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Gumestmeumlest GeumiurHden SC L euenewruled STl LUl (HeTermeot.
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o Leauememt 1.1 FLGHa1 Queoyseilar ussiupifHuwmer gui®
Buxoy &SR BMHET & e mmen U 6T
HETEUCTIEY L Iomen g FHLIomeua Q& T6NH60HH 60

HEVEUETENEU SIEDLLILIG).

AUIgAILD FHLomeng) Qs T6ITH60HH 6 Q& T6iTH60HH 60
AU OIS HD aIYAUSHMHSD
Q& TeTeUGIL 63T Q& TeiTeugIL 631
OB T61TE 605 68T Q& T6iTH60E5H 601
(P(DSHHATEUSTOINGD  SHETEUSTENEUULD (LP(LDEDLOUWITES
UITLOL6uZ606m 6. SIMLSHGLD.
SI(WPSBLILHLD SI(PSBLIL(HSH60 SI(WPSHBLIL(HSH60 Gu(pLETaTNsd Di(PSHSBLILIL S
HB6 Wsad SlgeLd WsaYD SlgeuTLD FnlQUIG|
SILTHH 2w Guuomred 2 wj OQumIoTesb &MMBHS CUDILDTEILD
p/g cm™ 2 LW 2 ML) o _enL I
8wy By BSIF
(7.874 g cm?) (0.997 g cm?) (0.071 gem?)

GUILL): FTauoTsns CBTOTEVSH0T QUIR6USHMS GJMLISTE [BITLD InmBliGmITLD. DSBS/ 6T
@eaveuigoutd CULILIBoug e 61601 [BITD CUITHSEI0TCMITID.  OUPEMIOUITS, 6TSGUT B
Gumrap e @enL aflemsser Guirsim GeuaiBauyy euems alnFHemTe B1pHBLILIHESTM6T.
BsamTCsvBiL1 auigaud @IUTRY DB, (LpFULIIeTEN FlgI SIL' L QB Tend
(B60T66N6Y) IBIT60TS GLomLITUILIpaIenFUITeY 61IQUMIOSSLILIBBIINS). STeusDleienL GLr
apvEsammmpmilent.  ealemsasafler  afleneeurs  Gmuygilior Flu 2 1 Gifley 6umensy
TOLBEIIS]. (LPBMUUIDT FMTHNT INFHONT DB 0S| DBV CIGBIVTDEIT. DYHIL 60T
yalufiiny efenaunteng) Gumurliy) @upalenFuiad 2 uljeurs enLo6USTeY BIben6Td
BIPCBTSS BUpSBleoins). %HC6u S enl unTer GCLOPLITULIL 6T  (LPpBNEULTIEDT 6LIQ6USNBLI
CLmElenims). 61606VT Goumiil' L lenFH61lenens; SNBLISIUITESGUSDETE BF| TOLIBBIDS].
steneurTmruilays  Gupuylliupailams wirersd) yaiufjiy eaflnFullewn 2 wijeurs
DIDLOBEIHBFHSLOTUIT CMBTETHVSHHIe0T 6UIReUSNS MGHLOBLITS GLOMLITULISG L 6L UITS
Yoowirgl. yaflufjiy @evewev e  I(hSHIE GEmewiL me  GmugLiLiipaiens
sy LTS LD. BFH6mTeY GomLiiier eelGauT s LGSID (Lplpujlomsteusny GCLomLigLiis)
WG Blup_er 105 CBESBONE Dewioujd. & SHUDDIDG BenL UTVTET QINFHM6NTS
GDDEHE (LPUISVID. STLILIL L. B6TeueTerlont GLOMLITLINLIE & eNDLILISHGE CHTeNeupeUsmS
YO FHEHL. gCerallsy @aleupauB SHLUULL b BTG E (& DWIBS

CLopuygLitileneT 2_e6mL WISTELL.

FLHFr @ GOUILL Bensowmeig, GeulLTEH60 BV60GH (GHMTFAWTEHDH60  (LP6LD
INesTm Menevd@ wrmmUULIpub. GeuliuBlemeoulled oiFsfluTeig  Fiemiden s erier
SemFaled alenyeuTet HBFIL ST FHlewlbmeoaier QML SHMTEHMS 2 WTHHIOUHID [Hlen6v
LTOHNSHNG alaGsGw. ReaupPlelmbal CeauliuBeaney Fsfliurerg Hewiomeneol
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USTTHSBIGMENSH HTeuBlenevdb@Gld Haubleneoll USTTSHHEIGMNENT 6UTUHENEVSH@GID LOTHMILD.
QauliuFBlensy GHMMEUTEIH RHT 61HT HBPeneUd H(HD. 2 (h 1.2 Dyaig FLSHET HlenevHal
HEHHmLBw eraueutm WrmHoULGESainer eaiuangd CeuefllbaTl (HSTNEI.

2 B0 T | Browd |« ouefluged
g g 5 ~i
- 60
" LIQ6UT&H60 =
FHEIOIOTEHSED o, | . L BTeun a6
(2-mp56d) | Slyeud (@BEIGS60)

2 @ 1.2 sLHFHaT BPmevasl @ GenLuleomer wrmHrHS6T

2 sHiyeoonp 1.1
FLEHIH 6ibBlensvuled Hlewlbmapmel AHBene CHTHMBUID S(HEBGID. DLEOTT6D
6T(LPLOTMMTS G (LPMBIGBENLOSBLILILI9(THEGHLD?

al6mL :

FHyeu Hlenev

SLLauement 1.1 @et 2 saluLer FLOQUTHL Sl cpaim  Bleneusemenujd [HITLD
lUfle@GWweUTE), HiemlbamameNe GUIhSH(PLD QUOBISMLLLD  SgliLenL WTsdh GsmeaTemiu(hLd.
foiuns, @m 2 Levgder (Body) QeuliugsHumeig s Dlamibseilen / eLpevddn midmeiet
BUISBHBTED 6ILAUSTGD. JSHBHILAT USTISHHHH Geuliumblensvds@ Griealdls FowmEGL.
560 F FLHH@T FITFf QUSEF FhHmW DEMUIUSHIL T HiewbamodHernenr SuldbaesLd
3leV6vG GeuliualwssHHMGID QUITMILILITETISHTGLD.

BTEIG6T DB DMHHMIDGHEG BWIMIS (LP6VEHF MM RMLAIMFHT DIEUDND DINEIHD
MEUSHDIMET. SpIT60 QEULILFHHUTEIH CLPVHIaMIBENENSH HoTe MeUBHIIMSEI. 566
FLEHHI CLPSIN| Hlen6VBEHBGHD HTJEIIOTEIH (LP6VSFnDM RenL eNFHEHHGD (LP6VHInMIH6M6IT

QauliugsHEGD GenL Cuiwimer alenenGauuim@Lb.

(pedbammm BmLalengser Wa HeObHHUUSILET CauliuBlamevenuids (@&mMULGET  (LP6VLD
OaulILFSHHMWIS (GHMMBBTHIONYET (LPVBIMIBET HTEUDTEHBLILBLD D1606VG HEIOLOTEHSUILIHLD
Buradlenend ST LLOTL L THETOUT@GHD. (PSHBLILHEUSITEL DL (HLD @(hH 6UTU|eneUd SHTeUoTdd
(RWITE.. QHHSOUTHID (PVEFMIBT RSMILT Q6N WS b HEIGHMBIL6T (LPEVSHInMm)
AmLalengsel 2 _wjeurer Senaled OsTPOnubL. eeleurm @mHUlaid Geuliumplensvenuid
GMOUUBET  clpeold  QeuliugFsd)  GHmmeaUIuBLBUTH aTuSEMeNS HIauoTssed S
BVGAUTGHIWD. BBHLEMBHNT 2 (H. 1.3 cpeold allendbsluL (plpubd. @mi@ FLUQUTHL Serilesr
epaIm Blemevseilsd OHMONUBLD cpevdamnmm enLalengsal wmHmid Ceuliugsd) eTHL Hemnd
wLest elenmidled Qsmeen (Lpiguid.
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eLPLBFDMENL. alenF Fn(HLD
QUMW e FFeuLD |~ HleuinioLd

5)_|riu_|L-¢l-— Q;r]U'G)JLb “+— ﬂGO‘o'TLDLb

QeulinFsd (& eHDULD

2 ®m 1.3: FLSI cpain Hleneosefle cpevsdadm & emLallend s EiHL 6
QeauliuFsHHE aTHITET [HLSHENSHB6IT

BTD gnEaiBeal FLHHT cpaimBlensvsaier GeuafiliuT yenerds sHmIeTCemTD. RUBUTSH
uTWBleneoLpMiud FLSHHeT RBHlensy OBHTLFUTET HLHMBHBM6ND OBTRIHHLTHHID IHSH6NT
@aTLjurseyw BT Cweyid @smGUTLD.

1.2 oumu] Hsmev

USTTSHSEIET, FTHTIen Ceulll DpsHs BHubHmeanseisd eurujBlemeoulsd  GeusfiliLbLd
BLEMSHOT OBHTLIUTSE 610G HeUDTHMNHF OF)IHHIGeurTLbd.

Sl Leuemernt 1.1 Q6o eluflds Lsteumd Quends @wiedyseT GBHTLFUTET eumuwblensoullest
BLSH6DHH6NT.

® UTWSHSH6ET 2 WITeUTEN SI(PSHEBLILBLD HBH6|5HES flwe.

® QUTWHHBET 6T160VTHIHMFUINILD FOWTEH D(PHBHMS GeuemliLI(BdHSHI6v60.

o Fewiomiden, HroumiseEnLer @UUIGLEUTH WHaD GHMMHESH DL THHU|HL Li6T.

* AUTWSHHMIT HEUT6U6TE| LOMMILD 6UIQAILD 6T6TLIET L LOMHMEN6.

® FHRGUTEY, GUIQAILD 6TRTLIET OBTETHEVHHBIBHT(GLD.

o 616uQeuT(H QuTMlwemn 2 FHalu Ty UTWHEET (LPHMTHED FLOTEHOD H6VDHDHDH

FnlgUIEUT.

T SE6eMer  cpeudaammlenL.  SLalnFEHeT LnHEHmbsHHHEHH 61D 2 6TenLoulle
SIQLILIHLUTL Sieumnest 6T6MeMLOSHBHETEMLD DiHLOEMGI. LIFICFTHENIBET cLPsVLD SH6votL NI L
@6y surueldaseienmsd seumnils QuicolseT G@Teni(h HLISHSLILBSTmer. Seileuru] eidlaei
uTW S asellen DeNSSLILLSHInlgwl Quicolsener GenL Bw Brrguirsd CBHTLFLBET 2 6mL UI6T.
Beuaiweoysen  Feveummlev, PSHBLD, Seauene], GeuliuFlensy WLHMID Sleme) (amount)
ieV6evd| Hewley Cumemensu Ls(pdbHuiomerene. cGsraNsd Gmig aluflebaiul L eumuBleneouies
sl @ @mLulled OsTLIySEHI(H. SwrseT HwsHEG QoL  gearmlGeorsaim
FTihGHIeTeNenD eutwaldHemensd OsT(HHS aUPGHT6.
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1.2.1 couru] afg'HaT

BTEIG6NT HVHBHMTWTHIID sutwjeldsenmenensd LsOBsum allehEhTalsenTed 6uTu|shH6 M6
Quendls Quieo QaTLTUTE  GmEsTeTeniUL L LfGFTHMTHMET (LY SETTGHLD. DH(PSHDLD,
seuteuene], Geullupleney LOPHMILD euTwdEemer OHTenad Gumeip  TMIEEHSSHemL GuiwjeTen
OBTLJLBM6NES HHAHIUBHIL 65T DHeV(HHSH CUOLILILL (LIg6 H6T FLSHHT euTUlensy QBT JUTESLI
QU(BHLDETEY HBHEUVHENT AFHHBEG 2 FHalWmsd, HHLUAID 2 _Hab.

@6vl_Fu1 T IBHBID B6vi_Ful MTU|FFIDGITLIT(E

QUMW cLP6LBFnMIBTENL BW (LevEHFnMM RMLAINFHET BHTEMILLLOTVM6ED 616015 HHHILGUTS
DIHSHMBW CUTW|HB6T @V Sl EUTUHBET 61601 DEMLPSHBLILIBLD. DIBTeug @60l Fl 6uTu b6l
HLOEEMLBW HouFFHBmenGuT D106V SHeNTEHMBBMNMBUWIT GeuafiLIBoHHIH0M60. BHNG
Buweons, OaTeTdSHHeT HeteusnaLal @UUIBLOUTH ol fw autws Hiewlldbamnsaseflet

HETEUET6Y LM HMNDBBHHHBH 616016 HHSBLILIHLD.

sefGsuliuBlenso (7), siwsasd (P), seeusne] (V) oigaiLear Osrens (1 (pedEH6T) 61aid
STTNBT uTWHHMST HLSHMBMWL UTHILSIEUTGID. STPHS A(PpHEEIEeT P, T, Viopmid
n sp@weupplen OsTLFuTeng Weteumd CeueflumlLTed Sienujd 616 uTu|SEefer g

(hSBILULL QUHLD eTevTemNBemBWITET enai(hEHeT ST (Hdlerment.

PV =nRT

85 @l Aw eumwF FaUT® ster SPWILBEUSHIL 66T @EiG R 616U @61GeUT[H 6UTUSHBL (G
@6y oemalengTen euru] rmled R slesr oLl (BeTengl. SiulL GQeulil, SipdHsBlaneoulsd
Guomuy CFHTLIHEG MW QUG eSO aurwjayd Geol dul euruy eteor SIPWILILIBLD.
@wrMed R Spanisl @ epsd @ ool fuwi autwiedmn@ 0°C, 1 atm Hip 2 eiten BHubsememuled
sefldsiuL(piud. (0 °C wmmid 1 atm &ed @@ cwed eurtwelen @eauene] 22.414 dm™)

[R _ PV 101325 Pax22.414x10°m’

=8.314 J K 'mol
nT 1 molx273.15K

Aol A euTw|F FoeTumTLTeig Brel@ rMedsl @& @enLuleorer QFHTLTmUS H(HeUSHIL 6T
eTelaUTUWOIIHID Henevenwiwd @G alufleadlaingl 61amabd HTD STEOI(WIQUILD. pHCo GG
BlenevFFoaiur(® (equation of state) etediayld SiWPSHHULGHSTDSI.

G®6v_Ful MTU|FFIDGBILITI_16M60T DNQLILIGHL_ UITHSD CBTGIIL 63T D FH6v

el f auTWFFORTUTLTNIG SIUULL @ euTuellesl Heuteuene), Si(PpdaD, Geuliumlenso
OMID epeoden CuTEn HeWIWEIHENED gHTOUH @OTHlnET MHMMUI PN  HFLILB6IT
SIOTeNHS 6TDENID IS BHEMSI. euTweler denLwmend CHFBHA®HLUIST BT Hewlensul
uwsTUBSSH  cpeufHenilencuu]d HTD Hemlosipuld. Goevd el LWRTUBSHSH DiGH6or
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IILTSHHemWU|D Sonends (Wwigujb. e (WweAwwns wardhsd GamerenGeusmiouig wWTGHemsd
el fw suru] worpledlullesr QuOIOTETSHHME FHMBHTE DHEVGHSH6T60 LONHEMMUI & 6uoTUIBIH6NT 68
IIVGB6IT DMWIGeuaBI(HLD.  EUPEMLOWITS i(PpSHaHoTerg atm, Pa, bar, torr Gumesim LIs0Geum)
SVGH61M60 GQeuafliuL (pyujd. 611y RHFHMaBW LIFFIIERISNM60 i Leusnemt 1.2 6o
SIUULL Spds THHHEeT 2 HalTs DeHLOU|LD.

SI_ L onemewr 1.2 SWPHB  I6V(GSHB6NT

Pressureunit Pa bar atm torr/mmHg
1Pa 1Nm™~ 107 987x10° 7.5 x10”

1 bar 100,000 1 bar 0987 750.06

1 atm 101,325 101325 1 atm 760

1 torrmmHg 13332 13332 107 13158x 10~ 1tom/1 mmHg

2 smyeonp 1.2

Qm eutu] o mewenwimeigl 0.950d m® seaialemenaILmL WIS BEIO|HEETWITEISH DI(LPHDHB60T
a1 gyeul ypiGuesmed (C.H,) mlyiuiu’ Getengl. 2 @mewen smelwm@wCurg g
ymiiGuent eumuy WHemwl 6ueioewiLev D(PSHBHHNID Geulimlensoulsvid  Camemi(heTeng.
(1)  @wed euafwemiLev Bubsemenser 25 °Cujd 750 torr @ 16 <& (1torr=133.32 Pa)

SIEMLOU|LOTEIITED 2 (Hemen STeulm@GLEUTSH 61ehaid LmUGUest  sumwjelles cLps0H6IT
wimg?

(i) o _mememuled erehFujeiten ymLGueies Hewiey wimg)

(i) 2 _mewenuiled erehFuyeiten YmUGBueier SILTHS wng?

AL :

(1)  Ww3elled SHIUULL HBEUOHMNF Fi(hHBLOMD G .
Geutiumlemnsv, T = (25+273)K =298 K
SiaésLd, P =750 torr x 133.32 Pa/l torr = 99990 Pa.
seiaueney, V =0.950 dm?=0.950 x 10m?
SPWIULTSHS n
PV =nRT &g uweiubBsH3%.

o PV 99990 Pax0.950x10"m’
RT 8314 JK'mol'x298 K

=0.038 mol

1) ywuBueier eweojsHemiey (C.H,) =44 g mol-1
( ) P 3-8 g
Hewiey = 0.038 mol x 44 g/1 mol =1.672 g

(i) ogsHdH = Hewlley / seaveueney = 1.672 g/0.950 d m*=1.76 gd m?
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BTD CNGNHS 2 STTauHmndd HHBIDLCUTH, Revl Al euTwdF FoauTl igenet GeusiGeum)

augeumisaied OGeuefiliubBiEude0 eeflw  wTHDEIBDT DiFHed GFUieudlen cpeod Hewiey
oMb JLFHHmw wHINBousnGHs S6 ST Iguialetienid GmOETaTETeVTLD.

BTD iBemes TGS Te0, PV =nRT, @sHmell LIeeubLomm 61(L&H60MLD.

p=LRT
V
.. P=CRT
@mE C gz GaMeur@lb.
m
SiHILer Cwsyd PV =nRT oyeng Py = ﬁRT

@mEd m ek Hewiloyd M oz eurwellst cpeojHemioyd p@HW. Goaid R Hemell
esTeu(hHLOTMILD  6T(LDSHEVMLD.

p:LﬂRT
M\V

m
d opmzl oILisd oggLE d =7

@eusupliuenLule, GOUIL Bubsmearseilar &S QoL eurTwF  FSTUTLIQeV[HbHS
Goum uev euTweIF®eT QUDMIS CEBTETETEVTLD.

1.2.2 Qumuievsit ald (DIWWHBID - HeolouaTa)dH NABTLJL])

BTG ‘@ GHNHHOHTmE (Hewley) euTwjaled SipdHsomeng LIMT GeuliLmlensoulsd
seralenalng GrILTomTes Senouwb’. @z 170 mEIOOTIHEGHW @ AWF6OTHH
alehepmerll OpTEUL GQumuied eTedTLEITTED, @@ suTwele Si(pdBs wIPT Geulimlensoulsd
GTelGUTM  SHEUTEUETO|L6T  LOTMIFMSEI 61601  SMMED  (LpevlDd MWL LBTGW. 61a1Bou  BG|
Guruiedest el (1627 - 1691) serer(HLD.

1 ) k
[Pa; 2160 VG PZ;, k om wn@eﬁ]j

Aol AweurwF Fweurligedlpbal Guruiedet ald eteurmomm QumiuLd.
PV =nRT
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aurwellesr QFHTenas LOHMID Geuliupleney WTMTSH MeudsLLget 11 @@ Tmled.

R 2 b @ wmiledwrgeoned nRT =k (@@ wrled).
PV =k

@FpHaH sMmBSIUBeugk  “‘wIpTOauliupBlensoulled HaTeusmalaIHID D(LPdHHSHMHILD
QuUmEBsLTNH @H GNGS sTmsd auTwelngd @ wwrPedwrgw”’. g Guruledes
aldemw GeuefiliubGsaId CauGpmm auPlwITELD.

0 GNHSOsT®mE aumwalnG wrpT 7' uled seaiueme V, @mer AMLOUSILET Si(P&HLD
P, @ampphan o V, @n@w siwssd P, @M@ wrppuuGuCurg Guruleds

algHuledlmBba
PI I/1 = PZ VZ

2 M 1.4 a1 (heusl @ oy sudlulsomen euenyLsmen GuTuledet eldHemwil IFHBHILGSSHIL6
a&Gw. 2 ®m l4a eeiug PV =k @&t GQeousuBsum GeUILFBEMEOUTELTET  EUEDTLIEHEM6N
FUIGSTGW. @aiGeuT(h susnylsvid £ et Qumiomend CoumLBAHEINOSHEND @ S’ L
HewiloyemLw eurtwelmn@ & GeuliupleneouL et L (B wrmu@G. 2wy GeuliumBlensvsaieo
HeuI6U6eNT6Y alifleusmLauBTed euenyLE6T Gs0CHTHE 2 WFSHHlLbESIeT 61agl GHNUINSHHHIH.
Guaid @ GMNHFH GeuliuBlensouled Healene| @ HLOLBIGTUIET DI(PHHBLD SIENFTLLMBISTEUSHILD

BouaibaiuLed Geauet(HLD.

M A 600 K
400 K

200 K
.% E
ki 9
S 3
Eﬁ B K %
200 )

400 K
= >
cHEVT 6LI6TTGL{ (W) v

2 (m. 1.4 roT Qeaulupleneouied SiposwTang (WPWemBw (a) meeusiey (V) 2 L e
(b) 1/V 2_Lenib Lompedas6it

2@ 14bP edj I/V eumgeul WJHpldssaiuGsssng. 85 @F 2 pussluimn®
OFsoId BrICaT®H. (steveurm Q@U@ 2 wif Siwdsw eurw] Guruledsr alduledmbal
alevGaugiLer GrIGaETLTE mweusHar (e diaim.) Guruieomsd GomGsmeTeriiul L
uflGanaemeansailell(hha  RaleuemyyseT QUDUULLET. 6UITWEHST DIPSHBLIUGLD HH6
o2 _wijeuresiened eiedied SemeyfHuled &TLLluBGHaingl. glemaied @ GMHs Hewley
oumw] SIpHaUILGLEUTEH D6  6TETTemIEmMBWTT  (PVHInMIBET @ FPw B &0
SIL&GBUUBASIDRT. QB BHBIUG WTOHEND UTWSHET 2 W D(PHBHHD FnlgUlene]
DIL T HHU|6HL UIEDTEUT GHLD.

10
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(GPIIy: saelee| V' @ SoLsSD @6 GPSs Hawiey m,

T

ourwy eurwjelest SILTHH d openg @ = =

6te01 BTLD SIMIGeuLd.
m m

. m —
<4,5Co a_kfp kP k'P

6160 ETIDB(LPIQULD.
2 sryeond 1.3
GNHS @ OFTemas auTw el SHeaeusmeuTeid LTMTOeIILFBENeLUTD  E)(HLOL BISTHSLILIG6GT
SIFHI S(PHBHH60 GOUBLD LOTHMSHMBHDH B0 S.
vi=v, V,=2V, P =PP,=?
Quruiedlesn eligemwis AgGunadlider PV, =PV,

PxV=P x2V P, = £ UHW SI(p&HBOTRIH DLTIDLSHRT DIENTLOL RIS GLD.
2

2 FHuyesond 1.4
R uTeTangh mmGauliLBleneoulsd @ GHMHH CFHTend eurwjeured BIFULILL (HeTeng).
euafoewiL v Si(pdsHHe0 (100 kPa) eurtwjeureg iemLsdaim seeusmeureg 2.50 d m?
GW. 316k Geauliuplensouiled 20 kPa oipsbsshmnd 2 666 SieNLUJD 6UeD] LIGTEIT6IS)
6TIEN  BHevleUeed@ alifleusnLwl (Lpipuib?

P =100kPa P,=20kPa V =25dm’ V, =?

Quruisier elglemuis yGurdlsEwGurgd PV, =PV,

100 kPa x 2.5 dm*= 20 kPa x V,

SoV,=125dm’

ugrenmesigl 12.5 d m® euemy miytiuiuL upiguyib.

