EHE “+ZH B

FHE Kl mE



LTRBHERT T HHXHA

(%5 ZhR)

EME HFiede HE



B B ER4 B (CIP) ¥

B /R RN . —2 . — FE AR TR AL, 2013. 8
ISBN 978 - 7 - 5628 - 3609 - 4

1.0%:- 0.0F - O . O%ELY- BHER—#HH N. ©06
o [ kAR B B CIP Bl A% T (2013) 58 156283 5

EBHFHRF AR HH

EiE s (58 Zhi)

% x /FWE BWn

RERE / A5

"BERI /X

HMmig / Bt

HAREIT / EAREBT AT AR A A
Hoohk. BHGTHEBERE 130 5, 200237
B iE: (021)64250306 CEH5E)

(021)64252722(4wiR%)

f& H. (02164252707
R dik: press. ecust. edu. cn

Rl / Mg e

A /787 mm>1092 mm 1/16

¥ /17

8/ 409 TF

R/ 2013 4F 8 A% 1 R

R /201348 A® 1K

B / ISBN 978 - 7-5628 - 3609 - 4

4 / 36.00 JT

flE3FHIHI

BEABAN L F A press@ecust. edu. cn
B H #H e. weibo. com/ecustpress
#E£E M http://shop61951206. taobao. com




5B Z KL HY

il

(EEAL) B 2001 4R HRRLIKR, Z 2] T RIEFHUGE. #HA 21 2, BRI A
KRR AR FIEOR AR . I B AT G 5 iR B 18 S AR, A
B AFHTEIT 2 RRFPHR RIS AL BRI FFEK.

B IRBH RS — RS A1 S B A B R A R S L T LR LY
Bk
(1) MFLEFTWHAT T E SHY SRS , anyk BE 52w 52 9 8 AR R
AL A

(2) HEFEHHE T REEME. EUNR -5 R TEATHXNTIRR AR T F
AOBT S, QAT RV AL S ) AR AR S AR I A

(3) Xt & BEHIE > B RN > RUARE T AR AR B 60 ORI Ah 32

IR FEEE PR ITRE A .

SRR R B TR 2 R Xt 38— RRUBTT TR B K 0 S8 TR e ot 7 0 PR A B0bf i 22 o
2 g o AR A [R) A R R

RTFBITERKFE, BhR R AL BOEEEHIFHEIE.

wmE
2013 4F 6 A



HY

1]II|v

AR S TR ) — T SRR R 2 5 5% 21 e m Ak R I TR AR
AR FRESHFNRE S 0 B A R A7 R A A TR R MR, FAEERET Y
T B2 AR RS, AT LUK LA 1925 ) T AR R A B2 i fb 22 36, I o0 i At e —
o BALSE A R T RBOR LA .

R IRATFE GRS A EOM B % 5 1 an R R0 DA A TR i {2 PR AR B B AR B K
BITHD VRS , B R BUF A ZOR B S BT 2L SR AT, il A0E Y, R
BT S 5 W) R P 7 R A R S L PN R A S M R ALE B B, DR I TE N A HE B SRR
W, 5 00 s BRI AL PRAR S & il 2 S T AR R , DU B TRHME 45 6

AEM NEEIEF R B Rl AR K HR 4y, 3k 9 &,

27 ER A S A

(1) RBALEZE AT I HLAR A2 A2 OB EAT 8 7 ) A2 ST B 5

(2) FHE AR AL PR DO P HEA R A2 VA, B 7 P4, SR S A R BC AL P4 5

(3) YR SEHRR  JRF4540 , 70 F4540 , iR S5 L S 454

A 2E LR IR 4

(1) Rz 2 RGO ES 14 318 3 94 5 B B ST R O AL & Y a9 A As (b i, &
BEHNFEAELR LR PR AT LTI EY B EYME S FIEY;

(2) G5A AR R T 7™ S i A 7 R B T2 &M B A e Wi

55 10 BIE R0 FEAL2E R L TR S A AR AR R TSRS B, HEIT AR 3.

A A5 HICrh AR N R I AN 5 5 T 0 S B SR HE (GB 3102—9) ) B 48 32 B 7 5l
B BB AR H J. A. Dean. Lange's Handbook of Chemistry. 13th Edition. 1985 Fl
David R. Lide. CRC Handbook of Chemistry and Physics. 77th Edition. 1996—1997.

ZIMABREWNAFEEE KUENE, £ HHEHESR. KB/ NaHTHN,
H RS TIREZ E R ERE R, I RR O RS .

MRYE TR/ = B AR WAL, G B X BRGE TS ER T HRERKE, EREGAE
ZAL  HOR R AT M E IR IE .

