&H.0MIT.& (2_uily SHJID)

@\ FTUIGOTAILIGD
o 13

MGV HITGV

QAUTSH'B EJFTuIcoTaTuIcV-11

VG 11 : @raTwer Quissailuled
3levG 12 : @rFTWEIF FLOMHleN6L
Sl 13: OleT @ T FTUWI6UTLD

sllehpTens slmm
alghepmear Oapmflei L
Cxrflw =evall HmeusLd
www.nie.lk



@ rarweraflw e
GUGIT[HIT60

sy 13

© Gapdw ®evel BlmeusLd
WHeomd udy - 2018

ISBN :

sllehepTans simm
elehepmer Gapmdeniut 1fLd
Cxpdlw sevel BimieusLd

B\6LBIMN .

SFHLUAILY:  SIFFHLD
Bxdw sevall BimieusLd
D& HLD

@ 6VEIN .

ii



LsnfOaUuTanj BTUSID DioNJHhafedl G\Fuldy

BGxfw eval BNUBSHDITED STELHHMGHD STeoD  Hywmen Hevalulsr alHeHHbesTs
LIQpe»DWTET FhHTLULURISmeT 61(hHHIH OBTeni(h eumSlanadl. Rbsd euflmaulsd CHTLEIG
Blemeowimes Gwevudas euenmIed HWTHUY BHemesr GmBHmen ST IgulaTeng.

BxFw ®60al MmussHer BmeVHHL L alhHHHD Guoaler) CHFul L6DDHem 605 BB RISV 60T
urL Blyemisgleus Gelsr] wnmib Sieiueudas uTLFTame LAy @Gomuww LECwimy
SILEEW Gmdammed e Gevdlsd alenkIed SWTHlaaul (Hemengl. Oemeaied Eela6HITeOH6IT
2017@60 Siweou(hHSUIULL YA urLgd HLSHHST sr0emeouianien eSS LILL (BTN
LOTERTEUTHEIT QAIUTHTE RHIT60BHMENT O (Heu e eLpeold UL aIL WBIGE6T QBHTLIUTS DIH6TM
Oxefleurest alensasHmal QuDMIs OsmeTen (Wiujb. ACHBeumen S FFWITHET SGHement
QUTFILILSHET (LP6VLD Fnlgul IENEISHHMETTET HHMEL - SMIGHHD OFwLDUT(HBM6MI GUNIEUHDBTH

SRS FHLEIBMmT BR0GUTH QRUOEIGUBSHHD QBTeTen (LIguiLb.

@6UUTHTET  6UGMBT6VE6T 2 _RIB6T MBBEHHE HMLSHF OCFuaugng o FHalw Gzxdlw
&6e0al  BMeUs IVIUDT (GHLOTD MM  Hevalliyey UmSeTlemU  BHeodw  Qeuerileumi]
UTL Benisgieus (GTON@GL 616015  UTDSHHISHEMETUID  LOEIOTIHS UTTTL (HoHSHeN6TULD
Oz flelsais CsmeaTdleaGme.

seomBlF. (Fmwd) T. A. R. J. GGy
UeRLILT6TT  [BTWISLD
Bxfw ®60al Blmieusd

DB HLD.

iil



LG OUTaT) SieujHaiedl GVFulg)

2017  wped @evmimauler QuTgIs &evald CHTGHUID &.0uT.d. (2_WIHJWL) @60
(PSP UTLSHEHL L SHFHeT @nenpliubpHsUul L. uSluurs FrenwssliullL HemneveHSHIL L LD
aleneneuTs HenL (PenMUled 2 _6Tengl. Qbd UHW Hme0sHL L aul LHHe0, UTL 26T LD
o (HeurssIUL(heTengl. &.0ur.g. (2_wisy) @0 Ouendaaiuisd, @ygmweraluled MHMID
o Wifluied UMLEIGEHHSTRT UTLSHL L HFelwmiset eupmisiul (heTenet. (Lpetener SpFfluwiy
aifleyenriy euflsr sl udeors yHw spdflwy eudlsmily sinpslu®GaHSIUL (HeTeng).
@6 aleneneuTd HHMED - SMIHH0 (LPeHOUIWelsd, HIIH wOHMID Sl gsd GOIILg
Hbd LIPOD dHTUTTSSULGEIIDG. UHBTE AMpalubBHSIUL (HeTen pSFluimdaTen
ol iguied smom CumiseT, SpFflwisEndE SHM6L HETL L 60, HelliBEH6T LOMMILD
AHIIHSBET 6TETLSTOUNENM  GULDMHBIEIU|6TET6T.

(DTS HEMVHHL LD Si(LPpeLTSBLILIBMBUT, 2 WTHT 6lEhEhTarll LML BisEhHE FJaBsHs
FHUleL SmISHFBBUULLGIOTEn SpEISe QMO UTLl YHHBEIHET &HINEIHITe0SH6N TS
SN WsUUGSSUIULIYHBSET. Caumiul L UTLHTe0S6T @enLBuw urL el wkiseT OHTLJUTS
(PTERIUT(HBET SHTEITLILIL L DLOWITEYILD 2_61T6TH] HMEVHHL L HH6D 266N SHHeNEH 2_61T6NLEIS
Geuemgiigws  sTeemELLILI(BHHL GBousmwiy @HBHSHmwWTed Gouyll YsHsHamiseiler uwetur(
S F LT BEHS G LTI HEHBGW QUTHSHLTIHTE Simwealsoamsv. Gmuiy
UrFflenensenen BmiBeT GQeupm O&meTousmnN@® @b  6uenbIed OsTeni(h eugliuLl (HeTeng.

@BbHS UMHTELH6T FmIB6TD, SO, Spmdeod pdw Qorhsaied denLdsll CUNFEImG.
LOTERIEUTHET LUTL 2 6oL SdmEsmen Hogl 0xfalnE mw pmidleoGwmPuied, Srul
QmPuied alenmidld sHUSNE UTUINILETNGSSTDSHI. DSBHILOT 2 616 HMevd H L HHMEG
TV ILBSBLILL Y (hHH60. Qe ReGermy HpUIweoum@Gw. Hme0SHLLSH0 6IHTUTTHBLI
updern woHmId LeOGaMILL L suenmiEaflsd SmHbaH HILLUULL UOSHT euensL QUITHSHSHLOT 60T
HBEUVBEM6EN LOTemTeUTHEHLD SpFFWTsEnd Qupmis Qsmeten euTwiliLefbSeaImg.

BHSH 6UGNMHITED LIVBMEVHBLOBHHNT LTL BILeISHSHIEUD COBTERILUTHMTID DigiUaiedsd L
apdflwiseier oemiuflw umseliyLer epalul (B, Capdw Heval FneussHer SHsoal
SIVI6UVBET Fenuulegid GurensuuIIGID Sieiod QUDD UHEUBETTED @emed 2 UWITSHILD
Q®TeniLemeu 61601 DBISHTILD CUUISTN).

seommidH. A. D. A. 19 Feveur
LiewsnIum ey,

ellehEb TSI,
Bxdlw ®60a BIMIAIBLD.

iv



SMNDHIL LD HAD

oMP ST 1L 6u:
seomBd. (Hmwd). T.A.R.J. GeauBssy,
UeTOIUT6N] [BTUISLD,
BCxpdw ®eval MBimieusid.

CuBLITFemal:
seomBSH. A.D.A. 19 Feveur,
uewtILmeny, 6ehEehTeIHHImM,

Cxpdw ®eval Mlmieusld.

Hm. R.S.J.P. o GUGUTYI6,
(WpSTEuTTe0 Uewiiiumeny, 6llehEhTendEHiemnm,
B seval MBmieusLd.

UTL S $H606V6NIDD HIGMID:
Hmodl. M. S. alsdSywdns,
2 geal alflemyureny, alehehTansgiemm,
BCxpdw ®eval MBimieusld.

2 Siadl USS Sap:
Hm.L. K. auGs,
FCragL elfleyewywimeny, 6lighehTeoHHINM.

. V. @yreg-Cpeue,
o _gal alfleyenywimeny, elehehTarshgienm.

Hmwd. G GP.S. GQuGyym,
2 _gal elfleysnywimeny, 6ilehEhHTerhaHIenm.

SIS ST GHap:
seonpg. W. M. A. T. uemiLmy - AGresL  elfleyengwimeny, GraTwieteluleodhgienm,

CGuprmemenl UIHMVSHIDHBLD. (v - 11,12,13)
sTBIg. A ad&aEmSyTWT - ACresL  elfleyemywimeny, SFFTLEIOILOSSHIHMD,
HoN6¥ll LIVBMEVBBOHBID. (Slev@ - 11)
soMpIFl. Liaflaasr aaieflluryredd - ACrasL elfleyemywimeny, o usyewt Blenweowibd,
AyCGuira  elehEhTandhgHiemm,
1 QWMTHSIIYTL LOSMOVSBPHBLD (60 - 13)

Qauafwsl UFSLS Gap:
Guyrdflwiy. S. P. Qzyeniwaseo - ACregL Guprdflwy, @ysTweIsaiemnm,
1§ QWOITHSRIYTL LIEOSHMEVSHLOBLD.
Guyrdflwiy. M. D. P. 9 Qamedgr - HByegL Guymdflwy, @yFTweibgiemnm,
QaTIQLOLL LI60SHM6VSHBLOBLD.
Guyrdflwy. H. M. D. N. Iflwps - HByegL Guymdflwy, @reTweibgiemnm,
CuITaHmeIL  LEHMEVHBLPHLD.
CuypnAflwy. &s&zsHasT SlwaCs - rdud), AgGwnas elehepmen L1,

f QWEITHHRYTL  LIsDSHME0HBIDBLD.

v



Am. K. D. upgiev @lomy

Howd. Sslar OpsHHEian

Fowd. s DSSIGsMTeN

A. S. FeOemeLBTH6T

Qge0ad. S. Gougpinierenen

B®dwd. N. Hdbroydbs]ys

Qgeval. S. rrmsiemy

Qgevall. C. A. N. GQuGyym

- 2 Fal OLEEUIWTENT,

@oval Qeueui’ (hd HenerrbE6rid, 60 DIMIDFE.

- apfflw sG] (@uiay),
Quemiss ®e0eVMfl, QaBmpy - 07.

- 86regL opAflwy, dymmud waefl] elsbduwmsowb,

Qeammiyevor.
- SGragL o Aflwy,
Bha waefll] HeOMf, Gsmupdy.
- SGragL o Aflwy (@uiey),
Bha waefll] HeOMfl, GamupLdy.
- SGragL o dflwy (@uiey),
Bhals oS, Q&sTIpLDL.
- SGragL o Aflwy (@uiey),
yells UdmBmierd @eveumfl, G&mpoy.
- fGyedL  owdifluy,
Beeuyay gmeired Heveumfl, QML (He.

Hmod. WK.W.D. grelsr wwrgeal - ACyegL oL Aflwi,

(weedid el HeOeMfl, GamupLby.

Amwd). HM.D.D. sisr GueailCs - HBregL o Afluiy,

GFeval. ®eom BIOFHeuTwISLD

B(h.5.0F60 udh GLT§

B(m. 6. alla G et erd euiy eor

alasnyoaTCsal waefllj aldsdumsound, @fugsOsmL.

Quomy Gnjyrig-

- 8GyagL oy Afwy,

@bg waefl] @HeOMH, wWTpLLTELD.
-F6rag  opdflwi,

wsHw  seoarfl, HeNOBTEFS.

-HByag  SpAflwy,

yellss GBmalt seoerifl, HmGsmemioemev.

QuomfF  AFIDEMLOWITHBHID:

F®. & WHHISGWNyFTL,

H606l DIV Feml, GaAw @evel BHmIeUsLD.

AP DI DL UJID 36301 63T UIT & B APID:

Qzeval Spipsd eTuyd

QFedal BENsILewID &FbISyaflum
GQzevall @rreafmisw sallwmgsef

B®. BOLogaT HIOITH e

BxAw Vel Bmieusd.
DIGDIFJ 63)6301:
Smwd. ugswn  afyeuys e
Fm. WESGNM GeauedLiLigw
Fm. pehdFs SWealaTF

vi



2 ATANTL & BHID

uesiiliumeny BTWSSHHT CFuid
uesliiumemflest QFuigh
BMOVSH LS (&P

SIVG
1.1

1.2

1.3

1.4

1.5

1.6

1.6.1

1.7

1.7.1

1.7.2

1.7.3

1.7.4

1.8

1.9

- 11
@reTwer Qussalluled 616w 6T B (. ..

M STEHHFIA HTEHOIBID...............
STHHATHUPLD LTFOTEIAPWD . euvenernnrenrennen

STHBEIBNAT  HTEBaIsEIBMeNS SHjwTaflasl uflGaFrsaner

miLumiset (Experimental techniques).......

R QrFTWNS TSI HTHE aissmSL UTHSEGLW

(QFedounsdGHF QFuHGHID) STyeilsei.

@rFTwens STHEEISMST SHTEHAHHIO HTEHHMS JDUBSHSHILD

asnyenll Heflar allemenemeu (ellect) alendas cpovsampm Busss

GamiumLienLll (Cumrgiemasd GaTLUTEH) LWETIUBHHO.cccvrereeuneenenn.

Bomme0d QBTOTENDE  (BBITLLIT(D) eeeererrrreeeerrarrrnreerreserrereeersesssrereeesssssseeessssssssaees

QurmapsoTear enaled Srodlseflal OFpleneus 6 WITEN6U 6T

e @R STEEHHAT STHH NBHMBHBLBLUUBDHBHE0ceeceeeereeeerenen

RMH BTHEHHHG HTEEAIHHMBH FnMID (LPMMEB6ET FITFF aiHD

BB AIBID QBT BB OIBID.cuvrerrreerrerrrreerireerrrernrersreesieessssesssseesseessees
FTHH MHHHD CFMETNET ATOIMEU..eeerurerrreerrrrirreerireerirersreereeesieeeseeessseesees

uFAw, (psHeomd, RUeRILmD euflendsd SHTHEEIBEDHDHE CFMe|L 6ot

FTHHGH LTHMHHIHBTET UMTULL LNFHBBGHBIOUD. ...eerreerrerererrreeneeannns

FTHH6IEH LT WLOMID [ HTHBHH 60T

FHITANUID ANOBET (HTEBOTH ANGEN)eeeeurrrererreererreeeerreeereererreeeesrreessseesssseenns

FTHD eUflenFmuld

HTHH aisHH Ouen Hb Hatemwuier (Cumurliuerey)

vii

14

15

16

16

25

25

27

31

38

48

48



1.10 @ @rsrwen srssmselar HTEs alssmd aUfIUBDG DTHD

Qumry WEDBEMET 2 LBUITBELD.ccuureeerenrenrenerenrrneeenernerruerareneenncenes 50
1.10.1 STHHOTEINNGT LPEVBIAMMIGH BDEI...eeerrrererreerreerrrrrrreeesraersreessseeseeessaesssaennns 51
1.10.2 (pBHETNIDG HTHBMBIBEHHBTE D BT TEIOIBIBEN .cceerererrerererrareeersareeersnreeeranseeens 52
1.10.3 IO LIQGHBTEBBID. cc.uvveeerunreererrierenerterenirteresieeesesseeesaseessensteseeseeessesesessoasesssseessanne 52
1.10.4 (paeeno HTosmIGeTe (elementry reactions) &méd 60&)......ccoceereereenueenne. 54
1.10.5 &1ésl QUTPIIPEIMBEDHD HTHD ONBUID...eeerreerrerrrerrrreerreeereersrrersrresseeenns 55
1.10.6 QBTLFFAWTE ((LPHEVTEDID) BHITEBBBIBEN. ...veennrerreenreereerrerarersrerssersseessesssesseennee 59
1.10.7 Qumpiwemnm @&TM60 (peT FBlemeD @HULSDHEBTR FHBHFTLULMBIBEN. ........... 60
111 FTEBHHET Fbd 2 GTOUFIILLLD. .couveeereerrrererreerieenreeeiteeerieessreessseessseessseessseens 63
g 12
2.1 FIOBIOMED TG GUT B B (B -+« eeevnnrnnnenenannansncncananancneananansasansnensneneaeansnnns 68
2.1.1  Quendlasd QFWEIIPNDBEMNED  FLOBIMOV..cerrrurrrrrreerrireerrirerrireenieeeesreeesereeenaees 71
2.1.2  @remwend OQFWSI(LPMDBENED  FLOMBIEIOV.c.uerrerrrerrrrreerarreeerireeensreessrreesiseesnsseesnns 72
2.1.3 @pgrwen Fwopmed alld oHmID FOHBENED OTMIE....ciirriirerieieriereieertee e 73
2.1.4 @0 FHTHBHIHDNSTEHN FoBmev aldh, Fwoplmey wIHelsHsTer GETemel............. 74
2.1.5  BTBBBBIN  DIOITOL..unureeeenrereenmrieeaareeeenartetenarteeeaasteeesasneeesaseeeesanseeessaseesasaeeens 75
2.1.6  GeueuBoum eugelevnsst FOBEm6D LOTMIENS BBTEMEUBET....cerruveerrreerereraeeeraaeenns 77
2.1.7  eaumwsd OFTGHHD6eMe0 FOBIMED  OTINOT..c.uerirrieerrreeriieenieeeneeeeieeenireesreeenaeees 78
2.1.8  LIGUGUIGIIE  GFIDIBIOIIOD. ceeeereenurrrreessrurrrreeesesrrereesssnssreeeessssnseeeessssssseesessnsnseneessnsnsens 82
2.1.9 ueduys HTEHESEIGBNMDEGF FLHEM6L LINNHSTET CHBTEDOUBEN......eveeerrerenreennne 83
2.1.10 swBemev wrPelluls SigliuenLuiled HTHsD HenL GUEILD

Hemgemw 61HT6Y FamIBOID  BENULIBBEIBD . veerveerererreereerrerrrersreereesssesssessees 85
2.1.11 FOHMVF  CFDPIYBMETD  BETTBBEI(BBOV. e veererrreerenrrerarrrreersarreerssrrerssisreessssseenss 90
2.1.12 B UTHBGD  BITEIBEN . ceereerrrerrreerreerreerseerssreeseeereessseessssesssnes 95
2.2 BISBMTFOBOMNED  DIUIGT  FLOMIEIIOD . evveereurrrerrrrrerarrreererreeenseeeesssessssseesssnaessnns 106
2.2.1  OIOGUEBIHET, CPEVBIBOT (DUHBHILETT 2 LILBEIT)eererrrreerrreerneersreesrreessneessreesereseess 107
2.2.2 Bt 6D - (PEVF  BFTIPEOIT.uerenererrererrirerrieenieesiieesieeseeeseessseessseesssessaesn 109
2.2.3  SIOVBIHET CPVMBIHET  SLAIUDANGTT  BILIGTITBBLD. ... eeeeverrerneerrernrenmeenreeneeseens 110
2.2.4 pilegr swends  rhell DUHST WG  QUIHBBLD...ceerrreerrreeeneeerreeerrreerinreenans 111
2.2.5 PH  OHOTOUBEI L LD ceeeeneieeriiiieeiiee et erett ettt et eeereeeeeeeeesnnee e sreeesenneeesenes 112
2.2.6 QuesanlleomiseEpn bl swemmes (glll flews) wrmed....c.eeenenen. 115
2.2.7  OweaiweomssT UMMl  AWETTHS  LOTIIENBENDLD. ..eeeveeereeeneerareeenreeereeraneenas 120
22.8 K, K, eaauaupinGg SeOLUTOTem OBTLFL..ccoeieeerireneenneiinesieieesinas 122
2.2.9 o ysefler Bilugliy Seumpler sengFe0semMesT PH. ..o 123

viii



2.2.10
2.2.11
2.2.12
2.2.13
2.3
2.4
2.4.1
2.4.2
2.4.3
2.4.4
2.4.5
2.4.6
2.4.7
2.5
2.5.1
2.5.2
2.5.3
2.5.4
2.5.5
2.5.6
2.5.7
2.6
2.6.1
2.6.2
2.7

3.1
3.1.1

3.2

3.2.1
3.2.2
3.2.3
3.24

3.3

3.3.1
3.3.2
3.3.3

@ QuTg SWmETE QBTEIIL [BIH BEDTFEOBOI.cueerrrerrrerrrrerreeerrerrrreraessaens
BEVIOMEI  BIUILOILILIEEONT ceeeeeeeeenneeeereeeeeeeerasseirtateeeeeeeasssasaenrereeeaesessssssunnsnraeaaesenns
B, U6d (P60 IIOGUBIBET B(hH, LEODIOOD  CLPEOMBIBO..ceenrerrrerrrerreerreenvennnes
OOV = POV BITLIGBEN . cenneeenneerrreerreenreeraneenerenseesreeeseeesseessreesseessseessseesseesas
AT B X201 F: 20 : -1 | SO TSP
SIMTHIDAT  FLOMBIED 0B O ¢ cvenrnrennrneanenraneareneenseonsossneessossnsonsasassnsenses
Slwesr oD UEISLHF CFTmeuBeMelT  BEDTFEOBOI . .erreeerreerrrerrrereeerrersreenne
SMHIHMST HMID (BHFHMET QUHEDSH HMBTET BENILBBONT.....eeeeeeeennnee
sMIHDST /| BOIHMET  QUBHBDD  BEINHBHEVBONT..eeeveerrernreerrerrrenreeerrersrrenne
iUy BHTHIMIUEND  GTHITOY  FUMOV..eeerrrerrreerreerrrrrersaersieersressiseessssesssseees
SMTHOMMETL  UTHB@GID  BITOINBOIT . ceeerreruerreeererrerirreeerseesirrreeeessassrrreeeesssnnns
PH @681 0606161 .. cviieieeee ittt e e e eittttee e e e et teeeesseaiibbeeeeeessaabeaeeesessnanes
uesTUPIUGUT6D  (BDmWeT) SeoFHmesr QUHBBSHHET LATGWITBLD. ..cvvverrererenne
OIOUB M BEF  FLOMBIGI OV e eueeranrenraneaseneansasearansnssassasansssesenssnsansnsansensnns
QM cpwl QBTETHLSHHD 2 66 HTeuHHe0 DLOMITEHED..ccvurenrerrreerreernrenns
FWHmeL  (BIFLUD) DUENIPEBHHDET  DHOTHBEV. - ceveenvernreereereerenreenerseenne
QeuliuplensoujLer  BFbuUsd SLeNWI(LPEHDBH ST  LOTMIENB.cceeverereeenrreerrreeeannnens
OBMBNBIEIIOV. ¢ eeeeeeeeereruineiireeteeeeeeereaaaairrrttteeeeeessssssssusrsrraeeteessssnssssisnsreesseeeesssnsns
SLENUTHE060  QOULILIGLBITETHEDM . eevvvreerrnrrreerernrreesessreeeesssnseressasssressesssseaessans
USBIBLTHEVID  LIUGGEHEVILD. . eeueeuennnruneneerereeeeereeeeeeeeeeeeeeeeeaeaeesessesasasaasasanmssmmsssenees
SDIOUBHEND  GUEDIT LGB ¢evvvvernnnneaerereeeererunrrrnnieeaeasseeeeeeetretssmsmneneseeseseesesesmsennnns
galls Slrussr@GsSowunasideal Sy - palldF FOEleO6...............
B SWd  BEDTFEOBOMGT  EUIEOLIBOIT.eeerenerrrreerrrrrrrreeerresirrreeessssirreeessssssreeeesens
BOBGL SHHOUND HTeU - HToUSH OBTBHBEBO..ceueeereeerreerienrrerrerreeneeerrenns
UBISL G UFDUD  GOTBLD  eureenreenreeaearaeneaensieneasasnrnsnsasnsnsasesasnsasnses
LTI 1T 1 1. RPN
SMTFOEOTRIMINT HLSHHIHMENT UTHHBEGHID BTTENBON..ccnvvereerreereerreeneeanne
FOBIMEVUIIE) LG QUTUTBOIT . ceeeeennrrenennneenerennreerenerrnneenssenesenseocsenes
®2 BouTED - 2 B6UTH DIWIEIT LOGTTOUTUT ..eeeneeeneeeneereenieneeeieeeeeees e eaeeeaees
2 Goumald - Bfld HMIWTH 2 ULHBEMET LIBTOUTUT .eevvrerrrerrreeerreenseeenns
GUTU]  LOlGTTOUTUIBOIT. e v veeeveeenveeeereeseeeiaeeesseessseessssessseessseeassesssssessssasssessssesssseennes
BSTDGHBHMM  LOGITOUTUIGBON . ...veeeveeereeesreerrrersrreesesessessaesssseesseeesessssaessseessenes
OG0T  @TFTUIGT  BOOMBIBON .eurerneerernnerennnerensesrensssensnssensessrnossasnsosses
LOSTNTFTWIENNS BHEVRIBEDTENON DIEDLDBBEHED +evverrverrrerrserversuerssesseesssesssessuens
WeTOUTU] HN(PSHDHHMSB LUTHBGWD BITEINBET .eeeuverrrernrerrenreeneerrreneeseennees
OouaiBGaum GUENBWITET LOGITENTFTUIEIED BEVMBIGBOIT.uveeerreeerreeereerrreeerreessseensens

ix

125
129
144
148
152
159
159
161
162
165
169
171
175
180
182
183
184
185
187
188
190
194
194
204
205



3.4
34.1
34.2

343
344

345

3.4.6
3.4.7

IOIGIT  LI@)LIL e euenennneennennnrencreusennssnsesessnssencssessenssennssnssnnssnsssnsssnns 240
DD LOGITLIGEDBEED e vvenrrerveerrreeesaersarerssseesseasssessssesssseessseesssessssesssseesssaesssessns 240
Qg Weteurwisener uweau®SH CuSO, B SmysFamev

LOIGBTLIG) B0 e vvveerennreeennnreeassnresassnsesessssesessseesessseessssseesssssessssssessssssessssnsessnsnns 242
gL Watauruisemensd Gsmami(h CuSO, &mIsamed LIEILESSH60. . ... 243
FLSHGIU Weteurwisenen LweLBHS NaCl BioHsamyFemev

LOGTTLIG) 00 e vveeenenrerennresesreesasseessssseessssseessssseessssessssssessssssessessesssssesesnsnens 243
FLB Gl eteuruisensn UweU®BSHH NaCl dyeud (2_ma NaCl)
LOGITLI@IBDEOD  +veeuvrerrreerrrrensrresirrersseesseessaessssesssessssesssseesssessseesssesssseessssessssenns 245
WOSTUG LTI SIGTOUMILPENM  LIGLILweeevreerarereeearreeeeseeeeeseeseesseessesseessesseesnns 246
BHLAUTANBHVHHMETULD LOSTUGLILS BVSHHMBTUD @ULINBH6V. ..ccnveeeee 250



o, Jor

L] +

o0-0=Q  0=Q

L.
a

s

1. @rarwer @uisbHalule0

D GITEML&&LD

1.1
1.2
1.3
1.4

1.5

1.6

1.6.1
1.7

1.7.1

1.7.2
1.7.3

@uaFTwer Buiboaluled 6163816815 H(H

RH BHTHBHIHBT HTHBMIHLD
BTHHISHIPLD LIFomen(LpLd

FHTHBRISENDT HTHEHOIHHEIHM6NS
Sywreiasll uflGFTHme HIL LIkIG6NT
(Experimental techniques)

R RIFTWNH HTHBHHET HTHD
aipdHmall UTHBGW (QFe06uTHGE
OFVIHHID) HTT6ewNEB6NT

RQrFTWETSH HTHEHEIGMDT HTHBAIHEH-
HO HTEBHMS  GFOUBSHSID  SMTewi
sofleor  allemenemen  (ellect) eflenda
cpeudbFamm Qubsds  CamLumlenLLl
(Burglensds Casriur(®) LwWeTLBHEHSH0
Guwrzme0 Gametens (Camlur(®)
QUTHBHSHLTET  DieMalled  HTHHBH6N60r
QaFnleneud  MBWTEHOUSHIT  (LP6VLD
RMH  FSTHBSHET  BHTHD  HHMBHD
&L (HLULGSHSH6D

1) BT B G360 BHTHB
AIBHHMBDH FnEID  (PMMBET  FITEFH
alpld  seuBlmey  aipld  OHTLES
aigLd

FH1HH aihHHe0 OGamaile alemerney

UFSW, (WPHevmd, SIewiLmD euflengs
FHTHBBIBEHHG OCFeoLer HTHHaiH
LTHMSHHIBHTET  euengULl LSl
A1)

1.7.4

1.8

1.9

1.10

1.10.1

1.10.2

1.10.3
1.10.4

1.10.5

1.10.6
1.10.7

1.11

HTHBIH Lomrmled) LoMMILD @
B8 & 3601 BHTHB auflenFenuis
Fleld aufleen (HTésais ald)

F1HH aiHHHe0 Ouen FHo Heenioules
(Gumuytiuena]) QFeOaITH S,
FHTHBRIB6MD 2amsbHHaMNaT CFe06UTHE
QM QIFTWET  HTHEHBIGENIT  HTHD
aissms alufiliugnE sTés  Gum
(wemmsefler o LBWTsLD
HTHBOLOTEINENT (LP6VEHIaMMIS HM6sT
(PHREMLOS &I & BRI ETH T 60
2SI EwIMmISG6N

L6D LIQ&HHTdHHLD

(PHIMD  HTHBmGeMeT  (elementry
reactions) sm1és 6l

FHTHBLI QuUITMI(LPENMEB(ETHLD BHTHD
alldluyd

OsTLFFAWTe ((PSHITENLD) HTbBHMRIH6NT
QuT(wemm  PIMEL  (LPSTFLOHIEN6V
QBUUSDSBTE  FHSTLILIBISENT

FHTHBHIHN FodH 2_eaTeufliuLLd




SIM(LpaBLD

2 _SHTIMIDTE (PHMHBUW  JVGHH6MD (D@ 4 OMID 5 pdwened)  eLp6VHInmIBH6N6or
BLSHNHHBTO  SQLILIENL.  SIDFRIGEMEMULD MWD  DSHFHILET HTHBD  HenL GUMIUHDEHSH
Bxpemeuwmenr  FaHemwiwd eluflsasiulLer. GoUlamid sHroadseflagn  alamensesefeangid
SIGMOYBMENMUILD  DIEULPVSHIMISTNRT  HATemwenwWW D BTWD  NCeumd.  eTailgnild  “HTHHLD
eTeueueNe] allewgeurs Bl QUNESTNE” elauend emaufifHuns GrTHEale0m6e0. DIGHSHIL 66T
R HTEHBD HapousnaTer (sryanisamen) Gxhemeusemnen HmUAULGHH0 Gouswi(hd. B
FOUBSLTE Rl VH0  HTHE  BeousmBEHLET FOUBSIULL SusHEaIwed  Hienmuied
sHouaild OCFHSULUGHMGH. @R STEHHIHET  HTHHAIHD, MBS UTHBGD STTeniseT,
sumemn  alenes@G  CaTiurTGaEemenud jenel  ealenemeuTd WLIMML  HenLUD  QuUTLpg)
uluRWITES STéHE@MND gDUBLD TMHMLD eTaETUMMMMULD BT SETTUIGMTID. &6 DIVE
FTHEHISD UPPw Fev OUTHISSBHSHIBBMEN JM(PHD OCFUIMGHIL ST, DleuHedD LTHHEGHLD
WeHHW sryemiset umm SaICauml L QFIGHHISEDH. OFnle], Si(poHsD, GQuUeTHEHensv,
oagdl, Geuliuplensy CaID HTEHEMNHUWULTHS HTHEAIHHMS (LPeTenaUll LUGIL 63T LDMHMILD DigH60t
FamiEemend SToTailuCst(h, HThsmsaT HoLOumd Oumwg OCFmle] eelsurm LOTMHOLO-
MLUJLD  6TRTUMBUID, DLMTUTLOOEHBTSHHET  STHSWD UM WD  HeVHGHINT WTLLUHLD.
Gued BT HTHHEUIQUTMI(WMMSBET UDMIUILD, @ STHSLD 6TILTNHSHNMIT(H HBHHS SIS
eTILIG| LDMIULD, STHBLD WL QUUID QUITG STHE cLpevdbanmIBaien Llenewiliy 2 L Ha

alenena safed Llenemilil 2 6WILTHM60L LILLDTHEHED (LPO(OLD [BTLD H6VhHEHIeNTWT(HGeuTLD.
1.1 @ramwer Quibsaluled 6TeuTemTsh (T

BTD 0@ 05 (FhHulwed) @eOpbaH @rFTWwerd SToHsEIEmeNS GOHSHIL CUDHMIS
OamewiL v GurTganedaied(hbdEH, STFTWRINILED 68IUE (PHEWIDTE GUINME DI6V6VG
SBHmMN CBTMIL  UBSTTHSEISMND gOUBD IHDEIEeTND FrsHamnsd OCsTani(heeng eler
suemgwenm GFuiweomd. Goaid, @F 6ol (pemm& FaUTL T auruleonsd FeHsfealuBd
@wrmmmIECen QTFTUIENTSH HTHEBRIGET 61D H(HIHEVTLD.

RMH QrFTwes HTHHL UPNPE SsHensuled BTW Seui(hligpss WPWwHSlug,

(@) @m RrFTwendh STEEHHET FTHHWLHImM: QHmar GeuliuGuissailuled QT e1dljey
FnMEVTLD. 2 _HTTEWIONH, @(hH STHEHHFHILST QHTLIYOLW FhHoTmoomerd ; Geuliu
Buissalwed uflimemmisenTen AH, AG, AS, Gureimeupmmsd, wrmm Geuliuplensouled Si(Lpd
BHHe0 OeualiLBGHHIUBL. ASHFHILT TPT GeuliuBlensy, DWPHHHHD AG <0 45
BHBGID HTEHHD FTHHWIOTRIH 618LSH BTD ANBSOUTIIDTGHI. R&Fl, BHBHTHBLD
THHmFuled BlHOD TBTLUMSUILD MW HHI GBS

b)) om srazsHdlan alevdyenid (Extent of reaction): @& eleleueney HIJD @h SHTHSLD HEDL
Gumm aflmliw elemeneneais Q&T(HSGID 6leTUmS lleNd @G0T, RBHEN6T ST FTUICHF
FHmen (S1evG 12) @embal Slewlweomd. Gued Fwmenev wrMedulet ipleyL e
BB SEMAILAD (LPIQU|LD.

SoaupmiL &t CFIHHIG HIUULL HTHEOLTSNNGHF FOUREG (WHHWSHIOIPMLU LoMHMIGLOT
USS(PLD 6T0HGHSE H([HEUSMGMI(H. DMEUULITEUT; @(H STHBLD elaucuene] Geousons @LLOGQUMILD
/ snéaBasld HMID HTHEHCUBHMBL LUTHHEGHID SHTTE6T 6TaiLaTUTGW0. Qb P60,
gHTUOBTH MWL’ L  yeTeflenw (aleddrenid) emLwl @ HTHEL  6i(hd@Gw GBI
anaiuL  Geuewi(hd. Geid, eTeleuT HTHE ST  alewenaysenTs WLIHOD  QUIISSTDET:
DIBTOUH, BHTHBHHN HTHHL  QuUIPpenpwTensd sPwiine. Geuswi(ho. @6l MBS

2



AlTEHBEHHGL HTHHCous LHMID STHHUOUTM(PemDUIET SDENd  cpeold  alenL wiafdbad
Falgw @rsrwenalweder @ HamenCGu, “@raTwer Quissaluled” 6161 SIeNPEHSLILIHLD.

R SThsLTMG, OFTGHWIE Hruu’c Geulu UsHs Blmeouled HenLCUDIISHEH, DD
Oeuliut Quissalwied  FTIUTEe L, @rFTwel  Qusselued  FTJUTHO|D  FTHHLOTH
AmBHHe0 Ceusmi(ho. Qemeu REMIL 60T R6TM CGHTLILMLUW USBISNMTGLD. QUhH HTHBHLOT6G
FTer el elenenale Seneneull GQUDIUSNEGH, Ceulin Guissalwed FHUTEHF FTHBLOTH
BmEs Geuswi(hd. SSHHILET, INHOYL &HTeL  6Te0meVUT6D, HTHHD (WOHMIL  CuUMIUBSDES
Buissalwed FHWUTHE FTHHLTE RHHH Geusmi(HLD.

o _FHTIONS, HHHHTHEEIG6N WS alemyours ealermguis eremiseriso (Fractions of a second)
BHOLQUMIESTDET. DLEITED, STFUWLD HeuFoTsd  WIMmD  CuMIeUSMHG LO0EIWIST  BH6vuTeH BT 60T
aBLEBIG6T ComamauliubEaIng. BRSNGHS STJewD, SHSTHHD  HOLOUDIUSDHEGU  UTful
goumFsHenwd HTenil CauewrigulaTenCHWT@GW. DSHHILST BTD RHHTHHHHET Geusld OMHMILD
alemeneneuud &L BHUUBSSEID (Ppevdandml L LSH0 OFTLITE Bewl QuUMID HeLpe s e
SIGHFHTEBHHET QUT(pemmEnWULD BHEHHM Cameaten Geusmi(ho. SpsCeu HThs Geusld UMM
BNMMB, LV Glewmselevd WOs (PpeHdHw umINS eudbHGIMG. FoBlened TMedd &Tyeu
mWE  BHHHMOBTeTERHD, Geauliu@uissalwelst uflomenid. SdbaTyaniser Suibasaiuied
aeflaTad Shald HL 1.1 @60 sSTLLUUL (HeTermen.

e
By

2 @ 1.1 Oauliu@usselus wHmw Qussealusd urTjemeuuied @FFTwers SHToHemsmend &L (HLI
UBSS60

>  AG,AS, AH

QIFTWISNT HTHHEHMHD
&L (BLILGBSHSH60

BB B - eiHEIS6IT {T), E,

Guaid, @raTwend HToHEEIGMST BFH evevH GoudsdHmndd Hiewlaudn@ LOTHHTLO6VEVTIDEN,
FH1HH  GeusMIGMET  OTHMHIQUl  BUBSHSISHMEMUILD Busbsaluled umpdlul  SHEnsWT
gl alufledaimgl. OQFpeay, OeuliuBensv, S(WWHSWHD WLHMID o2mEH GUTETD &I 6NH6NT
155 Coussmall UTHGEGMT. el LUIOEMNMD, BHTHBD MBS D6V60FH 2 (HeUTH
366 LPMILD Sieweu  HIGTUUBLD DIe0evGH 2 HeumTG Geusld GBumesim enailLés  gnigul
uflorewmisefes  allFTyememiwTeigl, OQuELUTTmausGw  WLLSHET S  eumHE@TMGI.
(B mml WL LGMS CHreE@G Ul Fshdled Haapsd, Geausd wHmId GTHiend DenLUD
(pedbImIsefar Fod pdweumenm 2 L ubHEID STHal QuTMpmmEmend &HEH Geusmi(hld.
aefleid @FaFTym wrplsenen SenalbhHeo FMig SIQIOTERISI.

@rsTwens QFWT(LPmDBM6NE HHHILBUTH, CeuHGL STHBEIGENT 2 _6Tefl L GLHLOUT6OT6
@rsrwens QFweaipenmaeT, QFssalar @@ UmIED BmLOunWwOUTs; @MWy  SHIGBLULI-
RHHOVTRIGH HewiL GBI 6i(hdHdd gnlbd. FevBeuenen HTMHMTEI(HHMD Fnl  (LOHMILIGUDILD.
swealls HToEEIB BLissmrsalsn, o srryeauors, NaCllag) @M@ AgNO, (ag) @m@&Lb
@enLuleoren HTEHBHHGCUTHI, WsaID Gmidw GrrsHHsd (Ffev G ulL OsThail usHTen
SlenalLdbanigul) Geusitener Bm Geuatelld GHCenmengl (b aipLge| 2 6L TEMEI.

@raTwer Qusaalweled BoslLHH60, BTD We Gousons evevg WS G eUTE HewL
Quuib HTéHsmIBeTeET Gousld UMM 2 _ETMOWTSS HHUH VM. OUDHEHIONH, @[H STFTUITS
STHBMEH, SIUULL  Geuliuplensouled, HTHE  (WPeLHIaMISTST  LIIILE6T 26Nl SH6m-
ooujld allemeney cLpsLEHFnMIHTT LNeNeWILILBET 2 il THensowd 2 eenLsBullma@. 1,586,
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Be0bE LImerlil(H6T) 2 ML SNHGLULL HTHEHIOTOIH], GUSTIOWITET 2 DL HVIHE 2 LUl L
HTHBHHVID  alengeursd HmLOUMID 6IaUmS SevGHauTs  alenmIHH0ETaTeNS  FnlQUIGHTH
2 _6TeNng.

WlesTLE QUL S6eMTEW DjwiesT CFJemeUSEIT [ HHMTFEIE0 (LPMMTH SIUITTHBLD DML [HSH(H&HGLD.
a16e0Bou, 61HHOUT[H Siwelld HTHHHHID LImwIILE6eT 2 L eudledeme. pH66, w6l
FHTHBMBIBNT OB alenyeurenenal. Lleneuililseilear cusienwenwill QuImISS ), UsOGeuml Lleneuoriiy-
M6 2_6iTemLdbadlw LeLBeum HTHEEIHNT, QeusiBam Gousdhdled HenL QUMSSIDeT. CQUTHIUTS,
SIiulL  Geuliuplensoulsd GHewMBH6NME] 56T QUOEIBTHBHHIL 66T FOUBLSIULL — HTHDHEIH6N,
WGHwmer 16T QUEISTHSHIHILST FOUBSIULL HTHSEIGMID alemyours HenL GUDID.
@ramwend QFwerpenmseilar Gousd UPMHW SHMBWTHIH RTFTLT RUISSAIULIED DIEVVS
‘ares @usHEaluwed” eaTlLHLD.

@uaTwensd HTesalweonais, QrFTweald HTées GoussHdlar g OCFoaursGHs CFaHSHID
OeuaiBoum ufiGFTHemen MBubHemeidenen alFTfliumsud HToamIGeNaT QuTP(penm &6l
OO  LIYHENVEST /  goupgFadHser UDPL  HHOUOHMEMUILD STFTWINS HTHHHH 6
Aoidweoysenen  alufldsds  gnigu CasHHrsenis LIHFulET (HTHBNIHEF FLOGTUTL IQEHT)
SLBLTOISMSUD 2 alen SEulaTongl.  BHHIL6,  STHSEHIST OO Sleupmle
GousmInEHEHHTH @rome] JgliuenL alendamiser $H6 alufldaiu Laury GsflalsdHming)
AQyGuirgemiomeng.

I0HAID HTeDFTUT6T (FH6WIH6M6V) BT DM N

BHFTHHEIBET OEBOD alenFeuTarensauiTed RBUUSIL T, STHIHH6T @SIMTE HeVHBL UL L
L6, &HTHBD BLOUDID. G0HTGHHUTD gHUBL @@ 60 LTHDEIGMETUD  [BITLD
SuFTalss  (Ppwnsene] BaussHded BHLOUDMIPYHEINET. SHHTEHHRIGBNT WD
BemiBemneN 2 L LIBSHSHISSTMNOWITE0, @emed “DIWSTIHOMIT STHBEIH6T 6D DIeNLPHBLI
uBw. SePun, oaddulear Gumurinied BmLOUMID U HTHEEIGT OGO 6llenFeuTe
BSTHBIBHHHL (107 @ellpbg 10" Osssaiser Gby eneBameled) mewL QumiElsmet.
Guwedb, BF5 sréssmEEelaT HTEHCuBHMS aupHBLOTE  OFHTIHOBIL USmBE OCaTe(h
FHlewleugd FTHHWLLMMSI. steleuToTulenib, dHalemynhs Ceva) @S Grmerd@asmll (Ultra - fast
Laser Spectroscopy) 2 L& dganlgul Guwul’ L Oamifle0miuwneigl BHensowmm enall (HHevIL 6ot
FOUBSUULL G @&, Bwed smismen GevsdTer LfiioTHnF CFwWeEOPmMMBM6NLI LIGTUDHDE|LD
SIMILOHSBH BTN S

s alenTeUTel HTHBMIGBEDHDHE 6IDIOT60 HHBHHInIQU Fev 2_SHTTEIRIBETTEUNT ;

o wiks OaMeaymLw  Geustell  mpSHHCIOM sdyFeneoujtd  Camguid  &GsnmenyL (Hhéb
asmyFameould seobHaLer AgCl aipe] 2 ewiLTdaimg).

AgNO,(aq) + NaCl(aq) — AgCl(s) + NaNO,(aq)
QUSST DIOGVLD QETTENM 6UEHT BTTHHIL 6 H6VHBHAL T [H(HHIENELWITHBLOML FH60
HCl(aq) + NaOH(aq) — NaCl(aq) + H,O(1)
1% QLogleuTen FHTHBEISHEI

@M v HTasmseT Wsad CgauTs GoussHdled BB @M. JUTNHEIME  SIEHM
Oauliuplensouled @BHCUTHID HBML QUL LTH. SpBCo, BHHTHEEIBeMET BUIHHaNLIM 60D
SMUG| BHIQEILOTEIF).




simm Geuliupleneouled MEHTFMIBGW PLFFIHGHWD BewLuleomen HThsbd: g 2wy Qeulil
Blemeouled, GeugshHeviL e Blauwd (N1000K).

Flov 2_FHTTEWIBIBETTOLT ;

STUMIGBGW @LAFMSGHWD @emLuleonen HTéHsw (OB SHerelFemnswmsl upm  erflw
o’ Lrgl, euefluled HTHEHD DL UWITH ([HEHELD)

LOSLOMTEI ST EbEBMIS6IT

Guaveten  @uewi(h o _FemsEhHIMmLBW  emm  Geuliupleneoulled WM  MHMID
SlealL UL Sdnlgul Beousmiseaisd HOLOQUMILD L6D 6T6mTemldbmaWTe HTHBBIS6T, fUla|dnl
BubHmeEaler S RrFTwer Bubsaluled SNHMEBMUL UYHH DIMIDSHSHSTDSI.

QuUITEIUTE SieleUMS 2 FHTTIEIE6T Fev &G SHFULL (HeTengl;

merear QuOrTLemsl yer Wflws : 2H O, — 2H,O + O,

®BFHIFE QuEIT @Lenslia Uflws : 2N,O, — 2N.O, + O,

srevgfler pouguy : CH,COOC, H, NaOH — CH,COONa + C H.OH
Bissmysedled &sGymenien Gmywomprésn : C H, O +HO— CH O, + CH, O,

127722
®BSTAOITLmF NG &Tudief @Lamsliyng NO,+ CO — NO + CO,
mbSHHFEH Sdeod wHmID GFmguid mHOWTFOBUDMIGEGHLD SenLuleoTsr HTHHLD :

Na,S,0,,,F 2HNO, —»S +2NaNO +SO H,O

22 3(aq) 2@+ 727 (1)

Oufls GBenmenyl(h wOMId QUL LTFwD HCWTML (HHEGHD @RMLUNLTRT HTHBLD :

- + 3+ + 2+
2l 2k > Lyt 2FeT )

m5Crm&HCenmflé oudeod wmmId SeoFwid STUCEDOMIGGHLD BewLullevTen HTHEBLD :
CaCO, +2HCl ,  —> CaCl,  +HO, CO,,

27 (1) +

SraFTwenF @&u_ls\')@smm&,mﬂsm g;rr&,&,aﬁg,wrrsmgj, Slmal  @LOuUMID BUbSHMEIHET  OTMHM
(WM UL FS5H60 Dievevg DiFHsfleaiuLBeur GmmaesiuL Geur (QUjD. 2 STT6UIoTS, SIeNM
Qeuin Bleneouled s Ogioutss srésmiset ; CO+ 2H ,— CH,OH, 400°C Geauliuplenso,
300 atm oypsaD WwHMID 2asbE gy Fweunplear Cuamienasuls cwpeold SHIFSILBHSIUL (LPIQUILD.
2 el USTIHSEIGMET FenHemeuu|ld IUSTTSHIEIBMeNS GeMTFTHEIOULY ulled Guewni
MEULILIGHENT cLp6VLD QLDGIeUTHS  (LPIQULD.

@rsrwer Quissalweder snhmauled 6Ty  GHNEHHOMTH HTEBHIN  HTHHIBHHMSD,
OaT(héslIUl L BubsHmaiseiear S 2afods (PYEUSIL 6T, JBBUbSmaISmen GodubhHH
3leVevg FHOFUIH, HToHaEIBMeT lHLEIWL CoudssHdled HmLOUDN NeUbBAID (LPIQULD.

1.2 @M FTEBSHAT HTHBOIFHLD (Rate of a reaction)

OeuaiBoum HTEHBmEIB6T  GeusuiBeoum BousdhHed B OUmeLTD. OgleuTs  HenL QUMD
FHTHBBIBET FHTD HTHH IHHMHBWWD, alengours BHOLOUMID SHTEHEEIGNT 2 W HTHd
aispsmeUD 2 _enLwer. BGuwBs FamiulLg Gumein 2 _HTTEUIDTS HTLST N6UJLOTS LOTMILD
STHBLD, UTODH6T FemGHeuenL 0 GBuraimensy Ggleurs (slow) mewLGQuud. QeugssHe0
(explosions), &mEHTHEMEIGBNT OEBAID alengouTs HmLOUDID HTHBEIGT 2 W HTHH 6idHd
MHH QBTN (H & &FHLD.




Qurgiauras @m SToHHHMSL Lateumory UyHBdsaeuinbaseord

FHTHH BT —> al6eN6IT6BH6NT

R HTEHHD HOLOUDID Qurpg sTéadsem OGFeurdaimer (SIPHSImer)  alenenea|se
o (heutdaimer. @Ha1 alemene], @ STHBHBN B (GeusD) DIEVVEHI RH HTHBHHET Hi-
HH0IHSHHMO R VG CBIHHL @ HTHH VeV @ alemenaile iemallsd (amount)
(@G&Mley) gmuUBLD LOTMHMLD 6160 UMY WMIGHLILBLD. ABTEUFI;

i wrpT Geuliuplensoulled gaHTaIH QRH STHIUIST Dleey / QFle] GHewou|b aigd

ii. gaTaug @m almenailat oleney / GQFMe] DHBfEGHW aisw wTPT / Bensowmer Geuliu
mHlensvuien

rom Qauliuplemeoulsd @ BMHBICHTL. HTEHHMBH HHSHIUFHILST, S6U (Semwlly) OFTGS
WilesT BHevI6UETEY LOTMTH(HBEDIMSHI 61601 DIILOT6NEHS.

A — B

Qurgieuns, wLIPT QeuliuBleneouled CHIHHILET D66y LTHMSHHET  JlQLILHLUTD HTHH
Boussrmad gnmiaug) Wsab augdwrargl. (OFmey ; Ueareumb uGHseilsd allenmisliu®GHSLILBLD)
GG sriUL HTdssHmear BID sHSIGuTD. CrIb f (1=0 2ie060) A ulaig opTOL 66y
(n,), apevsel, &ev Gmyw t e 1 Al oiene (n,) cpsdsmer. o&6eu, (1,-t)Cry BenL
Qeuafuiled A a1 oienalled gouBld wrpmw [(1n,), - (n,)] peose.

o | T CACRD IECN
. 60l j61eY] LOMMMLD6ML WILD [$>118) = (tt-ti) = At

IBxBureiy elemeney B &@ BT 61(1LDSH60MLD
([(ng)- (). D) Alny)

B & . D Ssb B = _
&1 66 LOTHMLOMLUWID 6IHLD () At

GoBev @mLugled A(n , ) HTé&SUTes Sieney oTHDLD EDEGMUT emL 2_mLwigl. g@eeisd A(n, ) <A(n,).
b0euTm  @rarwend  QFwerwpempuld  Slenalsd  gmuBL M ChyemeuTeg)
aRUMBS BHBHHD OCaTeTenCGeusmi(hd. e1aniGou @mIG SHTHHule THMHHST DenalngG 61T
wemm (negative sign) @Puil e 2 LGwTSSH e CmmLD.

Sienailest THMEHHT aisd eTlGUTSHID Chymeang). srerBsu GG HIiULL FHThssHer Cousdama
esTeu(pLOTM] 6T(LDSHEVMLD.
A(n,)  Any)

At At

FTHEHIHD = -

M BTEHEBHHN HTHE IHHMDH DVGUTE QR HTHBHHET HTHHEBET V6VH  OleN6Ta]
&ofletT LTHMSHHILAT QHTLIYUGSSVTD - FTddHefar mIBT6] aisd D06 alamene|sefe
® _(HEUTHGLD AIFHLD 6TE0TOD FnMEVTLD.

orefaTa  alend@GGauromule HTEHEHIHL  HTHHBET D606VH  OleN6NT6H6T LOTMHMLOHL LD
Semaled  HEIAWIGBLUSZIL 6T, owmHod  Baw  ahsGL  ChIsHdHend  FTJbHIHI6TENG.
A—> B eaign s1éEss5H61 HTHE aigsHdHe0 gnubld rommw 2 @ 1.2 60 6ahsHHis STLLL
ul(BeTeng Bumev eflendaliL60TLD.




M

Ny

Sleney (1)

n,

Gy

2. 12 sressdar srésaisn A —> B: CErssiar n, Gopbhs OF0&ang, n, JHeflsss
QFeodaiimgl wropT  GQeuliuBlemeouled, CHISGHILST HTdse aiHL GMOHEH CFOHRIDS
LM BDH HUMTSHHMOBT6TEN Bouemi(HLD.

CaapHrsamis FHwmsl uTTe@GWOUTSHl, @ STEHHHET HTHHAIHD, USTTSHHHHET 6T aled
gmuB wrmpsHHear S sTev (CBy) RemLGeusflwrs GmUusTed, BUGCuUMILTaIGmE (quality)

A(nA) 'A(nB)

DI6V6VS) oo 2 1 1.3 (a) o0 deaflesiulLg Guraim GMULIL6OTD. DiSHSHIL 63T

QuTgIUTEs BHHTHBNIHD FITFHSH HTHEHAIGHD 61607 UMTWMIGSILGSEMEH. MPHHLTE Geusld
fas Gnswu Cry QL Gaefsafed wrmmwenLub. 6B Cry @mLGeual A uled sTés
aisHnsHd HmMILLSDEG ol Chy @emLOeueilulsd 2 6o @elGsuTh GBIHHlevDd STewIliL(BHLD
H1HEaIGmIGNNT FITFfl Semidsiur Geausmi(h. HFUULL BrriHHed HTHHaIHLD (H6wIH M6V
155 aigw) 2 ®m 1.3 (b),(c) ww wemmBw ealeweney (B) Weng sreadl (A) wieigin Cnys
FHILeT Sjene| LIHMSIDETen auemylled Hruu’L CrriHHsd SEplup OsTLflsefler Frule]
CBISSILE LIHPSHMBH SHEGDS. A uler, Sienals wrHpmeaissShater LgsHHDer 6Bl
LMHOWTE GHLIUBIL 6T, HTHHUle o6y CHISHILT HmMbEH CFoH@IMG 61TLMS (FHMIbES!-
QNG| 6TTLMSHD HeuaHHM QBmemenGalcmi(hLd. oLHB6u HTHBIHIHMBHH H6MNSHGHLOOUTIDSH! LY
FHet (LPeTITe0 @F enm GHMIUILenL L LWSTLGSSHISGTCDTD. DSHSHIL 68T @QEIG STewiLg Gumerm
grule] (UgdHwean CHISSHILST GMDbH CFoMBTL HToEHIDHD CBISSHILS GHDDHII
QFeodaIng aaUmBHE STLHIIDG gOaaled HTHsw HmLOUMID CuTIE SHTHSH6T
(106uBs) mIBTILHMGCS.

F A N
: o e
g An, E/ P il :ﬁ:
c At g 2
'Q_-D An, E E
Eﬁ = n, EB @
Gpyp Gy >

2. ® 13 A—> B aaigib snéasdar s1Hsaisn (a) s1é6&aiHD &Te0 leme A @ Gwed rmms
et e aluflsaliuGEamgl. CrrsEILar alamenalar Senailsd goUBL wTHMSHIDGW (b)
SGBILN HTHH A ChrsHaiLear (c) mamen eusmenaing SoiuiGL Csrrfluler  ugsdme
FHTHEAIHHmeT umIUMIGSEDH. (C) 60 eTHJwenpwirer LSS CHISHILGT USTTHHH
et oien6] GmMha OFvaumsps GNEIHIIDE. GBI (D) (c)ed QFHTLfsefer Lgs
doer  CrISIILa  GmDbEH CFvuFH FHTESIFHD CHISHILGT  GHDHH CFHGIDSI
NN SHH BT (HA BTG

BB HTEEBoussHmas alufleb@G  CUTIEE USTISHSHHET D66 (P60  6TEmTNG NS )
SNBGD leNOILTHE OCBTaTeuHermed WOBOID SQUILEHLWITET  DI6V6NE (616301653185 (H 6N 6L
BMHBHHL QBTaTH@COTD. HTHHWD BOLOUMILD OETaTHevaila SHearealsnemel (V elendh HH




UFIL60T) FHTHBWD BmLOUDID QUTILHI ST SHeeuenaled LOTMHMLD FMLL aTl60enev 6166 LI
Quruesl sTéEs Couasdsmdd HTHd DeLevg almenalar enaled @k G BBIsHdHed @
VG Heneuenalled gMUBLD LTHMLD 61601 UEMTUINISHEVTLD. HTHHD BN QUMD OFHTEdulles
Heeuene] (V) Lommledwme 61(LDSHEVMLD.

DIGUCUCTTTENID HTHBHH HTHBNHHMHDH HTHH(H6IT) DleV6VGH alemene(H6efla) @ D6VG
Brrsded gmublo Gapley wrOHW e6atsh O flalsassomid.
a,5B66u 2 (1 1.2, 1.3 suempailed y oiFdle0 senaln@l udeonasd QFmensl L 6VTLD. DiHEHIL 68

BaBed, @M HTEHHHHL Senalsr LIPMSHIHIDGU uHeorasd Gamey THMEHMSL Lw6TU(H-
HHIBG6umid.

Qaley

W

CmyLd

2 ® 1.4 A—> B sneasdar s1é6s Gousd ; Grrsaier OFie] wIOHmLD 661 HTHe
aiBHmS alendGHH0 ChISHFHILST HTEHHAIHID GMMEUDLHFH CFOauSNGHF FTHIMTH
euemenuiuilest Fmuley (LYSHMT) GHMMHFH OFLNIHD DIMOIBIMG.

BUULGHD HTHHL  BOLOUDNISOSTENYHBGHWD CUTWRS FHTHHCUED  (GMDEUML B
OFeveuend BTD UTTSIGCDTD, BFH FHTHeaisd Aulel FHTHsLMLMBNGHF QFMey FTIHDHHI
aaiumBs ST (hF@ingl.[A] a1 QFnley o wjeurs @QHEBGWOUTIE eusnenale GFey
OQFRIGSHHTHI LRSI WObs 2 WwiauTs @RmeGw. 6B HToHsd Gausonsd HenL Gum
gl SUUL(hd CBTeRNYHBGHWLOUTH HTEHCMBD GHMMEUMLBFH CFONIHID HTHBAIHLD
Qanlaled FTIHHIETENH 6TaTILMBDH HTL (HLD.

FTEHH6IBH B160GHB6IT

@ GOUILL GrrsHdled gmuiB Qe LTMHMOTE aUMTWNIGEILGOUSTE, DT D60G
mol dm? S (Gpyb OFssaNed DNGHLILYET). el DVHMmBIH  HMIFeIlD HewL QUMD
FHTHBEIBEHHG oer6MHed LFBumdobseund. T DOUGSMBSH HTHBEIBMENH HHHIDEOUTLH
Qanleysemenll UGH DAWPSEEIFHTND eNEHHCeUTI(HLD. BB HTEHHMHHHMEBTH  D6VG
Pas' (oevevm1 atm s') ou@. Goeud elenEids0sTeToug HTEHHIHD BT  HeuaTshdlev
ahBHGHID HTHBHHV SIUULL LTHMSHHD BOLOUD 61(hHH CHISHHNT LMIHMeVHEHF FLOOTH
(01dx FOIOTH) BHBGLD.

AC)  ACY)

At At

FHTHHAIHD = -

ghu’L Gadley wrHmw @ wrPelwns QmeGWw CuTpgl, ewTODSHDETET GBI t
SLEH| BT 61(1DHIFTCMTLD.
o6l

t

BHTHBAIHLD

SI606VF)
1
t

FHTHHIBHD = O




®.QUN.5.(2_/3)@yFTuemb: Devg 11 @yFTuIcor QuiddaTuIed

1.3 srasaimpd LHFwmeripd

ugdH 1.2 e smlgweuryl, wrpT GsuliumBlemeoulsd @ cwipwl ellenmUuTer UTSHHTHH60 HenL
OQuub A —> Beaam el 165550 GHS STEs aiesmae (IOTHTEH setealsnaled) A ulle
OFfey GemoUD aigLd %)— avevgl B wWenr Qapley oidasfle@n  aisd %
abSHHIH FmeLTD. B STHHSHHL BID HTEOIFCOTL @M cped A, @M cped B o
Oamhadamal. ey Qm HTHd GoudsmisEHD FOW 6l6TdH (GHMIULIL60TLD.

2A— B

61601

@EIg B cpsd A oPlud QuTwgl @ cpsd B 2 moaureugmsd A oflujd Gousd B o meur-
G Cusshded @ LEISTE RHHSCoumIBLD. DEC RHHTEHHHN HTHH BoussHmoL
HeTeu(bLomml G mevLd.

1 AC) A(Cy)
T2 A A
DI6VVG| DIHMETL! LT6eiTeUHLOTM] 6T(LPSHEVTLD.
1 AlA] A[B]
T2 A A
5661, QurgieuTe @M HTEHHHMEG aA + bB —» cC+dD
1 AlA] 1 A[B] 1 AC] 1 A[D]
préselpd - ST TN Ty Ta o a4 A

2 FTyewnd 1.1

sTuU’L QeuliuBlensoulsd 1dm’ elewpiiumen Qameissvaisd H O, Ueaioumd sréssHn
Hewimizs Uflensumouensds &[HHIS.

2H,0,(aq) —> 2H,0(1) + O,(g)

Gupuy FTHHHHN BHTHH AIHHMBH HTHIH6T, alenena sl SpHuwieunmleT iQliLemL
ulev 61(LD&HIS.

allenL

o m 1.5 60 sTLLUU(heTen LFomaisHndenimess SToHHD HenL QUNISETmS 61607 D)

rellsHg HTHHE BevamauuievleTen @alQeuTm gaplagid Gapey wTHNSIANSGW CHIHHM
G UM .

BTéaL Ligraggndamis; 2 apsoset H O, (aq)2 apsvsst H O(I) b @@ apsd O,(g) gyuyd
CaThaGWw Osmaiseveaiar seareauena 1.0 dm’:

opyibus Gemeysst ; H O,(aq) : H,O(): O,(g)= 2.0:0.0: 0.0 mol dm™
BmHs Gemeymer ; H O,(aq): HO): O, (g)= 0.0:2.0: 1.0 mol dm™




®.0UN.%.(2_/3)@yFruiend: oevg 11 @yFTuIcor QuiddaTuIed

2 Fmyewnd 1.1

sriu’L QauluBlemeoulsd 1dm’ elewpiumer Qsmeissvaiss H O, taeumd sréssHn
dewimis Wflensumieuensds &(HHIS.

2H,0,(aq) —> 2H,0(1) + O,(g)

Bupuy FTHEHHI HTHE AIHHMS STHHH6T, aleneneysel SpEwieunmleT gL
ufled 61(LD&HI.

allemL

2 ® 1.5 60 smlLUul(heTen LFwTaisHndlanmes SThab HmL QUNFGIDSH 616071 i)

wrelss HTHEE Hevemeuwisleien @albeurm gapeigid Gamle) LTHPSIDGW ChyHHM
&L 6UMT .