1.2.3 smaiden oz (AauiiLuBsmev HaTalaIa)dh ABTLFL])

MrEHGUled Freted womid Crall Gsaursrddear seauBLlplyseTed @ GNHH CHTms
(Pewtlley) eurwein@ TOT Di(WWEHBHHED HeTeU6Te| GeuliLblensy HHSHLL 66T DiHBFHHSMSI.
GoflyalLinGLlurg @GmnESing. @Gt urtems GeuliuBleme wTHPSSHHESGHW 0°C

ullsveiten SHevTeueTel6oT 37315 LOL RBISl6TT60 euTWailedt Sevteuenay LoMMILUBLD. (SHHSFIIY Di6060SI

@mma)) 0°C Wb °C uleud semeusniey V), wopmid 7, SL&EOOTE SIENLOWIGOTLD 616018

0

Oameii. etellest HTLD LeToUHLOTN] 6T(LDSH(LPIQUILD.

/Y P A4 § P A et Ak
273.15 273.15 273.15

11
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@pBmeoulsd, GeuliuBlemevd@ @ UHW 0@ eusnyumibsiIul L. yHw sevdled t°C

sieiugl 1,=273.15+t aipgiLear 0°C aeaug T,=273.15 eeng siu@Go. yHu Qeuliupleneo
Slevanarg asealar Gauliuplmey G (K) oieveng seflGauliuBlensy oi60@ o6
ampsslup. -273.15 °C  eaaiugmer Qeuliu@ussalwed FHulled yFHwd erem
auenyWMIGESLILBHGILET BHIBo GoTaTanswlanalsd DL Wddmigwl GI0bs GeuliLbleneowm@Lb.
BeuGeulit jevdemets LyGuimdle@&HOUTSI,

273.15+¢
BT @HOHTLFenL V.=V, W 61601 LN 6T(LDSH(LPIQULD.

vo_1
B Hemevt 7:_ 61601 LOGTENIDGHS  (LPIQULD.
2 2
?l = ompjlevl
1
SI6V6VG)
V=kT

560 “GNEHd @ HewlaymLw @@ eurTweln@ LTMT DIPHHHHET S BT BHETEU6T
aumangl S Qauliubemevds@ ChialdesawamT@d” Bg Freieddlear ealdl e SiempoHaiuBLD.

Guad, @evlFw surTwFFLSUTL el LWSTUGSHSH @ GNHH HewleyenLwl 6UTU|6HG
LIOT DPSBSHHET S  eurwjeler sereuena|ss GQeauliuplmeoulst HToeHHmens DD
(LPIQULD.

ool suTwFFeTUTL enL L1 LeTeubLonml LS6TDIMIDES  (LPIQULD.
PV=nRT
V' =nRT/P
&5z SewlaymLw auTwelDE@ ipobHBD OTOTHHSEGDLEUTS)
nR

5 - o6l

S VaT sieveog V=kT

grenervdlast alFuledmbgl, 6T6060T eUTWEL GHW SILILLL 616UQUT[H DH(IPSBHIHEVID HEIEU6TE]
ady OQeuliuplemnsv (QFeLFwe) euenguTend @M GCEFCsTLTSAID @FHmerl LFfuid
sevieueneab@ B (HLBuTg @aieurm CarHw Geuliumamey siFdenen -273.15 °C ulsd Geul HLb.
OeuaIBoum S|(pEHBmEIGL G auemyLier Bamhaeafer FrTuloysen GoumiLgenid LUEFFW SHeeueneaieo
eteveoTd BGarhaeEnd OGeuliuBlamey siFfenen -273.15 °C oeve0z 0 K uled  shdliuengs

BITERIEVTLD.
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Oauliuplensy oFFTeg OGxevalst K @60  @msslugear Gasmhser 0 K ulsd Fhdo@d

o m L.5.

.-H\&EGOTQJGWGH

J L
s

L

r‘T' I I T | o
=300 =20 =100 [} {111] 200 300

2273.15 Geulemev [ C

2 @ 1.5 rpr SWsSHHe0 CeulLBlensd QBTLIUTET H6l6N6y 6UmITL|

2 sryemnnd: 1.6

9Pbs OFTmd (WWeOFMENT 2 LUl @ euTwWelD@ IMT J(PHBHHD HET6U6TE]

(WL BIBTEHSIUBL Curgl CaulIuFBlemed LTHNEHMSH 6T EHS.

v,=vV  V,=3V T,=T T,=?
V/V,=T/T,
Vi3V =1T/T,

T,=3T

Guaid @smen CHIRUITEAID WAL 6VTD. SHeaueTeuTarg GCBeaIST GeulILFBemeVsH @

(T) Gmy eldlsd FowTEUBHTEO ysw GeuliuBleneowimengl SpTHU  QUNILDT 6T S S 6
(PLOL BISTHTGW. DHTeug 37.

13
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j GTEILD FLORTUTLIQeN6NES HHGHHM CBTeis.

t

_y 273.15+¢
273.15

G L6 t=-273.15 steil AyHuips. @miG eurweiet semeuene| ULFHAWLSHMGF FLOW 6160
BT QuEIDBUTHI ST BHBHEHI EUTWEUTEIH BTEUTILILIHEUS VML 6TBTLUSTGHWD. BHe0[HHSHI
Geutiulensvenwl SemLWD (WpeTBU eurujeumesig FHyeumssiul (hal(bhd eler HTD elenmids
Qamemen(ppuid. 10&H GHmmbS, THCHTOT BeLeLH BMUMET GeulLmBleneoullsd euTu|dE6
UFSW seielenencl SMLBGHIONS RHBSHTED DG SellyFHu Ceuliumleneo 616 SienpSaELILI(HLD.

6T6V6VIT GUTU|BBEHHGID HTPD(PSBHH60 2 _WJ Geulimblensouleid Freidet eldHob@E HEMLOWLD.

2 sryemond: 1.6
@[ UQTATH @ GHNHH OHTend euTujeumsd BIFUULILBESHET allen6ToUTod: HET6U6T6]
2dm’ g 23 °C uled o2 euip. 2185 oIy JWEHHH0 GeuliuBleney 27 ‘Cée
2 WISHSLILIQET UTW|OT6T HETEUGTENEID & 6u0Tdh &H 5.

T,=23+273 =296K T,=27+273 =300 K V,=2.0dm’ V,=?

LTOT D(WPEHBHHL FmeTevdler eldenwit NyGuimalsE@wGurg),

W_%

L T

20dm* ¥,
206 K 300 K
v, =2.03 dm’

586 saveueney wrmoo  0.03dm’

1.2.4 916us156IT a3 (ABTeMmBH - HIIMANTND GABHTL JL])

Quruiedengid greervdlegid eldseflsr s lalmsHsaienansd CHTLIHSH 1811 60, RHHTeOWI
elhehTerll DILHWLT H6uBTHEIT 6TBILEUT Q@ euTwelelr CFHTensd LMMID HevieusTey GSHTLTLITE
(PYOBMET SinemTed (PWamTy. @HelmbaH deusTHCrmalsr ald eren SPlwlLBLD LHw
sHSHCHTeTHM6T  (peiteneudhSTT. @Cr Geulll SipHs BUBHSHMMBENST S FLOBHET6U6NTE]
QUTW|SHBHET WMTOYLD FLD 6TEUT6NNHENBWITE (LPEVBM6TH CBTEMIY(HHBGHWD 6160 DiFHl FamIF MG

SSTOUG Van Sevewdl V=rkn eien BID e1(hdbd (WPQUID. @ cped eurwelsd 6.022 x 102

6TEUTEMN HENBUITET  (LPEVHInMIHET  HMOU|OaTS HTTaNdEEUIULLGIL ST & SleusTHGrm

rpledl aratad o’ Lg (N, sz 4 aer GO iu®id)
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el Fweury] eldHseier 2 salujLear SusTsBrralar aldamw @QeoGeurasll ereumLomm)

alenmidld Q®meTen (LpiguLd.

PV =nRT

V—Exn
P

y R N _RT
P N, PN

@mie N wpoud N, eaeiuer (WpemGul eumu| (Lpevdsnmiseilen eeamiennsmaud leusTHErT
wrledujor@. @By Qeulil, PSS HEnLMLOHETED FloBEToUTON BT 2 mLuwl P mmid
0 odw eutwsl @ Gumuy GsTLFysement NCwndsgw Curgl,

RT
Vp=—-xN
P PL P
RT
VQ :EXNQ

wrpr P, wrpr 7 ulled mmb eihéde @pub. (R wpoid N, ormlelsentgeomsd)

eTeflenowTdd  FamlermeD, R  euTweln@ LIPT DIPdHHED HDID  Geuliuplensouled

HETEUCTOUTEH| 6UTW|HHETT (Lped eTerTenlbends @ ChIaldld FLowm@GLD.
Van (sieustsBrreld)

GupanNweumenmd He0hHIMTWTHoUH euTu] alFsmen alenmidld CameaTen 2 sHaluwimeugL 6o
seialene] V m 2 enLw syuulL sutweln@ el fw eumtwF FwosurlignE @eol Ful
QUTWFFLOGTUTL 9N QUMD 2 HeLb.

1 1

Gumuiefesr aig: VOZF . V=K - — (1)
grenglan aldl: VaT : V=kT e )
DAeusBTHEITaTE allg: Van ;. V=kn e 3)

nT
J. BT @ &6t V=k1k2k3? 61601 61105 (LPIQULD.

vall
P

PV
=
gOQevesiled k=R
~. PV =nRT

k
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1.2.5 apevjd deoteueniay (V)

@@ 6uTW|eleT HeaI6U6NT6Y (LP6L 6TauTeNlbamdd @ GhIaldlHFLomHe0T60,

Ii(WPpSHBWD Geuliuplemeoud @Bruwieneurs enoUbLBUTEH @elGUT(H UTWEINTHID @FH (LP6D

g @Br sy V@ QemewiLmwujd oig Ueeumorm seulbaiu®L.

, AT
P

286061 BluwCaiusipsaspmeouled (STP) eaeieur saumweleaigd V=~ opeigs @Gy
seneueneuTsBol  Semwujbd. Blww QuUITESHHNEG QM CBTGHSH HUbHHM6THM6NL

NyGuiraldaevrid.

6o, [BUUDGRULILIBsDeY ommid i ipsEs5H60 (STP) evsvs @mig 273.15K(0°C)
Gsutplsmsv  wopmd 1 bar (yzreus 100 kPa @) Syup&sw STP ulsd  gep
Qv A eurwy Qv Fw  ouTu GBI lewr  CFFIOTOTEIHDG POV BBCOTOUNTUT TS/
22,414 d m’mol"

BTl TeUG/, UMTOIVBEHHNSHI, BIBBILIBSHNOTEHGN, [BIILD FHMILIL)D GeULILIBE06V
259C (298.15 K) ereor s1(h@sLiibougier yipsasd 100 kPa (SATP) 2 16 2y@&10.
Baisunsuied @b euruaier capsvjssereusnsy 24.790 d m’mol”’ =y, SATP uiled

apevjgsersueney V. e GPSSILIBLL.
GoIY: DiusTSCITalSlIBESID, P05 auTueior apsvjsdlenie) M oy es

DL [53] d B& CBIeIBIBFIOL 61601 [BTLD BTWT(LPIQUILD.
V=1lkn=km/M), 56 M=km/V)=kd.

2 FHryesond 1.7

298 K @eaup latm owsasdHed He ourwjelleat cpeojdaamelsnencld b6l @s.
@zmen 298 K @euid latm oywsasSeid Ne surtwellar cpevjdsarsuena el @UUIGES.

P, =1atm=101325Pa, V, =2, T, =298 K, n, =1.00 mole
PHe VHe - nHeRTHe
VHe - nHeRTHe/ PHe
=(1mol x 8.314 J K''mol"! x 298 K) / 101325 Pa=2.44 x 10 m?
P, =1atm=101325Pa, ¥, =2, T, =298 K, n, =1.00 mole
PNe VNe - nNeRTNe
VNe: nNeRTNe/PNe

= (1 mol x 8.314 J K'mol! x 298 K) / 101325 Pa=2.44 x 10? m* =2.44d m’

apTaug @By Geulil pds Blemeouled, QeuaiGoum 6uTu|BHH6T6T (L6 6T6mT6NNE 60 & B 61T
FLOLOMEIT6D, SI6M6U &FLO HEIEUGTEN6U WL S GLD.

16
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1.2.6 @emewibd ouTU] M

II(PSHHBLD, Heviedsne] LMHMID QeuliuFBleney COFHTLIUTS 616060 6uTU|HHEHLD BT (LPemMUled
BLUUSSITD OBHTmSHWTEIH (Lps0HaM60 DeNbELILHOWeNe0 ool fuwl euruyd@&l  LuweaTU®
wempuled @ aldFons, @ GNEHS CBHTMmE uTWOYHEH DI(WPSHHD, GeuliLFlensy HMILD
aaieuene| eiswiuen (7, V,, P)) @a®mpal (1, V,, P) && Oauelliu®Gss wigujb.
BbBlensoullsd BT LeTeUHLOTN 6TILDH(LPIQUILD.

i

SyIbu Bubsemer:  R= T
1

PV,

Bnd Puppmer:  R="
2

AV, _ BV,
le T, Bz @meauihd euru] alHwmGL.

2 gryeonpd: 1.8

25°C uWieub 760 mm Hg @eid @ SyuulL Gznens eumuwjeureng 600 cm®  sereusnensy
SimLsEDE. 10 °C ulgud 650 cm® seseuenelVild IHET SY(PHBLD WTHTGLD?

(Tl, V1) to (Tz, V., P2) BT UeTeuhoTm 61(1p%5 (LIQULD
P =760 mm Hg =1 atm = 101325 Pa, V= 600 cm’® = 0.600 d m?, T,=25+273=298K

V,=650 cm® =0.650 d m’, T, = 10 + 273 =283 K, P,=?

onh _ B,

Bmabseauru| alguledlmbal; T T
1 2

101325 Pax0.600 d m’ _ P x0.650d m
298 K 283 K

P, =666.2 mm Hg = 88823 Pa =88.823 k Pa

1.3 sBBetest (Dalton’s) LGHUIIPHD M

Quepbureomen  UFGFTHmenF OCFwmHUTHH6M0 HENQWIT[H 6UTW TS G6VEVTH  EUTW|SH
BHEVEMEUBETTEHGU BT (LPHHBIOBT(HHBHEEMTLD. BB DMLOLILBFnN| EUTU|SHHEMET LIBIBEMLILITED
gOUBEUSHI DISEUTU|HSH6MET LIGHUI(LPSHBBIBENT 61601 DeMLPBSLILBLD. [BTLD FEUTHBEGHLID 6UeTLIT6EIS]
Ursmen aamisenTs MbBIFH, @LAFET UTU|HDHMeNS QBTERILSHIL 68T Coumieusnsd 6UTUIHEHEN6N

Hasds GHonbhd leneyseflsd OaTevi(heTengl. SeleuTu|dser wWmed OTeHs  6UaTLD6IIIL 60

17
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SWPEHBHHANGL UBIEMILEF QFUIHGINET. DISHIL6T 6UTUHH60NOWITEINEET  DIENLOLILIEBH M)

T Qeunasin HANBH DiBEHETEUNTENE DML HGHWDEUTH 2 _EHOMID D(PHEHID  DiGi6UTU|ET6ST

UGHW(PSHSBLID 6160 eUemFULIMISBSBLILIHLD.

HIPL. HTEHB(PMTSH 6UTU|SHHE0MEUOUWITETENME BHHAHIDCLITH OBTGHHUIET GLOTHH DI(LPSHBLOTEIG]
DIGHET SIMIDLIL UTU|BInMIE6N6T HeeHHel LGHIHW(PSBEIBMST Tl (HHOBTNDHEGHF FLOBITGLD.

autwdssen A, B, C enwd Oamemi seoeneuGuwimsifed salbsHel LGHW(pssEIH6T  (LpenmGul

P,P,P. 2,&0wald Qrgs Siwpssbd P, ouaig UEeumD S Lmed Syl

(P.=P,+P,+P.)

@0l A U FFLOEIUITL1960(HbB3EI SHTHMETeT LGHL(pdsaHuimeg  eeubomml QML (LpIQuLD.
A, B ows QatemiL aumussamaCuraimed oieupdler cpsoset wepGw 7,7, Sp&a|D
OLoTHS CLPEUBET N CTBIEYD B(HSISH.
PV=nRT
outu| A && n,=P V/RT
owtw] B &g n,=P,V/RT
o] &euemeusE n,= P V/RT

nT=nA+nB

BV _PV BV

RT RT RT
GHHSLOL_SS|
P =P, +P,

831G FTHmeier L@GHAW(LpHEMHWTGLD.

1.3.1 apsviisaiteond QBT LTS LIGIUIApdHBID
Qeuiupleneo 7, euruy A ulest cpedset 1, eutwy B &@ n, asnaud seateuene) V' o eLw
OameNgmevasTey BIFLLILLILIQHUILGTSS OBTERIT6L 2 EhHMILIHLD LIGHUI(LPSEHBEBET (LpenmBUI

P,P, symaib Oigs Sipssb P, 2 10 66is.

srmoeier elHulsiuy P =P, + P,

18
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Gumanmweumenmir AyHui,

_n,RT _n,RT RT

P =(nA+nB)—
T v ( ) 7

P, , P, Wl GeuelliunGaemens salssaiuns P, oped aiGsos

P, n,RT/V n,

e = :X . . . .
B, (n,+n)RT/V  (n,+n,) ~* Xo2u®d A uldir apsdiisiieond

RCxBumed
Py ngRT/V Ny

P

T

= = =X . e .
(n,+n)RT/V (n,+n,) ~°  Xp=soal B ullsr epsbiianemd

a,5B6u @QHemedt BT LeTeuHLOTN 61(1DFH (LIQULD

(PA —X,P. o P= XBPT) G LD,

R UTWSHInOTeet LGHWLIPSBOTEIH COTHSH D(PHBHHBIHID Di6U6UTU OIS
el SHBIHID QUHEBBHHMGHF FLOLDTGLD.

2 sijeoonn: 1.9

(M)

(ii)

0 amuyssameutaigl 0.8 mol empsygst eutu] (N,),0.2mol gldlgsa (O,) euru
eTTLIIMENN 2 MLWFH. @ GNHS GauliuBlensouisd OaT@GHUIST CLOTSHSH Di(LPSHSLD
1.00 atm e1edledt 6umUSH6TNenT LIGHUI(LPHEBHBIBMETS  H6TTEDE)S.

@ Oameised GeuutuGwmpiuGweuTEl N, ety O, eutwey el sréspnm NO
QITUEme © [(HauTe@GID.  Foplmeoulsy  Gaeisevotaig 0.7 mol N, euruy, 0.15 mol
O,(g) wpmid 0.1moINO(g) emeu Gamemiheiengl. N (g) B uGdH iwassd 0.88 atm
sieienr O,(g) wpmid NO(g) @1 UGF DWPSHBEISMEND GBS .

NTGML_:
ny
) X, =—%
() e Ny, +ng
3 0.8mol
M 0.8mol +0.2mol
X N, = 0.8
PN2 =X N, P,

P, =0.8x1.00atm

P, =0.8atm
26s Gumeniy)
Xp, =02

19
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Y - ny, Cx = 0.7 mol _ 07
(i) " ny +ny +ny, 0.7 mol+0.15 mol +0.1mol - 0.95
P
P, =X, P o D

YT X 0.7/0.95

1, X - 0.15 mol _0.15
tony g iy % 0.7 mol+0.1 5 mol +0.1mol 095

1
By =Xo. b =~ B, =%xl.l9 atm =0.19 atm

X = Mo Sy 0.10 mol _0.10
e Ny + R, + 1y, M 0.7 mol +0.15 mol +0.1 mol - 0.95

Po=Xwhb = Py :%xl.w atm =0.12 atm

. By, =088arm, F, =0.19 atm, P, =0.12 atm, F.=1.19 atm

@61l uTwEsen CaaflaalLboushGd GO SHHE a(PeMES6T 6o STUULTHI, GeumioGeor
BHHTHBEHHNT  len6TeH6TeET (LD  6T6mINIGMBHT SHTLILL (Heienerr. HTHmeTest 6ld UMMl
610G SNedle Sl Uled iFenail LFCwrdla@Curgl, grweurudsensemll  Gumssim
BUWIOLBNENT 2_6HL WIS 616D SHFLILILL. 6UTUHHEVNEUUNST FnmidB6e WTEUD HLoSEH6NT SJSFTUIe0
FHuleL HTHBLOMMENEU 6TenTe D 6T(hHHIH CBmeTeniB.  eTeueuTHLIImID, GCFW6sTI(LPenMUTED
UTWISH6T QBTLILLL L. HTEBEE6T60, Deupienend Casflasll LUSLIHSSUILIBLD eud(LpenMUITETS]
UNOsT®H suTwjemen 2 (HEUTHHTD DevevdH Geouml Fev  alemeneymemen  gHLIHHHEOMLD.
2 _SHTyewionsd, Bl Wg &alpsHs meusslul L Qasmersenaisy By @LbOUWTSHE
GomOasmeneniLBL eurwF Casfil HILLLD Sigdhsly LWSTLBSHSUILBSMS]. 6UTUIEUTED (L(LDEHLOUWITS
b7 OeuaiFOFeoIbaemy B QBTN CUTSHEIAT GHLTUIEITL TS EUTU|HHM6NTS (HLOLDGHSHD
Guom@smeTeniUBLD. EUTWEUTEIH BR6D HMTEUHVEM6L 6IRIAD BHIHL T  HTHBLOML 6UFH606M60
aeield QUTHIUTS BT 61(hSHHIE CBTETGUTLD. TeLEUTIHLIIID eUTU|ME HTLD HIUIEHLOWITSHLI
QuDYWITH. BFNDGU UHD HTHBHHL 2 (HeUTHBUILBD UTUWEUTEIHI BT DLAIUITHE0T60
QuELLBLD BITEIULL 6T H6VMEULITES SINLOU|LD. DTSHBLILIBLD D(PHBSHHIL 65T 6uTu| QETeustheien
DP&HHLD BHITeulest HiFbLeoTeIUILpSB(PLD CFThgl SmemtlLBLD. 616G GMILLI L GeuliLmbensouisd
GrafldaluBld uTu] 2 EHDOID DWPSHBHHMIISH STOTEILLSNGHE Hevenauulst QLoTHd
I(pE5BHHN BB BITalulet i(LpsbshHaneisd LG SeuFLITEIHTGLD. 6Taier CFaflbslihLD
QUTWEIEET LIGHULI(LPEBID, BFH60T H6vteusner], GeuliLmblensy sTeTeuDNene 6Vl AUIOUTU|F FLOGTUTL 196D

vweTu(bhsHF BFsfldaslul L eutujelst OHTeNEmUIG HewNobH(PIQU|LD.
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2 guyesonn: 1.10
Ueieupid sreasHnG mwans KCIO, gaogdelmba BID QU &g aumulmeis
SWTHHHE0MD 6160185 GBmeTGeurLd.
2KCIO(s) — 2KCl(s) +30,(g)
27°C uigond 760 torr SipaéssHand 1.5 dm’ O, eurwy Bilenss CssfésiLbGaangi.
2 _meurssiup O, eurweler cpsd aeviamismemus salsgs. 27.0°C ulsd Bfls
SLeluipsEsEd 26.7 torr.

MIGIL_:

sropeais 61Fuledmbbal HeeubOTDI 61WRSLPIQULD.

g P oL Arai +P VA

v = Loungss - Ly = (760 -26.7) torr
=733.3 torr
=97764 Pa.

