH (1) =—2877 kJ mol !
Bk

i-C4Hyo(g) +17302(g) — 4CO,(g) + 5H,0(1) (2)

AcH (2) =—2869 kJ mol~!
TH5. RNQ2)DERGEEE, ZoKEZR()IcZ 2 2, HifbEsER,
n-C4Hyo(g) — i-C4Hyo(g) (3)
AH(3) = AH(1) — AH(2)
= —2877kJmol™" — (—2869 kJmol~!) = —8kJ mol™!

TR LN S, EEEIBENEIRIANDT, ZORIGHEPEENET 2 LizT
S,

TlX, EBo0hPTx

LEF—DBREINY?
(1)n-CH,, (2)i-C,H,,
G W

(4) T DRGEHRP S 1L 55 H
YA

HUEDR DD L5MHE
A SR /




2-16. BRHERIR AL ZRIED LU F IV E— o F ) ¥ —H=U+pV

UDHRHE 2 3R 6D 5 DIF8E L HODuH Z RO DD H#E LU
U IREEBEE — AUZIS H D IREEBEE. — AHZHS
L2 T U 2V E—2 4L (AH) BN 3
— NS DETHZRD S

s oS s 3imzE Rz LTns
- BIHEIREE (Standard State)

o fil) 500 KDL DO FEHIREE : 1 bar, 500 K
IV E—IRETEDA
— FIREE BEZIHE L TWREWES13298.15K

- ¥t ¥ )L ¥'— (Standard Enthalpy) AH®© AR S 2O 5
FRARIREBODAH

AHOIZIXA HS, ALHS, AjHO, A, HO 12 EDDH 5
REPLENGEE DD (MBIELITET)




o [LREBILDOTL A ) ' —

BRI ¥ )N E— (Standard Reaction Enthalpy) A H®©
ERHEIRTBIZ 35 5 B ) — FRAEIRTRIZ 3 5 0k
2C,H,;o(g) + 130,(g) — 8CO,(g) + 10H,0(g)

6EHI 74 1 molDRPEST S &2658 kIO ) B —24L
+

(oo |

L2 IBADRBEERT S — @Y. BALIZmol 1 2D

% [ 78 OMBEOLLH N E—BALIXAH® = —2658 k] mol ' TH S |
EWVWHEBITI LS HWS,

EREDBITIE, 2moldD T LB 13 mol & )is LTz & Z DA HS

kAL DT { e & ERIIREINICIR 2 £ o DT %,
BHEIRIET. > ) E'— (Standard Enthalpy of Combustion) A H©
HHLTOWOIMEZERBTREE LI L Z0#E

B R T ¥ ) E— (Standard Enthalpy of Formation) A(H®
A H LTS WE % FREREB TER T 5 DI LB #E




[EREIREET. L # )L E'—  (Standard Enthalpy of Combustion) A H®

HHLTOWIWEZERERIRETRBE LI L 2 DG

=R G

WA r-c

)

2C,H,(g) + 130,(g) — 8CO,(g) + 10H,0(g)

T2 1 molhPRBET D L2658 kKIDT Y ¥ ) B —2 AL

v

AHO = —2 x 2658 k] = —5316 K] ]

% [ 7% DAHC = 2658k mol 1 THB] WVWHEBITEIHWS,

13
CiHio(g) T = Oy(g) — 4C0,(g) + SH,0(g) AHS = —2658 k] mol ™

F2C-47 28K DAL WOEELEKZ YL E—
(AfH®) X EE#EBRBEET ¥ V¥ — (AH®)

AtH®/(kJmol™!) A.H®/(k] mol‘l);w

L%, CoHslg) —84.68 — 1560
TN a—R, CgHpp06(s) —1274 —2808
8 ML, Cellall) +49.0 —3268
A% J—), CH30H(l) —238.66 426
A%, CHy(g) —74.81 —3890

a) BEREHRIF—% 1236122 Dflidid 5.