B16& HFrasdnalammnis; 2 apevsel H 0,(aq)2 apsvset H,O(1) b @@ apsd O, (g) suid
OCaTheEGW Osmeaiseveaiar seareaena 1.0 dm:

apyibu Qepleysst ; HO(aq) : H,O() : O,(g) = 2.0: 0.0 : 0.0 mol dm™
BmHs Gsmeymer ; H O,(aq): HO(): O (g)= 0.0:2.0: 1.0 mol dm™
Aoy amo] | 2400

Al At

Al

S

]
=
|

[H.0

G&nley mol dm
=
|

(L0

€14

2.® 14 : sreagsda Qamseia Ogple) wrmpmsest 2H O (aq) —»> 2H,0(1) + O(g)
iUl (heren QeuliLmlensvuied

BHFTHHHH HTHHIBHHMBL LISTEUHLOTN 6T(LDHEVTLD
1 A[H0,] 1 A[H0]  A[0] -A[H,0,]  [H,0] A[O,]
praseipd 57 TN T2 A & 28 TaT T a0 2T a

BB SPUULL eumTUB6T HHSHIHTET TSI L HH60  LIFLoTaIsHmEemmEISa|LD,
HTHE  aiHHHMS wmIBD SOUULLGE 6laiug  SHeuaidsCausiguigl. 3p566
auemrilelmba t Chydh Hev FHTHHCeusmisamen (LYSHHMT) IFifley 6T6oId  SH6uwTeEH60MLD
Aesteu(mLomm,

A[H0] (2x)  2x AHO]  2x A[O,] x

. . _ _ . — = =2

prasaist ALt AL t At t
Rz HTHHCUBHINT UMTATVEHMIGHMBHH GPIUTE 2 _HHIEIMSHI. 6160186 HTHSD
Gousmimenen LFIGFTHMen FHWITH FHiewluleomd Djevevd HIIL6VTLD eTaTUmNSL LfiH)
QBTEITEHBISBEN.

10
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2 _gryewid 1.2

Hesteupld srohsmisalar s1hs Gousmismenns HToHHEeT alenenaser pdluwieummles
QUL UT6D 6T(LDSHIB.

(i) Na,CO,(aq) +2HCl(aq)—> 2NaCl(aq) + CO(g) + H,0(l)
(i) N,(g) +3H,(g) — 2NH,(g)

alenL
A[Na,CO;, (aq)] 1 A[HCI 1 A[NaCl]  A[CO,(g)]
préaeipib At T2 A 2 A A
A[N,(2)] 1 AH(2)] 1 AINH;]
HTHBATHLD v =73 N - 2 At

2 gryewnd 1.3
N,O.(g) Geteumorm Uiflensud
2N,O,(g) —> 4NO,(g) + O(2)

roT  Geuliupleneouled allewplumer cpul UTHSTESHD @B GMSS FowsHSe N,O,
Wfenswid eign 3x107 mol dm™s” eten sremiulLgi. (i) NO*(g) (i) O,(g) 2 meaum@Lb

AIHHMDH 61(LDHID.
allenL

BHHTEBHHIHN HTHHIBHHMBL LNSTEUHLOTD] 6T(LOSHEVMLD.

. 1 ANO(g)] I AINO,(g)] AlO,(g)]
STHHISLD - 5 AL = = v v

I AINO,(g)]
4 At

i 1/2 x 3.0 x 107 moldm?3s'=

AINO, (g)]
—— =6.0x 107 mol dm™3s!

At

A[O, (2)]

11 -7 3 o1
ii. 1/2 x 3.0 x 107 mol dm?3s'= AL
A[O, (g)]

=1.5 %107 mol dm3s'
At

11
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2 _Fryewid 1.4

eplpwl elempliuren GameaTseve @aiMled M Geuliuplmeoullsd Qs HTHHWL HemL QUM
AR

2NOBr(g) —> 2NO(g) + Br,(g)

NO(g) 2_ewiLn@d srésaisw 2.0x10“4mol dm?S! (i) srésaisw (i) NOBr(g) (suflujb
BGoumsld) mIBT6Y aismIBemeN (LLAIINBHB) 61LDHIBIHE.

allenL

BTLD 6T(LRFHEVMLD

-1 A[NOBr(g)] I AINO(g)]  AlBry(g)]
BTHBAISHID - 5 AL = 3 Y v
i S eneseisd = 1/2 x 2.0 x10™* mol dm™ s!

1.0 x10* mol dm? s

I A[NOBr(g)]

ii. 5 At =1.0 x 10* mol dm>3s!
A[NOBr(g)]
T =2.0x 10* mol dm?3s!

2 Frgewid 1.5

o6 YL Crrsde, CH, stjures sressdal srés aigd 2.0 x 10 mol dm™
s BTHBHHVIGTEN LONEHDHUL BEIGHET FTIUTHS HTHHOIGHHMSB LHUNBHS.

C2H4(g) + 302(g) -—> 2C02(g) + 2H20(g)

allenL

BTHBHHN HTHHATHLD

' - AIGH(g)] I AlOL(9)] I A[COg)] 1 A[H0O(g)]

AL T At -3 At 2 At 2 At
A[C,H,(g)]
——— = 0.20 mol dm? s
At

A[CO,(g)] A[C,H,(g)]
———— =3x ———— =3x0.20moldm?3s! =0.60 mol dm?3s"

At At
A[CO,(g)] A[C,H,(g)]
—— =2x — =2x0.20moldm?3s! =0.40mol dm?s'

At At
A[H,0(g)] A[C,H,(g)]
T =2 x T =2x0.20 mol dm?3s' =0.40 mol dm?3s!

12
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Guomuy o FTreansHHelhha SHTHSISD CHIQUITSS SHTHEBHT WEHOULD aiHD D06V
STHHBET 2 (HouT@GH aIHHHNGF FOOTE HLILSE0EN6V 6IQTLMBHEH HTEUIGOTD. @G| [BITLD
aLTeULTS 2 66 GDNHD Qendhdlen LIFomen Gausshded HRISU6Tng).

5660 @ HTHHD WIPT Geuliumplensoulsd TMTE SHeveusnalsd HeL QUNIDEOUTIOEI, @ hH
FTHBHHN HTHHAIHD (STIUBIASIDSH) 6upBEISILHE SIS

1 AlT]
V. At
J

HTHHAIHD =

V] T@I@ID USTTSHSHSH LIFIOT61E & IHBLON GLD. HTHEBEHSE V, LOEDUITEIS], Tl6n6N 6|5 EThE S
Crymeogl.
2 Fryewid 1.6
A —> 2B siqiip FTEE5MBS BHBHIS. HTHHW 0.50 mol dm? srad A wrenr ouywils
siul @ 0.00 mol dm™> oy 10 Qsssaied alpFHwemL Haipgl. BeuCBrsHed B ule
Gapley 0.00 mol dm™ empa 1.00 mol dm™ oy SiHsfsdamg. SumLTN SHTHs
AIHHMBH HEDHSD.
allenL
BT HTHBIBHHMBL LNSTOUHLOTD] 6T(LOSHEVMLD.
1 A[A]  A[A]

FTHHBHD = = m v
(0.00-0.50) mol dm
- 10s
= 0.05 mol dm= s!
1 A[B] 1 (1.00 - 0.00) mol dm"
STHHIBHD = » dt =5 X 10
= 0.05Jmol dm? s

2 gTyewnd 1.7

300k 60 ommm s sevievee HemFFedle0 Aet Gamleneud &emsmeillILIgeT (Leold AeT LiflenaemuiLs
Werupmeomd. opgbu (=0 @mobmauled) Aer Qe 2.00 mol dm?>. 180 G&dbsefe
Westenry Aest Qgniley 1.64 moldm™ oy&é @GHemmba, NeiaumHd FoaUTL IgNHEeImisd HTbaLD
BenL QUNISSTDS|.

2A(aq) — 4B(aq) + C(aq)
BTHD AHHMNDHDH HEWNHS.
allenL
AA=1.64-2.00 =-0.36 mol dm?
~. AA =0.36 mol dm™
BB HHM P GwIhIS
srés aisd =Y [A[A)J/At] =Y x 0.36 mol dm?/ 180 s

=1.0 x 102 mol dm?s’!

13



1.4 gnssmisaial THs aipmsmensd Sywraissll LFGFTHN6T HIL LIKIS6I

o gryewid 1.1 embaId, egmerw  saillysefleldmbaid sSroaseaismser  UFGFTHmen
FHwrss semlwiubGd  uflioreuor@Gd  (Siene)). 66  uflFrsmen FHUTes HTHE
alpHme  elaleumm  Hlewlweomd  elagiuemnsd  elenmiHs0sTeToug s DU,  BFGL6060
F1HE 6060z almenailer Gapemey CHIGHHST @F OQFWMUTLIS HeIHTEMILILGHET  LPEVLD
FSTHBGHHMS BTD Hlwilha O@TeTENOQPUID. DSHTOUH @R GHNHH STEHHHI BTHD
AlBEMmBH HUSNGHDH STHHUIE QFMe] GHmmeusHLUD aiHHend ievevH cllenem a6
Qanley Pl aissmaed wwimT  Geauliuplemeoulsd QUTHSHSLOTET  CFWET(LPMENUILI
Uetupmieuss sieudwin. Cauigpenm HILumSeT QsTLjFfwmengl. (non distruptive) QsmLiFS
womal (FFGmevd @) (distruptive) eter &  euemaLIU(BHHE0MD. QHTLFFHWTeT (pemmuied
FHTHBHBLMUTID lmTauTss Hlewlwsbamigwl GQuends Guieollemen Sienal(heudbest  L6ULD
QFweou(hHHUUGBLD. 2 _FTTIOTHES HMIFeIl0 HOLOUMID FHTHEEISTND  BnHHemnils
maHen  FHULBUTE o6 QeisHer GFflemey Bim  @eflulwsd wreflemw o LBWTHGS)
SlenalL6vmd SjwetseT FHULImULer Gapley wrmmsHms WeT SLSHHIHMT Diemailiges eLpsvLD
FHlewlwevmd. euTWSHE6eT FHUBL STHSEIS6TND LOTNTHEEUNMOND D(IPHE  HILHHEM6TUIE0
Sienai(haen QHTLIHEH 6THLLSET (LP6VLD SH6uuTdbTeuiobSLIL(HLD.

B g@eflulwed wwmell (Wenm

FTHEBHH0 FHUBLD QNmHaTed D EHHGHMDHSH @ Serorulaid BnpeTeansTes @I L6t
o emQenBaaLIUBL @ GNEHS ML HensHed o L dyda@wene (2_mehgioene)) Gmys
Het @ QFuPUTLTS @ HTHH JVevEH @ alewenailar o Mlehded BmwTameoulelmHba
QUTHSHSLOTET DML BMHHD CHIHHNT CFULIOUTLTHDH HMIBTeNHSLILGBL. 2 MehFlILbBLo6Ta]
HGNHS BQasHar GamMelng Grialdls Fwerm@LD.

IGHITEHHHE  HTHENHHMSH OCBrF QFweourLTs 2 Mehged Senaibaefelmbam  Hevr
BHTENEBBHEVTLD.
CLTHd S(PHBLTHDPSHHAT el L 2 eTen s CFuiLpmD

BTD SPbsHH Curaim elemplurer QHBTOTHVST EIMED 6UTL] DIUSHMBHH STHHLD @M
BLOUMID QumTpgl IHCHISHMID 6T6060T UTWH HTHHHET LGHH (WpdHemsalar aml (b
OaTens OLTHSH D(LPSHBLOTGLD.

aeBou FTHHHHN LFOTHIHMS ANBHHHBTO JUBHM ULSTUGSHSH OCLOTHDH D(PHHH-
et QFWOUTLTHS HTHdBeNeT GmMUILD 6aIHD je06vdI allenenuel 2 (HeuT@GL aiHSHmDHd
Hlewilul  (LplguLD.

s SHiFmear / sLHHHmer QFuIpenm

2 FHTeonsll LSeUHD HTHBHMDHDH & ([HSHISH;

R,COOR (aq) + OH (aq) —> R,COO(aq) + R,OH(aq)

BEHOITLMFD Slwaiseian sLSHHIGMe a5CammGumm sweiset (R, =CH,) Gureim ouer
HMID 10BOID 2 WTOUTEIFH. AS@ILOT BLSHHIHMT weiseilar QFMaled FTihaEeTeng.
Gumammiul L  (pemnuled BLESHHMST GHmmbHH OFeVaumsd UBTENILSTO HLSHHISH M6
SlenaihBC6m WBa|D QUITHSHSHLOTET (LpenM.

goflilup spHA e

alemeneyseaflest  @eaflulwm  swpmd sréadseilar  geflullwum  swoFAuled  CoupulLsrs
QBTEWIL HTHBEIBEHHEG SLOIPeHM CUIT([HSHHLOT6IG).

14



o FHTrenionsF &b @8rmdler Biu@GUIaICUTgl, Coumiul’ L @eflulwm sipmFlenwids QoL (& 6hd
Bamrad o (HeuTHING). (PemTOT6T 61607 DUMPSBLILBL 2 LsSFewid @efulwm gipmFlenw
SlendBsl  LweUGw. @efulwed  gipmd GFfeyLer OasTLyulLgl. @eflulwmd  gpmFluller
SMaI(hH6T HTHBHH HTHHMBHHHILST QHTLTLUBLD.

@aﬂ(y);ﬂmé &g (penm (Refractive index method)

BFCFWET(PEHOWITRIH HT6U DeUSHMBH HTHBBIBEHDBGHS GNLUUTHL LWLIEDIOTNHTE @ (hHHGLD.
s1HHH  sevemauuler @efllpmeyF &Hilyd STéHHD  HOLOUUWHLOUTE alenenals 66y
SFPsflbas HTEHUlET QFNa] HMHMeUMmLAIBTED LOTMHMIDENL SETMGI.

aury GeusflGumid (WPenm

RMH HTHBHI0 @ 6uTu] 2 PuHH QHHSTED, deleuTweneud BFsfla@GHEUTH i
saiouene Crrsdar @m OFweurLrs senalluuGaapg. CaCO,(s) Wflmas CO, aurujemeu
AlEMEMEUTEHGHEUBET (LP6VLD HemL QUMISSTNSI.

CaCO,(s) —» CaO(s) + CO,(g)

RelUMBWTERT  STEHSBIBEHS, 2 HaUTGW CO, a1 saamallhhs STHEEHMIHD  Si6wN
wiuGEeTmgl.

CaTLFFAWLDHD HILUEST @rFTwer u@GUumuley (LPenm

@rsmwer opuie| (Penmulled, HTHHEH Hevenalulledhbal Heveneuulst Coeneuwimer LTSS 61(bsHaIH
Qamereniu(pEamg. o FTyewions a&sdflar BIuGUIsICurg alBealssiul L  O0HmS
wAIIGUSDESG, @raTwe uGUUTUIR] (Penmenuled STHHHHET SenwliemUll GUDIISNE
0 GOUILL CBrsde smmaulaiephbs @k udd UfSC5GS5S 6bs elswra Hré
B SITHFuled uGluTwiasHmLCuw gouLTH aaumsd 2 miFHesuiul QeauliLplensoenw
AlEDTOUTS (HMMLUILBET LPEVLD SieMLWILILI(HLD.

1.5 @m @UFTwend STEEHHN STHHOIBHMIL LTSHHGD BTyenisern

@M Fwar QFUgh Foeum(h eUPMLWTS @ SIFTWLEES STHEHHHD HTHBHLOMLUD
sThdseler enalN@GD alemenasel 2 eILT@G SenalnGilenLulsorer QFHTLTemU iemeun)
FHwrs elufliusn@l uweatuhdaingl. BT SLbS UGHBeMelmbah GuHm eledmHBSH
goa Qg  Fweurlh @M SIOULL  HTEHEL @il elewyeyd  GHeTenD
upPl  HBEUBET  6TMBHUD  HHEUFVMED. BHHBEUBMET  RTFTWET  BuibEHaTue0
IIVVG RH HTHBHHE HTHHAIHD FHTdhdseillar Capeay, Geuliupensy, QUeNSZHSH HTEML,
FHTedHeriesr  Gomurliy, omEHe0 GuieoyseT, SmIUller Gumetm ued HFUULL  SHTFeu
H6MMeL  FHEIBUWETENH. @R(H STHSHAST QUSHANLIMEVE BHUSST  (LPEVD, @  elenemailes
alpLIW  Senemeull QUDIIGDGHS HTHE BHubsSmaismens &L (BUUBSHID aled upmw
SWHS MemeusF FTHHAWLTEEBIMS.

R Bratwend HTEECaaHMmSB eelaTy, IHEHHMD 610 dPeneu  (FbHemeen)
Beu@alsd GumeLTd. @ SmIFeles Gamleney HBFILUBET (LPEOD DIVVHI DH(PHDHHMSD
SHBFNILUBET  (PEVUID  DIVVF  D(PHBHMS AHBFIUSHST  elpeOld  (UTW]  DIEUGHMHEMUI
Q&MWL FHTEHEBEIBEHDHEH) STHGHS HTGHUWIET CeuliuBlensvenuwl 2 WITHHIUBHET  CLP6VLD
Fewiod  @amer  Guourlieny  HSFIUSST  cpeold, @ easHmwl  CFJILSST  LH6OLD
155 Coussmad IHBFoHHe0MD. GLEID HMHIWUSMBS (STHHm) SHMILIUSDEGL LW6TLHLD
SOIUIUTDILD HTHH GoudsdHendll UTHEBHEOMLD.

&6 sevbamIuTLIUGL Cuorsisn OaTaTmamW glumLwnsds aTaw(h @M SJFT
wers STeHsd BmLOunasNE@ JASHWTeuAwomer gLl g CHmeumsemend & (hHHIeUH6T
(eold, @& uPPHw SPlensult GUDeELTLD.
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1.6 @ysTwers FToEEEIBENET STHD aIBGHHD FTESHMNS GOUBSHIHILD
snyeiseier allenenenel ealends cpedBFapdy Buibssd GaTLUTLmLL
Curginss Camur®) UWRTLBHSHD

1.6.1 Gwrzmed GCamium(h

0@ 4 pbal BT sPBsH  Curermy (FLUGUT®HeTL  eumwBlenev)  GrEism
QaTeTemad (LPEVHIFnNIBETRT DienFmeuu|d (motion) SeuPMieT Quisselwm FoHHeNWUD, DiH6T
Aysmyd eteleuTn) SI(PpSHHD @ CBHTGHHUID LTHMPNIHSIDS TSTLMSWID 66T G S ETDE.
@ulurapgdl BTD Geo@Geuts elenmidld O@TaTen(QUD, @ STHHD  HoLOUDIISDGHS
OxTLIhE Cuwrgiser Geuewi(hd. eaLmBUID, 6Toeom GBorgHienasuler GumTHId SHToHEH6NT
AlEN6IT6HENTS LOTMHMLDML AUHEVM6V, @ UM wrsHT6L wrmmwmidaing. B& SHaHleus
616060 GLOMTFHIMBBHEHLD Alenenensuds QBT (HLILKEVM6D 6TGTLSTGHLD. 2 _HTJEILONSE 6 (F 6UATLOGTIL 60
ApsasHad, 20°C uland euefluiear lem’ edma@d N(g) O,(2) (weodsaniseT gmESTD
am Ossamisd 107 Gurgimadsd o Lubhdamear. GGwrgsmaswran almeraled (e mib
eiedllent eueriemILsvd gmSHHTY (almost) NO eurujeuns Smé@w. speimed e e Fnlseney
FTa1 sTelubEamgl. B& GOIUNBHug raarbausmied Dmeanshg GLOTHIMBHEHD alenemeneu
2 _(HeUTEHGHeUHVEMEL 6INTLGTGHLD. 61aBou @hH HTHBHHN Hlawpenous Hiwnaild@G @B @
STTIWLTS GLOTHe0H6T &) (HHH(LPIQUITS.

9560 @ BIFTWaISTEHD BoLOUDUSHGU Hersumw Budser Blelfss Gauiwiiiue
Gouewi(hLd.

1.  peusammiIsEnsHmLBu Burshesamnet alfla@Gs@Gw OsTLIY gmuL Geuemsi(hLb.

2. gaHH soLmWs STavihausnE GrgimaseiaBursl (wevddamiser Gurduw &FoHd
s OsmenngheHHe0 Geusmi(Ld.

3. Fradsen alemereurs LTHMUILGHMSNHEGU QUTHSHHLOTET LNeNeILILS6T 2 6Nl UIdhdnIgUleuTm
(PEVBIMIBET QUTHHHLOTERT HMFPBHHL GomEHIHe0 Geueswi(HLD.

G zed

(pedbammm  Quesalwm  CaTiumliget Uy HTHE PVSFmMIEET  EUETENLOWIT 6T
CamenmisenTads SHIUIUBHIIDO. @ VG Homeuenalsy, @M OCFbHdaNd HTHDHH
Bevemeuulled gmuB BGrsHevmeilen elavienilbans CLTHe AHTOeuswmT (Z) 6T DewPHHLIL(H
I DBHET SlPLILIML  6UgeuSHHed BoTHHe0 CFBTETME @[ LIgSHSHLOTHBEISEHLET GFw
eormMIAIDE, BHe0 @yewi(h SHiewlbendsder Gord ealemenaysemen 2 HeuTddlemen: A + B
—> aleweneysen BID Q@ Hewidmaser A wpmid B opdlwu @reuip wl (6w @ umsh-
HrsHed BHULUBTE MeUSHHIHCBTETEEUTLD.

z ; I

(a) (53] (c)

2 @ 1.6 wroTs sareuetalsd sTessHmeuuled A ulerg B ulegid Gamle] sidsfll yrear Curgiens
oTemIemGEmed IAHBFEEDE. (2) @rewi(h (pvbFnmiEaT A W @i cpevdbammiEeT B
W mreE BrdHedseEns@ 2 L ubBh HACHIBUTsd (b) cpaim cpsvdbammider A Wb @rewi(h
apevddmmisel B wib Qurgswrs (3 x 2) oym Curseoser elemeneurdleaimg. (c) ulsd
Smlug Gureim 3 cpvdsnmisear A LINGL 3 (wevddamise B uinglemLBuw 9 Gurgiemas
3 x3) alemeneurdeimgl. GommHed sremienibmaulen Bahasamemer @eaueumCn 2 uisHsmiul
WRUD SMTHH CLTHBEHD HTHHHHR alenenalTs (LI mTd(hHH ([HHHE0MLD.
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Srewih A, @rewi(h B cpevdanmiser o eatenCGurg mreig A, B Gurged srsHdHuid sreim UL LD
1.6 a1 pdama. BCxBumaim cpaim A wHMID cpeim B peodsammiser @me@Gw Bumg
@aug Grgesel FTeHAWLTGW. BHemHHSH BT HTewiLg CorsHmas BEW HH6 HTHE
(evddnmiseilen QUmEBBHH0 SRIGEUIHESINCHWN Deupmler Fal (hdh OFHTeMEBUTEVETIM
adUBHWTGW. Gorgienassd OFTaTND 6lalaUTN HTHHAIHD @H VG BEIGUTATID G (H
a0F Crrsded goub Bursmeseflsd smiIdueTeng eaugiLar  QFdey Hsfiys
FTEEHHMS IHEfHIIDG  OUMBUD NS GHRMSH. BHH CrHed  BFHemeu
Hewio @raTwensd STHERHT 61160 HTHHWD Lsa|b Cgeurs Beuww. ghareisd Gom
ugliiled o _6T6m  (PELBIMMIHET, DamISHHeT LISHHTOWL wHmeummIL 651 CuorsHmev  gNUBSHS
UMD,  DIBHRTEOSTR QB HIGBLIYSHH60 sajd Ogeurs 2 eafangl.  QUEHLOUTOT6T
FHTHBEIBET HMTFEL B6V6VFH UTU| DeUSHMBUND BLISSILUBGIIMG. HTHE  (LPELEHInDIH6NT
FWTHT DnFenald QBTIYHLILSTED, (LVBIMIB6T 6TeMdHed OFHTLILGST6TEN  Dieniodld
Hevimest. 160186y G L Geuliuilensoulled @ SevGHd Seaveusnallsd @b V& GBHIHHle0
P eremienibmawrer Grgme gnuBaIBSTe SHTHEHAIHLD lenTeuUTaTg].

Gurginad HMF(LPsHLD

B[ (PeLEBFMIHET UBIGHOBTETEHD HTHHHHD QREIMTH DeUTHT QREIMIL6T Qeim CHTLFL
OamenEpBuUTBsh imey  HTEHH(PMEVTD  618ILMS BT  elenmIFHOETaTEN6OTD.  RbSHF
FhAHUTGICUTH  (pHevled emeu  GrsBeuswi(hd, U@y Sieweu  HTHBHUPMEVTID.  ERFH60T
QumTmeT  cevdIamiben GrHHOETEILTID Dimaisd CrmHe0sEnB  allenemeuTsTine
VG HTHBHFHILULTH R([HSBBEVMD. HTHS  (LPEVSHIMIBET DT 60T HENF(PHEHH 60
Burgimer Gouewi(ho. HFHILST lHLEW alenenenel 2 _(HouTdhGeudNGHdH CHeMeUWTe 6Jeum
Fohd OCaTeamngheHsHe0 Goauemi(h. al®HWLIwW allenenenel almenala@@ld GTH0H6T LIWLIIETOT
Burmevmen ererliu(BLD. UweaeTen Gurgiensulls eeauianismd DHBFoEs HTHHa] SO DHBHH
B GG QorsHs Gurgienasule senielbansd@ IHSTFTILIS 2 6Teng).

2 FTJewild
&SCp OGamhasasiul L BINO Qe geatenml Uflmesd SToHsHmB H6UTIURIG6NT.
2BrNO(g) — 2NO(g) + Br,(g)

BT @UEurwpg BrNO &t @@ capevsdamiset 2 @ 1.7 0 HHaflbsiulgmes@d (penmenulll
urjiGumb. Br(g) @ elmetans o @mersds @peaic BrNO wevdsapiseiar Br oigiea-
5@ WHeOm Gurmevseafed &TULIUlL CHauflulled Siemidl Gomgiseo Geuswi(Hld. 6leleu-
OTWIEILD  SIDELPVSHInMIBET  CLPETIDTOUSTE ST LLIULIRQHBGD aufleusnylied  Dami@LCUTg
@m Br cpevdammisenr Gurgleusm@GdF FridHwidlevensv. eaiBo  RaGngiend HemF(psid
FSTHBSHICUTH alenenened 2 _(HoUTHS (PIRWITSHL. 6118 BIDBLTHIMBSH HMFPHD HTdH
BHHOCUTHI alenenenal 2 (HEUTHBIONLLTH. DLMSBUWTED (LPVHIaMIBET GG HewdF emm
STH  ((LPOHDEDOWTEIHTS) B(HHHe0 Geuewwi(hld. HTHH cpevdbFmmIBaT GIFHID HnF HTHD
aipsmed B (HLUUBHHI GG
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0

& n

0
(WPVHFnMIBET  6UFlenFUITSHBH60 8 6 OO
2Br SIgnISEH6T  QEIMIL 65T @a&r@]/' a

FHTHB eNL W (PIQU|LD. LoMHMILD,

NO(g) dflw @piguyid. \. o0 Qoo — oo QO o

CLPEVSHInMIBOT 6UFlenTF
wrésd Br oiamisset

2BrNO (g2) — 2NO(g) + Br.(g)

2 ® 1.7 Gapu'L JFmsuwpsmsaisy BrNO pssgnmisepsbdenLuieorer Gorgems (a) LwHmID
(b) @0 @rewi(h (PVEFMIBAT @UEISETE aflFILGSSILLG Br, wpevsemmisend NO
(evbammIBEHD o meurdamgl. (C) 6 cpevdanmiser euflenglinGaHsuul @i Br
SEIHH6T GrHsCsrerend Frsdwwrea ussmiIBaiaw / Hmaseiad @evemev. sreBeu
AIEnEMEYBET 2 (HEUTHTGH.

ager, HCl o Le1 sréasuwpmmis &CemmBrm eBHemel 2 Hheautd@GHh @ UIYHSHTHSOLOTEenMm
B(HHB.

CH,=CH(g) + HCl(g) — CH,CH,CI(g)

Bm cpeudHFanEErsGUmLBW  gnup Gorgiemsular elemeneurs, C = C  GrlenLl
Uemenildenen @@ STUST  DIEDIOLST  MEHTFST D6, LMHEMMUI  HTLST  DIE)I6L 68T
GCenmfletT  SlEWIOD  DENEWIUBTED HTUST  HTUST  Llemewily  @nenmLUlenswiliuTes ML
ubdma HCl msrsar (pemeieysd &TUST  &TUST SULenLll  Lenewilienl  Diem)dleoTsd
wrsHrGw BT allmwiiw alenenensull Gupupuiw. C=C | GWHa 2 W ReosHHTer LFHIH
o aitengl. Cl siamissen Qamen damidlenmsd, Cl am semenliLGeudlermsd alensnne] o (hHeuTd
T LTl alenenalensl 2 (HouTh@G GrmeoseEnd womid Up FrsHwinmer GLomsHe0sEmd
2 ® 1.8 60 @UUILLLL (Heengl.

P
H cl
H
& - o
{a) ib) (c) {d)
grHEWD : Spld Beemev Beemev Be0emev

CH,=CH/(g) + HCl(g) —> CH,CH,CI(g)

2 ® 1.8 CH, = CH, wpgid HCl  pevdanmisensaent Gui Bor 066t FT SO 601
Brra@aer (a)s0 HCled H oigm C =C @rien, demewilienu Gmrad Hemawaliubs
siulGerengl. C = C demewiiy wenpm gmod  Gamewngmlusted  Sorngiens  almeney
2 mauTeugsmGF Fnaswns 2 eeng (b) o HClear Cl oigm sereniuGousmsd sresd hHenl
Oupieug FrsAwweml. (c) e (d) uWlsd elleneney o (HEUTHED FTHAWLDETIN.

gounFsIls SHHLMWDH HTwI(HIH60

BURBIFGOBTENYHEBGHWD HTHH  clpevdbFamibenles  GUTELLLOTET  (eVHIamIBTET  BUIbEHF
FaHAUUTOUD BTD SNMBHOSTHICM. Fev cpevdEFmmIBeT DHS Fobd OHBTEUIQHBGD. F6v
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(PVBIMIBET HTH FhHHMWUD UL MLBmevsF FoHemwujd Qasmemigmb@G. 2 @ 1.9
GumevL omest euemIULLD @h QBTG HTHHHEHHG Brewi(h GeuliumBlemeoulsd FHd LFLOLMEVS
SHASDG. goungsd Ea eie Siempdsliupl. sTéHsd henl Quneusng Cshemeuwimer @fle|F
FEAINID Fmgul FeEHemw 2 LW (WevdbdnniECer almenenous CaT(HeEeH dniguieneal. © UIJ
GeuliupBlemeoulsd Guilw uGd SToud GuUFlw UEIG (WWVSIMIFHET STEHBHHN  FounFoHd
MW STMI(HoUBHTe0, FB6Ne] almasHnar o emLw uweaiub Corsms gouUBHETDE.
wpniw UIGWEUTE 2 wi GeuliuBlemev THFuld &TH GeuliuBlensy WTAFuleVd LUTTHSHS
FTHE aIHD 2 WFaITs QHEHESLD.

@Uuginled 2 66N eLPEVSHTn MIB6NT

FSTHBHD  SMLusHGL  Bumgiomen

SieNeF FoHHemwd OHTeHTIge0em 6D

F 3
~ =300 K E,
.9 I.'
g1/ W
E[/ \r-sox o _
T s whmpes SUUTITE 2 66T (peosammiseT

B\l / N ) STHEHD  SAMLAGHGSL CUITHIDOTE
(?é |/ N . SleTeysF sHHmwE QaETavBeens)
5|/ -
g I."IIIII
‘B8
@
D g

2 @®m 1.9 Cuorgimass  FoadHseflen  ugbusd  15g  GQeuliugdHer  eleweney, o2 wy  Geuln
Blemeouled gaumsFsHuleid 2 wijFsdHamwid QBT (Wpevdbdnmmill eieaid HsHusmeo
2 Wy FHMéEs aisld gouL  aubleudHdEHSImg.

(PLBIMIBEHHHMLUTD  gnUBL BMLGHITEHH almgmul  (PHWISSEHInlgUl  FTHEBLOT6T
Gurgiemas gOUBLOUTIDSI, (PHeJD eeunFlHsed 6161 DMPHSLILBLD. HleneOWMM Fnl L LPevd
Faml (PHeVl6L (Fldbdeomen LTMIDHEME) 2 [HeuTdmgl. gounFleseder euTaHETeVD  LOEaD
GNIHWGH. DSHFHILST alemeneuTs  IHOUUGL (DleVevd HTEHBenTs Lflensujmeomid). Lem
auemLwb @yarwentl Uenewitiyseaier @uisdyseisd geumgsd (Ea) smidlueiengier Hross
Heor Geuin 2 _eTEpenmuled FHEIFUIBLILS M. FHdH euemgurd BrNOg @er diflensenw
2 _gryenionssd Osmenih 2 @ 1.10 @60 asTLLUUl (BeTengl. &g umplw  Gwevds  alugd
Jestenny s60bGHIMTUWTLLLHLD.

2 @ 110 558 euemyuLsHe0 geupasdl EA alfleurs suengwiliul (BeTeng

o _gmyeoions, BrNO &1 dflmegsresn 2BrNO(g) — 2NO(g) +Br(g) 0 @maéed Br - N
dememiliyser 2 _emLbaiem Br- Br Wenewliy o meurssGauswi(ho. Br- N tenewiliy o enL &
godsmy 243k] mol! Geuswi(ho. SHHILET HTEHBWD HOLOUNIISDEG RFFHSH BHeme.
Gurgiemas wrHfluymeler sgliuemLuled @QFFsd  cpevbammisailar BussFFosHuledmHbal
Qupll LBHSGDEH. DASFHILET (WPVSIMIE6ET GCrHCUTH, QuEsF Fod Lamewiliysemen
2 _MLHFH DNEIHH6T LOST QIPRBIHMEBGD HN(WPSHBHFHHWTS LOTHOILIGEETDS.
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&(HBHSLOMS, BILD LUTTHGLOOUTH @H SraFTuietsd SToHsb LNl 160608 SS66ULIL HTHSBLOTH
Smuliaid HTEHB6n allenenameTa WTMHMULL(PST FohHld HmLmuwd HTei Geuesiouemeng.
FTHE (pevbanmIEen CuTdwene] FeHlamuisd QBTERIQHBHTEO Fobdl euruihd Gomgiensuller e
FobHHHMLUIST 2_FFenul SImLHGI 60U60FH| LIS U 6allst LbsLonsF QFaim SmidHums allenemeurs
IYESGIDGI. HTHBHHMBT JouNFHSH HTHoUTH HLIL6T Fbd) euTuihs / FTHHLOTET GLOTH60H6I
Ueterid 2 _wijeurs QHBUUFILST HTHED elenyauTs HenLOUMD. LOMISMEVWTS, JeuNFHs
2 wieuted Qouisr FeHauruihs Curgmaseiea Uaen HANste QHE@GHL. SHSHIL 60
FTHHD OgleuTs HLGuMID. Geuliuplensvemul 2 WFSHILOUTIDS @ G ChIsHHed @
3IVG BHeauenalled BHOHUWT SleMdsdniguwl Cuorgienssefllear easailsmae iHafHEG 6T6emBeou
BTHEHAHD P BfdbEHLD.

Gaplaler alenenayseir

A+ B —> alenenaysen 6In euehd QIFTWENS STHSHH0 HTHE cpevdbFamiser A wjb B
W (SIem) DIEV6VSHI DWSIH6T) QML T QM GBHTLFLYUGBL QUTpg elenenesenTa mmmL
uBdaingl. Slmen PEMILT RN CHTLFYULTaNgEd SHTHEIHL LFSWLLTGL. Q@ H6
IIVFED 2 _61T6N  (LpEVSHInMIBeMenT  sTemTenlobmed UHBFHGHOCUTSH deupPndeamLCui 2 eiten
Curgimaser AHBFULSTEO HTHS i AHEfHGW. RH SHSHIUSH CUTHUTS HTHS
sofler Qapley Pafosssd HTHH Bousld AHBHEHGL TSILUL HTEUEIG6T, UTUHEH6T FLOUD
UL sréasmsaiar srsdseiar Game diPHsfoss sTee Gauawbw Hsfbdamg. oo
FhaTlLUEIEeTs0 (casese) gamoudl @ SToadHulsr Cape] Hsflys, STEECBHHD 615
alg alemenensuu|bd gouUbBsHBeuHeomev. (araumd @ UGHUID Ra I LUDMs H60HSHIENFUITLLI
u®Gw). Gemalar almenameus GFulg T LIUGuEDEG Haio CaCO, m@w HCl peflenLul
eOTEN HTHSHMSL LIWLITLI(HSHSHE0TLD.

CaCO,(s) + 2HCl(aq) —> CaCl,(aq) + H,O(l) + CO,(g)

SlbevsHe1 GaFpleneu LTMHMIEUBET (PeVD HTHBCoUBHMS LOTMHMEVTD (He0FAWID SHTUGHIMHMIF
dulsefet LmHen LIMHMELTLD). @& STdhdlseilar Quendsd Hatemwoulesr Hw eumb. @&
HTHaHH0 daugralssiu’gl. CaCO, giemihssr Guilwstsaln, Guoadswraan ol H@ib
@ Fy umlg Hewiow ISATD STEHSOMLBSIDSH. MHCTTEHCMTHE Bideod QFsveudbei
BumeuzsTed FHTEHIHD CHISHILGT HMHMhHH CF0HSTMSI.

21,5861 pH oienail(heugen cpsold FHToHds s SemiaTaulsslLbang. smyFedea pH el
uge cpeold, SeoSwd STUGEDMlT Fewlley Gemmeneu iemTluGer (e ievevg CO,
saialee Fsfllmu  TILGET (peld FHTHeaIBHMS lenalleomd. GeueflGumid CO,
@ea1 senemen MGy s  eeflmTen (wemp wnG. ghaeiled @Cr @@ euTwy alenen
Qurenmes CO, LB 2 BaTaHTO @6 GIHS ufiCsTeman @M Osflbs lemey
CaCO, @ salgzaitu Ozflbs saeuste (100cm’) 0.5, 1.00, 2.00 moldm™ gréswenLw
alLiul (b 2 @ang CO, @& sauameags OsTLIHS CHISSHILET SasTalsasiubL
Qumupgl Weiteumd QuEIGUMIBeT GQUEUILIHLD.
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i L b

Gmyw

2 ® l.1lwmprs saeuate CO,(2) 2 mamaugnata CEb sréesded uwauGw HCl & GFpea e
OO S GaThésiu’ L Gautuplmeouisy CaCO,(s)+2HCl(aq) — CaCl,(aq) +H,0(1)
+CO,(8)

Copuig suenyUled®Bb&! BT LTJS&EE0TD TDHTE Seteuste] CO, eutu] 2 6w ms 1B GBI (t,
<t, o <ty5,) HCl &1 Gapiley oiflafléss &mmaumL Samgl. aismagl sT1ésGausd HCl @ Gaflay
S5 fH5 DFBfHE NS HTHHCoUBLD DFBFIILIN BLoT FHIHe0 QBTeTEND Oll6Nd&H B OIS 2 Wi
Qaflaled @ <ivg Gupuriie (CaCO,) @ G CrIsHen gnHuBL STédlsEnss)
emLuled gmuUBL Crgiensser HsfeEHamg). 611Gl HTHHGoUBLD DFBFHIBMSI.

H155B0sD QFMe] dHBfés AHsfeHGDG. 6almid, Fev eUMBWITET HTHBMBEIH6N60T
(UL UYSHTHBID) @6l BLHMSB BHLULUSHVM6L 6160 BBTHHILLL G 2 HTrewions CeusuGeum
FS1HH CousHHILT dnigl QHTLIUQH6T60 HWLQUUID HTHBD @aIenmd SHHSHID QUTLHE Fev
uy&EeT elenyeuTesigl Fev UIYHeT GLOHIEUTEIG.

Bm sradser A ww B ww sroasweLba alewene) P @ deeumbd Lgseied SHmW eTefev,
A(aq) — X(aq) . QogleuTeg|
B(aq) + X(aq) —> P : alengey

Guomuy sTEHHH0 CTHDHH HTHIHHe STEECMED A, X m QasrhéHGn. QuTgleume
uguienmed  sL(BULUGSSILGEEIDE. B HTEECausdHmsd BHiFeTulBbGL  Lgbuler
eluflaaiu®G. Aulsr Gapemen HsfesTen, (weaeny alufldsa Curerm siwuguis sHToHs
BGousld oFPsflbdamgl. eeusurpTuiaid Bulsr Gaplensy oifafliler siiuguisr sressGeaisid
FsFITmID, CrsHss HTEHECMBHHE0 6lals alamenameaiu|bd gNUBHSTH Ol DiliLig
X o_ewiLmeuia|Le aalemyours BoLOundang. 5560 AHOUTSID ULOLYSH HTHBMIH-
oev, elengourall Lguiled HToHHHH60 FHUBL. HTHH gerdear Gamemen iHEFHEGHWwouT g,
31z HTHHCUBHHN RHeTSH alenenameu|d gOUBSSTH. SHBTLLL UFHui(bs SHTHERISH6NT
@UUMBWITET SHTHBBIBEHDHEG 2 STJEOIOTS DIENLOULD.

S(pEaHH6 aleneney

auTws STéHdEeT FHUBLD HTHHBNET D(PHBHMB AHBFHGHDOUTH HTHHCuBD DF B
HIMGI. HeWIDEIBET DLV HJeumisaT L (HD FHUBLD. SHTHBEIS6T0 DI(PHH  LOTHMLD
H1HEBUBHH60  6Tolalld  WTHMSHMBUD GOUBSHSTH. 2 _SHTTENIOTS Jeuf  (LPenmuiet oD
SBwreilwmaler GQupwuly SWTFTD Wsajd 2 W S(PpsHsHms 2 uGUTHIILSET (Lp6ULD
FHTHHAIBD SFHsflesaiiubGdamg. SruulL Hewley surtwjalet Gaplemeu oiFsfliugl, Fflurs
sleueurueiler Qapleneu SiFafiiiugl, Flwumre eueuTwelea S(WEHBHMmS AHBFIUB BBl
Uesteummonm @eol fweurwydF Fwoeaturliged(badl alenmidld QaTeamemsomid.

PV =nRT
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@ GarhéssiulL Hawiley sutwjeln@, BT GG @HEEGD FMTUTL Q6T L5eT QIOBISTHS
(LPIQULD.

P=n/VRT = CRT Gan(pésiu’L sesusnalng wrmm Geuliumensoulsd, &g (RT) @ wrled
rom  Qeauliupleneouled. e1eBou SipEHED QFNaInE Chy IFHFIOW. DWPSEHMB DHBFH
Gw Qurpa Bm CupulL glmlsmaseEpsdlmLuleonar Cuorgmas Hsfbads HTHHEEUBLD
IHBFHGLD 6TOTLH 2 63TeNLOWIT (G LD.

BT SIWYHBD o W DI(PHBLD

o
o
o

o o

.
o RAROOR
HEREAR

o

RH HTHE  Hewiold
2 ® 112 oWdssHdan almerne DiPHs AHGFIIY uTWSHSTHEE ST QFMamen DHsFbHaTmE.
Gauliuplenevuiet alenemey

CeuliugHer  alewenaommo  HTEEMGHMBL UTHEHGW eaugl  ealendaomarg. BB
alufldaiul’ Lgl Guraim waHavbaied - GUTEMEVLOTET (PVGIMMMIF FoHH LFDLED eusneTules
teold Geuliuplensy FasfliyLen sradulear Fod Hafle@n. @m eutuaiear Geuliumbleaneo
aFPsflYyS HTEHIGHMS HBFEEHIMEH. mDOaILBmevmw edes Geuliumpensv
ufled  mOLOUMID  QUEHLDUTELTET  HTHEBEIGBEHDBEG  (616060MH  HTHBMBIHETHEGHLOSIMI)
@auQeur 10°C GeuluBleney SiFsFUInDGL STéEsaisd @rlluemL SaGimg. HTdEnRIS6T
Wsa|D allenTeaUTeIHl. 2 _HTT6ID iDLIQ6|SH STHEBMRIGHENT, HMIFIIaTEN HTHE Wi seriled kS
SMIWTEH HWILGHMS 2 (HaUTHGHID V6VH @ A0S HHHH GuUDILBLD  MSTFeu
et @ BTIHHBHHSH QuUOILLG MSEOITLMHFL(H DIUDIL ST  STHHIPMID  HTHELD.
aeiBou  @FHe0  gameuzl  @atemm  GeuluCGupmudCurgdl  @GMINNILSSEBNE]  HTHB
aipsHed LINDSHMS FHLUBSHSTS-

VG 460 alufldaiulLg Gureiy (FLUQUTHLSMET suTwBlensy @ OaTEGHulsr Geulin
Blemevenw HFEFHGWOUTH DSHET LGHHBNTET (LPVHInMIBOT DI6V6VSH| HIWNHBMBHET FTTF]
BussFHS AHBFHGLOUTH (HINHmBHET lMTUTES JMFUBILGT @ VG BBys
Hev (R SeveUeTa]) UFB (SlYssly) GCoIgHmaemw gOUBHHISNTDT.  HTHBHLOML G-
FNGSH Bmeuwen FhHenwd C@TamRIBHeTeN cpevdHdnmibene (Lered / UbiE) elewenidamas
P sflEHGnaE. (Sie0evg Goum (PenMWITHESEIGTNT gJoun FHHUNID gnigul FHd 2 6Ten
(P6VSHInMMILI Ll6vT6uTLD)

Bl B HTTNBEHL HTHHCUBHMDH DNHBFHHIMGI. 6160166 6T6060T (DIHBLOTET) HT BB
soMent  HTHBCoUBUPL  CEUILFBIMED  (GHMMeUML WG STHHAIHD (GHMMEUHLUJD. 2 GHTJ6u0r
resE GeMaplLe0 2 uly @rsmwen HTEECBHMmBE GHMOUUSTEO USMFWITSHereT 6u6nyFs
QUHBHLOML FH6V (& MMABIMG.

Gueib @emIsb@ GoOHULL HTEHHEIET Frhdwwrear OaT@HHHe0 @By HTadseat GeusiGam
alenemeysemen GeuaiGoum BUBHHMBIHMND HT6UTID. 2 _FTTEWIOTES MBI FoeOLFlobHLO60HH 60
weieiensouled 100°C @ev 6158aimed, B 61emHUND FHITH OTHOUILHEBIDG.
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2CH.CH.OH(aq) —22%),
A T

CH,CH,0CH,CH,(aq) + H,O(l)

eteueurorulenid  180°C, womled Geumul L HTésw  BOLOUDE@Dg. 6156561 Ly men
aleneneuTd 2 6L MM

(H,S0,)
2CH,CH,OH(aq) —==>

o CH.CH,(g) + H,0(0)

Fresdlseileal QuUNSHSH HETMLD

R HTHBHHH0 @By Hyeu SieudHamBullsvienen Q(HHB®, (LP6VHIFNIBMENH H(HHIH, DMEU DYDY
Curgimass@ 2 LuB. @aIBmT Bi606VE| 616060Td HTHHBEDHLD HwowTs SmHUUSIDd LTToHs
(2160605 CoumILL L H60H@GHID HHUNM SeuSHMBUI0 RHUUSNID UTTHS) HTHE LPEVdFn MIH6IT
FITE R gaalen Hmrgedlsd UFwLulmE@ QuUTIadl @ V@& BBHIHHD @M BT DI6VG
setedenaled goUBL Cuorgiens, GaPalaid CrrhbHaid SmibuleTengl. LeL66IH HTHHOTUI6T
Fs1HBHCem M Coum L Seushensmefed (Hewiow / surw]) SmE@&GHWw GuTepg (Hewiww /
umTw)) STdhdlsEnddenLuleonsr QUTH(PasHH0 (interface) L (B BOLOUD (WPRQUD. HTHE
BEpbEmLUIeTer BoTHima eTauenldbmad @h V@G SaeUalsd @ G GBIsHdlev
SHOFLOTEIONE] JHAIQIOTET  [Hlewey FTIUTHS STHHFSIUBISIDGH. DISHILOT HTHHIH(LPLD
QurgiuTas HTEHHIHD CUETSH Blameouled SHEIFWeTengl. euTwBlensy > Hreumlensy > Hewin
Blewev GuTaIm UL FHTHHWD M HTHBAIHD @OHEIAW SeusHmHule GmuUTLIieD
SIHB6NaN60 HEIFIU|ETONG).

Gurl Ly sutseaish et @uibdHrmiseilsd uweaLbBsSlubHw Cumuriiyg HTHsCasshHed alamenamel
gOuhSSILBESIMSH. @elGsuT(h 2 (Hememulsyenend HCFmeder (gasoline) o I QFasHsiul (b,
Qurm LUl mBEH D Qurmluletmed erflull LUl (b SIEIG SHBAIDMLEaIng HCFTedl6w
miewienilw HleMaenTas 2 L YGssUubhdaing, goaeaisd @eaiaigasHsd g WslGuilwu Guom
uglienusds Qameni(heTengl. SHILe Waad elemyaursll unm eflusgniuig. mHalwurs o L
OCFHFHIUANID LUTTES @ GH6IWeD Si(hd@ Hlewieniwl FHrenTadsiul L @by GogleursBGeu
aflESEINH.  DLEITEL  HIGHIGTENMTHEUIUL L  GHenu  &eureneoulest 155 alFmudGurg s
alemyauTsdh HTHHD HenL CUNSSTDSI.

Hewiog HTHAWTE 2 6en BaWWFAuled, HmeT gGrenTaslulL  Hewiod WeEad  elenyeun-
&5 HTHBWPMIL. SBFH HewimeumL @@ sl STHHPDIUSQID UTTHES. (JOeTailsd HreT
grenmréaalulL @y Quflu Gupurlienu GQsmemigmUuUGs.)

o Fryewionsd  seofwd  sTUCmIBGHWL  MEHCrT@HCenmfld  oudevsEHm @0 uleoment
BSTHBHMSH PUINFnl HHe0 CFILDOUTIDE BEIG6T DeusbTallifaeT SHrenToasiulL  SH60d
ww &TuBsmm, I8% Hlewlley GamewiL WTLI6T D10V FHEEITIOLHHD SHNBHOMEID LITTHS
s almyaursd STHEHPMIOIMNS. MBTFET LUFLQeUTL enF (B0 2amEEsMIIfl MHEdHE LDEIH6Te
(IV) g@Lemal (p Qupwumsud asdlwnmsl UwWeTUBHSHSILBLD. 2meHd HrenTs @k EGHW0OUTOSI
9IBx HlewleyemLwr omsd Fmwemisentes SmUuded uTjess @LFger alemgours GQeusilal
LLUu(BLd.

2 _FHIyeions, Wi 2 Goonasdn@d mater maGrm@Gammmes idlevddn @ uleomer
BTHBHH0 Mg DIMIGHEHHGHWD MHTFA  DWETHEHHGLHLUTD Corgiens Blo(SHSImG).
@mBs 2 GBemagder Gumurlly HTEECMBHMBL UTHBHSTDSI.

greigrenmésiu’ L. Mg gret  waéetdlubd  primalaw urjés H, ety OQeueflGumieusng
WBaD alenTeurd@LD.

weten] eluflésaiul’ Lgl Curaim Quendss HeTenld WTHATEIMN RFFTwetll LenemniliLasee
FSTHH 6N @rFTwierl Neneniliysenh STHEaIHHmBL UTHSIHGIMGI.
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Jeiteupd @ SHTHBBIHMEMUILD H([HSIS.
2NO(g) +O,(g) — 2NO,(g)  .oeenenn. (a)
CH,(g) +20,(g) — CO,(g) +2H,0(g) ............ (b)

(PHVTEUGH HTHEHD (2) BIewiLToug STHEHHMID  alengeuraisl. gOaallsd (WpHevmeug
s1HBHH0 N =0 Udewewilly wL (B 2 mLdSmgl. peomeo Hrésw (b)) mprerg C - H
Uenemiliyssen 2L Seaimgl.

@6xCGureim Goum QH RHH HTEHIRISMENS H(HBHIS.
2NO(g) +O,(g) @ 2NOL(g) .o (c)
2CO(g) +O,(g) — 2CO,(g) e (d)

NO denewriiy CO denewwilindepid medeumendl, 61618y @Rev@&HeuTd 2 _emLUD. 61686 HTEHSHLD
(c), (d) ww el elewyeumeng.

smyUUTalsr aleneneayseir

sMIUUTENET  HaTeno  HTEHBCoUsmIGM6N  UTHGBGW. UWSTUHSSIUBL  BHEDFLILITETS6N60
(pemeiaysh seremwenwlll GuTmsHg @6y sTésbd QM CoupulL semrluTaiseisd HenL QuuD
OuTEgl FHTHHCeUBD HEMTULTEHIHOMT (LPEN6ITEHHATENLOUT6D HEIFIU|ETETG.

R STHHD CeuaiBoum HmrULTEIH6T6 HMLOUMILD QUTIYE SHENFLILTENET LIT(EHESHSH6ETMLOW|LD
STHBCUBHMBH HTOTAIIUFD (PpHHW UEIG uFEHIIMG. 2 W uTGHHaend OCsTeiL
sOIIUTEIBEND  HTH UTGHSSEWD QBTERIL  HOFLUUTEISNID — FHlewllbansseT 1O®
OgleuTall LUTeSHSIMENOWITED Q[h HOT D6VG Hateusnalsd, @@ VG GBIsHdled gmuBLD
CurgHiend GHmMaUTs B(HeHGW. 6160166 HTHHBoUBLD HMFUILTRNST LUTGHHHETNID NH®ISbHD
(&HEMMEUSHLUJLD.

oasdluier elleneney

RH QUFTWNGH STHHHHET LTHSHMW  LOTHDICUBEICLPVD HTHd Coudsdhend iHsfle@w0
R USTIHSD SuidHuled @ramwer LINMSIHMEG 2 LULTH STEOILIUBLD  USTTSHSLOMGLD.
o gmyewione  CO(g)+ 2H,(g) — CH,OH(g) eaaigid srésnd  smpOauluplensoulsd  1Hss
ST HTEHAIFHD 2 MLWSH, ST @ oasHmwF GFJULSST (POD  HTHEHHMSD
alemyoyuBeHHeoTd.  Gevd, mayFear  uFGeurlengl e Uflns oamsbdulear  (peateienev
uflev, estadSwmm MemeowLer QUG QuTg wWsalmyaurs BHewLQUMID. GQLUEHLDLITEOT 6
oasHHen Fov HTHBMBIBEHHGHF FDUYSH0 (HNHDHUSHE0) 2 _MLWSHTE QHULSTED L6V
STHHEISET FTHHWOTS @QHSBGSLOUTINE IUSHTEESSE0  almeneneld HlewleuBeT (LPeOLD
UMD QRH SHTHBHMHCW  2mdb@Gald@GWw. 2mes uweaLBL Foo GNHS BTHDEIH6T0
sraduler  QFpleney sFaflebGL Burg Fev FhHaTUUEIGN HTEEHIHL DHBHHHTH
BumaeumlD. 2 _FTFEWIOTS @MH HTHHHHL S Fellev HTaHuler Oamey CGurdHwere] WS
o wjeurs @mEGw Qurws, FHn sreTeHTeNTaEEIULL 2mEd o LGWTHSSLILIQET, 2
Wt Gmurlly STHE  PEVSFMIGHENTED  (POMTSH  PLULLIYHSBGW. HmFFellet GQFmleneu
Guoeid HBFSHTOID DG @ elemenenaud goubhdhd Wwng gl b
gnaaBou 2wy Gsmetenenalsd QHTHNUBHMBTOTGW. HTHEaIHHHET LH Relalenerne w6l
upmlw elugmiset, GQurp (wenmaeT UNOSTMH LGHUND SevbHIDFWTLLILIHBLD.
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1.7 Qummssorer jenaled Froadldefar OFpeneis NBWITEHEUSHT CLPEVLD
P STEBHINT STEHIBHMBD B ([BHLLBHHIH0

1.7.1 @ sTéasIan FTEsaissmDbs Fapid (penpaenr FInaFfl eisw, Hewibensd
ais, OzTLES iz

(wertenr] eluflss BUTEIm HTHEW B QUDDISCHTEIYHEBMBUID HTHHOIHLD LOTHMLOEHL
ST ).

deteumd A @ B s@lenLuleomen suru] olousHama sHHCHTL. HTHBOLOTEIDMES B(HSDIS.
A(g) +B(g) — C(g)

auleum® cwevdamm A WD @M cpevdsdam B sréasipmidamgl. seGau (A) ulengid
(B) Wengio Gapley @By aimsHdled GHMMeumLUD DSHHIL ST LIST6UHLOTD 6T(LDSH(LPIQU|LD.
A[A]  A[B]

THEEHMGD =
? ? At At

(puwl UTSHEHTL eamae Cxflhs A ular Gaflayear 298K 6 sHrésw o rbllésinl L g)
o Sioneidsaln. B GsyssiulLilear A uler Qafley 10 QFssaiser @enL Gsuaisefed
SleMSSIULL . OQuplulL Hyeyser 2 (5 1.1360 STLQWeuTm 6usdFUUBGSHSLILL  (LplQU|Lb.
HTHBHHN  AHSHIGCUTH FHTEHaisd GmDha OCF0dSIma gy  HToadlulle
Qanley CrIsHaILer  GHmmeaumLbH OCFOAIMmoBW  (A) (PLHIMIBET  HTHBLOMLUI,
UWTH GrHiens 6Iemienlsmed (GHMDAUMLULD USBILET STHEMIGHIPD, 6llen6re|Her 6o
Qanleneu CHIHHILST umIL UYSHHMeT e1Hymer euenemul alenemeurhaslUiBLd allenereser et
Qanley GrIsAME edHITes euemgwliubBy  euenylar 2 SealujLeaT LeaTau(Hd  (PET) UM
CoumsmiBmETULD 6UHTWIMISHHEVTLD.

i F.
R,,.,=op0oU eisld )
'R\a,aum_rﬂsms\)u ""J'I.."—l'&'r - IJLQ.Q")QC)][DG&[
o e Tl _ B fAp
I3 % e
G R.marf', O/ -1) (% |
R ={(C, -C)/(t 1)
.......... AR R, 5o ~AR/AL =ug58pe o
Al ‘ _
_ > ™ STOL QIHLD 5
, &4 Gryw n, L GmByLd

2 @ 113 cumJaleVbHMIMGEDHD, EUMIULLD (pevd 6I(hSHHHBammed, FITFS, SHevBlensy, OBHTLHD
Fnéaaisnss (a) sTsdsalhes STEsaisshdsd LMWL (b) elmenaseEndGd HTHD
aipsHHe0 LTHOWD, STEEaIGSHHE QuUDILTEID Wweny GHUWIHMLWSE 6IaLmBH Heucils
s (LpsHmesr wenpwirerg) alemenalng ChImTeNg. <L&EG6, Hewilysened HTHSlH6N
wenpuid ez (-1) ermed GuEssliuL. Geuemi(BLb.

FInFflsH HTHHaIHLD

@@ GOUILL sTeolugHwer Fymafl eiswd @Quewi(h YeTeallaemen Senewib@G CamLiges
gnwle] o&w. waeo 100S xe1 Chy BewLOGeueiluled gmubd Gapfeiler IHMHMS DI
oo gouUBGeusHBTET Chr el Qeuaiflwumed au@Gs@Gw Gumrwg Quplu@eug Fyrafl Geus
wr@b. o gnyewiors, C,=3.50x 10°and C,=0.50 — 10° mol dm”, o4& @m&GD QUTWSI,
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' ' A[A]  -[0.50x 10°- 3.50 x 10°] mol dm"
BBy 1 = A [ 100-0 ]s

= 3.0 x 107 mol dm? s’

BTeaHHer (PpHe0 100 elemgseisd (A) 3.0 x 107 mol dm™ gyrgflwns @a@eunm CFoHmamIdb
& 3.0 x 107 mol dm” o 8d5 GmDAGIDG cISLUMBS ST HESDHI. @euQeuTH GQBTQUIeVILD
suemenululest  euflGw  e1HEHGeuT(H  Yeteuleid srésaisw 3.0 x 107 mol dm™ aeim &k
alevemev. eusmenalest Fmule] GHISHHIL6T GemmeusnLul Geuewi(hLD.

Bz sHHIUSH GNHWU QL Laualaefled FThEaIHL Fymaflenw ol 2 WFaITHO|D DIeV6VS
FSTHaUTHD RHHBH6uTD. Boed WU 10 100 S @ewLQeuafulled (At Qe Gmmey
ahHOuTH GmIFW Gmy Geusflulear FHTEEaIHHMBHH SHTLLTGH.

b @b GuEWw sTevlsuafluled BID Frrafl CeousdHmad BT SIS HLOUTIDSH HTHB

aizsHed @bhs wihpd Osalaurdaipg. WHo FITef sTésaisn SIIUGHSTDS.
(C,=3.50x 10° and C=3.00 x 10 mol dm)

A[A]  -[3.00x 10%- 3.50 x 10°] mol dm>
prssalpb,, == T [10-0 s

=5.0x 10"mol dm? s-!
@CsCuraim syTEfGausd 50 - 60 et Geusfluisd (C =1.00x 10°,C,=0.75x 10° mol dm™.)
. . A[A]  ~([0.75x 105~ 1.00 x 10°] mol dm?
préaalpby . o = AL [60-50] s

=2.50x 107 mol dm> s
SEMBHMVSH STHBATHLD

gygnafl Geusd, Syjeupeten Cmy GewL Geusiluled FymaflGeusd @@ LINWTGHL, BH @
@MNHH CHIHHeL 2 _66n HTHHNIHD HEWIHIENED HTHBAIHLD 6TAILILIHLD.

auemenuiluiest  eThHOeuT(H yYeTelld@o SpiuG  CsTLfluler  Fruley BCHISHSHET e
Blenevd HTHEHMIHMGID. 2 _FHTIenions 50.0560 HWIBM6VH HTHEIHD DHMIH HemIHS(H
aupn@ 600s o0 euemgwiiul L Qsrlh GCarhseier  grule] (LYSHMET), SHevibEL Geusmi(hLd.
sHBULGL OsTLIysmLw yeTtefaser (65, 1.25X10°)w (35,0.75X107) b op@Lb.

A[A]  -([ 0.75x 1.25] x10° mol dm’

HTesaIHD,, = m = 63357 % =1.70 x 107 mol dm?s!

Fynaflaisld SavBlamnend HTEEHaIHHHMID Coumul Lgl eaug Waad QFHeieurs 2 _e6eng|.
IHFHILST HTHEHAIHID 61D USLD HhHFHIOUH SEIHMVS HTHE aiHHmBHBUW Y &GLD.

CHTLBHIHID

FHTHHB6M H6LHSH OBTguiled &TeTILBL HewHenevd HTHHBEHCWL (iBTouzkl t=0) OBHTL&HD
aipTGb. OsTLéssaisw /| ywueisw Gafley  GBmbr eumemuiled t=0 o SHSHGLW
yoteld@s Spuul L Qsrifler stwielelmba 0T SH6IHL SaulsdlubGHH. QHTLED
aismsailar oenaihaet CuUTHUTE BTFFTwer Guibsalueled 2 _6Tem el LIFLoTeImISemerd
STeRILSNGL LweaTu(B HSULBLD.
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L5(6rpLD BHTHBLOTSH BB ELOUTIS S TUaISHHmSBLI uweTU(hSHGI6uG| Flev
&b B 60661 gMUBSHSHILD. SHTHSHLD (pHHemFulev B enL UMM G\ T6vTIY (h & en & UTI60
(pradlser - alemenasen) ealmenayser iHaflbd amer. Qg LSICHTHSW  HTHSHH5H me0
(ellemeney@QuUT 6T - HTHE) alengours gHUBHSHID RL(HOWLTSHHH HTHH AISHHMBDH HTMILSHD G
(werym, HYDs SToHEEIGMET STosaidsHar Coumurl s H6fdsHe0 Geouami(hLd. D660,
SLTDUS BHTEHEHAIHHHO t = 0, 6B ecuemenoyseilent QFMeyseT LmeHemibHHmIQUIENE.
DIGATED LSNP BSHBTHBHHN HTHHMIHD HTHEHMHHMBL LUTHHHTSHI.

aeflw  (pewpuled t=0 GBErsHHed STU SHTHHAIBD VDG HEVHMEVSH HTHBAIHLD
BTHHB6T H0HBUULL OBTQuiled 2 6L THIIMG. JAHSHIL6T alensnesel sTemeuGueid Gam
aLWTEH /| Gelwngl Bme@GGurg.