@6vl S UTWFFIOSTUTLIQENEITLI  LILIGSTLI(H &S 68T

PV nRT o 1 PV 97764Pax1.5x10"m’ T
= = = = . m
AL Leppo RT 8.314JK 'mol ™" ©

1.4 oumudbHafedl apevdbdnBmBl QuUibdd GIHTANTND

CGumamPlw uGHsefled, eurTwymBlens OsTLIUTem UfCFTHMEIBOT DleubTeildaliuL L
2 _auienaEhdh@ (Quruilsdsar ald), gmertenvdlar alld Curaimensl) surwaldsemen alenmids
Oameten(wigbsdl. Gumuy ufBFTHmeseT GmOsTeTemiL’LCUTSI, ealauTy @ GHNHD
Ox1GH GeusiBam BubHmaTulasT S seleuTml HLHHIOSBTETEHS @IS 61631 BT clenhidd
Qamenenpuw. @®BHCuUTHIL uflCGesrTsmearser cpeow GupliulL GCuwm@EMss
SugTailiysailedpba gt @ OHTGHS daeuTy BLBHOSTTHGDS 61601 DIPL DI6V6VSH)
alenmBidld OBTETENEIMD. 2 _FTTISHHMESG BID DAWPSHGWOUTH D(WPSHD NHSFILSHm 60T
adiey amp eurtweldH®seT 2 FHab. ML @ UTW N6 D(PHGLEUTSH  (LpevSHInmm
wLLSHHO mBLOUG wr@gHer BID peug CohemeauwmarsT@G. 5660  QHoumBS
Oametenaswenaleomet LTHFWTIH CUN@GMNHS HBHOBET DI6VEVGH MBITHHENT AHHHIL 6OT
Oametenasen  GuUTaImeT FMbHH DIUSTHIRIGMENT aleNHGHBMNEG 610HEG 2 HalWT@GLD.
QUTWBBEMSIT HLHMBHEI (LPsBInMM)] UL SHe0 alends (pwmd QFuIul 2 SHealagl cLpevddnyl

QuEss CBTOTMS L GLD.
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1.4.1 @Qovi"Fu1 ourujeledt AapsvbInBBId ABTNTNDBDH BT 61k 6T 6VTBH T

o TG EBe  Fl A BSIN_T  Fniguieniey  GCeumyi(bSSLILIL L. 6T60T60vE 6B ULIT6OT

BIONBENBBOTEY (CLLEVEI BN DIV6VS Do) &B61T) QBTGB UILL L 6T

(PEVHInMIBONEIT 2 _CUTENLOWITEN  HEOTEUSTOUTETH  6UTU|  (LPEVHFnMIHENENT  DIENL & (FHLD
OreHsHds HearaueTaL 6l @UUIGLEUTH WEa D HANBTHSWTED HIWNHMBHT FnlQUi6Ne]
GoupraalLL (Beienen. Dis0s0g BGouniCFTHHAMNEL FnMIenTed CLPEVHINMIHETET ©_ETTEHLOUITEN
HeveUeTeUTedl SeumpimalenL LUl Geumm QsueflujLe @UUIGLEUTE UDdsenissd
BHHBN. RECBTOTMNBWTOIGH  HIWNHMBHT QRIMMOBTIIM WS Ob(HSHBLOTH 66T
HTURIBET DIGV6VGFH HeIomIBTeVID UTTHS UTUHEHET DMLSGLD HevieUene] LOd
2 _WTOUTEH DIMOIMBH H(HHHOTH 61HTeUFnMISEMSHI. UTUW|HSHIMNHMBHET FnlQUI6N6]
Couprsd emeusSILLIMHLILSTEO SHIeumisaT LoPmID HewiomisEpLear  @UUHLEUTSH
ILTSHH GHmmbemel. Beu 6i(hGHmeNnmeg eurud H6iled D(WWHSBILUBLD HHE| 2 _WIT6)|

o160 lleNdd 2 _HaLD.

o UTULISBT0T PEVGIEUT(B HITNBEDBUID 6TAPLOTIYDTET (FTISIBILIUDTET 6T6V6VTS HenFH61TILD)
CriCHsIL (b BUIGBLOTS, D% WDCMITE (PVSIIY HHEV6VS GMBTEIIHCOSBII FH6LjHEVBL 60T
Congveusmwy iemFujd. GleuaiGeumy (pevEImmIEeT GCleuaiCouny FBUIJL 60T DIeDLOUJLD.

GLoTHEVH6NT L6 LGTHETNLOEHSHFILIET. DBHToUH FHHUTHIH @H HiewNdhensUuled ke
LMHODTEINNEG WLTHOUILULSIIQUIGZ, DHUDMIST FEHHWTHIH OTHHIIQUIFZ. DLETT60
CxMw MawaurasdF Fobd BasiitLGeur emaluL ot Be0ensv. QETeTEeSEHNT FnlTselen

(60SFnMIB6MesT BCLomHevsellssr alenenours 2 (HouTeuBH @ UTWIETET DI(LPHBLD D GHLD.

o UTW)S SI0BNBEN0T FITFS] BUIGHSF FSHUNT6OTS| SMLITEOT COULILIBIDVES LOTSHHTLD
Crieail#ls FIooTes).

@5l 61&GU Lemauhd HHaueosmen GeuafilLbBHSHID. UTUSH HIEISHMBHET ((LP6VHInM]
VLG D)) HHGfEHHTe Hewiley WwOMID HHenwid OHBTEUILM6U. 66T 6163160

SIUULL eutwd Glelsmaulsr Quisss Fad) (KE) emeumd Foeumligenmsd ST,

KE:lm v
2

@EEe m eaug P euTwd Hlewlbmaulsr Hele] MDD V 6IaGILG  DieUeuTu|dh
HleBmBUTT Bousld (DI6V6VHI &), LTMTE HETEUNTATD GUTUINEUF Gl TeHGHLBUTSHI,
SIWP&HD AHBFHGID. JOaled auTuweneudF @LTHGLOUTSH Hlewldbamasaie BuibsF
Fobd DHBfbGL. WOHMID CBTETHNHHE Gl 2 L a1 DHd FHLmeusen GmHiensd
SIMLULD. Fnlpul (PSHBHMG GeuafliubBoHEid. SIiulL Qeuliuplemeouled @ ep6d

(1 mol) giewilsmasailar QuidadF FoHd SweauH FOMUTLIQET (Wp6oD SHTLL(HLD.

KEZERT
2
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prES6T Uaieumd Gmliysenen GevdEIonE 2 (hHeUTSHSE0MLD.

o UTW)S SIS NBET QEVTI0 B(BBHI Q@AY FUIDTERT [BLSHNFHMULI GloueIbSIL (BLb.

gOeneafled ourwdh GHlewlbanasser @dHamiguenaled LfleasliulLene (SHeaienoliubahsLll
ulLemar). Simen Guorgiensd JmLULD aud] aINed Q(HHH @O SHFUWTHRILOTS
SIMFUD. DIHIT6V UTWSH Hliewidbmasenr RmLBw B ssaufsFd aleng 060
FHONEHMS aleng HTRILILULTH. RHMM60 LWETUBSSHID SHTMMET6T 61U S 6THE BT 68
UGHwpds aldenw 6rbwmed alenmidld Qsmeren (ppujb. GaTeTssveilsr (el (LpLd
QUTW] (LP6VBHInMIBEETE0 61651 BIFLILLIUBHSTDET 61681 aleNSEEHHMBUD BHe0 R HHSHI
Qupmis OBTETENHIMIQUISTS 2_6T6NH.

o Csmerigsveion seouj 2 L 67 gpbL GIoTss GLoTSewSBSB6 0T DETOITTE) CUTULIGS6 60T
DULPSBLD GJDLIBSSLILIBBTDS.
®bd simiorer Gumuisd eldenwt alend@GdHeamgl. Syiu’ L GeuliBlemeoulsd, Lo DeTEUT6sT
QUTW BB, (HMMbSH HevaleneuTest CasmeTssvaiey @reu@l ugldesd gniguisne GTgHims
gMUBSHSUILBLD. GHMMbES HeveUsTeenL UL OBTETHTED SHIeMIBENHHET LILITNSEGHID HIJLD
GODeuTEs STelUbLD. 6161 Syl L uyinied gniguiene) Gmgliensd gouUbBHSULIBLD.
QBHHTED FalQuIeNe) | DI(LPHHLD JDLIBHBLILIHBLD.
@b 61(HGHTENT (LPEVLD 6UTU|EBHOMGT DI(LPSBBLID, UM FLPEVEBIMIHEMEET (LP6D 6T6TBT6INEB6N B
Grijeilds FLOOMEIG| 616U 616 FnMEVTLD. FnlgUl 6TENTEIINIENBUITET 6UTU CLPEOSInMIE6T,
gl  eTenTenTbenEWTeT  Bomgiensamul SGaUHLET gOUBSHHID. BHOMEL Fnlgul  6UTU|

SI(PpHHD gMU(bHLD.

1.4.2 apovdbamBml QuIGBHO LIS CIBTATINDHF FIDGHILIT(H

[ PV =%mN62 ]

BeuGsuafiium’iged @UBUTEH DI(WPEBEHMBL GUEHLLUTTMEUSGIIW LewLTS, DHEmI@UISHESLD

OHTLIUTSS HHASMSH. SIUU L @ CBTeTssshdHe0 SIUuL GeuliLmeneoulsd @GNl G35E
Guomuy CFHTLTUTEIHI DI(PSHHBLOTRIGHI CLPELEBIMIBMST BHeuTHd RenL_&@& Ghealdld FLOmEGLD.
Gomulg FoeTUTLI9ed[HHBS! (LPVSInNMIBES DUHHFHGHWEUTH CBTaTHSHH0 2 EhDHMLUILIHLD
DWESWID ANHEHSAFTDS 6T BTD UTTSSUPIQUID. (2 DI (pevEFamiEeier Cousmid

DIVVG| SHUTHBEML 6160 UM UIMISBLILI(HLD.

1.4.3 FI1afdH BHoAuJHd 6w _clpsviD IDBBID FITFFHBHIL I6MLIMBBBBHTI GHToVHRIBANT

Aeteupomm  GeuenuBoum  auguiaumIS6TleL  clpsvdbdnmiseriler Geusmisenen DI & ([H& 60
uweeengl. o Geuliumleneoullsd LOTOT HevTeueTayenL W UTSHHTHH0 N eLp60HTnmIH6NT
QeueiBoum Geusmige ¢, C,, ...C,, 2 L& LWEISGSWEUTH, iHmell LeeumoTm 6110

(PIQULD.

N

=_Ctotatey
N

SGHFHILST FITFfld B,
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2 2 2 2
ol +e, +o +otey,
N

sHafss @mL C’ =
sHoubs B = /2

sHajss @mL (2 opag GeauluBleeoulsd FTIhBSIeTNSMaE ST L  QUITHSSLOTE
FoaUTLIgeneill QUmIeUSDG (Pe0HImMM QUISHF FLOSTUTLIQeN6TL LWRILBHSHS (LPIQU|LD.

mN?
3V

V seaieuenallsd N elemienilbensuenLil Hieulsmasehs@G i diwpshew, P = 61601

mN E

BT SiMbgleTenenouilemed PV = 61631 [BTLD 6110 (LPIQULD.

N=nN, opgpooned @@ N, euasrsBrm wrdfl, n aaugl (peOSH6T6n 616w16Hme.
PVzémnN AE

M=mN,, opg60m60, Gopuly F@UTLIgme  aTIMSGWEUTE (M pamil (pevjsHamiea])

PV:%nME

el fw sutwFgweur® PV =nRT Guopuy Fwseurlgensr LNyHulGwGurg,

nRT :?MF
E B 3RT
M

IIGHBHIL BHoUTHBRML(LP60HMS BT LISTEUHLOMD] 6T (LPIQUILD.

G
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2 gryesonp 1.11

25°C @60 H,(g) wopmid N (g) @& cpsd BemLauféss sHamuis 56 Es.

AL
T'=25°C=298K
MMH,)=2.0 gmol' =0.002 kg mol

M(N,) =28.0 gmol' = 0.028 kg mol’
R=28.314J K mol"

H,(2) @0,

=  |3RT 3x8.314 T K 'mol™ x298 K
2 = 1
C = 7 m NrHui. = 0.002 kg ol 1927.8 m s

N,(2) 80,

—  [3RT 3x8.314 T K 'mol™ x298 K
\NCE = [/ m AydHuir = 5152 ms?!
M 0.002 kg mol '

Guomuy 2 sryemsdedmbal SIUULL @ Geuliuplmeoulsd @By BuissFhHulenL L alenTeuTs
SIMFUID UMJD (GHMDHS (PVEBFaMIBmeT Il UTJD Falgul (LPVEHFMIBT Lo IeUTS
SIMFHGTIMENT 61601 [BTD Fnm (PlQUdD. @eelwdbsasIuneaig Grrguirs GeuliLmblensou L et
OBTLILYML WG] ISSHIL ST (LPsvbInmn) BUibEssH CETeTensulsd FLETUTLI19elhHb LleTeumHLomm|
BlebLUSS (WIgu|LD.

_mNE
E
Apmen 2 60 QUHBH 2 PO UGSHBHT6V,

PV

eTe0 [BTLD SINb 16T GemLD.

— _
pV:M =2—N(lmC2j:RT
3 3 \2
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@miE k,= Gumrhaioer wrPledlwr@Lb.

1 _
SIS SHIL 601 (Emczj aaILg Bussgsd (KE) 6160 6110 (LPIQULD.

3
XL [@@ (peVBINN S, KE:EkBT J

KE = %(kB)T N,

3
[@@ WPVIHES KEZERT j

BuissgsHurag O@svals Geuliumensouled WL (HLD Huidulereng eer BlepLlbEamg.

1.4.4 wHademsv CUITBIIDGT LIFIDLIGV

BobaCungId, Guopuy 2 gTransHelmnal N, aedannmilar Gausd S15ms' e sbomeD
SEUBBLILILLTEID, 6160601 N, (Lpe0sbsamIBEHD @6l GousSHGHIL 631 LIUIETNSEGDET 616TLIS606m6V.
@gICuneiy cpevdsIamimeT CrICHETL(HsH Hemauled madaiper. BbLH QuIbHD HTeld
sEWDTGHWD. BH Curainm OFHTLFISITED cpevdbdnmmis &3 aluflésiiubd. BmiG &SI
ugbued UFAwsHOmBEH 515 m s @mE Cuwerss &@msIUGILD GUDIDTEID alm) &G
rmUGLD. Ba ghaeaied Sl cpevdbdnmiseT GomgimswenL Wb FhHemwl ufiiormle QETeTErpLD.
SunMlest & wIYUBL. 2 @ 1.6 @60 STLLOULeuTE GHNHS SHULST SUIBIEGLD
(LB I MBS LTS HILT SHIUTOUED STULLIUL (HeTengl. & wHa6eaIed - GUTHELO6H

SFHU LUTLDOL6D 6160 DIeMLPEHBLILI(HLD.

A M
8 =300 K 8 . T=300K
g g Clig)
& %
% I'=700 K %
& 8
) > )
(eLsFnDm &H m/s’ Weudgadm sH m/s!

(a) (b)
2 @ 1.6 (a) GeausiGoum Gsulmlemsouled emBHTF6E uTWEING LHHGEIED - GUTDHEHLDET SHLILFLOLIED
(b) 300K @60 cpsiimi euTudhHEHEHE SHILITLDLIED
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1.5 Owouleumu)sl G 1ITPCUITSIISBHTS vl FUIITUF  FIOGTLITI 1QBHT6T
B HBBBIBGT.

auTWeIHB6, cLpevddndm QuISEalwied CBTeTmBHL BT LITHTET HHBHICHTOT , 6UTL| DIEUHMSD

CLPEVSBINMIHET HLOBHG6TT BEOUTFHBEMTEL DIEVEVHI HETIGTHENBHENTED  FENL HHTHBLOMMEN 6T6STLIBT(GHLD.
OameNBEVHHT BevtoeTaL 68T eLIIHLOBLITE] 6UTU| CLPEVHInMIHEMET HETEUENTE| LINdH6NbES:SHHHEHH]
6T63TLIG,| LoMEmMUW B(HGHICHTENTGHLID. RHHBHEUTSHID GLOUIUTU|HHENETULD 2616 SHl HemilLsL (G
aurweddasemenis uweUbhsHL GUTHID 6uTu] DUSHMSUTED  (LPeLEBIMIBET LB @enL
LPEVBInMDM] 6INFHET 2_651(H 61631) 2_6RIHLOULD 2_6361(H. G6L6OTENIL L TEL 2 _HTJ6U0IONS GUTU|EBH6IT
ATAUOTS (LPQUITHI. @ L6V (LPEVSBFnMIBOT BHHSLILGLOUTSH eteuhorm GeuafiLBHSILIHLD
I(WEBILBLD HHBeYDH HTTewl (Z) g QoL Fw aurwssenGg anE Fwwr@w. (z=1)
PV
z=
nRT

GuuisuTwsl Gl uflGFTsHemen FHWTT HTeymsenTsv GQuUbmis GsmeTeniu®GL z et QUDILDTEILD

QM| SIEV6V.
PV =RT een @ cpsd @eolfw eumwein@ 611p%5 (WIQujd. oMMy 6ubluled  FnmieugbTullest

PV
Sruu’ L GeuliuBlensoulsd EZI 61601 (LPIQOUT@GID. @V Fl euTuBEH6eMe0 Flev BLHMSHUT60

Amba GuuieuTueser GIUIL 5555 alevamen 2 amienulsyd GeueiiasTl (hdemer. GNos
PV
SleNeY Z = RT DLOH SI(PEHBLEH HETenLOUTEET D66, SI(LPSHBLILIHBTIET, Di(LPSBLILIHEG6IHLD
61601 DIMPSHBLILBLD. BFH 616vHMEL eIl LWIETL(BHLD SNULILOTGLD. 2 SHTJ6NIOTSH, LOTMT
GautuBlensouled @@ cpsd el F T elNG, DPSESHILET z BT SNME VLB
GoumumenL. LGLUTUIHSTEO BmiE PV @m wrmed (Cumulsd ald) wmmid P e1dlf Z susmiy
6T6VEVT  DI(PHERIBENQID X- JFFDG (DAWPHS UFFDG) FoThByoTer  ChFGaTLTGLD.
2 m 1.7(a) @60 273 K @60 uev eumwdsEHHE Wwomid 2  1.7(b) GeusiGaum GeuliLBlensoulsd

@@ euTwedn@ euemFWIILL (H6TT6NT6or.

A :
OO A
00 K
CH,
500 K
He -
/ ) GE0K
. B 100K
6ol Fwi eumuy =10 -
e 1d _,_______.__,.-—" j .
PR " @evl W eumuy eJHTeUS
: ™ . .
§ A Qeuliumlensouled
LY
T T |
= 300 BO0 000
SPH&HL SIS /atm

(a) (b)
2 @m 1.7 (a) wroT QeuliuBleneoulsd Di(PSHBHBILST D(poHBLILMGSEnUTsET (Z) wrmed euemyL (a) SeieiT
o eiten APw suemyy @eol A eumyedlnE Guwisuruein@n Gumuied eldosmest suemyL.

(b) CH, eumwielissi iupsssgiLan ApssiuiGsaimouls wrmed CausiGam Geuliuplmeogssit
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o ®m 1.7(a) @60 asmlLUu (Beten suemyysefelmba wrmT Geuliumlensoullsd Guoulteurud

sendsren PV/RT Vs P (z Vs P) suemjyusel x-SIFFMG (DI(WpSHHLD) FOMHSTLOTET @
CryGam(H I6L6V 6IMIF GHEVLIDTEHE HTEIIEVTID. DI BVl Al HLSMBUIHHHI GHNUI_SHHH
alevs6e0 STeRILLGHSTNGE. CeuaiGoum uemnad GouleuTuwsEeMNE@E SHEUNHBUITET 616N 6IT6LH6N
almeneurdlen. H, @n@w afelusHn@onea cumeraseied iipssd iFsfles z Qe
Qupuiorend HFEFHGW. @TeWILTouLH 6uend auenene] sTUSIGLTCEIT  emal (CO) wmomid
Qg (CH,) Gureim aumujssailed sreiuGHEINS. BbHs aumILseTs (pHedled Gevl Ful
BLSMSWINHHSH @ 61HT alevdsed @TeRlLGAGNSH. JHbHH AHSFIYLT z QuUELOT6ILD
GODUMLBSH @ eurweiler WsdH GHMObS @ CUDILTRISHMBWMLUD. SIS DI
SHBfBBHOBHTLEIS ool fw eurweinsrer yereflenwid Srewigd OHTLIHSHI Coalevsamend
sTL1guieuewienid Geueusreilliyseaied @mbaH GLoUIaTU|EHST 6T6060M HILIHHEMIH6NIET &(IPLD

ool HweurwF FoeturlenL Ll LaTupmieudledensy 616o1d  B6uuTL MIUIVTLD.

Beol Fw BLSHMBUIN ST Beielsoseonerig 2 (| 1.7 (2) Q6T @ 2 L FnmTad eusnFUILILIHLD.
SIWpEHID 61HT  HevIeUeN6] euMTalenad HHBIUHT cpevldD  el6eNEIESHESTATETLILIL 6VTLD.
SleuaumyLiled  QuieuTuOeTRTNNT  Di(pEHHD 618 SaiaueTe] HJ6| OBTeTensULeTaileD
senlbslul Leunmmil 61 Uil in(hdsimgl. SeususnyGu Boyle aidulle suenyy (Gesol dwieumruy
Qeurasileng)) eten BT MBHIETENCHTH GouteuTu] SIBH HLGHMBMWIL LNeTumiestTed G
UMTLBEBHLD Q(HEIFmeuIUD eTaniafd SMGeuTD. 10l 2 W D(WPEHBHHD DleMSHSLILL L
HEVIEUETT6Y| BENBBLILIL L SHETEUETEN6U L 6D FnlgUid| 61D HTLD DI(LPEBBHIBEMED 6L L
wOMILD HNSBILLL  HET6UTE BT QEINISOSBTAIN Oh(HBHHINS DEDIOUD 6IQTUGID LOBS5
Oxeafey. Gwed @FH FHTHIWHS BHUBSHBIEHT oL BLEMBMWEF FTHHBLOTEHG
Hment seviold BT (KBRS Heviauena] HHBFILYLST euTujsbsen ool Ful L SHMSHMUS
BT (HeUBHT60, 0B MeNmev6TT HeuteusmalL 63T LIAHLOELITE] (LpevHEInMISH6T6T H6uTeU6tTe) LMSdeuihsLl
uLeomd. GoumieFHonss FmMaT Di(pEHHD 1EHGmMeuTs 2 6TenGurgl eurujale HLSHmSH
galgwiene] ool Fl BLSHMHSWTHGIMG. HMID iH eurw|alesr Guisollisavid Geuliumleneouleid
SHHBIEIUL6TEN .

Guaid @OwuIaTWeTET HLEMSBMW 2 W D(PSHBEHBIHTED (LPevSHInMIB6T O (hHEHSBLOM GHLWD
Curgl (PeVdHFMBNST UMTWUMIGSS eNeydsenmed GCasmmmieailédasliuBL  LPevddnmmi
AWML SHBTHBEIBN6EI, OHMID HeTEHMBH6NMET CFJHmawTs GeualliLBGSHISLILLEVTD. ST
SI(PHEBEIGBAMED peTe0 QTP el AWBLSMBHGFW  Bleneouled eLpevHFnmMenL &
sBoUFFBefen SHTIDePeVTHEBaIaI6Tmel allenenalbEaimet. LOHMID Di(PHHHETTN 1 M ol
@mmey. (z<1) Gumgiomer 2 WJ D(PSEEIGHMED (LPVHIMIBT  Ob([HEHBLOML UL 60T
(P6VBFN NN  LPELTHBEIONETE] DG @ LeTafdhHenllours Sma@GHWwBumgieren mBlensou L e
UIGLCUTE iFsfla@n. o wi Geauliumemeoulsd 2 @ 1.7 (b) (pevdgnmilenL & HeuyFdlamer
GompeuBasr(h PV snyenl oiHsfleds z Gupuomemisensen 1 e sFsflegw. (2> 1)
erefllenid, @eol Fuids BHmLIgelHbFHTe alevdeomeardl 2 wWiGsuliumpensy ool Fuidhserenioenl
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@renalN@GHF FTHBHLIHG 61601d HTL(HLD 6UMBUIED (HMMEUTS 2 66N DLSHEOTED LOBSH

ST SI(PHBEIGEHD 2 W Geuliuplenevsend Culeurujsseie @60l Al BLHMBHGHF

FTHBOME BILUHBHEETHET 61601 [BTLD FnM6VTLD.

SIUUlL @@ GeuliuBleneoulspid DIPSBHHNID  cpevTsseTeusTaleiersn Geumum(Haemend
BHBIUSST  cpeold  Gouteurulelen @b BLEMBHW  @Reol Ful  sumueyLe UL L T6D
IWSHBIUBLD SHaenodETIenl z @Qer OFHTLIY elenmidld QBTETEMILUL6VTD. @  (LP6D

Quuieuryy seeueney V =~ @ GareviGeionsrun el dweurwelneg g V, 6T60161|LD

real deal

real

BHBIS. HVTeO Z = RT 61601  6T(LD&H6VITLD.