ARG BRI TR AL S5 O BR K 38 B 4 T AR I A K B Bl , 7E i R R 1)
AR .

mE
2001 4E 9 A



%lﬁ mﬁﬁﬁ:‘:g@ﬁgl*g ..................................................................... 1
1.1 RSB IEAT R RIBUAESE +ocovvesenernovenssnnssosnsnns svnnps sranss souos s sunns svaamss 1
111 —e B I KGR  corererrrnrrn 1
1.1.2 ALFR BRI N FoE T AE oo 2
1.1.3 4B FEEAEAAEE oo 3
1.1.4 BAF R PEB T o 4
1.1.5 ARBRERAEBRBRRR MO AEERBEE 5

1,2 ARBCE R P B wes wsnsns suse s ansms sunsiowssnns cnmmss surs S55as NSEHFE ASLN SUPU LSS 8 HEHEN 4 7
1.2.1 BELEE A H AP ccoeeecererearetaiiiiiiiiiiiiiitiiiiitiiiiiseisiaeaeas 7
1.2.2 RELFEEFOIE  crocorererrrieteriiii it s et s 7
1,2.8 BBAGIEE  coverecavens onesn auowss sasine sussas so s s souys soaass swoss s suioias s ssanis 4 spon 8
1.2.4 THATFH  coevcecereretiiii i 9
TSR = svvessanees sovsasansns sonsss sx4as s5400n LRER SR as 43 4P £ P HERESHDEHS TSP AAAS S 13
B D P FTTRTTTRrPPS 14
2§97 S PP 15
- N A Y, o0 b 4 1L U P 18
2.1 ABEEITIRITEZR  cevvreernrenet i e 18
2.2 WAL R ARGGEEE  ovs cours sovnns ssvns cnvosasnssn ssenmasaunsn snans sasman susins vusns 19
2.2.1 KRBV HRFIEJLLEEL ~ovoevvrremrmrnrmniiiiii 19
2.2.2 BENHAFFTERLEFFLX oo 22
2.2.3 ABALAI ST R IR BB FIA] coveee e 25
2.2.4 HoAZHAB LR FRGE F covrereerrrrrret i 25

2.3 JINEFRHIE  coeeenmenr e 26
2.3.]1 FARBBIEIDH ~ovovrerrrrernt e 26
2.3.2 AR ATEIH coocoetersrettieniiitiiitiiioistirtetititiiotetnsttsneetirontessnssroses 27
2.3.3 ERBELEREBEREMER roereereemcrnortomctiiiieiionn. R RRRREE 28

2.4 bR RHITAOIBREERULAETHE  --oooreorrrrrrrseerererrnnmsiisseeenenmonoessesennananes 29
2,4, 1 AL BT A S e 29
2.4, 2 BT EBL oo 30

2.4.3 J?.#i—r‘;’f:'&é!]gﬂ/a\—g -ﬁ;}i#j—%@] ............................................. 33



Il ¥ Ol b ¥
2.4. 4 AT L s 33
2.5 ﬂ:__f‘qz@gging .............................................................................. 36
2.5.1 ALFRZIF B FAZR crrrrrrrr 36
9 5.2 BN RPN - svmvssssmnn soongs samuns smus vxusns pruses nasen wnss susern s 37
2.5.3 EAIILFE TR coocverresrmrmttiniiiiiii s 38
2.5.4 BT T HTRGBIE ceeee e 39
2.5.5 ABALA BALZEFHF oo §EEE 3 SOTINS AR HOTES GEASTS SUEHTA SEAALS RS § 40
2.5.6 FHIAFNEBAAR «oovrrereeriii i 41
A SYBEBIR— snies eonss sunmon svases sevavs s33ns covmemaTATeTIROP SO IS A5vS e TR AYRHS § SEHAR S 41
B B T T R P TR P PP P PP P TP PP PP PRPPRPD 42
R TR A B e 44
B3 BB FHFIEETFREM o-oooevrerereormnier ettt s e 16
3.1 BOBRIRTIEIE  +eovesnssenessvivs susoos vunnns seaes vasuossmansrosas unsmnbasesns suahs soidams sweioss 46
3. 1.1 BEARBREGAEAS oot 46
3.1, 2 BRBRELBL oeensennisinnsssnnas savsis sunns saans esmaie 5FSoHCSSHD HOTS SRS SENES § 4RSS 47
3.2 SETLFISSTRAIMBES LM  --ocvvvveroerereereremmnmesrtii e 48
3,21 —BEBABEARAG IR E T coeereeeeerereretriineti e 48
3.2.2 gmgg]&é{,ggggq_ér ............................................................... 51
.................................................. 52
3.3 BBIEEURE et et 53
3.4 MEVAHR UL TE AT v ovrererre e 57
3.4.1 ;e»}i?f?\ ................. gimis sbmin wacilbs a6 STE SEDARS B SRS GRS BT PEIRAS EAAREEINARES IRA 57
3.4.2 ZEFEARBLI] ceveroretet e 59
3.4.3  TLITHY A BRARIE AR v 60
3 4.4 TRITEEAL cveeeeeee 62
BT T HER = -eeeeerrrernssareensasennssssesnneseannssessosisnstnaansssseniesstnessissas ssspsasenesiene 62
5 < e P P PR PP 63
BT Bl = e 65
BAE BYPERMESEEEI - ocooorererrer e 69
B, ] BEABIRIEEIG I e coeme mmmoxn smeian s s s simmarm st s s b rbsimen i e i 69
4.1.1  BACIE BB G GG F AR A <oervrrerrrrer 69
4.1.2 BACE BB F ALK BGELT orvovvrrenmrnmnrres e 71
4.2 [EEAMABBREI  rvereererremrrnresonmnranmossssiisessassrsissnnssrsssesssssassssaasas 79
4. 2.1  JBHLHL ceeeeeenenen e e 73
4.2.2 WAL e 75
4.2.3 BERTAF FAZFo AR L BN o 77