1.7.2 prasaissdled QFpeailsr aleneney
LA 0

Gueeten  UGHWINHHS BID AP BHH UwaieTen  BurHeoseier HTOeUETT HTHD
alpsmad sLBUUGSHIFGDG 61auBs.  GQuhee] uweieTen  GmEHe0seT  GeusLoment
BousdH s T HHLILBHHIFSGTME. (LP6VE dn MIE6eTenL Bui GLom 60 HTCeuett DIHBFlobs @ uLdlse
o _ewi(h. LOTMTSH Havtauenailsy rmT Geuliumplensouled BHBEGHLD (LP6VHTnMIHEM6ET 6T6T6vNS NS MU
IFHBFHH0 DeVevFH QWSS FohHmw JHBFHGW CeuluBlemevemul 2 WIHHIH0 - LOTHTEH
HETOUGTANED 2 _6T6m (LPEVSHInMIHET6 cTemIenNbenBML HHBFHH0 6leug Camey HBFLLy
eTeotll  QuUT(HeTU(BLD.

weten]  elufldasiul (HeTenuy  HTURIEaT DEVEVGH  UTWHEOT FIOUBSLIULL  HTHHMEIS
EHBGHH STadseflar Cafmen Hsfles Cuorgiemns AHTOmT AHBAUUSTEO HTHH
oD oFsfledaing. STl qaar e HaflbGwlurg HrToassHHer Gousbd
UTHBBTHHBHMVF Flev HTHBMIBENT6D HTIILTD. JSHFHILST Fov FHHTLUUBIGBANED HTHE
s6fled  geaer GaFfleney @yewi(h WLRSTHGWOUTSH LICUTHID HTHHAIHLD SILiglienL
auFevemev. 618l FTHBAIHHHNT OCFmey FTTUTRT BHLHMHBMHW Seneumfduns Geum Fev
wrdflaenLer BT Yfibha OCsmeten@susmi(ho.
R 6T6fl HTHBHMBD &H([HSHIMIH6IT
A —B

BILD 6T(RHEVMLD HTHBHEIHLD oc[A]

Cooalsw =K [A]
K gmn aldswrmel ogsLer K “Geaus wwrhed” / srésais wrme)” s oenpdssiiub
HBIMG|.
BuwBsv GaMhHEEILLIYHBGW Cxmeneuy A —» B aiaimid s1éass5H601 “Hréasais aldh” Die060s
‘areaais aldHsaTar Camameu” 61T JMWPHSULUGIMGH. BHSTHEHHH60 HTodHHer Gousld
(A) QadloysE aldld o 6len 61DWTEL Fampiguld. A &1 GFpleneu S LOLBISTHETT0
BTHBOIBHD B(h LLESTGW 616 HIFFWILGSHMTEL, HTHDH6IH aldenul BT 6I(LOHEVTLD.

srasais =K [A]' =K [A]
Hesteumd flendd STHBHMBD B ([HHIBIH6NT
NH,CNO(aq) — (NH,) ,CO(ag)

GG OarThssiu’L sraasda sresaigd NH,CNO(aq) a1 Gsphelar ajssssing
&g Fow elerll LFGFTHeMen FHWLTHS HTEWILLLL ). 6Te01B6u HTHBAIHMUI BTLD 6T(LPHEVMLD.

FréEHaiH =k [NH4NCO(aq)]2
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BuwBsv GaThHaHsLILULLHHBES e UGHBeT SToHsaldhuled SmUusSTad GHMIILILoTLD.

K: srés alpwormlel : CsrGssiul L sTess550@ % @ eavmenun, (GQUThHHLOTeT)
DIVGBMETUID 2 enLWigl. aisTled HTosmIsemen QUTNISS WTNUGHSDE. ASHILST @G
FHTHBHHIHMEG Geulluplensd Tm, LTMUGHLD.

[NHNCO(ag)] sradsaiar Osplal, @amse GopulL srédlsst @mbsTed sbsoeumm
SI6L6VG| 6TEV6VT EUMEMMULD FLOGTUTL 1960 HTewtevTid. FlevBeusnenamefled Qeiim IE0V6VSHI QEVINISH G
GupulL Fradser aixh alduied BCHTeimmg.

2 : SFWUBSIULL FTEE QFTLIUTES STéassdear Srssaflens : OQuEbuTIDd B& 1,2
Guretm @@ wuw oo eimed  Ueiemiset  FeoGouenendseiled  FTHHWOTGHWD. HTHD
aufl (1) @am el STesais aldhuled sWslILGBME. QRIh BTHHHHN HTHHaflenTF
Brewi(hHGHD FaLauTHa D @H(HHHEOTD 6TlmID @6l HEVHHIMTWTL 60 Dewer BFFahamluL
a1l606M6V.

@rewih  FHTHEmIBEHSETET  UfGFTHmen FHwmasll OQuplulL sréaseis ealdser &S6p
QamHaEsLULL (HeTerme.

2NO(ag) +O,(g) —» NO,(g) srasaizw = K[NO, (g)]* [0’ (g)]
NO,(g) + CO(g) NO(g) + CO(g) aigw = K(NO,g)’

@uBurs A wpmibd B sréadseEpsdamiuled @ QUTas STEHHHMBHDH HHSHIGTLD.
aA+bB — ealeneneysel

BSTHBHHNBTT 615 aldHenuwill LeTeuhHomm 616D
sreaaisn =K [A]* [B])Y

BupaewiL 61(hHHIGHTL (hdsamed(hbad A wnmid B &1 QFneysen eeaeumm HTéHaaisnd nHll
UTHBGLW eTaTuHemend STLHUSDEG X,Y S SBHEHBEHHEG 2 WTHSLILL Geuemi(hLd.

A6 BEBGHH6T (WoPBw A, B gnjurssd HTEssHsHE  HTHSMFFHMTEGHWD. X UNIHID
y Wengid gl bH0sTemnsd (Xty) SSTEHHHHN HTHH UflengFuim@Ld.

IBToUH - HTHH6IG alFs Caremeuulsd BmeEGL sToHdsalan Cameyseilar Dibaowe M6
Tl HHOHTND SHBTEHHHN L HOWLTHHH HTHBUFEHFWITGLD.

Agmjunag STéasauflngd LFHww (0) i, Auler QFmey sTésaissma L UTHILS60m60.
Casdraemis FHwUTE @ eamaiar bHHSU wFdwwrules siger Qumiorerd 1&@ &
LOM (G LD.

560 FHTHaalEH GCasmameuulsd HTEEIHL STddsele cpeogadle) FTjurss SrULGHES-
QOH. IABHGHHT FaT CQFUIFH FOATUTLIgIeTN HThdBerlar Ligwmamisamen (GuTsuBeu)
R5H BHBBEVMD BIVVFH @6V6VTHI A (HBHEVMTLD.

flovo o _gTyemmiseied eusTalsslUlL  HTEEMHBMNST  61(HHHIGHTL(HHHMEMUILD  LOMHMILD
BHTHBFNFHMEMUILD  &(HSHIGeuTLD.

NO(g) mew H(g) s@WmLuile gréssine
2NO(g) +2H,(g) — > N,(g) + 2H,O(g)
SISNETE HTHHaISH
srssaipb = K(NO ) (H,g)
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NO smjuresg sresaflms Qrewil. swaiCsus goaurige H, & Usworeae @esd
@rewiLte @oUimid sréessder H, stjurtes srssaflms @apr@b. @UGOWTsHss
FTeHBfleng (WaimTGW. (mbHIFar GrTCam QUendl (h) mbsHfle @l amal (b womid @GFmes
LA WNMISHG QML UTVTET HTHBHHME

NO(g) + 0,(g) ——— NO,(g) + O,(g)
BHTHBNS,

sresaigd = Kk[NO][O,]
@ssraad NO(g) smjurs wHeomd euflng @GFTer FTyuTHeld (P Heomd euflend, @L (B
OTHSIOTE STewILToug euFlenFum@GLD.

2 - yGymBw - 2- Gwzearsd ymGueiler BILILEGUING

(CH,), CBr, + H,0 —— (CH,), COH,, + HBr(ag)

BHTHHNS,

srasaig = [(CH,), (Br (1)]
2- bromo - 2 - methylpropane &rjutes srésw WHeomd eauflms, H,O srjursl y&fw

aufleng, Foer QFU1EH FOSUTLIQED DIGH6T FoTe GHswisb (1) @amres @mUiad. ST B
R H1HE s GHUIL alHwenmed, HTHs alFenuill LNSTeUHLOMD 6T(LOSHEVTLD.

srasaldunearg K[(CH,)’ CBr ][H,O]

(U]
FLBOWLTHDSH HTHEHOFleNF (PHEVTD uflens,
Gumammiul L 61(hHHIHHTL(HhHH6T (IPSHEUWLTRT HHeUnevdH BT (HHHETNEI.

hBHOUTH FHTHHHHDGW SHTeealHemwl QeaumioBear  FETOFUIFH FLOGUTLMLL  UTTSHS
adiey ampuppurg. uflGsrsmerfduns  wWLGHGWL  Sywrellss  (wyuw.  alldsommled
o _awienloulled QUT[HHBLOTET D60 GHB6T OB TEUIL. 61631, BT aldenuilt QuITgiauTa aluifla@Burg)
BTRIGS6T eupdsoTes K erer e1(psdearBmmd opemmsd eibhal GQuuiorerw @8y @m Geulin
Blen60UT6D 2 6U8TEMLOWIT (GLD.

Qm HTEHIHL 61Burgid mol dm3s! sugliuenLuied GQeuefiLGHHHFDGI. HTHBEIBM6NL
uFsw, (1pH6e0, BrewiLmeugl auflengd STHBMIS6T 61601 eUmBLILBHHHVMD. GHIw alermgseied
el IuBHang 616 dITallesILbEaINE. HTHeaish TMel GHTLIYMLU 160G H6NT
Aesteupomm GumiuL 60TLD.

yFfw euflensd FHTHSEIBET

A > olnemeyseT 61D HTHBHMBHH HHAHIBIGT HTHHD LFFAW eufleng eeflev,
BHTHHH)

FH1HHaIHD =K

Keit oo@ser s1és aigsdar ie0@6ume GmaeasGaicmGn mol dm™ s

(PSHOTD uflnFdh HTHBLD

Heteubld HTHBHMBHH  HeUNTUL|BISH6NT

A —> alemeneymel

STHBLD (PSHVTLD auflensd HTHaLTE SHUIST, HTHH6isH 6l

srhsaisd = K[A]
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®.QUN.5.(2_/3)@yFTuemb: Devg 11 @yFTuIcor QuiddaTuIed

HTHBAIBLD mol dm?3s™

. N et P
Keit o160@ 361 Al mol dm S

@yewiLmDd euflngd HTHBEIHEIT

Aeiteupd HTHEMBIBEN6NS & (HBHIBIH6NT,

A —— ealewenaymen V0GH A+ B > alleneneyse

FTHBD BIUILTD euflendd HToHsoTulen, HTHHa1E

K sréasaisn = K[A]? swbeg srésaisnd = K[A] [B]
BHTEHBBHID mol dms’

Ker siv@sen = T = Tmoldm® mol!dm?s!

2 gryewid 1.8

OemHe0 DFHCYHM MHEOITLMHFL_(H WL 6T LNBT6UHLD FLOSTUTLIQENILIY HTHHLOEML
ST

CH,COOCH,(aq) + OH(aq) —» CH,COO(aq) +CH,OH(aq)
HTHHH

srasaigd = K [CH,COOCH,(aq) [OH(aq) @aleaur®m srédl sTjurtsad Hrobs
aufleng Wng? SHFHILET QLHOWLTSHSHSH HTdEauflend wmg?

allemL

FreasHais alFHulsy, @eaiCeurm GCamley umssder (concentration term) Ged BHHS
(Superscripts) @evemov. g H(HBHIEUGH @EUCUTIMILD FTTUTSH (LHH6VTLD aUflendF. BHDHTHHLD
(CH,COOCH,(aq) waeormid auflns @l BOwnsss s1Hse aflms @rai (1+1=2)

o2 _gryenionsll Uaieumd sTéhsmiseilar uflCarsanar FHwumsl QuplulL HTosaldsemenl
ufEediBumd

2NO(g) + O,(g) —— > NO,(g) srssaipn = K[NO(g)] [0,(g)]
@gsresn NO (g) smjute @pewiLmbd euflsud O,(g) &Tjutée WHeTD  auflenauld
OTHHH STHHMFMF (PSTMID B GLD.

NO,(g) + CO(g) —» NO(g) + CO,(g) srasaisd =K[NO,(g)]’

@ssrasd NO, srjure @rewiimd eufls, CO(g) srjural uFswu aflmss STossH
FLBOWTHHsH STosaflens 2.
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®.QUN.5.(2_/3)@yFTuemb: Devg 11 @yFTuIcor QuiddaTuIed

2 Fryewid 1.9
Uesteumd @euGeurm Geousommlelaafelmbal, HToHEmIGaTET auflenFamul SeD HTeulsm.
allenL
(i) K=5.6x10°dm*mol's!
20 auflenssd FTosssHe Gous wrTPHelulsr e0@ dm’mol!s’!

K =56x10°dm’mol's! Gwed HréEsbd @rewimd euflens sl WyHueds
LA EN

(i) K=3x10*s"'
alewL (pHeomd euflengssrer Geusommelulsr Sev@ s

K=3x10*s! wpmeombd euflengs sréasbd eaiumsil 1FHuedlsHeaimg.

Sl Louement 1.1 FHTds aipbd, HTEHaIs wIMe) DeunindlenLBuw o afen  Geaumum enL
(BWUUGSMHSHDH SANTIUSDETH) F((HHHBIOTHDH FnnIEETNSI.

SlLLouemew 1.1 s1éEE aisHIHINGL HTHaaish wTMelsElmLwre Ceumium

STHEBHIAT STHBNIBID STbsaiz LTHhed

Bz FTEHB6T  aleneneysenTs  TMID | AH @ aldsTaTy wmpled
aigLd

sradseiear CaFmey @smmeusnL b @auGeurm HThdseflaigid GaFpe @m mwwns
aigoTE Jeevd alemenadseier Game] | Rme@GLWEUTH FHTHe aIGSHNGHF FLOTGLD
Fsfily aisors enailllubBHaTng)

@z sTeEdHBellar QrousF QFMeneu ®g srsdsaiar oywuF QFPeln@ swr-

FMIHHIOTENTG] Feions 2 _elengl. BFH < CaThéHsiulL
BHTHBHIHM G Lo Geuliumlensouileo
Blemeowimest / wmoml  (constrant) @QumoTesILD
QB TemIL G|

1.7.3 yFdw, (pzeomd, @UauiLmd auflnsd FHTHEIESEHHGHF ey et
FTéHSH6IH THPEHHDETe euemy UL LySBdHgieun

yFfw euflensd FHTHSEIBET
uFFw euflenssd HTEHEBIBET 6IATLL STHHOIBHL HThdseman QFHalD@GHE HWTSOIOTEIHT (GHLD.
VLG HTHS aipld FHTodsealar GFMalsr LFFw DBEHGHHEG NHSTFTTLIS 2 6T6ng.
Ueteumld HTHBHMHH  BH(HSHIRISH6NT

A > allemeneymein

sresaisd = K[A]"=K

aeBeu, gBpMID A &@& OarThéssuulL CFfleysd HTéEd aidHmnd LOTHDOTLLTSH 6T6Iml
GMUIGHMG. BToud STEEaIHL  OFfeajLer @@ TP, 6B  QadleoysEd ey
FHTHHAHHHMBTET euenyy 2 (5 1.14 (a) 60 srlLiulBeteng Cumeim HenLwmesr Cwy Cam(h
Gouml (emmuled agmplenmed CmysHgiLest Gadley wIHMF FTuley @ WLINEOWTS 2 _6TeNng.
auemgy 1.14 (b) @60 smLLUU(BeTenuy QFmley e1d GmIWw euenIy.
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/ M
wmfied aipld = FTule
@ 3
Qg ley Griyw :

(@) (b)
2 @ 1.14 (a) srsdular Gafey wIHmsHILE STéasais wimpw (b) ChIsHaILar sThdlulear GFmey
oo uFAw eauflenss HTEEHHMNEG
uFfw euflenssd STEHHIET HLEHMS LeTeUHLOTM SHSLULEOTD Q@ HTHSLD
A+B —» aleneneyser
HTHBAIHLD
siesaisnd =K [A]* [B]°

B a1 Qafley Wsad o wjaurs o e6feng wOMb $HTHEEHHGCUTEH dsa1 GFhe] LIHOLD
UDEEHmNSHH5HHBH 61601  HeneIHHIHOBTaTEHEIG6T. 61086, HTHE eiddHmall Llarammn
6T(LD&H6VTLD

sreasaisnd = KI[A]*? @miBs K!=K[B]
sréabd A Fmjursl yFdw eauflmgwns GmpUusTed ST aisb =K'= g wrped
a16euBeu, QFMleysd HToHHaIGEIBIET uemTULLD Wei(hd BB aluflésiul Leasl CGumeim @

demLwol L BryGaTLm@LD.

fev  @efl @rFTWed SHTEHEEISEHL, d60  ULelEH HTHEEIGEDHD UFFW  auflens
FHTHBEIBEHHEG 2 SHTJOIRIGNMTHS STILULUBL. RHSHMBW  HTHBMEIGT  QUTHIEUTETEN6
3le0e0. M yFer oo  GCenmfler opHweumminG R Bw BHLOUMILD @6fl  @yFTules
BHTHBLD.
hv
H,(g) + Cly(g) — > 2HCI(g)

Qe @efl @reTwes sréasd @f UFFu aflmes sraswrgd. H, Cl, eurwssmen Bl
a1 meushg opwie) QFuiwiubGdmal. o meur@g HCl Bfled smpoushear @myewions B
ursHrsHHen Hifler e1wFFH (2_w@mw) aiBHmBH GHMII(HEUDHET (LP6VD BHTHHHHA HTHD

aigd spsluGdamg. Bfer awsdaisw, H, b Cl b oufuup eissdn@s &b, euru
SlUGHMBUIET Dj6e] LTMUGLD eleflanid Qe IO
GLmer WenTigeigdear Guopurinied N O dflme:
N,O(g) — > Ny(2)++ O,2)
s1asaisd = K[N,O]° = K ois060a
A[N,O]
——=K

QTeilgerd Se0eH FHEIGSA  (paiaiameoulsd  Goreiwr  flmsunised @ wFHw
uflengd SHTHBLOMGLD.

2NH,(g) % » N (g) + 3H,(g)
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sassuller Gupuriiy wpweaugid womTes NH, capesemmisamed apL iuGSangl. A(pessms
sigafliugear cpeod Gopurinied o mlehaliub emamen iedevg NH, &1 Gaplenen ormm
(PRQWITSH] SpmBWTEL alenene] 2 Heurulaid euru] Seusmsulen GFnle] LOTMTLOED 2 6TeNg).
256600 RHHTHHD UFFW euflensd SHTHSHLMEGLD.

uFsw euflenssd HTHEBEIGBEHEHHTH Jenail 6I(heHHIHHTL (hdser H(aq) oiweden (peseienesv
ufled oiIFmBoreier iuwieGammLd

H'(aq)
CH,COCH,(g) + 1,(g) ——» ICH,COCH,(aq) + Hl(aq)

Bbss sresaiss gwaun® [I(q)] srramiows CsTagmssalemen el UFIGHTHmeT
auTulevTSs STEILILLL GI.

srasaigd = K[CH,COCH,(aq)] [H'(aq)]

[L(aq)] smjure QssTéHsw LWEHWL aflms aas GOUNGSMSI.

yFfweaflmss srossmseien FHpliiuieoLset

FreamiIseNar OFfley ChISHILaT FImes GHMMaumLASIDGHl. STHHD (WHNILGUDS BCHemeull
ubw Cmrw Teug (A) ysFdwwm@w. CoIWw cpeod SHILLBE DG
[A]

K

Bepmey

= gurusiey / eis wTped

(WPHMD auflendd SHTHHEISH6I

Beleund HTHBEIBEHHGHS HTHH QB HTohHsalar QFfalsr (WpHeomd bHHINEG Grial-
g FOOTGD. 2 _FHTyewions A aleneneysel eiamid 6P FTHHHMBH HHGHID BuTH)

sreasaisd = K[A]

y=mX eIlaim eugeusHmd BH 1hsImaH. CFPeyds@ eaHymer HTHEals suemyy 2 musHHul
arLrad (0.0) GFeoeid CriGasmirs o @ 1.15 (a) STLiQuieuTy SienLouL.

Crysaiar Gamey wrmur® suengy 1.15 (b) 60 arlLliul (heteng GUTSID @ 6GUEN6ETEUTS
SIEMLOULD.

M s

2 g
£\
2 I3

o

} .
Qaley Gpyid
(a) (b)

2.@® 115 (a)sradulear Qe sTssBassdar wrmmd (Lgshdmer = Gsuswommsd) (b) (paeomd
aflnss STHES5ING CHISSILS GFble) WIHOLD

@emg Beoum sufluled FbdHHEe0mLDd
BTLD  6T(LPSH6VITLD,

BTHE aipld =K[A]
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B USBEIBMNDGL WLEMS 61(hdBaD : L (HTHE aisw) = wL [A]+wL (k) 955660, WL
[A] & eadgmas 1L (HTEE aiaw) MEGHS SPUUGLD euengy Y =mx + C euemnaswmeidl DiHet
ugsHmerr (grwie)) (1) @am, ssLar Ceul BGoHaemh LK) o2 @ 1.1760 srlguisurm)
(Wevtevry smewiilebasluBLd)

(westeny  eleurddalulL Uy, WpHeo auflenssd HThs aldls wrhled S (Hemevdy CBILb)
o eaTengl. BBNGHF Oy vEG BeLemev. BFH BHBIUS (WPHOVTD UflenFd HTHHHH 6
K e etewtQumiomenid. Qamley QeusfiiuGaHSUUBL D0GHEHGHF SUITSHIOT (GLD.

. 3 -l
K — eisLb _ mol dm™s

sy mol dm™?
auflens sTHssHHE K &1 etewt GQumiomerd wrpmwenLwingl. eeusutoruiaid Chy ievE
rHOSSIL6  wrpowenLujd. K= 6.0 x 10° min' eem OFmeOamisEeT. @Hmer — eraa|d
THOTD. iFTeugk K e etemwt Qumiomesid ommlell L gl (WHeomDd euflendd HTHBMIHEHHE
oo o gryemmisen LeTeumLomm

QelmaETen VG — LTHOMLHSTOID  (LPSHEVTLD

By smysedled H O,(aq) &1 Lflens
H,0,(aq) — H,0() +%O,(g)
&M Siflevmiseiet (peaeieneoulsd Goemassd FnGmmMler BT U@Ly
CH,COOCH,(aq) +H,0(I) — CH,COOH(aq) + CH,OH(aq)

saio siflevmiseiler (eeflensoulsd &@mwL Geusdeold
+

C,H,0, (aq) +HO(I) — C6H1206(aq) +C6H1206(aq)

1M
BT SmIFelleyd BTN bBHHemFmlest
NH,NO (aq) — N (g) +2H,0(1)
FyGamBeur QumiFsefen HBFU@GLIIY
CHN=NCl(aq) + HO(l) — CH.,OH(aq) + N,(g) + HCl(aq)

AUTL| SlUSHMBSH STHBRIBMENS HHHHeD CETeTEHD HaEwaHelled, DI(PHBL USHBISHMEN,
QaFnMlayll UBEIBEHSGL UHVTHS HTHE 6iFh alFseilsd 2 LBWTHHHD Seuflwib. 2 HTye-
wre A(g) — B(g) + C(g) wpeond eauflngs sréasw =0 o Smé@GHLOUTH, 6l
simwiier (OsTGHule) ourbu siuwssb P, Grrwb tar tsaia] semwils (O%T@guler)
&SI P, ops worhpwmLbaiallLgl eala, sréesais aldulmer 6gId aubflenuwl bb
yiibg OsmetenGeustiiguig Sieudluiib.

@euplaspaley, At Lflend STyewioTs Al LGS (WSS -X 66| &MDIGIMSHI, 6T65M| HTLD
Qametemeumid. steniGou B opmid C @elGeumeiimid @ (HouTd@GHD D(PHBBIST +X Dpd B (HbGLD.

aeBou QFHTGHemwIll LesTeuHomml &L 19 QUIILILIEVTLD.

25660 OTHs SwsHs GwIw t@e = (P, -x) +x+x+=P +x=P,
. x=P,-P,

Aer oipésd ter =P -x+P -(P,-P)+2P -P,

Bl DI(PSHBL UFEIH6T (terms) HTHBEIGNIST ouflengser, aisommlelsar opdwianenn L
HGusHGL LWaILGSS WPIQULD.
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SrewiLid euflnsdd HTHBEIH6I

UGS SHTHBBIBEHHG, HTEHHHE HTHHIHD HTHHUlET QFMalear @RTewiLmd ibHsH
HnG Crialdsswom@Gd evevdH (WPemmBw 5 FHraduler GaFmensu @ oL BISTHS U6
FHTHH IHD BHIAIEG WLEBISTGHWD. 2 HTIions 6H HTHsHMmS HHHHDOHTETH: A —
e 616 B 61T

sresaisd = K[A] 2

@& y = mx® eiewin (ugeudbems) Siemwlemull Qupdeingl. oD CFHeysE aHTTHH
HTHHIG auemguLLD 2 (F 1.16(a)s0 smlweurm Gwed Gmmadlw susmene] 2 _musd (0,0)
oa maF OFe0daimal. CrrsdHme eadymer OCapley wTIOPSHMBTET UMTLY @F euemeTull.
@mudeid Ffley waHeomd euflens euemenuie Flall D UTTHE HBLTE RHBGW 2 (I
1.1660 smewrliL(houg Gumestm

A M

3 @
£l

2 I3

€]

> >
QFley Gpywo
(a) (b)

2 ®m 1.16 (a) sradzefllar Capajler srdsaisnw wrmuT@h woHMW (b) GEIHHILET HToHHBH6e6
Qanley LTOUTH BIWILTE auflndd HTHBHHME.

@emng Geoum suflufed HbdHdbEe0md
BALD 6T(LPSH6VMLD

sresaisd = K[A]
Bm usSSHHNG WLEMSB 61(HBGWEUTH WL (HTésaisw) =2 wL [A] +wL (K) eearGeu
wL (&5 aigw) edy wL (K)ésmer susmyy y=mx + C eeaipn eougeushemasl Quuid Ligs
Hoeit (Fmwle]) 2 SpHe b Qeul (hahgiewi(h WL Kwnsed srewiliu@ld. @ S(HoHSons: 2 (1

1.17 GwBs0 2 _6iTenm BEHeYH6eT LFAWLD, (IPHEOTD, @TNILTD euflendd HTdHEmIHEHHHmnL Gl
Gaupur enL. @eoGouras alenmiFECsTaTousN@ QUIHSSTIMG.

T Fof) D‘I] T T BrewiLmd sufleng
uFFw euflens /
@yewiLmd euflens _ WD suflens
. ) 3
%L WS6UMLD  euflend % (PBHEVTLD  6uflend B
E (% Q\EL uFAw euflens
h"‘“‘ﬁ-_______ K
wFAw auflems @ewiLid euflens 9 oL %)
= \ - _
> - = >
Qenfiey Gpyid oL (Gadey
(a) (b ()

2 ® 117 Wwae, @rewiLmd, uFFw euflnss srosmisaiar Uik (a) QFfaLar sTHsais LTHOLD.
uFsw euflenssd FTHEHHANGHS Ll L aufl euemnguT@GH. gOemeied [A] e GQUMILOTEILD
GTUTETOUTd  Q(HHBTEVID HTHHOIHID OTMIULTH. (PHTD euflendd STEsHHMEG Goed
Crradw gruie] eusmenul (sufl) op@w. gaiallsd srasaisw [Alar GFfalng Cryalds
FOOTGWD. QIeWILTD euflnssd STHaH5ING @@ Gwed Grrsdw Ffley amigwl eueneNTey
gOeaflsd [A] wLenr Hrésaisw Ws alomyours (ibBsHEGSHCWTH galgw / exponential
ly) oidsfedapg. (b) Corsaiear Gedle wiPPL YEFAL aflmesd s1aa5IDG (A)
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&oDey IPTH CHISSHILAT oMb aflnssd sress5INE (A) s GmDe| GomDHEI
OFevdeinagl. CHISHILST BrewiLmd auflnssd HTeasING [A] e Gmme Baib
aiFswnegl. (c) wL (QFdajLer) L (HTHH6i5) LIMUTH LFHW auflndsd SHTHSHHMG
auenyy HemLiol L eufl. (pseomd eauflngsd HTesSENGU LSHmeT / FTule] @aTENME
Oarewi  BriGxsTH @rawiLmd auflngdsd STESHIHNGF FTule] @rewienLd QBT
CryCasm(h.

2 _gryewnd 1.10
Uesteu(bld (LpH60TD 6uflendsh HTHBHMBHDH HeU6TUIBIS6IT

N,O(g) — 2NO,(g) + 1/2 0(g)

328K @60, N,0O(g) a1 G&pley 2.00 X 10> mol dm™ oy&w6urng) iflenas sréseaisn 1.00 X

102 moldm=s! oy@é amewiiu’ Lgl. 328K 6 @551685HnmaTa STHH615 OTMNmuls

B0 BOLD.

alenL

srasaisd = K[A]=1.00 x 102mol dm3s!

_ 1.00 x 10?mol dm™s"
2.00 x 102mol dm

K =0.50s!

2 gryewnd 1.11
RLFAFDIHGW, MBSTFI QJ QL MFL(HHGIHLUNOTE HTHHHMBHDH SH6U6TU|BISENT
0,(g) + 2NO(g) —> 2NO,(g)

sréasaisald, sresaisn =k [O,(g) ] [NO(g)]* at 300 K. O,(g) engidb NO(g) Gspleyss
wempBw  1.00 x 102 mol dm?® wpmw 2.00 102 mol dm?3, ope BHEGLOUTIES
srasaisd 3.20 x 107 mol dm?s! at 300 K srewiiu’ L gl 300K 60 @&a1He5HDBT
155015 Thelenws Haillos.

allenL
srésaisw = K[A]=1.00 x 10?2mol dm3s!
K = BHTHBAIHLD

[O,(g) ] [NO(g)]*
3.20x 103 mol dm? s
[1.00 x 10?mol dm™] [2.00 x 10* mol dm~]?

k =8.00x 10> dm® mol?s’!
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®.QUN.5.(2_/3)@yFTuemb: Devg 11 @yFTuIcor QuiddaTuIed

2 _Fryewid 1.12

Oarhésiul L Geuluplemeoullsd &6  syuul(heien  BHHICHTOT  HTHBHMHH
BHEUETUBIHENT.

aA+bB — cC+dD

R GOuiLL GauliupBlensoulsd @@ GHUIL uflCGFrHenen BLISSUUL(H, HTHHOIHLD
5.00x 10* mol dm? s' oy@é smewiiu L g. A uleigid B uleigid Gameysen wenmGui
1.00 x 10° mol dm? wmmid 2.00 mol dm? ou@w. A Wer Gamley G LOLEISTEGWEUTSH
STHHAIHD B(H LRSTGW. HTHeais wrifedmuis Henllbsealb.
allenL
BHHTEHHHMEG BID HTHHIH alFHenul 6I(LDSHEVTLD.
s1ssaisd =k [A]* [B]Y
A a1 Qe BHWLEISTGWLOUTH STHHAIHLD GHOLBISTGW 61601d SFLLL (HET6ngl.
eTeiBeu BIMIBET A FTFUTS (LPHEOTD euflenFwneg @mUUSTE (Ppige] QFuIwweTd. (b
53515 Bear Qaflealled srohsaisw FTihHmUUmBL UfhHI0sTeTougs Deudlwd. SHer
Gamley [A] eww elL s siFswrasT@w. ((1.00 x10° <<<2.00 mol dm?) srésaisld
Bent Qailey smibsg Siev6v0 eiaiugl Oseflleunrs 2 6teng Sievevd [B] srésssdHarBurg)
LOTOTO 2 6Tengl. QUBUTE HTHHaIs aldamuld HHOU 611LPSH6E0MLD.
sreasaisn =K! [A]
, _ (5.00x 10%) mol dm? s

1.00 x 10° mol dm’

k

=50s"!

Jeteumld 2 _sryewid HTéasauflend wpmid Sréadlaefler GFnayseEnddlamn Gu 2 6ten QHTLTL
upPlw BHGSMHHH CBTHEIINH. @ BHHICHTOT HTHBHHMHH BHEUMTIUIBIHET,

aA+bB — cC+dD

BHFTEasHHN HTHHaIs ald SruubGdamg stéesaisnd =k [A] [B]
(a) A wopmo B @pewngest opyiou GQFnfleyser 1.0 mol dm™ erer &maImISeT.
sréseigd, =k [1.0][1.0]* mol’ dm™ =k mol® dm™
Beait Gamley wmmrg 1.0 mol dm? @maé@w6ungl, Aar Game SmoLmIsTe Smlile
srésaisw =k [2.0][1.0]* mol* dm™ = 2k mol > dm™
A smjuren Gapley @rllur@wBurg HTéasaislhd @QHLLEISTGDS. 6o A Fmyumen
sréasalflns 1 ou@b (WPHeTD euflens)
b) A @e&1 GQamley wrPedwrs (1 mol dm -3)

B @ea1 Qadley @m wLmsm@w Gumg)

eigb, =K [1.0][2.0]* mol® dm”
= 4K mol®* dm”®

IIBHTOUFH HTHHAIBD BTG WLBISTSEINS, Bar Gamey @mwLmsr@wurg @& Geuerill
uUBSHIBETnE B sTjunss SrHEd QIeniLmd euflend eraiuens.
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174 gréseis wIHel wODID @M ITEESIE SToEBaflFNULG
slewiwd euflsel (BSTdsalzm alld)

RMMH BHTEBHHO GOILL @m sTéddlulesr GFmeurearig gmerwuamnmiLel UIHmsuled e
SiFHenalled sTewIlILBLTUIST 5 STeHuler Qe HTesw Bl Gupid WWCHIWLD wrrled
61601 61(HHBHIHOBMT ETETEVTLD. @6l JIDOTRIOTH R(H HTHIHHD MIHEG CoOHULL HTHH
FHUBLLBUTH DB HTHH RUSHATUMED SpTTWL LW6TLHLD.

@s50E SlglumLuled 2 auflouenasseT 2 B @M STEeHmS (PHomrsl et  uppl
Het oIbssH HTEHHHI  (PYaysmend QFUSI(WmNSGLUGSHS HToeHIHE  HTHHH6 6
OFley IHWSHHILET OBFTLEDHSH HTHE 6iHHMmS e CFUIUBET LPEO(LPD BT HTHd
aflenFenuis HTeT(LPIQULD.

BFHI  (PHe0 LUl  RETMMHHMT  JMIIU  JAMNHHISH HTHIBMEMUD e  AHB
Qanlaled emeushd(hoHd Beusmi(hLd.

aA+bB — cC+dD
FaEald : srssaisd =k [A][B]Y
B Weir Ganiley A eww el uev LEIG DHBD 6Ta0ld OBToTS.
srasaisn = K! [A]*
K!'=K[B}
Bm ussULD WL SmBmWL yGuimiiles
log (Rate) =y log [A] + log [K']

@hsF FweurLreag @F GBICasTL(H euenyy eugailsd smewilubhdaimgl. eerBGsu log (Rate)
s@ log [A] &@W suemry suenFwliLger SieleusnIisT LgsHHmer y muw s Geul (Bl
yee log K' ujdb smib.

@ Vetenny Aulenr Qaneneuy DHBOTH MEUSHID BHLSHSLILL6VTLD.
@seepsod X, k senflébsliu@Lo.
CaTLss FToHseis alf LW

FSTHEE el H  BHTHBF  FOSIUTL QBB  CupiLGaudevensv. g UfBFTHmen
Fewrasl Qupliubeug) e16aTUg] BT SINHHCH. OFHTLSHSH HTHH alHpenmOweTug LFGFTHemed
HBH6I60H6NMIT Sl ulled HToHHaisH WM, FHTdsauflend eauamemnmi UsOGam OCHTLY
ufiGangmenael  QFulsugbe cpeold  GQUDUILBLD  (WPHDWTGW. @MGeITMH  HTHDHHHBGHID
OaTL&ES aigwreaig sroadseia OHTLSSF QFfleysenLer @UUILluUBL. SDWWenm dn B He0msLl
Aeteumd sufluiGsoBur QFuiwiu(Lb.

@evGeouren aulTes @ STEEHHE OBHTLESS BHTEVHHD HMLOUMID DML UWITENE! HT60TE
&55 | JNILGHEE HHWOeuTam Bl OuneusnaTear ChIHHenars HaulshsH0mGWw. @6l
Grywreng AL oemey eutuy QeuelBuwm e1BEGW BGhywrs /@ el LoHHoHs
allbuge| o mouras 6bhiHGWw CohrwTs / BHpwrHmw gouL ahaHGW CHILTE @[HBHEVTLD.
oo Heoo BubliysseT @@ GUIILL Grysdear Weteny BnshsiuGUmaILTES @[HHELD.

Uesien] @F STEHsH5H60 @@h Faml OTSHHTD THOULGISILET SNBSS OO HTHIHF
Qanleyseir, HmraFede setedene], GeuliLmplensy eraLUMENM TMTL6D GuemTtu@BLD.  LesTesny
36 mawe] Gaum yHw FejLer BHLOUDs Cxhemeuwmer GmIL emallluiB. BF
QFwmur(® HLOWILLD 2 6ol THMEISTTETS Ls0BamUL L WL LEEaTNe0 QFUloug 2 ShHBHHT(GLD.
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o _FHMIwmIGHNG o _ewimwwrea  (IPpHev  umalds  FfMalng mgeurd  Senalng
a(hsHg UFIGFTHme F(HULED 2 FHLOTT QI GLD.

BeueutOpelest semLd @m sSTaduler GFne) wHepWmel LTPTHHSS S(HOLEISTES

sUUL6D Gouswi(BD. am(bBHeoTHsH OHTLESE QFdley rHPUUGLCUTEH CFSTLEHSHS HTHE0IHH

el deraumeussioupmled @@ rmMBL BenL GumiD.

(a) oTaExaisL WLIHPLOLWTH. BEEG STéEHaIHL HTodHular QFnaled SmBTH  6Ter6eu
STHBUFINF LFFWLDTGLD.

(b) osreazaisbd @HLLEIGTGL. BEIEG HTHEEaIHD sTESUla Caheals@g Chialdls Foe
8ol HTHBUFlMF 1 D GLD.

(c) oreEzaisbd HIENE WLBRIBTGWL. QEIG HTEE0iHsH STéHSuls CFfeila ajbssHNG
Grieldls Fwam@. o HToHEFlmTF 2.

R SLeweu Hradlaefear euflens SMwlLgsT gFHTeug @F STHSHH0  HThHHe 60
Qanmleysenenll LFHuIGeusTed HTosaish WTMe) K & glewiuweombd.

SLIUSTES6IBF Gangmeanseiled @mbH GOUDLILLL (PYa|Bmen SLITUISHE0

MU 2 (HOUTHGHSHSHILST QHTLIYULL @ slafll LTbUSSTEEaIH BFTHmIMU  &H([HHHM
Oamais. g @ 2 Boors - Sbevd HTEHELTS B(HBHEVMD: D606V 2e1&HS  (LPeIT6eTensv
uiled msyFeIL] @oHmFLigen Uflnaswns @ EEH60TD. BSHSTHEMIBET60 2 (HeUTdHl eurujalet
seveuene] GhISHHILaT WLTMLGUMSL LaTauHD euemTLE6T HTL (HE 6.

M M

V

A 4

Qanley - Goyid
_ (a} (b)

2 @ 118 owus FTEsaisF Corsmeaisein o Hmeaurdw surusbseaflsar seatalsmmel lemalled (a)
GrISHILIT Hevieueney LOTMILHL uenyL. RHed Sevioueney pTbLSHE WSHSHIFH BHuled

2 WumLENIDS. DiSHHILeT CEIsSaien AFefEGL eisw  GHmnha OCFOIRIDD.

(b) Bemw uGHulesr QuEplisst UL UL (a) STEBHHST DLTOUSHED HEIEUCTE]
CrrsaiLen  IPUGNE @® ChICsTLH sumyurs Smwdang. 61aGa  ToT
Geutiuplemnsouled @GOIILL  ®esteusniey eumwemeull Gumgs Capemeuwimen GBHIHmE STl

(LPIQULD.

alemrlial USHmenIl LWSTUGSHE GHNGS Uataiuled SHToasaissbmsd dlenalBd  (penm
wreud ANBESHIC. DECeu TIOL FTHEAIBHHMBL CQUD eumTLIST CHTLEBHHED LIYH
Hoemerr  senal  Geuewibd. (t~0s) @& WEHaYD HQEIDTRIH 6IGIUSTO @M  @GMIII L
wrmod gouLs CoameuliuGld GrIHma iMalHEHSTCMTD. (HIAUNE]) DISHHILST SpTLOUG-
Iemeoulled BID LWSTUGSHID BraTwembisefesr CFfeajd OGUEHLUTEILD SETOUFOFMEUTHES
sreuilu(p. @z Curgl prwuBlemeoulsd Ganaled goUBLD WTMHMLD  LMEH6TohSHTnIg -
FHTHSH HTEILILI(HLD.
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M

QUTWIOTGT  HEUTEUET6

—>

1, I

Gmyw

2 .@®m 119 (), eutweler seeuene CHISHSIL6T TMUGMSS STL(HAHRMSH. DHS6O 2 _6iTen LLLD
Reusuenylien s opribu Blemeoulsst o wUOUEGBLIGsiIu’ L uLd SpGw. 8% @F GBhJ
GasTl(h euemyy esuemyy Gumev a&TewilUBGESImaE. (2@ 1.18 (b)). @6 euemyy t 0 @60
Qupll UL LYSHDET (evd euemy WUILLL & LGW. @1 Ugshdmer V/T ou@b. o
1.19 QeusuBeum GFmley 2 LWl HTHHH6T (PeUD 2 [HeuT@GL aurwjellst GHMleHs Heeueey
GryHa L6 IUBMSE ST (HESMSI.

desteupld Canmeneasiseflen SLybUsS HTHHNHHLD

\%
ufiGsnmenen 1 = oyribu aigd -

1

A%

L

Am Caramansefleyd GuplULL eutwele Sevelene] @@ TN SpGHW. pEC6u

ufli@armemen 2 = oyru aiew =

SLTWDUSHTES aigd = 1/t

QuTgIeUTE SIS HTEHHMBE &HeusbHL 1/t Chryguwrsll uweubhHBIUUGLD. 566
SLTOUSFHTEHSLD  rmid  OFMle] 2 mLw FHTEHBmeNE QBTERILF. STHIRIGNMET HTHD
auflengemnws STwrailesl uweuBl. @nIHWUTes SToHHaish WwThedemwujd FHeolwluweTuHLd.

o FHTyewid : LeTeu(hd HTHHHMS LIMTOILBNUTED &(HSHIH.
A+2B— C+D

aldlg ald Ueteumomm SremriiuBLD
=k[A]"[B]"

m, n @1 GQuuoneEEmeTs HewleusnNGHF Fev Carsmemenser  GmGaTeTeTiiLLL 6.
SeupMled @ba CuDUULL (peyseT LaTeUHIOTn IenLOhH 6.

ufGangemen @ev | opribu [A]/ mol dm™? | oypibu [B]/ mol dm™ | oygibugs srésaisn / mol dm?s!
1 2.5%x 102 3.0x 102 1.75 x 107
2 5.0 x 107 3.0 x 107 3.50 x 107
3 2.5x107? 6.0 x 107 3.50 x10°

1. A@ear srasauflendg mm Hiewldhed

WpHeomd, @rewiLmd ufl@srsamensamen SprTuiHe0 [B] @m wrelwrsl GuesmiubGEeaimg.
e16e0iBeu (pHevmd, @rewiLmd GFrmpemenseie aldls aldule Uaiamiaamend &mHas.
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_ k[A]" [B]"
k[AL"™ [B],"

aigLd
aigLd

1

2
apemmed [B], and [B],=3.0 x 10° mol dm” wpmd K= wrpled (Geuliuglenso omled)

oo, _ k[A]"™ [B]"
efgb,  K[AL" [B

1.75x10° moldm’s' _ (2.5x10? mol dm”)"

3.50 x10”* mol dm? s (5.0 x102 mol dm?)™
172 = (1/2)m
m=1

aeiBou A Qa1 HTHBUFleNF 1 JpGW. [A] SHOLEBISTHITED HTHEHOIHD E(HLOLBIGHT(GLD.
2) B @& snasaufleng n & Hiewide0

(PSH6EVTLD, (LPIIDTLD SHTHBMBIBEN6T T TUISH60

_ k[A]™ [B]"
k[A]™ [B]"

aiFLD
aigLd

1

3
apemmed [A] and[A],= 2.5 x10? mol dm

aigw>,  _ [B]"

616016 - -
eig,  [B]

3

1.75x10° mol dm”s" (3.0 x10? mol dm?)"
3.50 x10* mol dm™ s! (6.0 x102 mol dm?)"

12= (1/2)
n=1
arenB@ou B et srasauflmauyn 1 gp@. eetBeu [B] @moLBEIGH oueimed HTds alldlghpbd
BGOLEEG pGLD.
srssaldsd k [A] [B]

K uilesr Quuonend s@hapemmuled uflGFrsemen 1 @m@ 2 flwdsd Nyduied epsod QUL
u(Lb.

1.75 x10° mol dm? s =k (2.5 x10%) (3.0 x 10?) mol*> dm™*

_ (1.75x10° mol dm™s™)

2.3 mol dm’® 5"
(175 x10° _mol dm~ s) ot dmes

&Py : [A], [B] eaiuen @By CrrsHdled @HOLEIGH DLSSILLLTEO DTDOLUSTHS 6i5HHH 6
QuUILTRISHMHE 6l Baww HTéHsaisd 4 wLEEG Spésiul@ 7.00 X107 mol dm! s
eTaIEnID QUMILDTENTSH MG  6TL (HLD.

Py : @mEe Bwa sréesaflms 1 ou@w. opeimed B ulei epsd @Gewisld 2 Sy@Lb.

BFH0 AHH UFBFTHMe cpevons L BB HToHEauflengd SHiewlwl (WIQUILD 6TeTUgl 2 midwim
HBIMG|.
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®.QUN.5.(2_/3)@yFTuemb: Devg 11 @yFTuIcor QuiddaTuIed

2 gryewnd 1.13

Lz, wbsIFCamy @Lensl (hadlemrulsd 300 K @60 mewLOumid 2 _ewwieniowimest
BHTHBELOTETENME & (6T,

O,(g) + 2NO(g) — 2NO,(g)
Qurgl elFwmeng,
=k [0,(g)]"[ NO(g)]"

&6 sruul’L i’ Leusnemiuispeien HaseusoseilamglienL ulsd 300K R0 BSHHTHBHHM
&M Hresaldenwill Qumis.

uflGergamen | opribu [O,(g)] Sie0evs Spy1ou [NO(g)] Spyu eig mol dm™
@60 [0,(g)]0/ mol dm~ S0z [NO(g)]0/ mol st
dm?
1 1.0 x 102 2.0 x102 3.20 x10°3
2 2.0 x 102 2.0 x 1072 6.40 x10°3
3 1.0 x 102 4.0 x 102 12.80 x 10°®
4 3.0 x 102 2.0 x 1072 9.60 x 10°®

[0,(g)], » [INO(g)], s1eiuen  oiupplesi QpmLsss0eMosmen GmlbELd.
eflenL
1) m g samiGligsse0 (O,(g) GsmLjumer)

ufiGargemen 1, 2 m UUIGBWEUTEH, sTeug (02(g)) @rlylumLauBstd (NO(g))
wredwnes 2 _6Tengl. eupenWTe HTohsaldseiaiuy Seunpmear aldlsbmbs Hewih
g,

sisw, _ k[O,(g)], [NO (g)]"
efsid,  k[O,(g)],™ [NO (g)],*

ufiGsngmensst 1,2 @60 [NO (g)], = [NO (g)],= 2.0x10° mol dm” K GQeuliumleneou L et
ompled]

B 1m
oG 220 _ [0,(g)] :
aig,  [O,(g)]*™
3.2x10° moldm? s! _ 1.0 x10? mol dm3™
6.40 x 10> mol dm™ s 2.0 x10?mol dm>™
m=1
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®.QUN.5.(2_/3)@yFTuemb: Devg 11 @yFTuIcor QuiddaTuIed

aiemBeu O, QamLjune Fréasauflms 1. aamGu O, @ar OFpe SMHOLEBISTSHSILIBL
Gurgl ST HTEHEHAIHIPL SHLEISTIHSING. UfCFTHmen 4 Bend HemLlbHEINEI.
gOeeafled Gadleoyd 3 WLMEIG SpSBHUUGHLOUTH HTEHHAIHIPL 3 WLEIEG pSETMGHI.

2) NO QOsmLjuren sToHEeUflend N & HiemidHe0
1,3 ufiGsrgmensefed (O,(g)) wrmed, (NO) @pemi(h oLmIE

aigw, _ k[O,(g)],” [NO (g)]
aisd,  k[O,(g)]," [NO (g)],"

1,3 @e0 [O,(g)], and[O,(g)],=1.0x10?mol dm”

@eutiumlensy el etemiBeu K, ompled

eisd, _ [NO (g)]™
eigw;  [NO (g)]™

3.20x10° mol dm3 s! _ 2.0x10? mol dm™"
12.8 x10mol dm™ s™! 4.0 x102mol dm™»

1/4 = (1/2)"
S.on=2

ae@ou NO QarLjurs @zen euflmg 2. etaniGou (NO) @e1 QFnley @ LOLBISTSHGLD
Gurgl FHTEHHIHD 4 LOLBISTGLD.

By FHTHH alHHCHTEM6U LTEUHLOTN DIENLOULD

afzid =k [O,(2)] [ NO(g)[?

GOy : oo gFowmselsd Fflumer eaflw  eamideT  HMLBHBHUOUDTSH. 2 HTTWISHDG,
ufGasrsmen 1 a1 OaTLssaisnd 3.10 x10° mol dm™ s!  eresiesn

3.10 x10* mol dm?s’!

6.40 x1~ mol dm™ s

= 0.485

aeGeu 0.485=(1/2)™ = (0.500)™.

log (0.485) = m log (0.500)
log(0.485)

B _ log(0.500)
M= ogo300) — 0tOrM T G050500))

mem (P eleienited RhHeHHe0 Geuewihdo m = 1

=1 (as 0.485~0.500)

K @1 Qumuorenoneng sréssaissdnsrter Casmemeuuled sflurss OGameysenerts  LHiygul
(beugen cweold QUDLILIBLD.

3.20x10° moldm?s' =k (1.0 x 10) (2.0 x10?)* mol’> dm”

_ (3.20x10° mol dm” s

(4.0 x10° mol®* dm™)

B5CxTH eusurpren Hewilysefed Hreymsenmeng UG UfCFTHmenEafedhba GuML
ul(hs oresdseiear OCameyser wLIHMSSHILE 1/t &0 eudTUUBSSHIUBET cpevld  euflens
OQupiu®Bw. @miE euenguteldl @ GCarTLmsl OGupiu@Gd. earGou, @eleuTmTeT  (LPFHeL
auflenssd HTHHHH0 HTHHIFHD HToHseiar QFHaing Chialdls Fwemm@Lb.

=8.00 x10?> mol? dm°s’!
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ouemL eumenBasrLmrae GHUIT, g 21D euflendd HTHEHIOMHSE SHTEWILLLVTLD (DI606VF] 6JSHID
dester suflenguwing @ (H&BS60TLD.)

@eueumm UL Fyeysemen QUMM SETTWE FMbHS Ul WL HENS UMTL] EUMTHEVTGHLD. 2_HTT6uId
D@ Aeaid n auflensF 2 LW @H HTHEWL I HTHHLD HTEILILIQET,
aigb + K[A]"

B HUBSB(IPLD L SHnS  6T(HLILT6HT
wL(eisw) +nwr [A] =wL K

a1eBou oL (eizd) womid wL (A) &@GW euswyy eusnywliugesr @ CBICaTH ugsHHmer n
o Lem Qupiuip. aiger Geul puyeied wL(K) | smw. @HeOmba K & gewilwsomo.

N @uewiLTd euflend
WD euflend
§ uFfuw sufleng
|
s A
L (k)
¥ L
L (Gafley) A

2 ®m 120 ufiGsrigmeaiseied @mba OuDLULL SLTbU FHTEHE  aiGSHDSTHT  euenTLI6T
QUQaUEIE6T STLLIUL BeTengl. (2-@ 1.17 (a) @D eusTalds (LpiQujld.)

dlov gyuieygnLll uflGFTHmeIBEBD QRUOEIGLUBSHHIUSN peold, @ GO L6T6| HTHBLD
BOLOUM 6ihEGHWD BCBIHmas enall (h, FHwTsl TN eumIemU  UEDFEUSHET  CLPEV(LPLD
FThsalflenFemnws sreuerd. S6p Fev 2 FHTyewmiseT HIUUL (HeTemer.

SBWUTFOBUDM - SIfleVSHBTEHSLD

gngmyen  Slmmeaiuplameoulsd Cemow sBwrgaBuOmMEd (Na,S O,) matan  mbsHIIfs
asleod GaFyliiugen cpsod GeueliPiul Ehaen aipLgQeuTaim GLOZIOUTS 2 (HEUTEUNSH DIEUDHT-
6Wléb B 60ILD.

Na S 0O,(aq) + 2ZHNO,(aq ) —> S(s) + 2NaNO,(aq) + SO,(g) + H,0(l)

BBbad CBTEGHuled fnsere GNISSeey BbHHs allbLRe| 2 HeuTMS B0GMTHAILD HIFIHLOTSLD
IIeNHGHLD auLfl(emm enasWTenILL (HeTeng). RHHTHHHH6L IDLIE| 2 6L TEUSTED, @ @GMIILIL L
Geautiulensouied, GeusuBeum GaFMelled G Lemey &HBHE ailpUYe| 2 HauTGH ChIHams
SlenalL (PIQULOTS 2_6IT6ENG.

@ &sLHTHUID "X" oemLwmend QLB ST  GHBeneu VeV I Sl SHevuTenITIgs
GHOUMET  PIVIEMMD  MEUBHBOD. DbFH DMHLWTEMD X MHOUD UM HTHEH HeVeneUU6ot
o 15 X SLWTeNSHMS 2 mm OBmréssan. waHe, 0xfhs ene] HCWTFOBUMMIS
asmyFmend GHhemeauulaer @ GU e GeusuBsum OQFmle] Gsmewi FAPu Sieey mBTet
Sbevd smIFmeL BB SbHH X DMHLWTEND WODUD U] ChISHms DleNHB|D.
@bsl ufiGsrgmeanuilss Na S O, smyselar o auimins OQaley STéEss Sevameuuien (P1s
saralenemals Qamemi(h safidseord. 40cm’ Na,S O, smysaid, 10cm’ Bmd QasTemiL seame
e Gspelar 80% Qe Oarevigmé@w. =2 +ib: NaS O, &mysed 10cm’ b, B
40cm’ 1b QaTewiL smIFed (WPhmswsa 20% CFfemeuds Q&TemighdbE@LD.
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Cwrs sroysmens GBoaflssl Uerery, syaysenen 1/t adl]  sBwrsebBum  Gamley
aemrLlled  auemdIhH FH0 BmhHH HOwrFOBuDM STEBWIEIMLW  HTHS  euflenFenw
2 WISHSMIWILILIL 6VTLD. @zCat(h, HTHEad  aipsHed  Geuliupleneoulest  QFe0euT@HLD
SprTwiuLeond. (CFuiws»pl HshsHsdhHe0o G (BeTemeurm))

Slweat SipsTyL LFiGFTHemet

uev FTEHBEIBEHHEG lodine clock” ufl@grgenen srert QuUuwifl il (heTeng). gGemallsd Dieneu
WY P lemenQUTHEMTTHS Hhdl @ GOUILL6Te| SjwiesT 2 HauTaudng dbhdHS
Crrsmae &led 2 FHBRInEH. DuDNed GeoGeauTaidh & HTEulUBL  HTHBLDMGLD.
gOeariled @&l 61BIBEHBGI UFL FWIOTET HTHE QUTHL Smend QETeu(heTendl. 2 HTJeuilond
oflev Blevenwaatenr & H,O, (hydrrogen peroxide) @emen 2 uBundlgg 1, Bemenr @l &l
Cumuid srdsssInaTar @Qussalwsd lodine clock uflBgrmemes (evTHS FHlewTWLILL 60TLD.
aflev Hlameouled I swesisen HO, 2 L1 Spsrgoiomy STessdHe FHUGBLD.

HZOZ(aq) + 2I'(aq) + 2H"(aq) — Iz(aq) + 2HZO(1)

@ssrassded fnsene 1 (ag)’ o mam@weUTE, 2 GG 1, Slememeu OTIGQUTHm6T
o LGWTHHHIS glewllweomd. [ worlQuUIGEPLT STHS Dpobhe BHevF Sbsmen 2 HauTobss
HMTFMED [HEVLOTSH LOTMMID. FNHene] SHevieuene] LOTUOUT[HET HMIFD STOUSHHE0 HTHHDH
smIFNGEG&HS CFIo@euTs, WHM HIwre D, o mardual &l obHS SMIFED HEODTS
ormlelBo. eTerpmevd Geumid rlGuUTHeneT WL (B GFIlUS ), BMD 2 L TQuITE LOTDIEISHTED
Buissalwied upm Plwg Simeulflag SigaioTes QHEGD. &6 o meuta [ el Hos
Bl wemp LwauGSSULGEDS. [, apergs NaS O, smrsqiar srésed Yflujb 66
s dlev [ @emen pass Camgud sCwmeaCuOHMID LWSTUGSSILGSEDSI.

fzpeney Gamouid HBwWTFeOBUM HMIFL HTHEH Hevemauulaer GFyoH@GLEUTH (Lol
QUTHET OBTEWIL HMIFED), BUFH DTOUSHED 2 (HAUTGHD SWe@IL ST HTHHW  Lflub.
@M [ wriQurmemens Sréads o Lapurs B Bnsmss SHITH. aeieurorui@id
o216 GOIUILLemey Na,S O.(ag) wuwCurgl, Swies WTUOUTHEILET STHGHMMSS HOL
QFiw 61FID BMHEBBTH. DpBC6U Hevemeu HeGrer [HeL HMOTEGW. BHOBIMD 2 _(HeuTeUHMm
s Ghy GeusuBeum UFBFTHMEN BlevMOBHENEET S DIEMEHSLILILGVTLD.

@bsl ufiGsrgmeauils H,O, GshlenauGur, swemLl sweaiseiea QeflemauGur  meraer
sweseier  QFflemeuCGur  @eauQeur( SLeeuwd GeunMled  gHTeUH  @eTmM  LOTMHMIG
O&mewi(h  wHmeuDenm wrMelwnss Qsmasi(h UfGFTHMmeaEH HThoHaflengenul E6UIEIGHT 6wl
(PIQULD.
Bmzs0wrss uflGsrsmens QFwHUTL(BU YdhsesHdHer Hreall Gurphipenm umml smlus
STUUL (HeTeng).

28,0,%(aq) + I (aq) — 2I'(aq) +S,0,*(aq)
Gupanpiu’ LeupGor(p, emaédemw o2 uBurdss HO, Uflmsgsrasgda  QuIBlwenm
ulled, SLIWLUGHTES aipLTas @@ GOIILL QeauliuBlensouled @LUAFET 6uTu] 2 (HeUTGLW
BHETEUCTENEUD HEWIBTENLILSH6T cLpevld GUDLILBH BTN
CupeMuilL o FHTrevmBISNTaIH, @0 STHHL QUTHPEHMMUIS HEUMIOTS SIENLDHSLILIL L
ufIGaTHemen DIEMLOLIL|EHAMEIT (L6OD DLTTUIEVTLD 6Tenidh Famidlangl. eusurmmen UFGCHFTHemeon
seMeiCuTgl SwaTemiiupld Caemeuser WTsHd Gauiwiiue Geuemsi(hLb.
(1) mevev Geuliudameusd (thermostat) @estenm o LGWTHHH QeuliuFpleney TMTOED &L (HLI

urtlBa@Gen Guewt Geuewi(hd (CFuipemmuistBurg siPlweomid) stGeeied  Geuliumplensv
WL 6T HTHBOIHLD LOT NS BTG

(i) Fflwrs ChrsHmam lMEHGW SHHalmuwd CihH0EHMHEHSH60

45



(1) @& Fobs @ sTeEAsmLw  OFdlmeud SHTILUSDSTET D606V U6l
IML W QFMenels STERILGSDEBTE (NDWTGLD. R& alenJeuTd TMSHInIgul, HieNuldbdnigul
Quendad BuleLLleneT DIEMLILSHET (LP6VLD SINUIGOTLD.

SANSHSTHSOLOTRTND ST TUIHED

R0 (WL SIDUSSTESL LfGFTHMamBmengd GFuluengalLd &pd STavIuBL @ GNEHS
FHTHEBHMS DLJIOUD (PpHe0 BmiFH auemny QFuieudledmbaHI HiewIWLILIL 6OTLD.

@zpmen  Gumlasmetenr SmGoum eud(pemmEeT 2 atenel. @M GOUILL Gry @enL-
Oeuefllzeailed Hradsefllar Gamey wTmEUums HBWLOlYSaTeET (Wpevd DINHED DIEVVGHI HTHBLD
L OUDILCUTEH QueNSHHs HTTENSOT LOTNIUMSB HTHHED. 2 SHTJEOIOTE: DUHHJHINEHF6V,
gaflupley sy

der Qapflalmasrasl Qupiul L yetell alursmss STeeaisL 61HT GBHILD euemTenU UMy HE
OeusuBoum yeellmefen @&H%5 HTosaisHms amillsd @mbxh Gupseombd. @miHuirs
L (s1ésaisb) afy WL (QFMe)) eumyiled eumphdl, aumTLlled BHbBH HTHHHAH 6
auflenFemnw SIMbHGH CBTETETEVTLD.

O STHEHIE DT UL sTeod (t )

FHTHHD L Oupmauled sréadular Gapdey @Genpun. GFmemeuujnd ChrIsHmsujnd CHTLIL
uGSHS STEEaISSMS JMABUSDNBTE UM DU STEOD LWSTUGLD. STHSD Bl
Quuid GeusshHmen JPUSHESGHD DT SPUILBT6VD UWLSTUGHSTDSHI. DT SpUJLSHT60LD
aUE @ STHIuler QFnle] DMTFUTHWLTS 6I(HBGWD &M LGHLD. DVVH @
STehE JHE T Senaler SmFaurdurs aheEGw Chywb. @semen t , e6ids (GDIiuT.
Bz Geuiuplensowimed LTFHdBHUILHLD.

A

1.00

Gmyw -

2 @M 121 oy - eumpelnsrer euengallevbsemid ((PHEVTD aUflengsd HTHHHIMEG)

o gnyewione: H O, @ wgeomd auflms Uflmeunsssmss smsSD0OsTE. S 2 6Ten
Sl Lausnent et 600pimsepssTar H,O, Qa1 Geplimeus srais@Lb.

(oI Leuemen 1.3) 600 AL o wisfluer H O, sem GQapley

Gryw / PIOLL | Siewy LU STeVEIS 66 WGHwimen 1evteorLd [H,0,]/ mol dm?
66w 6N b 61 &

0 0 1 0.020

600 1 1/2 0.010
1200 2 1/4 0.005
1800 3 1/8 0.0025
2400 4 1/16 0.0013
3000 5 1/32 0.00065
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®.QUN.5.(2_/3)@yFTuemb: Devg 11 @yFTuIcor QuiddaTuIed

GOy : @auleur 600 BOLSHHDGW Camey swyourfwundmgl. eaiGo FTEBHH6E D)
LWL BTeoonergl 600 BIOLEISET DGHW. IABbS5SHHS DT DU BTeVEIGBTD  OCFmailes
Aevteord  1/2, 1/4, 1/8, 1/16, 1/32 s1es1 Siemiouid.

WPHMD aflnFdh STHBHADBTH  JIMTDLUILBTEVLD

WaTd  aflmes STéEHSE  my  pujlsemew t, = 0.693/k eaes  @Gpesiub
k sréswmmed

k @ @NsHs s1éass5H0 GNEHS Geuliupensvdater IMed (WPHeoTD auflendd SHTdaedH6n
LT ILUBT6OTEIG SHTHSUle pToUGFMalsd FHEIGETSH @ TN D GLD.

IBTUH (PH60 aflendsd HTesHH0 @ HTéhd 2.00 mol dm? wrer oprbfésiul @B 20
PLmseT ssHx QFdey 1.00 mol dm?® oyais SiGHSTEESHE JMTILUL ST 20 B
RIBEMTGW. (PpHe0 20 FOLmHeM0 50% ope ST BoOLOUDM (WPYHHHEGW. et 40
BALgHe0 75%, 60 BIOLGHO 87.5% eraimeurm SiemLouLbd.