RT
2185 Bubsmeaulsd oeiaTL el Al BLEMS®WES STLIQEITE0 Viw =

I/rea
BB (PH6VTeUH FLOGTUTL 1960 LIFHuiL Z:V :
ideal
1,560 D(PHBLILBHETENOE HTT6WN Z Se0H @ UTUIEIET 2 _EITenLD CLP6VTEHHTEUTOINEHLD
Sia1GsuLBlmeUINID DI(LPHBHHNID SeteuTu] 6oLl euTu| BLEHMBMWS ST (HLOCLTSH)

DB CLPEVTHBETUNAINGLOTE BB DGO 61601 HTEIIGOMLD.

SuuflBsrmeneiullen SigliLenLuled GLOUIITU|EE6T 616060T  HiLbHemaHeTapid GuTuledlss
eld), Fmenevdler eldl wOHMID eusTHEITalST alFdsmend Fflwmsl LSTUDDIEUSHE0EN60

61601 SHEUTL MIWILILL (H6TeG).

(WPHeLTeuHM@ BT cLpevdHamnmm Ruwissalsd Oamatensuled GumOaTeaTeniul L &mHHIGHTeiT
SHMONML LUWTUBHSH60TD. @WIG @@ 6UTWeIsT cpevdsFnmisainEG LB seujFflaleng
B60emev LMHMID euUTUW|aTETTED DML BBLILLL B SFHIL 6T @UIGBLOUTH @h 6uTL] (L60SHIn M6

HETOUETE| LNSBNBBHHHE leNe HAwg eennd HHBLULBI DS

aumy cpeudbanmisaflenL G BenL H5ToHsmIHNT RevevTallgsT auTu] @HBUTHILD SHFeuoTHTE|.
eTeueuTOeflenid (&6eNTHeIaTCUTHID DH(WHSILGLEUTHID UTWHBET SHFOTGWD 61601 [BITLD
SMCeumd. eurwdseT  GHefFiuBGLCUTHILD D(WSSLULGLEUTHILD UTU]  CLPEVE FnMISH6IT
OB HBBLOTHGH Hroumisemens CHTHMIONHGHID. @ 6UTL] (L6VBIMEIT HEIEU6TE LIMSHH6IIDBDSD
BHHBH| 616N 2_6wTenld eUTW|OTTH DI(PSHBLD 61HT HEU6UETE| EUNTLTENGH 6oL Slwieumujeilest
FILT @(HEISneTCoueti(hD. p5B6u 2 _6wiend aUTWSHEeT vl BLSHMBUIHHS
160G SleSTMm6nT.
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1.5.1 supbBHFouTaigiotesi FIDGIILIT(H

Beusucvdleit opTLSHD el fw eurwy el PV=nRT eenig Q3fbs Heneod Foaumh
oTe SIPWILBLD. DieNSSLILUL SHnlgul ommlseT PV, T opmid 7 2 L& dnlgul 6umu|dbaoeest
BLESMSBMHW  alenmidsosTeaient uwasiuGSHSIUL L. Guomuy ealenésmisefel®mba  GLoul
AUTWHBENST  (LPELSHIMIBET LDSHHUTIIETEN REML S SHTHBMBIGET HTJERIOTS GVl FuleuTu]
aldsealedpba alevamevd &ML (hdleimer eer alenmidld Osmeteneomd. SpHCeu  GLoul
aumwsseilal BLHMHBmW alufles ReTCITy IENSWTRT  HlenevFFIORTUT(HB6T  DHeUSWILD.
gOenafled SieunMesT DMBBLILLL SI(LPSHBMISET OMHMID HTEUTE BT ol Sl euTuelnE

o flu QuuIoTeIoTs B(HeHBTHI.

2 W SI(pEHBmEIBTe0 UTWHBMT (LpevEHInMIB6T WS Qb (HEHBLOTHIm! LOMHMID LPEVSFn DN
BMLSHHTEHBEIB6N QHTPHIDULS OHTLEIGLD. DpECeu 2 W D(WWSHBHH6D  LP60HTFn MIH6NT
OaTaTsesHHa  GoumLeET  (PCMBHHILSBT DYHBIPIQUITH]. OaTallsd  @UbepevdInmmic
HUTFS OleNFHOIT HTTEIILONS DIEN6U CJEMIIUL LPEVBInMIHENTEL L6iTer(LpSBBLILBLD. (RBHLHMSD
BHTer @@ eufliuLd o | 1.8 @eol Fwi eurweLement @@Ll 960 &ML UL (heengl.) @&l
(PEVBIMIBENTEL  CBTaTHVET Faufled OCFISHULUGLD D(WPSBHMS 6l GLOUIEUTUEUTED

QFaHSULBLD DI(LPHBLD (F)6NMEUTEIH.

Goujy
Uiy

(@) (b)
2 ® 1.8 seuj Wamem Gorgimauier Uik
(a) @eoldw eurwy cpevdaam (b) Gul eumwy cp6vHInMI
epeLBIMIBaT6T CLomHIemauied GLoul eUTU| (LP6LEIMIBHEHBE L UT6OTET HEUTFAWLTED DI(LpHBH

@mmey gmubBeugdl STLLLUL (HeTeng).

SIUUCL @m GrrsHHed SeurmLeimer @@ GTsHed ecamiamisma eurweles SILTHHHG
BrInIEBFLOBTOUBHTEL S(pdhEHHHET HHHBHHBTTEN euTwelenT SLTHH ujsssHNG ChIalds
FLOT 3V6VGH| BevaUeTallesl eufHEHHMG CHILTM MFHFI0ET. DIBHETED H(HGHSHSH BT 6uT

2
an . .
v_2 6T60T  6T(LDSLILIL_6VITLD.
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@mE a saujFs elemgseailer UmLsT OsTLFuTeT TN MDD Geuliumplensy HMILD

I(WPEHBHH0 HEIAUNTH. 7 2 1b v 2 10 WenmBul euTuelpeddeT LoMMID QBTeTH60HH 6T
sevteuene]. SpHCa @BEHLUBSMUIST S OFHTGHUIET Di(WdHsD oD GeuefliumLmeD
Sruu(pLb.

2

P an

P real + V2

ideal =

2 W SPEHHH0 (PeVHIMMIGBET GNHGHMmMUW CBHTHMSBUIL @HUUSTED GmIEW aiFHs
FHONEHMB  NFHET  (LPVHIaMIBENeT FMl CHTEIEIGNTE [BLBHBMOUBEMEH. DIHEOTT6V
(LP6VSBInMIEENTE0 HIFLLIL L @ GO L H5H@ Seeusnensuailmenalsdingl. @UGUTEH Geol Huwib
HETEUGTENE! DIGNBBLILL L HeoTeUsTenel ol GHmmeuTs & HobsCeusmi(hd. 6JOeeTed Hetaleney
Vv @60 Seniusn@Gl uded semen @QUBUTH @b UweieTen  Sevieuene] (v-nb) @M@

6UENTWLIMISBSLILIL (HETE60T.
2
(P+%](V—nb) — nRT

UBHSTOUTEVS: FOMUTH 6160 JMWPSBLILBEUFZILET a Wb b Wb eubsHTeure)d: ompledlaser
TRAD DIMPBHHLILGBLD. BHTD @QFFOSUTLML @ (ps0 Goulaurualng 6r(wpdammed i
Uesteumeusns 61(h& G L.

a
(P+FJ(V—b)—RT

1.5.2 91018 QaILUBs»evujid cMTU|dHBATIT 35TILDTdHBHGVID

GHUTWSHHET OHTLEHBHH0 @ GHMsHdH GuendaBlamevenuit Cuamiaded LpevdInmlenL
alengseilal (PposHudbgHieusHer 66| upMd SeobHIMTWTGaITD. FLIoTaIg ChemneudsBamL
CLPELBINMNMML S HIPBIGHENET LOTHMIUSDBTE GeUlILID 606V HaMTalGEH0 6TaTLMNEDITL TH

Quendlad MeneudsEhoddSlemn Gl @enL LOTMMLILIL 6OMLD.

2 FHTrewsHHmnE, BITD @ eurwailer Hyauorsssd G6affaldhssd LHMID D(PSHBHH@ITL TS
BlaswluLeomd stenr BlemeriGum. @& g@yenaln@GdF Fflwmuleaid ewd@ Goulaumudsasefet
OGS LOTHOEIGET OHTLIUTS Deummlest HLHmS ummw GeId &[HBHHIGHH6T BHemel.

GO VG 12 @60 BVBSHIOIUWTLLLGBL.  SWEVLILISEIISY Q6o oMM 5 FHmlu
lfliiy  @eIeuSSUNTUISHD B6VBHIDTUITL LILIBLD. 67C6ITENs) 6UITILISE6NIe0T BITULDTHEVS D
CHmUUITEN  [BILIBSHNRTHNT LD DHQLILIDL & B(5SHHISENNE B T6vvTig (15 %% Corevoiig L/

SIUFUNDT TS
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2 _HTIMISHNGHS STUSTQITLMFL USHBMBW D(PHHID, CeulILFBlemned LoMMID SHETEI6TE]

OBHTLIYS6T BT HBHAUVH6T MWL (HeTenet. EiG D(WPpdHHD mmid GeuliLBlensouevmest
Gaumiur(haeiled HRISUINBHBHSH STURTQITLNF. @ 6UTWUTES @ HFeUoTs LMD @

FHewioonsd OHTPHMUL  (PIQUD 6T68Td  BH6voTL MWLILILIL L .

o wj Geauliuplensy ool Ful eumu] BLSHMSHHEG FTHBOMEIH OHMID @ suTu] L0e 2 uif
Geuliupleneouiavid HyeuoTssUUL (PIRWITl. STURTOITLHFL ML & H(hHHIGTLD 616360, 2 Wi
Oeauliuplensouled @ag eurwjeurs GeuefiliuBd. SWHHD 73 atm GeVID (GHHMEUTE 2 _6iT6n
Gurg 30.98 °C (3042 K) @60 Hyeuwonss Osrim@w. GeuiuBlemey 30.98 °C  oyeng)
asTuairTlemal yar eud Geuluplened (7 C) eien SempsslLbLD. STURTOITL FL enL
FHreu FHlemeouled SusTailldsbanigul 2w GeauluBlmey HuTEGHWw. BHaflevd dnlgul
GeutiuBlensouled @ euru] MBlemeoulled L (Hd STewIlL@BLD. 616186 Sieud) Geuliumlenevenul
BT Heteumomm suenyuienm GQFuILeOTD. @ USTTHHHHET dloud Qeulimblenso sterliLibeld)
SIGLILBENLUTED DIV6VGEHI IBTID 2 wiFeuTer GeuliuBleneoulled opailll USTTHHHMSH
eTeleuee 2 W S(PpHsHmBL LIFBUTHHHID DHmerd HIeUOTs THMH (PIQUITH Sleud)
OauliupBlensouiled opal @aTmmd SHJeuors WIHMES CHMEUWTRT (WPHHLD Dleud DI(PdHEHLD

eTeoTLILI(HLD.

e |
L

Sl(pdHHD / atm

785 564 30,98
Qeutiumlenso / °C

2. @® 1.9 CO, @1 SusmS GUMTLIL LD
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I L auememr 1.3

FoauT(haefer CHTGLL

eurweld FLoeum(p orflelsenTa meubSLILIHLD
LIJLOmeuIBIB6T (parameters)
el A eurueid PV =nRT @60Em6V
k
GuTulsd el P=; noi T o1b
Fmeiery eid V=kT nei P o
SIuBTHEIT 6ld) V=V, eaien Po b T 2
N,=N, o&L.
[
(pVBFNN Buibs FoELTH P V=§mNC

FynFfle &

C+C+C ety
N

C=

BHoUTHD REnL

~_ (¢ +c,” +¢ ey’

. = 3RT
BHoUTHD REnL Y2
sTopalal uGHuwassad | P, =X P,

S(WPHBLILBLD  HBH6VHHTT6u0T

M (ped aITWEIDE

OUHSTEUTEVIT FLOTUT(H

2
(P+€;/i2j(V—nb) = nRT
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2. FHFHul

D AL HBID

2.1 Qauin GrsTweisSid Ceuliu@uisaaiwisdaid
2 aitem DQUILIMLL LSEISH6NT

OFBTGHFH, GHL6V, 6T60M6D

OBHTGHHUIET  616m B H 61T

2.1.1
2.1.2

2.1.5
2.1.6

gvps OzTGH

oW GaTG
seflenwluGsIu OFTEHH
gaelen, LsOeles QFHTEHdsB6l

OFTGHHOWTETANST RUI6OL|H6IT

* piEwIUTTemeuS G GuiedLEsl

Qu(BLDUITTemeusH Gl Gu1sOL&6i
alflafiuwieoLseit
GamlelwedL sl

m CsTEHuls Bemev

FWILOTEUT | 631601 60 FUlIT 6wt
QFWIETT (L DM BH6IT

FWTE HHPTEH CFWET(LPENMHES6T
BEpD @wiedLeTen OFWIGT(LMSEIT

Wenm  @uieoeien  QFUIT(LPENMEB 6T

Qsutiuayerenemm (H)
Q@euliud

FH6MQULILIG QB TETETEITEOLD
QeulIL& QB T6ITEm6T6 LD

2.2 Gaupu' L. Qeuliu@yFTwiend CFwesI(LpenDEsEHL 651/
STHSEIHEHLAT Qenewibhd CeauliLiaeTEnenm
rHoEIE6T / Bluin GeulILeaTEHemD LOTMHMEIESET

ymOeuliu SisQeuling QFwen(Lpenma 6l

2.2.1

2.2.2
2.2.3
2.2.4

B QeulILIeeTEHEND  LOTHMEISEIT

Qeuli @yFTwIeF FLoTUT(HEH6IT
QeuliuayemEnenm  6uflLILIL EIH6NT

o Pww smyuumer gnm GQeuliLeeTEhemm

. 2
wromd  AH
o Bluww BCrmmed GeuliLeyeTEHmM LOTMHMLD

0
AH g

e Buw smIFTHM QeulILe|eTEnemD THMLD
7

dissolution
e Blww uSEBLTHD GeulILesTEHEMD LTHHLD
4

sub

AH
o Blww oelwursed GeuliueyaTEhemm LOTHHLD

AHH

evap
. L0
e Buww 2 mHO GeulLa|sTEnemD THILD AHfus

°  BHu SEmeuTHed GeauliLieysehenm LmHmD AH ft
o Buw WPHeMDd SWeTEs GeuliLieyeTenamm
. %
I AH ;g
s P esdAren gnmed GeuliLeyeTerhsnm LoTHHLD
1%
AHEG

o swearBsyemeuGuireer Bui Frevs GeuliL

. - 2
QYeT@pemm LIHOD  AH ;

2.2.5 AH(AHQ):g;(B,r_BUrr&, @6veums (emmuUiled

FHlewipeo - ergelen 6ld)
* FHTEHHEIGNMST B HTHs Geulil
66iTEHEmM

QeulILAYETEHEMM LOTMMEIGHEGHLD MBlLILD
QeuLILIE6T(EHENM  LOTMMMBISHEHLD
[
o PuwBsreimed GeuliLaeTEnremm LLTHMLD AHf
. . - [
* Pwwgser GeuliLeeTEnemnn rmHmLD AH -~

o PHun enewiiiy Wflens GQeuliLeeTEnenm LOTHMLD

[
AH
o Puww pEHBmeWTSHE QeuliLesTEnhamm

- 1%
romd  AH,

2.3 gmeva GaIlILaETEHMD VG DILRTCEF]Teneu
gamlar Careaimsd GeauliLajaTemenm: Gumer euy

FHBILD

2.4 @yFrwiend STHBEIGGT HUWLTHS HETENLD
* @ @QIFTWSH HTHHSHHST B srhHBFd

LOTMMLD
o &lerSlesr
ST G601
o &lerSles

SHUIT G601

swrger gaHLL (G), HTHHHS6
SH6I6MLOU|LD
swrger gaHUL (G), sTHsHH60
SH6I6MLOU|LD
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FHHUTWIGL - Glaull @)Y FTUIGITID

@eueuevdled FaHOTHMD Geuliuaugaled MBaweugk UMM DIEVEVH ST UBIGTLYD LM
&NME UMMIS SH6LHSHIMTWTLUILUGE RTINS JNdHEGHmMUI 6160601 QTFTWINIS HToHBMISHEHLD

Ourgieutd Geulil eaugelsy FoaHenuwl 2 Miehadamer isvevgl Ceuslalhdlaimen. CeuliLbHNEGLD,
OeautiugsHesGlenLuled 2 _e6ten Goaumurlen. alenmidld Q@meTaug @D (WeHEWLDTGLD.
Coumyi’ . GeuiLyplemsvaserileyerion  @gei(h GLITIEL BEBEBlwL Ul BIBUPLD  CeuLiFE S oot
BL1orwmid CULILLD 2GL. DGSHILe, QUTHIEUTS BT GLTer QuTmefed BmbaE G eflymet
Qumrmeiim@ Geuliud urwieug ummlill CuadeBmmd. “Geuliuw” eISIEID UBWD “HTC6wT
OaulingsHulsT GLIoTHNSHMSHS GOUUTS 2 anfsHamib” @ QFwaiwsn Bl Gumid
OQurupgl gmuBL FeFHoTppmisamen alufliGuroruiest ‘Gsuliuw 2 MiEhalul L g’ Die060E)
‘@eutiud Qeueflaltiu L g’ et GuadlaGmmiD. raFTwend HToHsmIEaMSICUTH HenL QUMD
Q@euliLomdd uHPw BN Qeulill GIFTWISIONGLD. DiSHHIL 6T Geulil EFFTWIET BB |HN6TES

SHGID QUTpg Sjemeu TIBUTHID &HU(HLD Blemev HUWID Hlewev Sy @GLb.

@UUTLID cpevddamml L L SHHe0 HemL QUMD F&d THMEIGT UM SNHENSBU|L DD  DHH60T
alemenaursdh OFHTGHUID gOUBLD WTHMEIGEHLMILD OHTLIYULLF. @& FOUBSLOTS
Oeulin @rFTwersHs0 SiLEISueTen gl F CFTHUSBISET (LPHe060 aUeNTWIMIGHSILL (h
alenmidles Q@meeniiuLed Geuswi(hd. 2 MiehalLBd Sievevg Geauafal LD FoaHulest SiemeL 6t
OaTLIUmLW Casdysaniss @Gmuibser “+7°, “-” gpdweupme (paHwudgleusensd alenmidd
OBTETEOUBIL BT DlWeU HTHBEIBNGT aumBHMeNT LmOaulil, DB06UlILg SHTHEBBEIGT 61601
alendGHousn@GL uweiubdaing. disalaieny GCeumBeouy GraTwen mowe seiled/
HTHHEIG6TN0 gnuB GeuliL_6TEHenm THMEIGENET UMTWMISHMID, B BlenevdE
alfleurdasiu’ (B umplul SeLhHEHIMTWTLMID HLQUMID, SgliuenL. Geuliu @yaTwier eldser
(e1galar  ald) @regTwer HaWeasened &aulHHasGU QUTHSHIOTET  GLEIH6I 60
uweTu(hSHSUIUGBL. BnIHUTE Q@ HTHEWD HmLQUNUSDETET FTHAHWD 6IHAHTIT, Geuli
o eiepenm, Hlelar Fodh FTjurssd sSevbsmyuTLUU (B (AG = AH - TAS) srésmisern
GWIDTE HBPHe0 umm 61diey FnmiudbLp.

2.1 Qeauliu @FFTunSIHID el BuidbsaluiciID2 afiaT UGG 11
uPmisba (Basic Terms)

2.1.1 OABTGHDH, FHIP6v, 616V636V
SlQLILIHL 6T6EIT6NTRS(hEBHeNT Geulil @ygmuien alHE6T, Spdueumemm aumILNIGHA|LD,
alendsab, alenmISSOHTaTEHMSNGID BID (PHEUW USBIB6T LWETUBHSHHEHFIQUISHTH
A (HSB@LD.
ABTH D
FLUQUTHeNT gHToUOHTH LGS DeV6vGH DS HeHBSH SHMTUINSDBTHI 1Tflg
OxhasalulL uGd OCeuliu @rgTwers CHTGHS el umFuMIGSILBHL. (SIEV6VS
sOONBEG 2 L uBSSUULL QuTmeT, OFHTGSH 66 ealaTs euenrumibsiuBLD)
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@pLpov

BNMVIBETHE DAHeVHHHHESH CHIHOBHBHESILLL  QHTGHHUIE LGHH D16060THEIALD,
OFBTGHHULET QML SHSHTHHBD SN WSHInlgul  WTOD GP60  6IRULGBD.  (S16D6VGI
OsTGHEEG OCeueliliymoTs 2 _6Tem wWmayb)

6T6LGIGV
Gmeould GaTGHmwud GCeumpre@d alefibl 6T606eM6VWITGLD.
o gryewid:- GBHemeu (flask)ules Feuy

@060

CELIEY:

7 6T606M 6V

2 @ 2.1 OQOFTGHFH @GP0 6T60em6L eIBTLUDMIET 61(HSHHIBBTLH

2.1.2 OBHTGHD BT 6163336V

OsTGHIBGHW GHLSGW QmLulleorar @emLGeTdasmseflear /g6 (Lpenma s e

SlgliuenLuied  GeusuBeoum auemawWnsd CHTGHBET eUmTUIMIGBSLILIHLD.

Spbs ABTGF (open system)

am OCaT@d Foademwud, FLUQUTHseTWD / Hewleneuuld @ osVIL &1 Lfiordmid
Spuilet oig Hohsd 0sTGH eaaiuBld. 2 _FTJEuions 2 L Bis HHJFME0H
Oarewi Hmbs CuTHHeL Hmbs CsTGHMWL ITHRNHSHIILBSHID. BEG FLUGOUITHEIT
evevg Geulitd @By BrrsHdHed ievevd FHalGHalwTs QHTGHUINHHSH FLLVIDHE
3IV6VGHI GV HHGHI OHTHHHGHF BFTHBLILLEVTID BIeV6VH SBMMLILIL GOMLD.

apiqui ABTHIFH (closed system)

geoeneoulmmad Fhdenwil ufliommod CFuIw S@ILHEGHD OFHTGHEH DLIT60
gLUQurmer  uflloTmHms JDILHEETH CHTGHFH pw TGS  sreriudbLd.
2 _FHTTewIoTd JMLBSIULL  BurhEHelaieT 2 6Ten Heud DiHeaT SpalujL e FLomlens0
uledmE@&SWCUTEI apw GsTEGHmw  FHBHSHUILGSHID GeuliGLmmUILGHLLEUITE
3leVevgl GeMepl LiuB Burgl SBGuTsHHedled 2 eten QuTHeilanmsd (WewmBw Fohd)
o2 _Mlehaliup eoevg OCeusflalLliuBd. SperTed FLUQUTHMET DML SHUILL L

Burisam@Gen (pal ieveug Hreud) BFJoHsGeur, BHMBeuT (LPIPWITH.
SetenlLhdHH W ASTHIS (isolated system)

FeHenwd FLUGUTHMEMUWD @6 ufiommmd QFwngd OaT@Gd selenwlinhaHAHul
OaT1&HF eIluBL. 2 SHTTEIDTS (WPl AMLSBUULL Qsuliudg & HmeuulieTer @
rdfl (sealed thermosflask) Qeuliug@Bemeuullssr HeuTHeT HTEUIII LISTTHBBRIHETT60

SHBUULLG. BB @ SoimwlubhiHHU OHTGHH LESLD.
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FLUQUTH6T

Fb Fod) CES: géd)

S 4 ™ V4
@) (®) (©

2 @ 2.2 alLwFsmabsoner Cxrmm (schematic view)
(@) bz (b) apw (c) saflaoiuGSS W
OE 1 (G 3ET
6JHANGOI, LIGVGVGOT QBT FHI5 BT

R OHTGHUID 2 eTen FLUGUT[HETH6T sTeveLToUNMEHID QuenHs Hlemevsat Gy
wrAflwrsad (Frrarsraalb) RHBbBHTEO AHCBTGHS gaalanomer QBTG HHWTGLD.
2 _HJEUIOTE eUTU|HBEMET HEVEN6, (PHMTHD HEVHGHD HBHALGTEN HIURIBETET HEVEN6
genenwiensl. @@ OFTGHHulsvemen o efenLbsmisar wrajd @By Guendamlameoulso
BeveuTHHBGHW QUTISHID DHOHTGHE LOINTIHEHTGHHWLTGW. 2 _SHTT6ID &H60dbEHLD
SHOUNM  HJeUmIHeT, HeWID(IPD HVBGD HHauDNM Hraupd OHTLTI0 & [HEHH60,
FHewiold eurTweLenitd OHTHmBUID R ([HGHH0 CUTSIMEN6L.