4, 2.4 AR AL PG I T ceeee e 79



R I

4.2.5 BEPEE NG, B KOG FE G coreer 82

4,3 EEJE ccceeereecressenttunisitiistiitipisetnseiosetttsstttaststotanisstestitestransessausessaes 83
4,31 S fRd EFAB EL A 83
4.3.2 AP FARAG UL BRI e 86

4.4 SIBBIBHFIBTH  --oorereeererrmrerrtiiniiiiiii st eas 87
4. 4.1 BBIBAREGEF comnrssvensscuss s umrsssvmsss sesws srenns ssvnes sounss sravvs poswrress 87
4.4.2 é}é/ﬁ’iﬂlﬁlﬂtﬁif)’ ..................................................................... 89

45 SRR BIP -vevovvesoremmersnsesenesrnnsessssonnsssssssssossonsenansseasesanssssssnesssnassssssstsane 89
SPEBPL -oevsnseonnsoranessnscnscoasorsasonsassnonsasssnsnsuessassnstassnssussasssssensaessasssassssnnsesas 90
BRI TSEAA B IL e veeneemn e e 93
%‘ 5 E E;%m*uiiiaﬁg .................................................................. 101
5.1 BERJETFAET coevverrimm i 101
5. 1.1 BB TFHAE e 101
5.1.2 BERBTFHER  coeoeeretriiii e s s e 102

5.2 JEFHRTFHEEAT coooovneerreneini i e 102
5.2.1 MWMAFEEE B HE oo 103
5.2.2 BAPE FEFKAEARIBIE  covrrrrr 103
5.2.3 BB FoEFmABESAE oo 107

5.3 ZHTFETFEMEBIE ----oooeeeeereerreerermeietmin 109
5.3.1 }@%/ﬁ%é’]ﬁ&ﬂ ............................................................... 109
5.3.2 MHIPEF oA ABEI R e 111

5.4 BTFEEHFITCEMIRAIIET --oovoerreeerrerrrrmmteniiiiiieenn 115
B S E A HGITL  wevvveeeennreennn et e 118
SPEHTL  veoevesoseensonanosscsssrannstonesssnsatsosssonnssrunestsossssanisassanssssanssasesnsennss savens 118
IR, 5, o 1 R T PP T 119
HOE HTFEMTMBEGER oo 124
6.1 %:‘Fﬁ .......................................................................................... 124
6.2 LB e 124
6.2.1 MEBEIRHE  ceeeveeeeeei 125

6. 2.2 ZRALHIB TZ I oererrrererme 128
6.2.3 T HIETFH R crvvrrrrrr 132

6.3 ﬁ%lﬂj}*ﬂﬁﬁ .............................................................................. 133
B. 3.1 A TFIE] A cereeeeeree e 133
B.3.2 B cceceererererei et e e 136

6.4 FRARZER -ooerereerne 137
6.4.1 FHAREGAEARER o 138

6. 4. 2 AT AR e e 141



6.4.3 BFFAAL  coevveciiriiii e ettt e et r e e 141

B AEHFS  creoruoscerensunesscnunn sosnas vosmes sasson stassnsasos savas s stns HesuPS NETARE MuaTy vna 143
e S SO S UU Y S 144
Dihi*/fﬂ'f? .......................................................................................... 145
HTH ESMTEBELGHE --orreremerrrerrmescerniiontdanmmsssestossmsnsssmss sovavees 150
7.1 L BBIRAGEEHIFMER - -omroresnmessrroossmmcessonssonrussassasavansusssess varvorses 150
7.1.1 dERBBJREILEH oo 150
7.1.2 HEABBJREGMEIR oo 151