2 gryewnd 1.14

R (PFHL flenFdH STHBHHB SMHTDLUL BTV 20 BIOLBIH6T D GLD.
(1) K o sienis

(1) @saTassHdHar 75% menmey QU erelsuene] GBI 61(HHEHLWD

alenL

0.693

() wseomd aflnss FToeSHHE AMmIBULSTWD T, = -

20.0 min = 0-E93

20.0min = _2:693 =347x10? min"
20 min

1) ogatsad 75% wyey Quier 25% wWiehd BHEBGSL DVNH DGHHTHBL 21D
UL BT 60D 6uemy BHewL QUOPIHBEGH. DpFHevTed 75% HTdHaw BHLOUD 6dBHS
Gmyd 40 MBS Lmise.
WHe0 auflengsd HTHsHH0 99.9% UflmaswemLw 6dhHH GChIL ST DM
SPULBTVSHHST 10 LOLEIG 6T BT (Hb.
99.9% mlempOummred WHwraes o etengl. 0.100% or 0.001 10 opuj’smevmiserien
WBHWITed) LNSTeuHLOMmI 6T(LSLILIL 60MLD.

12r =12 =1 —0001
2y = (172) 1024

aIBGol @H (PHeVTD auflendd HToHBHHE 99.9% B QUM (pyuld GhHemeuwimest
GBI SIHET DT BTVHHET 10 LOLEIG D @GLD.

R uFAW auflenssd HTEHHHST MIDLUL BTV SPSHBTuILILBLOTD STULHLD.
[A]°
tl/2=T
[A]° openm oppibu Gamley SpGD. & UFHW aflns HTEHHHG DM SpUIL HT60LD
aouF QFnalBoBw smiIF 2 etengl. * @bHsEF FosuUTLeLLU Qumid eudipenm &.Gur.
(2_/3) @rsrweralwed Bsrmemenulsd alesteuliul (HeTeng).
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1.8 sréasaipdded GuenFassdeaienouier (BGumurliLene]) CFedeurds

sradseier CQuendassaienouls OFveurs@Gl updlw APl elendsd @am uGd 1.1
@60 GMUALOUL BeTengl. SHTHEMIST Hewiod Hrodaafamers Oomean(h HenL GUMILBUTSHI,
3G HWGmEBF FM HHNBNMTHGBHHT clpeold Bopuliuenemelds dnl lpdh HTHEHMIHHMSD
IFHBFBHE0MD. BFH HTHHD YFub pevdbanmisenbHeanlBui Gomgheoseriler 6166 emndem
IIH BB G LD.

GupamPwemall Curam HToEEaISLINIG CuMHsdh SHaTamw WHDID Blmeoulsd HmISU|eTeNE).
suTwBlemev > Hreumblency > HeWILFBEnev. @ LL6INISH STHBHHN HTHd aIHTNISH @BHHBLI
UL Siusmaullsd o atenger Gmurliied HmidluleTengl. Hewiog HTHEUND, WOSOD HiHeTTd
sUUL(H, SHHMTHBIULL Hewiod CH leey BlenmulenLwl &Ll 19 HewiosHIL e @UIHLEUTS
alemyautss STohsd Uflujw. gOearealled gremmésiul Lsmg Bevpw Guendlas Gomurrliys
STeoTLILI(BLD.

o _gmgeoioned CaCO, wpmid HCl GenLuled o aten sréssdlen, grammssiu L CaCO, s
alemgourads HCl oidevggien srésbd Lfluyw wpmuwengseail .

glewo  manganese (iv) oxide emsdwure H,O, dflwe srésgde o uCuwrsluGssuuLo.
oaGbEITEIG HTMTHBUULIYHHESTO @LUFFan surujoureng Osad alemyours GeuafGuimid.

@eumniet epsuld Hewio GeueliBGomuyiiy iFEfloE&HWCUTSHI CLTHe0H6T HmL QUMD 6T6mTENISH M S
BB GHW. SHTEHAIHD B BFHGLW.

o gryeuions: Mg o Beonsd mamer HCl oidevsaiar sréswyflunwurg Mg oiemidasend
@w H' sweaisens@n @emLBuw Guorgsd menL Qumid. Gumurliier Gassursdamall umml o
1.22 spugeit cpeod SibEH Q& TeiTemeomLd.

L GUUGSSIULL Burgiemas Gorgiens sl buCBeiors)
() (b)

2 ® 122 gFrésaissded cpodsampar  oenalar  OFdeuTHE @M (WPeVSHFaN  HTHEBEHL 6T
Buornds T Uflug srtéadseian @ GOUALL  Aw  GLsHeom@w.  Gsuefl
Gupuriied L BHOW (wevdammiseT GrEID. @ Hewio QUTHTTRIG 2 mLSSLILL (HF
dm  aseisentad  WLIHOUUGLEUTEH FTéssHHMETar  GeuelGumurly iHsfodaImgl.
DIBHATE0 HTHD G IFEHHE GG

1.9 snésmiseiey 2asbdlsailar GaFsvauTs@

@ OaThnaTmeouled HTHHaiHHMS AHNBFLLH LD HETMOHM6NS QBTEI(HATENSH. Fnlgul
OeUlILBNVEHOT HTHHNHHMBH Fnl (HD. DLAT0 BHMGHSH CHMeUWITE Fbdl 6ULDMIGHE0T6V,
uer ellgwid gou@BL wmmid v BFmen wmmId 2 ulflwed GurEBLaeT QauliugsHME Wsawb
o e FHUTeNeneUITSS HTMILLBLD. DLH0T60 QUITHIOUTE 2mEd (peUD HTHHLD elenreuTds
sUUBLD. 2mehd aaliu(Bolg STEEHH0 2 6TOMBSBILULTEH HTHHaIHHmBHH Fnl (Heug)
SbSL0.

SLH0TeL SN GHMGHeNe] UFmer (@GemialuguIeOendl 2mbd HTHHHmS alnTeaUTsHE
ausNGL uTelléssiuGH M.
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BaIons  hsEauT(h HTHe WLIMHSHHNGWL 2 LULTH. QR STHSHMEH lenTeUTH G
oasid eRULGBL. BFH Gmpeuren gaunFsHd OQamewi  Goum  elsomet  eudl(wpenmenl
2 HUTHGHERMEH. @& OgeuTer, HTHEals Bievmwliugmuld Sa1JeHE, elenyeue
BTHEBHMS @ GO Leme] GQeuliuplensoulBeoBuw 2 (hHeurs@GHeTma.

@rewi(h BT 2asbH BT 2 _6iTene. cJHalel 2mebdl, L0 2emoHd TaTLmeUWIT@LWD. Le0606T
oasd Gouml Ouends PHlemeouled STewIlUGL. (2- + W : UTUW DIUSMBS STEHBHHMNG,
HewTLomem 6V 2 ). 6JHaT6N 2enHBUITEIH| HTHHDH H6VENIUI6T DieusHmMHEWT(H @HBH D61 HUil60
BmE@W. (2 + 10 : smIFeL Hemeouled dlev 2amEHdh HTHHLD)

Bpd STEIILBL 2 SIS HTHBaIHHH60 2mbHwnaear OaTlnur@d unmld Fmmiiudb
EAEND

HO, dfmas sréessdar gaupssd smpssd Hlaeouled 76 KJ mol', wpmid @& <iemm
GeauliupBlensouled GLogeuTeIsT@L. FMiEene SwmLL wersamend CayoH@HUTSH gaungFsHd
57KImol dm'! oy 8d Gopdaing. wHmDw HTeseis wreduler Guuiomeid 2000 6D
sTreiwmed FsfsEEma.

OprHwmiseT (2 _ulflwed oamsdlaenTesds STEIUUGHSTDS) LIFHHCWBLOTHINE  LOMHMILD
SupmTe0 &L (BUUBSSIUBLD FHTHamIEaTe0 uTflwerne] CFoauTs@®Hs CFIGHHIB @M. HHG
Gyrdlesr ouflev BCIMMsE sTEESHM  goumasd 107K] mol! opeimed &é@&Crma  etamid
Oprwd @semen 36KJ mol! @ng GmmdSGIingl. BHET (peVld HTHEHMIHIOTEIH 2 L 6O
OauliuBlenevulBeuBuw smyewil 1012 o160 DB HEHSIMG.

flov  UBSTISHFEIGBNT FHTEHHIH BousHmdd GOMEBGHWD e HBOITHHB6T  eTTlILHLD.
HTHHNBHHMBH Gl (B0 USTIHHD 2meHd  eeiubl. Hev  HTHEEIGMND  alenenall
QummeT omesHTesd GFWMUGLD. Genel “‘Gul 2am&d” aalIuBLD. REHHTHEMRIGNT &HUl 6]dHH60
FHTHBBIHET 6T6aTLILIHLD.

FTEHMHHMBE L (houded emaduilar GamPnur®G 2 @ 1.23 srlLiul (heTeng.

I T . N A TATTTTTTTTTTTU N Th
o {BeoeTSCUTS ombdly Qe0eoTHCUTSH

E@rj)g)nds&»m

;mﬁ;a%] Lsﬁsﬂ@urr‘rgu
A PDBTESLD @

ST B B6T

gn&',&,ﬂunmg QSFF&&I.JIJHGU)Q')
(a) (b)

2 @ 1.23 Guomuy ULmEE6T 2asHmWl LWSTLBHSSHIUSRPD FoHd GMMbHSH LTS (LP6OD SHTHsH
aipld SFsflealiubGdana. (a) @60 HTEaW Coum QuTPlpenm cpsud B GumIBDEI. (b)
A0 FTHBD @Tewi(h QewL BlewevseflamLTesd QFe0SSTNI.

GMUILL sTéasshdle0 allemeneysenerll GQuMIUSNHG CTHIFEID HTHE (WevdIamisen GNHS
Oourm BWey Féd / gaungsdenuis QBmenlghds Geusmi(hLb.

2 ®m 1.24 (a) @60 &G - BUTLeet cuemeTuled eJeuNFsHWTeRIHI ST LLILL (HeTeNg.
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FHTHBOMLUGNGL CHemeuwimesr FoHenwill GQuDHM
BuevdBOTeT  clpevd  Famidamend OsmemiL Ll
2 eitem UL

STHHPNIUSHSL  Curgiomet
FoEHemwd QHBTERIQITS (LPeVEH
FamIHET 2 _6Tem LIFLIL

M A ydw &,
B T = 300 K APVSIMBET B T =300 K
'o% STHEHOMLE- 3 ‘ .
B _ smen Gun- B / : Webspiest
= -‘:::"r;h;;'uhw with ‘QJLDITGDT sa ‘E .;:\'ifg'u.rrx with  51550LUSDHE L]
% . 'ows QT B || . GurgioTe FHHmuIs
8 (LPEVE T MIB AT .§ ( QBTEIL  (LpEVEFn MIBET
3 30smewiL Uiy @ GamewiL Lyl
) gabg) ) 564
o ®m 124 300K Geiupensouled omsdl o etenBurgid omed SPOBUTHID 2 6iTen  DHEVGEID

- Gumedmerdomesr uybuede Ui HTEEEWLISIPHGHL oasdmwd Gsjo@L Gursl
Gurgioner  FeHHemw 2 LUl (peudFamisaiear  Llated  HsfleHang.  RHeTed
Burgeseafar oHTOsuemT HHsFLsHaTed @ IPmLUTms auflunssd  CFwupul (Bd
STeHHaIFHD JHsfbdang.

eUeMILI6L eJeuNFHHeNW AI6LLILIGHLOTE 2 _6T6 LITLILTVIGTEN (Lp60dHFn MIE6IT LoTSHHTEL GLomHiensd @
o2 Lupwlurs HTéEs5H0 FHUBL DiHamgul eeavianibamaswiTaiemned Gurduwenea| Fodlenuids
OamenngHLuHe0eme. Semeu Frgmreniond GuorHail hF OCFeoaid. BBl HTEHEHMIHHMSD
aFsfiliusn@ll Curdwens| FadHenwids QoTeavi(heTen (pevdHInmibeilar Laiaibms AHBFLI
ugeiepsvld  LweieTen  Buongiemasseilar  slaniawidmemul  AHBFHH0  Geuswi(hld.
@sn@ wwrpPLTte  GauGmmem  LIHOILIUTHSUIDTLTSS  (GHODHS  JauNFoHAlenuiu]aL
FSTHBHH  cpeold  Com@admeTeneumd. DiFHTeugk GwBe 2 eten o @ 1.24(b) @60 &mLLL
ulLeumml &enGeusd Gumeomioest UTDLI6D ounFSHWLTEIH HMMbESHN6] FohHmw (L)
Crrad SimFss Ceuewwi(hld. 2emdEdSlenwll LWETUBHSHIOUSET (LP6VLD cJeUNFHSHenUl  EEIIEUT T 60T
LTHMHMNHS OBTETIHEUT (LPIQULD.

wsAw Py : ‘@ emsdwunaig  LIHDOUTHSOWTEIND  EUDBIGHISHE  LPEVLD

GMDBBHENE| gJounFsHemul 2 LWl WIHDI UT;msmwsdh HHAMCsH 6l Dibss GHUILL
BTHBHHET gJoUN) FohHMU (&MMDEHDHTE0M6V.

BHATD  BHBHHIQUIGH, HTHHHIET 2 _STINOWT  JUNFHS OTHOHOMLWTH, DeueurT@m
SIMWHH [HB@GHLD. ISHILAT QH LUHW 2EHSIULL LUTeNS GDMbHS JeUNFoHHU|L 6T DENLOU|LD.
@3 wemeouilet o Fdo@ goTH @I SewteuTul 2@ OFsveug Gumeom@Lb.

1.10 @psTwerd FTHE aipsmad alufiudesd Qurmupenpulst uweTLT(h

QM BrFTWesS STHaLTEH @CrOWwT® UQulsd WL G HMLOUNIHD DSHTEUFH WD @
sefluguisd Haaug (PSHMDS STHBID 61601 HHEMLPSHBLILI(HLD.

R SBIFTWNSH HTHBOTNH RHOSTLITET QTewi(h eVevH DSMG Guoul L uysefed
BOLOUMIHD BOLOUMIHD @ U - UQRSHITHBD 600G FHHBNBSTHHD  6TtlLBLD.
BuwBev alufldaiul Leutm @ OHTLITET LUHmTH @@ U - UQSHTHHLD HenL QUmaIg
STHBL QUTMI(penD 6160 empdHELILGHLL. @UGUTMwammuied @euGeuT LIQUID @ (PHETMLDG
FHTHBD  pGW. STHHL  QuTMpenmBer sewldsluLGour i adHfey  gamiuL Geur
(pewinger, udeons,  eleveom  HTHHL  GQurplupenmseilew  uflGFTHmeeuTuIevTHG6u
SULTWIOTS HlewWluGSH STl

L5661, @ein SeVevg BomulL GrsTwer@esiser ChIYWT®Hd, HTHS @@ eudluled, @
FTewiLeL Bleweoulenm(h aleneneysemnen 2 (HeUTHGISH @[ (PHATENIDS HTHEHLD 61601 Di6n-
&5a0 UBLD. BHSMmBW  (PHETMIDG STHBHHD HTodhHer LFwTearF  Fwarurl ignBsmu
HHSHHOTE (LPevSHFnMIHeT BLomHelled FHLHLD.
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GuoaId, @M WPHATMDSH HTHHHHD HTHBHEMLHIENEVH6T  FHLGSHVMED.  DIHSHIL 6T,
seupPlet  Uygeienpd QrFTwend STHBHHMB  (pevSFmbm  Senaillged  eluflliusmnsE
SleuF WO,

1.10.1 sréEsCISINET (Lp6vdHdnDNIHBme

R  (PHIMIOG HTHBSHHE  (WPVBFDMISH HMeT 6Ialg DG FHOFWIWNLL L Foesuml
QEVIGTEN, HTHBHHM HLHHH CHemauwiten HTHd / HThEEMNST DYHHGHMMBS (LPLHITnMIH6IT,
DIIBHOT D6V6VHI W elasr LIFoTeIs (FsmISIaT Fnl (hHOHTMBHGHF FLOMIT(GLD.

QuUTgIUTE @ 616Nl HTHBHHN (PVSFMMMIS HMT aTeugh FHOFUIWOIULL  FLOSTUTL 960
FHUBLD FHTHHBMNST (Lpevbanmml cTenienldbamadeier Fnl (hhHOBHTMNBHE FLODTGLD.

ued - URSHHTEBSHHE GQuIMpeny sWsILGLEUTE STdsaIsBlFmmuliLguiseTen G
HIH  DIVVH RABDMTH  BeNeWIeUBHT 6Vl  allemeney /  aleneneysemen HHD  FHlewlldbensd
&6MedT  (CLPEVHInMIBEOT, DHEWIDHDH6NT/ JWSTHNSIT) DY HHGHMMbHSH CTCHINNHMND DD 55601
(LB Fn MMISH 6T 6Tl IL(HLD.

L5661, BTFTWRISHSHTHSRIHMEN (LHHTENIOL LIgUIeIeTen HTHGHID Rehiberle elewienidma
wmed BeuGeuTad  auemsLILBSHHMD. @ HAMNSHTHS WL (HD FHUYST iFH @FpeSFaDOIH
STHBLTGD, QM HTHEH  (PeHFmMIB6T FHUBLOTIITD G FIPVSIDDIS SHTHEBLOMGLD.
o _FTIWIOTS RH @FPNSBFaPODH STEEHHHE0, QH SHANBHBHTHD (PEOBHIDTRIZH  H60TEHE 6N
OflenswenL 60 /SHST DEWISB6T @H LUHU QIOBISENIOLILTED HLOSHGH6T LOTHMHLOENL F60
SBToUH FoHBTUYMICUTTRIHI LUmUiems FouGHWoTssuLed Gumeimam@GLd.

FIpVEFaDOID STHHHH0 QM cpevdammiseT  Cormwlurg  FaHl ufiiorHod
BawEDSH. ABEOUTH DHIHSCENT, DIL6VGH DEWISHInl LEISG6T F6v LOTMHMEIHEHEHE
2 Lul(p elemenasentas LTHOUILHLD.

(PVHIMMIS HMeT eTlILBoUB HHHIUTTHS FHwmer CamliurmLm@d. @& yFfwiworsBeur
empwrsBeur, WeterorsGeur, (WwigpalelwrasBeur, smHuUeneT semiemiTEBour Q([HEHE (PIQUITSI.
BWHBTEILIUBLD HTHBHMBH H[HGIH. BHO @ LYHBTHHBLD LevoTHBa LenewiliL o L Hg
8m ugdurs C- O demewy o e daGimgl. @ HTHH, B alenenedbamen 2 (HeuUTdhE

Heing). gleaied @m HTHE (PpevdFBn BmiE RFHUbSSIDEH. BFH @R  PVHInDDIS
HTHBLDM(GLD.

c[m
CIL—-(E—-CII!CH_. — cul-—f"?-—cu,cn_. + OH

Swdsraiu@GL  Hmenlly 2 GaM@GL UQWdmDs SHTeEsHmeHd &HHEIS. BH Byewi(h
(VBInNIBET QWb @ Sl elewenemeus Caxromelsdeaing, C-O Wewewily o (Heum
Azl Qrewi(h HTHS BmenibhL @ almenenalds CHTHMaIlILSTE Q& FFIPBIaDDIS
SHTHBLOM(GLD.
'[I)II
cu;—fl':-—cl{;r:u_. + OH —> CH—C—CH.CH
H H
FISTTIONS, F60 SHTHBMBIBET (PHETNDG HTHBEIBENTHS  SHTEWILLLLTID,  CLPITM)

(VB MIBEHHEG Oed QenentubBurgl WPSHaTmDs SHTHHD BHenLOUmeUFH  BigeomsGeu
sTeRILUBAGNG. (B STHBEEBET LeOLIGHTNT 26116 Bl Qumidletmert.)
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1.10.2 @@muUYdH STSHBEIHEHHSTET 2 FHT]JIBIS6IT

FMSTJEOIONS, QTFTUINS SHTHBMBIHOT LIV @(H LI (LPeVOTS HenL QUmILmeuwITas STesuILiLbh
DM UL IOV BTJ SHTHBEIGET QH LGSHHTHBEISNMTGW. Cwrellwmalnel HCrmaHd
gGemms sressded H' oweaser (H,0™ @mna) NH, albe uflorppiuGaemer. g
R0 RHUYSH STHBHLTGWL. RH60 LNnewilil 2 HLSHNID 2 (HoUTHID HLEI M.

H,0"(aq) + NH,(aq) ——— H,O(l) + NH,"(aq)

BHBTHBLD B([H (LPEVEHIMMIBEMET 2 66N Sbd @ Ly 6D HL QUIICUSEITEO “FJ ePpevdanmmi
(WPHFTMDG HTHB” 6TeTlILI(HB TN

N,O, @1 dflmswrésworaigs @@ Uy UMy 2 MLSHN STHSONGLD.
NO,(g) — 2NO,(g)

GuH@GMUIILL &TésD @h LY (P, @ (WevsHFmDNIS STodmws CsTasighlusTed “@F
WVBFaDD (LSRG SHTHBLOTGLW”

B STIUUGL 2 _FTFewis HTHEEGT OeusiBeaum (WPeLVEHIaMMIS HMBMLUW (PSHITENLOG
STHBMBISENMTGHLD.

OeuaiBouml (LPEVBIDOMIS HMEDIHL W (LPHEITENLIDG  HITSHBHIH6N

HTHBLD (LP6V S Fn HMIH M6
PCl, — PCI, +Cl, R CLPEVSHIn MM M6t
2HI — H,+1, 86 weodamDnISS e
NO+0, — NO,+O, B pevsanHMISHMeT
250, +0, — 280, (PLD  eLp6VSHFn MMIGHHM6ST
2CO+0, — 2CO, (PLD  (LP6VSBFnMMIGHHM6NT
2FeCl, + SnCl, — SnCl, + 2FeCl, [ apid  epsvasammdmisment

flov igonens Gemiasdlearuy FUUBGSISUIULL HTHEHEIGBMD (WPe0HIaNMISHMT 3 allbanigul
FHTH  SIMHLOU|LD.

4HBr(aq) + O,(g) — 2H,0(1) + 2Br (1)

2MnO; (aq) + 16H*(aq) + 5C,0,*(aq) — 2Mn*'(aq) + 10CO(g) + 8H,0(1)
CumgnpliLl Laupmled  (PpHe0 SHTHBHHED cpvbdnmmis Hmer “57 pse|d  @JERILTeug)
“237 @b BapmTaImID. @emeu @M LY (6O BLEBTH. STWICLT eL6vEH ETewigm@
Guomul L  Lgupenm  peld BLEGW. @UQUT[H LIQUPeHDUD HONGHSHIOUOTET  (L60HIDMIG
Hoat  (eperimis@ CmuLrs) OCaTemi(heTengl. &S STeUGSH LD  LIQHSHTHHHH 600
SlgliuenL. Guieoysem upmld FnmidaImg.
1.10.3 ued UYSHTSHHLD

uev (PEHETMDGS OBTLT SHTHBEIHENTED e LD LQRHSTHDBD SPHBTEurIL(BLD  @LOMHEIG
alFsenend OBTewRI(H6TENG.

(1) QLGBOWLTIHHSH SHTHHOMEIH L6V (LPHAINOG HTHBMIBEMET Fnl LT GLD.
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(1) @ sTésluguied o Haurdll Uit HTaaliuguisd LweatuhHSUUGBL @F S
@emLlenev eTanliLI(BLD.

(i) sréas aipsmd AFHSFILSHBTE @@ Uuied o LGwTddssiul (Bl e wHemmuIGST ([
ugempuiled el 2 HeauTesUIUBLD @@ USTISHSHD 26MHE SpGLD.

(iv) @eLplmeoBur, 2asdCur @l (hOwrsHssdh HTds aldHuied sTemliubaudledamev.

2 gmgewid 1 : GCamer uemLulenr Uflmawrssd eeumd S LIQLpenmEsT (LPeULD [HenL
QUM ST SI.

mg 1 : O)g)——> 0,2 +0(g) om wessmdnll Umaully 2 mLal5 STHHLD

umg 2 : Oy (g) + O(g) —— 20,(2) B® wessmdml Umewiliy 2 L6 LHyIb
2 (HEUTHD HTHBLD.

NG 5 B0 GOIILLaTY FBarssTsssmal QUDIISNETEHS OHTLI HTHEHEIGHMETD
al(bHev, PLBHOWLTHH STEHHHMSH GUDIIGNGL LWSTLGSSILGSSIMSE.

Bhss HTEHHH0 O(g) QM USSP STELILGSSTIDSI.
g 1 : 0,(g) 0,(g) + O(g)
g 2: 0,(g) + O(g) — 20,(g)

20,8+ 0(g) ——>30,(2) +O(g)
S @LBOWwrSss srasn: 20,8 > 3 0,g)

Bbs 2 FTyamHdHed Ly 1 @ 2 Gt O(g) ign opeisl, ug 2 @ BISJULGL. B
6T6VEVTS BHTHBHH6VID LKIGHOUDTH HTHHL QUTMI(LenD @6TMIET @ (h LIguled 2 _(Heum@LD. Q& Tulen
alenemeurenig RTOTHURUId LWSTUGSSIUBL — 6afllal  DiFH  BewLBlewsv  sTarliL(hLd.
OTHHdH HTEHF FOIUTLRCN @emLBleneowmeard STewlULTH. Fev HThal  uguiBev
Soumemn  UBTRNGBHHIPUSTE BHBSTOID, 60 FHHTUURSNMBn Deweu Cxmemluw
2 | Gen uwaTuBSSIUL (Hal(bB. pHBeu DMBEH STEI(LPIQUITSI.

2 _gmyemid 2 : weaieimeouled H,O, @ar Uflws 2 ugsefled menLGQumib.
mg 1 HO,(aq) + I(aq) —»10(aq) + HO(l); @mupevsdammnmis sTéHeD
g 2. 10(aq) + H O (aq) ——» I'(aq) + H,O(I) + O,(g): Bmepevsésapmis Sreésid

RLBOWTHHH HTHHLD : 2 H,0,(aq) —— 2 H,O(l) + O,(g)

1o uguied Bgpmenimid 10 openg 20 Lguled mISTUYLSDE. @EIg [0 opagh @enLBleneo
SLGW. wroTe 1 uguied uwsuGSSIUbBL [ operg 210 uguisd Werl QupiiubBEmg.
560 I @mig sasdunss CsTIODHUGSETDSI.

2 gogewid 3 : Guwed eueflewiLevsHed GGemmBym  yGemmBym  &TUMIEET 2 ML HG)
GCenmfler SiemiBHMmens CaTHmIEISSSIDSH. Bemeu Saumd QUITM(LPEND
om T @BFTET 2 emLaled LmIEGOUMID.
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g 1. Cl(g) + O,(g) —— ClO(g) + O(g)
g 2. CIO(g) + O,(g) —» Cl(g) +20,(g)

L eLBOTss sresb 1 20,(8) > 30,(g)

ug 1, 2 @rewihB B (PevdbamnPmis HToamIGMTEGW. Ly 1 Q6o Cl opeg sroHdl S 6mmed
ug 2 @60 g el GQupluBGdeims. a6 Cl easdlun@. srédsw 1 s ClO
Cxmemn) Uy 2 @60 mISTUUGHEMG. 566 CIO @H RMLFBMED Dy GHLD.

1.104 (paimwgd STosmEISGT STHBMS

(PSHRTEMLDG  HTHBEIGMNT HTHBalHm Seumnler (evdbdnmmis Hoelledmba Corguins
o6& §31H0BTEITEN (LPIQU|LD. 2 HTTERILOTS @ (h CLP6VHIn DN (L HETENLOS ST HBHH6T HTHH QNHUWITEIH]
IHDHH HTHHUIST  (pHeoTD  euflewFuns Semwowjbd. P eieid  alenemey o HauT@GHw @
FTHEBHMBH BHBHIB (Cavd LLBaM alemene)meT BHTRIMEVTLD)

A——>P

BHTHBEIHLD :£=k [A]
At
R LPVEBFMN| (WHETMIDG HTHEBLD (PHEOMD aflenFuTs SMHI([HHGW. ghaeaisd GNeHs
Cry L Bousmenuiled FHTHBOMLES A  (LPEVSHInMIBT6IT  6T6mT60NEMBUITEIH  HTSHHLOML WIT
60 @MHBGW. A cpevdanmiseaiet eclenienlsmdss@ Chyaldls Fwwm@. a6 A il
wenLWd eiswmeargd dAs@mienLw cpeof Cafein@ Grialdls Fwoom@ib.

RMH DM (WPVEBFDN  (PHFHWIDG HTHBHHN HThs alHUTEIH SIewiLmd euflenguirs

SIMLOUYLD.

2A —— > P
sreasaisd =k [A]?
DIGVVG| HTHHBLD LIBTeUHLOTN] 6T(LPSHLILIL 6VMLD
A+B ——»P
s1saaisd =k [A][B]

QM BH  (PVBIMDN  (PEHHTMOSHBHTEHEEHHET  HTHBFlNF  BTWILTS  DIEDIDU|LD.
gOealled @R e HTHBAIHOTHGH HTHHH6T @arenpOWTam FhHbGHWw aissHNEG Chialds
FIORTH BHBGD. ASTaUH DiFH eupdar OFdeaysaing Crialdls gFwam@Gd. L5660,
BIERIGET MBS @RH R UQSHHTHBOTHS HHA@ITED DD (WPOHFDNISH STHHHHS HTHD
alFDW 61105 (PIQU|LD.

LMD RHT LOMIHM6L 6TLUCLTHILD 2 _6WIHIOWIRIN) 6THTLMS HeUMISHM OBTerd. 2 SHTye-
T&H 6160601  @QUewILTD  euflend FHTHBAIHBEHD HSTHHD QM QM  CLPVHIaMMIG
FHTHBD 61TUNS OeualasTl Lalsoensv. Gweld Dibsh HTEHE / GNHSUY 2 amienoulGsoBu
(PSHTTMDSH SHTHBLD ST 6lailmd 2 MIHILUBHHE OB merenGeuemr(HLd.

2 _SHTyenionsd, LeieUblD HTHEHMNHE H(HHIS.
H,(g) + L) —— 2HI(g)

@3 @ eTeMl HTHHOTHS CHTAIMSITEVID BFH Q@H (PHHTEMIDGH HTHHLD B60V6V. QG OGO
Faseomen HTHHUOUTDI(HNMMWS QBTIL . D586 BHHTEHBHET HToHHaIH MW GeumioGeot
BSTHEHHMS WL (HO CBTewi(h 61(LH(PIQUITS.
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QM QUTHIUTET (PSHIMDS HTHBHMHS H([HBHIH.
aA+bB ——» cC +dD

B HTHH ald LSTeuHIOmm 6T(LSLILIL 60TLD.

srésaisd = k [A]* [B]°
R (PSHHMDSG HTHBHHN, HNHS @M STHH FTTUTSHT UFlNFLTEIH DG LIFLOTesD
GWBHHNG HLwoneF Fwoeamaid. 60, CuHn@MUULL (PHSmLd, HTHHHHD SHi-

&d A gmjuren eufleng a ety FHTHdH B gmjumen euflens b eieviegd @HHTHBHIHEmINL W
FLBOWwTHs aufleng (a+b) 6D FnmeLTLD.

FHTHBMFINFHGID  LPVSFIDMISHMMSBGHWD BewLuleomen alsHUTFHMS alenmidsOsTearalg|
(PSEWLDTEIHT (G LD.

S1eBMflngF ciaiLE R DiEILead SHeulwuwT@Gw. & uflGsFtsmer FHwme HTds alHuled
mbgs GQumiudBi.

(LB MMIS HmeT eleiug QuUTMipenmuied Sefluguirs WeTOLTPOWOIULL @ (PSHEITENLD
STHBLD FTTHDSHI.
Ueteumld i Leuenemt Flov 2 _FTTRIBIGOT F(hHHBOTHS H(HBMSI.

SiLLouenent 1.5 (Lpe0sHanmMISSHMTSET6I  &i([HEHBLD

P6VSFaDOISSDET (PSRTEMID HTHHLD STHHEH
QR (LP6VSHFnHMISHHMETT A —> ailemeneyseir sreaaisw =k [A]
B[ eLPevBEMHMIGHH M6 A+ A —> ealmeneyse srésaisn =k [A]?
B L6V FnMHMIGSSHMET A + B —> ailemeneysme srasaisd =k [A] [B]
(PLD  eLP6LEFn MM S M6sT A+ A+ A—> alemeneyser | srdsaisd =k [A]?
(PO (LpEVESHFnMMISHSH M6 A+ A+B—> olmenayser | snésaisn =k [A]*[B]
(LD ELPEVE T MM S M6sT A+ B+ C—> almenayser | srsasaisd =k [A][B][C]

1.10.5 sréssCurplipenpaEny HTHs aldHujibd

(weitea1] GMILILLeury 2asSwrasBour 160608 Gl BlewsowTsGaur GaTIIMHUBL @RemIS6NT
FTéHBaIHUI0 BLDOUDTH. 556 SiliLgwiTer QHTGHUND RHHEH STHHal Henwt GuUDHDIH
Oameteugl uPP allenmis meUSHH([HHHL SIUFWIDTEIHTGLD. UPMWITE @ HTHHL QuT-
(wemmulled Fev LseT Ws Cousorsad Fev LYHeT e OLFHaTHaD QL HEOUMID. LETT6D
AHBH HTEESHHO L HOWTHHH HTEHEHAIBHL AUCUTM(PenDUTED 2 6Ten O& GLogleumer
uWITed SwmalaslupBL. @ STEsHHar We Gugeurer Uyl FTésaissHms Bijemuls
Gwuy e wsHBILGL  (RDS). 9156 ufiBsrgsameaiseiled sToHsaImD  DeNoHsLILHL
Gurgl, GeusuBeum LHaTed HTHEAIHLD DeMEHSILBLOUTH, GeusiGoum LHafed FHTHHaIH,
Hev Flov elsHwmagmsst @HUUIDID HTHHals Biemwiuguis STéaaisll  ensaiiudb
ST

Jeteumld 2 FTrenismaedd  &hHHIH. BH60 HTEHsHD @rewi(h UyHeied @@L bOUMISETmG.
WHe0e0 HTHH A opevid B ops wrmmoemL Seimagl. W6ty uguled Sig STéadslwunss Osmdn
ul®B Caemeuwnes allewene] P ops ommhmwenL &gl

A —B
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k

2

B— P K,, K, sieiiuen QUTBHSSIOTes LpssTel STHs aig ommled

k >>k eed Qameis. lugQur®m sheHilusSHed B cpedsam @am Camhmielbaiiul
LT60. Sigl 2 Leguns UflmawenLbs P ops wrmidnsl. disTaus B55TH5H5HET GeusLon-
1H (P Hevmeug Liguled L BCL HRISUIBLUUSTEO DLYBW FHTHH6IEH MBIl LIQUIT@GLD.

BSOIIT([H 2 _FHTTMIGHMBDH H([HBHNT6V,
NO,(g) + CO(g) —> NO(g) + CO,(g)
aeild FHTHaD Laieumd Qurpipempuilamrs @ Cumidlaimg.

k
1
NO,(g) + NO,(g) —> NO,(g) + NO(g) : OCglureaig (ST1HH61%5 BIFemwuiliig)
k2
NO,(g) + CO(g) —> NO,(g) + CO,(g): alemgoursngi

@AHHTHHHH0  (PHevTeudh URBW HTHaals BFewiwiuy L&D, 560 RHHTHDHH 6
H1H6 Cousoragl, s1éESHaIHOTHN K @60 10 G0 srsuimpassh aaemd. @65 @il
FHTHEIHmws SHwrais@. uflGaFrasamenseilar cpsopd 2 MIHIUBGSS (WPIQUD. BSHHTHH5H-
HIT iU HTHS aIFH TSI

srasaigd =k [NO, ]2

2560 @ssrasd NO (g) + CO(g) — NO(g) + CO, (g) apeig NO,(g) smjurs @yewiLmid
suflengwnsayd CO(g) OFTLIUTS LFSAW euflengFwmseald DienLOULD.

CupeiiiiL  ugwempuied NO,(g) ez o0 FTé6s SoLBomeowrsba  Cemhnu®
Heingl. B STEESHGCUTH  Bmeay) HTEHHHCOCW  LWSTUBHBLUUBIGDH. @
BTEHHHI L (HOWLTHHF FOUUBGSHSUULL FOGUTLIQN HTHH @emLBlensv @ 1bGumT
AILLTID SIGHFHTEHD  BOLOUDIUSNHE Siened  SeuFWITaTemel HTHd  RenL [Hlen6e0H6N
FHTeHBmenGT allemeneysenenGumr el 2 _mid GHmmbHMme.

BB Fapliu'L @rewi(h (PH&TeNL Lgseiler HTHs eNHWTRIZ.
srésaigd, =k [NO, |*
srasaigd, =k, [NO, |[CO]
Bhsl QuThipenm CBTLIUTHS Seuaids Ceuswigul cPSTM (W HSW! eIl UIBISETTEU6.

(i) K=K o5 8mpbsre srésais pijsnwiuguia srasalidureag (Lg 1) SleusTensdsiiul L
FTHEMNHBGH PSHHHTH  SIENLOU|LD.

(i) gOemaled @pgeombd g Guogeuraig eaiugTed (NO,) oleme Wsabd GmDeTaig).
5601 NO, gpemg Copmamlenmed gl W Gousiomesn @ewiLmd UiwITed W& alenyeurs
HISTUUGBL. 566 wHeomd uuier GoussHmal QUTNIHBEH @LBOWLTSHSH HTHS(LPLD
AL 1bGUMLD.

(iii) CO sHTHEaIHUIN CxTaipaloemnsy (HTHE auflnd = 0) gOaeaillsd HToHsalsh BIFewTuliLg
Wer Weten@y o151 HTéEsl QuTppenmulsd UEIE CETaTSaIDEI.

2 STJewID :
mBSHTFATQITLmF (hob@GHw LGmmilais@d @emLuleonsn HTHsHmEHd &H(HHIS.
2NO,(g) + F,(g) —=2NO,F(g)
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ufiGergmenuieat Ly srésaiFunaig NO,,F srjure wgeomd euflesur@Lb.
sresaisb = k [NO,(g)] [F,(g)]

gmmisCaTaTeniul L QuTp(peMWITeTSHI,

g 1: NO,(g) + F,(g) —> NO,F(g) + F(g) : Gugeuren (Hréseais Blijeaouwiliig)

g 2: NO,(g) + F(g) —> NO_F(g) : elemwgeunsng

@mig swrdeiorer LCenmflel Sigmibdsel HTHd el Bleneownsdds CHTaimeusndd HeusisHm
QL1 F:

BHBTHHHIHT QUTIIPHDUILD DSGSTEBHBN HTHHH  eTeueuTy alenmIsLILGSHSILBGEDS
RILUMNBS HHBIB. B(H (WPHIML LHaTaT BCFTHmEml DSSTHBHH LJew FLolu(b

SHW FOSUTH DpSLD.
ug 1: NO,(g) + F,(g) —> NO,F(g) + F(g)
g 2: NO,(g) + F(g) —> NO,F(g)

wwssrssd: 2NO,(g) + F,(g) — 2NO,F(g)

BmE B® UesEHCL M (WPOSIMDDISH STHEMBIS
srasaizd =k [NO,(g)] [F,(g)]
srasaisb , =k, [NO,(g)] [F(g)]

BmiE Uyl g STHEE Bifewiugurs @mpuugiiar K =K aaugraid @& ol GOwrsss
seaalFeGs Fwwrll @méssng. Suourmupempuisd NO, pessapilar 6w Toug)
(peVEHIM HTHE BFewmlugs@Gl WaaCr HTeasHdHe0 FHUubIDEH. ISHTD DUH HTHD
alduiled L bGUDaTELEN6L.

K

CupeMulilL o sryevmseilaiuy SToasworaig ueGam uysalambh L OUDDTEID HTHd
alPwreng sThsais Bijewwiuy (10s Gwgleureruy) ulBnBw HmBuNmHae@LD.

2-bromo-2-methylpropane @m@w ma0rrLenal (OH) 9iwieiasernes @b SenLUN6Omest HiT b s mSHdH
B(HBHIB.

(CH, )’ C-Br + OH" - (CH, ), COH+ Br-
RLBOWLTHHSH HTéHsHHLY LCrmler ameuterg OH gl Lgdermed \yduiltinbaleima.

(PHeTeUG ! LIQuled, @ cpevEHFadmIsS STeasHe0 C - Br denewiliumeng =2 enLdésliul (b
Slwesen BxTomielaaliubGEngl.

(CH, ), CBr> (CH, ), C* + Br : Ggloursig|
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sruet YGymdlest Newmewiliumenidl Foml 6uedemd aUTWIHSSHI 610LUSTL G &  GQLogleumen
LOTOHOOTGWD. LTV HTHHDH Hevemauuled MHQITLNFL.(H Dlweiseier QFnle] HsLOTH
BmHHBHTO Sieneu allengeursd GBJ DUIRTHEDHL T SNEMGUBAITED DGHDHTHELILIQLPMM LOGB6LD
Goumlomengl. @mIG We Geusomer @ (PVHINNISHSTHHLD (oo, QL IFaT jemialer HellF
Bamy @evsHyaisamentl LwETLUGHHS sTUAINGL @LFFSIDGL RHLBW @ yHw umiSL (b
oUsILl LTememTliL 2 (HeuTdaLiL(bLD.

(CH, )’ C*+ OH > (CH,), C- OH : allengoumeig

BHHTHBONHIH B[ UYRHaNed BLEEMSG 6IBUMBUD Slened  LenewILSHH6T 2 ML &6V,
2 _(HeumHev  erileuMmIL 6T  QHTLFUUL (BeTenensHulld  SjLLgpenmEseT  GeusiBeoum  HTHS
Couademg OamemiheTengl. (@aim Couswoneaidl wHmOWGH OLOGHIUTEIH) 6IOILMSUILD @I
Qumrmlwenm 61(hSHHIHHTL (HEMSI.

Cun@IUilL FTss5HNBTEOT D@L SHTHBNHWTEH LSTUHLOTD 6T(LOSLILIL 60TLD.
sraseaigd = k[(CH, ), C-Br]

28660 grésbd (CH,),CBr smjure wgeombd aflmsunsain OH sweiser stjurs L&dw
auflengFwnTsa b emwub. peHeomTe0 OH  oueiseiear Gamle sTéas aigsHmal UTHEETS.

OH siweaiset @&Tasdhder Gogeurer Uguied UmiGuDM RmbSTeO deupmler GQFmleneu
IFH5FHGWEUTH HTEHHD CousenLbHFH RHBGHW. MO ened  Geuslomer  UIguiled
BLOUMIUSHTEO Deupmiest QFle] eTaUNISLOTEN HTHBHMBWD FOHUBSHDTHI.

OH osweaiseaier Qe sFHsfleaiiu@Gwurg Gouswrer uguiaT HTHsaiHD S6Tab

SFBFEGLD. M0 BFH WPWWHSTEHSIN STEHaIHHH0 GOUILILLSHSHHH6M6e| DIHDHMS
gnubsHTH gOaeailled iz 10s Ggleurer LuIGnBW Qufigid HEIFUNHEEMSHI.

2 Fngewid : QuTssLTer QuTPpemmenw 2a&Esse0 A, B eaiusupmisdentulsomen @
(PVBFDN (PHIMIDSH HTHHD @aIe HToHsauflenFuTesigd A FTjursed B Frjurseywn
wHeomd euflend e LFGFTHmen FHwWTE SMWLILGS MG

560 FHTHHIHDH Bo:Meneu,
FH1e6aaIsD =k [A][B]
deteumd @ QuUTl(pemmEamensd &([hHaHIS
Qummlpenm 1
A > C+D ; Quglouneng)
B+ C-E ; allengeureng)
Qumrml(penm 2
A+ B> D+E ; Gugleureng)

@z FHSTUUSHO HTaswTaH A, B smjurs wpseomd eauflnsgs@flug. ops6m A, B
W BHeevHIamiBEnd GogleuTer Uguilsd UmIGUDDGauaTI(HLD. Spmawrsd Qummlwsnm 2
FTHHWIOTS DIENLOULD.

Qumplwpenm 1 FHeupmeikl. @mIG A cpevddaml L (HGW Ggleurer Uguiled UMBIGUMHMISMSI.
B @860 umig0umaisemnen. opa66 HTeaaisnd Foaum(h

sTaEais = k[A]
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1.10.6 QaTLFFHwnen ((PSHETENID) HTEHHMIS6IT
Cun@HuilL sréssugser /  GQurhupenpaeiaiuy LBl aMETLTESF CF60ID
FHTEHEMmIG6NT LeTeumonm GMIULILeomLD.

kl kZ

A—>1—-P

Cun@IUI L sTésd OFTLIFF T @F (LpevdHInmmid HTHHBLD 6160 SMPSBLILBL. 6JGeeTen
R STHH @eubeumh LgPenmHaiad FHUBSIL 6T (PHTLD LBl HTHE [HIJEwTUILIQUITGLD.
SILuQwiTm CFweT(LpemME @),

(i) A @ear dflwaswenLgeler cpeod A @ar CQaley GmMeuBILET DiFH LSen  Hlewme

OFuiwuiuLor Lrgl. o156 HTHaaisF Farum(
aigd =k [A]

(i) BeLplme [ opeig Auladmpbal k [A] a@ib sréesaissda 2 maurdaipg. Goaib
k [A] a@id eipsdled P oyes dmgaumLdng. @& s Gauswors @LDOUNISDSI.

(i) elemeney P opemig D @almpba K, [I] a@iud Gouswoma Hrés aigsde 2 (haurémal
Cuoid @& (GMMEUSHL WITS).
3,566 @HeVHHG Laseumeussioumenmd GMSHa I STLL(PIQUJLD

(1) Cmrsaier Hrad A &1 QFnle GHmmeuenL Smgl

(1) @eoLPlmer | et Qanley @m 2 wj Qumwrasdng iHsfeHsil ety FHmiGHhy
AenLGeuefluiled L &FSwom@Lb.

(i) elememey P @eir Gepley YsFALGHOBHH SPefda @® PSS GUDIOTHSHMS
SIMLUWD. SQUMIOTRID HTHBHHNT LIFOTHT HBHH60 HHEISUNHSGLD.

@emeu edTeuBL UL (2 1.25) cpsold 61(hGHHIEHSTL L LILIL 6OMLD.

A

FTjysF Qapey

Gmyw V

k k
2@ 125 , L (’p o@ubd OFTLY FTé&ssd | amid @mLBlme 2 meurd g ABGSHS Liguisd
BHTHBIMLUSTEO DHes Camey CurISHIL6 LFSworHeing.

OxTL] FTassHHe0 A, P eeusupner Gamey
@smen BT Lsteumorm Coum susmauied Cpma@Geumd

K
L9 1: A_l, I I
K
uig 2: AST P
OLBOLTESS STEED 1, - p

@mbaHI A, 1 P ereiusupmmlest QFmeyser GhISHHILST LOTHMOML SIS 61aTUMNS 26| dHSHE0LD.
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FTHBHH0 FhHUBL Qemiseier OaFpeyseaier LOTODGHMS alonmss OsTeTeumdMNESG @albeum ()
UQUIRTHID FTIY SHTHBMHHMBE HHBHHDOBTETUH (PHIHWLDTIGH]. 61HSHOUTMH FHBHTLILG
Hevild HTHHD HmLQUMILCUTH AR Gapley GmmeusmLeugiL e aleneneu P Qet Gapley]
FHBFHGW. M0 QemLPBlewev 1 Ret GQFnley eiaieiouTd RHEBSGHW. @& @@ UiguileD)
o maurdl BSHBUQUIL LWETUGRSSILGEDS.SBCn BFHa1 QFMle) HTHHWL OHTLEIGLD
Gurgid wpuwWBuTgID yFFwwrs RHeEEGauati(BD. DEMTED IUSNHMLCW FHTHBWD HewL]
QuuibBurgl SWGUEIOTEND LFAWwTs SheEswyuwng. Qg 0Fmey - Gby  suenyLlie
SusTaNssIppuD. o @ 1.26 @euppler Gapley - GmI suengenL (Weim FhaHTLILRISM6
ST (M.

S

Fmyus Qapley
Frjys Gamey

FmjysF Qapey

A

Gmyo V Gmyw V Gmyw V
o ® 126 (a) uy 2m &l g 1 elewgourengl (b) ug 1 m ol g 2 fAlx elewgeureng (c) Ly
1 @ el uy 2 s alemyeureaig
(a) @ (WspugwTeigk GrewiLmd ugenwl el Geuswmeg  oLTLUSHD  a—]
2 meur@wGurgl, | Caxmemid eiswmeig w2 @ev | mHSFULUGL aissHad 2 wiey
AGW. 56 | et Qe Crrosier odHafacw Ueeny A @Gompausteld |
@ea1 Gapley sPsfliugsTaw [ Bxraimid eisd GHmpauGsT®h, iH HISIFUUGL 6isD
afsfle@d @BCHIsHe 1 ular GsMe Gammw oprbilsGn. @mdulsd Al ule
QaFnleysel FTHsD S LHHLL Blomeym, A LGS LU LFAwsHnGHs GHsHpujd

(b) @60 L 2 ez Ly 1M ol FAMag Geusmeig @miG | g alewyaurs HIETILHE
Bxrlh @pe QFmley (a) B0 2 eTengHBuTEIY) DHBOTHE SLIQOUILHLIL (LPIQUITG).

(c) @60 uY2 egk ugl m ol aad Geuswreisd @EIG | opeis S LHHLUL
Baxramiw o L GarBw msyiuGAmal. | Qa1 QFdeureng &HHSHS WLLLD @aming eiGum
b 2 wyTgl. ASHGILa UfGFTHmen uled DeuFTellessshsbds DeTalNG

gt Game] @mGUTHILD BITag).

C Gumenipy FhHIULD @aIHed, @emLBlensv BHTAIMWST @ReOeN6OWIT 61T HLLTWILDTHS
Oxflw  GeuewiguisTGWw. L Blemeownerg Cmroumsds sl LTworssd Osflu  Ceussigul-
STGW. emLBleneowimeng ChIwITed DeusTalssIULTAI LTI iFH 2 6 6IaILm
Blepliss Guevds LFGFTHMaBmeN QURIGHUBSHDH (WPQUID. QLULSEQSTaTEMTUILULL @enLHlensey
L6l  FHTHEdbamigpul GFrmemerl QuTmenend GFisHal eiHTUTTHGID allewene] eumHEMST 616
SusTailing SBwedsl UfGFTHMMBEND @IMTGHD. JSHETL ML Blmev 2 6wi(h
GIBILUSHMBTEH DLHTTHMSH 6IRIGEMT6D GUM(LPIQUILD.

1.10.7 Gumplupenn @aidled (e FoBlenev SHULSDITE FibSTLILIEIES6I
o giyewid 1 : sré&sd A +B — P @ear Qurmlpenmenul

A= 1 :alemyoureng)

I+ B — P :QGwgleureig)

@mi@ 20 ug OGgeuter uwrted QHUUBHTH HTadser A, B wrer GenLmdensv |
DLOGH FOHMD DMLEMGH. B QUOUTH(IpEnDWITEIG SHTHHBEHD N HlEneu D
FoBlemeouled((heB@GHD @ (P - FOHEnevmUWId OBHTEUHTIY (hEHLD.
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@mLBlemey BHmeimid aiHpd DG 1N SHTEHSENMTEF MU aiHIPL  alenenemel
Caxraimid aissHNID Ws alewgours SHSGL FHHTUURSMBBW (ST -  FLOBEn6D
CapmermiLd.

FTHBHHET  aiploTans Ogleurer LguwiTed HiwreaissiuBl opsCa  Gogleurer  Ligulest
STHBF FLOMILT(H

srsaaisd = k [B] [I] eaeuste sruupeis aldulsd @entmlemen [ GxmeimieuBsmh, |

G A wrem gFwmBlemeouled GmUugid Oxfibs ellwwr@w. a6 (WHMHuUieET Fo
Blemesv Lompilell Kc.

[1]
Ke = —

[A] @@
[I] = Kc[A]
a,566u Frdsaisd =k [B] Kc [A]
=k Kc [A][B] o4@Lwb.

@a aiswryed woHmId Fwomlened wTMedsEhsdHenLuleorer QHTLFLINT cpeod Retanid g
THMIWenSSUIUL6VTLD.  kf, kr  6T60TUST  (LPMSTHBLD, LIMSTHHSLD 6letueumMesT  aisommledaer
eTedTl 60T

k

f

Kc =
k

T

61601 6T(LPSHLILIL 6VTLD
Bnguins,
sresaisd =k k,
k. [A][B]
F1eaaisn =K' [A][B]

aig AlFWTEIH (WSHITPHDWTE B (PVSSHDDSSHTHHD QRMEINS PSS BUILMS &l
3 INGEE]

Q1mIQLT(H 2 HryenisHamns Gbime@Geurd
HTHBLD A +B — Puler Qurpwpenmenui
A+B (=) I : ellewgourengy

[+ A— P: Qugeureng

RLB OCIHssH FHTHSLD: 2A+B— P
FHTHBAIHMH GogleuTer LQUITED SHTwmalsasliuBl GogeuTet UguileaT STéHsE Foeum(p,
srasaisn = k [A] [I] ereitugmsd sylinBLd

aip alHuled @emLplemsv | CaxmamieuCGasth I ez B, A et sFwoplemeoulled S mLLge
STTEOIOTSH, (PSHHUIQUIe FwmBlensv mpiledl Kc

Ke= [I]
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([A][B])
[I] = Kc[A][B]
Cognasaisd = kKce [A][A][B]
= k'[A]* [B]

560 aiFaIHUTIG (POPVSIDM (PHETMIDSG HTHHHHMGHDH &L HLUUBEDSI.

2 _FHTyewid 2

H,(g) wpmid 1(g) @n@ SBmLulerear amy Slaugsmss Sréaswrag CuwGaoweier HrHs
UM BHEHHF 2 HTJESILOT (GHLD.

H,(g) +I(g) — 2HI(g)

B (pLEBFMDN DM DEMHBENTS THMID  IEDTEUTI (P FOBIMEVSH HTHBLD
@elenm O&HTew(HeTeng.

L(g) — 2I(g)

Ue1 8hd Sigml SIWIeT (PeVSHInDN MSTFMILOT HTHBHUPMMI, OLogeuTen @TewiLmd Uiguied
HI o Gzrpmelsdng.

Hy(g) +2I(g) — 2HI(g)
FHTHE aiFoTaig Ggeurer uguied STworeaidsiiubn Ggleurer LQuisT HTeadF Foaut(,
srsseipd = k [H,(g)] [I(2))

ol aldulsd @emLplensv 1(g) @ea1 Gadley GCamemieuBsrh I (g) openg 12(g) o Lew
FOHensv QHLULUBETEO (pHmulguiest KC

KC=[I(g)I’/ [1, ()]
[I[(®)]*=Kc [, (g)]
srssaizpn = kKe [1, (g)][H, (2)]
srasaisd =k'[I, (2)][H, (g)]
25661 Hrdba aigoraig H,(g) ,1(g) eem @ewiger Gepalaid smislujeieng.
2 _Fryewid 3

@61 2 _FHTIIGHHD (PHHUQWITEIH ellengeuTer LEHD STHETGHWD. &S6  Syiul (heren
mBBHIFS @OITLenFL 19 QLU IFCWDMSHMBH & (HSHIS.

2NO(g) + O,(g) — 2NO,(g)
SuFTellssiul L aisald
srésais =k [NO(@) [0,(2)]
FSTHBLOTEE Leeumd Qurmlwenmenwids CsTemi(heTend.
ug 11 NO(g) + 0,(g) — NO,(g) : alenyey
g 2: NO,(g) + NO(g) — 2NO,(g) : Qugloutengl, aig Bljeomuwiiig
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GuoGeouyeiien QrewiG UREeTaGID snl GHOBTMS LB Orshs Hresd 2NO(g) + O0(g) —
2NO,(g) m smauGsTHh, QTG UYSEHD B (PHSDMNIS HTHEHEIGNTE 2 666

Ogleuren uiuisT aigeld
sig> = k [NO,(g)] [NO(g)]

(waHmuuilesr Fwmplemeo Lmpled
o N0, (@)
[NO(g)] [0, (2)]

[NO, (g)]= Kc [NO(2)][O, (2)]
S srasaigd = kKe [NO(g)] [O, (2)] [NO(g)]
=k' [NO(g)* [O, (2)]

OuplulL @k eisaldHwumarg, (WPHeo SIUULL miusl ais aldHujLer wrPdledwunrs o eieng).
2,566 FHTHBHHST QUTD(WHDOWITEIF FFUITGLD.

1.11 gréassHHear Fbd 2 emeufiliuLid

WHeIle0 @ uQUITLTS, SLIbQuMID 6ol HTHHOWTEImNS SHHBHE A —  aleneney
R BIFTWLNISGHTHED @M SLIbOumd, GHemeuwmen STyewilden UM (LTI BTLD UMT-
553 BGumev @ SHilbmsHeT @aTemMOwraim Gbrad aumwBUTHl, Seundlear Gevsdyes
FlLS HHG QmLUlTer HeTEpendsWTand CHTLIHH iHBfHHE CaTeniCGL @ (HdHEGLD.
SLMBWITE0 Geunmlet Quisss FaHuled gl LGHWTeIg Bemeoliuesiy FoHwTs TmHmL
ul(h slumpier Geusd @GemmeusnLEmEl. emeu Grzedlsd FHUBLOUTSI, ounFoHAHumers
Buorgedlemed gHUBL FhHemwl il DHBOTE RHUUSTED, Deweu alevdlF QFeOSBIMG).

&He006Ie0 -  Bumedledwest  uFbUISILY, Gurdwere] GCasHHILET MFUD Hiewld
maHeMe0  CuorgHelsr @m uGH OBurmeded, gGmismaseillar QuEsF  FoHHWTEIH
sumempl Curdu elenFuLal QRRIDTHSH HETEHIHIIMEH. RHET (6O & SHIe0NSH N BB BN
HoNEHemeE LoMMILD JeumFsHenw N @enemidlaimer. @uugliul L Grseosefled Hewld moHH6T
FTHeneOWITaIg FHAPUUTS QOBISMOGSILLIQHBGL. HBEmeoulsd, @ SHiewild m@Buled
2 _6T6M  HHOUTHIH LOMMS HlEWIEmBUTID 2 6o RVHHTIIHMENDH  SHOUHIGIMGH. DI
RDBGHDBOT  HOSHGH6T RSMILET Q6N  Senenideipet. ReosHTen HewleuTeig S LOOTmd
@IHl. Fov enewiliysbsen Hemd @Gmid 2 miFwurdleiper. Guiul L Fymer LTHMSSH60,
flov FwowsHFHD HTaESWLmHM, elemenejonmsTen @F UGHwTer Lenewniliybsemnend O Tl
Fgl LD 2 Haurdmgl. @& Wsa|bd o mHuppsT@Gw. R& geupul L L Blmens Hbase0
6160 SIMPHBIUBAIIDSHI. BGH DFHFnlgul BleweoliLewiy Fbd 2 Heum@Gd. mlemeoulsd L (KB
sTelILUBL 610186 HTHBHHT JounFeusbHWTeaid gaulill L L Blene0FHHEHame0 SienL Wl
2 Fayb. gauliu’L ML BMEVFHHHMED DMLOUBTED HTHBLOMEIH 6N6NTEBHENET 2 (HEUT-
HGW 61 2 _MIFWTE Famplpungl. gaialled gaunFsiunais Bm HmFseaiid  TmHOLD-
MLWG FmQUSTGD. RbH Heneouled 2 (HEUT@GHLD. DLAIT60 JNHAIGe 2 66N LNen6vuTLILSH60
WBewi(ho 2 _miFwmdlermed, geuliu’ L QemLBlmevdF a0 HToadlemw GhroHd LoTHMLDENL U|LD.

CupeMuldlL wrmmsHmns alaufleasd Fédh  auedguLld  Fnhbs  uPOWm@GLD.  sTeueuTm)
BleweoliuewyF FohHwneigl HTosd @ OuMIbCUTE! WTHMmL FGIMG| 6TeTUMS G SH60TeLP6VLD
SUST  HBHELTD.  UMTULLOTEIGH STHEBH6T, alleneneyser, egeupullL  SenLBlenevdF
Fleae0 GuUTaImeumMMIET FTTFHS L LEIGmTWD, (WPaTCamsdlw, LeaCGamedl  geunaasd-
BHMEMULD, HTHBHHT Ceulil 2 eTEpmnF FoHemwind GIUIGERTDE. @F NBCEUILSST-
BBHHCLT  DIeveVFH UMOeUILSSTHSSHCT GLIDQUMID F&5& wTIHMSHmS UL 1.27 &6v
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STLLLUUL (heTemsumm @e0@&euTdd STLL6VITLD.

STHB 6T STHH 6T
(@) (b}

2. ® 127 @0 gaupulL @oLBmeand FHssedammirs @LwGumid (a) ypGaulussrssd wHmib
(b) 91506lILSHTHSLD eTaTLIMMIET Fhd EUMTLLLD

2 (5 1.27 (a) &L (hougl WTEQHeM60 (LPIOSHTEHSBIPLD LMOEULILSSTHEBLOMGLD. Aen6IT6H6NT HiT S H6m6r
alLd GemmeuTen FhHemuwid OQamemi(heTenel. siaGo HTHad @LWOumD Curg FoadHwmens)
OeuelalLliL(BHOTDSG. DSHBHILET  FHlbndHeT  HobGen  Curdwene|  gounasHenul
meusHHHHSTeL L (HBW FHThdmw geumssdl L ewgd sremiy Camemi(h GFsdev (LpQuid
eSLUMBULD ST (HE D).

2 ® 1.27 (b) ozl @F BCUILSBTHEEMBD ST (HAHMGH 2 HTTewIonsll LU S
SHTHBMBIBEHD @h UQUIEITLTE @I gounFsHaenLTs L 1bGumiEeTment.

NO(g) + O,(g) — NO,(g) + O,(g) unGeauiLgsTés1D
2NOCI(g) — 2NO(g) +ClL(g) <sLaluggToHeLd
Slupmlest geunFeased oPMILD BleweolluewiyF Fobdl eleiues ULLD 1.28 @60 &ML LLIUL (HeTeng.

A Transition state A Transifion state

RO L0 0. 1 0

NO(g) + Oy(g) — NO,(g) + O.(g) INOCl(g) —» 2NO(g) + Clg)

v
b

2 @ 128 oy ousmulsd @LOumd 2 FTéEasSIHDETET  Fhd  euenguLb (a) yYmGeuliug
F1ésw (b) 2sCaliugsTHsd Greni(h FhailumIsafeDd, goundloseda Sl L enluTeais,
alemenailed @emertwiBGaleniigul Dgmibseflear FTBemevenwl meudhBs oméldbaliLBE G

LONICLT®H 2 FHTrasHmed HaualliGurw. Ueaeumn sroswrag LGrmom s@mHailed o een
yGymulenr siemieunenidl OH anl Lgzred @Lwuwissiul’ (B esCamed o (meuTeuemsdd &ML (h
Hoa.

CH,Br(aq) + OH (aq) —» CH,OH(aq) + Br(aq)

Guaeen FTHaHH0 OH @60 2 _6Ten wemn gnmsHmaps OsmawiL gL dFaied 2 _eTenge
Aevsdyer Camgwimeng YGITWOaIL 61 Renewibglenen srugest Gmmad mjsslubImal.

yGymlenmenigy asmusmeiaiL  Be0SHTHT BT L SHHI0D FH  steiugmed C - Br emewriid
aleTen @evgdHrent Gamouimesig UGymlenen Gmbmadle smewiliL(BLo.
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@Cevame CHIHIHIMD 2 LUl HTumet GChTHd MBOTTLNFL(H DIWeT  260(H([HEYEUBHTED
RLIFmIBGL STUMISGL @oLBW @ ysiidmeoy o meours ywlsdamg. 16z
gow, YCrmlemen Cowrad Gevsdlren SeTenliLbBeusmed, &must LGrmwler LlenswiliLmend)
2 LW Y TIsSaTDE.