BEREAE R > # )L ¥'— (Standard Enthalpy of Formation) A¢H®
HHLTOWIWE ZERERIRE TER 3 2 DI b B

HLWEOEEERTI > AIE—Y AtHT X, TOLE

WA HHERIEI B D WBOLE D SERT 2 & & OBERIE 4C(s, graphite) + 5H,(g) — C,H,(g)
I ¥ NVE-TCHB;

| 3 1
CEEOT BERE? L3, 15E SAREE Lbar © EHz(g) + EN2 (g) - NH;(g)
EANCBCTRLVEELRETHS.,  BERECQ

¥

T
B - BERREE « o> TWAEEE GEH¥298.15K) T
BRLREBIEISEH L TWAILEY A molZEik3 3 Kt

HZ(g)a N2(g)9 OZ(g)a C(S, graphlte) 7’3‘ E‘O) AfI_I6 — O (ch:'fﬁjﬂ)
* BEARIREELIAL T, 01278 5720

K TIIMMAKSE, KETEIFI774 b, R
A CIEHAMB (B AXTHAH. REREO BN REEE
HEZIE—20NEH 5. Zhid) ¥ TH5. ) v OR#E
WEBIZHY) Y 2L 5. ZoORFEKRIY) O dEERINE
TIEZWD, ThHPRIFALRLTVELZNLLTHS.




.

BRIEERIZAHODREIT b > TRIREh TV,

*298 KTit & ZEILHARD AcHO = 0 ZHEA L7 I W
3. A VORI AN E—ZA LRI

C (s, graphite) + 2H,(g) — CH,(g) AfH® =

4. FY L OFEERT 7NV E—ZR A LRIV

3
Eoz(g) - 03(g) AfH® =

k] mol™!

k] mol™!

J

AcHODENPIEDILEM EADILEMD D D, AHO > 0DILE ORI %%
ZIE W, B2 b IAHS S 0K EEEME SIS BIR?

4 N ([

~N

AeH® < 0

AcHS > 0

>

0 C (s, graphite) + 2H,(g)

0;(g2)

H H
CH,(g) l» ?& )

\, \,

zoz(g) I- A
y

CH,(g) + 20,(g)  COy(g) + 2H,0(g)  AH® <0

CH,(g) + 20,(g)
HI

) .
CO,(g) + 2H,0(g) J AH® >0 : CO,EH, 05 HCH,DE kA

pe &8

LU



fbERIRREFHW I YN E—DHEFE  SiRIb2oEE LR
Ay OB Z NV E—AHOZRD S
CHy(g) + 20,(g) — CO,(g) + 2H,0(g) AH® = %
REHT PR BRI ZES | | FIH2 D AHCZESINT

FIE 3 LRI RDOBRB T, LD

C(s, graphite) + 2H,(g) — CH,(g)  A{H® = —74.8k] mol~?! @
C(s, graphite) + O,(g) — CO,(g) A¢HS = —393.5 k] mol ™! @
1
Hy(g) T 50,(2) — H,O(g)  AHS = —241.8Kk] mol™?! @
—DO+@+2x3

CH,(g) — C(s. graptiite) + 2Hyg)  AgHO = +74.8 k] mol™ @

C ite) + O,(g) — CO,(g) AfH® = —393.5 k] mol ™! @
+8) + 0,(2) — 2H,0(g) AHO = 2 x (—=241.8) k) mol™* @3

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

AHO =




RiE O RBEEZHIZT S L
C(s, graphite) + 2H,(g) — CH,(g) A¢HS = —74.8 k] mol ™!
C(s, graphite) + O,(g) — CO,(g) A¢HS = —393.5 k] mol ™!
Hy(g) + -0,(g) — H,0(g) AHS = —241.8 k] mol~?
—D+@+2xB — {@+2x3} — @
CH,(g) + 20,(g) — CO,(g) + 2H,0(g) AHS = —802.3 k] mol ™1