2.5 AR R TEEEGLAD wormrnrvemrmeesanemmmssssmssonnmsnssssnsssens sossarsunne s sasmguinman s 152
T.2.1 BIARHR  coeverrer 152
T.2.2 FALH oo 154
7.2.3 g}g{g&%i&ﬁ .................................................................. 157
7.2.4 BACLH  RAL ACBRAL <ovovereerne 161
EEE\%@’{: ....................................................................................... 163
STEFi-  vevee et 163
ﬁh‘;‘@ﬂ-ﬂt .......................................................................................... 164
HEE SEITEFBBEAIUEY e 169
8.1 ZAJBICEIEIL ++vvrvvrrrrrreerrrrr s 169
8.1.1 FABEIZIEL oo 169

8. 1.2 FARABILE e 170
8.1.3 ATJEA BT FE et 172
8.1.4 @;E,:fv/a\éﬂﬂ .................................................................. 175
8.1.5 ég’%i@&tg .................................................................. 176

8.2 TRAIALG M -oorevrrrrerrenee e 180
8.2.1 B eg R RIEA o 181
8.2.2 EAMEMEMEETEIE oo 183
8.2.3 EE%‘T‘EJ&:&‘#’%’P%?{‘& ...................................................... 187
8.2.4 gﬁ@‘%%%%ﬁiﬁ] ............................................................... 191
E;‘]E‘%@/\ ....................................................................................... 192
B AN T TR LR LT P P P 192
RT3 55 > 9 o RN 194
% 9 ﬁ ﬂ’.#I}ﬂ!ﬁﬁ' .............................................................................. 200
9.1 ’%ﬁiﬁjﬂk .................................................................................... 200
9.1.1 A REEFMHEKITA oo, 200
9.1.2 15’{%*’]’*‘}‘ ........................................................................... 210

9.2 ﬁﬁl)ﬂﬁ ....................................................................................... 210



H K Vv

9.2.1 EMBEHKAERMERIZHL v 210

9.2.2 AR MBEIIESG TLARFB B o 215

9.2.3 S IL UL FE = FEETE - ——HRMLEESFH e 218

0.3 TEAPTALT woevrrevnveneraoonrmnnonneeronetessnsnsnssesesssonssesssissnsinntiosesssasensssies 220

9.3.1 %;}3—4{3/\%6’5ﬂ$m/\ ...................................................... 220

0.3.2 EZJTFALAMEGa LA o 220

9.3.3 BT ALAMEY A RR,  crrrererr e 299

9.3.4 BT AL MEIHEPE oo 225

9.3.5 FTEUEDTIAMEA B  ooereerreereronraniiiiii e, 298

BIBERTIL e eeeeveson neee venne sene e 233

B 1y | T PP P PP P PP T PP Y PP PR PRPTPPTTD 233

10T IFEE « BBl « BZE oo 235

10. 1 FRBEEAREE  covrerere e 235

10. 1.1 KA TFEBITFEIEG oo e 235

10. 1.2 JRIFF BT IE  crererrrre e 239

10. 2 BEBEE AR  cereeerr e 243

10.2.1 FJpHEE A BATEL oo 243

10, 2.2 #RFAEE R BATEE oo 245

10. 2.3 B AMHE oo 247

Eg?g‘%@—i— ....................................................................................... 249

ﬁ;ﬁﬂﬁﬁ%%* .................................................................................... 250

BRESR v rerer e e 253
BESR 1 — Sy B A AR MR R A AR B HE B IR A 7 A T eR R

R UEE R I EE e 253

M2 —SeSR R RAIMEE B BI(208 K) -vevverrreerrerenrertrenneniiiieieeiiiiiniiaainnaes 255

B3 — TR RR AR BB oo-vnevmennrnnsrmsetinaatiaane s s n st enn e eene e oo 255

B4 — Y RRATEEEETL (208 K) --oensvemsecsemssinsansosaneermatnsbnmnscorams nnnannonnons 256

MR 5 ARAEEARE L (208 K) wrorrrrrrrrni i 256

R 6 BRMERAR BT PRI ) +rorrerreomnerererrresrssssssransanssranenetseinsenneeteannnn 257

T 7T — R PR E R BRI E R -, 258

B3 8 FRETEGE T B L s verrrrerrr 259

PERILMR  cooooovrereerrrmmnsrrei st es s s s nt e seese s e s s reanes 260



F1E HERNPHEEXR

e R R A B T AR AR Z Ah R PERE A RE R AR AL . Bl BRTE 2 P R
Be e i AR I I AR b SN AT A LR L XS RN L TR 4R RE AR T RN — 48
THiq . AN EAMINAE R RLRE B 24T s A A OB . T L6 B A el A ) A AR e
FEHTHLAE » IR T S N A 2B S M A5 RE B A REREAT XS B RAE A & .
FAT IR T SR AN N B S 64 B 152 W0 R ™= 1) o () B i o ZBUBF 0 B IO ek 8 v T o i 11
BARME. EARTHIRATRE FZSHE LU A IR .