Flov FoWGHHeD RFQFWT(LHHDWTERIH SMTUTE (PQRHHHTHDH BTEILILIHLD. SHTLIT SIQDIGUTEIGH]
QLFAFOTEL SIMTUUEIG SBMbHHTEHD LUBITO@Ted DMTLUUBIG SeNeihHHHTHID
Guad M Fnl LBIH6T STUMIL ST RIS HTHOD  HTulLbBL. ST Lty @&
QFWT(PEHMWITEIH] (PIQUHLUID - LIen6RILILSH6T SenFeUTs 2 DL [hSH 6UETTIEUI(LPLD SIenFeuTd
O _(HOUTEN GUEIERI(PLD 2 _6iTeN L LenlienuBul BID geupdssed 6ISISSICDTD. Dig 2 FFdh
&L Hemeoliueniyd FoHenwl QHmeuiigHa @ L.

goupul L GenLBlemey desed  saId 2 mIHummsTGw. QM Homameflsd gOUBL  @F
Sdlw wrHm Fal (WPIBaITEE HaIhH almenemel 2 (HauTssCT Sevevgl LaTCarmahd
hEIHGH SToddamen 2 (hHeurtssBeur GG gaundleassd DHe W FoaHlamwl meausH [Ha @G0
aeuBs <ig upw aICFL &H(HBHH Db GHLD.

Transiffon sfate

Potential Energy

11
CH—Br + OH —» CH~—0H + Br

.

Reaction coordinate

2 @ 129 CHBr + OH' — CH,OH+Br- e@id sréssdnsnear sé&d 2 ks CHrmmid

o2 Fryewid 1.15

0,(g) + O(g) — 20,(g) ea@ib sréssdar WaGmmadu gaupssd 19KJ mol' wmmid
AH = -392KJ mol! gy@1b. B5a1ea5FNSTE  FoFH MUMTULSHMS aIMTUSBILT LIHSHTHS
gouNFHHMUWSH H6wNh G .

alenL

Transifion stafe
:_C"- shad # LELN ) )

19+ 392 =411 kJ
FRT Kk

Poatential Energy

O, + O —» 20,

T

Reaction coordinate
2 @ 1.30 O,(g) +0(g) — 20,(2) amid Fréassdar sod o HSCHTHMLD
HeiCamad HrossHan ganssdmuls @ais@Gl e LULGHe0 STLLUUL (BETeNEl. DIHSHIL 66
STEWIL 6D BlemevssTen &hHHICHTET S Lenold &L L LUl (BeTeng).
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SemL_BHsnovuiaDIL T QL IDGIBID HTHBHHH MBI FbhI MeOJULID (2_HD
GanBmID)
@7 GmLplmeouwlrLrs SLwoumid Ueaeumn STEeHmBHH HeUalldbada|d

(CH,),CBr + OH — (CH, ), COH+ Br-

(PDBTEHHH0, LCrTler oemieutergs OH gl Lgdeamed @Lb@uwiyssiul (hetengl. GuBev
GO LLeumm srésoneig O, ugseis @LbCuDISDE.

@0 s (wahFworen alsHwurgd wrsheailsd, CrErmmL CETIIL DIWNaTH He0emeUUTeD
SugTellss (pujd. @al Wsaw 2 mFwupmgl. ANw CrrsHaists srewiub. womw OH
SWDIL 6T (DI606vGH| eI (HLD LETTewoL (h SIWGIL 6T) HTSHBLOENL U|LD

FH1eHHBEHHSmLulevmar Ceuliuaeenenm SHmLmwaill (PpSHURulesT almene] GenLHleneod
BT QeULILEYETEHMMS HML (GMMEUTEGHID. DHFHILST RHeNHHSH BIWD alenene] 2 (Heum
ausNEG WGHurer ok srauliubGdmg. STee5HANGU LHai(psonssd QFeausn@ LOeab
o gagl Cpemeulu@. Ts, Ts, e sréoslseps@n  almeas@Ebos@d  leupple
SLBmBGWL  @enLuleomet IHM Hemed SpGD. @RUCUTEH  @UOBISIVID DB H6IT
2 wisFsHesGilw BlenevdGHEF CFOMID @F Blenev STemILLHLD.

Poteniial Energy

Potential Energy

v
v

Reaction coordinaie Reaciion coordinate
{a) ib)

2.@® 131 @y sSTésmsansTar Fbd 2 efaufliurd &1 (hdmal. (a) HTHEHD  CgHeuTHs
OaTLEIGwUY, (b) elemyeumen LQu|LeT STéEaL OBTLEIGL B[ STHSHBIBEHLD DD
GeuliLoTenenel @aIGEIT(H HTHHWWD PMH FoHdH 2 FFOTNIHEN6OLIgmUIS O T [ ELD.
BMLFBmeVE6T HTHGHD@IML W 2 mIHummeneum@G. 616eiBa Seumplest FohHuimennd)
F1Hd, almenaseiar godmw ol sHswor@Gw. Gousbd GmDBESUY (HTHH6iH
Biyewrwiiug) a @60 g 1,b @60 ug 2 ofswoner gaunpgsdamuis CBTemghHa@GLD.
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2. @yFmul
FLDIH6M

DI (5 [I: - )
2.1 GLOHEN6V 6T6UTETE: S (T
2.1.1 Quendlad QFweipemnmeseriled FLomlenev
2.1.2 @ramwend QFweTpemnnEened FLomblaney
2.1.3 @ramwer Fwopmey ald wmmid FLomlensev
Lomrmled)
RH SHTEESHDBTH  FOBmeL e,
Fwmplensy WrMelsbsTer Gsmeney
BTHHHHBT D66
OeusuBoum eugelevmer Flomlemev LoTMleVlds
Cameneussei
aurwdh OsTGHHsefed Fomplensy LomMed
LeLeenE FLOMlEn 6L
LUeOLIRSH SHTHBEISNGHF FLOMHEN6L
ommlelbaTer Bsmeneudsei

Fwoplensv  rMedlulsst  SiglienLuled
BTHHD  HoLOUDID Hemaemw 16y
FnMISHEVID HeTLILI(BSBEHLD
2.1.11 gwBlmevd OQFmesemnend &6 (60
2.1.12 sFwBlmevenwlll LUTHSHESGHD STTewiEeT

2.1.4

2.1.5
2.1.6

2olloT/
2.1.8
21

2.1.10

2.2 BIHBMIFOSENE0 DU FLOMHIEN6D

2.2.1 Siflevmisel, CLP6VMBI6IT (SIBHGIL_60T
2_LIL&61T)

222 @emewi Silev - cpeF BFmigHer

2.2.3 SIOLEBIBET (LPLBIBET SpFluieumnest
SIUIGVT & LD

224 pflgl SweTéhs T ST Diulest
Qu(HeB®ELD

225 pH seneysdiLw

2.2.6 QLSTROVEBIHEHLD OV  DWIETTHS
(gl Ll flens) wompled

2.2.7 QSICPEVRIGHET  SUDMIST  DUITTHS
LoTMleVlsErHLd

228 K, K, eaguaping e uleomer
Qs mLiL

2.2.9 o lysefer BILUGLLY Sieumlest

BmIFe0s6a e pH

22.10 @y Qurgl Swemends  OQamewiL By
&6MIJ F60H 6T

2.2.11 seviomest BULOLILS6T

2.2.12 &, U6 L6V DIOl6VEIHET E([H, LIeLSILOl60

CLPEVMBIH6IT
2.2.13 oiflev - cpevd HTLI9&H6IT
2.3 FHTEIBD HEDJFEOHENT
24  omIHDET FLOMEN6VH6NT

24.1 Swenr womid UEISL(HE  BFFensuserien
&6MIJ F60H 6T

sMIHMET LHMID (SMIHMaT CLHEBDHS
Hamer HeilliLds6l
smIHmet /| seyHmest
B 60118360 61T

ailbLye| Caraimieuemns 61dlje] gnmed
SOTHMENSIIL LUTHEBESGHID STy ewiaber
pH @6t aflemeney
ueRTUPILEGLITN6D  (SMHMUIET)
QupsssHear NyGumTsd
SIOUHMBHF FLOHIEN6V

QM  pwl  OBTETHSHH 0
AreusFed paluLmgHe0
FoBlemey  (BIFbued) oLeluipasddene
SO EHFH60

QeuliuBlensoujL e  BIFbuUed SLelui(psHsd
HeS1  LOTMIND

QaTHBlen6v

Spalwmsedled  QeuliLIe6ITEHeNM
USEISLTSHEID LIQSHSHILD

SIUSHMS  6UMTL|H6NT

gials  HousosnGHowreibler  Hyeu
SeF FLoHlen6v

Aol Fwis SmTFe0H6iMaT GUIeOLH6IT
SeEaUDD  Hlyeu gyeus

2.4.2

2.4.3 QuUHHHD
2.4.4
2.4.5
2.4.6
2.4.7 B HM6sT
2.5

2.5.1 266
2.5.2
2.5.3

2.5.4
2.5.5
2.5.6
2.5.7
2.6

2.6.1
2.6.2 H60&HGLD

OFT&GHHB6
27  um&SL(h UFbUD (&H6sIsLD
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Y IEID)

(PSFTMTU  DIVGHH660, BIFTWES HTHSHIGT LB (PSHSWIDTET  leTTehHemen  [BTLD
SITUIHGHTID. WG HHLDH B, 6Teeueney allenya], 6h L CUITBI(LPMM (LPVD iG] HIBHLDS ETBGI?
‘OIF 616l HMTHIMESG HHDSamaH™? eaiugm UBNS SPiHe0 HHH CHemeuwted o 6Tengl.
FOSLUBGSSLILL L. BTFTWLNF FLOTUTL 196 LIFLOT6ID, HTHHHHe Buibsailluled ererer (LpenpGul
WHe0 Byeni® alambasEprd@Gh 2 flul alenLsenen alend@H Bl E6Iae0de0, HTeHHHaMaHiD
allemenaseflengid GapleyseT GoauD LOTHBBLOMLWITS B, SIFHTOUH FLOBMELDU DieWL LI
(PRI HTHBD (PBOBILIUBIeIDSH ChTohad 6leleueTe SHIILD HEWbHHIeTNH slaiaid aleammalBg
allewL &TewiLem BTD LTTHS GBI, Hréddlseilaimid alenersyseaiasid Gaplalser GhIHHIL 6T
LTBTHITONCUTSH  BhHlensy DL WILGSH @B, CUTHEF OCFWTI(LPOBHEHHESGID BFFTUIF
CeweipemBasalBGL  Fwopewev BHipeuluLeomd.  LUfCsFTeHmer  BUboHmedser, HToHdHeri e
SHIMD  YBWaBenBL  CUTBISHHIS HTHED aledIauTd SIL6VH  OLDHIAITHS  STEILILIL GUTLD.
el CaTeTdeSHHlevieTen HTHHH6T @h GHBIHS Geuliupleneoulsd HTHHUPBBI MleN61T6)HM6T S
FHHWGUTEI, sreslselar Gaple FeoCrrw eumy GmBha 6Fsvaid, DIBCHEHID allamenneser e
Cepley oHsfHmsF CFeosd g Ll sréaslseiGr alameneayselGor Gapaseaisd wrmBLD
gBuULTSH. OsTGHular GbBlame QUuISEF FHIMEWTGD, (Wel(pd LIaips SHTeenmHer e
alpmIG6T FWOWTS B, BHH BUHEEF FBmeoulled S|(PHED, HMIFelleT BB, b
ommr  Geuliupleneouled samygeler Oamle Gumeip GLBLOLTTmMSEGTIW BuiedLseled THBBLD
BeoeuTH(HUILG  BDTRISTEOILILL BeTendl.  oTeland, Sigml UL SHFH60, DIEmISH6T, DIUIGISHEI,
(PEVSHInBIH6NT HTHBHHD FHUBHIBI. @(H OHTHFH euTu|Gleueled, FLOBlenev HILIHHeMeTUle0
USTTHSRISETG DleTa|HN6NT, LGH DI(WHIHIGST LTSS SHHIeLILIGSHSHIS 136

FHédaeflear CaFfleaser / OiWwoHsmIHeT, Oauliupemsv Gures UGFTHM6T BlLbHEMEH ETHL 68T
Flopleneoulled HTeHHD HHDHBHIeTen Sieney CeupuBLd. CuenHs BFFTWeTF OClFWLICHT(LPENBE ETHL 63T
FUbSILIL L  Fev  (PHHWITERT  HTHHMIFOH6MD SIWIGIH6T FIDUBSLILBLD — Flopleneoulsv,
DIFHTOUSH] DI FLOHIEN6V 6163 SIMPSBLILIBLD LGS HUNed enswmeniiLpLd. @mISHums eutuHageld
CaTGHH 6160 FLOHIMEL &HEVHSHIENFUITL LILIHLD.

2.1 FLOHM6L 6TGwTEMISB(H

FEHH6T AsGh Ba@llemLuled @rsmwend Sresbd BoLupm C, D ogu almenese
o WL THIB6T, 6160 HHGHH. HTHBD B OLBlusBE&GL Curgdlwenes) Gmrwn el i’ L L6y,
ugLiumwey GFuwsumiwas C b, D 1b wl G SHUUSTSS STERILILLLFH. oo SHTHHD (WBBI
CuBBIAIL L& eTer alemhIF OETeTemILGHBSHI. TGl HTHBHHMSBL LIGTeUHLOTHI 61(LDSHEOTLD.

A+B > CHD oo, (1)

BHITHHHHV, HTHBD HOLOUBID UTHATD cppuidted QoUlaid Weaiwssdh SHTosb
BOLOUBB Wenalb HToHdHHeT QHGUTHID o (HaUTHTH. @ HTHHD PBBICLBBI, @HGUTHID
Len(paSHHmFuled HenL GUBLOTL L THTUNET DISHSTHBD LMTHSTHSD 6TlILIBLD. eTeleumpTuianid,
Gurgweney GHIL HTHHD HOLOUBaI L Metermhd, A, B wlei a1 C wio D wb smewiiiuiges
SIGHITHBD  QHCUTHILD  (PHBBILEUBLTLLTEH  AILUSTGD. DISTOUH  UTDLUSHH60  HTHSBLD
BOLOUBB @ &P¥Hd HTev Sene] Cryw eueny C wb D wb o Haung. Db er Gogoid
Fs1éa  Crrb  oFsfleewurgd C, D apeud Fmmpiser SHmbuad A, B cpsodgnpisenern
2 (HeUTdhs YIDISGD. B (wenpuled SHTHes sevenet 6liGursmid A, B, C, D ggweambamys
GeulILplenev, SIS, emebs CuTas  sTrenilgamen LIFGuTSd@balen] STevelenTwlenmBuilesd
CaTewny(hHGL. @ HTHHD, (WPBHemngulGeor e LIBgHleamaulGsor (PBMILIGLB T LTSHTulen
DIGHITHIRIBET  FIOBHMVH HTHEMBET (DIGV6VFHI LOEHD HTHBMIBET) 6160  DIMPHBLILIBLD.
DIHBIL G DNHOFHTGHSL, FLoHmevem! SiMLbHH el LoHeard FpluB. Fopensoulled BhHaELD
SHTHBBMENULD, @NeN6Te BN CBTERIL  HeVenal FLOBEMeVd: H60eM6!  6ITLILIBLD.  DISHSHIL 60T
SlelemddH FHThImIG66 FOGLTEH LNeumors GBlealuGLD.
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A+B 2 CHD oo )

(Weit, el OBl QpFHemFseilad HOLOUDBID SHTHEmSMNS GBILUSBE [BID  FLOGHT
Qa1 FSUTL QT G DIDLUSGHBIBEHT = Q6B HTHB SN0 (HHH aleneTa|benensd &L 19
ST (HHSBGHI. BB almena|sellelhhba HTHHEmeNF &Fillpdh ST (HS@GBEH. (WBBILIGUMID
FTHSBID, FLOHMELMUW DIMLU|D SHTHHD B O BHabasend H6 o eten ULLD 2.1 &6
ML (BelTengl.

A N
A+B—>C+D A+B==C+ D
o : A+B :
Y 1 bad
% D pBmin g C+D; <
. . tb i
t i OuB @ | F L0 M6V
© el g i
: :
i :
' } : }
GmyLb sy

2 m 21 GCrpriHaier srsssaiagid alemenasefaigid QFnley wIBBLD (a) Wenmsh SHTeHeHHMBELD
(b) FOBMeVE HTHBHIBEHHGWD SIUULL  GeuliuBlensouied

QH BEDHD SHTHSHHE HTIDLSHH60, (PHeVed SHTHHD (PBHeHFUled HenL CLBBI 6 Men6rTe)Hen6r
® (HaUTHGHIME. almenasefler QFmle) CHISHIL 6T HHEHS Slemeu HDWWenL Gl HTHEHPBMBI
Wemayldb HTH&  clpeudbamBibemen o (houtdhsd Jblls@n. @61 GCoussHdled &m  edlymer
FHTHBHIGBET HOLOUBB HTHH B, alemenayser wreuppleud GFmley LOTBTH(HEGD. LEHD
FSTHHHI G DbHeney SIFTLRIF FIOHenev 61T  UMIWBISSILBD. m  HewFseledmbe
QH HTHBHHET 2 GHIENIOWITET FLOHIENeVUIL CUBSHEIQUISTES B(HHHeL STFTUIETF FLOBM6V,
BWSEFOFWEI(LPeDB 6TaiLmS BeblIlSSHama. @6l HTHEHHE BHSHGEMOMUL © (H 2.2 6
2 galuLail allendaseomd. HTHHlH6MeT FLIOHemevdF FmlelseT DleuBmler uIbLgE Capleseriemhbal
GoupIL L emeu eIl GHDH BeuasHHBosTeiten Geueuwt(BLD.

M

(PBSTEBLD
iR/}

FHTHBIHLD

A 4

Gpyid

2 @ 22 OathédsiulL  Qeauluplemeouled &b SHTHd  QIHHGEHD  FIOWTES  QUHLLOUT(DSI
FLOHeNe0 (BB LUIBUB SHTHBIHRISMENF FIODTHGMIHET PV SlenL WILILIGS B
DIHBILeT GFpleyderiled GogId OTHBBLD GFHBLIL TSI

QUH BEHD SHTHHD FOHMEL DELWDCUTSH SHTHHH6NT, aleneneydel LBl @elbleuTerergib
Ceplayser CHISHIHIL 6T OTBTH STELILBGSBSH. 2 6WIeNIOUITS, HTHE (LPeOSHInBISHET 6TLIGILITILYSHILD
FSTHHPBMI  alenena|Helle (PeuHInBIEmen 2 (HeuTd@Gw. LUFCFTHmer HUbHemeT &l S
allenena| cPeuSHInBIH6eT HSHmL G SHTHHOMLHSH DIBHWeTe HTddsmen DIB%H CHrHHe0 /
FOWSHH6 (PBLBSH STHESHHBGHF FWOWTAT HTHE aIHHH0 (Wyalanl Bl @ OFulIeT(Lpens.
ey @ysmwens gwpleneoulled (pei(psd Uaipsd SHTbsmisen @67 FowsHHe0 (WigalemF
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FFHTHS aiHHHe0 Bl GUBIDCLTEHI gBUGBLD FWHeNew @QUISHF FLOHMEL 616 DMPSHSLILIGLD
6160 [BMLD  GMl6THIES & O\BTEITETEVTLD.

(1) wmprEeLBmeoulsd @b cpipul OFHTGHUTD @rsTueard FHmed &Im gBUBLEUTS
FH1éEDH6, alemeneysel CuTEB LGB @emiseller Gapleyse LOTBTH (HEBGLD.

(1) Bmliussmseled[HbaID FLOHmevamld CHTLHIG6OTD. @b WEHD HTHHHH 6 (FLom eneoul e
Blemevenll) HTHHHET HIeV6VSHI aleneneysellel(hhaH TOLISHSHTEID WemdHanlgul HTHHHMSD
GumeOTLD.

(1) @f Hwhd OBHTGHHuUled FLOBMeVMU! ML UIPIQUITHI. @ eplgul OHTGHHUID RH HTHSLD
FLOHMEVMU DLW (LplUid  gLleTaled HTHBH6T DIeL6VEH  alleneeydeaier  LiGHHSH6I
CeouaMCwm (pwITEl. @7 HBhHe CETeTHNI0 MU SHTHDHH6ET DILVSHI  alleneTe el
CeuelBwm (Wwipub. aTeTGol SHIMIG FLOBHENEVEMU! DML UBHBHTET FTHHWILOE0N60. DIVETHSDI
SHTEHDHBEDHD  aleneTeysehld QRDBIL ST QAIBI  CHTHMBUBID  CUITIDSHISTET  FLOHIENEVMLLI
SIENLWI(LPIQULD.

Ueieumd o smyenrddHledmhal GG seubaiengwimouwl Bloseneaull LfihaiI0STeTen (PIQUD. 6
STEBHMWLD @(h elevememeuu|ld QBTN @ 66l CHTGHHMUIS HHBHIMIHET. HSH]F 60T
Grpprel s’ (N,0,(), mpgraa mi glamslLrs (NO,(g) epd Qe dflms. NO(g)
a0 LmsdsHGLU Oummiiune 2 eengl. WwHGHmguliul N,O, & GsreviGeien UTHHITSHSH60
NO,(g) 2 mamagted &l Biph CoHrapidams. aaGa STbesHmel LM  (LPeVLD
HeuBpeord. glaaied almene) Bl wg i@sswwd srsbal (N,O,(2) BbwBng.

N,0,(2) @ 2NO2(@)...coovoererrenn. 3)

epaiml eufldaied Fobleneowel Ul BH0HTEGHHemnwl, EmD SHerenwmul alenmidd BTeTaSHBE
2 LIGWITgl&a&evrTLD.

1  NO,(g) amuymal Cauppid GbGmaul@ie 2 I CFISHSHIbOLTIOS L aNguiTeLll LIGpLIL| BB
Caraimiougl. NO, cpeusbanmidaian 2 haulbssHmebd Gulbaama. N,O, eamu G iba
LflenaWemLaIGHeTTe0  FIOHeNeD WL UL 6ueny CHISSHIL 6T BB  HBHMOWIDL BB
VoG HANTL HGBH. SBISHUled FLOBmeL DIEMLHSHI HeNeOWTr BBHHL B(HbHESLD.
Bbemysgs N,O,(g), NO,(g) aumuyeieigib Cgplelse omprelms@Lb.

(i)  smuewwrear NO(g) 2 L&l OFHTMGuSHET (apeold @b FHmeomul b gBUBSHS
wigub.aieBal oo NO,(g) epevd gmmide deo N,O, (2) 8 o BansGHamear. Bpb
RIGH GBS LOBBILD FLOH MV DML HSHAL 6T Hlensowlmer HBFoFBaled Emob@ELb.

(iil) BpspF Fwpmemul 2 (harsGaugBatea wBsGrm aufl NO(g), NJO,(g) sevmeiu e
CHTLEIGHSH SGLD. BB LOTBBLD HIBEGD UMy CHTGHHmUIS HeRISTENSHEALD. Hlenaraled
OaenenGeuewngul (aaluomer el ub eaabeemred N,O,(g), NO,(g) sus  wmmieugid
NO,(g), NJO,(g) aumujeures ommieugid COHTLIihGH Bl GUBEGIS CHTewNgheGID. BFeni®
wrBpriseiegid Geusd FwwTE SHUUSTEO BTD HBLTBBSHMSL LMTTHS (PIYULaledensD.
9ipTaug NO,(g) apevd gnmiseil Baslubld. Gaussgled NO, (1peudbanBiselr 2 (heureleise.
wimid  N,O, epevdampiser Uflmaswmiujd CassHdlsd Smal 2 (haurampear. 2 @ 2.3
OhF (WETH GHDHENEOHMENTUD F(HHBLOTHS TnBISBSHI.
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ok N0, & WO,

id e MO, & MO

Gapiley

W

(a) . GBy (b)l @EU? (©) l Gpyid
2 ® 2.3 N,O,(g) = 2NO,(g) suflenes Q516

2 ® 23 (a) aybusded Og1Eg NO,(g) G bsraiisieng. N O,(g) Ssvme NO,(g)Ser
Oeplal, e N,O,(g2) Geple) oiFaflacbCurs CHISHSHIL G GmBalmL &l@IBal.
(b) aybusged B Geneguied N,O,(g) auruy 2 eeng. wpgd NO(2) Bedamev.
N,O,(g) Gepiley Cpydgian Gompdams. NO,(g) aiFsfssamsl. (€) auibLshde
NO,(g) wppi> N O,(g) sevemal 2 _6ilengl. 616060TEF ShSTILBIGENQID  FLOHlenevenUI
gimLbsmed, NO,(g) wipid N,O,(g) swoplme OCFflesen @@l  6Ia@ILmS
Benaialed Osmeis. (d) @0 o 6o Heveneuuie (weip Lleipd SHTddmisen 6o
F1eEE  aipmser elufldsiiul (hetengl. OFpfeyseller oiene GHBISHSILL61606m60
aalaid G&Fplley LOTBBLD HTHBHH LIFOTHIDHEG DMwITES HIGV60H FLOMHSILOTS
o2 GiTengl.

gLUOUTBL el Blemeoulled  OTHBBLD — HlabuTwas Ouembs  IBBL  HEPheHHTHD
SEBULGEDBSI. FLOHEN6D 6TeRIchHHHH6T OLNHE Hleney LOTBBHIBEHHGHD CLITHHSID. 6reGe
Fov aBHHISHHT_HHH6eT SC alleuTHobsUILIL (HeiT6rel.

2.1.1 QuengsdF OFWI(PBHETET FLOK 6L

Quengad OFweT(LPemBH6T FeveuBens SLITUIHSTD DIHOBHTGHHBeMeT FABLILL LGRILDB6T B
Ufiibg Gameten LGS aimBer. WSaD aUpSHLOTET DiUSHMS HeneOTBBE  OlFUIHT(LPENMBE6IT BT 60T

—_ —_

2 _FHTIWIMISET  +ib FHewiolb = Fyeud, Hyaud = eumw], HeWiod = eum

SeWID - FHlyeu Flomblenev

OmBs @ USTTEHHHH T HWID - FHFeu algamseT FBLiuTer GleuliLbleneouleid Si(PdHHSHHID
Gaibal BHESW. 1 6. . HWPSHBSHH, @Ih LUSTTHHHIH 2 (HGHHemeouled SHlewio - glyeu
FLOHene STERILBL. o Sryenions bHfler Hewio - Hyeu FwBlemev BHhHEG 273 K (0°C), am
aUeITILDGIITL_ 605360

H,0(1) = H,O(s)

gBuGdma (1 atm, 101325 Pa) @mig Hreu ©Bi, ualsslly TG QEIHBIS 666
ueldal g BpId Bflear Hewley CHIHHIL 6T LOTBTH. 6T6TLMNS [BTHRIBET  Di6vHT6uM B TCBITLD.
SIHBIL T GeuliLBlensy LOTBTIDED 26Tl  slelauTBTUIeID, HMELFFIOHIENED DIGVEV. DISHTEUH
FLOBEM6V  [HleMELITETHI  DIGV6V.

FHTuSHFHBGD FHewiosHBGD BenL Cui o aiten slevemevuied Hyeu HFleVHHSH B  CLP60EHTnMISH6IT
veldsl 19dh@ aaHpme  Gurghll  uglinied elgd Osmeideamer. LBBILD UaldsLl lpule  Flov
(PeVSHInDIHET  HTeU  DUGHMHIGHS LSS aGmer. Uslbslly, b SSweuBsler Hlenialed
LOTBBLIeMe,  LeSalQulelBbal Hey BHHHEG CPeUSIaBISET  LOTHBBOMLUD eiHh B
SUGHMSHUI0 G HhHH UGS IQUITES BT PeOSHImBIS6T LOTHRBLmLUD aisd, 273 K ufebd
QUAITILDGITL 60 DI(LPSHBSHIHVID FLOLD. LedldssL 19 BBID B @ GBIUUILL  GeuliLBlensd Si(LpsHa&H 60
LGB Foplmeouled  QHEHESD. 61aLG  CeuaTiILL WTERISHI. 6(h 6UATLDEHIL 60  DI(LPSHa & 60
abSHOeUT([H USTIHSHSHBHBHID GLTHellaIgid FHyeu , SHewid DleudHmeHaEeT Fbensoulled G HbEHLD
CeulILBleNey DISHET FTHTTEW 2 (HGHHMED DIGV6VSH 2 MBHINEY 6160 DIMPSHBLILIBLD.  Beil
2 _FHMaISHHD DHOHTGHH BUbEF FHlmeoulsd EHLILINSHDH STEIGTD. DIHIIL 6T LN bl 19
2 (HSGHHMeV DlevevGl HifledT 2 mBHlensoulled Lieldslly @ (hGHD aiHIpd Hfler o empuibd aigHpd
FOWTE BHEHGD. DGHHIL T WLISTs EHSGD. D(PHE WTBBSHSHIL 6T FLOHEMeD DIeDLU|LD
GeulILmleN6y  LOTBMBLOGHL &l EIBSI.
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Freu - el FLOHEneo

BORBs @ USTTHHSHI T SHyeud oBmId el eeiuer By GeuliLbensouled DI(LPSHEHHSHID
QM pRUOSHTGHUTD @HRIBH EHEGL. @Uh USTTHSESHE CaTdh meweouled 1 6. 1D
DWPHBHH0  FHrau - el Fopeen o etengl. o Hiyeuions, 373 K (100°C) miler syeud
- el Fopleneouied

H,O(1) = H,0(g)

QUGTIOEITIL 60 DI(PEBHH6L HBpdama, mbs Hyeaud wB@ID el SIaiGL  QEIBTS
o GieNedl. @ HlgHMISH SHewrewimiguied Hewgull G 100 °C &0 umyoTElUL 6T (SDI(LPSHEHLOTEDT)
BenemidssIUL L el CeuellCGuBBLILL L. 2 6uihs UL IQUIEIeT meULILIGHET (LP6OD @ 6T6ul
uflGamgemenuimed  BleplldsliiLsomd.  wGaMoTalUle  alevdH  LwSHHed BHbGHD EFFHaHen
wLLD Ggleurs o wibhgd SoHUWTS LTBTE WL LSHMSH DML SHama. D6H FWID HYHTTH
seamtenimiguiied o 6itenn Hiflell Heneuena)] GHBH @B B SLaIWTGLOELTIHSH G IguiaieT o 6o
AT DIUSHMBHE BT cLPevSHInBIH6eT CaiedslILBauSTeL UL IQUlanlel DI(WHHD DHSFHSHI @
BT QUBITEISHMmS DL U|D. SpelwmGD oIS 6@ mpsled eeleumpTUieIld BITel BITs
QBRGUBTD D(PSHD DHFBFEGD aipd CHISHIL T GmBaUmLbHEH FOHSIBSH. &6
allememuenTad LelWTHe0 BeLeoTHCUTH BpIHWTE @ FHMEGH U GFOFOIBH. @&
GBIUUG euTL BleeOUIIGTEN (LPeVSInBIHET HTaUBmeveEEGF CIFOMID (QPBMIGD) AIHD FLOHEN6D
SmLUD auem] DIHBFSHBBE, FoBmeouled SaluTHed s PBRISD MHHHMBESGHF &FLOLD.

Foplemeouiled GaTBHEILULL  OeuliuBlensoulled BT  (PVSHIBIHENMTE GBLBSHISLILGLD SI(LPHBHLD
LTRTHHBGLD DSHSBIL6T BHIT “FoBHemer el DIPHEHD” GTSIB DMPSBLILIBHGTBH (DIs0eVS
bfleT SLelowdsbD). Hfler BIbUsd el D(WdHHD GeuliLBlameul el DHFHHAmaH. DHCH
Qb UL DYPhHBHIO Ph LFHMTHBHHe uailujd Syeuwd @6y CryHded BbdbED SuwisoLime
fpiy  Geuliupleney OBTHBeme0 611  SHIMPSSLILBLD. 2 HTIeWIOTS 1 6L DI(PSHEHEHH 60
pilaiRsranienso 100 °C. mymal HUL1§F Gaedevalsvensy eaiBmed FHyeu B, BHITal Syewih Gy
CBIHSled BBhSSLD.

Fewio - elF Fomplenev

BT @h PUl LUTHHTHH60 Hewlld Sjwieenar meubdHTeo g CoHID SWSHHIT UTSHSHTD
oargpmHB Spaluienmed BIFtLiLGL. wBBID HB&FCFBe ChIHaHIL T HIHBFHHEBSH. @H GBI L
Crysden et BpdF QFpley wrelwndleamsl, Sbd Bemeoulsd FOHenew Sienl WLILIGS GBS
gl  FHeWID SlLesT USHRSLOTS  Slles Sielmuld CBTHEHBEBSH. DISHSHIL T  DULilees
PbmFsH FHeawio Suemeard CBThbGD Fopamevauwl Laeumors Giiiiieonbd. 1(s) = 1(g)

FHewID - FHeWDF FLOK6N6L

96 GEUILL uaiBIG®HS Faiowis BBeEGD @6 USTTSFD LHEBTG LABGH agaSPBE
r@IbeUTWEl uelBEGm agealld SiHeT STl Sl @ Fmply  GeuliLmleneouied
M6USHSHIHO\BTEITGHLD.

1 oL B FHewiomisEpd Foplemeouled EHHEGID GeuliLmeney ETBIGMILMBEN6Y / HT6EmIL 60
Gauliupleney  eTILBLD. @& Hewio - HeWIDF FOHM6D 6IQILILGLD. 2 HTJ6IOTSH  &Hewrod
BbHIHHD FoBmevemwl GeueluGHHIFBH. SIS LTBIGILBmeoUTsd Hewiod HHHHLD DIFH6sT
FTIFSHT SHIHEHHBSGHD @H Ffloyd ShHHHHHBSGW0mLulled Floplamevenuwid ST (B GBI

S(smuisgigid) = S(@bafle))
2.12 GygmwensF OFwei(pemmaeiled FLoBlenev

JHAlF FLObM6V

gaalendF FoBlemev, LIeLeIeTF FLOHeney 6l &(H UMBH6MNEL @TFTUIEF FLOBEmeD 2 6lTeNgl.
FLoplemeouiled QHB@GHID BTFTLIIS HTHBMIBT60 SHTHHH6T alenena|ser Wmabd By Sieudhemnduieo
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BmbaTed gaalad FBme gHuULLSTHS SBULGSBE. 2 Fmanssng N(g) +3H/(g) =
2 NH.(g)
3

OmBs SIMaHHH HTHHBEHD alen6TeyBHEHD aUTL] Hleneouled o sierel. E& aUTUL| - SIEUSHMBF
FLOHMVES R(H 2 SHTTWIOTGD. QIFTWF FoBlmeouled HTHHH6T alleneneaysel WTa D el
SIUGHMBHUI60 B\HSHGSGLOLTISHI HTUFFIOHenev 6laid GBI ILGS@IBSEH. 2 SHTJEILoTS

CH,COOH() + C, HOH(I) = CH,COOCH (1) + H,0(l)

AL SIUSHMHF FLOHEN6L HIel DUHMHEF FLOHeNeD BTWIBLD Fnl LTH HaNOIF FLOBIEN6L
Tl DIMLPSHBLILIBSBGI.

LIGO6VIGITE  FLOMI6m6V

QRH BrFTwend Fopameouled HTohdHseier alemenneseler cpevdhanBiseT / Qamiser GeuaiGaly
DIUGHMSHFH6I60 B(HHBHTeL LeLeJaIEF FLOHlenev JBLIBE MBI

CaCO,(s) = CaO(s) + CO,(g)
3Fe(s) + 4H,0(g) = Fe,0,(s) + 4H,(g)

Onls @ cppul LUTSHTEHH0 HTohsmideT CoBOsTaTeILGLELTSH, FoBlmey gBULLS /
BpeulIL L gi.

2.1.3 @ysmwerdF Fwphenev algl, wBEID Fopleneoomsied

Q(H FLOHenevd Heveweluled o eitem aleneneysellaigid HTdslselargid OFsleysendaenLuleomet
CarLienL DISbHHICSTeTOIH (WPeSIWILD.

eTeleUT)l FLoBHenevd OFpfleysemen IbLEF OFpleysemed(hhadl Sienlleusml, FLOBHemevd SHeveneauulles
SiMLoLIenL LOTHBBIISHBE, 6Tetenn HTJenidamentl LWaLIBGSHSHeomD? Syenih ChmiGeu Goudlwieorerntaer
GeoL s wBmid Geugy (Guldberg and Waage) uflGangenenr FHluims g eremtentldemnauimet
FLOHMeVS HTHBMIBM6NSH BHBMETT. 1864 B60 SiauTHe “FHenllaldh HTHd ald” 616 HMDHBHLILIBHLD
@ GUTHILUIUTL L QULOISSHNT. BFH FmBlauSTaudH “‘@h BIFTWS STHHHHE HTHHaIHLD
FHTEBEeMel HTHGHH HewleydseEndd aIHHFLG HTHGHH Hawle] 6aIIDd LD HHDHIH
cpeuTeFfleme, Sigmeugd mol dm™ @b GPes Memeowmer GeulILBemeouled Q@b ST 6
HTHD  IFHD QI6VG HealeTaled 2 6T6em  HTHBWevdHadnBIBEHHBSemLUleomer  GLomgeoaserl 6
GTeRTENHEMBUITE0  SHTOTRSSLILBIBH. ol DiFHeT OFpfley CUTHIVUTEHS FHTHGHDH Hewiey
s (SIMWHSLILGIBH) S ILGEBSI.
L&STeU(BLD STHBHMBHD H(HHIMIS6I k/
A+B=C+D
k

r

Fewileyd HTHH alHHG GSenimis
wBuss srés eisbd R =k [A][B]
upLps srés eisd R =k [C][D]

[A], [B],[C], [D] @ysdwen gwmleneouisd (pewmGuw A, B, C.D sydlweumpilen cpeoFeanieysmel
G0 K, = K adwe wopBu wiup, UBupg sréshisela  HTosald  OTNe0sHe
FLoHlenevUTed k =k,

k. [A][B] = k [C][D]

K [C]D]
k  [AIB]

61601 [BITLD 6T(LDS6VMLD.

73



SHenfloyd 16 alHbEG Banms
k
abHd GPUILL Geuliupleneouievid kf,erDrrgS]aﬂaam'T FSILBTEO 1~ @ LOTHleIwTELD l%mjlaﬂg)m

gpleney el e SWsHSILGSBS WBBID B K @gﬁluil'_lrgmrrsb @@UL‘HLDU@@%&@@J. 'c'
GIIID &S 1(HHIS GPUWIG ST Baien aleneneayseiler GFnle) SigliLienL uiled WHUILILLILBSBS
GITUMSULD  GHN HBBG!.

Fo&UTL oL (1) LNeiTeUHOTMl 6T(LYSHLILIL GOTLD.
_ [C][D]

k —
[A][B]

C

SIFTeug! mwT GeuliLplensouied Lemd SHToHH0Te Fopensoulsd @madb@&wGUTEI, @b GUBIULILL
Frédsefen alenena|seier, QFplaseaie aldsbd @b LTBTH CLUBILTEISHMS SHIGV6VSHI SIS
OaraniBeitengl. K (gwopleneo worpiled)

214 @ HTHHHFHISHTE FOHnew aldl, Fobemeo LmslelbsTar Gsmeneu

o _gmewions NO, wipd N,O, enusseier ouibu Ggplasemen wiBpeuger cpeod 25°C uiled
N,O,(g) = 2NO,(g) Oanedées Geuwin’ L ufGsrdmean Siale LGUIUTUI®| SeUTIerdUILDT6T
Caregpmpd &M GHEDBE. Fopmens Ggplea) gralar uglurweles [NO,(g)] / [N,0,(g)]
aldsib eupoTmrer WwHlbsmens: 0athiHsmab [NO(g)]*/ [N,0,(2)] aldsb SlLgsiL
Blemeowimest / OTBTEH OUBIDTEHIGT6T LD IML D61 BBl

L _ INO(@)P

[N,O,(2)]

k Gar@asin L Geniupameoulsd e el
BCaCBunaiy  @sHHaumawter  GUBIBUBIGET  Slugtenssiu’ Ler.  H(g) + [(g) = 2HI(g)
sresssibe [HI],/ [H] [L] ea@mp aldsd @@ wifed. um swplomed 0smegHsaie
Car@saiul L GeuliLplemeouied Bbd euend HenTBLIGHSLILL L MLOUITED Qh HTHEHEHH 6T FLOMH N6V
Camemeus@ @@ OCLUTHTET algaISHmSLl GLMB6OTLD.

aA + bB = c¢C + dD

ared @emser A, B,C,D s dweamper Ugwomer @emsmniset (wpempGw a, b, c, d wns
BmEHE&CUTS
_ [CF[D}

k —
[AJ[B]°

[¢

k = gwpleneo wmfled, gwpleweo  wreluiler  GuTgleauTer  aumIaledHaISHMmSLI  LlaTRIBLOTR
FnB6UILD.

FIO&T QFUIH FLOGTLITL I9eVI6TeN @6albleuT(h allenem GQUT(Hefer Fopamend CFmnle] jeumnser Ligomer
GBHHTEL UICUBBLILIL L QLI(HSBHMBHH HTHHHeler FoBameoF CFmslene Sieumnsler LigLomer
GMBHHTEL UICBBLILIL L CLHESHSHTEL aUGSSLILGLOLTILS GUBLILGMSTESLD.
2 gmyenilons, LlaeubD SThsHHMBBTR FoBlmev LTHe0SHsTer CoTeneueniidh &H(hH HIMISEIT.
N,(g) +3H,(g) = 2NH,(g)
. _ INH(@P
[N@][(H,(2)F
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BT &6l BraTuiend HTHSHMPL Len(psdh Hemguled er(IpdHlemnmed Ligul FLoBlensv Lomslevldame
Gamemer (LPHEVTEUHET HENGVSIOTRITHTS DIMLOULD. DIHSBIL 6T LFHW FLoBlensv LOTHIed (L&H60TeuSHTen
gopleeorsleduier sHemevasipn@b. K Ke. Goaumiupssiaug
e NEIHEP 1
[NH, (o) K

K, K GeuciGeup eramiOLpioTambismend Gememiobliugmed soplaneo wrpleduller Gupiomersmad
GRUIGL  GCurgd @FsTwendF FaUT 9T  augalHmdd GBIUINGuS  (WwhHHwib.  Goeyid
gopenev omsledlulelr Camemeuuied o eitenn eellCoum®  BaisHlar GuendHaBleney Gsmeneuuied
ST Beitengl Gumestmy sml LU Geuewr(BLd.

o _giewid 2.1

P FHmed SHeomeaib@ll Laeumhd Senaibser oenadsiulLearn 500 K G N (g) +
3H,(g) = 2NH,(g), [N,]=3.0x 10 mol dm”, [H,]=4.0 x 10? mol dm™

b [NH,] =2 x 10° mol dm.
Wwoup UBLBS SToHsmIHeT @ranigBeld Fwpeeo wrsledsamer 500 K @60 semilumisel.
allenL
N,(g) +3H,(g) = 2NH,(g)
 [NH@)P
© [N [H(eF
(2 x107?%)* (mol dm™)?

- =2.083 mol? dm®
K, (3 x102) (4 x10?) *(mol dm?)* mol? dm

NS I[H(e) ' (3x10%) (4x10?)* (mol dm?)*
¢ [NH(g) P T (2% 107 (mol dm-)?
oeoevg = 0.48 mol> dm®
1 1

= — = — 2 -6
K.=% 2.083 mol? dme 048 moldm

G :FwHmen IBleY @b STHSHHBEG BTl aHT Hmgseflsd euamILBISSLILIGL
Gung Fwplensv wrsledulesr Slemalsvild SieVGH6MeVID GBLBLD TBBSHMS LITTSHS.
QRH FHTEHHMSH L@i(psond  ei(pSHIDCUTH DIGHPHTHHHH 6  FLoBlensv  LOmslel,
(PHUTAUSHTH TSLILIL L DISHHTHBHH T FLOBlene0 LOTBIUNET HENEVBD DLESLD.

2.15 FPTHBHHAT 66y

K (K, 9160603 Kp AL SlUGHMBF FOAUTHSBEHHGL UWSGLGL) 1 mall 1es HH0oTH
Amuldear (K >>>1) Fwplens0 aleuHILBLOTE AHBGLD, aleeTaHel 2 (HhauTouHBGF FTHBLOTH
Simud. SiFHTeugH  almenaydeller Ogpley sHSTéEdsaia Gaflewer el o wiaums GHeHELD.
LBISHMOWTHE FoBemeo msled 1 & alLd fAfstes @mUlear (oimmaugd K <<<1) gwplenev
BOLSIUBLOTHD, HTHHHET 2 (HeuTauend pSHASIBH. DiFTeugkl SThdseiear  Gapey
alevenademen ol o wifeutd SHEGD. GUIHDLTEITRT HToHsmseT 1000 wx e 0.001 (10°
>K>107) euewy Fwopenev ompfleldemend GsmemiBerener. oemal OSIOUTWMa  SIE0SI
Wass Fpfwemen Slevev. FBlmeouled BHOBHTGHHH6T GPILILSHHEE Siene] alemerney, HTHa
@rewigenemd  CBTWIQHBGHLD. HTHHBelNeddHhaH  almeneasmenud  alemerneysefedHhal
HTHBH BN © (HeuTdh@G CUTHE IIITEIH DIV CTRILINS BH GBSHBBSI.
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Fwpaeod Sevenaiuiar Senioli

LR R R " e Ew ‘E N
aEew TR . ‘NN
B R R TR R s e Ew
B RN TN ‘NN
. BIaHHB6I aNlen6TI6ya6IT BTHE Bei eNen6TT6YBH6IT
10> K>10° K >10'

2 (1h 24 FTHIHHS SleNa], FOHMeVSH STaID eaLeuBmlel LIFHBSHSHeD

2 (h 24 K @& QUBIOTRISHBESGHID HTHHH6T = aleneneysel e6id SIULGLD CUTHIHSTHESHD 600
FHTEDH6IT, aleneneyseilel Fwpbenew & OFmleysendbadlenLuleoreal aldsHSHHBESHD SenL uleoment
CBTLTMUF F(HESHITHSH SHHABSI. JOTIN (h HTHBHHN DUSSHANLNIGEGHID STHE HETIHILD
allenena|sengild Foplmens GFfalB@iomuled GhIgsH6sTL T 2 w6 k. >> k

Qb OQuflw eTewt, SIGHBIL 6T Flopleneouled, ealeneneydeier Gapley HEHHD CFeSHHIS GBI
Bbs SigliumLuied @& @b WTHSTHSINGLD. aglivampuire k <<k e Fnflul e e

SRS L HICUTEID STHsID hsoanm almemmeaubd o manbsailsome. k.~ k & Olbmemi
CHTHFH alenena e, HTHHH6T BFeuienL Wb HenlFoTea QFslalsd OBTEHNYHBEGD. DIHTEUH

* K >10° alewenQuinplsei srsdseiiaid Gumweatalsd @ms@d K 1anouflsre Smbsred
SHTEBD S LSS L HlenBeuenL &Hlemal.

° Kc<103 HTHBH6iT alenenabaiaid Guemalsd Smesl. K| 10s6sF FApNlgre SmbaHTed
S50 fHTHCa HewL CLIBIS ETBH.

* 102K =107 oiui ssbse sroadsed, almenase o eere.

(AG) .,

HTHB B6IT DIYIBIER
FTHE 66
2 B 2.5 Oam@sasiulL Gauliuplame SI(WPHeHH60 FoBlmeouled GmBhSLLF &lled Gemfln uT L
Crpradls seaalFmFuTar STHSHHE  LITHBHSHBHIID, HTHHD HnL QUDBIDOLTIPSI  Slierd
OaTHBUTL 96T FTUIR| LOTHBBLOEML WD, FloBleneoll LeTefl wFAws FTUIosE @HH(HSHSBSHI.

@bplensvenw LflbaieaTeren’ UL 2.4 860 LWSTLUGSSLILGLD aTefll alleNsbdHHHHH FnbHeTs,
ObHF FLOHEN6 eTemIenIBdHH v 05 @60 alufldaiiu’ L Geuliu @rsmwer Dpflenel OHTenr(h
FHTHBRIBHEN6T HeerNFenFenll 66T EH60TLD.

® (H 2.5 aueweney (a) FloBlemeouilem MHened aleNeTaHEhHGd S LaTd DHBHHMBSH TRILINSHULD
IBSHIMY  PBOIICUBISEBE  eaLmSUID, SN6UTEH  &Slied g6kl Capne  (AG),, < 0
aaUmBUID G BB aumene| (b) FHTEdBen alewenaldel @rewiewlulld GBI HHD
Sleneyaseled Gamemi Fopleneouie Blaneveniids GNlssBsl, wBBID (AG),, =0 eumsrey (c) 6d
gbleneouilein Blewev HrbslEErdE emimoulsd Qhssnsl. SIEGs (AG),>0 izl ST
ST &H6ITLOT 60T H6VT N3]
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&Py : @m (AG),, ®ELLS @ (WSS sUTEME 568 DTBBSSHE QLBIDTEIGHMSWITGSLD.
(AG),,/ An) aalgid @m SIiu'L s1é6e53BE& (AG) ,,=AH-TAS smeugl 1pBmret
FTEBSHBBTA B FWTHaT Fhd  DIBBHMSWTGD. (1.e AG’) QUISHIITES Qb
gieasIar AG om ULl Galuplmeoulsd, AG = AG’ + RT In Q @emed
SINLGSEBE. Fopameoulsd AG =0 ear amiBEhoH@&HS CHFULID. B 6bsd HTbHIPD
91pB6s 2 figsrar (Fpiiweoure) AG, OQUDIOTATIHMmS 2 @LUG  GTEILIMS
abSHS STLBHHIBH. DISHTUH RH STEHSHHMBES @ SIUULL  GeuliLblenseouiev,
AG’ 20 oevevz1 AG’ =- RT In K su@ib. (@FFwaiun® &.0urs (2 /%) uflenguled
ufl AeSOuL  omeLTg))

® (1 2.5 alendasHmdll LIGaUmHD CLPGHID aUEDTLILMIGENMTE0 2.6 L0 GBIShSH0TID. HeTerlFeNFUITSH
HOLOUBID DreTuierd STHERIS6T, HBeuBID SHToHSMmG6NT, @HOUTH HTHHID HevL CLmm
alemeneneud OCEBTHEHITSH HTHIMIHBeN60 GBUGBL &lled FH5FH  ITBBHMHSL  UBY  HIE
UfiibaiosmeTer o 2.6 2 HaFmIH.

FLOM emeVLIL[6iTeT gpmeolieTell - FiBlenevrieire
o : ; & K=1 = E==<1

g Nt} llll\ ~ “';............................u-
@ 2 2

B 8 b

i © 40 5

&

& 5, 2

= 5 3

2 5 i

B HISHBB6I alaeTayser BT & B6iT alleneriayeit ENE At allenea e

FTEHSB  HI6N6Y FTHE 66 FTHB  HI616Y

(a) (b) (c)

2 1 2.6 alugmiseT (a) 1 gled swndHer FHd IBILTH SetalFemFwmear CUTISGMLU STHHE SV
SemwlLer (b)) eBptuBId @ SHTHSHHE  FomaeolileTel almeTealdh@ DIBIENLOWITS
o atengl. (K>1)(c) @ Gumaid pBpIiduBTe STHHD DieL60H alen6a|HemeN 2 (HeUTd@ELD
CuTaE® BeLeuTsH FHTHFLD, DG FWHmevLILeTeald STEHBEHEG e Demienouled o e6Tengl
(K <<<1)

® (H 2.6 @IHHSE BTD GHBHHS CBTeTeusm FLOBHeneoll LeiTerl Dle0evFHI leneTa|HEhdE DIGL6VSDI
FHTHBBEHDHE 6T6UaleNe] Slewienouled HTHHD BHEHGWD 6ailgmdl AG @6 GLBIDTETSHS TTEILD
GPUWILIQeTTeID  euenTWIMBISSLILBLD.
AG <0 allenenaseil FTHBOTGLD
AG =0 Fredlsen 9e0eg! allmealmel FTHaING Beme, (HTGE Fopameoulsd 2 eeng).

AG >0 proalsel FTHBINH66TeN.

2.1.6 OeueiBsuml eugeallevmer &Fwplenev LMMSlevlss Gameneudsei

@ratweraluwed FHWTSHF Fiowrer e Coumil L augaukismend OETewIL.  FLOGTLIT([HSH6M6T
(&I CUTEH Fpleneo Tpfledluien Camemeu, FoBlensv TBledulesr GUDILTEID / Sieme] EFem(HLD
GoumILL L HTHE|6TT6NS).
o gmyenions 2NO,(g)= N,0,(g) o Leamar greas Foaun giarar Fopme wipled K eeaebd
NO,(g) = 1/2N,0, (g) morer soaUT 9B&s gwpmeo el K" eaeaud &mgHlamed brib
LNGITeU(HLOT®I  6T(LRSH6VMLD.
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[N,O,(g)]
[NO, (o)

N0, ()]
[NO, (2)]

aaiBan K" ma K sgwrar Gxmiiy K" = (K)'" eoid Sreneurd. DiSHSI 6T Hanie] HTbs
alglug, Fwpeneo WTKeJulled STelLBLD @albeumh GFpleyll LUSHUPLD LTFOTRT GHSHIHBESHF
FIOLOT6NT  GUEVIEUTEY © WITSHSLILBSBSHI. BRISET (h SIFTWIENF FOEUTL DL @1 1pLILITSHa6NTe0
SIHBGFW FoHlene TASIeY (H&HEOTeUSHE aUTHBHLOTS E(HSHEHLD OBBID HRISET FLOGTLITL DL (LN
LOL MRISTSHSIRNTe0  FLOHlene0 LOTHI6N (LSHeOTEUSHT ST LI WSHTES B(HHGWD. CUTHIeITS
RH FETOFUISH FLOGIUTL Q60 2 616N DIMAISHSHIS GNISHIBMENUD (N QLed OILIHSHSLILILLTED,
Wedteont LgHlul Fomlenev OTASed, N 6ugl GUEIUTED © WITHSUILL L (LPSHEVTEUSTE FLOHlenev LOTp3ied
SASLD.

2.1.7 aumys OFTGHEeiev Fomlenso Lomnsled

O] BT HTHIRIS6TNET FLOHemev TBelmus HTHHH6T, alamenea|sener cpeo] CFnpialer
SiglitemLuiled FnplueiiGenmd. DiHHIL &1 GPUIG K g3l LweuGHSCerid.. autujbsell FHLGLD
FHTHIEBEHHGL LGS Diwdanseiar SjglinemLuisd Fwpeneo wiBledenw GeuefliLGsH g ies
Haad euFdwrerg. BT Geuliuplemeoulsd e eumujeler oHsnd P eutuelsr mol dm™
QanfleyLeir CmIgsH OHTLALMLUWIG 6len 6lodhGHdh OHfluld. Sipmeugs P = (n/V)RT o060z
P = CRT aaGau N,O,(g)= 2NO,(g), aain FOHmedbE, BHID LISQUBIOTG 61(pSE0TLD.

(PNOZ(g)) ’

(PN2 O 4(g))

K:
P

awer  NO,(g), N,O,(2) ayswapier goplmeols UGH iwdbemser (Pa

Ny’ PN2°4(g)
B60) LGLD. (Kp) 0 2 66 B IWSHBHIF FOHmevF CFBlaHeT DIWPEHBHH T DigLiLienL Uled
CeoueMiNBHSILIGHBS! @LMSS GG, Curgieurs K, Kp &G eIOUTISHID FLODTETSH
SIeVev, HTHB D6 alenene|seiall LG DiWdhsmisen SeuBpler mol dm? 60 QeuelliLBGHSILGL
CFployBEhEHGF FLOTEME DIFV6V. @(h GWIHSH GeuliLpeneouied Kp B> K- S@leuled
Qb 6ol 2 @Be| BHEHS (WPUD. (pHeded eumu] BHlenevuled EHB@SLD LleTeU(HD FLoplenevenid
B(H&HH 600 BTeMGeuTLD.

H,(g)+ L(g) = 2HI(g)
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BID LNeTeu(HLOT®I  61(LDSHEVTLD.

_ [Hiig)
¢ [L (2IH, ()]

K = P )
’ (PHz (g)) (P12 (g))

P = CRT seip Ogriiemul JGUTEsG0OuTws P =[HI(g) ] RT, P\, =TH, (2)] RT, PL(g)
=[L, (g)] RT ®zen K, Gareneuuiled UyBluiBo6umps,
(P’ [HI(g)]*(RT)’ _ [HI(g)P(RT)®?

L P,k ) T @RI @IRD L@@

@6l 2 FHTTenrHH60 Kp, K. 9tz Bm gopmen ompledaeEpd &b  eeilaid, eIGUTSID
o _eaiemiouTangheoe0 2 gryeniors N, (g) +3H, (g) = 2NH,(g)
[NH, (g)F Py, )

L Wemer YT e, @0, )

AT SHE6T  Beol Flul L HeSHUenL WHTullesr
_ [NH, (2)(RT)*)
P [N, (@IRT) [H, (g)P(RT)
[NH, (2)]*(RT)**
[N, (2)] [H, (8)F
_ [NH, (9)/(RT)?
[N, (@] [H, ()P

aanGe, K =K, (RT)? ete0r 611pH60MLD.

Guomsewi. B 2 FHryenimiseledmbaiid CuBLLLL  CHTHBBSHSHIL 6T, [BTD Tl DISHMBS
HTHHHAMBEGSG @@ GuTgieuTet ISelenwd HHBHIGTLD.

aA(g) = bB(g)

PR L)
[Al)] @)

@uts P,,P, wonGu A,B sidwepnflear ugdh oipsenise apigul Gsmeisear Vdm® T
(K), OQesutiuplemevuied ool lul aumu] Bl SHemHenid H(HHGM60
PAVZnART DISHBIL 601 PBVan,RT
HCal [BTD 61(LPSH6VTLD
P,=CRT wppib P,=CRT, C, wppib C, sudweneu mol dm” Bed snplniBoGursg
P, =[A]RT wppid P, = [BJRT GuwGeoueiien Kp sHarer Garenauied LyghuilBibGura
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« _ (BIRTY _ [BF
»~ (ARTY " TAF

(RT)>* = K_(RT)>*

K =K (RT)™An=b-a

K = K(RT)™

S(HBHOTE BID QH SHTHHHHBS Kp e K oGl uleorer GamLiemull LlemeabLomy
61(LDBHGVITLD.

aA + bB = cC + dD eaeGBsu
= (c+d)-(at+bh) — n
Kp K (RT) @ = K (RT) A

An = ety elenen@QUT(HLHeMe cLpeLH6MeT eTewIcmlbemnd - 6UTU] SHTHSHeMeT LPe0H6IT 60T
6160160011 &5 6m

Ourgieutes K # K GuwBe a&m il Geenug  dpin]  worglfleet o girenimisen Sl
H,(g) + I(g) =2HI(g) Ozr@guiss An=0.

efly : swoBme wrfelsd G CaiHHSOETETMTSHH CLITHIEITET  HEDL (LPEDBUITESLD.
Geauin Bussalwieded K &@ DI60&HFH6T B60en60 61601 U ULINBISSLILIGSBSI. 6JOlaTee0
@alGeurp QFpiey (molarity) olevevg SI(WssD (atm/Pa) sp@u Hene0FCaTBaEeT
o eawienouied @b Huwin QupioTersHBasTer aldsd. B [ mol dm?  oeveog 1
atm/101325 Pa (~ 100 kPa) &u&b. @bsF QFLOIPmB DIDOIHH DI6VEGHBEMETULILD
bEGHGBH. ML  CFBe]  DIVLH  DI(PHBD  DBuleuBsIes  6T6wTa eSS W
UGHBmeT LoTBBISH. BFe almenad k &G DIVGH6T E60eN60

aaID, @AICeUTH GFMley ((LPEVTHHMET) DIVVHI DIPSHHID (atm/Pa) eeigild USHD Bl
QuEITETHHBS W alSH0TE eLe0TdHI EHUILTET BbHHF CFweT(PeB FLOmHenevLoTS60&61hd @ il
DIVGHBM6NH  H(THLD.

SIBHTOUH] HTHHH6IT D606V a\len6TTa|BH61 6T [HILILD [HlenevdeiT GMIILIL UL L T60 FLoplene0LomnslevisenerLl
uflomenroBs  SjeTeysaTad Oaflaldaeord / GeueliLBHSHeoTD. SHTW T eSS, BUWLD Hlenev
(1 Bar =1 atm, 100 kPa). o156 Bluiw mlensvuilsd 400kPa oipsssHama 400 kPa/100kPa = 4
oel QeuellILBGHHFBSH. @ uUfioTewIoBB 616w @H  HMIFIL  QH BT WSHIHBE
pwio Bevev (C?) 1 mol dm™ gu@ib. eeveTdF OFplasmenud S& &TiuTE  Senall (LU ib.
SmaHHF GFfleaysenend @ FTTUTS DeTall (PQUID. DISBSF FloBlenev LTsledlullesr eTewmr
GupioTend CHiHOHBHSILLL B Henevenwl GUIBISSHSI. FloBlenev OTNSeV&6T LifiLomewnroBs
/ ®I60@ BeVUTH SIETEHENMTHS SHHGSULLLTID, Huin Blenev @GPIULliuLmeliger @Uum galeo
BTD CFpley®e LOBBID DI(IPHEBHIBENENT DHBHHD DIEVSHBEHL T BH(HAHIH EBTLD.

Ospeysamer mol dm”® @& LrguiBeuger cpeold soplaneoorfled K e sewvdbsleomib.
SIHIIL T LUGHFH Sipsamnsamen Pa, kPa, bar ssveog atm G LIdHulBeusmest cpevld Kp ok
HEMTHHIL60MLD. FLOHlewev LMMsled BHTemeuuled UGHHGSGD 6T16WT UGHHBLILBLD 6160 BT 6uTigeTHiD
SIHHGH6NT FLOTH eLevTallgeT FLoBlenev LOTHeTUTET HIEVEGHEH6IT CLPGOTHMBET DIGLEVFHI DI(LPS ) 60T
SlgliuemLuied alenendmaI.

LeiTeu(hlD HTHBMIBEHDHS),

H,(g) + 1(g) = 2HI(g), K, &b K &8b Sie0@ Bedemsv

N,O,(g) = 2NO,(g), K, && oieoE mol dm?, K & Pa
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SFBBIE DIDVSHIH 6T DIRTHESHMS HfleL LBOBT([H JHalaIDTa FIOHMEVHE @F 2 HTTeILoTHD
BH(HBHIB.
CH,COOH(aq) + H,O(l) = CH,COO(aq) + H,0"(aq)
Floplenev  Lomp3lel
o [CH, COO" (aq)] [H; O" (aq)]
¢ [CH,COOH(aq)] [H, O(l)]

[OIVE)) 1%1381 pi HO(l) sressdparar @m om sons o eegl. 1dm’ (1L, oiedeog 1000g
B60 ﬁ)@{@&)@ 555 aped B o e ewGar Bier Gape) sieoeos [HO()]
g mol’

55.5 mol dm? ey@b. Bid smrFalsd 2 sen wWBmOBL Aemiseiear GFfe e (GuTseuTs 1
mol dm sebevg Sisaliaid dig) @uuiGneuTpg Bl Game) @m Ul SieTe] DS 66
pfler GFpley SHTHHD HMLOUBID OCUTIHSH LOTBBLOML aIFle0enev 616  61(HGHT6T  61(BEHSHE0TLD.
stenGor  [HO()] o wmpflel  eeiss  smgpeomd. ou&Gal  giopleney  worpiledlenuwits  Leteubomy)
61(LDHEVITLD.
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i [CH, COO (aq)] [H, O (aq)]
¢ [CH,COOH(aq)]

&rng K.=K'. [H,O0)]
2.1.8 ueLelleNF &FLOBEM6V

RIBIHEG GCoBULL eubmHmulds OCaTemniL  FoBmend TGS ULelad FOBeneD 6I6Ts
SIMWPSHBILIBHMBH. @(H CLPIQUICETETHVI60 BITOISHGD Sl BHHdHEGLOemLulleuTer FLOBeme
LI60JIe0TF  FLOHIEN6VHE 2 SHTTEuTLOT(ELD.