2.1.3 BTGB AT EUIGVL|FHGNT

BISHIUTFeDaIH@GHFUl EUIGVL|H T

R OFHTGHH HIEBLTTmaUSGTW OHTEGHSH 611 SienpHELLBLD QUTIHEH G AL S L
S ILFIOTISHMBDE QBT HBGLID. ABHTOUH G DVEVG| (LPEVSHIaMMI LIFILOTUoIEI
BMeNH QBT HSGWOUTWRG s Guedoyser Cmfled / Bmymas @e0evTsH
(PMMEBTEITE0 HToTaNdBULBD. JIBTEUG! (PIQUI LTSHHTHHEVIETEN DEDIHBET D06V

(s MIseTal Qussgsd), Geousld GuTaImenel.

AUBIDUITFNMB@GHFUI EUIGVLIBHT. (DIATHTL_HIniqul EYUIGVL|BHENT)

CsTgHuler uflioTemsgHiLmid, CuEmwuTTmeusGflw Bleneou|Lamid & enenihS
BWIOLBMTGID. 2 _FTTWID DI(PSHBLD, Haiauene], GCeuliuBlensy, GFmle), DILTSHH,
uUTGHSHaieno, Cumuriy @upalend, , @elipmeyF gy, Bm etc QUHLLLITTeeuSE W

QUIOYH6T 61601 DMLPSHBLILI(HLD.

RMHm ABHTHHUTNINIANT ALIHIDLITIeNMBGFUI DUIGVL|BHATIT 6163 3TN

R CHTGHuleieTen el danigul BUWeOLH6T @[ eUmBHEMTHL LfldslnHLD.

1.

alflelweoLse6i 2. GanlalweoL a6l
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affalusvLisaem (extensive properties)

@ Cam@Hulear Hemle] 60605 LHLOEND SHEIEWeTem GuisoseT alflaluleolselT eTerliLHLD.
o FHTJEILD: HEUIEU6TE|, (L60B6Ne sclanienilbame, Heawley, Fobd, BFFHH /2 _6T6ei (hF Fohd
(internal energy) Gumeiimemen. uev uGdHsenmal Lfleasiul Beten CsT@GHuler  alifleures
Buiedy, 150sTGHUle dml uGHsaiear alfleurer GuiedllaT gal (HhHOBHTMBHGHF FLOLOTGLD.
Aroumiserr 1, 2, 3 apaier Hewleyse (WG m g, m g, m, g SeSSILLLTH Jisialmeneld
Qsredular Crsss FHamile 9165 OCalu WsHs Hmeouled mg+m, g, T m g &&&
goam@. e Hemley @Ff alflelwedum@LD.

AFpBaiulsvysai (intensive properties)

@@ Cam@dHular HerialCeoom s0evg ULaIGr HmSulrTTs: Guedyser GFlaluisoser
ereIlIL(pLD. 2 FHTyewionsd @ OsT@GHuist qeflpmeydF g, Gomurly Guwelma, ILTsHH,
Geutiulensv, QaBTHBEN6L, 2 _mmEblensy CUTSIDEEUWTEGHLD. BeualuwieoyseT 1H0HTGHuile0
2_66m USTTHHHHET (LP6L 6TemTemNbmBHM60 HEISUIHLILS 6.

e alflaluedy @@ (wWelDE Vg @ SITHHEG VNS @B CM'DG (DIBTUH B
SIVEM@SH) FapluBd GUTLg Ssualflaluisol miewT GuIeOLTE WTMID. 2 STJEIonsS  Hewle,
sevteueney, GeuliusOsmeernene] opdwer alflalweoysenm@Gw. 8% CHIHH0 JILTHH,
(evjdbseaalene] (molar volume) seaiGsulingGsmeismena) (specific heat capacity) odluwies

QaFMalweOLE6T (GLD.

2.1.4 ®m®m ABTGHIHUTI K616V

@@ OaTEHIeE QuEmLUTTmeusGiu Guisolseaier @GMles QuuioTamissT O&finHA mLIlet
3H0BTGHF 610uenHaes Meneouled 2 eMenOHaid  GDUUTSSE FameOTd. 2 _HTJewIoTs
eurw] Mlemeouled o 6ffen @h FLUQUTHOT DI(PEHHWD p, Heateusney v, Geuliumlenso T
Gurmesim gmymompisenTed aluflésiiubAaimgl. GlufiorTemmiseilar DiHTeug grymommlseiet
QupuiorenEiseT SiF FLUGUT[HET SHreu Blemsoulsd BHEHGLOUTIDSH LTHMLOMLUD. 61666
R QFTGAWIST FBlemev, enall L &angul JH0BTGHHWIE GHNss CUIHLUTTN6IS
Gfw Buedys6nTed euenTUWMISSLILGHES SIS

ABTLdHBBsmev (intial state)

@ OxTGHWIET OHTLEEBmeOWTEH DHOHTGHS GLOVIL T 6l6lals ML GHTHHHMEGHLD
2 LuL(paT HbS SpTOUBMEMUS (&FHNHELD.

apyapemev (final state)

QG OGs1GF GLYILG @OLHSTEHD MBS WessaL] BBSSD Bme igey
Blemeowim@. @ OFTGHH HLQILOT UBTTSHIHD, D606vGH QAULLLD VLG FoFH DIEV6VSH
wmeumenmud Lo MIEUSETEPEID SR SHBHTHEBID ML (LPIQULD.
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R QsTGHular Blemevenw eluflést uweu@Gw PV, T, oemwiy, n (wedseflar jemey)

Buneiimeneu Hlewev LOTMEET Slebevg Blemevd CBTPDUTHSE6T srerliuB. @ O @GHules
Blensv LoMHMLOEHL WLDOUIT(LGI DIGOHTEGHHUIeT Hemevlomaeaies QUMILOTEIEIGET LOMHMLOENL W|LD.

e1e01B6u HemevOHTIIMUT(hB6T OHTGHHUlET CFHTLEH, @mIH BHenevsaisd I HBLD FHEIHuleiTengl.
SIDOTHMLD eTeleUTy) HBWHSHH eeiUHed HEISUNHILUS M0, @ CHTGHHuler mBlenso
orseafsr (HensvdsmOnum(haeier) GQUMILTETEEBET CEHTHHTEL Jenetul Heley, LITEGHSHETEMLO,
SILTHFH Curaim H0sTGHUIE  sleveom  @wieoldsEnHd OFHeflourTsd  (GMUILLUL60TLD.
BlemeoorlseT @ednOsTaim FrjystengsTulmiugsted (interdependent) @@ G m @ sSulle
Bemevemwd (GOUUSNEG 616060T HBleweoommiaeEnd BCHmeuwmmagl. e  HBlemevompilsar
OIS ®mHH0 GUTSIOTEIS.

puno Bswev (standard state)

GOl Geauliplensvuied, b CBTGHII Couinormmd  [BlEpHeImS
BOBGID CUTUpsl, Bl upssd P g wrmCummy iupssiors @mlssibais
Sudns. b S L LFCUITESSIVND BILILD BYUpBBLO OMMITLI G)LIAY LD T 60T 1O
2 ewrwg IUPAC uleomred HAumjsk GQeunnn’'t P’ Qe Gumyoremnsd 1 atm
@wssons 101325 Pa) (euemqumyasiin’s plun Gouiyplsnsy @eVsmney 6TeienddLiLD
steveuTprigys 298 K Geuliplsmsv mli Gouliplneouirasd Fev FLowisIsetlsd
GO ILGSIDS  TTUMSUID  HUMIGHID CBTaienCouswi(BLd.) @b ST
UBTISSSH0T [BIUID [Blewed HSMGSL GULIT(RSHLOTHT Dieusnsuier ommGmmm)
Blemevuied GFmiley omWiEemTed QIfIESLILIBLD. 2_FHTTevTors Bleilo & (BLoLieT
Bl  plewevuiled  HTus @pIOL @05 USIDETL 6V  DYIpSBSHBI)  SFLILIL L
Goumlemsvudey (500K).  mluo Blibsenersemner floreerssme L @mli ped
Cwed e1apss 0 Csjuuser apevd  GMUIL UuBBleimer. (AHY AGY AS?
TDDTUINE). BDFFVHN FIOLBSULIGBL Guraps) Gamfley 1 mol dm™ erens

GOSBLILIBLD. FMIFFOBEBES BIUILBIeNV GFMley mol dm= <y @b

SHUNDTGT /| BH6II6I FeNFUTT QAFUISTIAPsNBHAT (spontaneous process)

Oeuefeamenisv eigiadaNgS STamaCoal HemL CUDID CFWGILPMHMSBHT. 2 _HTIERIoTE 2 BevTsd
Bamedlest @GLmer (pemedtuledhbadl G6efymen (penetd@ GeulilD &L GHe0 Blapw. RFCFU I
wempuled HOBTGHEH OHTLEBHmeoUTHHH BmIFH Benevd@ BensoTHMLOML H60 GHNSHH
Hemauisd LOTHATID HBHLDHE0 FTHBLOTRIBTEGHLD. SLLOTES BB LsD QFLISTLPEnMB6T GILIHLOLITEILD

BuDemsWTeT CFWSI(LPMNMEBNTGHWD. JASHHILST Reneu Wem(plQuITEH CFWGT(LPENMESETTEGHLD.

(BATBTFHFUBB) FUNDTH BHIPTSH AFUIGTIIPeNBHAT (Non spontaneous process)

Gwions  BoLOupuwwitg CQFwaipenmEseT p@G. 2 srreuions srust (C) euefluied
afibagl CO, @ o GanEwlurg OCalugmg CalalGaaImg. al@mIid D SWIOTEHL

upy erflworlLrgl. @smen opJblles GQeuliuw 6upmEISEaINTTIU|6TETSI.
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1S@pid RuisvLieTar AFWssIapsnBHaT (reversible process)

am Wepw OCFwusipwempuiled @m TG OCsTLsasBmeoowlsmbHa SndHbamevdE
T CFUIWlUFGL OFHTLT THDEIEmens HhbH0Ter (Wweammuled endF CFuighed
FrHHLITHE0MD. OHTLES BHemeoulei(hbdH RMIHBeN60sE THOLOML UWDELIT(IDS DIDLOTHHLD
Adlw ugenn seflemLms Wes CwHeuTs HBWHHIDCUTSH EHOSSIEND FTHEWLDTGLD.
Beieury CFubCUTEH @6UGT[H GREMLHEMEVUID @HLO6VIL 68T FLoHlenevuled QHEBEGHLD. RoHHENHLL
Bubsemeisaie S CHTGHHUIST OFHT LSS @mIH BmevseT (LPHMTE LEEHD SHeTeNLDENUILI
OQuuidlemgl. 2 sryewid uelldslly (ice) 2 HGWw QuTpal GNHEH lemey GQeuliud 2 Mlehall
uGdamal. 6k oeey OCauliugmsd JABBHOHHH sHOID Cursdl B uelbaliQuITS
LOT MBS

1o QuisvLjeiiaT AFWssiapsnBHaT (irreversible process)

e GuieoLeiten QFWETI(PeM  6TeTlIL(BoUSH GLPEJ60 BlemeowiTes THNEHMS GOUBSHSTSHI
OaTLE® Blemevenw! eml QUDLPRWITES QFWSTILMWITEGHLD. QUEHLDLITEOTET &HUITS MHlEHILD
QFWET(LPmMBET RUINMBWITS LSEHLD HETeNIOWDNMen6. 2 HTrenid 2 ulfluisd pluuigkeo
@ gk @uisvLeiten QFwIET(enmWIT@GD. STeTEC6l @ eneouled[hbdl B SDCHTHEL

UTWISHED @ LeNTdH @uIeOL6Ten QFWIEST(LPENMUIT(GHLD.

2.1.5 Qeuiiu 2 atenemB (sTs3iHevLt) (H)

QupLbuTeVTen GLETES LOTMHMEIHEHD STFTUIET LDTMHMBEIGBEHLD LOTHT (PSS [HLHHEN6H61M60
L QUOIBSTNET DI606VH BLSHBHLLGHIIMET. QUTHIOITS DpUIe| Fal SHHe0 HTHBMBEIHENETF
GONBGHH HMHDH &HHMEUBTID (LPHMEUBTID, LFNCFTHMEH (HOTUISMEID HLTHHID
OQuTes 9mEIEG OCBHTINUBLD DI(PHHLD SiWICTINUTS @M  GUTILDENIL D  DI(LPSHBHLOT(GLD.
(latm = 10°Pa) ot Sipssd QFweaiwammseiey  CFTE&Hulmismend GeualGuiujb gouHLD
GauinumuiFgensvd (heat flow) semilwlinGsgeusng SyFrweraiwieomeny (seighsol) Geulil
2 siEmpemnm elaiamid Gwisenu (property) 2 _uBuirdladsimeny. Bg H sieienid @mluiligesmmsd
@MdaUUBLD. THT D(WPEHHHHE0 Geulil THMLD FLoe  GeULILIEETEHD 6TaTmID CFHTL TenLIS
GMsdemeny. saighe0lll (Qeuliue siEpenm) @@ alfleurer GuiedUm@G. @SSt L (Lo 6ol
USTTSHHHHI lealled SHRIBWETENHI. Q@ UHTISHHESHGT Oallll 2 6NEHmmenis Sl
FTHHLIODMGL. 61601G6u BTD 2_6uvienioudsd ekl Geull 2 siemenm mmmo (AH)

KM FSraasHFHar CQeaulu 2 _eienmp IO AH elemenayseilar QeuliLe_6imEnemme@Lw

srsdsaflear  Geuliue_eaTenmpd@Gld @mLBw 2 _6Tem GeumiUTLTGLd.

( AH=H

afleneney®ei - Hﬁrra'aaﬂssﬁ )

40



&.0ur.3.(2_/5) @raTwend: VG 5

2.1.6 Qeumnp (Heat)

OeuliLe _6TEHenD LOTMT Si(PHBHHH GeauliugHNGHF (q) Fwwrs mHUUSHTed BT Geulil
LTHNSHHDETET denaiheamend HHBHHD CBTeTETLTID. JpUle|Fal SHHe0 QuUeNHs, BTFTwieTF
Qweipemmaefled gmu@ GeuliuwmmmrsaT &Csumfliorell OCaTewi(h el LLbBEMSI.
BHBHMEUBEHBHBTH AUIQEUMIDGHBLILL L  cplgul QBmeTdevat sGeomfliomesl srerliLBd. Geuliu
LTHMHNHHH SEIUNGUSDEG (WPHee0 BHITD HaTGeuliun GQeuliud QBmeTenene| pduwianenm

alenmeidld Qomeremsd Geuesi(HLD.
SHOIGIMIILIAPID GloMlILdG GlBHTHNTNTNTAN|ID

Sesieuinnd (S) @ ST USTISHHHH GeauliuBlensvenw! @ UTmd QFeoFwS @I TH
(Celsius) 2 _wisHsusnGHH CHemeuwimen GeuliLghHer DiemeuT@LD.

Qeuud Asreionona) (C) @@ SIUULL ieMey USTIHSHHN QauliLBlencvenl @ LTS
OFe0WAILTH 2 WTSHHIUENGHS CHemauwimen QeuliLgHer SiemeuT@HWw. HITEIILLD Q@
Oanalwedy opemed  OGeouliusOsmerenene] @@ alflalwedy Qeulius QsmeTemenaim@Ld
SHTOeUILGSHMGWTT QHTLTL

C=ms

@mBs M SEIFH USTTHBHIHN SHewleneud HITOed FnmigHev.

G@IIY: HaTEauluGmSBS GHNIUSDGHF FevBousnenseriled ¢ LWTLHHSLILBLD

o gryewions Biler SeiGeutiid 4.184) ¢! °Cl, aiggiar 100.0 g Bflar Geuliud Qsmeiernerne]
(100.0g)(4.184Jg'C1)=418.4] °C"! menlGeuliugdenr si0@ Jg'C! (oi0evg Jg'K!) Geuliug
Gameenenalsst 0@ J°C! (1006081 Jk!) eisiuengs @ousibHn OCsmeis.

SHOaUILPLD, UuSTISSSHN denayd  OFfhHminder wrHfullar  GeuliumleneommHmLD
At [QeutiuBleney °C] sievevg AT (GeutiuBlensy K) Qaweiapsnpulest Gumgl o plehalil L

3le06vg Geueiailul’ L GeuliugHear Seneneull Lateumd Fwaur®h Osmeni(h HemldaseuTiD.

(q = msAt oje0608 q = msAT)

@mig m - rAflulear Hewlley, At GQeuliumlensy LOTMHOID DISHTeUG A=t o Lo 4 SIS
GHWLGB eupdsG- Geuliuaeepenm INMESSHDETET  GOUILTE Dewoujb. BCeulILG
QrwearwmpulaiBurg o Mehsiul L Qeauliugdar ene q Gmymergl. yYmOGeuliug
FTHBHHICUTH Geuaflal Ll L QeuliugbHer Di6Ne] LOEHMUITEITIGI.
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2.2 GoapmiiL Qe SJFTUIIF GIFUIILPNBHGHL I /| HTHBHHIBHGHL 60T

DemewibhS I 2 GIGLMB WIBBRIG@LHID HUlld Il 2 GIELMNDB
LOTBBHIGEHID

AH ei(bsa1F QFmeveusdl @h SHTESHHECUTH LOTHT (PSHHHHL 2 MiEhgFlIubBLD Die06VSH)
Oeuafei B GeoulingHear SiemeuT@GHL. @ STHBSHET CauliLe etemennm GBJ LS
wenmll QUDILOTET(LENL WG| 665G HFQFWSILPenMUIsD SHHRIEWETENG. @H HTHBHHET QLTSI
gmubd Geulil 2_eTEmenm LOTHMD JHOHTGHHUID 2 _6Ten LUSHTTSBSHET DienainE Cricids

FLOLDM(G)LD.

2.2.1 yB6loulil, DIHMIILF AFUIGHIPGBIHGNT

Oouli QuissF CFWSIenD @F BTFTWNIS HTHED L6k CQUeNds THMTES E)(HEHEGHLWD
Oumupgl SIbwws CFwesiwenpuisd gouGL GeulmiuriFFelsr Henauler SigliienL ulsd
SIDTHND  SB0CaILS HTEBD DIeV6OTH LMOeULILGS HTHED 6161  eUenSLUILIBSSUILBEDSI.
Sl OFweTpenmaEhD seumorm CoumiuheHsLubhalssiment.

oI Lausmemt 2.1 i30euiu, LUonOeuiug QFwes(penmsehsHenL uleomsr @Liih

Qm OGrweipsnpuiteng Oeuld o Mehl | @m OCFweiwmpuisr SLTwURme  Smid
LI(BEUSSIT (LP6VLD SyJLDL [Hlemev @miBlemeowimas | mleweowirs  wrmmuuBwBurg  Geuliuw
wrPpwmLujoweallear  oFQFwer (wenm | GeauslallupomuisT <o1d O & w e (Lpemm

SiE0LLIF CFWeLPemD 6160 DMPSSLLIGBLD. | UnOeuling Geweipenm  elerlLI(BLD.

Oar@Hular @miHBlemnsy OTLEHE / Spywu | CaTEGHuls GnidHBleme OHTLSS /LU
Hemeoulevid o WiFsHuenLWwgl. THmSHD | Blemeouleid sTpsFsHuyenLwgl. Goevds
&5 Caxemeuwnen Bwevds ok QTG | Fé6d OGeulwors Geuelei LLHLD.

Wieormed Geulions GedelmbeH 2 MiEhall | 2 SHTJEID:  616060T HHF CFUIGTLPEHNBEHLD
upw. o +ibd: SBwrellww GGmTemylenL | UmGeuliug SHTHBMRIGHENTTGLD.

Bfle0 BHMTHBH60.

Qurglaures DBG6ulL Guenda wrhpmmetar | Guendla wTHOD YDOEULILSTESLOTU6E
Gursl opbu / OaTLssBHmevenw @mid | OaT LSS BHansvenw @mid Henevd@ mmml
Blenevd @ LIHMIUsNESG Geuliuw eaupmsl | eusn@ Oeuliuw GeuefGummiuL (Bl
uBHETDSEH. 2 FHTTIDd QM HewiwshHneG | uL) Geuemwi(hd. @@ &Hroud 2 enpujwd
QauliuGem UPEIGHUSHT (Wpeold 2 (HaF | Curpgd Geulibd Geuefall LL(HLD.

QsuwiHer DB06ILS HTHE C&FW 6D (Lpenm

WIM(GLD.
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F1e5H + Fobd (Geuliubd) = aleneneysel

1N, 10
2

2(g) 2 2(g)

+90k] > NO(g)

FH1HH =  alemeneysen + Geulud

H +%o —>H,0,, +242kJ

2(g) 2(g)

@ 9s0aung QFweipenmad AH Gril
Qumiorend op&w. (+) (OFTEGSHuleTTed
G606 0HHEHI Qeulid 2 MiehalinBEHEmS.)

@ UmGeulug Gawesipenmad AH wenmll
Quyiorend SpG. (-) (OBTSHUIBHS!
GGG Oeuluw GsaslIUGSETDSI.)

aiFTeug AH > 0) aigreug AH <0)

A alemeneymai 4 sradmen

a a

g 8

3 3

j AH|{> 0 'fl AHl< 0

3 3

g — @ :
ol srbdlss Gl alemeneyamsei

LTOT (WPSHBHH0 DleNSHSILUBLD  QeuliLwmmod CHTGHHUND goUBL  GeuliLe|eTEnenm
LIHPSMBS GHNIHGW. LIPT DWPSBHH0 QHTHMUGL SCeomfloreflenw o LBWTHGHS
am OCweiwenpuiler Gurgl gmubld GeuliueaeTEhemm WTHMSHMS CHIQWITE DieTHD
(PIQULD.

Bunp Gauil 9 GTE@LEMB LOTBBHISGNT

R(hH STHEHHHET DLTOUBEN6L (HTHHH6T), @MIHHmev (61METaYH6T) WTeUDNENMUID H(HHSHLOTSH
(precisely) alufls@wBurgl, DHHTHHSIANGIW DenéHsILL L Qeulll 2 _6TEHemD LOTHMLD
sbgHauoTer (unique) QUDIOTEID 2 L WIGTS G(HHBGW. HTEHBEHHHD 61666 |HETHEFHLD
pun  Bemevenw  eusmgumibsTed (10°Pa oiupss@wpd  opjeu  QeuliuBlensy) HTodls Lo,
alenenaysend B BHensouled 2 6o HTdsmIBaTET Ceulll 2 _6iTEHemNm TMHMID DIHSHTHHHDH6T
Buwiw Geuliu 2 _6TEHemMm LOTMHMLD 6160 6TLDDTED FnM(LPIQU]LD. SieUeUT SEDWPSHSLILGLD Bl
Geuliu 2 eimemenm rHmd, “degree” GmMuil BLet (AH?) @mssiu@Gw. Buin Blensoules
AT alevsHmMIGHN Geauliupleney  umIE QsmerenTaligenid AH QumioremiseT GeuliLmblenev
ufled SEIEUNBLIUBTEO Hwio 2 _eaTEmemml  QUDIDTEIBIGEMET S L eueneiliLBSHSHIDCUTS
Oautiuplensy  GOUILOuUL  Geuewi(hd. LML GHev  (text) Qeuliuplenev  @GMIIILTHeueny
sruul Hemen BuwGeuliuBlensols Quuioremisat 298.15K osveug 25°C st s1hdalu(BLo.

eTeflw (pewmuied LesTeuHLOTMI BUWILSTHE CeUlILeETEHENMENU  6UEMNJTULINIEGBSEVTLD.
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Bl BlUBSmeriar B @b STEESHBIV SILUULL STESBIBM60T D616 % 60T

BTEBLONL 5] BIUIOBIDEVULIEY 261167 aeneNTeyBener 2_(56UTSGLOCITIPSI STMLI(BLD

OouLILIOETEF6DM LOTHMLD [BIILD  HTHSCULILIEYETT Y 6DMUITEHLD.

2.2.2 Glouii QJFTUIGHF FIDGITLIT(HIHVT

B aupss@GNu (et AH (60081 AH?) QumioTesigemad Camesheren FLoaT Qeuis SJamuiens
FLOST(H&E6T, DFHTEESHHET Oeuliu @raTwendF FwauT®h  eeliu®G. USeumd  apHsHd

@Puipse (conventions) Geulit @ramwiend FaTL 1960 BFFohalLL Gousmnouigl HeUSUWILDTELD.