(1) e ROy i 2 (L L —— 3y

(2) A2 RN AT 7 1] B B

L1 AESE R HYRE RS R

1.1 —EERKIE

1. A% F3R3E

TR BT B H R A BB 5T 6 X 5 RN ] B T R S TR . X R RO
X RIS R G, RELUSMITR A SEFRAEE . REnT LGl — AR GERD 5 & 38X
SR X AN AT DU BARE) o nT DU BRAREY . 540 , B 5T B BR A A BTk B A K T
B B2 IVE « I8 2 A7 3 0 o 40 %) /K T VRO R R 0 T I VR A A Y R PR A O A RV R B
R TS R EREASE . BAR AR R R RS SR A .

2. RAARE FH

VARSI R — DRGSR AUEHE ERRE. FriBRE, L2 R% — R K
S IR G R R RBL S H YRR YIS REN RS, YRRA
P —E B REFPRSWRBE T, S EM— MR R A T 2k, MR KRS R %
AT, P, RGEAIHERTR T RTACRS A A% . TR 13 S 2R Gtk A A X e
FRAPIR S pRE GARFR R R BE VRS RS RBRFIER RS — & RS R B
t—E s 5 RGAPRE R A AL MRS R B b i R E T R AR SRS, i 548
et B B R ok, Bilhn, #% —E Bkt 298 K FHE £ 323 K, il LLUEE LB R
KB, ATLAA 298 K EH Mg 323 K; thal LAf 298 K Jehn#s] 333 K, HFER T
323 Kl LAHIBA K E SR, o ml DUE K S . EICRESRE T WZEE AT R5 %
GRS AR X AT=2323 K—298 K=25 K, i 5B AER L,



1.1.2 WFREHAMMMERER

TET IR AR A2 2 IO M A ) B 0 R g 2 IS A PR B T 4

A2 S N AT FE R RN AN [B] ) SR A4 R4 T . — PR AE 2 P 25 2% Hh oE AT 9 ST » LBk 17
BN, S Qv Ron. 75— MR 7E4E T 2EA7 #9 5E , H 3% 07 Bk 4 18 R $k
N, RS Q, T . BT REE N #R 2 AETE T #EAT 60, 538 % BT U B BV 5%
R W SRA I E R, # RS Q, .

st BN RAAEORE B4k 2 T R SRR S Bk 2 O R . B 7 BR80T 1 801 5 I R 3R 4T 1
AR, B LA R R iR AR SO TR R 1 NS AE (ISR IR A R 298 KL ARUEE 1k
100 kPa i, 17 EARTEND . SO RN B EE 5 RN F RS B F B ek
THERBOAH K. BRRTE 298 K MARHEE J1 T, #5648 8 b1+ 8 07 72 ik 47 i 55 B8 R ] g
O BRI R D, Filhn

(1) C(s)+0, (g)—>CO () Q,=—393.51 kJ * mol™!

(2) H,O—Hy(©)+50,(g)  Q=+285.85 kJ + mol’
(3) HO(@—H,(@+50,()  Q=+241.84 kJ » mol"

@) FAUD+O0, (2 ALO () Q=—1113.19 kJ + mol "

IR ) FERTEFREMT, )i B 241. 84 kJ » mol™'; () FRmfE FREZMT R
NP1 113.19 kJ © mol™t,

1t%ﬁfmiﬁs&f7ﬁﬁ;&%5$§@'% (B 2 i N7 B FAARONE o A0, 956 3 18 3 ST B BT
e B SN RN M DA R SE S B IAS . BN, AERER A P AR R B R

ag+%ogy—»axy

XA BN RSN SRR ME BRI 1Y PO XA RS = b B A A DB COp. TS
B XA RO B RSSO BB . IR 4, A fa] SR A5 53K SR 5 W 5 #9204 A48 W7
1840 4F 55 1 (G. H. Hess) oA KB b2 S B BN B SE B 45 2R, S5 — DAL — 4>
P2 RN A e — 2 58 i B o JUAP S8 Al e B BN B SE A R B . it it fh 2%
R R RRSENE 5 SR K B A5 A A O T S A2 BRI TE K . X R s i e e
TR UE TR EAE AL R R E R — A E .