H,O(l) = H,0(g)

Bell 2_FMMSIe0 b QUTL DUSDSLD @b He UMD 2 ewiB. 65 GuTeiml, b
SHWIOHHBSGD DIH6 HIFDLIL BOFFVISSWMLUTGD LIsLeJETF FLOHEN6D 2 66Nl

Ca(OH),(s) = Ca’(aq) + 20H (aq)

LUeLISIEF  FLOBemeD  QUHLUTEID — HTul  HeWIomBmenGuim  Sledevdl  SHFeumisamenGuir
2 GTOMLSHAMBH. ST HeWIOD  HGL6VHI HFaUD FIOLBLSUIULL  LIeO6N6TF  FLOHENEVSHBHT6T
Foplemevd CaTemeusmefled HTU FHewiold DlevevdH HTU! HFeubHer cpeoJFoFnley eh LOTedlenu
BTD  eTeflelILBHHEOTD. (DIFHTUH BHEBGD USTTHHHHT DleTeneudF FmihHa (HLLFH606M60)
seodlwid &sTUGaBBlen Qeuliuliflens LeLeder @FsFTuiendF FOHNeVHEG @7 IHHHHITL L THDH
BH(HGHIGaUTLD.

CaCO,(s) = CaO(s) + CO,(g)

FOSIUTL 1965 LIFoTensHend SHAIDELITSHI,

, _ [CaO(s)] [COL(g)]

c [CaCO,(s)]
goaariled HTUI FHFumiSeT BDID SHTW  Hewiomidener cpeuTdF OCFplaydseT OCeulILpeneou L 63t
Qurgieuts Guflgib GeumiLBeaudlevensv. GeauliLBlensou|l 61 Sleumpslelr QFpslayseT LTKleddeTH
SHSULBHSBT, BFH ST HIURIB6T DIEL6VFH HITU! FHewomibeT FHUGBLD FLOHlenev Lomsedlulles
GamemeuemiLl 61611 HTHGHBOBSHI. HITUI FHETORIBEHHGSD DIGLVGHI HTUI HTURIBSEHHGSD GBISTL (HLD
(om_CLmm) Memevaser 100kPa /1 atm &0 o miFluimen eugaumiSeT SuBBIBGHS CHTHBLIGLD
Caplley (FndGHemial) 1 eer BWOSSILUGABEH / CBTHSHBUILBHSBH. DiGHTaU H HewiloLl
Qurmeflenr “Gaplley”, SILTHHemw Guraiml @b OFPlalueLaTGHD WBBID LUSTTHSID 616161616
o Wi eleFe0 SHTmISUIHLILSe0m6V.

61601 6I1(LPFHGVITLD

GG  BmeGL 2 gmansde [CaCO,(s)] wpmid [CaO(s)]  wrfeleet a6,
mBPweaSILL L. Heoflwid STUGHIBBISETET FLoHlenev Lomsled

K =[CO,(g)]
¢ ¢ [CaO] oo
B6xuTesI, BID elpHeord. K =P 0, (@)

BmIFeVle0 BoBOETeTeMILBLD HTHEHIBEHHE, SMILILTET FLoa CFU1sh FoaTUT 1960 CHTeTmID
Gumgl gwL, senyuuTeler Gapley Fwpemev wrPleldaTer Bsmameuuledhhaml HalToHSLILIGS MBS
soILILTaler 0Fmle] QUTHIMTESS SHTHIHH6T Dlevevd alenena|dbeiea CFpslamea all L& DI HLOTH
o eitengl (Hmw BT gmeaTe 55.5 mol dm? g a1 gru as8amand@ 17 moldm™) @gei
alemeeurad  smyliLmeiear Capley SrsTwensd SHThemseNaiCurg (WhHHwiwrs  wrpslediums
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® 6iTengl. eTeBou HMILILTGT HTUI HFUDTHS HHFSLILGHBH. QH SHTHHHHBHTET  FLOHIEN6V
rpslelullesr CaTeneusell, HToHeHH@CUTH HewlFOTE LOTBEHIIQU Bemiseier Oaplensal oL HGLW
Omemi(HeiTengl.
LeiTau(hld HTEHBHHSHI60

Hg(l) + Hg*(aq) = Hg,* (aq)

g — _ Hg" (ag)]

©  [Hg (aq)][HgD)]
2+
K = _ [Hg, (aq)] eues K =K' [Hg()]
[He* (aq)]

61601 [BTLD 6T(LDGHGVITLD.

@wworgfluieo, K~ soter Gamamemul (SIS CUTHSBHOTEIH6060 goaariled  HTHBB6i
alemeneysell  eIGHQID Ul Blemeouled @evenev. F(hHHIOTH, @H LeLedendF  FLoplensoulles
CaTGHHHerlle0, HMTUW HeWIoD HIELVGHI HTURIBET FLOBEmeD 2 WL TeUSBESH G HeHECeuewi(BLD,
Speed  leuBplelt GFpleyseT SieLevdH UGH DiPpHaEmiEen Foplensv Lomleduier Csmeneuuied
sTenlILBaugleoenev. LI HTHBHH60 @h Hewlnd SHTHHUD LOBEBID SHJeu B o BUSHE)
CauwliLgenId, Fwplemevd Camenel @FenrenlUjb GC&TeumTighHLILge0me6v.

Ag,0(s) + 2HNO,(aq) = 2AgNO,(aq) +H,O(l)

K = _ [AgNO(aq)]’
[HNO,(aq)] *

¥y :  FwBemev wmleduler Gamemeuuled(bbal ST HEWIOMIST HTU SHTeuniseT LOBEILD
somyliLTaigeler OFmleyssel HalibsliLBH e 6ol Dienel FLOBIeNEOUIHL UILI
GungioTensTe QHSSGHWOUTH  Smey  SHTESHFHSCUTH  GHRIILHHE  Djenalsd
LOTBBLOENL 61 606M6V.

2.1.9 ULYSHBTEBRIBEHSGHF FLOBM6e0 LTleVBETR BHTEneUD6IT

(W6 BBBMSH QP(H HTHBHHMBE DI6VVHI LIV LIgH6aT60 HBHIPD HTHBHHMBEGHF FLOBHIeneLDTHe0lenul
OBHSH  CEmeTaugd SeuFwb. DSHMBW  FhHHTUILRISET60 BTD alBLLIW  HTHeEHHneIL
CupLbLITeVID FoBleney WTBledseT (FHfibe Coupl sTéEsmBaTET gl (BHOSHTMSHWTS 61(LPSHLILIL 6OTLD.
SIBWILLTSH SHTHBHHMBTET FLOBEneD LOTBleSenWL! LIBSTHERISMET DI L euener ILIBGEHSLILIL L
DIVVGH FHmL BB dnlgwl /| HIHEeNed(mbEH SHewidseond o gryeniors A+ B 2 E+ F
aai CGaTGHHmws SHBHEBT BnG (WeoTeaud SHTesHHeo C wb D wb efemereurs
o auiLT&Hlaipgl. Beialmenaser Gueb Sllent G sTédswBp E gmub F sub alemeneunrsds
CarThaaimer. Fwopemeoulled HToHIRIBEHEE TG OeuaiGaumrer FFBeney MMlelEmeN HTLD
6T(LRH6OILD.

A+ B=C+D

C+ D=E+F
[CID] . [EJF
K= {amsy w0 K= &b

BOreniB FHTHEHBNST Tl HH0HTNS LU BHOWTHHSH SHTEIHIHmen  alemeanallilend [HTLD
BHTEWTGVTLD. 6TaTE6

A+ B=C+ D

C+ D=E+ F

A+ B=E+F
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QL BOWLTHHSH FHTHHHH FLOHenev LTSl

_ [EI[F]
K= TAIB]

K. & K ,K' sydwueupphle OLbhoSEIGETS BITD SIeu(LpQUuiD.

. ._ ICIDI _ [ENFl_ _ [EIF]
K K= TA1BI [CID] [AIB]
K=K K"

Gl : @ ITHBHMNSH BTe(H DleLVH DIBHBEG CLBULL FHTHsmiseler gl BHOHTMHUITS
CeuellipsHs  (WuoTemmed, L GOWLTHHH HTHSHHBHTEOT  FLOHenev LTSV
SOUUL L HTHamIGaMear Fopeney wrslellsellear CLHEHHBTL UPBISILIGH MBS

o_gnyeniors 100°C e N (g), O,(g) e Leat gréasuwpnn NO,(2) 2 0&1GeGl HToHadhambs
sHAHICuTD. BHHTEHHD  OuTHUTS @Feni® OeuaiGoum UYHelled HHDH GBS (LPHEVTEUSI
sréadde (I) Ny(g)P rear O,g) srdswnm NO(g) @ Cstgsslams. 2 dargb NO(g)
ettt Gogond O, L 681 gresuwpn srésd (1) B NO, mé Oathsdlamg. GlFnelser Bluio
apeuidmpest C° = 1.0 mol dm” gmiuns oenelLILGS GBS oTen 61(H&HIHCBTETEHBRIBEIT.

N,(g) + O(g) = 2NO(g) K =20x107%.....3I)

C

2NO(g) + O,(g) = 2NO,(g): K'=64x10° ..... (ID)

gresmiser (1) wi (1) sub sl Gulursd @UBOWTSHSHSH STHIHMBHD OBTHHS GBI
N,, t20,, =2NO, K =?

[NO(2)I? 5.0 X102 K" [NO, (g)F?

= = =64 x10°
© N, (910, (9)] ’ [NO(@)I [0, (8)] ’

[NO(2)I® o [NO, (9)F? _ [NO,(@F =K,
[N, @][0, ()] [NO(2)F [0, (2)] [0, ()T [N, (8)]

K *xK" =

aoBar K =K x K" =(2.0 x10%) (6.4 x10°) = 1.28 1015

Py :  UeLYSH SHTHSHRGTET FloHamey LTfelsEnddemuleomear OFHTLTmu  SievE 11
@60 elufldasiiul Betenuy @rgmwer Guidbsalwede OsmeTenasullelmbaHId Lflhs
OsmeiTemevLD.

GG sy L o gmewib A+ B = E+F & smamser @6y H1Hsbd @reniB  (LPSHTenLD
SHTHBMIBEHL AT 6 QUTNSl(enBenwIdh OClBTEmNIg(hHEHH6D

K,
A +B = C +D
Kr
K
C +D =2 E +F
K"r
o K€y, o Ky [BIF
© K, [A][B] © K [CI[D]
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K, K% _ [Cpl | [ENF] _ [E][F] .
£ x [A][B] [CI[D] [Al[B] °

r r

Krc KHC —

F(HEHLOMH Hevenaled OametenGeusmigul (WaéEHwomet GHuILLSe6T LieeumLomm)

FoBHlenev TAsleY @(h GMILLILL Geuliuplensouied @b LTNIeY 9IeL6VEI SigI GeuliLplensvuisd
SHHIFUGTETS).

Hawing Hrehd Bamisaiar GFmle; mol dm® B EBULGHEIBE. T SieusHmsuled
o eiteneumplenr Ganfeyset mol dm gjevevg Pa (atm) Bev gnprLBGABS.

K, @@ eeflul F06UM 196 epeld Kp WLest QBHTLFLemL WIS
sz K_(RT)*™

ST FHewiomsaier STl FHroumselear OFpfle) (UeLeleF FoBleneouled) SHenFLILIT6 63T
Caplley (@flend Foplensouiled) &omlensv WTMEIHEHGHBTRT CHTENaUHTED BHTENILILIL LOTL L.

Bluin HubHeaearenuil LUSTLGSHSUINGID GuTg Foplamey WINES (K 160605 K) UIflLomeoTLOMBM
SeuoflLILD.

gplenev THledluler CUEBILTRISHMS 61BGSHHIGIBIDCLTHI, BTD FOGIOFUIH FLOGILITL DL U|D
Geauliuplenevemwiuid GBIULIL Geuet(BLd.

RbH SHTEHHMS IIB  Dleevd DHBEG CuBULL  FHThsmseler gnl HHOHTMHUITS
CeuelliuBsHsd  (WujwoTeamed QU BOIWTHHH HTEHEHHMHTEF  FOHewev TB6N  Heoflil L
FHTHBHIGBMET FLOHenev LOTNleVE6MeT GCILIHEBHHHTO HIUILIBSOIBSI.

K @61 OQumioTend FOBHemevF FoUTH  eTeleumm  FloeT  OFWIWILL (heTengl  616iTLglen
BHHIBIUGTET].

FHewlleyd HTdbsalgdluleiy gFoplamend Gsmameuuiavieien eelOeaumm Gapslall LGP FLo6
Qau1s FWEUTL 1960 © 6T LiFTa s GHMISHHMBSHF FLOWTET eITES o WITHSLILBH MBS

BRIS6T @(h @TFTWF FOGUTH (LIS ST 1pLILITHEITe0 DIHIL 60T CIGTLTLenL U
FLoBlenev  OTHIES (LpFHeLTeUSTaT OLUBIOTETSHSHET THDBIOTS B(HEHGLWD. BHRIG6T FLOILITL DL
(peiIEl L MISTEF OFUIHTEL FloBlenev OTHBeS SLIDUNIOLBIOTEISS 6T HEIoTE G (HBESLD.
OBBID @H FETOFUILIS FIOSILTLIQED 2 _6T6T (GH6MISMIBT 1 SL60 OLHBSILL LT, LHul
FLOHeN6EVLTISIES (LPHEUTAUSHTET FLOBIeMEULDTASIETEnU 77 UGl GUEIAUTED © WITSHSHLILIBISHET LPeVLD
CuELILEBLD.

2.1.10 swplenev wIPeduller SiglilenLulled HTHHWD HOLOUDBILD FHengemw

a6 FBISID SHeLILIBSEMHLD

Sl L Fwoplmend Gapleyseielmba OETHSSILLL QU HTHHHHE FLOBemev LOTASlellenuls
SHMISHL (PQUID  eTaTLMHS HeTGLTID. Floplensv OeuliLblensy OTBTAIIg6T FLOBleney LOm5ed
B FHTHHHeMer QrbusF GFslab SIIULLTM, FoHemeouled MBS @B DI6V6VSHI
OI5BG CuBulL usTISemEeNar OgpBlenea [BTD SHeUISHL  (PQUD. @H HTHHH H60M6
FLOHMEVNU DIWL UGB 61hHSH HMFUNeDL HTHBH(IPMILD CTATLINHD HeWNHHEF FLOBIen60 LOMASleSU 6ot
QUDIDOTEID 6T0HE 2 SHOFBSH. DSHIL AT HTHPH6N, WBBID alenena|beaie OFpleney FLOHEN6V
SIMLHHAL T HMSHSHL QD 2 FHab. FoHenev TBledsealer G LwWLTGEeT bl Liflaled
SLITWLILIGS GBS
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R HTEBSHIHAT Havgmw 618T6] FnpIH60

CamTheslILl L SHTHESD 6hFH @ Heneouleld 6hapd Hmaulled QMBSO 6TaILIMSHD HewlddF
gwplmev LTSN 2 Hadlamg. BhsH CrTsbssHBeTH, BTG FloBemevmmedlds Gameneuulsd
abuFLeflamment LITHUIL S HTés o] O 88 sansdGHCDID. s1he Fa Q ( Q. wpeuis
Oapsley B @eMHL 60T, Qp UGS SipssmisEnL ) K. 23 CureGal aimyupissiinGapg, owemed 0.
B0 BHEBGHLD CFnleyseT Fopleneol GUIILTEHISNTES AHHD CouewiBLD 6TaTLSH DleudWILble0m6V.

@R QUTHIUTET HTEDSHHIHE),
aA + bB = cC + dD

_ [ oy
T ArmI

Omls SpseBiuie  Csfle saralFmswter f CrrsHFHe0 STl ILGSBH, LOBHBID
Fplemeouiled SmeEd GCouewiB 6l Sleudwid @evemev CT@LICH EOFHET DITHBHOTGWD. 6
HIEHBHIE Hrebs Fal O LLEETENS golaeilsd B e GupioTamismet K w6l @Uiilbeaigher
wWeVld  HTEHBHIE  FHmFmul agiagp o Hadpgs. O, K 8 olLés gompans (O < K
BHHBHTL HTHHHET  alen6reyHenTas  LOTBBLILIGEISET (psolD  FloBlenevenu! ChToHESIWw Buisbsld
9P B HH BB (DBTOUSHI, BBIG alewenujell HTobaD B IOBHSH aevoTe:s OFeslampa). O,
wreigl K. g3 el Quflugte Bmbared (O, > K) alomenalsmend STobaloeNTa  LDMHB3IeIger
(peUlD  FLoPBlemevenl GHTHEW BUISHD GHOBHGBH. (DIHTUH, HETH STHHD  UOL(HHS
BLotas Cgedpg). O wneig K - &&&F gwored Qohsie (O = K) sresb ghaaGe
Foplemeouiled o 6TenH.Coed HlEy HTHHD GgBULTH. @elaTB STHeHHer  HevgenwliLimns
Qurgleure GLITEHIEMLOLILIBSHSH60HMENT BT GHRUBSSH(LPIQUILD.

* O >K oybu «lomenesehs@d Sibalsensb@liiomrulenes Fpfle) alalhb Wali6Lfluig)
FLOHIEN6VMU! DML UHBE alleneneysel HTHaHIH6eNTS TBBLLL Causwi(B. OHTGHF FLobHlenev
SIMLAUSHBG UO(BHSH BLITE BHHIGBSH. (aleneneydel iPeUdLbFH ST Hm6N
2_([HoUTdHSGSBSHI)

* 0 =K oybus GFfemser gFwplmed Ogplesenns o e 6GH1GHF Foplameouled

o GiTengl.

* O <K aloeasaie oJibLsF CFBleIsEhoHGID STHEGEhSHSGIOTN Al 0eSF Ffuig.
FLOHMeVENL  SIMLUSBGHH STHHH6T  alenena|bentd LIBBLLIL  Ceuewi(Bd. FLoplemeveni
SmLWSH OFHTGHH BLLOBHSH eueoond BHBJ CouswiBd. (HTdHHHeT  DiPdHalILbHS a6
allen61T6) &6l 2 (THEUTE6IIB6. )

2 (H 2.7 60 &STLLUUL(B6TeN SHSIHUID eUMILILSHHTEL Bend allendaEe0TLD.
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[A] 1.0
|&) oo

[ %13 025
015 i wed 075

(a) (b) (c)

2 @ 27 K uwppb Q @& umpaiseier (magnitudes) elenssshdbarear OeusiGeum LMTeDeUS6IT
(a) K wvppd O B umbaisamer @UUIGEBEL (b) aliugsd FTessHHar HamF DIe060H
Foplemeoule Benmew O 6T LHLEISCHMBL HEHHD 66LUMBHD ST BHGBH. DSHHIL 6T (€)
CeoueiCaim Memeudelled FTHEHDH Hevenauuiet Siemllenl QUIGHBSE, mbs 0= K=1.5
NF BHIGHOUTH HTHHHHE0M FLOHMELUTEL CUTHHHLOTET oTanTenibemBUTe0TaT HTH
OBBID aleDerTe)] (LPeVHIBIHM6NES BTG (HEHELD.
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BGwBsv 61(hHHIH FBLILLL 2 FHryewimisefelhham CUBLILGL Sipfleneuds Gsmeawih Oc GhISHaHIL 6o
eTeleuTml LOTRILBS GBS 6T0TLMNSH (T 2.8 CLP6VLD &L L 6VMLD.

Gmyib
2 2.8 Crprdhaiar O & wigutleal  alarsGHamal. bl O anaig K &8 olld Gampaurs
@milier (peaBammadw FThad Figans Crrsailar O oFsflsdasms. O, K & ol
QuisTes BmEbHIHTeL LaipEdh STHED FTHans O =K 66 Hanevemul SenLujd ey O
CrIdaIL el GmBbHEH CFOSMMBSI.

® (HdFH6T 2.5 B@ID 2.8 A6 2 sHalujl e, LleTalheuarauBens HTD &H6e6ldaE6e0TLD.

gopmendd wal], AG<0 gsaiLear Q<K s1é6sb pBdHmsulsd SHaralsFmaunsg o 6Tendi.
gpemeouled, AG=0 @iz a1 Q=K

Fopmevdd ouTed, AG>0 wppb Q> K s1ésb LUBgdlamguled sHeiielFmauwmeaidi.
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Sy :

2.1.11

Qb 0HTGHFH Fopmeoulsd o 6TeNHT 6ISLMSSH HTOTSHH HTEd  Fay (Q)
LWSTUGSSILGSBH. SieleuTnl Be0enevOILGIBTD HTHEHIHmIFmU 61HT6] FnnleuHBES
2_56|BSBH.

gFBmeF OCFpBleysenend &Hen1sE[BEH60

@i UrFdemenuied ouybug Gapleysenen BTD DIBIHS(HESHECBID. SLemmed FLOBenevF 6\Fsle|Her
agleb OFflwrgl, eeiGeu LlaTeuhd cp&IBI LigeT LletummriuiL.

g 1
g 2

Lig 3

FHTHBHHEGHF FLONOFUIH FLOGTLTL DL 6T(LDSHIMISH6N

FOGOFUIH FOSUTLIQET SD, HTHBHHe0 FHULB6iTen  eeleum® USHTTHHHH MG
UL 19uIel(BD DI L aIeneRTenl 2 (HaUToHSHE)|LD.

(@) aus Gaple)
(b) FHmevEGF OFeOMIDBUTH QFplalet LTBBLD ()
(c) gFwpmevF GaFpsley

DI Lauenentenild S 1OWIRUILIDOLTIS! ¥ & (SI606uH! ) FLOBmevdE&GF CFeoaIbGLTSI
FLOBIMEVENL DIMLUSBESH STHEHLD LFUD LISTTSHHmiseNer eeplel STéha(pBm bFleurs
(mol dm?) (oevevgl gl LiTflens SieTe] auedIwUBISS L6 STohasHH6 LIFnmahHamd
o LGwrasa BBL uUSTISHSHEENET CFpesemen y FTIUTSS SHILOT6NHES.

FwpmevdF OFpleysemend Floplenevds Gamemeuuled LIFHUILB, SHTHH x¥ |0 Cupis.
BRIS6T @ GHUYFFOGTUT LS &HTdbd CouswiBOLoaIBTe0 @TFTLIET  SITHH(LP6ITeT
seleHdH SHiemeud Biey CFuis. y @6 SeISHILLILLL CUDIOTEISHMS 2 LGWTH &S
FLOBmeVF QFMla|BMeTd &6 S (HHIGHEIT.
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SRR FLOH6M6V

GmiyLb

o @ 29 Hy(g) +1(g) = 2HI(g) e Bysmwesd H1besHH0 Bh HmssaileddBhald FLOHmevamul
SIMLWeVTD. FHThoESMmBHH Hevmal H,(g) wpmmd 1(g) o Lear owbeg HI(g) o Lar (aeag
SIvevg! BL &) BHBUBIPD OFHTBIGeTD aag alamigang. H (g) wipibd I(g) semeiu e
QaTLmIGLELUTEH Siupplar oete Gopdpgs HI(g) oieme sidsflsdams. Caupl aufluied
FH1eaHmd HI(g) o L et QHTLmiderme, Hz(g) LoBWILD Iz(g) apFweBBler olene| GhISHHIL 6
oiFlsfladpg. 96s Crrsgsd HI(g) B¢ sietey Gmpipg.
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2.1.12 FwpHlenevenwl LUTSHBGLD STy ewt el

BGLoguieiTen BH6vVHSHIMTWITL 60H6160(HHSHI BTFTUIRIF FLOHIEN6V 616AILIGI cLpigul allenmriLimer C&HTE 5 uleo
Q@ LIBT GeuliuBleneouled (Wei(pd LISI(PSS STHIESNBEG @emLuleorer b FLOULIGSHS W
Bleneown@Ld. LfiGFTHemer HlLbHemeannsefled LOTBMBLD, DFFOLILGSHIHUW Hevevenwld GHLILld gnlgul
SIVVFH  GHMBHHeTe] alHWLIWL  allenemELIT(HeT 2 (HaUTGLTB FLOBMEVSH STOIHMS LOTBBILD.
o _FHTIWILTHF FLOBMOSHSTHID  GUOLILBLOTS BHETH GBS 61601 Fnplennmey, [BID  SHHBHIUH
wrempefer alemenesenTd Henl OUMBID HTHHD L HIUBSHH(HHSHI UELILIBLOTES LS. DIEL60H
DIBBES LLBIGMOWTS GWb. UfCFTHemen eutuleonsd SLBULGSHSEHEmIQUI  HTT6uTSH6NTeu60T
Canlley, SIWEHD, BataueTe), GeuluBleney GUTEIBET SuGD. @mIG BTD FLOBeneoUTVIeTeN 6
CBTGHmU elteumh TBIWWD eeleuTpl UTHSH e eetdl uBmit ufl FUGuTD. Floplenevd
sevevaluien  Siemlientl  Gogyieitem  OMASIGET  eTeleuTml  UeHILBIFHWTSL  LUTH G  TaLenSL]
Hereha @ysmuiel Geamers -eruled SedFammGsown ((Henri-Louis Le Chatelier) ereiiuiouymed
wWHeiled LITCWTASHILLL HHHleuHmd 2 LBUTHGHSH 61HT6)] FnmeuTLd.

BeSFaBiGoowfiet SHHleubd Le Chatelier’s principle:

QH QHTGHUNET FoBHenev HLHHMOHMeNd SHTOTNHGHD gHTeUH  SHTTeniHeriler LOTHBHBLD,
CaTGH W DIDTBBSHSHE alleneTeneld GmBLLSBE DIe060SH FHOFUIMSBE GBL OTHBBLOML WIF
Qauiuyb

* QamdsiulL FH1H8 / elemeneyF OFfaler DIHHD CFISSLILLL LSTIHHD HISTLILIGLD
allenenuyell STHHD HBDaSHaT cpeold alBHeldbasiuBL.

° QIBBBLIULL  HTéhd /| alemenayser Gaplele SIRSHHD, DIBSBBUILLL  LSHTTSHIID
RILIQUD © (HeauTGl Hmauled allenenulel SHTHHD HHDaSHT cpevld alBHalldaILIBLD.

9Ievevd I Coulmm(p alFHoTEs : “FoBleneouleieen HTHEHHE0, gHTOUH QH STHIH Ul DIEL6VH
alemenalell Gaplaled LOTBBHMSH gBUBHSH 60, Gapley LIBBSHH 6T almeTenel ELHauTELOTHl
FLOBeM6VH HeVeNIUTET SDIeNLOLIL] LOTBMBLOENL WD,

Heeumd sréassmes &msIGaumbd. H(g) +1(g) = 2HI(g)

gplmeoulaision  Hréss  domaiiaiet  H(g) @m& Gaigsned, HiessHlar  FOBlmeo
GLUUILGSSBE. DiGmen WetiBD Sienuwl, Srbsd H(2) msyiu@h gamauled paiGamea
BOLOugID. ipTaugl sabgeorer H(g), L(g) srés 2HI(g) 2 meangb, Smguisd goplameo
aueolIpons  ((peiBeuiméadl) mamD. Ba DedFFmmGeowifler HHHIOILY HEHDHEBSH, SHTHH
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Slevevgl allemeneneud Gaids@ld Cumpg &Téd / almenalsasr OFfe) Caiss LIS o 6Tendeid
GMBEUTHAID SLETTEL YTIDL HTHSSH HeveNULIMID 2 WiifeuTEHaD S(HHESGLTHR STRILNHH GBS,

SYJLDLI 7&[05]66)61) 0. =K, ugdw FwoBleneo
=K, =K,
0. s

H.igy
[Hi) i

[Lw] -\¥
/

—  Gpyw
2 ® 210 H/(g) @& Gsitugamed QUBLLGD almealane aaiaid HTossHa HbaElser, allmene] e
apFweupplen QFpsleysefled gBUGBLD LOTBMLD.

|Hligy]

H1HS o] O CH@ID USHSHET cpeold 6l BLHemHemul allendbae0id.

I
< H, @I, (2)]

gplmeoulled mFrFmend CaigHmHed, alGaHular GUBITaSHe0 DiFHsfliemu gBLBHIS GBI,
Bseaimed, O uler Guupuorend, K uleub umiesds GampalmL Sa@magl. aGa Q6 DLHHHMS
alGalesds gnbgeorer H () BIBIILLG WaI(pHH SHTHHD SpEHSH@BSHTEEDBSEI. 6IaCal CBTE&H
WPAIPSSH HTHBHMEH (WPIICaeEs BaisHd, CH1EHH Wend FHOFUIS @ LHW (PaI(pHd
HEBHMS (PeGanTdd haiHd almenasaie OFmleney SHIHSHHELD.

SuieyF gremeoulev ereflewwinsll URGFTHGHHS dnigul BT FoBewevh0sTEHd Iron (I1I)
Oeredurgd. [Fe(SCN),] Begalsd Bfled sopbs  daliy BiBd H®IF®EH SHHLD.
faniy PpsHB&Hs smewid BT gBpiul L [FeSCN]*  guemg. Fe** SCN-geiseaiB@d
g Linflenswentwng [FESCN]* ulbg @eviulevrer FwBeneo &G0 &Ml LLILIL BeTeng.

[FeSCN]*"(aq) = Fe*(aq) + SCN-(aq)

Fauli) BB BembIoEh&FET BB BIBLOBBS)

senyFedalen Gamouid sBWrswWCaBE (NaSCN) @ L gib, Foplmend 0sT@HsSL LFCwrdlsHs
opdad SCN(aq) Gofenan OiFsflbdHapa. Bewsssms  olBaldss, oo Fe''(aq)
Sweden Gaidsiiul L. SCN(aq) SIWTHEHLET HTHB(PMBBI, FIOHEMeL  6UVLILIBSH 6V (HHS
SLOUBTe Baihe soyFelar el B oFsfsgn. @CsBured Fe'(aq) oweisamen
b syFelaen GFisHHTe0 HalBnd DiHsfeGn, sryenid Guweds Fe¥'(aq) oiweiser
FLOBHIEN6VEMU  UEVLILISH I (HESH B LILBLOTS [T HHIS GBI

Gueauid HTD GogvielTen  FLoPBleneLENUIL! LT6TEU(HLOTH  6T(L)S6TT6D,
Fe*'(aq) + SCN-(aq) = [FeSCN]*(aq)
BeNDLOEhF6IT BIBLD BIBLBBSI glouli

BTD OFfleyCauig @B HTHH DI6L6VFHI aleeTEUTHMETL CLTBISHSH EFFIOHM6L (LPGTI(LPSHLOTH
Slevevgl Lleii(psions pageord. Fe''(aq) owbeugs SCN(aq) oiusisamen iaBmid GaFrgHemeL
QurpLsmend  Gailugher  cpeoldb  FoBlemevenwl  61HTH  Hemguled HEIF  GFUILIEOTLD.
o_gmyenions, @Uameias il (H,C,0,), Fe''(aq) siaisepleal sréasupBn o piguirer
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fased ower [Fe(C,0,),]" = Commeiss swrgar Fe'(aq) Ospfamen Gampoalama.
BeSFampGaowifear HoHaeulity Fe'(aq) & oismbpieugeammsd 2 sien Gapley oiwsHsb, [Fe(SCN)]*
flenswiemL_augeimed e o Hangb Fe’'(aq) owensaiarmme alGaldbsiiuGdama. [Fe(SCN)]*
CFpley GemmeudLaISHaITe0 Falll BBEF QFple] &eBeUenL &leIBaI.

Beialmeneneud SO STLIQUI HTHEMISEMEINTEL alleNMMRISLILIHHSHEVTLD.
3H,C,0,(aq) + Fe’*(aq) — [Fe(C,0,),]* (aq) + 6H"(aq) wopmid
[FeSCN]*"(aq) = Fe*'(aq) + SCN+(aq)

HgCl, owau @Geugib deul] mps OQsplameus Gopsdamg.  smyend Hg*(aq) ouasl
SCN(aq) ouwesEbLar STbsipnnl 2 pigwra fbsed [Hg(SCN), ] & 2 heans@Samsl.
gwrger SCN(aq) & omped, SCN(aq) Swersmen WemIOUBIMISBES  FLOK eV
QUGULILIBSHHe0(HHSHI  eueolIBLoTS  BETHHID. wBLssoTEs KSCN @&  Bgisdmmer sengFede
BB&F OFpfleney HfobH GBS

HgCl,(aq) + 4SCN"(aq) — [Hg(SCN) 4]2‘(aq) + 2CI (aq) oBpIDd
[FSCN]*(aq) = Fe’'(aq) + SCN+(aq)
2 _SIJewID :
SiGwreflwnaler o BuUSHHHSTR GUT (emBUleIeTen FLoBmevd CEHTGHmUId SHHABIGeuTLD.
N,(g) +3H,(g) = 2NH,(g) K.=0.291 at 700 K

0.50moldm~N(g), 3.00mol dm™ H.(g), 1.98 mol dm™ NH,(g) eissiiemeupenpuienL_u 700 K ulevisiten
FOHMevE Sevemel DAL 2 eenOgeiar, N(g) Gsnflensu 1.50 mol dm™ o5 oiHsfsHe.
B Foplamevamws Golitlenme, N.(g) Oefle) oigefiitleame o een SipssHmBHF v N (g)
= NH,(2) @ wipp elGalssend e Qe0&FaBpGoufla HHIaID sBIEEBal. (WIS
FHewguled eumu| cLPeLSHInBIHETET  6TETeNNHMS  GHMBEUMLHSH D(PSHHHMS  alBalds sl
aaiLgl Ogefleaurdlamgl. SiBTaig N, (g) Gaple) GampeaumLujibelLmpg! FILGHSUI FL6TLITL 1965t
dgworeriug H(g) Qe @ompw G, oibaiar NH.(g) Oofle) oigsflss GeuamiBio.

@wrBpRIsmenLl Lleeumbd o (K 2.11 Seimed allendaeurid.

Qb sofleney @ = K, LS Floplenev
gc- K, ﬂp = K,

[Hm] \
INH o) /—

Gmyb
2 @ 2.11 N,(g) +3H,(g) = 2NH,(g) aaiaid srésshsled N, mad Gailiugea almenaleme, Hibalsear,
alleneneyseir sleiLemauBpler QFpleysefled gBUBLD LOTHBHBLD

Fupmasd BeSFFmnpCowfar sHausmall LgGwralss, N(g) owdeg H(g) G
9P5fHa Sevevg NH,(g) Gaplmeais Gopss almene 9Guoralurmel SiFsflaaeord 66
alemmGHIBH. SHCpueien suflliLL LD FLOBHMevd FHTHHHH0 alenene] LBBIL @hH D(DSHHHMDH
6IEGHS HHEBBSI-
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9P B 560 P BIf|H60 GMBHEV
N,(g) + 3H,(g) = 2NH,(g)
GDBHEV GHDBH6D 918 BIf15 560

Fauliy : FWHmeL USHIILBLD HBHTH6L
BHeVD : FLOHMEL B HILBID HHJTH60

o ® 1 N,(g) owevevz Hy(g) G oiglafiiy owdevg (NH,(g) Caslads &ampel Ewpmeemu
BLILBSSIBHSI euevlILBLOTE baToHoIHams. N,(g) oievevs Hy(g) Cefleas Gampe
gl NH (g) OGopiley oiglafling  goplmesmul  aelilpsSedbal S yBoTe
BT HHIH B

@eSFampGoowifler  HHHiauoTeig  LgCuTEsaslLBld  DIDSHHHHIL G FLOHeNevd  Heveneuu el

SIMLOLIL] LOTBBRISEM6NT 618T6) nBIdaTBGHOWITIOL, DIFI J6iT DIIUTBTET LOTBBHISGEIT [HELDS 63360

aaimS  alendsalevensn. eaia@id SThd Fmal O, SHSHHCWBHB HID  Seialmernemel

aflenmidlsGsmeiteneonid. 0.50 mol dm™ N (g), 3.00 mol dm™ H (g), 1.98 moldm>NH,(g) ereirisupens

2 LUl UbuF Foplmevd Semaidhd 700 K uled O wreig gwpleneo wiflel K ulB@d

g (0.291) smyewid GFHTGHFH FLoplensouleviemeng.

0 - [NH, (g) I _ [1.98]*
< [N, (@) 1[Hy(g) F [0.5][3.0F

= 029=K

N, (g) Gspiailenenr 1.50 mol dm” & SP&fSe1E swBHmeomus GRUILCUTEI, SlomHlameo
wrpleds  Carameauulea al@gd oiFsflédams, O wieig K, Gupotaibgeid  Gmmbs
SIMAIBGHS (&MBBH OB

[NH, (g) I [1.98]°

TIN@IM® P ospop | 08 < K

Ca16d LUFHw FBmeasd FHTAIHIBESG BHTUSHS, O iF&foHs CalamiGh. BTSB! FLOHMm6D
wrpledd  Camamauie Oengg oiFafbs GG, alegd GompuGaeaibd. G N, (g),
H,(g) aweg NH,(2) eus wimid Blay wipphd QedFeppGowflan sshalaid aglia) gnpfueury
HHDBH OB eleNHS GBI HHIS ST HEBGMH. 2 (5 2.11 @60 ST IQuieuTml LSl FLoHlenev
UWISILELOUTWRS GFpleysmsT Uateumwomm 1.31 mol dm™ N (g), 2.43 mol dm™ H (g), 2.36 mol
dm®NH,(g), Q. ewig> K, uii3@ sooraams).

o [236F - -
< [1.31][2.43] - 0.29= K,

o _SJeRID :
gHewiod = aumwdh OFTGHHBEG BessFaBmGaowifler sHoHaleudhdler LIgGumsLd:

BmbysSHTH BB o Geurslons 2agemeoulsd HTSHFHLILGILGUTE, Iron (III) Oxide GBm@b
&TUET @OIT mFLIgB@GHD BewLuled HTHHLD [HlHLDS BB

Fe,0,(s) +3CO(g) = 2Fe(l) + 3CO,(g)
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FLOBemevd Hevenal LiaTeuhomml @GWUILLIUBLOUTIRS BSTSH HTHIHHA HmFemwl 61HT6] Fns
BTD BeSFFBBCeowflal HHHUHMBHL LWGTLIGSHHIGUTLD.

a. Fe 0, =& Goiggev
b. CO, ma QBHHBED
c. CO mau SiBBBeD, HThs Fmal O LWELGSHS WIHBSIBESHS STJEID Fnied

(@) Fe, O, amu geawoorgeored, g OFfe) 1| @B&F gwea, Fe O, ow ambgeonss
Gaid@BuTgdl iz WIBTH. UHCa @mIEG CFBle] WS Be0en6v. §nBEHEIGaIL 6T
FLOBlemevend  (GLOUILILILIL OTL L TSI

(b) CO,mean sBBHISETD 2 6ilen GFfle SiWHSD, CO, e Cuoaidb GCarBupelbsd
FQWITH HBTHBHTHHLD HTHHHeMel(HhHal almeanalB@ Bayeo cpeold alBalsbaliLbBa g
o1 DeSFFBBGeWIfel HHHIUD 618 T6] FnBLILIBS GBS

(c) oppuuG CO eafamed o sfem QFSley SiPHSD, almeneyseied(hHhdH HTHHHEHHE
PaBISHSTHHD heTeubamer Goebd GxmmmelssiiuGn CO ailamsd alBalsslILbE @B
o @eSFFmmGsowflell HHHIOID 61T6] FBIB GBS

[CO, (&) I

[CO(g) I

CO(g) m G®mBUUGE (peld Fplme Giuiuge O SFsfosams, owsCa O > K

Oa1edH uFHw Fwplmemul CoTsd baiazsng, 0. Gompw Gaemipn. ipTag [CO,] Gompu

Gouemwid. [CO| o1sfldbs GouamiBd. SHGa HaIHHTHHD QedFFBBGaowifle SHoHHaID 61i6]

Splweurm FHTdhHsemen ChTHHF GFsven GoauewiBLd.

B1Es Fa| O =

2 _Syewid : 1

LedTeu(HLD FLOGITLIML 9Bt mid FULISSTUCHIBBTISI, F QUENFLLTHA|D SHTLSTFOTTL 6DFL L THa|LD
LN en B ULIenL BB S.

PbCO,(s) = PbO(s) + CO,(g)

PbCO, upp PbO ayb glewiomsenmgealemed, gopenso wipfled K = [CO,(g)] @ syl
Geauliupeeouied, glewio PbCO, mupd gewio PbO ewauup o _mLw gamalosn®m 0sm1ed,
Hlannomiseier aldHb Seeg Slenaseis smibAITE @61 GFfle; PbCO, e gwoplmevuisd
Oaranigmeb@&D. B 2 b 2.12 alame alam@sama, @ [CO,(g)] agi GGl glewo
PbCO, sieney euenglied am i’ Getengl. yjibugHed @G PbCO, wimpre CO(g)
sl Uflmswmdamg, sryed gopameo K uilbg gwwrear CO,(g) GFflomea aphiGaSBE
PbCO, uier oene] GUISHIOTEIHM DUGID. HpHCal aumgLie B giLbsld Foplameouied Beveors
OaTeFHoull LygHucissamsl, smeanbd g CO,(g) 2 1b PbO(g) 2 b w' G o (.

BsB& wipre, W' G wiLrsl Gurgwene PbCO, @ @u Gupliiu@Gd [CO(g)] =K  eeher
Oa1eg gwpme olmLbalerengl, Guoaib PbCO, Gaigse CO,(g) Goplalsd o almenemeau|b
IBUGSHITHI, G auenTl @H B SHCHTLIGL. HHCeu HeL &HBHM 1960 AevevTd 6JEHeMID
CO,(g) Gapilay FBlemeouIeeTsH Heevenuid GiGH@BE, BBTGHulsd Gurgwere; PbCO, ujb
PbO ayb o 6TenBuUngl SIHT DIMIOLIMLIF FLOBleevenl eIUIHIOTY FRLILGSHSID. 2 HTT6wIoTD
o @ 2.12 ulled A eenn iewLwimemdi L yeitedl A ufled CO,(g) aledr GFgle) S &Gam 19MbE
GG 2 siteng. arenBeu Fopleneouiasiten [CO,(g)] uland o wiipgene; CO(g) Gaplailmend
Gfsdamal. (0> K). sopmevmu 9L adBed 0a1ea [CO(2)] 8s GmBsHsH GaemiBiD,
2151 CO,(g) Faino PbO ey a1 srébswpmis dewio Pb ., Carameigseanmed wl GG Blapipgub.
a56Ga Frasd @ gupors, [COL(2)] augbamy Bawbd. wipste B e el wmemdi
Ueiterll 2 _malled dlen sCaT 19B&GH &6 2 aengl, [CO,(g)] FomL&Gam i9Bg &6 2 g
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256 9z CO,(2) B swplmad Gepflaiand Gmphs Ceple) COL(g) mé GHsdams. (O
<K) supmamu mLasBegs 0s1@&gs PbO 8 agisfss Gaamibd, @& g PbCO,
g CO,(g) muwib geawio PbO e sysbamguieuns Lflensuient aigheimed oL Bid BlépLb.
24560 FTHsD @iy aegl LpsHme Crradl [COL(2)] =K sy@lb ey Blarpib.

M

[CO |

L
&

FLOHlen6D

A 4

PbCO,

2@ 212 aybusded CO,(g) @ Gapla FHasio PbCO, senaar &ne oiFsfasdama, PbCO,
wreigl COL(g) aysad Feawio PbO eysand Uflmswmt dapg. CO,(2) B GFpey,
gwplmeouled o 6fen CFflemal LB BLUUGD Goagds Hawio PbCO, sy
[COL(2)] alar 18I, Geuliuplenev WIBIHBSGSD 6w @b als almarmaluid gHUBSSTH.

o _SHIJewid : 2

SUIOWD QUenFl LTergh |MSJFamed STDHSULILG 2 Beorsd s llwdpd Brreluyd GumrLL 6L
BeSFFmBCoowiflear HHHUDLBMIS FnbBHeoTeT alleNsdHmBHd HTewrLldH B

CdO(s) + H (g) = Cd(s) + H,O(g)
gwpleneo wiPled K = [H,0(g)] /[ H(g)].
2 _FHIIWIONS :

gwplmeouisd  [H,0(g)] Brlysaiiuger, Os1egh gopmeulsd @ouusne [H(g)] eub
Byl yssiiuLed GaemiG swplemeouisd [H,0(g)] eglit [ H(g)] euengy K, LigsFHmer o eniuwl
@ CrisGam_t@lb. Fwpmemus Gilea Bamevseiaeier [H O(g)] , [ H(g)] Gamosmei
CapleysCer Gamiped sTemiliLBL Camiged Camyseaier OFplasmensd GHSGWL WTCHID
Ljeiterll  FLOBleNELWIEVTSH  Hlemevenld GBIGBED. SeIuTBTe  6UMSBH6Te0  FLOBlmeVHEHTL L
Crrahald seveneuule SiMWOLL BEHBL SHenguled SHTHSLD HSUPW. 2 SHTFewions o (H 2.13
B0 2 eiten Leieil A Gamuymes &6 2 eeng. @ [HO(g)] [ Hy(g)] ealslsib, swplemevd
seomauuied o 6o alFHHHd Gomey (Q < K) o456 H1éHELD  eueolIBOTS  HSIHLD
[H,(g)] nwemessinen [H,0(g)] 2 mpanssiubd Ba Gople aldssms GG 2 uiigs)
AL OypTES Fopmend CamlenL SimLub. BsBE wiBTs Lelell B o @ 2.13 &0 CamliBe
GuwBev 2 efengl, @z [HO(g)]/[H,(g)] Gopfley aildlsib, swplmed samauisd o arengeib
o witey erImBHH GBSDHABH. (Q > K) oua8eu sméhsd GG eripduieump &L LB
e, [H,0(g)] twauessiued, [ H(g)] o manssiuih B Ofle aldgssmas S6p
BBTHSH UELILBLOTEF FLOBme0ECHTL 1966 HiewL WJLD.
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M
B

5 N
= N

&

A

>
[H.]

2 @ 213 goralbsip HO(E) sopmes sfelng @w H,(g) gwpmed Gaple w60 o aib.
s1yenid Q@ Oapleyseiangid Gupioteamiss Crialdls &b, gFopmeouils H,O(g) Ser
Guflw GuuotensFnE  Guflu H(g) Gpmeniu@d, BHET DIHmeoud 2 aleWTELD.
Bbs aumauled Cam g LsHFpesr K, uiBes swameib.

S(WPEHHHID HeareueTaligId LOTHBMBHISBET

H6N6U6TE)| LOTBBSHIH N0 JBLIBLD Di(PdS LOTBBLD QH FLOHIMEVH HeVEMEUMII TGN LITSHSEHLD
aaiLend 1BSHHS ST BausBE SiGwraiwraler guiwpwams 2 BuSHHoHE W eumGeurLb.
FHTHBHHMBTeT FOLULUGHH W FLO@UTH STHHBET LSDSD 4 (PeOH6T UTULSSMETULD alenerey
LSS 2 eLp60BGIT 6UTUENGUUL|LD 2 6DL WIG.

N,(g) +3H,(g) = 2NH,(g) K =0.29 700 K

BRGNS GHMBHBH BT D(PHBHMB DHBFHHTeL FloBleneouled Hevenaluiest SienLILIBE
wrgl e,  (omprg  Geuliupleneoulend IBTEH  6uTu] (P60  cTamTenlbenaUlgd  SeoL dlul
aumuelel SipsHHD  SatalenalB@ CrioTy  aldlgd gFwb). @eSFspmGeoowflear  SHHHalilg,
allemenujell  HTHBLOMRIH DWPHS DHSFIIST DWHHHMSH alBaldsGhd Hamguled BHlapLb,
SMJEID  (PSB(PBSH HTHBID 4  (Pe0H6IT UTUWSHBTHBHMET 2 cLpedH6iT  aumu|  alenerTe|HemTs
TBBISEBEH. CUTHITS DeSFFBBGowflear HHHIUD 616y FnplaIl,

° SHIUCTNUD  GHMBHBH DNWPHBHMDH DIHBFHH60, HBTH HTHBHHMSH 6UTU| CLP60H6NT 60T
cTewTemlbend GHmBD HenFulled HBHLDSHHIS BTBS).

° HeTeUeTenel DIFHBFHFH DWWHIHMHH HMBHHE0, HBTH HTHEBHMS UMW  CLPEOBH6NT 60T
oTenIelBem®d HHBFHGHD HFuled HBHLDSHHIB GBSHI.

®eS&FaBBGeowifle HHHIUD g6l DI(PHD (HevTeuenay) WIBBHRISNTBEGF CFLBLGS OB TaILIMSL

uUTiUSHE, BID Wik sréds Fomear, 0.50 mol dm™ N, (g), 3.00 mol dmH,(g) , 1.98 mol dm™

NH,(g) ea@uemeupems 700 K uled 2 emLw Foplmed Sevemeib@li umiiGumbd. Bmi@ sSiobse

mea O gwplenev wmfled K (0.291) uiB&F &wib, smyewid GHT&HE Foplemeouled o 6ieng.
[NH, (g) I* [1.98]°

T N@IE@P | pspop 0P T K

BTD FloBleneoulsd, Heralenenel &6t 2 EeTe0 GmBSHH GLILTN6IT6, BTD GIOTHEH DI(PSHHHMSDH
G\HIOL BIBTHGHH LB, BTD UGHSH DIPSHBHMmBUID  S(HLOL MISTSH G eGmiD., eTerGeu
R6CeuT(H HTHFH, alemere] SpdlwemaBpier cpeuTFOFSlenauud (twevsddmer = n/V = P/RT)
B\HIOL BISTHGHHGCBTLD. FOUILGSHH U FLoEUTH SHTHHHel6n auTu] cLPsLSH6NT 60T  6T6uT6m1SHenBHMUL
auru] elenenasefled LMTHHDS dnlguienalled OBTeRIBH6TeNSHTE0, FloBleney WTKBeldH Gsmeneuuied
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alggulear oigsfiiy, CaTeHulea oiFafliniad smbaeresalposGd G @ uilar g
GupoTeTd Foplensv LOTHEIUIID GHemBeUTES E(HBEGLD.
[NH, (g) I [3.96]

07 N, @I1M, @ _ nomwop 0Pk

Oaneguneaid LHu Fopmes@flu Hamemw Chroas hamasBd, O gafdbs Galamibi,
DIFTUGH HETH STHaD BedlFaBBCeowflar HHaieud aHie] apwg Curaip sTéslselelmHbhal
alemenieney Gprehal Mo GCeusmiBd. GFwBpammuled, gui (wenpuled SGorelwmall alemerey
o Wi SIpdHHHHe0, 61BhHHIS ST LTE 130 — 300 atm ale0d FHTEBHMS HHLDSHHISHEIT60
9IF B S FBH.

FLHZIO eumwemeudF Gailiugermed o eilen alenerey

epgul elempliLmet GeHT@GHuled LfGFTHmeIenUIF CFUIISHET (LP6VLD HETAISTEN6 OTBTH D6 HHI,
o CUTRIB HTHEHHH0 LROBHHHHTH aumujmeld CFahHHenmed, FLoplensouled (GLOLILID
GBULTSHI. BSMSGHS STIWID LOTBTH SHalaleNaled FL 5B ML 2 L LGHHH0 HTHHHH60
URIOBBHGID USTTHSHISET LUGHFH DI(PSHEHIBM6N  DILVH  (LPe0THF OFMSleyHemeT  LOTBBTSHI.
GaidalIuBd auTudh SHTHHHHE0 LRIOBHHHGHID HTHS DI6L60H almeneuTd EmHbHHTeL OTHHTGLD
SHTES F6) LOTMILIBLD.

GeuliLlenev LOTBBSHS 6T alenerey

Foplemeowmergdl 0Fpley, DIWEHFBLD HIGL6VHI HETEU6TE| LOTHBMBEHSHETED  (GHLLILILLIGET, FLOHeNevd
Heaeueallell SGWOLIL MBI STIENID  HTHH F6) DUAIH FOHMVSH HTHHHH6  LOTBBLD.
gwplomev wrPed O uiiBg FOTHalheESTSH, B! Fplemev WPl CUBIDTEISHMS LOTHBBIS.
sialgid  Geuliplensouiied TBEBID  GBUBICUTE FoBleney WIS K GuUEIOTEISS 6  DTHHBID
gmupBLD. CurgieuTs, Fwpeneo rslelule GeauliLpBensoulsd SmiduelTen Hetenld HrhesdHHer AH
Bt GPIUled SHHISUeTETSI.

. UBOeuling  sreasHIBGHIwW  (AH  wenpleUEIOTEITD o MLUuIg) Floplensv  Lomsedl
CeuliLBleneve! DIHBfHBHD (G DBEUML U|LD.

BTD SHTHEBHMS : HTHHB6T = aleneneyser + Geulind (A< H) elen 6I(LDSH6OTLD.

. oB0aILg  FTEsHHIBSGIW  (Cri AH) FwBleev wISled  Geuliuplensy  DIHSFHS
SIFBfSESLD

BTD FHTHBHMSH : HTHHH6T + Geulid = aleweneyssm (AH > O) ete e1(pH60miD.

Ggieitenn  FHTdbdmISaT6ILY, LBOaLILS HTEHHH60 OalliLdHmsd @b  aleenCUTHeTTHS
H(HBH6VMD, DIBOGUIILGS HTHBHHL Q(H SHTHHWTHS H(HHEUTD. @hH OHTGH Ul GleuliLmblenevenu
DIFHBRHBHTVL, OBHTSHHDHE CauLLGHmBHF CFTHHmevd GBSHGLD. @h CHTEGHHUNT GleulILIbenevenU
FHafHame0 (Geuliud Gaidsliubdama) BeSFanppCeowflar HHa eIty  LBGeLILIGSSHTHSLD
BLLILBLOTS (HTHH BT LHHD) HBHD. OTBTE  DHOUILSSHTESSH (HTGSHuler GeuliLmbenevenul
DIFHBRHBHTL  aueLlIBLOTS  (allenenedHell) LSSIOTS BB @h HTHHD Gl Suidbsaiuled
fHwmes phBHmowns Gobare0 (AH = 0), Geliupensd WIBBID  FOBevsH  SHeveneuuile
SIENLOLIGHLI  LOTBBTGI.
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AH = +58 kI mol" eysa@mLw N.O,(g) oz NO(2), epsi Ufloswmiub SToss e
Geulipleneoule aleneneney BTD LFGFTHSBH0TD. BSHHTEHHMSL LIGIOUBHLOTHI 6T(LDSHEOTLD.

2 _Smenib : 3

58 kJ +N,0,(g) = 2NO(g)

_ INO,(® T
< N0 @)

CeauliLBlenevedwl DIFHBFHHL (OHTGHHHEG Oeuliubensd BFTHHe0) HTHEHHMS (PHTCaITHEF
CeIHBID @B SWSHHOTGD. UHCa  Gauliupamevemul DFHBFHHe0, Foplameouled N, (g)
Bmeb N,O,(2) Beb QoL ulors aldssms iFHeflesd, B gFwpme ikl K eu
SIH B BESLD.

gplemeoulled 2 etem @h OHTGH Ul OeaulipBlensoulesr oS fier alenemensull LieTeuHLOTH]
G(HBHHH FBEOTD. @h DBCAILSHHTHEHFH 0 OGeuliuplensy DIH S, &FopBlenso Lomsledlullesr
CupITETHmSH DIFHBFEGL, @ LUBLalus STHESHHBGHF Fplemev INBES  GemBULD,
Geuliualwed FHWTES BHHBmeoWTer HTheHHe Fobensw IHBeulled allenenenal gBLGBSHHTSHI.

F(HBHBHLONSH, Qh FLOHmevd OHTGH Ul DienliemL paBl alFHLOTET DILSHBHMIGENMTS LOTHBBEOTLD.
FHTHHH6IT DleLeVFHI allenenaBmend BFTHHL DIeLVHI DIBMBMWEV, OLOTHSH D(WPSHBHMSH DIGL6VDI
SHAIGTENa! LDTBMB6Y, OHTGHHUT GeUlILHEN6VEmUI DTBBE. 2 &HHHHEV6VTSH FLOBlenev LOTledlenul
2 LU Q(H HTHBID, HTHBHHH 6 alenenOUTHL H6ile0 qeTensmd CHTLIFFWITS HIBBBIAISHET (LPGVLD
Bl usE GFuiweurd. GeuaiBGeauml eramTENNEMS CLPEVSHINBIHENENT 2 DL Ul GUTUISHHTHEHSH6I
aumu]  alleenOUTHL 6T © DL Ul  FIOHEN6VH6NT, HEIAUTR| DIEVVHI DI(IPHS  LDTHBMBHEIGBEHES
® UITHBEDIHL WD, 2 W  DPHIEIG6T, (GMBHSHENE]| 6UTU|  (LPVSHIaDIH6T 2 6L Ul
USSBIOTEF FTHHWITS B(HBGSGLD. LBOIILGSSTESHH e (HHH CaUlILihHend DEBBEL allenere|sHeln
2 _(HUTUMSHF FTHHWIOTEGD, DIHCIILS HTESHHHHSH CAILSHMSH DIBBBED  HTHEHSH6I
® (HOUTEUMSHF FTHAHILDTEHGLD.

gplemeoulled eassluller alemeey

QbH HTEHHHMBEG msbHms CFiHHTe0 HTHH 6T alleneneayHenTd OTHBBUILIGLD. @@ LSl STDHS
- §6HF DBOID LTSIl UPRISS HTHd aihHmd DHBfEHGID (Werps LIaI(pd HTHHmIS6N
@8y FHTWILeL Beweoulam THF OFeLUSHINTD, 6(hH 2mHas  (PI(PH, LIPS  HTHMmIH6N 60t
gl FeFHeomwd HULoTe 6T Siemeumed GHMBEHGD. 2aEHd BeveoTHBCUTH HTHEHdH H6Vm6U
gplensoulled BpliLler (DIHTeugdl (Paiwsd, Laips SHThs aipmiser Fwb), omsbdomwsd CaisHs
e b o1z FwopleneoulBeoBu B me@Lb. &Tyewild (pei(pd LIPS IHMIS6T  6llen]eUTeIenel
aTellanIld FLoTHBeu STemIlILBLD. HTHBH Hevenel FLoBleneoullsd BeveoTH(HLILT6T 2adhd FLoplemevenu
SIMLUD aIHHMS LTIPBHVMLMWF CFUIUD, LML FLOHeNevd SHeeuenalel DIenLOLILTe0
TBBSHMS  GBUBSHTH, STJed FoHemeoF OFplaselled omid  alemenensl gBRUBHITHI.
oagd FOULBGSHSULL L FO@TUTL 1960 STulILBeu bId Devenev  Floplensv wrpledd Gsmeneuuied
STenlILBauglevenen. (embdl HTHEHH60 OFevaflaugleensy, Simal OTHSH aIHF FLOGTILTL 196D
SHBSUILGAUSHE0ME, BFHNT60 2MHH, HTHBHH FIOHMEVMUIL LITHSITH, SHTHS aHHmD
OTHAHID UTHSGD) ombd FOHmevs HTHEHHMS LOTBHBIUSHOmeWTUIMID, SHTHBHHBEGHW
fply pubsmarsmend 0gfle GFuiauged (PEHSHWITEE CFauThGHF CFISHHB GBS
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1650553 el 150
(a) (b)

2 ® 2.14 omsdl o efenGuIHID, omEH BeoeoTHOUTHID HTHE eUMILILBIGmT UL 6D.  &h
HHHSHHBG emsHows Caid@bGurgl, (a) uled STl weams @b USHW STDbHS Fobd
2 LUl WIBBIL UTSHMU UDHRIGISHET (pelDd aihdHhmd DAHBHSH GBS DHHIL 6T (b)
ufled STLIQUINTE SHTHSD LIOLIYRSHMeT 2 LW @55 LTmHmWw EenL Hlensoulenm meHg
Cxfley GauiweomLb.

2 _gnyenions  SGurelwrme gui wompd 6aTELleo, srasbd N (g) + 3H(g) = 2NH,(g)
UBQaulusHBGFWg.  DiHaT  Foplensv T  Oeuliuplensy  DIFSFILL T (&HdBS @B,
STpLaILBlmeseiGaBu NH,(g) @1 dpliurer oiene| ailmeneajser GLBLILGES BT 6Telgnib
SIHITD  GeuliLpleneoseiled  FOBHeNeVHeT FBHH6eNM6Y  aleD6THN6TSH  H(HBHOIBET,  HLETTEV
QugieouTer aigmiseT, o Wi OeuliuBlmeudsT HmUHwelssd dmigul aiFmEmensd & (Ha 36T
AT 0BH GHMBHH6N6] allenena|Hel DbHF FobDHeOTal HeNeVHETRl alleDl @ 26T UL
LWETUBSHH60 pG. Flev o Beuna @l endl BHEDHL T H60HBLILLL EHIOLS 2mbd HTHHHMmD
gwpleneouied NH,(g) uler Ggple) mlumuworer o shHeiaurs Sme@h Geuliupameoulsd Srobaeib
HopuHueibed amow ainsdled Hews Fuidams. NH (g) B almeamed snbsdhma o wi
DWPSHBHH0 BLISHBHIUBHE cpeold Coed alheHd OFuiweord. SIGwrealwmamelds mEHHOHTL60
fHWssd QHTGLUUAHBSGTW dBSHISSET LT HTHE BHubsmeansst 400 — 500 °C ¢ 130 - 300
atm o 1b &GL.

LTedTeu(bd DI L 6uenent (b FLoBlenevd GgT@Gulled LIFCWITdle@d Oi(1psSmISaTBELI LIgle0adELTHI
FLopleneoullelr BHETalenennd &ihHdba e HaHlImaI.

Sl Leuenent 2.1 LCwrdlssliuBhd DIPSHHhHMNBGHF FBmevd 0HTEGHH Ul GeuailiiLmb

SIRSHHLD CarT@duier GesueflliLim® Foplensv  LOTMledluTed
allenerey]
rpT Geuliuplensouied OFple OCaTGHuler Fopemev @@L LULL  OIBBLD E60en60
Y3 35 WT TP SlevevH alleneTeneld SHTHHH6I, allenerneysHel,
GMBHGOTBI HB(HLD wreuBpslear il Glapsiey et
aldeHHma LOTBIS
MEUS D S LTHI
LOTBHBLOGHL LD
BT Geuliuplensouled GFple) SIBEBBULLL HTHH Dl60D60SHI LOTHBBLD  E606M6V
GemmLIL aleneenel 913 HIFSEGLOTBI FHTHDH6IT, allenerTeyd6lT
CaT@Huile FLOHEN6D HB(HLD wreuBpSlengid  QFnsley et
A& BHHMS LOTBISH
M6UGHH(HEHSLOTB
LDTBBLOEML U|LD.
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rmm  Geuliuplensouisd OaTE@FHuler Flomlenev LOTHBBLD  E6eL6N6V

HUET6| DIHBFI (DIPHS aUTU| OIS Dl6NT6) FHTHHH6IT, 6llen6re) D6l

&6mMBLILY) Fn([BSH6VTE LIbHID [HB(HLD. wreuBpslengild  OFnsleyaeit
(B USHBBEIGTGID T all&FHLd Lommm
B\DIBIGH6TGI  6TeuwT6nIEH6mE  FLOLD S(HBGLOTHI LOTHILD

aredilen) (LmOeILIL/ 9IBCeIILG
FHEATENLOMWIES  SH(HSHISH)

ommT  GeuliLplensouiled CaT@gHuiler &FLompeneo LOTBMBLD E606N60 HTHSHIH6,

HETEUETE| (FHMBLIL] aumu Semiseller Siene] allenereysel  WTeUB TSI

(DIWPdaHF60 DB SHILY) GMPBUILD LISSBLOTS  H(HLD Caploymer ealdsd OTBT
(B UHBBEIGTGID T H(HBGSLOTEHI  LOTBILD.