1. gt QFugs Qeulil IFTWEF FOSILTLIQE) 2 66N LIFLOTE (HeWIBBIBET @ HTHHHH60
FHUBLD HTEHBNMGHID allenene|beaiFid (Lpe0HMNeaT  cTamTamldmeamuls (&M @GLD.

2. @m sTHEsHHE Geuliue eiepemm wIHDSHa @ kJ mol!. Gued HroHssHe0
FHUBL FHTeHHeMaT aleneneaseflar ceuamibamnd @ cpellavid DHHOTE S HUNE@ID
@eulil 2 _6TEHEnD LOTHMHHET BIVE LOTDHHOMLUITSH. DLETTe0 GUDIDTEID LOTHM
LOE®ML_U|LD.

3. @ BIFTLEISBTHHLD, LN(paons BHaupwGurg) AH 66wt QUDITEID LOTHHLOEHL WITS).
apeTed GHOuih eihrme wrPluwenoujw. (same magnitude with reversed in sign).

4.  gieadsel almenaselaig Ouende Mameouled (Sleusamsulsd) AH (Sievevg AHY)
SRIFWNGUUSTEO Ceulil BFFTWENNF FOSTUTLIQED 616060TH  Fnmibeiengid Cuendlas
Blemev Sleudhend GO Geuewsi(HLd.

5. @7 Qeullu raTwend FeUT(H @ ecTentenNenmsd QUHGHSILL LT, Qeulil 2 _6Enemnm
rHOPL SieuGeuenT QuTarshHermed QuHHSUILL Geusmnguig] Sjeudu.

6. AH? Quuionesiid wenmil QUIOTETSMmSE CBTETIHBSTEL JSHSTHHID LDOEULILGSHTHESLD
eteoill QuTeTUBLD. CrIs@Muil e, AH? QumIoTeid Q&BTEIYHBEHTED DSHSHTHESLD

SIBOILILS HTHBIOMH DIENLOULD.

2 ZHTJ600IID:

Ueteumld HTHEEIBMENS BHHHHM CBTeis.
2H,(g) + O,(g) —— 2H,0(g) AH?= -483.7 kJ mol"!
2H,(g) + O,(g) —— 2H,0(¢) AH?=-571.6 kJ mol"!

BB sHyUULL @rsTwerF FweurhaeT U auflsefled DFHHE CaTeaTeniLBSaInSI.
o 483.7k] @m wed H1555INDEG Geausillalliu@d FoHd)
e 4837kl 2 aped H, sréaswmieusne Oeusial iuGamims)
e 4837kl @m wed O, srésupninugn@ OCeslallLuGEng
o 483.7k] 2 aped mymel 2 meum@wBurg Geusilall Liu(halama
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HTHB(PMID CLPGLBHATEIT 6T6TTENHND HTHBHHN LIFION6ID (&) IBRIBEHHGHF FLOTEH B ([HdBELWD

Qurupsl, AH? srésssHar QuTwa gouB GeuluaETEbmD  WTHDSHHET  SleTm6IdH
GIEE A SR

Gy GpPawnelsd 483.7 k]I mol! smaieug 2 (ped MSTFST T @ (0 @l HFIL 6
STHBPMN| 2 CLPELSH6T auTWBlemey Hemy 2 (Heurd@GHw Gumepg 483.7 kI Geuliuw
QeueflalLILBHSIMG 6TRTUST GLD.

dlov Bousmenaefled Gomuly HTHHD LETOUHLOTN 6TILHSHLILIL 60TLD.

2H(g) + O,(g) —— 2H,0(g), AH?=-483.7 kJ mol"!

GSMIL: BpBHswalsd srpaslulL sl Cureaiym suenFumIbsILL L STds ene] (defined
extent of reaction) mewLQuud Gumrepg 483.7 kJ Geulind GeusflaiLiuBGHetng.

BTHD 66| SlevemamlemLuwigl. (extent of reaction) mol

Gupuy STES5SDEG,
AH = AH? x mol = -483.7 kJ mol"! x mol = -483.7 kJ

o _FHTJEIONSE BILD SHTHBBIGMETL LlesTeuhHLomml 61(LOSHeT60,

4H,(g) + O,(g) —— 4H,0(g)

S0UTRg BSHsTEEHHE AH Renean 611p5IGmb. 2 x AHY=-967.4 kJ.

85 smFHIUG (WHoTeusTa (pru) AH?Quuuorend 2 Remed  Qu(hssLiLL Ceuewi(HLd
LG DGD. D56 FTEHH enalnGl (extent of reaction) uHeons, HTHHBWMLUID @
USTTHSHHHAT 2 _6ienlowiTel  Sjememaull uweiubbd (WPIQUD. DG STEHSHH60  FHUBLD
gHTOUFH QR(H USTTHHHHN DjeTeneud FOSIUTLIQEHBGD DAHAT LIFLOTET (& 601HSHDHT60
HiflsmeD,

BuBsouyeiten HTHBHHMG BTD CUUICUG (PLAFWIDHS)

AH = -483.7 k] mol"! x 2 mol =-967.4 kJ

BTD AH wl (B CarThHsTe0 g @eueurm Semwujd = -967.4 kJ mol!

HTHBEIGMETL  LNeSTeUHLOTM] 6T(LDS6TT,

2H,(g)+ 5 O®) —— H,0(r)  AH?=-285.5kJ mol*
2H (@) + 1 0,8) — 2H,0(¢)  AH=-241.8.1 kI mol"

BBsv 2 _sitem QUMILOTETRIBEMET DIEMFLLEIBTS Geulil 2 6iEhemmL GUIILOTETEIEET EHLILMSL
UIMJ&&6VITLD.

Qurgleuras saplear GG @meE swauT®G H, ety saaomLbe Bors CerBlumes
GGG MGH. (PHOTEUH HIUB] 2 [HAUTHMHOWW, SIEUILT6USH STHEW HyTeal
2 _(HEUTHMEOVUWD HHEBIHIIMH. B(H STEHBHEIBEHD WLIOT Geulll D(PHEH HN6LHM6ND
ensdamer. AH et wempluOumioneronsid Q& @F UnOaulusSTHED 611U HH
GMBTL(HHSTMSI.
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(PSP BSBTHHLD LnOeulLnmes Qmnlsr, Ner(psheHToasd AHBOIUTE GHBGHWD. DiHSHIL 63
adJempursad (vice-versa) Sismwujd. @eueldenws Grarwens OFwes(LpenmSEThd@LD,

Quendlas QFWSTPENMBEHHGHWD LIFCUITEHH60TLD.

2H0(¢) — 2H (g) + O,(g) AH® = +571.1 kJmol!

2H,0(g) —» 2H(g) + O,(2) AH? = +483.7 kJmol "

2.2.3 Qaumiu 2 ai@pemB ouflin misai (Enthalpy diagrams)

Jeiteupld HTHBHMBH H([HSHIS.

C,H,0, (s)+120,(g) — 512CO,(g) +11H,O(/)  AH’=-5650kJmol"
GuwBe o _aiten HTEBSHM AH’ QUDIDTEILD WHDWTS HULUSHT S[HSHH, eleneneis
Qeuliu 2_6Tepenm STHEUTST GQeulil 2_aTEmmmuisd Gmme| 61aTUSTGLW. Ceuliuw HTHE
OaTGHHUIHHES GLLVIHEG ReEsILBLOUTIOEH CFHTEGHUWIE Geul 2 6TEmamD (&mDESING.
&&5GCITHe HHOID @h UDOeUILSHTHELD.

SWUHLD HTHBHHH 60
N,(g) +O,(g) — 2NO(g) AH? = +180.50 kJmol"!

alenene], STHAuUlevId 2wy GeuliLeeTemenmuienLwigl. 61anGea AHY GnbiGUMILDTET(LOENL WIS
Oaulueyeenenm AHBFILSDGHEF G0 HbHEH Geuliub 2 MiehaliBEmgl. 6160186 RHHTHHLD
@ NBCUILGBTEHBTGW. @ Geulil 2 eiEpenm sufliuLd @m CFwswammuied gmubLd
Qeuliu 2_eiEmenm THMSHmaT auflaugalsd LIFHBHSHIIUBSHSHID EUEDTLL DT GLD.

gnaaiGa 2.1 ol Leusmeriulmn sTluwieumenm &6 o eafen 2 mabsenr 2.3 a, b ynGeuliug

BHTHBHMBUILD AHBOUILSBTHBHMBUID UFILILLLD cLp6vlD eTeieuTm 61(HhHSEHI FnaM6OTID 6161

&ML_(HalesTment.
4 afkmenie e .t grabdsei
a
& 8
) 5
G\l wWH >0 G\I sH < O
a 2
.é é
(€]
< [
STHABE ellemerioyeiT

2 @ 2.3 Qeaullu 2 _eTemenm euflliLLmigsei
(a) o1506ulILF () ywOeILF
QFwer(enm OFwer(enm
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2.2.4 Qauiil 2 GTE@HMHB WIBBHRIG@HID HUlD ML D AIELMB LOTBBEKISGEHID

) Buno GHIHIBeL Gloulil 9 _aI@LENYH IDTHBBID AH9f

Buww Bxmeimed Geulll 2 _6TEhenn  LOTMHMLD AH"]. BlBlensouled 2 6Tem @  (Lp6d

UBTISSID Homlensouled 2 66l DiH6iT iEHHImMMI (LeVSHIHNMT (GMSsiul L) wTHCmmm

augaIEIBaTeHHEH CaHTemIoBuTsl ggnupBL Geulit 2 eiepenm wrmmom@w. 1 atm (101325Pa)

SWPHBHHID, SHIUULL Geuliumblensoulevid MBI 616060T (CLPEVBEIBNMMEGLD Feveunmingd
g6y wIHCmmmI eugeud WsaId 2 mPwrarg. GAuiliged 2 eaten @ Geuliu 2_6TEHEmM

IO Bluw Geulil 2 eaTEnenm WLTHMW aaumSUDd S6 erupsiu’ L GMuik (subscript)

“f” B S1EBHHD 2 (HEUTET LSTITHIID, DIHMET SEHGLID (LPeOSHIB6MNeHESH CHTHMUIENSHWILD,
Qeuliu 2_6TEHmMeNWS GHMBEGID. Oarailsd (evddhder sa|d 2 mdHumer augaud HTGe

2 HeuTHede elelals Geulll alemEnenm THMUIPLD HenL GUMIeEe0m6v.

25T J6ID:

2 ZHTJ6I0IID:

ST pevatd @eitiler wrmCummy / FLB eugeusSleor
Blio Careimed Geuliy 2_eiepenm 0.

Oeuliu @yFTwiend Hyeyser, QUTHIOTE i LeusneniliL(hSSLLBLD Geuliuenso
298.15K @60, Hev cpsvamiseilar sad o miduwmer eugeud &G UL iguied
uBHSIUL (HETeNS.

Na(s). H,(2). N,(g). O,(g). C (s. graphite), Br,( 1)

sTuesiest Blemeoummls &([hHHIMBUTD BTUT RuIDensuled STFWILTSHS — SHT6vILI
UBEUBIL 65T eMEUTLOTHOD HTeRILLIHESINGI. eTeueuTm] RHUIID  DieLe(HEIg6UE
HEHHHMLUT0 DiemowIBanigul Geulil o 6Tepenm Coumpur® o ewi(h. srenGeu

@[ 6UIPEUMRIBETHE FHLD AH? =0 o35 Q®TeTen (LPIQPUITH.
C(s, graphite) ___y C(s, diamond) AH { = 1.9kJ mol"

Wsab o mFwner augeagsma rmCmmy / GPUY auyeuonssd CxIbOHH®
Her@mMID. DFToug I HMH Ceulin 2_eienenm CsTan_ndd CHib0HHEHHEEMTLD.
SFTeug HMH Cauliu 2 _e6TEpemnn 2 mLw  &STFuSIHNG AH‘? =0 oled

QametemiiL(hLD. AH‘? (graphite) =0

25°C Wieid 1x10°Pa opdssHHIbd alenene] s 2 mSHWITET 6UIQaIDTS
@evevmaligest BHTINEL HTHBHH  alemenaler CQuendla Bemev OCHefleuTss
@MUALOUL60  Geusmi(hLbd.

H,(g) + + 0,(8) —— H,0(¢) AH' = -285.8 kJ mol"
Hy(g)+ 5 0,(8) —— H,0(g) AH' = -241.8 kJ mol"
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&m AH? QuuuorenrisEhsHemLuleoTen  Coumur( Biler opelungde Oeauiugemnasd (heat of

vapourization) (44 kJ mol') @lé@Lb.

BT  GQupenalsd Huio BxTemed GoulIL _6TEHMMEMUIL  LIDEUHBUITET  HuTLILISEHSESL
LweTU(hSSHIHGCMTD. @UUTL HH0 2 _FHTFewID (PeVlDd  61(hSHHISHTL 9wkl BGumeim) AH? m
OrCuirdlesdanigul (LpemMUlED STFTWIEF FLOSUTLNL (LFH6eVs0 61(LpSHBe6uI(HLD.
Gumevgenat gt (HCHO) mluing Gameiimed Geulin 2_eigmenm 298 K @ev -108 kJ mol!
DG LD.

@bHEDe] T6TeuU(HD FOGTUTLIQET cpevld &6 ST LILGE @M.
H,(g) + %Oz(g) + C(graphite) —y HCHO(g) AH? = -108 kJ mol™!
o0 2_FHTTMIHBIBM6NS HEVHSHINTWITL (IpssT, Fev QTFTWend HToHImIG6H / Bloe|meferg
Bww  Qeulilu 2 _6TEHmMEMENT eUeNFWMILILG] LWEIOTENSTES DIeNHLOU|LD.
° BUWIp $BH6I QLI D _TE@HNB IOTBHBID AHf7

Bl BlensouleieTen cpevsGomaimier Die0evd CFFemeu@uimainet @ cpsv, Wema L FFemsd
(2160608 6ueMUleD) LLTEmIOTSS HBEMOML G HUILOBlEnLUTIGTEN alen6Te HM6T 2 (HEUTHEGLD

Gurgl gmu®Bw Geulin 2 6TEHmD LOTMMLOMGLD.

C,H(g) +50,(g) ——3CO(g) +4H,0(1) AHH[CH . =-2219.9 kJ mol!
cllsfg(g
+ = -393. 1
C(s) 0,(g) — > CO,(g) AHg 393.5 kJ mol
° Bunp 1Tsmewniiyl 1Tfemas Gl 2 si@nenB wiBBD AH g

Bluww mlemeouled eumu] Mlemevulsd o siten GFjemeu @elell @ cp6d LlM6WILIY 2 DL hd)
BluiBlensouled 2 616 6uTu] Blenev DIEMIGBHENTE D060 6UTU| BleneVHTnMIGMTHS Fnl LM

OflemaswenLuoBurg goup Geuliu 2_6TEHemM THMLOT(GLD.

H(g) —— 2H(g) AH? = 432 kJ mol"
CH,(g) —» CH,(2) + H(g) AH® = 428 kJ mol"
CH,(g) —» CH,(g) + H(g) AH® = 441 kJ mol"
CH,(g) — CH(g) + H(g) AH® = 454 kJ mol"
CH(g) — C(g)+H(g) AH® = 344 kJ mol"

e16e0iBeu QoBxeflent Lemewiiyl flenassd Fod GG HruulL BIaE Geuliu 2 _6TEHmmL
QUMILTETEIGAMNOIHILD GenL WITGHLD.
CH,(g) @1 synsfl plun dOememiy Uflens sod = (428+441+454+344) + 4 kJ mol!
=416.75 kJ mol"!
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° Buno BhHHMHuUITHHGL Gl 2 SIEHNDB LTHBHBID Aeru

Bl Bemeuseied BiobsamyFellsd 2 6iten @ cwe0 H' Swieiser; BissamyFedsplenen
twed OH™ oWelisEnL 66T HTHHMLHSEHI SHeu B (H,0, ()) @6 (LP6L QETENM 2 (THEUTEGHLOELITS)
gouB Geulil 2 6TEmenm LTMHMLD.

H'(aq) + OH(aq) — 5 H,O(¢) AH’ = -57 kJ mol

4

sol

° Buip SenJauTGenBB Gloulil 2 ai@nemB WwIBBID AH

Buwiw Memevseaied euru] Blemeoulsd o eitenm @ cped Sjweiiseat 1.0 mol dm? semyaeors

rmoGurg) gou@G Geulil 2 6TEhenm  OTMMLD.

M™(g) + sewylurer 3 M™(senyliument)

. Buno BOyBBev Qeuiil 2 etemeny wiBBID A ,fyd

Buwiw Beneoulsd eumuy Bleweouled 2 6o @ cped Sweise Biled semypbg 1.0 mol dm

QanleyswLw Bis SmyFeons LTMIOGUTEH gouUBGL Geulil 2 _6TEHemm LTMHMLD.

Na'(g) + By — - Na'(aq) AH ,?yd =-406 kJ mol!

4

dissolution

) BUID HeNJFLTHL Qeulil @ _ei@memB wippid AH

Buwio Bleneoulsvienen, @ (60 USTIHSID SmFLLTEND Henghg 1.0 mol dm? Gamleaemw

HMIFOTS LIMLOGUTZ gmuBLD Geulil 2 6TEneHm LOTMMLD.

NaCl(s) + 85 5 NaCl(aq) AH? =1 kJ mol"!

dissolution

° Buno LSHEIBIOTH6L Gl D GIIGEHENH IDTBBID AHf“b
Bl Blensouleyieen, Hewio cPeuEBOLOTEINIST @ (P60 DleV6VG Hewind CFjemeu gesilest
@ cpev; LJemIomd MHuio Bemeoulevieien  eumu] Mlemevd@ mmrdBungl gmubd  Geuli
2 _6TEHEMM LOTMMLD.

Ca(s) — 5 Ca(g) AH®, =193 kJ mol’!

o Pune opafTssd Qeulie siemenp wippd AH°

evap

B Bensoulsd, @ cpsv Hyeuplensoulsvieen, CFemel Bi60EVGI (LOEVBLD HUID Hemsvulsyieieredt.
oumu| Mlemevulsvieien, GaFemeu i6LsVGI cPsVBLOTS OTMID GuTgl goUBL Geulin 2_6TEmHenMm

LOTMMLD.

Br(¢) — Br(g) AH® =~ =30.91 kJ mol"

evap
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o Buip @ HHeL QeI D _6MELeNEH INBBID AH?W

Bluwi Bleneouiled, @ cwped Hewio BlemeoulevieTen, GFFemel I6060FHI LPEVBLD HUILLIHmEVUT6D
2 66 @h cpsL HyouBlensvd, CaFemeuwiteg 6060 (LPevHLTS LMMIDCUTEH goUBLD Geulin
2 6TEHENMN LOTMMLOT (G)LD.

Al(s) — 5 Al(¢) AH{  =10.7 kJ mol"

° BUlD DITDIITHGV GloUlIL 2 GITEHENNB LOTHBHBID AHZ
Bwi mleneoulled 2 _6Tem cpevED @M HIUWILDHIENELUTEVIETEN @ (LPED CUTL| DIE)ISHHENTH
rmo Curgl gmuiB Gl 2 _e6TEhemmn LOTMHMLOT(GLD.

LCl(® — Cl(g) AH? =121kJ mol"

. BUno (IpSH6vmiD DUIGSITHBHD GloMIIL D GIIGHENHB IDTHBBID AHZI

Bl Bleneoulenieen sumTwilensd @ (60 lemeumen (pevd Dlgmiadsr aelbeurm iamiad
OBBFHID  BHALET WHaDd HeNJeuTsll LeneuisgHiensn @ SRevsHTar aisd smi,
QUTWHleneLUTeIETeN @ (P60 Slemeument @@ GBJ gOMIPENLUl DIUISTHMET 2 (hHeUTdHEHLID
OQumpgl gmu®B Geulin 2 6TEHenm LTHMLOTGLD.

Na(g) — 5 Na'(g) +e AH;. = 496 kJ mol!

° Bune RevhHTCHIBBEL Gl D _HTEHMB LOTHBBID AH,?G

B mlemeoulsviemen e(h cLped sumwBlensoulenieen Siemboe @alCeuTaInID RevsHHT6IHm6IL
QuNIUSHET (LPEVLD @ (6D  eUTWBlemey  LemMBWMHMD @eTenme CBTERIL  DIUI6STHEM6IT

2 maurdh@GWweurgsl gnuBL Gl 2 6TEHem LOTMHMLOT(GLD.

@I SUGumoTed BevshdHet BILLSHeE 61dHis @GHuilenr o evrwig. (T=0K
BmEGLOUTWS, DiBBHmeouilsd goUGBL (BVSHTEITLL) Fobdl THNESHET eTHTLI
Gumioreid) BB CmiT Gevddyerm L GUIIDTEILD, UnGeULIL Be0SHHT6T JHmensv

PSS MHEGLD.
Cl(g)+e — Cl(g) AH?. =-349 kJ mol"

586 Cl(g) wWeng @evsdyesr mrlLw = 349 kJ mol!
@I SHOWET 2 _HoUTGHWD FhHILLSH60, CHTaimed GeouliLiaeiemenm ommmd RTulemmsd

Geumu(HLb.
AH=AH®_ - RT
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2.2.5

el CFFemaAITEHISHT Hu FTevd LTfemnd Geulil 2 T@LMB LTBBID AHL‘g

Bl Blubsemnarulsd @ wed Hewio e CFjemeu @eim  sumu] mBlemeoulsiemen
Gy, wemm SlweisenTs WLTHOUILGLEUTEH gnuBL el _6TEmeHm LOTMMLD.

NaCls) = Na'(g) + Cl(g) AH!= +788 kJ mol"!

AH (AH?)gn Gpjsvevns apenpuisv (IoemnBapd apsmpuisv) sieniamssv (Indirect
determination)

otar afg (Hess law)

Qeulil 2_6TEHENM LOTMHILD 6TRTENILD 6T6TNISS([ LOBAID LIWLIOTONSTE E(HLILISHNEST6
STJewrd Sl eTevvterbendsWITer Slenaihademen 2 LGWITESHSH DHSH 6T6v8163016 60 & UIT 60T
(Qu@pbumeoren) HTHE CEULILRBIBEMETS HENHHE0TD 6TATLGHWTGLW. LesTeumd Geuliu

2 enenemmn WrMmsHer alCFL Guweysen (features) BHemeF FTHHWILOTES GBS QTDSI.
AH @@ alflalweoum@d. isaILal, g Blemevd GsmfnumBenL wg|.

NO(g) 25°C uled oipement &G0 WwevsmisafedBhal 2 HauTs@Gw Gurgl gnuBLd
Bww  Qeullu 2 _6TEHemD LOTHNGHMBHD B([HBHIH.

N,(g) +0O,(g) —— 2NO(g) AH? =180.50 kJ mol!
@@ weo NO(g) 2_maureugsn@d Copemeuwimen Qeulil 2 eTEmmmenuld FnmidOUT (g

EXPIESS) 61606VTED (FHEMIBBIBEMEUID BT6II_Ted aUGHEG&HID CUTIpg AH? QUDIDTEISHMSUID
w

QTETWILTEL 6U(GHSHBLILIHBLD.
IN(g)+ L O,e) — NO(g) 4H? =90.25 kJ mol’

Benevd QsmPnur® eeugemed AH? a1 @Huil @m QFweiwenm Nei(peEoTs
L OumId QuTpgl (aHTTMHTH) WmHPWITE LTHOMLEME. @ s NO(g)
dflemswenLujd Qurepg goup  Qeulit 2 eTEpemm WLIHMD, @ psd NO(L)
2 _(Heur@GWwBUTgl gmuBd Geulil 2_6iEmenm TMHNSHET 6THTI QUNILDTEILOTS SIENLOULD.
@ Teug  -AH

NO(g) — 5Ny (g)+ 50,2  A4H® =-90.25 kJ mol’

615 LIPT Qeuliud FalLed elFldoTen 2 Hmyeud:-
N,(g2), O,(g) epdweaupmalmbg NO,(g) Carameugnstean Buwin GQeulil 2 6TEhemmn
LTHMHMHH SHTERILSHM ),

%Nz(g) +0,(2) —— NO,(2) AH? =2
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BTD BHSTHHD BHUREaT BMLOUNIISTES SHBHTD. (PH0d N,(g), O,(2) Bembal
NO(g) aumwjemen o meaursdl Wesieny NO,(g) sutwjemeu NO(g), O,(g2) opdlu aurwsseiedmbal

2 _paursHamg. Qe B FwwaurThaselar LgsmeTud deunmler  sHafdgiauore  AHY
QUIOTETEIGEMET  PIMTHE  Fal BHLOUTIRZH HTWD HTCHETHGW CreEF Foeum(HLD,

AH’ew1g1 Qumomenid &enL_déalGumiD.