© O

AR B it
) @ @) €) RIS¥ODH = 0
bod O, | | |
74.6 kJ 10351 2418k 241.8 kJ

CH, v . 2 v
; " H,0 H,0

2

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

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




CH,(g) + 20,(g) — CO,(g) + 2H,0(g) AHO = 2 PER

A¢HE = —74.8 k] mol ™! @
AHS = —393.5 k] mol™? )
A¢HE = —241.8 k] mol ™! @

REAN BEEERT. ¥ N E—h 6 < Gk

AH® = (LB DAHO DFEFD) — (RISH) D AHO DFEFI)
= > veMHS - ) v AHO  (C-sa

Product,i Reactant,j

Ve ¢ RISORE (L%

P DAHS = —393.5 + 2 x (—241.8) = —877.1 kjmol !
FIIDAHS = —74.8 + 2 X 0 = —74.8 kjmol !

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

REFTI-NEHLHTHRVODT, fHRTES X912 T5Z L



A5 IS SNUB MR T, 2L 32— R (CH,0 )k E )
BALREICIL SN B, UL, SRS TIRRERBSREF S &1 mold 7l
2 — A 1%2 mol DEEE(C,HONIZ#RE (e o) 35,

SR BB K DE R o ToD- 2 L 1 — A ARHE 2 BEDA HO & LTRSIE
A RO &\,

CH,,0(s, glucose) + 60,(g) — 6H,0(1) + 6CO,(g) Q)
C,HO;4(s, lactic acid) + 30,(g) — 3H,0(l) + 3CO,(g) ®
OH ) Iil
e a-D-Z ) 2 — 2% 2 CHy—(—COOH A AHC =7

OH
OH OH

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

2808 kJ

L H,0,CO,

BEENIRNE I A —ZAR SR RILE— LAY e




. H3ifir

DAL DT YL —

A F 2 DRE. BIXA 2 (Counter Ion)D3dD S,
Vil IR E B LR S 2 DA A L OFREERR T )L B —I3EE H 780

AEPAHIEITHS

AMHO(HY aq) =0  (REAWH) |

&
[ AfHe — O ]
HABI2C-3
1 1
in(g) + EBI‘Q(D — HBr(aq) » H"(aq) + Br~(aq)
AfHe(HBI", aq) = —122 k] mol ™1 AfHe(BI’_, aq) = —122 k] mol~1
HERE2C-4 |Ag A A L ORBEHER T 7 )L B —

1
Ag(s) +5Br,(1) > AgBr(aq) - Ag*(aq) + Br~(aq)

A¢HO (AgBr,aq) = —17 k] mol ™1 AeHO(Agt,aq) = ?

A¢HO(AgBr,aq) = A(HO(Ag™t,aq) + AfHS(Br™,aq)

- —17=x+(-122) » AHS(Ag*,aq) = 105 Kk] mol~!



[ )
o]

FRIFE A T > ) ¥ — (Mean Bond Enthalpy)  #t% : AH(A — B)
{LZEHG & 28] 5 DIZ L EIL T )V X — D) {E
MR TERHETRNF—L LTH> TS

£10C-2b 28KICBUIAFHHKEAEZ IV E—, AH®(A—B)/(kJmol™!)

H C N 0] F Cl Br I S P Si

.

C 412 348 (i)

1
2@~ A

518 (a)

N 388 305 (i) 163 (i) Cl( )
613 (ii) 409 (ii) g
890 (i)
(0] 463 360 (i) 157 146 (i)
743 (ii) 497 (ii)
F 565 484 270 185 155
al 431 338 200 203 254 A F HS (C ])
Br 366 276 219 193
I 299 238 210 178 151
S 338 259 496 250 212 264
P 322 201
Si 318 374 466 226 O
* PHEET IV E— L, #EOBRSZMIMOREN—DOTHY), Thr@ic i ¥—LXHT L8345, () BEG, — Cl ( )
(i) ~HE&A, Gi) ZEHA, (@) HFK ) 2 2 g
7—%: HCP, # XU L. Pauling, “The nature of the chemical bond", Cornell University Press (1960).