BOTBIH6ITN 6T 6T60T6am0THmE  FLOLD
aTedilenn) (LmOeILIL/ 9IBCaIILG
FHATENLOMWIES  SH(HSHISH)

GeuliLmpleney OISHSIFIIL] GaidbalILBL OeuliLSms FLOBl6M6V  LOTMBBLOGHL U|LD
o LGwralsHa SiEB0alILG STTEWILD FLOHIEN60SHSHTE0TLD
SHTHBLD FTHSHWIOTESILBLD. bSTH GBS

GeulILBlensy  (&HMBLIL FnBHevTen OeuliLgemnd goplensv LOTMI6N  LOTH®
GeueMuil (B yBOeulL SHTeHELD LDGML_UJLD  SHIT6H0TLD
FTHSHWILOTSSLILIBLD FLOBeM6Vd  SHITEUILD

BB S GBS
QM easHlenwl CaFidgHe0 CaT@FHuled WIBMPLD EeLen6v LOTBMBLD  E)6L6N6V

HNJEOILD De1hd|  (LPGBI(LP,
Ne(wedh HTHH aIHHIBHMm6I
FCrwenalBEG DiHHFHE1D

BRG Db CB1GHHF
FLOBlemevenl AlenIaITS SieHL IS

o (HBowim@Lb.
Q(H FLSHHION eUTUEn6UF CaT@dHuied WIHEBLD EeLensL. LOTBHBLD  E)606N6L
Ga1rdgHe0 STTWID DIFH HTHBHIH6L

UmIOB B 6066V
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2.2 BISSMIFOBEME0 DILIGTFLONHI6M60

Brewi(h VLG BNG COULL USTTHSEIGENET QFQIOTH HVEMEU 6160 Q(H HENTFEN6V
AUIEMTWIMIGBSHELTD. S Siemalled  STEUIlILUBLD  DIEVEVFH SMIHBLIULL  USTTHSD SHenFW
LIGLD. DFHBenaled STEOIIUBL USTTHHD SOFUUTE DLGHD. @M SEDIFED 6UTUIEUTH
(euerll) Gumerim) &lewiowns  (HeolYBeumasd BUISTIM) DIeLEVGH HTULTHS (2_GTJEILOTS
&L60 [BF) STIlUL6LTD. SUU@GHUTd BID Bis SMHFFOHMENT LOTHHTD HEVHHIENTWT(H
Goumld. RBHMTFOSHETND HEMTWID DLTIDUSHHED HTOUDTEH DI6V6VG HEWIOIOTHOD &6NTLILIT6HT
BITHED HMTF0 CHTRIMWO|L 6T USTTHHD ST 6UQeUHH60 B DlauGHmHuled Fomlensoul
IGTENHTHOD  &H(hHHIG6UTLD.

o _FHTTewIoNs : FoBmedHamgule, Ggme] wTHHEHHaT alenenalsd HTD (LT SIS
FOUBSUILGLD LNSTEUHLD FLOBENELMUIS BHHHWETEETTLD.

Fe**(aq) + SCN(aq) = [Fe(SCN)J*(aq)

SIWBTHET  ISHTD  FOUBSUUGL GuUHeTaNLTERT  FloBlenevdaT 2 eener. Faflule By
BMIF60 LTINS HLHFHIUHVmeD 6Tailg Wdsa b CFHfHs QaImT@GHWw. aalamid GQuTgieuTe
o liemu  (Camyuind GGenmengl(h) HilieT GLLGID, DHBMHIFO Leienennd BHLGHID.
SHFILST  WOSisLsHHmear  Qurg =2 lear  QFnley siFafless, Hasfledama. uSTTSH
HHBIBMET SlUNNIST OSTEL HHIFMEneT SigliuenL wnsd 2 LGWTHGHH s E60 UFCL Djeumenm
Am umBHNMTHI UTGUBRSHOTT. @ UMHBL USTTHSEIGBNT DleunMes B oHHen]TFe0H6T60
STEmeTd HLHHID, Sieneu  LOSTLEGOUTHL ST 6160 DMPSHBLILBLD. LoMENMUI 6ueNSH LO6TTEN 63D
BLGHSOTLLT, ewed usTiQuTHL 6T stertu@L. uyBr  Wetu@GummLsener  Goeyib
auest, Qe LOTLEGOUTHLET 61Tl UTGHUBSHOTT. euaIOlTU@GHOUTHLS6T B0 HEDFULD
Gurgl SIBMBLOTS (LHMTH SIWBITHBLOML D, QOSIOSILE GUTHLET LGHWTS WLTSHHTD
ST HBOMLUID. 2 FHTFewionsd Gamouid GCemTenyliget BISSMmIFe (PUpeugid GFm-
QUILD SIWeIH6T, GCeMTenTL(h DIWEIH6T 6IOILINEMD 2 DLUWIFH|, ASHTEUSH

NaCl (S) ——> Na*(aq) + ClI(aq)

DILO6VRIEEIT, (LPEVEIGET eTaiTLIaTOD LOGTLGOUTHLE6T pGWw. MmBCyTHEHGammilassow (HCI),
opsHfleE e (HNO,) Guram Heo ouflevmiset auaiaLEGOUTHL ST Geiaibleoniser
60 (LLHMTSH DIWSITHBLOML HFIME: 2 _HTT6wIons MBTFet &Cenmenyl(h suru] Bifled SHemyuLd
Gural, HCromiu L H' 2 b Cl' o 1b o meundlsimen.

HCl(aq) —— H'(aq) + Cl(aq)
VLG HTHBHMBL LISTEUHLOTD] 6T(LOHEVMTLD.
HCl(aq) + H,O(l) —» H,0"(aq) + Cl'(aq)

aefled oFnheE Sideo UNFsTearoTs WSITHSOMLWLTS AFDMEHG 60  (pevd
FMIBMEN 2L WG SSHBIL6T 60 FDHBMOMI SWeTHmMUD LBTTHHRIHMEMUID 2_6DL UWIG.
SiBTeug|,

CH,COOH(aq) = CH,COO(aq) tH'(aq)
IIVVG| HTHBHMS BTLD LeTaU[HLOTN 6T(LPSHEVTLD.
CH,COOH(aq) + H,0(l) = CH,COO (aq) +H,0"(aq)

—» (sl oIysGM), HCl @6 pmmmer 160605 Si8aisons 100% ST éss5m s @GNILIusNE@L
LWSTU(BSSHIUMNS BID  SeusTaidseornd. sshgLear HCl segse  swngder  HCl(aq)
wevdsam smens Garaigmlugsme eaald mer H.O'(aq) opsaud Cl'(aq) opsepud
woprsll  UflaswenLbaeTenenasun BT  alenmdsQsTaTaneonn. AFNNHEG 0SS0
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R = (BrlenL SHUSGM), BFleL DUSHET WSTHBD LGHWTH 6060 I 5% Dlwesimd
BHHVID  (GHMHMAUTIIMBHUD HTHBD 06T  SHSEMOWDHL WG 6leTad  GMlbal  uweTu(h-
HSULGHIDSE. pTOUSHN @B GOss aaiaisme CH,COOH pevsammset CH-
,COO(aq), H'(aq) sweaisenme o oL ssiuubdamer. GCrrw OFeae, Heo CH,COO (aq),
H'(aq) oweisst wen  @ewewipg CH,COOH  epevdammisentdaimer. ey Siev
(PELBHIMIBET  DIISITHBOMLUD IFHIPD, DWIH6T W6 REnewTU|d aiH(pLD  FLoTTH M
Blewev WISIUBHGMG. RbBHM60 BFFTWEF FOBmeWTGHW. OFHTEGHulsemen @euGeum
AesFHapid QuenSaBlamen GMHHIS STLLLIUGMIG 0& (LPoHSWIDTGD. BSIRIS6T B 21L&
FHevieteniest  elenid  GPHUUSNG (aq) 2 uBwrdssiubdeaimg. Gosud Bl (HeNFULITET)
leney W sFsworseyerenCurgl, sellyCrresser HY wWsead sréa@dHoaerengl. Bid
asmyFe0Heiled H' salds @mobswpuungl. 61erGal ik SmIUUTaT B pevdHInMlar L g6
Sia|Lel  LUenenssiul (b (poHBsmemd gnlbus augailpenLw BOrmmiLLL LBrméHsmend
sGHAIDE. NG WErTalwb swe, H,0'(aq) e simwpssiuuGaaipa. H'(aq), H,0'(aq)
FW Qrewiho @erenmBu GMESaIner aaiumBs GNSHHIHOETeTEN Gousrti(BLD. DIBHToUS
@0k UCITHSSa evevdl @@ BEIHLUULL LGrTHHe.

Guaeen  eteflw  elendsmiseilaiug, GandaLGOuTHLaafled DwasalihH@GD AWETETS
L6V Fn MMM (G LN L UT6D FLOBlEn6V 2 _(HeuTHBLILBESEIMS] 6TRTLINS BTLD HMHSHIHOSTETETEOLD.
BelUMBWTET  [HJHHMTFEINIOTON SISO FOUBSUUGBLD FIOBEN6L SIUIET FLOHIEN6L 61601
SIMPHHLILBLD. SIO6VMBIBEIT, (LPEVMBIHET, 2 _LILH6IT 6T63TLIENT LOGTLISHOUT(HL &6 616D 616N & D G
S6 UHISTIMIT. Sieeu ST V6V et OETLEGOUTHLEMTES CHTINMHUL 60TLD.

2.2.1 SNH6VEIHET, (LP6VEIB6T (LOPDID 2 LIL|H6IT)

BunemaUled DIOGVBIHET, (LEVBIHET, o LIH6T UJHS lenalsd smewiliLBdeimer. maGyma
&Cenmfla@ idleod BrlenTemsE 1.2-1.5L oenalsd eog 2 srsHler (euulmnler) gieuflereo
FIHSUUGBL 2 _FTFaTmed 2 awi(h, @eueudllevwd FOUTL(HEF QFwPUTHBEHHEG ISHWTeudlw
LTOIH. SFNMHEG bevd alemdifluled (WweHHw gaml 6160 SMWILILL (HeTengl. 6TVILOFFIDLLDLD,
GaxmLLbupld etaTueUDMenT FTMIBET FHHfHEGH iblevd, DHeVCHTIHE IV  sTETLIDENMD
2 emLwer. SBeid SiblevEiseT Lefliyd sensuujemLuwier. e (acid) etaienid GFmed Lerlliy
FIHIILD HHBHSHIMLW 0HSIOWTHEF QFTev “acidusi” GepBEH CUDLILLL G SbeVEIS6T H6vL
uTdFFTWLSSTMENE SeuUlILTS LOTHMID 6TeTa|D 2 BGeuTEHRBISEHL 66T HTHHPMILLBUTS| FFj MH]TFen 6wt
(H,) GeuelGuipmid erereyd oiplwiiu’ Gefener. @CHCUT6D cpevmigeT Seulill UTHFFTUISSTm6M
BVBIMOTES LOTMHMID, S GHENEU 2 _MHLUIST, QILAIIDLILITET 2 6lJelmL W6l @ (Le0SHHMESLI
QurgleuTen o FTIWILD HPAUSNSGSL LWATUGHSHID HOUMBFTLT LGWD. SILOELEBIHMEMUILD
(evmIEemenud  Flwmer elFsHHe0 HVHGWOUTINS ewer @aTCTOLTEIN  SHTHHLPOHM
o lIysemeng HH. v QuTgieuTs SPWlULL 2 (sEhdE 2 STJeumiGenTole GFTiguid
&Benmenyl_ (B, Guflwd FeOBumm, GFmguid BSHCrHmI. Bfled MHCrmHCenmfle Ddevs
el DIWBTEBHMS AFHMH DbevSHFHIL 6T @UIBL QuTps BJewi(hd (Wemetayll LRSS (b
(evddmmieenTed 2 etenBurgid  weatmetwgd (HCl(aq) oiget opéadsamm  SIWTIHNTS
WHPTe SwaTesmLbalaTamg, ACHCumer Uaimeanug (CH,COOH(aq)) u@gdursGeu
L (B SWeTTSBLmLbBEHI6TNG (<5%) elalauene] HTTHHMEG DHWSTTHBLOMLHRHI6TENH| 6168TLISH]
Hemewiliy euellenioulevid, 2 (HEUTEGHID DWGIH6T 6l6lauene] HTISHMEG BOrMHMULIGBES M6
GTTLEIGVID  HEISU6TENTG.

SIOGVEIBET, (LPEVEIB6IT eleLeuDMe Sy fleiluis: eTeviemIBS

apfleflwa CaraTensliuy bevEIEH6T iU BHiled LflmawenLbdh MHTFET  DHUIGTHEM6IT
H'(aq) smw usmisasmisen ou@w. cpsvmisen seilet msOrmldsd swensenen OH(aq)
2 _(HOUTH@GID USTISHISEIGNT SpG. @ beowd HX(aq) &1 Swemmésd LIeTeupd  FLoest
uUTBSET cLpevld 61(hSHSHIS STLLLILIL 6VTLD.

HX(aq) —— H'(aq) + X“(aq)
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HX(aq) + H,0(I) —— H,0"(aq) +X(aq)

SIEVEVF)

@CxBursd MOH(aq) Gumeiim 6L (WevHInml BIHHMTF660 LISTEUHLD FLOSTLITL I9ME6u0ThIS
SIWIEOTT & BLO6MLU|LD:

MOH(aq) —> M*(aq) + OH(aq)

@wHOITLAD  sw@id  BissmIseded  BErommOulL  angeausded (H,0,(aq)) Bevadlaimsl.
(smewiliu(pLd) Siblevd, cpeuld S BweupMesT Sy flelluis  CTERINIGEE[ 5T HEHMTFE0DHEHEHE
WL BHCWw LWRTUBGSHSILL6OTLD. SHHIL AT MHOITLF60 anl LHmapd CaTeannig®mbsrsd Gmeilwim
Guelin USTTHSHHEIGEME (LPELVSHBHAMDSGL QUTMILILES Fameileveney saTLeUmMIeHHSHI 6T606m-
ool L(hSBSLILBERTMS).

SIOGVEIHET (LPEVEIBAT eTatLameubDPet LBrTearevgl. - Gevemfl (Bronsted - Lowry)
auemJ6l6Vd & 68ILD

graruiel (@rsTwen elehepmel), Gmmoyeied LUGymeteoyl (Johannes Bronsted) oypmidlev
graruiel Gxmoed M. Gevenfl (Thomas M. Loury) opdlw @meumd Wse b QUTgieursst (b
UM T AI60HBHMIHMS JILOGVBIBEIT, CLPEVRIBET eTaTLaIDPNGHS CaT(hdhHeny. LYEymaterdgl. Geverml
OamaTenslilg 6V 6I6TLS| @(H MBHTFT Dwenet H™ aupmi@d oL,mmed 2 Ll LUSTFHHBLD,
(LPEVTBIGEIT 6TGITLIEN G(hH MBTFT Sjwlenert, H gm@L SLMme0 2 LW USTTSHSEIHET S GHLD.
F(HBHBLOTH DILOVEIGBET 6T63TLIen LGTTHBHT eULPBISB6T, (LPEVRIGHT 616U LGTTHHT eUTHIFISH6NT.
o gmyewiones, HCl(aq) + H,O(I) —— H,0%(aq) + Cl(aq) @mig HCl(aq) apevssam @
UGrmegmen Bim@ eupmel Cl(aq), H,O'(aq) oweiset 2 maumeuams BID UMTTSHSEMLD.
apteugd HCl(aq) @ yGpmesiedyl oubflevwonsll um@GuUBSHSHEOTD, STFewid id @ HF
Slwemen aupmiseTd. (igilar H O(l) wpesésam SLBITEHSme gNEGIDG, (LPEVLDTEHS
OxTPnubeuend BT UTTHHTD : Coaid BHHETenoulsT LT il Renewt Sidlev
- apevdF Gamgser umw etemerw LGHuled alenmislubBHBULHLD.)

NH,(aq) + H,O(I) = NH,"(aq) + OH(aq)

8me mmo NH,(aq) wpevssmp pildobs ¢ UGimssmen gnm NH, (aq) up OH (aq)upd
Carpmieliuemgll urjsssord. 9p&Ga NH, (aq) om H' swemer ghesampugte SmUUSTeD
SIS LGTTeterol ep6uld 6160t LIMGHU(BSHSH60MLD.

ruile® DILO6LMIHGIT, CLPEOMBIGHENT

1923@60 G.N.sumulerd oifevsengd Revshdrer GaFmg euTmEIE GIOTHOD, (LPVSHMS B60d-
Fyer Camy euEIES @EIOTHAID EUMTWMISSHTT. CLPVEBISMeNS HHHIDOUT(LH LGTTeterdyL
- Qevenfla@  emulerd  eremteIbEHEdHaMMEAHLCW  Quiflw Ceumiurh @Revenev, EFesTgen
I epevld  HANFGFTIgENW  euUPEIGH @IS  eTellenid  euruilerd  eTewTENIGSHHAND  DFB6N6Y
SlflevmiseT  LBITHSHIGEMmeNS  OaTaigBluSome. Qesdrear uppreGampujemrw  BF,
wrengl NHwLer plapsaid sresd @ wrdfl o sryemongd. BF, wreig yGrrésamens
OQaremigmesaleame, eaal@id NH, wrear oidaeion galsGamyg @egalyaiamen gl
Sbeoonssd HTeEs UfESma. ReSTHeHmBL Laieumorm hSHHS STLLEVTLD.

BF, + :NH, — > BF, : NH,

Bevgdren uppTsGmmuenLw Gemisst AlCL, Co™, Mg> Gureiimen gumruiled SibleomIBETTES
QsmbmuLeomd. 2CsCumen @ BeusdTar Gsmgmuw apEGHemgu QamisenTear H O,
NH,, OH" Gureipen gumuilerd clpsomisenteag GBmhuL eomib.
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2.2.2 @ememt Siflev - cpeF Gamigsel

SIOGVBIBEIT, (LPEVRIH6T eTaTLIUMMIesT LGTTeTerdyL eusnJalevsbEHemismed Renent SOV - (LPELF
Bamy eI eTemTenISHHAINEG Gwaid alflojuBHHeomd. Benewt 6L - cpevdF GFmigenwl
R0 OO BT QREMEWT (LPGULD BIEV6VGHI @(H (LPEVLD DIBHET SeM6wT ILO6VLD 6168 6U6MIT
alevdbBemILILIBSHSH60TD. LBFTaterdyl SilevddHelhbal @ LUCImTHsHamen ismmlul ey erehabd
158 Ly TaTeI. Siflevdhdlent @Reneuicpevld DL @GLW. iHflenLwine @ LETTaIeyl cpsvd
A @ YBrmssmend Gajlumbaimed @emewt 60D (2_Heurdaingl) aleneneurdleaing.

Bfled NH.(aq) el uggwren flmsmuis &hsis.

esuld 1 @ememwt siblevld 1

v v

NH,(aq) + H,O(l) = NH,"(aq) + OH (aq)

Sideod 1 @emeuutelp6vLld 1

M5OrTLHed Swedsefen LIJFaied STTeRIOTES QM STIFHMIF0 CHTarmluleTendl. @HHT-
BHHH60, BIepevsFnm LCITHH aupmIBwTsad HCTaiwm (wevdbdnm LBTTHSH6T eummidul-
sab CzsTPDubE amer. a6 @emeu (WempBw Qesvenfl - LGymeerdyl idlevld, eLpevLD
s ImIPSEILGS D, gl wrpTen HTassHe NH,(aq) elmbas H opemg OH(aq) e
wrpPG GeuwiuGdamg. @Fs NH,(ag) om yGgraiedLl oubflowrsan i65Gaemen
OH (aq) yQ@ymesterLL. cpsvonsad GaTHDUBGEaDer. @ LCITHsamed wrsHdHyw GaumiLB
6L - cpeu&FBamy Bemewt Silev - cpevFCaTY eTent mPHBLILBLD. 61608y OH(aq) opes)
aufleod H,O aller @emevar cweuid etemiayd NH,"(aq) opamal cpsod NH (aq) el enewst oidleoid
aeviald  SiempdaIUBL. LGrmerevgl Sifleold @ eusiedleond QHULNET  DiGHes  Renesot
L6Vl QILOGTTELPEILDTHAYD ISV LOMIGHMEVWITHAID SHTewIlILBLD. Bemewt idlevd e Gsuds
UCrrsaemenujd @eaubeurm @Qememt cwpeo(pd @ LCImHHen (@Gsmmensuujd OHmemig (b @Ld
o160 (G ML 6VLD.

Bflo  ophds  ouflvgglear CH,COOH(aq) swemmssgsms o STIauionss sHEHis.
CH,COOH(aq) @® UBmHsmen B (pe0HendiN@G IDEIGMSET (VD JDGTEAD B
soloTdHea|d OHTIHMUBLD.

epeold 1 Renewt oifleod 1

v v

CH,COOH(aq) + H,0(l) & H,0+(aq) + CH,COO"(aq)

Sidlevd 1 @ememicLpsuld 1

Goaieien FoaTUTLIged BT LCITHHMEN JMHUSEITEL (LpevNEd CBHTINMUBHSRTNS 6T6TLISHM 6L
urjéseomid. CH,COOH(aq) elel®ppba B yGrrssmen gmusenmsd H,O'(aq) eeigid @eoid
o _manmssiubaamg. <56 CH,COO(aq) opemgr CH,COOH(aq) oufevgdar @enes
aweoor@d. CH,COOH(aq) opegr CH,COO(aq) apevgdlear enenr sidlevom@o. SCHGUTeD
H,O auremngy H,O"(aq) oublevgglar @emew capevon@id. H,O'(aq) opemg cpsod H O aller
@ement SILOVLDTGLD.

BITETH SIOGVTHAD (LPEVLDTHAID RTL ML AUFILBIS N 6UGEHSHHM6D DEUBTNGHH6D HEUTTARU
wrseajerengl. CH,COOH oufevggiaimar sréss5dl60, B @ cpowrss CemobubGalaimsl,
3IBxBouemen iBmeiwmeyLet BrTeng LUBTITHSHmen eupmid sdlevonsd OsTOHUBS @M.
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2.2.3 ONO6UEIHET, (LPEVEISBET LBWIUDHMIIET DILIGTESSLD

@ramwe, 2_ulfluwied QT @ HSH6re0 DIB6vTH DTS EBMBIGH6NT B 2EL_H G560 HBLDOISHT6D SILO6VMBIHEIT,
(LP6LTEIGBAT 6TesTLUMMIN @ S fleluig 6TemTemIhE [ SILO6LBIGET, (LPEVEIGHAT Sy dWeuDMIETT DIUWI6TTEH
ssHDGU  vweuGEng. CuigGammieg oufleow (HCIO,) msGrmeGammfileg onbleow
(HC), maGymyGymis@ oideow (HBr), masGrrouwgse osideow (HI) enmshdlflad sidsown
(HNO,), seoyuflé onfleon(H,SO,) Guraim susiandeobs@hes@ e @i ugd 2 uGwim
HUGET BTTWID Siened SCMHHOTS (PMHMTE UMD “Faml” SIWETHNTES B 26TL_BH5HH 60
OflenaswenL dleimen. e cpeod LYGImeHHesr (HY) eupmidsentasd GamdpubGsaiper, 165
Gumed @edlsFHwd meerraemal(h (LIOH), Gamypwid maCyréensl (b (NaOH), GQurmmrdwib
meOprame B (KOH), f8wibd merrems G (CsOH), Guflwib ms@rréams G Ba(OH),
Gumesim  6UETELPEVMIBET BT 261 HHH6O DBHHILOTE (PHMTEH SlW6eTHNTHL  LFlensWenL H
mHEITL 60 SWeTHmend HHIGIme. Sy fleslwiFlest eTemtemts s halleLy Sienel U6l SILO6OBISET,
(PEVEIGBAT, SHITERID Sleweu 26 HSHN (WHpTal UfmswemLbg weompGw H,O°, OH
SIWITHEMENT 2 (THEUTE(GLD.

IIO6VLD BI6VEVG| (LPEVHHIEI GUSTENLD, SHLOGVEIHET, (LP6VEIH6T sTetLIeumMlent LBymesterogl. - Gieveril
eTeTEmTISHHOT6VID SjemailL LILL6vmD. eustiefleod GMILug Fmbgh YBITHHT eupmISlenuiuw,
auent eeold GMILUg Fpbs UCITHhsHen eummidemwiud SpGw. Owsiedsow HA uler oideo
- apev flenasd FoBenevenws &H([HHIS.

eeold 1 @enemt Siflevd 1

y Y

HA(aq) + HO(I) = H,0%(aq) +A<(aq)

Siblevd 1 emevvielpeold 1

BID W&y UTfSSuT) Siblevd (i6vevgl cpsvd) Lflemasd FwmBleme QuissHIHMESFug,
(we(ps, Naips Hemaseisd YBITHHaT @LIOTHMLD BaWESIng. FoBemNe0 QuIssSHIHD & Fuig
e1eolle0 BGBISHBHIL I TFFIOHIEN6Y FTHBLOTHBLLBLD eTRINID BHeTal eTHBMSEHI. BH6w L6 o0
BusGdam ealws wrgk? Gelalamssensd olmLweflss mHTD Nflwad  Fwopensouied
rUL(helTem @  SIlVEIBETET  (Dl606VGI  (LpevEIS6TssT) susllenibdemen  @LILN(HeueNSL  LITFLI
Gumb. GwBe GUUILL ouflev - flwass swopmeoulieior @@ ubleomsst HA, HO"
TUIMNEMMS HHHIH. Reummled 615 euedlenwwimen UBITHSHAT aUpEIS 6leiUeng HILD UTJHES
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Gouswi(Bd. 618 LBITHSHHT 6UPEIHEID LHMHDWNS alEhHFHIMCHT DiHewest 6uedlenLoUlT6or
IIO6VLD 6T601S (HMIHSHEVTLD. FLOHIEN6V EUEIlENLD GHMMBSH levll LS BHFHBLILBL. HA(aq)
g HO'(aq) ealeud euelenio gaigur onflevd etellesr, HA(aq) yBrmgsenet eaupmigid,
H,O'(aq) o060, aemgsed dpsmenors A'(aq), HO'(aq) sweaismens Osmeaig®a@Ld. &0
Blemev 6uedlenild GHMMBSH ILO6VID, 6UEIMID GHMMBSH (LPEVD S BWe 2 HauTGw Henguleo
BB(HLD. HTTEILD 6UEIEHIOWITET DOV euellemOWITET (WVSHHNE& @ LCTTHSHMN 6UPEIGLD.

Bfled  euaiendleod  (pomTEL  LflensWemLIBT60, 2 ([HEUTGD cpevld e  GLoTemDWITSHS
STTLIL(HLD. DIBHTeUSH| eUSTEILOVEISET WS GILo6sT QeneT (PRGN 2 _emL wient. Guij @ Cenmifla@,
aueod (HCIO,), msGrréa@Gamfleg oudsow (HCl), @ms6rmyGrmbse oudsow (HBr),
@HCrT sws@ e (HI), opsdiflee owleow (HNO,), soufleg swlew (H,SO4)
CGureip euetedevmisen wempGu ClO,, CI, Br, I, NO,, HSO, oy8lw pflend s suedlenio
GODHSH DM (P60  WBIEBMENSH HHIGM. DBHBUTEL @ W& 6uet cpeold, LS
Ower Qenewt DOVSHMBHSH HHAGMSH. LOLUGHSBLTE @ Owsarendeow HA B om s5-
FHov uGHwras wrsHFCL LflenswemLeusharTed, Hmrged LFsmerons LflomswenLwrs HA
(We&IaNIBmenes OQaTaigheGn. mbsHTs e (HNO,), msrmyGamilee bl
(HF), owmiseg ouded (CH,COOH) opsluen Goaiaidemisen op@Lb. GLosieaideomigse
W Ut BEneT  (PEVRIBMeND QBTEIYHBGD 6IVUMBDS GHNHHH OCaTeaTenGeusmi(hLd.
o grgenions, NH, O, H aeauen 0as fops yCrmssen ammidsst, Bfleonnw (HO) s
EUEVIEMLOWITENT  CLP6VRIGH6IT.

8oy @emewt ilev - cpevF Bamgsmem umM HTW UesTeuheuseumennd OFHT(GHEHSH60TLD.

® SIA6UD CUATEMOWITSS  HITEWILILIQET DB SeMEWT  (LP6VD NI SHInlgul  6UEIENLOENUIGS
OaTewnymbaTH. 5B euaianfleows HCl @er @emewt cpsod Clo opevig s Goest
CLPEVLDT (GLD.

* B om &HH0 STavIlLLGIngul e euaiedeon H O™ op@w. HO™ @eud euedleniowimes
slflemiseT BHLaT STédsl H O mud sieupmlear @emewt  (oUEISMNUID 2 _(HeUTeEGLD.
96601 H.O" @ad euedlemowimen sudleod HCL, poLer woppres sraél H.O™ muud Cl
MULD 2 (HEUTHGLD.

HCl(aq) + H,O(1) —— H,0"(aq) + Cl'(aq)
H,O" @aub auellemio @empBbs  Sidlevmisel BohLaT Gomphboenaled srasl H.O™ gupbd

SIUHNISTT N6 LPEVMBISHEMENTUILD H(HLD. 2 FTJewionsll Lleieuhd Fopleney LIFSHTeIOTS
@LLUYDIOTHS SHTevurLIL(HLD.

HF(aq) + H,O(l) = HBO*(aq) + F(aq)

°* s smIFedled STewIlULSanigul 0a euet cpeod OH swenm@w. OH euid 6ueileniogn-
lQUl cpeVEIBET HBHLe STHHWPHm OH mujd sieuppear Senent IblevEIEmenud  S(hLb.
o gryewions, L (b swear  (0*) OH @aibd euedenwdnigui cpeold, 616iGou  Sig)
BT STeumIonml (WOHOTHs HTHE(IPMILD:

O*(aq) + H,0(I) —— 20H(aq)

BHET BTTISHHOTEL BIHHMTFOHNMD QLMFL(H DT HTILILI(HEUH606m6V.
2.24 pflat owemrss oTMled DIBHRT SUWRTELIHESBLD

BHL Ffev USTIHHEIGEHD ODTHOD  (peuTEaD  QHTIHDUGSRITE0  SHeldsieuLom-
eemel. Goaeen LGHUTeL Bifled BFHemen SeusTasigHenGenmd. iflevd HA (pevtesiiensouled
b7 YGrrsamenen gmm cpeoonsa|n, CHBsuenem @@ cwpeud B (peaieiemsoulsd BT 4Grms-
smet aupmS suflevwrsad CsmibuGdamag. srw B, em HO apeésam om yGym-
SHBHEME CULPEIE DIO6VTEHAD, LHMOW B (Wevdbdnml LBTTHHmen eummid cpsoomsad @Gy
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Brrsdley CaThnuhdaimer. Laeumd FwBlensy STenIlLBSSTDEI.

H,O0(1) + HO() = H,O(aq) + OH<(aq)
SifleVD  epeUld MOV  FEM6mICLP6VLD
Gsvieiien HTHEBHHN L LLULNflens wrmlel Heteumorn SriubBaaimai.

~ [H,0"(aq)] [OH" (aq)]
- [H,0()

B @ srw FHyeud, s GFde) wrMelwrss STeuliLHLD.

(1.00dm* semyaelsd mflar Gamley 10°gdm=/ 18gmol! = 55.55moldm>, @m wrpel) <586
Biler GQepley elGealssiupw. 956 [H,0(1)] m swBlme wrheluj e Qmaiss @
ydHw wrhed Kw sriau®. &g Biler siwet Quhssd 6160 SHenpdHasLILHLD.

aigreaug K [HO(1)]*=Kw =[H,0" (aq)] [OH (aq)

298 K uled ufiGsrgemer euruieors H,O(aq), OH(aq) Gspeysmst 1.0x107moldm” ouss
giewluiul Gerenerbiler Suwemmasn Fo aaialsmawrear H.0'(aq), OH (aq) sweaismens
sGHFDal. 298K uled K = @er Gumiomep.

= [H,0(aq)] [OH (aq)] = (1 x 107 mol dm™)* = 1 x 10*mol* dm™*

Kw @esuliupleneoulled  smidluyeiongl, @ gFwplensv worpled eaiuen GMshais QemeTeriiuL 6o
Geuemi(pio. [H,O"(aq)] = [OH(aq)] opseyaienGuigl, Bissmysedlsd BEBBmeWTEIH. idevs
smIgeley  emaswrear msGrrelwud  Sweaset 2 ek, [H,0'(aq)] > [OH(aq)]. asmys
BMIF6V60 ((LPVHBHERTMOUMLUI HMTF6UI60) LlNBWTRT MBOTTHMFL(H DIWeIH6T 2 6001(H,
[H,0%(aq)] < [OH(aq)].

2.2.5 pH gjeneysFHi_L1d

maCrreaiwn swer CGFhlenel (peLTHHMaNed Fnigul UFHUMLWISTES LOLSMD D66 SHH L&
Hev  61(hSHHBHTL(heugl pH emaysHLd et splwiliu’ Bemeng). mSCrmeiuwibd 606G
MFHIFET w6t  QFHTOIMUITL 196wt (aHO () Slevevgl (a,t () LLEMS g 10 @1 Lemm
Qupuorend @ Sewggedlsst pH ereor susmgu_lgjasesuu@&f']smmgj marer demyFeosaieo (<0.01mol
dm?) gsysear swelar Gsmipurireg [H,0'(aq)] ulemmsd eGSHSISSTLLOUGLD AP60Ts
Hoein@ eewt QUMIDTETSHHE FOWD. BHMEG VG HRVM6V 6IRTLUMBDH  (HMDHHIHOHT 66N
Gouswi(hld, gl LeSTeuHLOTMI eUenFUWMISSLILBLD.

(aH3O+(aq) 2106081 (a,+(aq) = [H,0(aq)] / Imol dm
a1,5686u pH @61 suswyeallevdsemishdelmbal,

pH = -log(a -log{[(H,0+(aq)] / Imol dm™}

H;0 Tag) =
[H,0+(aq)] @& mol dm” oiev@ 2 siengeimed,
pH = -log{[H,0+(aq)] mol dm> / mol dm"~}

pH = -log{[H,;0+(aq)]}

aeTeug pH QuupiorensHm@ i@ Se0emev.

35861 (10?moldm™) HCl ouflevs semggelet pH =2 oyaés srewiiu@. @Cs6umed [OH-
(aq) = 10*moldm” 2_1b [H,0*(aq) = 10" moldm” oysajeiter NaOH smyselar pH =10 ou&6é
sremlu@Gn. 25°Culled gru Bfled |sCrrelud g |EIFs  sweaseier, [H,0']
0oz [H]=10"moldm?. opsGau smw Biflesr pH,
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pH = log (10"moldm= / moldm™) =7

ae0s5  smIFeOBeNed mHyFa  swer  Gamle), [H>10"moldm® =i@xCeuenen &mys
smIFH6TNsd mraar swer GFdeay, [H']<107mol dm™ ereor@eu

BT Ueeuhonm SF(HHEHH FnamevLd.
Silevd Hemyged pH<7 2 _smLwed
&MyseEmIFe0 pH>7 2 enLuwies

BBBemeowme HemyFedlsd pH =7

[H] 10 10" 10° 10" 10° 10° 10° 107 10° 10" 10 10" 10" 10" 107

I 1] ] [ ] I ] I ] I ] ] I ]

pPH 0 1 2 3 4 5 6 7 8 9 1 11 12 13 14
S1fevalulsol BGHBImev eLpevaTluIsdL

2 @ 2.15: pH sieneysdlLgde steflw Gaxrmmd (urfeneu) pH7.0 @60 semyaedset BHHBMeLWITETEN6
o0 Famliu(pdaimerr. STphs PH ussorss QFsvevsd 0055681600 DHBHEES60m G LD
SIBHBeuemen  OMILGHIOTEF OF606V60 HMTFOBOMET  CLPVSHBHATMID DB B HHE0TGLD.
Kw = [H,0"(aq)] [OH"(aq)]

FLOQTUTL 196N G (HLGBBEIGNMID L HmBUTST  enmUICUMIOTRISHMS  61(HoHGWEUTHI, HTLD
Qumieug|

-logKw = -log {[H;0"(aq)] [OH (aq)]}
pKw = -log [H,0"(aq)] -log[OH(aq)]
pK, =pH+ pOH
SI606VF)
pH + pOH = 14

Kw  QeuliuplensoujLesr  ommiugenid, Qeuliuplensoujrer pH wrpmid  10lasF HAYwgmed BILD
DB QUBLUTEID  UDSSENSHTICHTD  aaumss GNSSHIE0sTes. pK = Bissamy
FOBEHHG @R[ (PHBWLDTET HWIWID, MBHTFOT W, MBOTTLFD Wt Sy, alweumnest
Qapleyseflenn Qumesd rPelwraisTed pKw  marsar, msOrmided weiseler FTyyF
Qaploysmens s (HULGHHISNDEH. PH SeneysHLLLD L smauLar OaTLFLenLwg e, pH
LITODSHIT @ VG GMug [H] wrppsdHer 10 wLmig styaienwbu op@w. B6s%
Gumev, mayger ower Gamey, [H] wrpmwp 100 wLmig sryesiwur@wGurg, pH wrmmow 2
SIVGBNMTGHLD. BTG 2 MBEHHEG Geuliuplemeou] et pH wrpmd SGaisons et Lnd
sellbaULGEMG eetugl LfHeaima.

o ulflwed, SIp@ FTHaLGUTBLEeT Spdlweumder LFwrasmisensnd enaswmenwCuTgs pH
Quurerd OsfhHHEs Ceusm(BLOTHOTED @h HmIFelsy pH ;| Senaled s HHwmeudw
regl. QeusiGsaum pH 2 _emLw sengasosefley pH smer Gaumiul L BpmEISemnend &mHeusHeaimed (b
asmyFeder pH o oiewieweneurs seniusng pH sremenl uweiubggeonid. 1-14 pH eisgdaiet
siemiemteneursd 0.5 HmHaHHIL61pH Hrenents uwetubh s pH 8 Siendse0mDd. SpUla|&FFTeans0uled
asmygevlss pH @3 pH el o LBurdlsgind senallludLd.

pPH @ swlumLwrss Osmavi(heren saulbseosen 2 UG  eaeumd 2 STyeuimiaamenLl
urruGumip.
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Gueieien 2 _gryemimiseaie sevigseoseiso, HCIL, NaOH opdwenr wpemmBu  sussiasidlsuid,
QUSTELPEVLOTS  @BLILSETTED  (LPHMTE  SwemssomLdamer. a6 [HT], [OH] Qafey
BM6ENG STOTANIUFED 610HGHF FH6VUTH 2 _6TeNg). siafanid GLoetenevmiset, GLo6TELP6VMRIH6NT
STTLSTOUDMINT BT HHMTFEOH6NT 610G 2 6TenBurgl, emeu UGHWTSL LTflenswenL 6ugbereo
OaTEed upphw Fev Coevdla sreaymeT CGammeuliLBL. iBHHS LGHUTD BT GLOTRILOOEIHET,
QeepsLmIHaT  aIaTUaUDMIST  Lflensamul JeuDMIST FBMEVBEHHEH ANWWHHD CBTHHHIH
&(HHIGeuLDd.




2.2.6 Quesienflevmiser, SeupPen Swemss (FalLllflens) el

@ UGrmsdfleg Owsiendsow, HA envwd smsis. B0 ST Sweimshsd Lereumomm)
61(HHSHIHBTLL LILIHLD.
HA(aq) + H,O(I) = H/O'(aq) + At(aq)
@6l WBTEHBHHDMBTR FLoBlensvd Bomeneu,
[H,0"(aq)] [A(aq)]
[HA(aq)] [H,0(1)]
[H,0"(aq)] [A*(aq)]
[HA(aq)]

K[H,0(D)] =

[H,O(D)] @® wrpelwrensre, K[HO()] =K @@ wriedurs eabss BIb  aeumorm)
61(LDSH6VITLD.

_ [H0'(aq)] [A(aq)]

‘ [HA(aq)]

K oyeg Goaanifeogda el Liiflns oie0eg Suwames wrhled e oimpsaiuLo.
@5 ol viHeT WMTHBHHMETET FLOHeNsv WLTPNEIWTGW. @ SFUulL Qeuliumlensouied,
oufleod HA uiler eusllemowimenig, senaufifduns K - uler Gupiorsnsglemed oienail LiuGio.
Qufiw K, @diug <1l b euelemwowraig 6SIUSMaT G, ASTOUH BIHHMTEFI60
WSS STFauoTs Fopmeoulsd 2 winbgs [H,0'(aq)] oivevg [H(aq)] Gepleneu op@Lb.
Quaienilomiser WTSEHTD Pl Gmeanbs K - QuuioTaimismen 2 L wier.
Guaemen  SibevsHST  SwemeHs  rMedlules  auemyallevssauihemndll  LeTauHoTmID B
smygelleo HA uler ugdHwuner swemesssmss shE UfhHIMTHE60mD. LflensuemnL wms
SbevsHET  opTouF QFMleney C 6oy SIWRTTHBML S HITLD (DI6VEVGH  DIWITTHD
3I6N6Y) € 6IaOD H(HHEF FLOBlemevenwl LIeTeuHOTM| BILD 6T1(HGHHIMTHBHEVTLD.

HA(aq) + H,O(l) = H,O"(aq) + A'(aq)

prbugF Qe / moldm C 0 0
Gamley wrmHowd / moldm™ -coc + coc + coc
. gwpmed Qe / moldm? c(1-<) coc coc
[HO'(q)] [Aaq)]  cxcxr  ca
¢ [HA(aq)] C(1-0) (I—)
Coc?
J.Ka=
1— o

@@ OeatandeusdHear SWaTHsD WaF FNwsearme, < WesdF FAfwg ieveug (1-<) ~ 1 eers
&HBeumDd. &Beu Ka = Coc?

3 @aauTelal LHTHEHN alf ear DienPsSLILIHLD
Gy : 88 BissmIFaHaaeTen GLGILPEIBEDHGWD CUIT[HBSID.

Oeteupd i Leusnewiufled 298K  uled  dlev  Oesiedlevmiseilesr  owenmds  wrledlserie
QUMILTEIEIHET  SHFLILIL (H6T6IT60T.
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Sl Leusment 2.2 Fev Oxfley Gauiwiu’L Gueredeoomseaier owemmas wrledsst (298K
uflev)

SiLdlevLd Ka
0sCyTyGanmflé  @ifevid(HF) 3.5x 10
BT Sifleod (HNO,) 45x10*
Fnhes Siufeow (CH,COOH) 1.74 x 10°

Quen@gruls oufeod (CHCOOH)  6.50x 107

2 LGBemmyed Sidlevd (HCIO) 3.00x 10°®
masCBrrFweais@ s (HCN) 4.90 x 1071
iGemmed (C,H,OH) 1.30x 10°1°

GOy : etevevm Benmisefllangid BHwio Bewevd GQFmley 1moldm® etewr elenmidlenmed Ka @
uflomewiomm  HewIWID. DiBHTeudH FoBlensv wTNelosTer Cosmenauullsd @TERILILBLD  6TEV6OTF
QoY uUBEIBEHD Imoldm™ oLe0 LIflesULGLD. evevTaliges FwomBlensv LOTMlels B Temeuu|L 6ot
OBHTLIUTT D6VGHHBM6NM BILD GHMISHSHIH ST (HG6uUTLD.

pKw (-log Kw) elm@l ypwurs msrgear suwer  Caplelnsmer pH  SeneyshSHlLd  Wolsea|b
UWIEDIETeNGl, il PP SQTRIGEHHGD, SIWLBIGEHSGWD  alfleyuBSHSIUL (HeTeng).
eTeaGeu :
pKa = -log(ka)
R SflvshHer swemass wrPel Ka, SigHer opywus Gamey C ereiuen  Sinlwitiul LmeD,
6T6V6VT  QTEIGMEIFHID FLOBHMLF QFMYB6T, DOVHHET DWRTHS D66, HMJFeVla PH
S Weupenmsd HemildseoTD. @ Cuaisiugaurmeaier pH & wHIIG CFuusnE@ @
QUITHIEUTET LIQ(LPENM, DG (PemmenWll LeTeuhLomml NSTUDHMEOTLD.
ug 1 - Uflewss@d WeUTs 2 eaTen Qemisel LGymereny Gevenfl SIO6OBISET / (LPEOBISETTS
@eo1ml - STevTLIL(BLD.
ug 2 - ere0eVMl QUTHSHLOTE HTHSRISBANDGW FOUUBGSHSIUL L FOGUTHBET HTEUS
DIO6VEIBET, (LPEVEIHET JpF @Teni(honTsd CBHTPHNUBLD EETEISEBHL 6T 6T(LDSHIH6V.
ug 3 - 2 wWihd Ka 2 MLW FHTEHSD (PHATENDS SHTHEHLOTS @IMISTEILILI{HLD, LOHNDUISI
2 11 (QJeWILTD LULFLOTe) SHTHBOTHE HHSLILBLD.
ug 4 - (WHAMLG FHTHeHIHa6TeN @aIbeur(h aIGHDGW LHerauhd  CUMILDTEIBISN 6
SILLeuenent algaushHed udle] QFUis.

(@ opwusF Gapey, C
(b) FoBHmevmW JHLWWOUTIPSEI, € (DIWSBITHE ieNey) UFSLD FTIUTS GQFey
LOTMHMLD
() gwmBlmevdF Gadley
ug 5 - (PpaHHImDd HTHSHHMBTET FoBeney TPlelF FoaTUTLIged FoBlmeod CaFplelsemernL
Ay’ Gs Fiss o« gl Guyis.

g 6 (PHTTMDG HTHbHHe Remiseilsar QFfesemend ol @EHd.

ug 7

PH @& semlé@&a pH= -log[H,0°] Sl6vevgl [H0]=10"" g o LBwrélggipH Qsflbsmed
[H,0'] @& Sanls@s.

deiteupd o HTyewimiser pH mé  HeulldhdHeoled Gosvieen  iami@wemmenu!  s1(BHHISBHTL (H
Hlevtmeut.
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2.27 QoG EPEVEIB6T, SleuDIIST DlweTTeHs Lompedlmelt
epsod BOH @it ojwienmébsd Leieu(hld FoTUTLIQeTe0 @GMIsdid STLLLLL6VTLD.
BOH(aq) = Bf(aq) + OH<(aq)

BHFHTHBHMS BT LNGTUHLOTH] 6T(LPHEVTLD

B(aq) +H,O(l) = BH'(aq) + OH<(aq)
@@ Guwsiepeord BOH(aq) ulsd Bf(aq), OH(aq) siwenisenmasll L@GHwmen suenmsbabd Blap &-
G BFH Slevd Fal LLINflenasdF FOBmevaml @H5HHl. (LOSHHET DUIRTTHSHHT FLOKBEn6v
el (pe0 WSS WrPled eam SimpssluGL. K, ulame @hlssiuGd. @& Foplamev

ullsvieiten  cpeufHHMeT  QFMleymsel elaiand UHEIB6T60 LeToUHD FOGTUTLIQETTED  (HMSHSHIH
STLLOu(BLb.

_ [BH'(aq)] [OH(aq)]
[B(aq)] [H,0(D)]

OoeutenLdlevmrIEaTed & (hHalueurm,

[BH"(aq)] [OH (aq)]

KIEOOI=" B ag)
_ [BH'@q)] [OH(ag)
K [B(aq)]
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aoevg BOH(aq) = Bf(aq) + OH(aq) eteiienid

o [B(aq)] [OH(aq)]
B16e5850G, K, = I56H(q)]

C= epevgder opwud Qamle], o =FOFBleme0 6TWIHWAL 6T (LPEVSHHBT DIWBTITHS DI6N6Y 6160160
Fwplenev rmMellenwill NeTeuHLOTml 6T(LPSHEVMLD.

C 2
(S

PVHHBT DIBTEDS HTHBHHD MBEQITLMFL(H WSS 2 (HouTssHHaT  HHIHH
[OH(aq) > [H"(aq)] <3,&86u PH>7

Hesteupd i Leusnemiuieo 298K ulled qp dlov cwevmiseient sjwemaas wrmledser (298K ulev)

tpsoLD K,
Bmowmz oula (CH,),NH 5.40 x 10*
aweeseo onfler (C,H,),N 6.45 x 107
oGwrefwm NH, ooy NHOH 1.77 x 10°
fesst (C.H.N) 1.77 x 10°
siefleSerr (C ,HNH,) 427 x 1010
wflur CO(NH,), 1.30 x 104

Ouwsieeomisaied  Lydemmisemnens SHTUUsNEG OCaaidamIsEnd@Gl uwuaubhsHw 6z
Oawei(penm emwill WetupmiGeurd. Kysmenr CGeumur( wrOseisr, [H(aq)] elp@l udsons
w0 [OH(aq)] @@ mmd sewil@Gurd. eeumd 2 FTrenid Qbd  DHE0IEH(Pnmen s
E N hEE A SR
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2.2.8 K, K, ai@iucupmibalenL uleorenr QgL

Ka, Kb opdwen wpenmBu Siflevd, epeold sresiuetioummlest susdlemioenut 61(hSSHIbHTL (HhEeTment.
@emewt by - cpevF BFmiguiled, Semeu eTeflewwowimet (WPemuiled OCHTLTLENL W6, Sieumn)
e @M OHFHSHTEL WHMOWENS 2 WiHSMWeoTD. UeTeuhld 2 FHTIaSHmBd H([HHIS.
CH,COOH (aq) + HO(I) = H,0"(aq) + CH,COO(aq)
K - [H,0"(aq)] [CH,COO(aq)]
»  [CH,COOH] (aq)
@mem apso> CH,COO (aq) Usiou@md soaium gphalenmie BHLET STHE (WNISEGIDS.
CH,COO" (aq) + H,0(1) = OH (aq) + CH,COOH (aq)
[OH"(aq)] [CH,COOH(aq)]

[CH,COO(aq)]
Reual®m Swemss rlelseilar QUHSEHMBHH H([HHIS,
_ [H,07(ag)][CH, COO(aq)] [OH (aq)] [CH,COOH(aq)]
KoxK, = [CH,COOH(aq)] X [CH,COO(aq)]

K, x K, =[H,0"(aq)] [OH (aq)]
K xK, =K

B STHERISMEMULD L (BLOOUTIPE BT eTaflenowITs BHFST &UW DWETTHSHMSBL LT
&6VMLD.

CH,COOH(aq) + H,0() = H,0"(aq) +CH,COO(aq) -~ K
CH,COO"(aq) + H,0(I) = OH" (aq) + CH,COOH(aq) ----- K,

HO(+ HO() = HO(ag) + OH-(aq) - K
BID (P @TFTWeNF FBHeneouled HeOhHIMTWTQU QuTgeurer aldenwll HeTummisleaTmgl.

GOY : @ HTEBHMS BTei(h Si606VGH JAHMEG Boul L FHToHsmRIB6 gnl (HHOHTMSWTSS
OxefleuTdsd FamMenTed, MBIH HTEHHHIAMBTH  FoBmey LIPS, SOMIULL  HTHBEIB6N6T
FwBleney rmMelseier QumBBHH@TED HIULHLD.
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K,K =K aeai@ib Qsriiomu Gal (peshdlal SWUaTeEsSmSS SHSHUD Gumeorib.

BFN BB 606G dHamLiug K X K=K

- K — K
%&(86)" Ka - F ’ Kb - Ew-

b a

BFHelmha ideod gmipul euelenowns (Quifisenaileomes (Ka)) o etenBurg Gememt cLp6OLD
suellemp GHmMbHHTE (FnHenealsonen (Kb)) smemiliubld, SHT LONISHEN6VUID 2 _6TeNLOUITHS
STEOTLILBEUMSUID [HTLD LITTESH6VITLD.

229 2 (ysseier B uGLly, Seuppder senyFevsefiler pH

A Lomen aldlgmisafed Sdlevmisain@Gd cevmIEalInNGLD L uleomen HTHHmIGHMETEUTSH
2 _HOUTG 2 LYB6T Bl WSITHBOMLBGTMET. 2 LB HUBITHHHIHIME0 2 (H6U-
@D BMHOWIGTTH6EN/ DIGTETINIHET  HTHBMIFODH6MD HOTMMUILL L DIUIGTHENTHS HTEIILILIL 6OTLD
II6V6VG| 2 LI BeMen SHertenemwill QUTMISHSI HHLET QDL SHHTHBOMLHFH DILOEVEIH6T/ CLp6v-
BISENET 56T 2_(HEUTHBEVMID. 2 UL H6V6T SMMUIETT/ SISTETUIETHOT DH6060H QRT6wT(H 616 &I 60T
SwaEanNGL BIDGHW BenLuleomear GenLHSTHBD BTUUGLUY 6161 DmPSELIUBLD. G6l
AWML SHHTHBRIBNITe0 BemIFedlest pH urdesliubd. eues cpevmisaie sHMWETIS6T (2_+ib:
Na’, K*, Ca*, Ba*,) euat oudeomsefer oeenueiser (2_+i: Cl, Br—, NO,, ClO,etc.)
BHBrOHMML WD, SLIT60 BIUUGUY SenL Wl LT, Sp566u 6UeTETLO6VRIGE6T, EUGTCLPEVRIHENT
LB WeuDMe[HHEH 2 (HeuTGHW 2 _LibHeNer HMIFH6T H(HHMEVWTRINE S GHWD. ST
seumnlsst pH 7. 2 _sryewions

NaNO,(s) — Na'(aq) + NO,-(aq)
eTEILD, LoMEMMUI eUNBMWEF BFTHEH 2 LLH6T BTLIL@GLILLULD.
@ulurepg BTD Ueteuhd suemasEnd@Giwu o Uysefler Biluglenud &maHIGeumL.
(i) OuaEndogdagid aaaTIsHEg D 2 lysset o +ib CH,COONa
(i) eusiamdevgGagid Gaipasdagid 2 fyssear o +ib NH,CL
(iii) QueaiEndogdagid Gwaipasdamaid 2 Oysser o +ib CH,COONH,.

waeoraugl aumsuled, CH,COONa gyemgl Guarandeow CH,COOH @egibd susicpsod NaOH,
@D 2 (Y peiHme0, eueiepsod NaOH, Bissengaedsr (pmmTes SIUI6TTéHEI0emL ULD.

CH,COONa(aq) — CH,COO(aq)+ Na'(aq)
2 Haum@G SFHCoom Swer Bfled BTOuGUUSLBSH DFDPNG Sibevgemsujd OH-
SIWTHEMENMULD  SH(HLD.
CH,COO (aq)+H,0(l) = CH,COOH(aq) +OH (aq)
SFmPNeG sifevd Guosiiedeow spasTed (Ka=1.8 % 107) smyseled LNJSHTaioms SLenTds
weLwngl /  salLilflewswemLwng  srealiuGw. @5 sorseleds OH  swer Gapley

SFsfIenL alenenaldhd] HmJFmevd STJHHEIENID 2 ML WIGHTHGHI M. QReI6UTNT6T &6emF6dl6ut
pH 7 @eub o wiisumengl.
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@CxBumed  Guwsiewevd, NH,OH euaiemdeon, HCl opdweupmealmbg 2 meur@w NH,CI
Bfled ppmral NflensuwienL &lema.

NH,Cl(aq) — NH,"(aq) +Cl(aq)
oiBorelud  SweiseT BoLer BiuuglueLbg NH,OH(aq) epd H'(aq) owerasemid
® (HeuTdlaiment.
NH,"(aq) + H,O() = NH,OH (aq) + H'(aq)

2iBwraflwid ps0rméms G @m Gwsicpsod (K, =1.77 X 107) o866 smysealsd iCaisors
SIWRTHBOMLWTH HTewilub. Ra  smygeleo HY ower Qe oidsflienu goubGsHsl
Saingl. smIse dGHHmL 2 mLwWsTEGIDS. &G Bfled NH,Cl semysedear pH 7
BID GHmme

Queiendleod, Geaitpesdalmha 2 meardw o iy CH,COONH, eala siiuglemus
BHBHIH. 2 (HEUTHW DWETH6T LISTeUHLOTN HTLILEGLILML &l6Tment:

CH,COO (aq) + NH,(aq) + H,0(l) = CH,COOH(aq) + NH,0OH(aq)
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CH,COOH 2106 NH,OH 2_1p6 ugdunsl dfloaswumLbs algausdaid smeoiubLo.

CH,COOH(aq) = CH,COO(aq) +H'(aq)
NH,OH(aq) = NH,"(aq) +OH (aq)
H,0(I) = H'(aq) +OH(aq)
eTeflenid Gosvtenidlevld GoesTelpevld S dlwienTeummlest FmiLy euelleniodementl QUTmISSHI GLosvieern
aend 2 b SHHIFe0 JO6VIDTH, (PEVIIDTEH  D6V6VGH  BHHBIMEOVWITHS — BTEOTLILIL GOTLD.
AsaEmIFOH6T OFHTLIUTS BT UsUPIFSHwmer aeumd 616 FnmedEemen 2 (hHeUTeHEE0LD.

* K, >K (pK,<pK); <oizmoug sl K, spoweisr K uiegnd Guflg, siwiGurws
DI  BILUGLUUDLUD D66 SHOWSIVID 2 _UIT6] SHTJ6IOND HMIF60 ST
BuieoymLwsTs @hEsd Ceuswi(hd. Fwmlensoullsd OH- swenser HY  siwensefsyin
Fa(hHEOTSH STewrLiL(HL.

* K<K (pK,>pK); oemmwuails K, wrog sppweilsr Ko uleud Hflwbseier,
BOTFD OVHBHETMIOWMLWSTS S(HSBGWD, HTFwID SHMWeier BIUUGUUMLHS
SI6N6Y ST BTILGULIID  Fn(HFH6VTH6([hH L.

* Ka~K (pK~pK); K wneg K, uih@ Siewicwleneunss slolbd 61661 &enIaed i6wieuioneut s
B BB LWIT B (S GHLD.

2.2.10 @@ Qurgk Swenends CBTERIL [BiTdhH MY FEOB6N

(WHIHAW UGHBeMed 6L - (P60 WSS, 2 Ldbsefar BIUIUGUY pEweummled HTLD
R BMIWSHNS 2 LU HMJFOHEMT RUIOLHMEMCW HevhEHIMTWTIYGaTD. BT Djuienent
DIV60g OUTH WM 2wl @[ HMIHBLLULL SHEMJWEIGENET 2 MUl HE]JFe0H6N60r
BuweoyseT GeaumiUl Leveuwimssd STemiliu(BL. @ QuTs Wl @ OLTRIOID  Die0605)
R OLOSTIPLSHHBT DLBTEBHMSB DILEHGHENDSH (GHMDSIGMS]).

o grgeuions Gamuid FHCommId SFnMd ibleopd @BF HemFaelled HewFdHaLILIL (Heiern
Qurepgl, <imen @rewib Uflmasuw Ssweamsswd mLbs CH,COO sweismen
o2 maurs@. &GpweTen FwauThseled smigeaurm CH,COONa(aq) apomrsl Uiflenauiam
daipgl, 216s Gmyw CH,COOH(aq) ugdursl flmss@siataama.

CH,COONa(s) - CH,COO (aq) + Na'(aq)
CH,COOH(aq) + H,0(l) & CH,COO (aq) + H,0"(aq)

AeSsenmGoowflar s geuing, @@ CH,COOH semyseiaien @Loukod CH,COONa
wWelmba GupiuG CH,COO" sweiser, swpmeamul  auelynsHaldhal L Oymons
BaisgusaTed CH,COOH @61 slwaméssmss &mnss |mSTF6an Swea Gaplalsd @&smmene
gnuGssdamg. @same CH,COOH gmupp CH,COONa gub 2 emLw &mpse 165
Qzfleyenrw CH,COOH & wi (> 2 mLw &mIFaleid Gmpbs Sievsd SH6emoulenL W)
SFHNE  SOVHHET  SWeTTHBHHe  FoBlmeouled gnUBSHIILBLD HETalNEGHS STF6EID
o ledlpba GupliuGd snComm wemgw. CH,COOH, CH,COONa gy&lu @7euwngemeaid
CH,COO" aupmislinGeugeimed, @elsuwie GUTg ST GLb.

SMISHBLUULL USTTHSBIBEHLT QUTH SweTHeyenLw @@ Carensuenwd GFTULSHET (VLD
Foplemeoudled Baiemeu goUBHH CQUTHISIWET len6TeUTGHLD.

Qurgl ower almeneutangl, @ smyFeder pH, Fdsenalsd semyuwd o (il senydHmen
apHweupenmg SHTorailugdsd (W Hw umdener eudlsHaEimg.

@@ Gwsaredeos HA epwuydb NaA Gumestpy GuosiendlevsHet sengujd 2 Lenuujd Osmeusr
am smyFellest pH mé smasiGsurd.
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HA(aq) + H,O(l) = H,0"(aq) +A(aq)
g - [H;07(aq) JIA (aq)]
* [HA(aq) ]
Ka [HA(aq)]
A @]

[H,O" (aq) | =

Amussmsaiib -log sBaE@GHWOUTOSI,

[HA(aq) ]
log [H, 0" (aq) ] = -log Ka-log 5~ 73~

-log [H, O (aq) ] = -log Ka +log [A-(aq) ]

[HA(aq) ]
pH= pKa +log (A" (aq) ]
[HA(aq) ]
_ [@ememicpsvid]
pH = pKa+log [onBoo)]

Guevieiten Gamemeu Henderson-Hasselbalch — sweniun(h 61601 SiempdaLILIHLD.

Ka, s1feod, sidevgder o2 Ly steiussieupplent Qanleysen eod@Gs OHflHoHTe0 Hemyaedent
pH & mrb senildseomib.

Qurgl Slwer alemene] FwubsIUBLD Fdlamseisd, ews@Gl CQuTHieuTs GLoaeTdlsvld
HA, NaA Gumeim o1 2 (1 eeusieummlet oprwug  Qaneyset  HylubBEeime.
Beaualemseienn Qgney Bwrwiworer 2 wigeurs  (0.10 mol dm?) 2 eiten  euemy, BHID
SIOHHST  SwenTHsD, 2 Nle BTOuGLlY  eleuaieuDenmll  Lmeaemiaaseord.  Sg
@R OCFeosLQUITHSID SlewiemenauTdsd sryewid HA @ Gweiendsow, A(aq) ele
priugluene] GQurgieurs WsEF Ffwgl. Gweud, =2 1y NaA  uledmbs Guplu@Gd
OQurg ower A(aq) uwler Upgemend HA Weiowenmeasshmnsds  (GemneSaingl,
SlwenmssomLwrsd HA uler Wyseaiend Gued A (aq) eler Bilu@GUmUS &HHMeHE TG
eieiBeu  Henderson-Hasselbalch gwaiumiliged mBmd  oppusd  QFheysemend  FOBeneLSF
Qanleysenmas 2 LBWITSHHE0MLD.
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®.QUN.5.(2_/3)@FFTuiemd: Devg 12 @YFTUNF FIDH 6V

SifevsHaEId 2 Uleigid QFnleseT Fwowms 2 aTenGuTdl, @@ (LPoHEBWLDTET Blene0enLoHUIL
Ueteumld 2 _smrewid ST (HSSTnaI.

NH,, Gumeim Gusaiapsogmaun, NH,CL.  Guraip oubapsogdear o lemuujd 2 L
sMIFIMID QUTH Swest alenene] GFWDHUGS RTINS FLomBlensvuied

NH,Cl(aq) - NH,"(aq) + Cl(aq)
NH,(aq) + HO(l) = NH,"(aq) + OH (aq)




@mie NH,+(aq) opeim NH,Cl Qa1 apppren  sweimtsssdeimed  Gupliu®GeuglerTed
NH,(aq) 18as opdlead Osssdamal. emGu NH.(aq) + HO(l) = NH,'(aq) + OH (aq)
I FOHeneL @RBEBILGHIDE. DEC Qdbsmraeded, pH Uereumd Fwmlemeoullenmesd
(WaHBWTHdS S HUUBSSLULBSETDSI.

[H,07 (aq) ][NH,(aq)]

Ka= [NH, (aq)]
K, [NH,*(aq)]
[H,0"(aq)] = [NH.(aq)]
[NH,"(aq)]
log [H,0(aq)] = -log K, - log — vy
) ) [NH,(aq)]
-log [H,0"(aq)] = -log K, + log —qr=ray
[NH,(aq)]
pH =-log K + log TINH,(aq)]
[@emeuepeuid]
pH =-log (K) +log ——ger—

NH, guup oigen 2 _tenuujb, NH,Cl GaremiBeien smges 9165 Gepeoyenruw NH, g wl (G
Qareni(heiTen HmIFOINID GHMDbS (LPSHEMID 2 L wigl, Gurgl swet NH,", apsogemguld
o Umuud GsremiGeien smyseled NH, ulel siemsesms 1ol GUUGSSISEIDE.

2.2.11 seomen MBundliigsei

Blwwd HmIFe0 616 SMPSHBLILUBL CGFfley CFHfhs @m dmyFamen 2 uGuindlsa Geubpmm
smygeller Qameneus Hiwmals@Gd OFwaiwpenm By Sp@Hw. BHed CQUTHUTS BT
seneuene| senaihsenen CnOaETemi(h QOMIL 6T (PHMTHSH STHEH(IPMS CHeneuwITe LoHeNML
aeieuene]  HI(BLISSILBLD. STOTRNSSUUGBLD — Hleuene] SHTHED  (WPHmILGUDIeIMSHS
BMBLUIYSGD alHHHe0 SHEISU6TENG.