A 39 AT LATH 585 3 D6k e S 50 I E B 1h 24 SR B FABONE . BN S T 45 B 7E

O BHYIMUL, TRYITE 298 K FARMERSEN T b2 RN 07 B a0 T 45 B R 0 S RT3 BE rh e Hh 3 AT 8
.
KRBL aA+bB=gCHdDsaby g d HUFHTRAB EFHER 2wB=0 K. Kb BRRR YY),

v JAH LT AR B S8 SR SR X WU BUE A . AR — YR B B R BRI K ny o 3 —RZS Sy 7, T

R 6= 0 A”Bjde d"“ . BRI R RS R AT R . X4 Ang=wp B, 0] £=1 mol, &
T%E&#%%%ﬁﬁﬁﬁﬁﬁﬁT WEE4 I .



BT AR AR R R 3

100 kPa,298 K AT, B AR AL & Az i — AL ) S ST RAKONT , 7T LA BB 52 @R BE A i —
AALBRAY RN TE IR AR BEAT . a8 1 - 1 FR.

(@D
1A Cls) +0(g) ) AKX CO (g
31

@ €
CO(g) + —-0p () !

sz QP3

E1-1 BETA_SUBRHFEHAERE

@i 1 R — e b i — A Abak, BRI (D) . 42 [T - BB A 58 MR pe e A
JR— AR » B E (2) 5 SR G — EALBR R R A i — SALBR . BN B (3) . BT R R A%
RRFT BT B AR AT » X RSSO, R i 3 B R

M TR S MASRE R\ R E RS

Qpl :sz +Qp3
Q) 5 Q,, 7T H LK HHM4F 5358 —393. 51 kJ » mol ' F1—282. 97 k] « mol ™', FrLA
Q,, =Q), —Q,, =(—393.51 kJ » mol™')—(—282. 97 kJ » mol™")=—110. 54 kJ + mol~’

R RR L BRA E R be i — S AL B BT T B B R ORI T8k 2 2 MR e A= i
AR BT AR . AT AT AR IRORL 2 R BER Z8 BE R L

38 s e AR AT A R A 7 AR U KO B IR R 2E AT A I AR . B3R — Ak
i B B BRSO AT A BRI 22 B SR T AR 2.

C(8)+0, (g)—CO, (g) Q,, =—393.51 kJ * mol™*
- CO(g)—i-%Oz(g)—’COg(g) Q,, =—282.97 kJ * mol!
C()+-5 0, (@) —>CO(g) Q,, =—110.54 kJ * mol™*

A _ERTT I AT 6 HeH R A5 B BT 6 A S N RN R B/ B AR g, 1R
BORBR . SEPR L ARYE 3507 AT LA 5 — i S O AT (6 £ 5 R TR RONE B BB (S
B 1.1.5),

1.1.3 geEFEEEMAEE

AEAEfTE T R EAS AEA KN, REEN—FIEREM NS —FIEX. EfKL
WEPERNEEALZ. XMEREFHEER, RS 2E —E/R., BlHEE. L. &
fE AL FREZ (A A IAH B AR e, (H S RE R R AR . BATIEBRIAE LA i HoAh &% Fob A5 53
1 REERFRASEN » AnAAFR T (B D55

F G0N AT R B UKL T #RFE A sz sh A EAE T, AR R X BB R B R,
W5y ¥ B TP ShRE FE ShRE  IRSHAELA K T MIZZ S RER . RGN LLEER M
BRI RGN RE (B SI2408) . LU oK. BERE T RAENRE E—ERETH—
SE BOBUEL BT LA BERARZS R B P9 B Y 48 X R T V60 5 1 o (EL 1A R F) Z8 A B2 W LA



4 ¥ oE %

). RFERGATRE L, BAKNNGEN U, SRERE 7 —ERHE Q, XIS
BT R W RRE T NEER U, . WARIER S5 — 2, RGN AL N -

XA - DERAFFEE EROBAEX. ETHTRRN S REL R, LRI
e RE R E S5 T RENREM L.

St F I FRM TS A BRE : REHT,W>0, REMIN . W<0; REWH,Q>0, &
G, Q0. TEEBAESMBHHIHAARMEELEHA—B.

Iy RN BB RE R, N E N80 B HR R T 5 k],

[611.1] ERZEMEEERERN U, LS BP R T 50 kI fE, [ X ARBEM T

20 k] B9Zh . K RGN RER A1 .

fi# AU=Q+W =50 k]—20 kJ=30 k]

sk U, X AN R G AR R R, RSN T 30 kI, BBA L FABE AR AE T /ERERIASLIR? 24

AW 50 kI B, FREERREA 50 k). L, ABE AR AL Q= —50 k], M RGXT B

fl it BRI SR A2 Ty, DRI X PR R0, W =20 k] . FrLAFAEE B N REZE L2
AU=Q+W=—50 k] +20 kJ=—30 k]

BRI 0P RE R SRS T R5E P RO 6 P AR 5 T 5 R
BIETE.