RKDF : Cl-CHEEDOMEE T L ¥ IV E—AHO(Cl — CD IXAH(CHDHRD S
Bl — AHO(Cl—Cl) =2 X AiHO(Cl) = 2 x 121.68 = 243.36 k] mol ™2

[FIERIZAHO(H) = 217.97 K] mol ™1, AiHO(N) = 472.70 k] mol 1, ---
— AHO(H — H) = 435.94 k] mol™1, AHS(N = N) = 945.94 k] mol 1, ---




PR : £10C-20DF—# ZH W TAHS(0 — H) ZRDIL X,
B, AHO(H,0) = —241.82 k] mol™! TH 5,

OB SR DRZHMMANETS | H,0(g) - 2H(g) + 0(g) | AHO(0 — H)

H,OlZ1XO-HAS &5

1
20HO(0 — H) = AHS(H — H) + — AHO(0 = 0) — AHO(H,0)

1
AHS(0 —H) = E{43
[463.16 k] mol~1 |

' 1
Q@R % | Hy(g) + EOz(g) - H,0(g) AHO(H,0) = —241.82 k] mol™!
Y., AHO% H, ( o o B Kl mol-1
W13 2 ,(g) » (g) AH®(H — H) = 436 k] mo
0,(g) — 20 (g) AHS(0 = 0) = 497 k] mol™!
LA &M LAt 28 (g) + O(g)
Xx2VED &Y RT WV

1
2ARBHABDT H,(g) +§Oz(g)_ 2AHS

H,0(g)

2
X PHIETH 5, HO—->HO + H— O +2H

1
6 +—497 — (—241.82)} = 463.16 k] mol ™1

1AHE2AHTIZRAD (499 K] mol™1, 428 Kk mol™1)

e N E—T

HIEIRETEDS - FHEE LTI AR

AR 2 Y B a—F Ot - GHRALRTRD S GiEED TR )



T A =Lt AR 7 )L E—DB R
2H (g) + O
T (g) + 0(g)

H
- H,(g) + = Oz(g) I IH O(g) — 2H (g) + 0(g)

H,0(g)

A

L&

Ty N — >0 — fFEELI

v
it o DMERES A2 IE TR T —RIHEDS WAHEA ]

1
H,(g) + 5 0,(g) —» H,0(g)

DPE . H-HEO=0#E &2 > Ty, H-O G2 T2 I F—IAH ]
GE BORIAF] — K2 THH,LO0IZ5730))



2-17. T2 ¥V E—DEEEE

RIZHDNHOEIZEH T, = 298K, HHBRET THILRRIDIZ LD # )
E—ZLEHD I WNGEDRS N 5 IBENPRRDLGEDAHODRD I Z2%5

"Key Point! FEDZ Rty L B I aAb

aA + bB - ¢cC + dD

AXRE ¢ ToDAHO(TO)IXBER  HDHIMETDA HO(T)ZHY J2

Reactant aA + bB T m Product ¢C+ dD T
AH®p
Product ¢C+ dD T,

AHO(T) ELTEZSNBRERT, FORMIZAhZ I
(DA HOS(T) = AHOR + ALHO(Ty) + AHSp  (2)AHO(T) = —AH®Og — ALHO(T,) — AHSp
(3)AHO(T) = AHC®p — A HO(Ty) — AH®R (DA HO(T) = AH®R — A H®(T))) — AH®p