IN(g) + L 0,80 —— NO(g) AH? =90.25 kI mol! ... (1)
NO(g) + 50,(8) — NO,(g) AH® =-57.07 kI mol! ......... )
(M)+Q); +N,@ + 0,8) — 5 NO(g) AH® =+33.18 kJ mol”

BuwBev FHUULL 2 _sTyausHmsl Curaiml, o1& aldwreaigl BIw 2 LBWTHHdH HHHIUHMBH
Fan MDD

DYSToUS| (b CFWITUPEDD LIV LIQE) DIV6VE LIV [BlensVSITL T& [BIBAPLD GLITUPS/
(Czr6viemSfHLITS  6Tefled) GUoTSHSF CFWTIPDMEEBTHT Gl 2 _6EI56nMm  LOTHMLD

SIINQ B GGG BT GULILIZ_61TE16MM) LOTHMSHI0T Fal (hSOBTNBUITE DIDIDUJLD.

BeieGLoT) (WPeIMUITESS FnmUbCILITAPS] 615 0T 6E] Geuli 2_6iEEenm OTHmSHHeT Blewevd
CBmPIMLITL 19U 16VLTe0T emeToUTEHLD. Y TIOLIBIPVUIBEHESI BMYBIBINVES:  LOTWWIDENL UJLD
urensuy e FOLBSILLTS. AH (90evsr AH® - wmpmd mBluw  Blpsamersaior s
BenL Clumpid Guraps)) @G GLmIoTENSmSE CIBTEVTRIFBBGLD DVVS STSHBLD [B6DL GILIMILD
LITNSB6I60  SBISIIBLILSIVm6V.

@61 eremIeISHHMmeUd SC alufldsiu(hetengl Gumeiml ((WewmBw 2 @ 2.4, 2.5 (peuld)
@eulit 2 eTEnemm UL epeold DieV6VGHI QeulIL@TaFTWeT FHBIWD  cpeold  allendbdld

SITL_L 6VITLD.
A 3 B BHenevsst (1)
TR
'-.Hl':
g- SToHdSlseT  (A) % srsdast (A)
5 T
d \H < 0 o | m \H, :
3 3 :
g & -
. 3 W "l"
eleneeyseir( B) eleneneyseit(B)

(a) (b)
2 (5.2.4 H1HEdH A @ eleweniey B wrs wrppwenLujd ypQeulugd HTEHBHmB
8w ausefl@mLrs wrHowCUTEk gouBGL Geauliu 2 _6TEHmD LTHDEISET
GwBev sHyULL (HeTeng).
(a) Gryywren wrHow (b) fev GeLPlensvsamend QaTewiL &HLUIYFOFWIET(LPEHD

52



&.0ur.3.(2_/5) @raTwend: VG 5

2 m 24 - eagelar elduiest gnmemm eluflsdama. sradser A, elemeneyser B wns

wrppwenLwjd Curgl gouiL Grss Geuliug eTenamm WTHOLD JFH R LIQulsd DIe06VS
B(HLIGHEMEL BIGLEVG] LIGV LIg&E6Te0 HaB&HSHUILHBLOUTLS gouUBLD Geulie 6TEmenm LOTHDEISET
go. eaeled Geuliug_eaTEnenm aufliuLGH60 BTHHBEHBGID 66061615 61HE &L 60T
FryBlensvenwl Qeaulile eTepenm IMHMLD SHpal BHUGHWITEGLD.

Qeuliue_6TEpemM  aUMIULSMmS GBeuETLIQuIeNTH SIEMOLILSSICPEOLD & 60TE 360 56w 611
BumGsmeTeneond. elaflaid SiFHemen Ws eaflewwowinad QFWusNE@ @ (We»MW6wI(H.
SIFQFWSI(mMmW  alleNEISECHTeTOUSNEG Ceullu@IeTweF FoHsrw S6p  STLiQuieuTy)

Bapemaulii(hdamgl. @mIBs H1éHd Am B wrs wormmeusn@ QmUTenssel sHSULGEGIMESI.

ureng |

BIDHB BT | (A) - — afsnorayma| 1)

\MH AHh .-&H/:/
A

TN | 1l

A = AFh+AH:

2 @ 2.5 Qeuliu QIFTWIF FHBFLD

Oaulil @rFTWeF FHEIHmS aumyub QuTupgl Weeaumn dMamibseosanenll erummieals
(PSEWLDT G LD.

W V60 Qeuliue_eTEpenmTmm  STeRlIUL Goauswiigwl HTHHHIHMBTET BT DG 3 6060l
a(WFHCousmi(bd. DSHFHILeT b bGHOuler 18g AH @ e1wpsHCeusmi(hd. Llesten] eJemestul
SHTHBEIBMET Qoulil BUISHaTUI) HHEUOBEHL T DisieUenTLL GHHe0 CFTHgI Qeulin Gramulet
(18 ald)) au' L Hma goUbBHBHa. Coaid CFHfbs GeuliLeaTEmenn LTMHMHEIGHEN6T 616U
LOHmOU  HTHBHEIGBMST  SDLSGHMUISTBLMD 6TpHaD. CBHTLFFAWTET  DIDLIEDEHMSHETHL 63T
UMTLIL HMHF GlDbGH B[ LITENSHBN6NT SIENLOUEIE6T. 61HTH HemFuled GF6OID DILDLIGHMISH6NT
SLLITWIOTS Q(HHDHILTHI.

Guaid, DEGNGHS HTHHHHE0 FHUBLD (Lped elamtanidamaulamed OFfhad GameaTemiul L
Geulu 2 _6memHenmi GUILTETERIB6T GCLHBSULL Gousti(hlD. 2_HTT6IOTE @ (P60 LISTTHBHHIH6
(smue) erflewasuled  Blw sHoem Qeuliu 2 eiEmmml QUDILTEID DISHHTEHHHHED FHLHLD
USTTSHSHSHH (STueiler) elped eTewieniibend wimed OUHEHSILL Gouami(hld 6leTLmNS  LOETHIM
O=meiten Gouewi(hLdD, BGHI FOSTUT(HBEHL T dnlgwl LFFeimisenen HToH@GHWD (2_STTeusHemnDLl

umyssa|b) Gurgkid &L LTWDTE 2 eTeurmisl UL Geusmr(HLbd.

2 _Huyewnd: 6105HEG BHITHSHHMBTE Bl Geuliue_eTEpenm THML Chemeuliul L6,
3C(s) +4H,(g) —— C,H(g) AH?=?
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eTeueuTm) BID QFHTLIHEH OF6veug) 610 @F el eIWHRIMGHI. BID  BTFULSHMHSULD

(graphite) marsmeIub SHTEHLMLWEF QFUISTD SPHene HTHHCL BlHUD. 46TT60
woIlQuDTEl. alemene] LmUGUeTTES L (HLD 61606M6VLILIGSBHULLTIO60 Goumi Ly |M&HGTTaETU6T
HEHD 2_(HEUTGLW. 2_esienGweiarGeuaied BT ChygwiTs BB FnmULLL HToHHHHMET60T
@aulil 2 _6TEHEND LTHMSHMS DeMSHBWPRWITH. udeors Grfled (empuled LFGFTHMe
Fhuwire Minotesiss AH? GQumuoTehmeNedhibs Chifled (Lenmuisy HeigHBm6N GLOTOBTETETEVTLD.
@mBs o1& ol OQumwene] (poHdlwszseud QunESDal. Gmbrmen (WPenmuied SiemaiL
wwtgs AH? Qumotensmss SalUsHE& afsT (HEaGImal.

Geulu 2 _6MEHemML GQUNIOTERISHMS 615 alHenwl 2 LBWTHGHIH HiewleubNG HTD QUT[HSHSHLOTET
@ratwens gFwauThosemen @aiml BFjoHsGeuewi(hlD. FMbd SYTWOULTEHS STUULL  HH60T
BHTHBEIBEHDHEG GOUALOULL FTeHEUlET @ cpensd DQLLmL WTHS CaTasi(h QIFTuleF
FLOGTUT(HBHENET 6T1(LOSHALD. HTLT - MBTFT - QL dFer CFFemeusalel HHed HTHDHMEIHMETH
s(hSHHM OsmerEpoOurwg almera) CO,(g) 210 HO() 210 op@b.

Suirflensengdd STUUSDSTET LUTeNG LI6T6uHLOTN):

C,H,(g) + 50,(2) — 3CO,(g) + 4H,0(l) AH?=-2219.9 kJ mol"! (a)
C(s) + O,(g) — COLg) AH’=-393.5 k] mol!' (b)
10,9 +Hy(g) —— H,0() AH?=-285.8 kJ mol!  (c)

(a) sréssdear UaSIWss SHTHBLD
3CO,(g) +5H,0(g) — C.H(g) +50,(g) AH?=2219.9 kJ mol™! (a)’

BTD SauaibFm OCaTeiepd sTéassHneTan srasssr C(s), H(g) omws smsiGeurb.
@euQsuTalengid QUIT[HSSHLOTET (LpeOBMm6NL GQuMIuSN& BT Fweur® (b) | 3 eI,
goauth () | 4 gpeb CumHeHsBeusmi(hLd.

3C(s) +30,(g) —  3CO(g)  AH’=3(-393.5)k]  =-1180.5kImol’  (b)
20,(g) +4H,(g) 5 4HO(g)  AH°=4(-285.8)k] =-11432kImol’  (c)

@miEg Owrgs wrppew eluflésiuGdamg. 3 apsd C(s) 21b 4 aped H, eurwed
srasmLbal @6 wed CHJ(2) o mardamg. @si6n bBwésGs Chameuwrer wrmHLD.
SUBuUTEl LTHPSGIDNGSLULL (pID] FOTUTHSMNMULD Fnl (HeubHes cpsvd DiGHTeugk (a)’,
b)', (¢) SpFweupeny @epenewTIGUTLD.

3€0+e) + 5HOt®) 5 CH (2) + 504 AH?= -2219.9 kJ mol” (a)'
3C(s)  +3048) —, 3€O6LD) AH?=3(-393.5)k] = -1180.5 kJ mol" (b)’
204g) +4H(z) ., 4HOfte) AH?= 4(-285.8)k] = -1143.2 kJ mol" (c)’
3C(s) +4H(@® ., CH(g) AH?= -103.8 kJ mol"
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BwBev 2 _sTenengd Geulll rFTwenF FoHBIHMmS 2 UCWTHEHIH HTHH60.

AH
50;(g) +3C(s) +4Hz2(g) ——» C3Hs(g) + 50:(g)

3CO:(g) + 4H0(D)

AH = 3(-393.5) kJ + 4(-285.8) kJ +2219.9 kJ = -103.8 kJ mol"
Gouli 2_6riepenm udILL G0S 2_LIGLITSISSIS DISSMID LITHIBISISSHOUILIBSSID:

ReU0EULILIAETEHEND UMTLLHMS 6UMTHHIONTEETTLD. Y6E0T60 6T6wTOLIMILOTEIBIGHENT GEITENMULD
SFFe0 GHMBHals0ame6v.60aaNs0 GeuliueayaTenemmuist (H) sellumioTambisamend glewiwl
(WwItgl. eeueuTmTUlmiD GeuliLiesTenemm Blamevd OHTONUTH 2 _MLWSGTE0 GQeULILe6TEHeHM
wrmow (A4H) selliu’ L (unique) @wioTHDEISEHL6T CGFwsoTHmeLTD. Spulanid Lo Geum)
BuwieolsEnLesT SLTUl Lemefwmal yFAull QUDIDTeTSHme s QBTelghoHaHe0 LILIENL UISHTS

Sienwujd. QumIoTETHmEHd CaTesnt(heTengd).

H/ k) mol' Yk mal”
‘ 30 (s, graphive) + 415(g) + 50 g) ‘ (s, graphine) + g = Whig)
AR, < <104 A, - 104

Formsthon af 3 O Fermsiben of 3 COLigs

Callu(gh + 5 Oalz) AR, = 3 (-393.5) Calfulg) + 5 Onig) ABE, = 3 (393.3)

-1180.5 —_— e 1180.5
#.‘-l Odg)+ 4H.(g)+ 20, ICOE)+ 4R+ 20408
\H_=-22199 ' bt AL, - 22199
Formatlom of 4 MOk Farmation af 4 M {m

AM, = 4 (-285.8) AM, = 4 (185.8)

=1143.2 1143.2

‘r SC00(g) + 4 HO() FOOa(g) = 4 H001)

(@ (b)
2 @ 2.6 3C(s)+4Hy(g) > CHy(g) eai@id srassinsrar QalLalaiEhemnm eaengLL LD
(a) @G GFLAIIPMDMWULLD STEEsH HmFuLar (WanBw Seunner GeuliLieeTenhenmL
QuuTATEISMETWLY GNSSTIMSI.
(b) Geuliueysiiemenm @mLGeusflenwis ST (HESM. DSHILET BrdssHHaT Caheneuwlmen
HmasE Qavmis Geauliuaerenammuiea GilufenL mBmTD Hjwreallssomo.
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STHSHIBATHT BUld STHH AILILID _GITEHNDB

R HTHBHH HTHEBEDHLD, alenena|seEnd B Bensoulsd BmeEGHCUTHI, DSHBHTHBHH6T
Gurgl, gmuiBld Geullue_eaTEmenm WTMHMD B HTéHE Gl _aTEhenm OTMHMLD 6160 [HITLD
sDOETGTD. SiHemen AH’ ooz AHS  eiend  GpIiILeomd. Bluin Careimed GeuliL
o eEpenmullst LNFsw uweTUT(hsaled @&Im B HTHe GeuliLe _eTEnmmenuls HemiliLsD

BT (GLD.

2 srysmnnd 2.1
Ggmguid GmaTuBmmmar Uflmas sTéssHHar Buw HTes  Geuliug 6l EHmmenulds
sEIlLGNE e1geler aldemuill uweTLbhSHSHIGuTD. Geugiliuaisg (baking) SIILEFGFTL Tene6u
o LBwAHGWOUTEH BHOLOUDILD @ FPu HTHBHLTGLD.

2NaHCO,(s) — Na,CO,(s) + H,O(l) + CO,(g) AH® =7

rxn

alemi_:
agalar alHuledmbEH BID BHTEGHIQUISTS SHLLSE 6TaTaTGoumled LS [HT6E

FoauT(haEpd Fnl LUuG Gurg CuwBsoujeien HToHeHMBDH SH(HLD 6TATLST(GLD.

2NaHCO,(s) — 2Na(s) + H(g) + 2C(s)(graphite) + 30, (g) AH’=-2AH f.[NaHC()} o1 (@)

2Na(s) + C(graphite) + 3 O,(2) —» Na,CO(s) AH?= AH [ o, (b)
6
50,(e) +H(g) — H,0(¢) AH?=AH 1y o0 (©)
5 0
C(graphite) + O,(g) — CO,(s) AH’=AH o, @ (d
2NaHCO,(s) — 5 Na,CO,(s) + H,0(l) + CO,(g) AH® =27

gwaiur® (a) 2 apsvsst NaHCO, aipean apevsmisaled®phal 2 heutamgl NySbldssiel
LUGSBID BTEESAM U(WeSSTESDTGD. (a) srobssda AHY, AH?[NaHCQ;(s)] e A
L mISeT WampOupIoTeoTGLh. gwaurhssr (b), (), (d) womCw @@ apsd Na CO,(s),
H,0(¢), CO,(g) apdweupient Caraimed GQeuliugmss GmisHams. @mi@ Foubsiul
QHBGWD STEBHHE AH’ & 1NSeUHOTN FameVTLD.

g
+ AHf[HZO(l)]

= (-1130.68kJ mol™") + (-187.78kJ mol') + (-393.5kJ mol ") + (1901.62kJ mol ™)
= 189.65 kJ mol' [2moles NaHCO,(s)]
=94.8 kJ mol"' [1mole NaHCO(s)]

0 0 0 0
AH', = AH’ + AH Y o+ (20H

[Na2C03 (S)] /'[NaHCO3 (v)])

56



&.0ur.3.(2_/5) @raTwend: VG 5

Qeuliu 2 _6TEpenm  euflliuLGemngd 2 uBuTdleHg 6&F OCFWUST(PEMMENUI  LDEDT B 6U0T630TT 60

UTT 5B IQUIGTES 2_6TTeNgl. IASHIL6T Qeuliig_eemenmuisst Hlens0shoSTIOMUTL I9uIsOL] 6TeleuT)

SIFFOSUTLML DML 2 _FH|EMGH 6TTUMBUD BTEOISHInQUSTES B(HBHEMSI.

Gamguwid & sTuBsIMPe Nflemae @mugseilsd BaWHEImG 616ams BHUMmeT OFUIUBISET.
Wseomd uuiled @ uTSHTSS0 2 eiten 2 apsd NaHCO, dflmswenL wiu@Goourg)
GuBev 2 6o Fwaiur® (a) ulled 2 eemeurm 2 cped Na(s), 2 apsd C(graphite), 3 aped O,,
% we H, @ o pars@daipgl. 2 uguisd (b), (c), (d) opdlw sweaiun (b @hasslamis
2 apsd Na(s),2 apeo C(graphite), 1 apsd H(g), 3 apsd O, opduemen CFjsmawemL B
AENEMEYBEMET 2 _(h6UT &GS,

g 1. 2x[NaHCO,(g)] — Na(s) + - H,(g) + C(graphite) + 3 O,(g)
AH? = 2[- AH‘? [NaHCO,(s)] = (2mol NaHCO,) -(-950.81 kJ mol™')

g 2. 2Na(s) + C(graphite) + 3 O,(g) — Na,CO,(s)
AH’= AH 7[Na,CO,(s)] — s [1mol Na,CO,(s)[ (-1130.68 kJ mol"")
C(graphite) + O,(g) —— CO,(g)
AH’= AH 9(CO,(g)] = [1mol CO,(g)[ (-393.5 kJ mol™)

Hy(g) + 1 0,(g8) —— H,0(¢)
AH’= AH §[H,0(¢)] = [Imol H,0(¢)] (-187.78 kJ mol"')

Qeuliu 2 _6iTEHenm LTOHMW Blenevd OCHTHDHUTHMLWSTEGHWD. Gwevd mHenevdosTnuTh
2 _mLWeamled gmUBLD 6IOLOTMMLPLD, DOTHOLD BlaPWw UTmHUTe0 HmISUlHLUILSe0m6L.
OTHBSH HTHHHHET CeUlL 2_6TEHenD LOTHMLD, FLOGTUT(HS6MEL STLIQUIBITD] 618 6IHHE0IhIS
@euGeur® UyHefaigid B Geulil 2 6Tehenm WTHNSHET gl (e CHTMHWITS LB,
3,586 BGBev 2 _eiten QFwei(penm HC GFTeLeVILL(HeiTen B FHTHsd Geulil 2_6TEHenm

romeHHDBTET QuTgl CHTLIIST GPHH NFGuTsLomGLD.

14 _ 14 14
(AH xn ZVPAH [ (products) - ZVVAH f(reactants))

vyo b v.o b wonbwu elmaaseiaigid sréadlsaiagid TFoTas @ e6asmIEeT@L.
aleneneysaie QTsHss CHTamsd Ceaulin 2 _ealenenm WTHMSHHhHbE HTeHE6flar CLoTsHss
Bxmeaiimed Geulil 2 _6TEHenm LOTHMEHMSBS HWNHHTe0 QUDUILGIE SHTHE Geulll 2_6TEnHenm
wrHowTGw. (AH’ SooGeouenensefied AH !’ sleeyd 611pSLILIBLD.)

GTEMEMLOWITEN 2 _HTT6wIoNE @(h HHHICHTL HTHEHLD QETMMS &H([HSDIS5.

aA+bB __, cC+dD AH? =7
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Aesteusomm Syliu(bLp.

a, b, ¢, d opdwen isme (GEUBBIGMTGD. B5HTHHSENEG AH’

rxn

AH‘? = [CAHgf[C] +dAH€f[D]]_[aAH6f[A] _bAHef[B]]

rxn

AH’ = sailusng BB SIUulL STéEsSsmaL LWEILGSHIDOUTIDS, DiSSTHHHEH60
urIGuUMMID BFTemeusserilest AH;)- QumiorerkiseT OFHfhHHmbHe0 Geusmi(hd. SUIGLMILOTEIME
BHM6ENG FHlewleudn@ Crymer QFWSIpenm ev60H Crysveuns (CrHymTe Revevrd) CFueTLenHM

emwill yCGuimeldaeumid.

GopyTenr G\FUIGIAP6B

Bupemnmuiled FBFTmauNUW pHGID (PVBEISTNNHHSH RVGaTHSH OFHTEGHEHHHImIQU
Baijemeusmefent AH? BSHHNSESGSU CuTmSswrag. o sryeiors CH(2) seaiomsed

snaasder AH, seiiusneg C,H (g), 0,(g), CO,(g), H,0(g) aydweunder AH ? QUDILOT 6V
&6 Bl Blemeouled SienssliuL Gouewi(hd 1606v&HI OB FIbH) (S Cauesti(HLD.

2 sryennd 2.2

CH,(g) @1 samsdnster AH. seilliusnE (Grymen (wemm)
srésn: CH(g)+ 70,(g —» 2CO,(g) +3H
AH® =[2AH’ +3AH®  1-[AH® +IAH’ ]

RED FICO ()] FIH20(0)] /1C2Hg ()] f102(2)
=2 x-393.5 k] mol" + 3 x-285.8 kJ mol™ -[-84.7 k] mol" + £ 0.00 kJ mol']
= -1559.7 kJ mol!

GCBf'evevTdH NFUIGHI 1PN

U0 HBD6aH6aMeD BI6V6VFHI HTHBMEIFB6TD CFTMEUBENET DIBHMET DLHGHWD (LPEVBHIGHETE(HHH
Crygwras OCaT@GHISWRWTH. v Haweseflsd, HTHsEIENT WS OLHEUTS Bl
SQTEMLOUML WISTHOID DI6V6VG| LISSSHTHEMISeMTe0 BHTD alHwyL CFyemeuwisosons Goum
Bryemeusemen 2 _(HeuTdhGauGTHD &Teulu(bLl. QF FHHTLUURIGT (WHelev aflufls & &l
(SurrszilguAH_? agaler aldsdemmia Criflebeons (Wemmuled glewiwliu(HLD.
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2 sryewnd 2.3
H (g) @1 saasdnster AH., & GCofleoeors wepemw 2 LGWTHSs5 sailbsalb.

aTemL :

®Aa BEIE6T FHBenaled FhHHGW 61dF aldHule 2 uGuirsLd.

@z SC 2 6Ten AL LGHH6D, HTHID HMLWITS 611IPSLILL (HeTTeNGl. DiSHHIL 6T BHTermed

Qeulil 2 _6TEpHemmL QUOILDTEIEIGNT FHEIHMmBL LTHdH CFuieusnGHs CFobalill (HeTeng.