1.1.4 BIERNPIKET

i F R Bk 27 i i B0 2 7E 18 T #EAT Y, Qi O A28 AT R RN . BRI, FRATT B
EVHE B RNt HBR FAEfE R F #4790 .
FEE R T AT AL 2E RO, W 2R it R th RGEARRRA 2Bk, 1 V) 2B BV, I B s
LN AR
W=—p(V,—V)=—pAV

Apmsk S, XA 4 V. >V, i, B RLATE A BUE et W<<0, REEMI); 24 V., <V, i,
BRI/ N W>>0, RGeS 2 AT IE4F -5 Zh B IE SR ML RE A — 2K
7 3 B ) R RS T A A A R AN, Q,» (1 - 1) 28R

ANU=Q,— pAV
Fr LA Q, =AU+ pAV
:(UZ—U1)+P(V2_V1)
=U,+pV:)— WU, +pVy) (1-2)
KA -DFU.p.VEHRRERE ENWAHEG LA BRRERE . RIVEU+pVE N
HHPRZAS RS , RS H 2R, B .
H=U+pV (1-3)

FERA-2)3H



F1E AERNTHRER KR 5

Q,=H,—H,=AH (1-4)
AT LA AH=AU+ pAV (1-5)

AL - O R RGEAEE A SRR 2804 T L ik B BBON 5 T RGEAS (0 AL BN A
% AH, XFRZRSERIANESILE—BL ERS REMBSMASA L. i R i #2
e 7 N

YR R G IR I KA B N » FIR KN A R RS N AH g 1E AR5 AR R e 1) 346
BRI/ » TR, A AN AH T

L 1.5 #RAEEE/RE RGN R R AR AR IR TS

l. #ILFHFRERS
TR E S Y BT AL RS A O, e Ak 2 B 2 rh 3 W R AR S A — 80— HL
5P T AL EARHEIR S OURRA S22 HER SO IS . HHEE R -

RN FRAEJE S p© (100 kPa) F 4b T HRAR S AR S 19 AR 48 i 5
PRI — AR HEHRE © (1 mol « L™ 1)
AR E R —FR AR S p° F RIS FE S 4iY iR .

T B R AR AAR RS R E vh B8 A1 o0 p© IR AT AT R vk o 3 o ik
B 298 K,

2. WWEBERERS

LR E RN R TEE A AR R & F AT . B AH=Q, nI 1, W& A1fE
B0 E R A R ARS8 R AT LUF R T8 7 A48 78 o Bk 2 5 R () 3RO

XFAE—RM aA+bB—>gG+dD, %Y MR E AR, B340 T4k =R detk
2, ] g mol G #l d mol D 4% 5 a mol A F1 6 mol B f%% 2 2%, B KiZ e N AE IZ IR IE T i)
FRUEBEJRISAE IS AHS Fam GFIRE R 298 K, Al ARFED . Hd FAR“O7 8 FriER
A FAR TR RN, “m I B EE R IR D, A HY B8R k] » mol ', "

5 P REARARL 25100 5 B 4 1 A Rt 2 i LA 5 114, AT SR A X 0 e, B T
YRR AE T A .

fE—ERNREMES T, T EMRE BRI &4 1 mol &%) BTt 52 i 94578 , FR A
B YR BE R A U (BRBE /R A )  FF 5 AH, o FAR“TRRA N, A8 HLUF M
AL B A T AL ZEAR IR A, W 1 52 7 B 6 8 R R Ak A 400 1 s v BB R A 0 (g
PRAERE IR A O RS AHR #on (R 5 “O” & “m” i & LIF AT, %5 8E R =
298 K, W FFERIRED . #lin 298 K ARHERE T S E LA AE UK UV R

Hz(g)—i—%Og(g)——ﬂ—lgO(l) AHS =—285. 85 kJ + mol~!

WU H, OCD BRIBR IR R A A B2 SN FRIPRAEEE ZR AL S B A H 1y 00) 9 —285. 85 kJ = mol !
FE B B A A JBUAS 1 5 SCRT 0, R SR A bR M BE AR AE UK M. AT T R TR A
JURH B SR 7E » RS , A JH v A i R o B o o R R A BUKA D . 497 4 B sk A A1 28 R

O BpFE R #EE =1 mol.
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S WA PERR R 2 I, b S8R B ) R R S B, PR AR ME B AR A AR S5 T & . iy
R B E AR  HARIE SR BB L A R AR A . BN A SR A S e W A et

CCHB)—C(ENIA) AHS =1.88 k] * mol™!

B4 W BOBRAERE R A LS ACHS A7 1. 88 k] » mol ',

— S LY RAE 298 K B AARIE R JR A kS B8 vT 2 R M 5% 1.