AHE(T) =‘ (2-17-1) “

Reactant aA + bB T, BAHS(Ty)




p.89,90
Reactant aA + bB AH e(T) Product c¢C+ dD
Reactant aA + bB AH e(TO) Product c¢C + dD

i AHS(T) = AHOp + ALHO(Ty) + AHOp  (2-17-1) ey
. . PUANTH AT
Tt San= (22 ar+ (%) 4 p; -
=H(p,T) o dH= oT) ). p % " dH = C,dT
oH\ _
oT , — P B
8 T, T e T,
A HO(T) = j CdeT’+A HO(T,) + j o dT’ | A = j C, dT
T To Ty
OGO | HOREZENL

s e
AHS(T) = — f CordT’ + A HO(To) + j Copdl’  (2-17-2)
T, T,

0 0




w aA + bB —» ¢cC+ dD |
IS e BT
T T

e / e !/
CpR dT’ + ArHe(TO) + j Cpp dT (2-17-2)
To

aA + bB T AHS(T)
0

AHS(T) = — f

Ty

o o S
f ACy =Cop—Cor  (2-17-3)

Foredy 7 OE%A .

o
ArHe(T) = ArHe(TO) + fAGC dT’ (2-17-4) (2C-7a)
To

© © © S S
dH = C,dT || MCp = {cCom(Q) +dCy, (D)} = {aCym(A) + bC, 1, (B)}

©

L 2
Hc‘:lﬁjl‘ﬁéiﬁ> = z Vp,i Cpm (D) — z VR Com()  (2-17-5)

Product,i Reactant,j (2C-7Db)

© ; =)
Cpm(A) * 1 molOWVEADRHEREEFVA B




() A,Cy PEEEELEVES (FEZ )

X edry 7ok T

o
AHS(T) = ALHS(T,) +f AGC dT’ (2-17-3)
To

-

AHO(T) = (2-17-6)

© S

. e .
AGC — z Vp i Cp,m(l)_ Z VR,j Cp,m(]) (2-17—5)

Product,i Reactant,j

B ERE2C-7 [400 KIZBTBY Z7undd L OEiEER Ty 7 )L B —

6C(s, graphite) + 6H,(g) — C.H;,(])
22C-6 > AHS(298 K) = —156 k] mol™?
= o
_ Cpm(graphite) = 8.527 JK"' mol™! €, (H,) = 28.824 J K~ mol*
BRE > Y oo
Cp,m(C6H12) — 1565 ] K mOl

S
2-17-5 ) A.C, =156.5—(6X8.527 + 6 X 28.824) = —67.606 ] K=! mol™1

2-17-6 )AHO(400K) = (—156 x 10%) + (—67.606)(400 — 298) = —163 k] mol ™1




@) A.C; PRIEZENET B A EERMBETHE- TV 2)

o o . e .
AGC — z Vp,i Cp,m(l)_ z VR,j Cp,m(]) (2-17-5)

Product,i Reactant,j

— C}?m(i) =a(i)+ L0)T + )/(i)Tz { HERIRD1D*
a(), D),y : L& i ITkET B8 Iz HERRITDH D

4

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

Aa = Z vpia(i) — Z vr,; @(j) AB = -

Product,i Reactant,j
Ly 7 OiEH] r
>

AH®O(T) = ALH®(T,) +j Ay Cy dT’ (2-17-3)

To

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

!



"

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

LB (EBRAROSE, SRR R R 2)

AB
2

A
AHO(T) = ALHO(Ty) + Aa(T — Ty) + —= (T2 — T2) + ?y (T3 —T3)  (2-17-8)

Fn'j%EZ—lg CH40)ACH9(500 K) %j‘(&)f‘; é | a/(JK ' mol™) B/(mJ K~2mol™1) 7/(u}K‘3m011)\
GERR®  CH(g) + 20,(2) » COJg) + 2H,0() % Mo 7 oo
0.(g) 25.72 12.98 —3.862
22C-4 > AHO(298K) = —890 k] mol ™! HOW 3036 061 Lisd

ARTHOTAaZRD, mBFEVHZ EZOL IV BAL D JK P mol™)
(1) —21.98 (2) 17.34 (3)21.98 (4) 153.18

Aa = ] K71 mol™?
AB = (697 + 2 X 9.61} — {75.5 + 2 x 12.98} = —75.27 mJ] K~2 mol*
Ay = {—0.82 + 2 x 1.184} — {—17.99 + 2 x (—=3.862)} = 27.262 ] K=3 mol~?