0,2 Lemen CH, @1 sreassdnsne e aldules oy

AH,
— CyHg(g)+ 7/20:(g) — 200:(g) + 3H:0(l) *+—_

-84.7kJ nm] 2x393.5 klmaol! \
H"’S* 8 kI mol ’//

’C‘m + W2uE) + WH{E}

CH, gl flegiLan (O,) simLujd sréassdnsna aaals alguila gy

FHHOUTG HNHHNIBHTH B([H LTMHMUIUID SpdH@GHID 616060 GQeuliL2_6TEhenmil QUDILDTEIE
MM 61108 Sieunmemm& Foest QFuwIGeumLD.
-84.7 kJ mol! + AHY = 2x-393.5 kJ mol™' + 3x-285.8 kJ mol"
AH?= -1559.7 kJ mol"

2.3 3smTvs L 2 _AT@HMB DLVl DlWss GFJeneu R eI GHTIIMB6L
ool 2 _aT@henB: GUTedr U FHBYID

SWNTEHBN Fohd, RevsHra BTLLFHSE Spdweunmlar Sigliuentuled 61 (LPLSBMBIGHEN
o mHwmen SWETCFTMOUBMET 2 _(HEUTHEGHID 61681 61HJ6Y FnMEVTD. DWITHBM FHHUILD
BSATIIHBTLLFSHUD 6UTU] DlaUGHMBUTD HmL QUMD CFWET(LPHDWITS 6T UIMIEGHSL
ul_(petengl. apemmev 100 kPa (1 eueiioswin_ev SipsasdHain) 25 °C uleid siwesr Ggieneussit
wimeyib HevoTomimelt. HWETCFTeneubeien Hewio Heneoulsd @G mBlensy (pmmlevid GeumiLl L &HT@LD.
gOaailed HewiosHe0 Qb SHMWETT HMHDH 6TEvT6NTHENBUITE DIGTETUIGTISTTED FHLOLILIL (H6T6rn
SIL 6T LONISHMEVITHAID SHTRILILHLD. Hewwio HEICFTemer Qe GQomTsHs 2 miFHd  Hetento,
6T6V6VT  SWISTHEHBEGHLD QML UT60TET RN FHBTHBHH HRIEWETonCHWSN (h SHHMUIEDIEHEGHLD
R  DISODBSGHLOTE DML HBHTHBHHL HEISUNBHLILSE0M60. DjulesT Hewiod  eesTmlest
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2 MIHGHSHATNHBTET DeTOUMFALTRT Dleai(h DHT FTVBFFHHWTGLD. @H HewiD (6D

SWaCaFemeusnw (PpHmTae  aumTwBlensy Swersenmall Uflé@wCurg gouiBl  Geuliu
2 eaiEpemm LTHMLD FTevaF Fodl ean suamyumbaslu@w. (T=0K @60 smevs Geuliu
2 emepemnpuiet GUMIETIGLD FTevd FoHHWTGLD.)

FTevaF FoHHenwl ChIQWITE DeNMHSWPIRUWITSH, SpulmIid, WaTCFFmeuuilsr &L Lenoli,
Mol FamisEHd CFHFHI WL, DAFCFTemeuwle FTevadF FoHamuid FnBeomdar aldlemul
(Coulomb’s law) e uBurndlgais savidbseonw. dgwmBeomdear eaild Fmmeustous &
SWETHEHSImLuleomen DISHBHFHSH Sweiseler gnnsHer CUmHEBHHHMEG Crialds
FLOLD, DISIAUWISNIBEHBENL UTs0men HTTHHME CHITNONHSHFIOW. (REIG SH60HHIMFUITLLILIL
LOTLLT&].)

WG Femey @M @(h OHTLT LgHeNILTE 2 miLTHaImg sen 6i(BhHHd CHmeni(h
Gmifleveons (pemMuled FTeBFSHHMW HID Flewlweomd. RFQFweT(penm Gumem - euF
FHBID 61601 DMPHBLILMBLD. BFH @(H AWSCFTemeuulest FTevHF FhHenul, DILSTTHSDFHS,
Beogdyes goUed FbF (RHHTE BILL FoHP) LOHMID S, (LPEVSIInDNI EUIOLBETHL 60T
OaTLIYUBGSSHIFaTDSH. g eaalsr aldHamul SgliLemLwnss Qsmemi(herengl. Gumer - guy
FHBID ST Hewod @M 2 (HUTGLOUTSH OFTLIHSH OFOMID LIgHeN6N  6UemY
wmisHSEl. ReOSHLD LBTenTLIgen FTevsFFhbdlenis SHeullUSNBTRT SigHeT 2 LGWITSHmSB
B 6I(hHHIH HTLLEOTLD.

A HWSHDGD YCenTflanidh@GLonet HToHbHmbd &H(HHIEGUTLD.
Li(s) + F,(g) —— LiF(s)

BHTeasHMETer Buww Geulu o eaiepemm wrmmw -594.1 k], @& LiF(s) @er mluin
Capmetmed QUi 2 6T(EThENMUIIT(G)LD.

DIBHMB DpBHGLD CLPELBEIGMNEHHSH Wb GeuaiGoum LgseiarLme @ellsHHwn LGemmenyLl
2_(HEOUTHM6VS BHSHM CBmenEmHOCUTH SE6 elUfGHILLIQHEGD MbGI LIQLPenMEaTNTL TH
SWEHICFTemey @i 2 (HauTGHGUTH gouB FeHHOTOMHMS 65 aldh 2 salujL et
asmi(blpss 2 H6e|HaIngl.

1. Fewio @elSGHWID SLaNWTS LOTHOLD DML USDBTERT LISBISLOTSH60 Lilg
Li(s) — 5 Li(g) AH ‘= 155.2 kJ mol!

2. F(2),F(g) «vs dflmaumised

F(g) — F(g) AH %= 150.96 /2 kJ mol! = 75.3 kJ mol!
3. aurwBleney Li Sigmidbaefllar ouwenmaaid

Li(g) — 5 Li'(g)te AH ‘= 520 kJ mol!
4, AevsHyenet goml F 2 meurshed

F(g)+e — 5 F(g) +e AH %= -328 kJ mol"!
5. Li'(g) 21> F(g) 2 1b @emenigsd

Li*(g) + F(g) — LiF(s) AH 9=- x kJ mol!
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LiF a1 gmevad géd Leeumomm euenyumibaiuLo.

LiF(s) + g8 — 5 Li"(g) + F-(g) AH® =-AHY =-xkJ

AH @ei1 Quuuotengemsll Weteumd wpenpuled saflbsard. QTsss STbsHS B
Qeutin 2 _eiiepemm rdod AH’ -594.1kJ @ Weeumonm 61ws60TLD.
AH’ = AH°+AH S+AH S+AH S+AH

5 ugsemenujd Sal (umepg BT Gumieugkl OLTSHSH HTHSLD
Li(s) + 3 F,(&) — LiF(s)
-594.1kJ mol! = 152.2 kJ mol! + 75.3 kJ mol"! + 520 kJ mol"! + (-328 kJ mol') + AH ¢

AH? =-1016.6 kJ mol"!
eieniGeu LiF(s) @ai1 gmevaaad) 1016.6 kJ mol!

&8 =2 een 2 (5 LiF @mamen Gumei-gu) FoHaIHmMdHF SH(HHHIOTHDH SHHASIMS. LIQH6NT
1, 2, 3, gpfweupPnGHs Fod eaupmis GeusmiguleTengl. MHMID 4D, 51D UYHeMeD Fohd)
QeuelaiuGdama, AHGufw edjiGuprorenors @miusted LiF @61 stwsssd
Ouiflw GrFuGumioTerd. B5Ceu LiF Qe o midsHHaimod@Gd STTenIond 2 _6Tengl. 2 Wj
FTeVBFFHSH 2 mLw Gajewey 2 wf 2 MFPHHIMD 2 MW 61601  [BILD LoTHM
OaxmeTenGouswi(hd. FTVBF Fohdl ILOUTIESHID CHILIGUUIOTRILD 2 mLuwigl. gOaTalsd @
HeWIDSHHL 2 _6iTeT SIWTIHM6T 6uUTL| Blened SjwlaiidenTall 1flsHe0 eIGUTIPHID DisGeuliLg

QFweT(enm.
Li'g) + ¢ + F(g) ;
Li(g)+ Fig)
AN A A
A" A ;
v o 1 = =328 ki mol AHC, AHC,
520 kI mol . g X
Li(g) + Fig) 520 kJ mql’ -328 kI ngol’
M Li(g) + F(g)
ANC, e W )
i A A AF,
75.3 kJ mol = _1016.6 kJ mol’
Lifg) + %2 F.g) AH", AH,
= 155.2 k1 thol” = 753 kJ ntal”
? A, AR,
= 155.2 kI mol” -1016.6 kJ mol’
Lifs) + 1 F.(g) Li(s) + % F{g)
ﬁf:lrc',:u:.,, AR 1 p iy
= 504.1 kJ mol” =~ 8041 kJ mol”
Cinecs
LiFis) Y — v

2 ® 2.7 Gwed 2 _6aten GFTGHuler Gumer eguf UL LLD
(AHZ =-1016.6 kJ mol"! e1emBeu sFmevasHear Uflmas Geuliusysienenm LiF(s)d@ 1016.6 kI molt)
() @pempiuwTer QFUILPEHMBET QIMTHS STLLLUILL (BTN

(b) @eauQeur@m GFweipenmud HeNeHalwTEs ST LUUL (HeTend).
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2.4 Q@yFTucsid HTHBHHIGMNTH FrUITIH6 IH6II6MID

SFUNDOT6N  QAFwssIapsmBHen: LfCFTHeme FHwmer GrFTwensder (experimental chemistry)
(WeHEW uGFH SFWTe BHWD HTHSRISEHLET QFWeTHNFEGDH. UHTeuH CHTHHHEG
OouefGuUImBEHI Fod OBHTLIFFHWTS QIPEIGTION HTHHD BHHLOUNIEGDH. DI606VG
GWIOTS BB SHTHBLD YTOLITRIGHID GFHTOUFH @ STHS (WPOHOTHSH SHTHSOEMLU|LD
QUM HTHBLD HIBIPLD DIeV6VG LOEHD HTHHBD elelet alleneneyser SHOULLTANQE @
FLOBIMEL HlEneLem DMLUD. Q(hH HTHEBLD HUIDTS HBHIPD SHTHSBLD 6161M FnmIDOUT(DSI
SiF SLLTWIOTS elenJoauTs BHHIPL SHTHID 618N HHHHIaLTFH. SUWIOTE DISHTEUS|
seeNFmFLITS Blapw CFwerpenmuier Geulin@uissalwelsr auengalsvssamibHed GnbyLd
RMH UGH QM. @IH SWIDTS HHIPWD SHTHEHD 2 L amguirtsd B QUDEITD  DI6060S)
2 _Lemiguime BmLOUDMTIOD @(HBSHEVTD. DLV (PHMTHG HewL GuMTosd GuTseLTLD.
o gryewions 25 °C uleib 100 kPa oipéss5H0ID meugd SIS  OTHHLOENL H6O
GWITS Bl STHsD. Spulaib e GLogeurs BBHeaBTE0 @ LaTGeaTaT suTphTeled
BOWLTHNGHMS DUSTNDHS (PIQUITSH].

Oaulin Gussalwelsr BeusH@GHeMe0 QEIMTE SMHUUE, @0 G STHEEmen Q6m
Baya@wouripgl &HTHHD HoLOUDIOT 6ler 61HT6] FamisHe0.  QeaulL@uibsalulsd @
STHHD HMLOUMILT BieV6eVH HLQUDOTLLTST 6l FamiGy Sl DSHBHTHHHH 600
Gousd UMY T(HHHIENTHBLOTL L TH.

RMH STHBHHOBUTH g5 CeuellalLlILBHO DSHHTHILD GUWIOTS BHHIPLD ETIILMHE
GBS 61601 @H FLOWILD eTemewwIlILL L Gl Geuliue eiEpenm wIHMEHear AH Diev6vd)
AH? @61 @M @ STHSHHM GWIDTS BlEHIp SpMmened euflari L CUITHIoTEIg D6l
gOemeaied Fev FWioTd MHHUPLD HTHBEIGET LUDOAILILGS SHTHBEIHENNTH 2 616G 6Iellamid
(AH? -ve), usv D50aIiLS SHTeEnmsEHD (AH?+ve) saiaiFmawns hamLQUNaISTES il
Beiteng|.

awwns / saelFmnFurs BHaww CFweaipenm @aimlsd Geuliud  DBSHSHINEHFILIHMS
3levevgl GeueialLuBeugiL et Gsvid 61hATIL 61601 SiMIPBBLILBLD ReTEICLOTT HTFeNenUIs
sHHHM OamerenGeuswi(hd. enbBTLIL etaliLbBoug OBTGHH @6 s11PLOTHTET HesTenLouTest
SenaiLTGWw. ehAHATIT (S) BlensvssTHINUTHmLWG. OHTEGHHUIET 61IpLTMMIS HETENLO
asFsfes epAriTuiesr Quuuoreid sFsfle@n apdHyilssTar 0@ JK!mol!.

R USTTHHHHE 6ThAHTUINHGL L6 SHTTemIE6T LUhIGeNsHame, Guendsmlanso, GeuliLmplensv,
(LPEVEH I MMILILICHLOST,  cpeVSImMPlenL s SeufFd alengsel, H0HH60 GuTainemel. GEIG
@brBlmeoulled stafaTall Quendled Meneowimayid GeuliuBlemeowmevd aluflesiubGaaTngl.

aUTWHS6T 2 W eahIHTIN 2 mLwWHTed SHBUUGEME. GO0 6UTU|d 56N MDD
2 W eprHm QuIHSSD 2 MLWSTS BR(HHHOTGL. HIeumiser Hewiomsanen all 2 uif
ahAHTUT 2 _enLwest. Hyeu, Hewio FHiewlbamasaier Ruibsd e S (HUUTLIgHN 2 _6Tengl.
amm  Qeuliuplemeouled @ cpsd OFlY 2 Geoorasmell @ (psd ey BF 2 ulf
apAIIT 2 mLwg. @ apsd Hraupmy el @wm; aped CO, Blaawd 2wy eabgHyod
2 MLWH. @B USTISBSHST 6hHHTUT  GQeuliuplemeouj el  SiHsfsHaImagl.  Gaeien
(LPEVSBFnMIHEMNET DinF6| BUIBHBLD, HPMH RWisbsD Spduier GeuliLBleneou]L 61 DiHsifobdement.
50 °C ulsperten 5y 25 °C ulgwieimen Blevid 2 wij erbAyinluenLwigi.
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®RF DIFTICNDH HTHBHDHIH6 BHUID 6THHTIT 1IOTBBID

@7 BrFTweasTEsSHE B apHrid wrmmd AS’  ediaid GOHUILLTE GMdsiupBLd.
@pmen B wpevf eHATIIN (B Blemeoulaision @ aped USTISSHS ebHITLT)
Quuorenrisefelhbael Hewllbseomd. eubeumd B wpsv ehATUAI QUEILOTEIBISEMHLD

F&T QFUISH FLOSTUTL IQ6VI6T6N LIFIOTET (&HUISEIGTTe @EIE OuUhoHsUILL Gousmi(hLd.

4 4 4
(Aern = Z S(ailsmsnsu&sﬁ) - Z S(g,rrei,aﬂa,sﬁ) )

AS’  elelLBeug S (SOVSSLILLTS) BlioBlmeouleaeien Srodsen SruBlamsoulsd o sier
(B6VBBLILILTS) 666N H6MTaS LrHmULHLCUTE UGB 6ThATILT LOTHMOTGLD. @ HTHHHIH60
deorensamasun, sThdsar, ealemeneayser pdweunmer GQuends Bemevenwud &(hHeHHm

Qamemi(y ASY

rxn

@M oFPswons wHWIEH CFUWLUGIEDEH. CLTSHEH 6uTu| LPEODH6TET

ciemiemNEMmS SHToEdHeT alemnereuts LIHPILGLOUTE SiFsfdsTed AS’  GCrIUGUDILOTEID
2 MLWHTE RHBGHOWaT 616y Fmmpiuib. alenenasel STodlaefend 2wy embAyind
2_OLWENEI. LOMIGMEVWITES UTWBen6e0  allenemeseafe cLp6d  6lamwlelbemd, 6UTUHEmevd

sraHsenen savaismaulad @Gmmeaurs Rmudear, AS’  GOuih wopwurs SHSEGLD.

2 srysnnd 2.4

mHIF@ID QLAF@ID STHSWPHH BITOILHAUITGL STHHD SHUWITHBIOTEIHI.
2H,(g) + O,(8) —— 2H,0(g)

BHarsasHa abHIil wrHnSHDETar GHmw ey Fams. sissiLar AS’ @ 25°C
ufled sevullds@®.

6w :

MFHTFR, PLAFEIL BT HTHBIPMHMI HITalenwid CsTHeHEIMSEH. @6UCEUT([H (W60 HTHBHHEVID
3 (60 UMW 2 (P60 EUTWSHBENMTS LOTHMLDENL SRmEl. 61nCon FHTHaHHMCUTEH OoTsHs
QUMW ep6d clemianllbemes GmDeumLEFDg. G AS’ @HFHTEBSHNES LOMDWITS
& (HH5Ceusmi(HLD.

Bwiw  apeoy  ehAHIUIL  QuuioreEismen 2 UBWTHHH @M HTHHHIHMBTH  [HUILD
HATUINEDUIS B 6u0T5HSH60.
14 14 14
Aern = Z S(sﬁ]smensq&eﬁ) - Z S(g,rre'sa%]&eﬁ)

= (2 mol) (S”[H,0(g)]) —{(2 mol) (S°[H,(g)])} + (1 mol) (S”[O,(g)])
= (2 mol) (188.8 JK-'mol!) - {(2 mol) (130.7 JK-'mol!) + (1 mol) (205.1 JK-'mol'}
=-88.9 JK-'mol"!
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dewrengdHer suglinenLuied e1dhlife] gamluig Gunsim Hrobsshder erbATUIT LTHOLD LeNMUITS

2 66N G).

QB B1HBSHG FUTSM Samwemw dfleusn@ Geuliue _eiepemm wIHOD AH’ , abHyind
wrHOD AS’ opdw @remienLub &BSHD CaTaTenGeauamiBh. 6wdGS 0HMHHH GuTEID)
R STHHL HoLOUMsSNEG OCeuliu 2 eiepemm (enthalpy) @enmeusnLsaID, 6HATLIL
HBFHHOID DpHTAUTE DIMOU|D. 6TTC6 DSHBHTEHBD HUWTHHIOTS HBHPHE @M. GLOEVILD
Ueteumd @ememiliysanengd Fev GeuliuBlensy BlubHeneidene $p &(HSH6UTLD.

AH’ -ve, AS° +ve 16T QeulILBlenevEEMEVID SHWIDTE [l pLD.

AH’ +ve, AS’ +ve 2wy QauliuPleneoulsd &Wwions BlepL.

AH’ -ve, AS° -ve ST GeuliuBlensoulled HWIOTS BBDLD.

AH’ +ve, AS° -ve oo Geuliulenevsefeuid swions Baprgl. (IaSI(Wss

HTHBLD GWIOTSH [HlHIPLD.)
SHOAVFT FUTHM FHHUPD (G) HTHBIHIOT FUITIH6 FH6IT6MIDUJID
BT UTTSHSSH CUTSIN Q@hH HTHHHHGT HWIOTH HlHIPWD Heteno @ CaTEGHHuler erbHrid
rmmLd, ehHeol wTHo SpFweuppented BHiFewulssiuGASIDGl. Sl HWTSHOIFDHDS

(G) si6v6evg) eTefpTEF GWTSEFHS HeneLOHTIMUTHMLWH. ASHHIL6 61hHTUT, 616156011
o GyenienLujib Renenisdemgl. T sl GeuliuBlensvenwids GHNsHamal. G & TeteupLomm)

G=H-TS

AG, AH, AS &@mndbdsmLufevmsor AGHTLjL]

6UENJWIMISHHEVTLD.

T Geuliumlensouled @M HTHHD HHPWLEUTIHH FOUBL HWITHOT Fobdl OTHMLD

(AG = AH - TAS )

R FHTHHD rIPT QeuliuBlemeouled Hluwio mensvsefed Meud QUTIE gOUBHLD STt
géd DTHOLD

(AGfm = AH’ -TAS’ j

@iy HooGauemenaeiles  AG. speig AG’ elens GPesluGL.

rxn

o gopmeoulsd o eiten FTEBHIDG AG., = 0 wpoypw, THypbd A B
Hemameriland alememujd wmmmid (net change) yFfwiw. wrpm GeuliumBlensouied
DWPEHBHHN FWIOTE STESSHNG AG. < 0, swopy STéEssHNEG AG., >0

64



&.0ur.3.(2_/5) @raTwend: VG 5

2 sryennd 2.5
STUST @ PLMFL(H @LFAFDILST HTHHPOMIS STURTTRLMFL ML S QBT(HbE OIS
CO(g) + 5 0,(8) — CO,(®)

AH’

mn 2

HENED .
(AH { [CO(g)] = -393.5 kI mol’, AH{ [CO(g)] = -110.5 k] mol!, §¢ [CO,(g)] = 213.7 ] mol* K",

S?1Co(g)] = 197.7 J mol' K, §9[0,(g)] =205.1J mol' K')

AS’  op@wanfedmha BSSTEESINSTE B &HWLTSE  FoHITHDSMSHE

aTemL :

Buwi Cxraimed Geauliue_eamenmmenwt 2 LCWTHHH RHHTHHHHMBTET GRUlILl 2_6T(ETHenM
THMSHNS B BubHeneisene S Hemilobs.

_ 0 0
AHZn B AHf (eNemenese6iT) - AHf (Brédls6lT)
_ 4 0 0
= AH S (coxg) - AH 1 (o -3 AH 1 (02(g)
=-393.5 kJ mol™! - (-110.5 kJ mol!) - 0 kJ mol!
=-283.0 kJ mol’!

Buw eihATIII QuuioTemismen 2 LGWTHSHH B BubsHmeaisaia Sp RHHTEEHHM
&6 eIhATU LTHNSHMNHH H6wHD.

ASin =8 g(sﬁ]ansnquSﬁ) -8 g(g,rr&'.a&]&.eﬁ)
- Sg(coz(g» B Sg(CO(g) '%S g(oz(g))
=213.7 Jmol" K - (197.7 Jmol" K') - (1)(205.1 Jmol K
=-86.6 Jmol'K"!
GO

SewragRelmbba adiey amdlwg Guraim AS’ wepwreig. 1.5 cpsd sutuy, 1 cped
EUTWM6U 2 (THEUTEHGH I BTG

AH’  seniiyl Geteumd Fwoeium el 2 uBwrdbs.

AG’ = AH’ - TAS’

= -283.0 kJ mol™! - (298 K) (-86.6 J mol' K-!) (1KJ/1000 J)
= -257 kJ mol!

AG’ wempwitengl. eeiGeal GUIDTS HTHHD HBHIOLD.

n
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oI’ Lousnewt 2.2 A - FOIUT(HH6MIT F(HBHLD

Bés Geule_6TEpemm [ A7y D N Sy H kJ mol”!

r= 7 (sns dse)

B $TéEs Geulil AH? ZZVPAHQ

0 -1
. .. _erAH 1 (@ns Bmeir) kJ mol
2 _6lEHEHD LOTHHLD

Y @ilansﬂmaasﬁ)
(Vp,V, sllenenaseir Hradesn opdueupilet teiome

(& 6B BISHEIT)

o1& 6l @ GFwenwenn U Ugsefi@TLTs / Blensoseri
@TLTS Blawwlurs (5GHHCHTL LyseTH
Souiaid) @ (WpF GFwI(pemmEGLOTeT Geuli
2 6iiEmenm LMMHMLD, @ealGeuT(h Lsafagid Geuli
2 6iEpemm WLTHMSHHET Fnl (HHOHTMmBSHEGF
FLo6u

(@aiaiBuory (wempuln gapler o1& ald) Memevd
GamfpurGenLw Geuin 2 eiepenn  @uisOles
geiw alemena). QHTLSS Benmeoulelmbas RmidH
HenevbGHF CFeOeVID LITENSHBEHL ST FLOLHSLILIL T).
AH (sie0e0g AH? @& QFwet pewm  Blwiwo
Blubsmenseflsd BemLGuDDTL) @B GQuEiTeTd
MmHH CBTEIYHBEGHLD DIsV6VH! GeulILl 2 _6iTEHenD
rPHOHHaT QuUILTEID HTHEW HemL QuUD
urenzuied smIEUlBHLLFOm6L.

HTHBSHHSBTET BIUILD AS? =S v AS? _Sy AS? J K'mol"!
AT THmLD rn Z P feomenoysit) Z rE0 1 (@né dasit)

g -1
,rf,]mwﬂsmm@sm o AG’ = AH’ -TAS’ kJ mol
FUTSHT FHHLOTHMLD i i

0
GWILDTS [Hl&(LOLD AG,, < 0

RH STHHLD FWIOTH

Bald SaTemio AG’ > 0
FWIDTS BBPTH SHTHSLD

FLOHlem6V AG’ = 0
: . : . AH’ -ve, AS’ +ve

616060 QeULILBlENEVEHETNEID HFUIDTS Bl UOLD n rm

2 wj QeuliupBleneoullsd HWIDTEs HleLOLD AH' +ve, AS’. +ve
. . . . 0 0

ST GeauluBlensouled swioTs Be@pLd AH_ -ve, AS, -ve

eTeveum Geuliumlensvadeilad GWIDTs BlapTSH 0 0
+ _
Aei(psdh HTHBD HUWIDTEIG]) AH,, *ve, AS,,-ve

2 _FI D BHIGIIGIN:
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