3. R ein RS TR

R D S R R 0 SR AR o B SR A Ik B 8 5 AT A5 RN A b o B R AR AR . At
T 5 RN bR HE B SR S AR

CO(g) ++ ()z(g)v’L() (g)

IO ) 55 40 S R S BT HE R R AL = PR PR A

co + 30 AHE CO
298 K, p9,¢g 298 K, p9.g 298 K, p9,g
AH, AH;
C =+ (6]

GH.298 KpO.s 298 K.pO.g

1-2 CO(g)#n O: (g) &AL CO, (2) IR MR

JXE AH,= _AfI_Ir(;J-C()(g) s AH, =24 Hg:),(‘()._,(g) ° [ﬁﬁ*@%%?ﬁ @ﬁ 9?%@%&&&3:@]\%
SmEdEILxX. EHik

AHR=AH, +AH, =AHS o, — A HS oo
F B SR 1 245
AHS 0,0 =—393. 51 k] * mol ™
AHS co = —110. 54 kJ = mol ™!

BTl A, HS=—393.51 k] » mol ™' —(—110. 54 k] » mol™! )=—2é2. 97 kJ * mol™!
b R4S SR AT A, A An] Ak S g R b o R R A A8 A T A B B b o BE R A UK B
FNUK 2= S 0 A B o B JR AR kS BT . X AR — R

aA+bB—gG+a'D
AHS =[gAH +dAr Sol—LaAHS A +bAHS ]
Eﬂ A HO LA( m j h% 7] ZAfIﬁfilf\i% (1 - 6)

(%1 1.2] HETHIRMNFAE 298 K, 100 kPa T AR HERE /REGAE A HS

CH, () +20, (g)—>CO0, (g) +2H,0(])
2. CH, (g)+2 0, (g)—>CO0, (g)+2H,0()
R 1 &S AHS/ k] »mol! —74.85 0 —393.51 —285.85
RiER (1 -6)75.
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AHS =[AHR co,0 +28HS 1,000 —[AHS on, 0 28t HS 0,0
—[ 393.51+2X (—285.85) ]—[—74.85+2X0]
=—890. 36 kJ » mol '

L2 AESER B A &k

TE—ERMT ALY BURS7E—&, A% ZSMNRE R e A LMt AT L. Fln, K
PERLE TR MRS AR BB, i&’i‘i%ﬂ%k%ﬂ&&iﬂi@%i%*“‘i%
F. MAEMRIZMAET ENTHS RN NARE A &7, REURERITBN TR
HIUT R B A B HRE » BRI ANTHERE A B R PR R AR .

121 BRESREMBRMN

AERZREFRAN], ARAM— KA RSRE—RE S E R KA T mi#tsT, RE
(¥ R BB ARARE . XA AR FL AR IA S, 2 — ORI B ACHE h f(E RS, REEM
RER PR, RBIRLAT A & 21T .

£ 298 K AR T KB ROL A AR RE A Z 217, Bilin.

HCI(g) +NH; (g)—>NH,Cl AHS=—177.13 k] * mol ™!
CH, (g)+20,(g)—>2H,0(D)+CO,(g) AHS=-—890.36 k] » mol !

{EJ2 , A Se P S I A AR A — i AR AF R LBE B R H#EST . Bildn, vKAE KR — R G 2, 75
PRERET MRS T 273 K i (a0 298 KD, vk A Bk K, FF v . A m e
NAFEE IR T RAE B &M (EIREE TR B A2 R A &, QR RS ) 438 S -

CaCO; (s)—>CaO(s) +CO, (g) AHS =177.86 kJ » mol™!

£ 298 K, 100 kPa &4 F, XM ZEEHEW. HE T EHEAKA(EERSH
CaCO) BB 1 173 K, 7E 100 kPa T, 5k BREG E H & 43 f% & CaO #1 CO, K&, IEF N
B AHS 3R 177. 86 k] « mol ', L 5B E LK. MR, 7648 E &4 T H ik —
ARG R REA H KT BRAS S, B HAb R R &

1.2.2 BELEME

HRF T B I BERA R TRUS R KRB BREH, Lhr B8 B —K A &k
U R Gl TSR OR AR ELEE . B, f — /MR EHBA—FKT, SR,
HEAEKTZEY B B/a Sy BE MoK . XN, 78 298 K AnfERE T, B
8 N Os & B &7 NO, ()1 0, (g)

N, O; (s)—>2NO, (g) +— Oz(g) AHS =109.5 kJ * mol™!

X SEA AR » A SN 7 H R R B o T RO E £ i B S R LA R RS
PR ST PGB S B i BRSO T, PTG R G 9 TR L EE B S 38, AT 5 2 15473 R
HARAT. BULn] W, RGEATRELE R R E SOV B R R — R RGN ROIA T 5