2-17-8) > AHOS(T) = (—890 x 10°%) + (500 — 298)
-3 -6
7527 x 10 (500% — 2082) + 27.2623>< 10 (500% — 208%)
MR CHRIBE 1 T gL, HITESESIC
| |AHS(M) =-890.73Kmol ! | LcHxFLis )




2-18. WAL L .Y ¥ )L B —
YW DOBIAAL
LHHBITZED HIRNT, [k « Wik « JpR EAZiE GHiERE)

B .o ¥ )L ¥ — (Standard Enthalpy of Transition) A, H®
1 bar® N TWEPHEE (BHF-BERE) T5R0OEEL
Al (fusion) * Z%%&(vaporization) * J-3%(sublimation)78 &

v “7;. t{‘
HessDER] ( HIZIREERIED A L)L;@{QJ'C 5
l £2C2 VWALWALERIL F LY —
[T =4 B R w =Y
S — o o
AsubH AfusH |:|AvapH W B o — A B AuH
—— [ s—1 ApsH
. a5 1_'8' AvapH
BilRE « Z2C- 12V, KOBERERIFET L FI)L o & - A
— B’ A FAH — BAH AT
L)- AsubHe%*bfiéb‘ g fi% i@g»ff;zﬁ AsiH
KAl X*(g) —X*(aq) AnyaH
e )] BT fL#fi(sLe) — HF(@  AuH
. 1% 1L X(g) = X*(g)+e (g) Rl
HZO(S) — HZO(D AfusH6 _ ERE 35 X(g)+e (g) =X (g A
o KIS RSB % — % AH
HZO(D — HZO(g) AVapHe o R L;a fﬁ:/;‘ff@(s.l.g)-k()g(g) AH
—-COﬂg).HgO(l,g)
3 g g — Lo AH
mHEE PSR — iGPEE & A*H
e . {
HZO(S) - Hzo(g) AsubH — a) ITUPAC OBIEIC LD, AOTIRERERT FOX L5 AH
o<, AHa©E L7z




BFT ¥V E— (Lattice Enthalpy) A H
MX(s) » M* (@) +X(g) ¢ ZOBROTL ¥ ) E—E/L
A F UGB U THEA 3 2NINFITTHDITHEILEE

zz o © ° RIfDA AL LIRS

* BIHEN o RIS &

BARBI2C-1 | By e N—=N—=Y 1 7))V

KCl(s) » K*(g)+Cl~(g) ALH AeH + AL H
= AgupH + DgeH + AignH + AogH

A K+(g) te + Cl(g) lAegH x&2C-3? 208KICBIABTFIIINE—,
AionH K+(g) + Cl_(g) AH; /(k] mol™1)
H NaF 926
K(g) + Cl(g) NaBr 752
MgO 3850
v 1 MgS 3406
K(g) + = Cl 2 T, BARRE7—5 1% 18B-412 551
. HE (g) z(g) ALH %Eﬁﬁ?i;iﬂ 7 | 18B-4 12X 5|
sub -
K(s) + = Clz(g) ALHPRZ WA S DHHE
lAfH KCI(s) s NN A F
L RAKREA A



B CTHIZESIZEESE T L # ) E—DRER{LIX

T
AH = H(T,) — H(Ty) = fT Cp dT (2-17-8)

HERIHFE (T, =0) O )N E— S EEORET O 7)) E—DfHaxHil

Bhigrh - piEh 3B M THIREL—E —
DFEYD, EEOBREOT )N E—2RDHITIE (HO)=0kD) .,

Tfys T ,
—_ ! _ _
H(T) = f Co(s)dT' + ApgsH + | C,(D T (2-18-1)
0 Ttys
Tf Tvap 100
— - T 113 B
*ﬁﬁﬁ?'éfp$ﬁ T ' T
- | / g
5 100 - : = 60|
g . =
: s [ AfusH\l
I~ 50 l
B 20
X
0 I | 0
0 100 200 300 400 500 0 100 200 300 400 500
T/K T/K
196 <>+>DO0K 55 500K T TOEEENLBAEE. | atm O~ E19-7 N> ¥>D0K»5 500K if‘@[g(())ﬁ:*ﬂﬁ'ﬁ'ﬂ&]f}lxl‘/

X OBA L HERENETN2T8TK B LIF3532K Th 5. Tl



CHGIE TR & ¥ % ( THEELRE] TR )

PAAL)

o 2B (Differential Thermal Analysis; DTA)
REZEZBN — mE - mAEPSEEICHRE - s

s 2 EREEG] ( Differential Scanning Calorimeter; DSC)
MEALBOBEDL —EITIRAINCE Nz D — Eamz mzEiil

#EM

— Yﬁfgiﬂﬂﬁ

R 2C-3 RAEASER. ABLSHPHETE <R
Lo D OAFEIZZR TS S kp s s,
NEINBOE, RiRLALESWEOPEDORELZFL (R
DDIZLELGBNDETSH 5.

i@ﬁ?ﬁsﬁ@m%ﬁ

Time Time



HXIED, " Solid Liquid Gas

5
=

g 60 |

SF Y, HEBTIE. RERE R |
(G _EREILDLE) =

0
0 100 200 300 400 500
Hzoo)j%éx T/K
N = I9-7y;t;-{:“‘/<7)OK75>5: 500K # T (H (0)icH ) e >
H,0(g) =

T, E0L SVOBBHENS

AT SN S PHED > TA LS |
H «44.016k]m01_1 3.7K18 ¢ (1 mol) DIFH., EDIHWVD
H,O0()

BEPBEHIND ?
(1)44] (2)22kJ (3)44k] (4)88KkJ

4. 540 gD EDPWIGEE. EDLI 5
DEDDEP S =Y (N
ﬁkgfﬁi‘éﬁﬁﬁfi@lm?%m (1) 132(?? (2)356(?(:)ll kJn(3) 1320 kJ
D H B LTy (4) 10000 kJ
\_

J

KIFOCLL ETRIZIRABT E, OCLLFTKRIZESRW, TI )N —T
MECTXS, TlX. ¥, 0CLLETKIIKIZIEADIZASHS? —» B3=




4 W2EDE LD
#N2E 1 B (N F—REDEAD
AU =q+w =q— pAV AUypiv = 0
T NVE— H=U-+pV
BN AH =AU +pAV =q,  FWEMN AU=qy
BN =

HessDER] «— HITIRBEBIEX
BT & )L ¥ — AHO
TN —DHRELEL
T

ArH(T) = ArH(TO) + f AdeT'
To

.




4 )

VX — ik, T Z S capacity

2BORERN ¢ AHEEED L X, AU AH, ¢, w PFRTORZDIZ, ZfbidinE
WIETADIEAH ?

KIFOCEL ETKIZIR BT E, 0CCELFTKRIZEGRWDIIREILAH ?
¥ KIZIRDBDIIH THHTZ A1 EARANOEBALITFH TRV

[FED20COK L60COKRZRED L. 60COKDIRENS FHS, SETF
M5 P2MOBE QUCOKRPREIZKVIBEN FARD) HPEISZVDIT
ISR ?

* ) P IEATIXEHRHTE R0




Bo2EOME

I )N E—BILD x k] mol 1D & =,
x K] mol ' D#E;E M NIE., ILZRILDEL DT TR,

(Activation Energy) 28 2. 72\ &,

L2 BT E R

>
=11
S
- D i
Ea @~ @ .
S | /KINEIICS X\
= Intermediate \
w w = S | et
¥ © s e e e
s o Products
<
Reactants | = -

states, spontaneity

Reaction progress