Foauilierefiseit, (igaypBleneoll Leieriseir

@ Bwlly HmeHsoTs SHUUsDEG UForaisSnGd Fwowmer Buwsimw  (Senalullsyeren
Ganley Oaflbs smIFe) uUGUIDGeTMTESIUBL SmFFedaier  (analyte mluwdliys
Ghmauuieieien GQamley Osflung smyFed) mHIW BFids Geuswi(hb. BHSU  LiFwTers
BHLEMEUMII DML OUIBGNGHS CoHemeuwmen Hlwioeiuler seraeneney BT Foauilileieat, Veq
616 DIempLIGUITLD.

Bwudliyg  STéEssHET  (HToHaEIGBMET)  LFOTOIGmS AMbBSTE0, UGLIINGaTeNToHSILHLD
uUBTTHHHHe (analyte) cped oMo BT [BHTLD HEWNBHEOMD. HITHAA UFIOTE  DIE6UTHLOM6OT
Bludiiysefled Fwaugiliereflenw SiwLbBHHNETE Beamevenwid Osefleurasd & i19oHsr (Hhdam
Stend  6NDIOLD  @evemev. udHeors B  OFfley GQFLud  (pyeyBlemeoll  LsTeilenwl
SIMLHSHID Bluiwsillemw @GBeuengd BIW BnsSHGaTD. LUGUIUSGTW USTTHHHMS 2 mL i
smrFelaemn @LIUBLD @ USTTISSHSHH BowTHmd GUEHLUTEID (Lpgemilensoll LeTerilenwidF
GLIQSHTL(HLD. @UeUTMTET USTTHSBIB6T HTLIQH6T 616  Mwliul_(Hemener. QUITHeUTHS,
T RH6eT  SmJFellsst pH wrppsHILer Seupmler Bpwrhpsmaed STl @w, (g6
Blemevliyeieilenw SemLwgd CHemeuwimes Huiosulest seeueney, FoeusiliLeaTeils Heteusmalsyid
flzeney Wemaswrasd (Bwwelular 1 sefl seveog 0.05 cm®) smewiu@G.  (igeyBlensol
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yeefléd@d Fsusviliereila@ @enLuleomen allsHwmgd Bundliiy euwp 616er SmpSBLILIHLD.
seneleneyseiaeten allgHwmaw Wed fPwbsaimid, g pH @60 @MINNL$5556Me  LOTHMHESHMS
gnuBHFHaImS HID UTTHH60TD.  616Bou  (WigayBlensoll LeTeflulenid  FosusviliLemerilulevid
o eten pH OQuuuonemmiseT @UUILSHHHHaMeu6060. BUoTUTETHID — LIGLUUTUI6ES E6TENT GLD.
USTTHHHHNGHID QFeyser OFHfHSH uenaullsd @ emall L uisdillsd (2_gmyewiors pH)
Blwioeiuler seesma|L e THMSHST TS flenwl BITD 2 (HeuToEemD, RbSH auPUTED FLoeusL!
yeTeflenws Ozefleurs euenFuimisbssomd. S6pueTen 2 (h a6 BWLOIUMHSTET DIENLOLIEHLILLD
Fweusvilieiefl, (wimlensolileTel opdw @rewngengid QUi enLWD ST (HEement.

YT () — A
{
_ Slenails
piis ik s ] s Bifusenoy
o HEVI6UGTT6

1/ E aNGHLTELd

Budivs T NP SR LY
o &wmgﬂuqe‘naﬂ;g @me_\)u Leirerd

.1'. I'.I ‘H\i , #/’ }

Buioeiulesr seveuerey / cm?
(a) (b)

o M 2.16 (a) Pwlly siewwilst sufleugeld : QFmley SIPWOULTS SMFFe0  BwOllys
SBmeuwlenien meussLILBIEINS. RbemIgFed jenalullspieren Bluiwello@ e1dhlrTes
agmen  GgleuTssd Gailugar cpsod  Buwbdsiuhdama. (b) wyeaplemeol
yerefld@d Fweugiliyereflb@ @enLuleoner alsHunghamss sranillioasaingl,
wyaBlensoliyerell  sTlgenw o LGWTHGHSHH SToTalssluGHIImE, BEIG
dfsene) Guoevdad mMwwel (~ 0.05 cm’) ewdGs sriuis BpwrHnsms
SlusTalsss ChemeuliLbAaImG. FwauslileTalulled HiLions UaFwmer iemeame
STHBPNISOmer. 5B  FosauIleTelld  seteuene]  ILIQUTIRHILD  (PIge]
Blenevlisiteld  seaauenaled LIGUTISID Gomey. BBsE SOl sareueey
alsHwraw, pH @ev sl Qufiw elsHurssms gnubEHHISRTDE.

SIl6L - 60 BUILOLILE6IT

@b UGHUIL BTG euemaWTel BULOlyEmend &HhHaEHIGeuLd.

(1) @ 6ueTSTILD, @h 6GUTRILOEVLD

(1) @ Oerendeod, @ 6USISTILD

(111)) @ eueiiedIdlevD, @ OLOGTHTFLD

(iv) @m Oeareidsow, @ GBI

Quevteridlevld, QaTETTWL QHTLTUTET BWOYSE6T 2 (HeuT@GHw 2 Ul SHmUI6T, SI6uT6oTuUI6s
SLEW QTNIgaIHID BIUUGLUYS STTIIOTEF FHHH6D HETENLOUJENL ULIGT.

deory 2 6atemr uGHulev, »BID GueeTen  euema Bwdlyseilsd (WemmBuw  Sieumlest
Feusyilieenaemen  alenmidld GQametaugiler BulaCurgl (Buwwellulet SHeTeusTeL 6oT)
pPH mas omisgse, isear LIHmD  aaumennsd  shHEHIGauT. @& ey 0xfbHs
BuOildn@eaTenT@w usTISSSHDGHWD CFey Oxfhs Buwwals@Ed @enulsorer Bludliemud
BsHSHe0 61(hsHg Cameienad FHwmen pH wrHmsHemng saflares alenmidls GBTeTETe0 6T6IILISHMmeNdH
@MSHIBCBTeTeNn Gouswwi(hld. HTD Q&meTensd FHWTH By eUmTLBM6T (HevTeusne] 61T
pH) o _meurdseomd. e Bwdly suemyy ewd@ pH Gureim @@m Quiedy Buweilenws
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BaTa@GLOUTIDE 6TalauTN LTMIHBING 6TRIID @H UTTHES Fnlgul LILGHMS 6ULDHEIGHSSIMG).

QRTRIO6Y - eueTepey MHundliaseir
0.100 mol dm*NaOH. o _rer 25.00cm?, 0.100 mol dm” HCl @et Blundiienusds &mgis.

Gy : 0.00 cm® HmpSHssaILe  saeueneyser enel, Gwrul e 2 LBWTESS
SlenailL LB Sesiment.)

Blaow HToHs Leeumomm)
HCl(aq) + NaOH(aq)—NaCl(aq) + H,O(1)

HCl(aq), NaOH(aq), NaCl(aq) apdwen  eualeil@ QUTHLES6T  6TaTLSHeT60, GLosyieien
FOSUTL DL BT LISTEUHLOMD] 6T(LOH6EVMLD.

H*(aq) + Cl(aq) + Na*(aq) + OH™ (aq) — Na'(aq) + Cl(aq) + H,O(l)
smygedler pH @LouG NaOH @er  sareusnales @euGeur@m memeoullspd  smewrliL(pLd

H'(aq) , OH (aq) siweiseilar griygd Qapealed smidujetensl. op566 Foeusyilieieiuied pH,
FwaileTena@ (wery pH gweusvliyeiefls@ ey pH Gureim mlensusamensd &@mEHeuLd.

(WH6060 Fosaualieenenwl SemLwid Chemeuwimesr NaOH @it sevieusiensud semiliGumLD.
Fwaulietenullsd HCl  cwpevzeflar oemey = NaOH apsvaseflar oieney (HCI uip@w NaOH
Wn@w @ewLuleomer Ugwmerd 1:1 616TLSHET60)
el gwaiuri el Ugwrdlsés CV, =CV, onguis awsiui ‘a’  oufleow HCl, @&
GaHamagl. guied erwsiuG ‘b’ apsod NaOH: ma @nsdleaima.
(1) oL566u Fweusnl yeeflemw semLousnNGsd Chemeuwimenr NaOH seveuerey
0.100 x 25.00 = 0.100 ¥,
-V, =25.00 cm’
(1)) orbugHed smyged 0.100 mol dm?  oy@w. HCI susiamndevomgevme,
pH = —log[H,0"] = —log[HCI] = ~log(0.100) = 1.00
(11) sweuiyeteflsg ey HCl Wemaswrs o eatengl. pH opeig Wemswnsealeten HCI
Gaplalenmed  Fiwomeissiu®md. 10.00cm® NaOH HCl @& Ggisgs Uiy, SisTeug
NaOH @& srewiiupo HCl @1 sienaLer @uipwBurs NaOH, dgwmer  aeldsliug

GMOaUTH 2 _6Tengl, Wmawns 2 et (ievevg erehdlujemen) HCl Qamley giewiuiliiL 60
Geuemt(HLD.
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oppiou HCL oiemey (poomiseflsd) —_ 0.100mol | 5s 0gerprx 1.0 dm?
1.0 dm® ’ 1000 cm?
=2.50%103 mol

- ~0.100 mol ., L0dm®
Gzidzmd NaOH ey = 10do 10.00 em?® x 1000 cm?

=1.0x103 mol
sréaswpnpm HCl oemey = 1.0x10° mol

stghFlujeiten NaOH oiemey = (2.50%x10-3- 1.00x10) mol
= 1.50x10? mol

1.5%107 mol y 1000 cm?
35.00 cm? 1.0 dm?

= 0.043 mol dm?

stghFlueiten HC1 (H,0") Qaley

pH = -log (0.043) =1.37

(1v) gweauiliyetafulsd (25.00 cm® NaOH m& Gaisg Udery) H', OH oweisel wmeywn
o I Qamateniul (hell Ler. 5giLer Na', Clopsd asmewilu@n o 0 NaCl priugl
UL euglevenev. pHB6l, UGTIRIOIEVSHIL T 6UTLPVSHHNT HTHHHHMEG FoeueiliLeTeiuileo
(WPSAWLTRT FOHMVS HTHHD (HBJH HTHHWD) LleTeuHOmm| LT SHATLOTGLD.

H,0%(aq) + OH—(aq) = 2H,0(1)
Fweausyiliyeenuley, [H' (aq)]=[OH (aq)] semygFelest pH 7.00 oy @Lb.

(v) 35.00cm® NaOH, @’L Jdery, HCl smewoiubo HCl oemeyrer @UiGoOurips)
dawrer eldslug o wihsHerne Wemswinasaeren (e0eugl 6ehdujeren) NaOH Qaney
sleiwiuLed Geuewsi(hLb.

, o _ 0.100 mol 1.0dm’
pgiou HCL ooty (apsvaefled) = =77°5 5 * 25.00 em® x 7500°
=2.50x103 mol
. _0.100 mol vy 10dm’
Gsrss NaOH oiene L0 dm < 32:00em’ X o0 e

=3.50%x10" mol
sréaswnm HCl Sieme] =2 5x103 mol

srghdwision HCL Dime  _ 3 50103 - 2.50x10%) mol

=1.0x10" mol
) . . _ 1.0x10° mol 1000 cm?
stehFweiten NaOH (OH) Q& =
sy aOH (OH) Garfley 60.00cm® 1.0 dm’
= 0.017 mol dm?

. pOH = -log (0.017) =1.77
- pH=14.00-1.77=12.23
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(wadSlwiworerg : pH=7 i@ emienwuled pH eusmenuiuilsd Fev elevsemsv @UOUTILS BTLD
SHTEWIVTLD. FLoaUILILeTeMB @ lewienoulsd pH @60 ghuUBLD LOTMMEIEEm6IT
B urriGumib.

24.90 cm® NaOH m& Ggriggev:

2490 cm® NaOH, @ @UL UJery, osreug HCl oenejer  @uiBwlureps Ligwmer

aFBHHHeID  GHmobHene] NaOH smewiubo. Wenaswimer  (steghdid) HCI
Ganley glewiwiiuLed Geuewi(HLD.

_ 0.100 mol s 1.0 dm
T0dms 2200 em’ X o0 em

=2.50x10" mol

opywu HCl ojeney (ecpsvsmeien)

— 0.100 mol 24.90 cm® x 1.0 dm?
1.0 dm? 1000 c¢m?

2.49x103 mol
2.49x107 mol

Gz NaOH oieney

sraspnm HCl Siemey

eTehFweiren HCl siemey = (2.50x103-2.49 x 10?) mol
=1.00x10" mol

_ 1.00x10° mol 1000 cm?

= 2.00x10* mol dm-?

- pH = -log (2.00 x 104)) =3.7

25.10 cm® NaOH @& Gaismev :

0.100 mol . 3
aptou HCI sienay (apebmles) =g 2500 em’ x e
= 2.50x10° mol
- ~0.100 mol 3 1.0 dm?
@Luu’ L NaOH siemey = T odm x 25.10 cm® x 1000 oo
=2.51x10" mol
srsawpnm HCl oeney = 2.50x10° mol
sighad NaOH oiemey = (2.51x107-2.50x10?) mol
= 1.0x10° mol
) 1.0x107° mol 1000 cm?
. _ X =
WgdHwrsealeien NaOH (OH") GQamley 50.10 o 10 dn?
=2.00x10* mol dm?*

-.pOH = -log (2.00x10%)) =3.7
S pH=14.00-3.70=10.30

@LiuBw NaOH  semeuemayset  25.00 cm?, @eud 2 _wiieurd 2 aTenQuUTIpSl, DSTeUZ)
asrewiliupBy HCl seneLer @uipBw CQumwg Uswreeldsiuy NaOH oiene) o wiieums
2 eiengl, Wenswmer (WHwrseayeien) NaOH Qgpley siemiwiiuced Geusmi(hd.

@bs euat Sbleod 61FHT eweuld HUIOT6D  FloeusilieTend@ emienouled Guiflwene) pH
wrmmsma (0.020 cm® sesuene @enL Geuaflulanien 6.6 pH Sie0@&HE6T LOTDHMLD) [BTLD SHTEIGOTLD,
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OeuaiBoum seveuenaysen NaOH @ Bais@wlurngl samiss pH OGumionemisenet GeusiGeum
saieuenasen NaOH @m@ e1dpnes susmgunssd QFuisl o maser 2.17(a), 2.17(b) 2_siemeurm
pH suemgemull Gumeomd. Siflevld, cweod Spdlweteumplent SyousF Gape) rmmeHHILer pH
BLEHMS GUMTLEHMET B616[HBHET BT SSTD60.

0. 100 mol dm”

0001 mol dm”

|
Bew1 5565681
|

LGymBremaGiomsd 5@@{

EELgES
Egtges

=
=

N : N
I I | I I I 1 I I I I 1 i 1 I ! 1 -
L] 8 10 15 My 25 M O3S 4D 43 S0 L] 8 10 15 M 25 M 3 4D 45 S0

Blwefls seareustey (NaOH) / cm? Plwnals seareusta) (NaOH) / cm?
(a) (b)

2 @ 2.17 (a)0.100moldm=>NaOH. 2_reir 25.00 cm?,0.100 mol dm~HCl @65t Mlundiiugmasres Bluidliiy
euemgy. 25.00 cm® HCl 2 L&t Qupm gweuspiieiefulsd pH = 7.0  swesugnilieiend@
iemtenouied pH @60 Quiflw wrmmw gouGdsimagl. (b) HCl, NaOH gy dwensumplet o yious
OapleysepLe pH wrdHm suenyLysamens sremiledamgl. opTbus QFmle] GmoubeuT g
pH susnyiesn elwnusgseiemne  Gmpdaing. WNCamesHedear LErTGLmhbamsGumed Beold
S srlgseler Bioumi@ ey Caubmmm u@GHuled SevbaIenTWITLLILHLD.

Qeitandley - eusieped BILILOIIL|S6IT
SFHNE OVSHDGHW (R Gostedlevd) Gamuid MBOTTHMFLIPMGD (QRH 6USTIELP6VLD)
QL uleoTe HTHBHHMBHDH H(HHID.
CH,COOH(aq) + NaOH(aq)— CH,COONa(aq) + H,O(I)

NaOH eusticpeoonsnigmed BID HTHeEHmSBL LNGTeUHOTD L6 61(LDSHEVMLD.

CH,COOH(aq) + OH (aq)— CH,COO(aq) + H,O(l)
D (pery seobalemywrguerm, CH,COO (aq) Briu@uusLeaugaited, B5sTéHaed Bluiblide
Fwsaulieenullesr pH mg Siomeils@LD.
SFHCOHM w6t LNeSTeuHLOTm HTLILGLUILSHLU|LD.

CH,COO  (aq) + H,O(l) = CH,COOH(aq) + OH-(aq)

566  FwauiliyeTefulsy, Gxmuwid oFHBmmmI WL G 2 i, AFHCHOHMI DiuwleTH6 6w
priuGUlerTed  Wenaswmer OH(aq) Quplu®Geuseimed pH 7 @ed 2 wieursd SHSHGLD.
Oevennidlevd  eueTdTIHHeme0 Bwdssiu@G GBumrgieten  Buwidliy euemaule  Bludiiy
auenglilene BTD aleNmIGHuUSDEG 61HHHNIGCUTLD.

0.100 mol dm™ NaOH 2=_rer 25.00 cm®, 0.100 mol dm™ CH,COOH(aq) @61 mlublienusds &mgis.
Ka (CH,COOH) = 1.80 x10~

@Liu@ NaOH semeuenale @euGeur@m mlensoulenid semggedlest pH, gnl LUlflenswent wng
CH,COOH(aq) @udleoib, CH,COO(aq) omweiset (CH,COONa(aq) op& 2 Houmdles) opaluie
eumdlesr  FTTyEF  QFdeyseflled  HmESujeTenengd BT  UTTHSEVMD.  EUSTOILOEVSHHMEGHLD
st HNGW BemLuleomen Bundlenul Gumestmi, Foeusvieeflulest pH, FweugilieTefd @
(weory pH, Fweuailieefla@ ey pH GuTain Mleneuenosmend & ([HEH6VMLD.
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(pH60l60 BT FoeueILiLeTeflenw dmLFNGHS Chemeuwimesr NaOH seoueneneuds sewilliGUTLD.
gwaiilieiafulsd, CH,COOH cpevoseaflar oiena] = NaOH  capedseflar oiene (CH,COOH
alm@w NaOH wim@ @enuleomen LiFomend 1:1 616TLISH60MT60)

steiw swauTCenL 1 UgGundlés CV =CV,

aiguied erapsliuGd ‘a’ bl CH,COOH @& @mls@id. Siguilsd siwpsluGd ‘b apsold,
NaOH @& @Mé@n

(1) 86 swagiyesallamu mLMSNGS Chameuwumea NaOH seaiauenay,
0.100 x25.00 =0.100 <V,
sV, =25.00 cm®

(1) opyusbded smysed 0.100 mol dm? CH,COOH oy@ib. CH,COOH GLoaiaiileolomsaigmed
[HO'] 9iman uGHUTET JUSTESSSE (pevlD STTaNsSIUBLD, ASTUH

CH,COOH(aq) + H,0(l) = CH,COO(aq) + H,0"(aq)
Ka uledlppba [H,0'] sewisbaiuio.
CH,COOH(aq) + H,0(I) = CH,COO(aq) +H,0"(aq)

Sprbug Qe mol dm 0.1 0 0
Gamley wrmm/ mol dm % +x X
. gwpmed QFmeay mol dm (0.10 -y) +x 3
. gwplmed Qe mol dm 0.10 +x 3

(0.10 =)~ 0.1) eretiemi>  61(HBeBIT(ETHL 68T

Ka [H, 0" (aq) ][CH, COO (aq) ] x 180 %107
= == = X -
[CH, COOH(aq) ] (0.1) '
v>=1.80 x10°
y =134 x10°

pH = —log[H,0'] =—log[1.34 x10?)] = 2.87

SIV6VG)
Koo [H, O" (aq) ][CH, COO (aq) ]
*~[CH, COOH(aq) ]
e MO GF
C

0

BmiEg sulegdar apgous Gepley C; opGLb.
1
2
[H,0" (aq) ] =(K C,)
1 1
-log[H,0" (aq) ] = -log(K ) %-log(C,) 2
-log[H,0" (aq) ]=- Llog(K))- 5log(C,)

pH= 7§ pK, -5 log(C)
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(1) sFweauiliyeiTefa@ ey, @LiuGw NaOH  oene igwomer  aldlglug  semngaedlsd
srewiiuGl  CH,COOH ouflogdlar oenaileid @mmeaur@lh. aaiGa smyse sal Ll
Wflene wenLwirg; CH,COOH swlevgamaud o iy CH,COONa. muib OQsmemig e @Ld
Goum elpwrads gmpermed QUOUTIEEH WL CLTAIINGMBUILD DIGH6eoT 2 LenLIL|LD
(@ememicpeold) OBTEmIBOTEN @ Hevenal 2 60i(h. ASTUH @(H STHRIBH HEDJF6EV
o awi(h. pH maé senliusmg, mmd Henderson-Hasselbalch sweumlent, srmism
SMIFOHT LUPMIW ileyLer o LBWTelbaHe0mLd.

10.00 cm?®, 0.100 mol dm™ NaOH @Lul L M&iyeien STesshmdd &hHSHIGMTID.
CH,COOH(aq) + NaOH(aq) - CH,COONa(aq) + H,0(1)

CH.COOH @& sy — 0.100 mol s 1.0dm’
3 Be1 STOU Di6TT6Y L0 du’ x25.00 cm® x 1000cm?
= 2.50%10° mol 1.0 d?
o 0.100 mol ; L dam
Gesasiul L NaOH sieney T0dm 10.00 cm’ x 1000 orm®
= 1.0x10" mol
sraswnn CH,COOH oiena = 1.0x107° mol
sighfujeten CH.COOH iemey = (2.50x103- 1.00 x 10 ) mol =1.5 x10-*mol
o _ 1.5x10° mol , 1000 cm’
agyFuefion CH,COOH Gafioy = 5500~ T0dm
= 0.043 mol dm™
o _meurdw CH,COONa sisney = Gsjss NaOH eieney =1.0x10~ mol
2 meurdlw CH,COONa Gagley _ 1.0x107 mol x 1000 cm’
35.00 cm? 1.0 dm’
= 0.029 mol dm™

@UGumiTemIBEmeT aeumnd Foaurliged FSHulGLEUTgI,
pH = pK tlog [@ememtepeuld |

[©ndsvib]
_ (0.029)
pH= 4.74+log 0.043)
pH= 4.57

(iv) sweuiiysiefuied (25.00 cm® NaOH g Gsiigg ey) erebsor CH,COOH 2 1> NaOH
2 1 uwetuGHSUUGBL. (@rewi(Bld (Prpeugid uUwaU(hSSUIUBLD)  STewilubBL 2 Ly
CH,COONa deeumiomm Bilu@GUuenLujib.

CH,COO(aq) + H,0(I) = CH,COOH(aq) + OH (aq)
CH,COOH(aq) + NaOH(aq) — CH,COONa(aq) + H,O(l) eisligmid goaium’igne @eoimis,
2 meurdw CH,COONa (CH,COO(aq)) sieney = 2.50x10° mol

2.5%103 mol y 1000 cm?

o (e Gsmley = 50.00 cm3 1.0 dm’

= (.05 mol dm?
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CH,COO (aq) + HO(I) = CH,COOH(aq) + OH(aq)

apyuF QFfey/ mol dm 0.05 0 0
G&Mey wrmmd / mol dm™ X +x +x
. gwplmend Gamey /moldm?®  (0.05 -y) +x +x
. gwplmend Gamey /moldm?  0.05 +x +x

(0.05 -x)~ 0.05) eratienILD 16WTETUT6NT6UT B SHSHIL_ 60T
Guoguieiten BIULGUYS STéEasHNG, K, winsra GCaTmeumull LISeuGHIOTY 6IpSHE0TLD,
[OH (aq)][CH, COOH(aq)] x

K
- = = 56x1070
b [CH,COO" (aq)] 0.05 K,

x = [OH (aq)] = 5.3 x10° mol dm"*
. pH=5.28
. pH=14.00- 5.28
~pH=28.72

SIV6VG)
K _ [OH" (aq)][CH, COOH(aq)]
* [CH,COO (aq)]
K, = [OH (af
S
@m@ S eeug o Ufear QaFpleum@Lb.

OH (aq)]~(K,S)? 1 1

log[OH" (aq)] = -log(K, )* -log ()"
-log[OH" (aq)] =- 1 log(K,) - 1log S

pOH= 7 pK -3 log$
pH+pOH =pK , pK +pK,=pK opdweupenpi Uyguipn Gurg

iz (pK,, -pK) -iz log S

(v) swagystelsegl ey, opJbusdled o eien CH,COOH oiene @pupeugid = 1y
CH,COONa <& wrppuuGh iggiLar Wme NaOH opaigr OH oyeé sremiu(io.
91,5861 sevemeuuisst pH Wemaswitsasien [OH (aq)] Ganlelermed Siwomeflésiubr. 35.00
cm’ NaOH Gsigg ey, oigmeug stemiupd CH,COOH sema e @uiGuourwsg
o _wikbsene NaOH smewiu®o. wWenswmer (Sievevgl WdHwnsealeten) NaOH, Gapley
FlelwiuLed Geusmi(hLbd.

137



, o 0.100 mol 1.0 dm?
ey ierey CH,COOH apsbastt =~ 7gme X 25.00 cm® x 1550700
—2.50x10" mol
3
. NaOH  —0.100 mol 3 1.0dm’
G&U'a_’)g:’ @161'[61' 10 dm3 X 3500 cm® X 1000 Cm3

=3.50%10" mol
sréswnn CH,COOH siema) =2 5x103 mol

arebFnion NaOH oiemol _ (3 50,10 - 2.50x10%) mol
=1.0x10" mol

. ) . _ 1.0x102 mol 1000 cm?
stehFweirer NaOH (OHY) Q& = X
@ (OH) Gerfley 60.00 cm? 1.0 dm’

0.017 mol dm?

- pOH = -log (0.017) =1.77
- pH=14.00-1.77=12.23

K
SI6V6VGI, Foeusyilieefdb@l ey, [H,O"(aq)] ————
' [OH (aq)]
[OH (aq)] e1®91UGI euadicpevsHHet WlendswimaleTen GQFmleum@Ld.
Wemaswnaselsien [OH (aq)] =B el6ais.

K
[H,0" (aq)] = Bf

-log [H, O" (aq)] = -log(K ) - (-log B")
pH= pK + log(B ")
FoauaIliLeTenullssr oienyeursuied

[@ememieLp6vLDd]

pH= pK tlog
[Sidleid]

ablevs Gplad, Geneor ped Gemdleyd &wb .. pH=pK,

Aesteupo o m 2.18 60 o 6iten pH suenyiiled Gosyieieneumenmd Si(hebHLOMHDS HTERILNGSH60TLD.
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PH = pK, +log B*

M= 3 pK, + 5% pK_ o+ 3 logS

STEIBD HNTFD

pH
£L28:

P = % pk, - % log C,
2.0 -

S
! 1 1 R

T T T T - e
. T | T T T T T ] T
0 5 10 15 20 25 30 35 40 45 =0 0 % 10 15 X 15 3 35 40 45 50

Bunoeflé seateusne] (NaOH) / cm? Buwells saaiene (NaOH) / cm?
(a) (b)

o2 @ 2.18 (a)0.100 mol dm” NaOH wjrer 25.00 cm?, 0.100 mol dm™ CH,COOH @& Blundinihamen
By suemnyy Fwsugvitiyeied  pH GQumiomend 8.72 ailed smyomer L@G&Hulsd GQuUDLLHLD.
@bs Budliysseied FoeuslileTeld@ WY @ STERISH SOFF 2 ([HeaUuTHaImg).
(Cou@pm@®m UG 12.3 @0 @5 alenmisliuBiHsUUGBL). pH QsTfnuTGaeie dmlilusdumest
yerefaend @mMssiul(hetener. (b) GQusiandegder suelenwujLear  GoumupGw pH
suemgysel  @UUILOu BeTener. oiflevsHer  euedend  GHemoWbBUTSH,  FoeusILILjeTen
Fn(BHVTE (LPEVLILGBSEHLD HBTEGIMG.

iy - Gerepey Bulliser

Qusiepso NH, uim@d eussiendleos HCl, uim@o @ewuleonen plundiienus  &magGeurid:
Blaow HToHs LeTeumomm)

HCl(aq) + NH,(aq) - NH,Cl(aq)
260608 eremenwowirs H'(aq) +NH (aq) = NH,"(aq)

NH,"(aq) @1 Biou@lys smyewions sweugiliysiafuisd pH Qumiorend 7 @b @Gmmeurs
AmLLMBHH BHTETEVTLD.

NH,"(aq) + H,O(I) = NH,(aq) +H,0"(aq)

SBwreilwm  BissmrFele PTG SHSEMD  HTFEOIoTS, ACLTHNIWLTES  BHmFFellan6
senailuledmbal HCl oidleoseams BBHHe0 Fa(bHeond euFHuTansTHal @ L.

2 _SIJewiLd

25.00 cm’, 0.10 mol dm” NH,, Gueirewsviomengl 0.10 mol dm® HCl @@ eussismbdeoggi et
BWOSSULGMISTEE B([HHIS.

@Liupw  HCl sersusnalsr @eaieurm Blameoulain semyseder pH, galLlnilflenswenLwing
NH,, NH,Cl <oydweaumpiler eriys Oeplajseiled Smidlujemonsmg BID &Teweomb.  eeiGeu
Oussteatidlev - eussiamy By euenasuled smBweury Fweusviliyeiefluled pH, Fweugiliyeiefds @
weit pH, gweusviliyeiefls@ ey pH opdweaumenmd smapleusnaTer FreHHun o 6wl(h.

WwHele0 HBID  Fweusyiliyeieflenws  mLusNGHS Cohemeuwner HCI Gear  sevcusnensud
sailiGumd. sweugniiiyeienuled, NH, apeoseflear oiena) = HCI apsosefler oieney (NH, uimed
HCl wWip@w @emruleomen Ugwomend 1:1 6IQILUSTOITE0 D GLD.)

gwaurL oLl WyGwrdlss, CV =CV,
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(1) o566 FwauiyeTaflenw mLusNGHS Carmeuwnesr HCl seeuerey,
0.100 x V= 0.100 x 25.00
-V =25.00 cm’

a

(i) opgbugded smysed 0.100 mol dm™ NH, on@d. NH, @wm Owsipsonrgeored [OH]
SFHI UGFH DNUSTEHBHMBE BHBHHNOBTERIH SToTallbslUBLD, HTEUGH

NH,(aq) + H/O(l) = NH," (aq) + OH-(aq)
K, Walmpba deeucorm [OH]  saflssiuio.
NH,(aq) + HO(l) = NH,'(aq) + OH (aq)

aprbugF Qe / mol dm 0.1 0 0

Gamley wrmmw / mol dm™ -x +x +x
. gwplmend Qe /moldm?  (0.10-x) +x +x
. gwplmend Qe /mol dm?  0.10 +x +x

(0.10 -x ~ 0.1) ereviemid  61(HBBIT(EHL 60T

NH,* OH- 2
sz[ « @ J[OH @] ¢ _ 180 x 10°
[NH; (aq) ] (0.1)
x> =1.80 x10¢
x=1.34 x107

pOH = —log[OH(aq)] = —log[1.34 x107)] = 2.87
~pH=14.00-2.87 = 11.13

(i) Fweuiiyetefs@ wety @GLiukw HCL oeneyl igwmeriug senysedlsd  smemiliub
NH, oienalan @mpe] op@w. &6 &mrssd salLiilfloswenwrg NH, ewub
o iy NH,Cl gup Oaraigms@d. Qalmmm alswres aafams, Guaumipg
DI  QaitpesHaFid HaT 2 UlaEID (Genewt Sdlevd) Heveneu 2_6wi(H.
BTG Q[ STRISHBHIFO 2 6wi(h. pH md savillusn@G, STRISH SMJFODHENT
upPlw 6Togl SIPlemeault LWTUBHSHSHE0MLD.

10.00 cm?®, 0.100 mol dm?HCl & @'L ey 2 _eien S1éEasmBHH SH[HEHIGUTLD.
HCl(aq) + NH,(aq) — NH Cl(aq)

i _ 0.100 mo 1.0 dm’
oy NH, @emey  ="570° 5+ % 25.00 cm® x 7000° "
=2.50x10" mol
Gsies HCl oeney  =0100mol oo o LOdm’
e 1.0 dm® ' 1000 cm?
=1.0x10" mol

sraswom NH; oieme) =1.0x103 mol
Wi@gwrsayeten NH, sieme) = (2.50x107 - 1.00x10°) mol
=1.50x103 mol

WgHwrseysiien NH,) Gefley = 1.5x10 mol 1000 cm’®
35.00 cm? 1.0 dm?

= 0.043 mol dm?
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o meurslw NH,Cl @ieney = @1 1 1 HCI oieney

=1.0x10° mol
o maurdw NH,Cl Gopley = 1.0x10° mol _ 1000 cm®
35.00 ¢ 1.0 dm?
= 0.029 mol dm™

QuUITETEIGM6NL LI6STeUHLD FLOSTUTL 1960 LIF&ullL,

pOH = pr+1og—[@6mm .@uﬁ]smb]
[epeuip]

pOH = 4.74+log (0-029)
(0.043)

pOH = 4.57
- pH=14.00 - 4.57 =9.43

(iv) sweausilisiafulsd (25.00cm*HClgy @ ey) NH,, HCl opdluien wmajb SHTHespmid.
sreoiuGd 2 0 NH,Cl  deteumorm Briu@luenLujb

NH,"(aq) + H, o= NH,(aq) + H,0"(aq)
HCl(aq) + NH,(aq) — NH,Cl(aq) (616301p &FLo6IUTLI9MG S6mvibib,)

o _meurdlw NH,CI (NH," (aq)) <ieney = 2.50x10~ mol

S NH,Cl o 0fer Qsfley — 2:510° mol 1000 cm® _ .
‘ ey 50.00 cm? % 1.0 dm? 0.05 mol dm

NH,"(aq) + H,O(I) = NH,(aq) +H,0"(aq)

Sprbug Qe / mol dm 0.05 0 0

Gapley wrmmd / mol dm x +x +x
. gwplmend Qe /moldm?  (0.05-x) +x +x
. gwpmed QFey /mol dm?  0.05 +x +x

(0.05 -x ~ 0.05) ereviemid 61(HGBT(EMHL 63T
GuaiaTen BIILGUYS STéaessNE (K) ulhstes Gsmeeiemulll Waeumomm 61(pge0mib.

K [NH, (aq) ][H, O"(aq) ]
: [NH," (aq) ]

2

5.6 x101°=

SlemTemTeneUTHS  61(HGHIT(EThHL 60T
(0.05)

x? =28x10"
x = [H, 0" (aq) | = 5.3 x10°
~pH=5.28

(v) swagiereiuler ey, oprbugdHed @rewiuc NH, apepeugid o iy NH,Cl o8
rHpiu@GL, ssiar Wemswrar HCl, HO® opes srauiupGd. &6 sevemeauuie
pH opemg Bemaswnsaeion [H,0'(aq)] Gsmlalmmed giomenssinio.
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3500 cm’ HCl g @' ey pH @& sailiusne oisteaug smewiuGid NH, oine
gmiuns Ugwmerliug o wibsene] HCl 2 _etenCGurgl, Wenaswimsealeien (60605 LBHWITSH6|6T6r)
HCl Qanley gemiwliuLd.

: ~ 0.100 mol . 10dm’
Spybu oemey NH, = 10dm  * 25.00 cm?® x 1000 o’
=2.50%10" mol
. _0.100 mol ; 1.0 dm’
G HCI 2enoy 10dm < 3200em X 1600 cme

=3.50%10"3 mol
sraspnm NH, siene) =2 5 <102 mol

wWeSwrsasien HCI oemey = (3.50x107 - 2.50x10°) mol
=1.0x10" mol

Wigdwraeasier HCl (H,0'(aq) Gagley= 1.0x10° mol 1000 cm’

60.00 cm? 1.0 dm?
= 0.017 mol dm?

~.pH=-log (0.017) =1.77

- STRIBN HNJF60
i 60 - CEY

S0 -

40 -

0 -

0 .

1.0 1.0

b b %
| SN R T e p e T p o D B M B S R R R S R
0 5 10 15 20 25 M 35 40 45 50 o 5 10 15 20 25 30 35 40 45 50
Buoel (HCI) seeuena) / cm? Blwwedl (HCl) sereusrey / cm?
(a) (b)

2 @ 2.19 (a)0.100 moldm™ HCI o _rer 25.00 cm’, 0.100 mol dm” NH, uflesr flundinimemer mslundiiy
auenyL Fweusviliyereiwmerg pH Gumiorerd 5.28 60 sifeolin@GHulled smewiiiLbBEleama.
Aeupwdliyssefed @ SHTHEISH HMIF60 FoausILIL6TeNsE Waad GLoBsBw 2 (Heurdlaima.
(b) Guerepevmisaien eusllewwoujLest pH euemenulsefest wTMMEISET @UIILLILBS M.
cLPeVEUEJEMLD (GHMMEUHL WF FLoaUILIL 66T Fn(BHeoTE DIOVLILSHIONS HEBTH OIS

GaiaNdsy GLoaTeed MBuLsli]

Quereslevomer siFmMeailson Goecpsoomer HBLTSILTAL 6T SHTHEWNIDOUTIDEI, BlE@pLw
HTHHLD  LIeSTeuHLOTN),

CH,COOH(aq)" NH,(aq) — NH,"(aq) + CH,COO(aq)
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alemenayse cpeold CH,COO mupb onbleos NH,” guyid O&smewigpliueng Bd &TewieoiD.
a1,586u Fwauiliyeitefiulles pH opemg @eupmlent BlL@LY susdlenoulenmsd SHiomeidaaliuBLd.

NH,"(aq) + H,O(l) = NH,(aq)*+ H,O"(aq) : K,
CH,COO (aq)+ H,O (I) = CH,COOH(aq) +OH(aq) : K,

Cugeiien  srssmsaielths H,O™ , OH oéu sweaiser 2 Haureumss  STeieomLd.
el BhBlmeowTsassmnsaie FGUBL BhHBmeowrssd BHeblaiwn H,O', OH  oieneser
FLoL06060T G| STEILILIL UMD, 9p&Cou Fwaugiiiyeneafluled pH=7 oig K , K, esusseummler
gy euellemoseiled smslueiongl. K >K aalal smjss olflvssaiomw 2 oLwg. K <K
I BMIFEV (PSS HImD 2 mLwgl. K =K ealar smyse bBHmeOWTag).

Bhs auma Bl Gar@emm (wahdwoner swFw wroselsr, pH susmyilsd e pH
rHOULEGSH sTamiliLBoudleoanso, g UrsTaons @ alevsed Lstaflenwd @Tenililadaimg.
a16e0iBeu  Foeugiliyeeflulest SmUNILSmBHS ST(HLUIRLUUSNGHS STLIgeNWI  LWTLGSHI0USH 60
saID gNUBHIIMEI. 616a186u GLoasTalevGHHMGW GLossTeeLSHHMGW RemLulsvmet Bl uF
OFWisudlevenev. @Abd euemaswment HLWLOTed 2 _6Tem pH wrmmsbens 2 2.20 srewiiifsSaimg.

GPly : Beleumaswiter smyFeosefler pH opeg eeumn semias FoaUTL g0 SLol6VLD,
(eold o dweteumles pK Quuonemisemen o LGWTHSHHIH SToTaNbSUILBL  TRILISHEM6ID
@MSHGIH GamTeten Geuswmi(HLD.

pH=7+"%(pK, - pK))

pK, , pK, esusieupphémuleonen alsgursd CBTIGUDIDTEID 2 mL WSl &myeeaie
pH 7 @b o wiieursd STewilLL60TD, elbHumgd wemplGumioread 2 L wbseaiear (pH
7 @b Gopeurss srewluLeomd. pK = pK, eaflar pH 7 opeé smesiiuLeomibd.

FLO6UGVILI  Li6iTer 3
D e o ¢ PH @6\). &@erran
/ Q&BIGHSHBTe

LOTMHMLD G606V

pH

= DN e

S
i | | | | 1 1 1 ] | T
0 5 10 15 20 15 30 35 40 45 50

Bwiesid  Heeusrey

2 @ 220 0.100 mol dm*NH, 2 re&r 25.00 cm’, 0.100 mol dm® CH,COOH @6t  plundlinipesme
Budliiy  euengy.  SIOVSHHNGHID  (WLSHHEFHID FTTY  euelenpdaileyd  FlosugiliLerer
SRIBWOTONHRTE0 BHesT QBN SHmd WHINHH60 Higend. Releuenswimet 5T @HHeMs0
PH @60 Qomigssren wwrmmd @e0ensv.
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SA+ SR
" WA+ SB

5S4+ WE

/ WA+ W

—

: .
! | ! 1 1 | ra
1} 5 10 15 20 25 30 35 40 45 50

Buwwedl (NaOH) seseueney / cm?
2 @ 221 GuwBw elufldsiiu0.100 mol dm? oufevdgier (@@ cwsv) 0.100 mol dm™ epsvd e

(@r106e0) BTG euemad Bwllysseier &Hmesd (SA eusiendeow, SB eusiepeod, WA-
Weak Guosuenidleob, WB-Weak Gioesiepevld)

2.2.12 @@, uedeped DIOlEVEIHET, G(H, LIGOEVLOG CLPELMIHEIT
gLatelag oufleod H,C O, soufléeg oufleon (H,SO,) GuredGurfles oufleow (H,PO,)

274
Gumeriy dlev DOEVEIBET (LPEVHFCMTEHINEG DWNTEESHBES LCITEHSHmeT @aMnE Boed
Osmemi(heenet. @EUEUTHTRT  DIOELEIGET  LLEPEL  Dievevdl  UOLBITHAfbG Siblevmise
(polybasic @ievevgl polyprotic acids) eten  oiplwtiu’ Gefenesr.  Gmepsv  sudleod H A ullesr
DIWINTHDS SHTHBMBIGENT LlTeUHLD FLOSTUT(HBMAITE 6TBHHIS STLLLILIGE D6

H,A(aq) +H,0(l) = H,0"(aq) + HA(aq)

HA*(aq) + H,0(l) = H,0" (aq) + A% (aq)
@55 Fwplmey LTMIH6T( vSHeT DWeTHs rmedlser) &S6 Syl (heTere.
[H, O" (aq) ] [HA (aq)]

: [H, A(aq)]
~ [H;0" (aq) ] [A* (aq)]
* [HA" (aq)]

@CxBumed @ Sidlev cpevld B> @&l SWeITeHss HTHHMmIGE6NT L6aT6UHID FLOGTUT(H 66T 0
(b IS STLLUUGHS M.

B*(aq) + H,0O(l) = H B(aq) + OH" (aq)
HB(aq) + H,O(l) = H,B (aq) + OH (aq)
@55 FwBlmev  rHlelldseT (cpeudHer SlweTehs wrhedlser) S6w SyUUL (heTer.
[HB" (aq)] [OH" (aq)]

Ky =
[B, (aq) ]
~ [H,B(aq)] [OH" (aq)]
v [HB" (aq)]
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LeL6VL6Y epevS et MBILILOILILE 61T

Gamyuid mzOrTHEmFLBLT MBCITHGCMTHEE ideusHer Budliinasren pH  susmyy
@@ FweuiliyeTaflenwt (el LeTefleww) wISHHTLD QBmewiBeTengl. (2 2.17) LeIT60
Na,CO,(aq) elp@ HCl(aq) eweu (Buwed) Gsriugemed GupuuGw pH eamyy B
FauIILeTeNEemend T (HASIMG, dABToug @yewi(h alengeutesr pH wrmmd o ewih. SEiG,
2 _gryenions @reni(h IAbSSHHS HTHEBIST HaPIGmar. 2 (| 2.22 R 2 een Syewi(h
waBleneoll Yetelleetr @pewi(h elsHwnaoner YGymshsen wrimfihF Foetum(baeafermed
alenmaislIu(BSHBLUILL 60TLD.

Gasmouid &TuGsIHM @@ euanlaiug Gurmsr, Na'(aq), CO(aq) Sweisenms  (WPHOTEHL
flenaswienL dletmgl.

Na,CO,(aq)—>2Na’(aq) + CO,*(aq)
25601 sevemeuuiavieiien QuepbLTeoTen @emisei Na'(aq), CO,*(aq) , H,O(1) opdwensum@Lb.
plundidesr ourbusEsdo HCl(aq) efledmpba GupiuG H'(aq) sweaiset CO,>(aq) SiwieisErpL et
STEHSIPMID, STTeNID OHTLSHE Hevemeauuled euedlemio  &aguwi  epsoons  CO> a6
STetlIL(H&eTmedt.

H'(aq) + CO,*(aq) — HCO,(aq)
deiry @pewiLmeug SHreasHs0, HCl(aq)  eledmbg GQupliin®Bd yBrmshseindsl (LpgHeomd
FTHBHH0 2 _(heuTdll MBIFST STUCHINMI HWITHEHL BT HTHB(LPMILD.

H'(aq) + HCO, (aq) — H,CO,(aq)
(WpHevmeug Foausllileaiulled sevemeauuiled Leeuhd Fomlene Heveyhed OCEefleurs 2 eteng|.
2566 pH wreg HCO,(aq) sweisaflear priu@uleanme giomaissliubGasing.

HCO,(aq) + H,O(I) = H,CO, (aq) + OH" (aq)

SrewiLmeug Fosusviliemeiluled @eveneuulsd Ueiteupd FwmBlenso MHleveydeingl, o556 pH

wrengl H,CO, (aq) onflevgdlenn piiuguiemed (H,CO, (aq) el (pseomeus SWeTHsLd)
SomesilésLU(BLd.

H,CO, (aq) + H,O(I) = HCO,(aq) + H,0"(aq)

GoeieTen @(H HTHBEIHMEMU|LD DUBTETNLILSHEI (LPEVLD H6VEN6U (LPSHEVTeUS| FLoeusvILIL|eTerluled
epeuonEad, 6% GmIw @yewiLmeugl Fweuilierefullsd SidevwTEad 2 6Teng 6TaTLMS
RHUT GNHHIS OCBTETETEOMLD.

2 _STJewILD

0.10 mol dm™ HCl(aq) @nflevggiLeir 25.00 cm’, 0.10 mol dm™ Na,CO,(aq) smyseier muidiiienud
s(aIs. &T6utalsE oudeow, HCO, @ oulod salLiiflos wrhedser K =43 x
107 mol dm”, K, =4.7 x 10" mol dm”.

smyFeLH6MNaT  cpevSHmesefedhbal, WwHeomeug Fweusviyereil HClI oudevgder 25.00
cm’® @eib @rewiLmeugl Fwaugilieiren 50.00 cm® Gevld 2 _6lTengl 6ISILMNS @HEUT GMSHIH
Q& TeTemeVTLD.

H,CO, auflevgglar Uflnsmw Brb &mgHeamey,
H,CO, (aq) + HO(l) = HCO,(aq) + H,O"(aq) : K,
HCO, (aq)+ H,O() = CO,*(aq) + H,O(aq) : K,
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9,586,

[H, O* (aq) ][HCO, (aq)]
- 0" (ad) - (a9) =43 %107 mol dm?

o [H,CO, (aq)]
K, = [H, 0" (4 €O, (2] =4.7 x10"" mol dm?
: [HCO;, (aq)]

apgou pH (HCl @ent seaveusnay 0.00 cm?)

guyerefluled  oleod @i rgHenmsd, 0.10 mol dm? Gamyuid sTUCHIDMIS SHMTF60,
(Na,CO,(aq)) wi BB 2 aiengl. a6 pH opemg HCO,(aq) , OH(aq) eisiussioupenms
HHEOUSDHBTR HIHLST STUCHIDMI Dlweiles HTHE Sienailenmed STomeilasliuBLd.

CO32'(aq) + H,0(l) & HCO, (aq) + OH(aq)

@mg B aewren CO” @M @ UCITssmen eaipmd oufloonrss CsMONUGESTDSI.
BHHTHBHHMBTN FobHlensv LOTMIe] LsTeuhomm 61(LpSLILIHLD.
_ [HCO; (aq)] [OH " (aq)]

96 N [CO,* (aq)]

STEU(HEURTOUNNMS B (HSHID,
K, _ [,0°@q] OH @] _  [HCO Gql[OH ()] _ =~
Ka, ~ [H0 (ag)] [CO/(aq)] [CO.” (aq)] g

2
[HCO,- (aq)]

_ 1.0x10"* mol> dm*  _ 213 x10* mol dm?
4.7 x10"" mol dm’
OH- 2 . .
K, = [[COZ% ([HCO, " (aq)]= [OH (aq)] ssiisemmed)
3
[OH (aq)*= K, [CO,* (aq)] = 2.13 x10* mol dm>x 0.10 mol dm”

= 2.13 x10° mol dm?3

bl

..[OH- (aq)] =4.61 x10° mol dm™
[H, O" (aq)] = 2.2 x10"* mol* dm*
~pH=11.71
waeomeug Fweugviliyeted S(25.00 cm® HCI &ev)
W&ty elendalweurml, (PpHeoTeudl Fomlensoll Lemefulled eteupd Fopleney Bleveydmal.
HCO,(aq) + H,O(I) = H,CO, (aq) + OH(aq) .......... (1)
Goeyieiten FLOFBlEmevdFH, BT LU 6T(LOSHEVTLD,
[H, CO, (aq)] [OH" (aq)]
[HCO; (aq)]

@61 K wreng &rGurals oulleogdar Ka, ujLear Uaieumormm Chrgs OHTLIY 2 _mLuwigl,

k- K, MO0 @IOH@y]  [H,CO ()] [OH'(aq)]:K
Ka, — [H, O (aq) J[HCO; (aq)] [HCO, (aq)] b2

[H, CO, (aq)]
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,opemg CO.*(aq) eflear @yewimoug SweTés rMhlel opELD.

K

b
CO(aq) + H,O(I) & HCO,(aq) + OH (aq) : K|,
HCO,(aq)+ H,0(l) = H,CO, (aq) + OH(aq) : K,
_ [H,CO, (a@][OH (aq)]  _ 1.0x10" mol> dm®

" = 2.33 x10°® mol dm?
b2 [HCO, (aq)] 4.3 x107 mol dm™

FSTHHD 1 S@M&,
HCO,(aq) + H,O(1) = H,CO,(aq) + OH"(aq)

K, — [H,CO;(aq)][OH (aq) ]
[HCO, (aq)]

FopBleneoulsd :
[HCO, (aq)]
25.00 cm® HCl @LOu@Guuripgl (wpaeomeug Fweusvililsiei QuDUILIGeSeTTe0

([H, CO, (aq)] =[ OH" (aq) ] ercviugenmev)

=0.05 mol dm?

[HCO, (aq)] = 0.10 mol d_m‘3 x 25.00 X107 dm?
50.00 x10* dm?

~.[OH (aq) = K, [HCO, (aq)] = 2.33 x10* mol dm™ x 0.05 mol dm
..[OH" (aq) ] =3.4 x10° mol dm™

[H, 0" (aq) ] = 2.9 x10" mol dm™

~.pH=9.47

@yewiLmeugl Fweusviligeian (50.00 cm® HCl &ev):

a1y elenddweurmi, QTewiLmeugl Foeueilierefulled LeTeumd Fomleney Hleveydeimgl,
H,CO, (aq) + H,O(I) = HCO,(aq) + H,0"(aq) .............. (2)

GoeieTen FLoFBlmevd@GL LISTEUHLOMMI 6T(LOSH6EVMLD,

[HCO, (aq) ][H, O" (aq) ] [H, 0" (aq) I

[H, CO, (aq) al " [H,CO, (aq) ]
([HCO, (aq)] = [H, O (aq)] eTe01LIg601T6D)

(PSHEVTEUG| FLOBEm6VLILeTeMEE LI, STemiLTougl FoauIll LeTallenwl SenLeubm@ GLoeyib
25.00 cm® , HCl GaemeuliuGalaimgl. <566 @Qremimeugl swausilisieafulsd [H,CO,(aq)] g
UesteumLomm SHevuildaE60mLD.

0.10 mol dm? x25.00 x103 dm?

[H,CO,(aq) | = =500 <10° d =0.03 mol dm™

[H,07 (ag) =K, [H,CO, (aq) ]

[H,0" (aq) I* = 4.3 X107 mol dm™ x 0.03 mol dm™ = 1.3 x10"* mol* dm*®
[H,0" (aq) ] = 1.14 x10** mol dm”
~.pH=3.94

Guoeieiten sewt(pLigliysafaiLiy (pHeomeaug Fosauailietenullsd pH o61d) 9.4 oL @&LD. @J6ewILToug)
Foaulietenulsd pH 4.0 o566 @m uflCsramerulsd (WpHevmeudl FoeusyiliLemeilenuid
s LIBaITHHee &ML g, CHBeuenen GTewiLMoug FLoaUsILILETaTNEmUIS  SH6voTL Al
Oenge0 OFIDWEHFT STLIQUIL QUTHSHLOTEIH saiad CFHeilauTss OFfldSImE. 2 W 2.22
pwdlidesr Quregadl pH  mipmeHenss STemilsSaEimg).
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9Gev1m &3 65601

pH

Ii.'l 10 20 30 :10 50 ]

Buwesi (HCI) sesuena) / cm?

2 @ 222 0.100 mol dm® HCl o re 25.00 cm’, 0.100 mol dm” Na,CO, @er plundinimemen
Bundiy euenyy. @rewi(p Fwsugilieieaflsst o ewi®h. wgeomeus HCl o Lear CO @en
srasgdame HCO, 2 manm@gse, @reawimaug HCO, @ H,CO, o8 wrhmbd Qureps
QupliuB &I

2.2.13 oflev - pevd HTLIpH6I

(weutewe! UG Huled  oidleo - epev Bl leCurg  QupUu@GL  Foeusiliyeeflenul,
SLTOUSFHD BmIFeley smewitul’ L H' cpeosend@Gd Fwwmer cpsoset OH @Liul L yeefl
61601 B6VHGHIMTWMYBaITD. @@ BWLOLIed FlosusyilieTeilenwd SToTeilusmn@, BuwLiliys
GGBmeuuwilevieTen SOlVHHD @6, DAeTaIUIIHHSH H(HHBHLOTH 6THBEIOEUN6Y (LPEVDHDH N FEN6VF
Bzicmd Geouewi(hd 61adl 610HGHS OBl GeuswiBo. BHFH BVHMD DIMLOUSDEHTH  Q@(H
ol wrOgeled Hwdilesr oprwusSHed blevd @myFedaiel iblev - (pevd ST 6160
SMWPHSILUBLD @ DBBHW  (FHOUBBOOTH) USTISHSHSHHET Fev  glellamens GCFigHe0
SbSLD.

s guiaT 2 saluLear (wigayBleneoll LeTeillenwid Hienige0

Brpens gmwmiseiler GunFsenTen OLOATRIOEIHT, GLOATLPEORIEET 6TTLIET  HOUTHMSHEH
BUGHIEN BHHH Fnl LLOTET SHTLIQHEMTGWD. HTTewIDd @eleutorer CaFiemeuser o Wibhg
BOEIGNENT 2 LU DHDH GMDbHSEH @ SN IOV - (LP6UD EETRIHENET 2 _6WL ULI6I.
simed Bl o LBwrndé@wlurg pH wrhpssiLer Bpwropsamss STL(BL  SbBIn
wIHOL @ Buwbllder (wyayBlmeenwd STwreilliugsn@ @@ 2 nGurswmer &HalWTHS
OsmnuLeomd. @bBmwrmod  Buwdlinfler Fweugiiierefulsd gmuL Cauemi(hLD. STl  DigH6oT
SIWSTHTSH, SWeTHW augaumIBeilsd Cxefleuret alsbHwmaomer Bpmisamend ObTeig(hd@LD.
BhdH B(HEUQEUEIHEHD ST SHmIHBLILLL HemyFellss pH 2 L a1 QHTLIyemLWeT. @ idlev
-pevd ST BowrHmsHmsd sTails@ pH oigar oiblevd gl Lilflens wrmledullermed
smorefldsiub. @ UCrmsdlflad Gweadsow HIn gyseleten @m &mliguisd LlsTeamLd
Fl LU Tflenssd STHHD BlaOLD.

Hin(aq) + H,O(l) = H,0"(aq) + In"(aq)

-log[H, O™ (aq) | = -logK, +log [In" (ag)]

[HIn(aq)]

[In" (aq)]

pH=pK, +log
‘ [HIn(aq)]

FLOQTUTLIQEL @6UGeUT([h UHBHHMID wemm WLEMHBmHW 61(hdH pH | smewiusmne W
REEIGUBSHILBUTEH U emaFwiomer FaUTH SenLsHEleama.
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k - [0 (ag][In (ag)]

" [HIn(aq)]

smlguiesr @meugeusisat, HIn, In- ereiiuen elsHwmgionet BnmEIGemnen 2 6L W6, &L 1g6nUl
2 LW smyFellsr Bmw, HIn et Qamey Gommbg Inm et Gamey oidsfa@nlurg
OxmLibgl wrmmbd SewLujd. HIn gmupid Inm gujid Fwwomen  Siene]  §60(&) 5 SH60T60LDU|L 60T
SHERTLMWLILL6VTLD 61601 HHA ML S(H BMEIBMMIGHID HT6wIL 60 Blewevenwl G OFne s EmLd
gowrsealerenCGurgl  BGHUYeTeMuled oimLujd  ie0e0g pH opeig amiguiasr pK — @ne
ForHaeTenCUTEH  ewLuj. FweusyliyeTeflujd  wgeyl yetafluyw @5HHeE@Gw 5660
gwaiiliyetaiuiso pH @m@ gwwrer pKin 2 ewLw srligews 6sfley Gauig Budlemud
amluier Blow Hmsswres Hin @@ In @n@w @eriul L smyeurd aufluled o _eiten
AUMTHGHD OBTLABHSTEL FoeueilieTeflujd (pigeyll Yereflujd QuIT(hbSILD.

SITHeLeugons, FoauilieTenulsd Hmobsomer pH oy TouworsBa Gaflujw. Guevdswrs,
BowrHo  Hevelwste @mbasTeo Hin, Int gpdlweneupiiesr Gamleyser &Fowns 2 een
Bensvenwid seui(blligling] sgerons Smaseond. Hln, @ear Gapley In @ear Gaplalaid
usal WLEIEG dFahHeons @oUler srlgs semygedsr Bpw Hln, @er Blpwrsew, Hin,
a1 Qanley In” Ga1 Qaalaid uUSHH WLEEG Gommaurs RopUlsr In a1 HnwmLwsrs
SmUuFTEa|d BID &HAaTed ST QUi BDLTOPGmS DausTalsbsd dalgul @@, pH
alFmF 2_(HEUTHSEVLD.

BTeugk &Ll Gurdhwens] il o HHdHed @TewIliLget, FwomBlemev @ellFaFmmBGeowifle
Sl  SLOYDWLTS BETHEH STLIQUIRT  HM6LMDWITET BN — DUIETTHBLOMLWITS
augausHet HIn mlpom@ld. omiussons, @b (pe0 261 &&5HEH60, FLOHBeN60 6UeOLILMOTS HETHSI
smIFellet HMWL GemewicpevsHer Int Bpwraealmea@Gw. oaECeu sTLIguiet  STeniile@Lb
BnsHmg 61HT6] gam BIREIG6T Llaaumn GFmeyseier aldshmapl LWETUBHSHHE0TLD.

[HIn(aq)] :
[ (aq)] >10 o5 2 efen QUG

1
pH=pK, +log 10
pH=pK, -1

. HIn ouflevgdlent mlpd GuosiieniowtenLujd, Ggemu@Lo,

[In" (aq)] -
(HIn(ag)] >10 ous 2 6men QUTIDSI

10
pH=pK + log T
pH=pK +1

@emewt cpsuld In” @eir Bmd GuossreniowienLujd, G eL(hLD.
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pH = pKj, — 1 pH= pKy, +1

N\ i

pH = pKk,

o @ 2.23 i &miguler BLHms, Hin(aq) + H,O(l) = H,O"(aq) + In"(aq)

Q@ STLIQUIsT (e BlensoliyeTei @k GPHUILL pH @60 Blawrs: @wm AT L pH eiFfaet
(weyBlemevliyeiefl e, GFweaipenmulsd B auengliar Blensvs@GaaIl UGHulsd (Wwige|
Bemeoll LeTeflenws o enLwl srlgemwl BT Ozfley QFuiBsumbd. Smyewid FoeusiliLeTeflujd
uemILIe BlemevdbGHHGHIN UGHUTeL smewiiuGL @eteutmrer Osifley Fweugiliyetafulsd pH,
&MLl BowrHnsmes sTauils@Gd aiFfaiel 2 _6enend 2 mIFUUBGSHID. 2 STT6ILoTS
NaOH uip@w HCl uipgw @enrulsorst muidinimng UGammsseSar @ QUThSHSHTeT ST
AGW. LCaTHHe0e Sblevd, HHBML pFW HMIFeOHAMNED BMOMMEH, DLEITED (LP6VEH
smyFeoseiled FeuliysF Caibgd OGuerdleuly Hmd 2 enLwg. pH =8.3 60 &mlly Honwommg
aaiums enaibhser sTemiladaimer, opemed pH 8.3 o mid GQumupg Heuly Gai
Oueifleuliy MmLoTs WTMIeUSNGH TGS @IS, 2 2.21 60 STLIQuIeuTN FLoUILIL6TeNS S
semienouied pH euengllen Blemevd@Geais satemw @Golug, WaF HAlw sene NaOH ;&
~0.05cm’ QGaigzmer smygelear pH @ed Qupwene] siFHsfllenu gOUBSHIUMS D GLD.
aelaid (e Hwonengd wr@seaied, pH susmylear menevd@eHailiugd, NG seisr Bnwmm
Bleweoulellmba Feuliysg Gai Qoaidleuliy BDWTGL aiFmaF 2 66L& GHE@mEl.

@eueuTOTeT RAMIHCHTEIN MMM BB BUTEHe0TD, BUWIOIIST FlosusvIliLjeTemenulds
&1L SEE ST IgenWIL LWTLHSSHE0MLD.

Sl Leusment 2.4 Fev Qurgieument SO60 - (LP6VE BHTLIQH6N

mHBLOT6D  [H6VLD Feuliy Lo(GhF 6l 1.2-28 1.7
YBymBomiGenmed BHevLD LO(Gh & 6IT e g T 3.0-46 4.1
Oenge0 CFLDLDEHF6IT QFLDLDEHF6IT Lo(Gh & 6IT 3.1-44 37
Oemae0 Feuliy Seuliy LO(Gh F 61T 42-63 5.0
&Benm@ymiGenmed Heul]  LoEhHF6NT Feuliy 52-68 6.0
UBymBomenmBeuimed BV  LoEhIF6iT H6VLD 6.0-76 7.1
AfIBFmev Fleuli LO(Gh&F6IT Feuliy 72-88 8.2
I Bevrm &3 65601 BnLOHME Houliy Cgy Guendleutiy 8.3-10.0 9.6
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Malachite green

weasulil (B uFemF g3 &

mBHBLOMEL [H6VLD 1.2 28

Methy orange -

. e N
QengHe0 QFLDLOEHF 61T il

80 96
Bromocresol green B
A

yBymrBurAfGHTUIL. LFmF i =
Methyl red
Qa0 Fauliy 48 6.0

LGrmBorengsBlomsd m56vLd 6.0 7.6

Cresol red ) -
-

HfGamed Heuliy L £s
Phenolphthalein
9 Gevi &6 601 82 100

Thymolphthalein _!I
& BLOMe0L1Z6 6T %4 10s

ameVFfleILoEh g 61t

il

o m 2.24 Hev smlseafler Bowrmm pH eiFssen

@ PuilinGs sTigmwsd 65fle] GFulsHe0

gIHTeUFH SHMTLY HOLTHNSHMSHDS STewlbGL Friusmealeomer urbheh pH sefler aiFas, @
Bwdlidest FreHwSHETenESTET GLevdHH aUMTWmMEEHHEG RLBIOSET(HSI MG HuIoliesr
apemel AfleuTds  ievevdl Bwdllenu gnmis CameTadanipul 2 WihE HHHHHHIL 60T
BBHBHINSNG, STLIQUIST (WL Bims STERILeVD, FeusvilileTefls@ lemienoulsd mBlaLb
ghFwrer pH srewi_edanien smeuiuLed Geuswi(Bid. etesiGeu 2 @ 2.25 (a) ulsd 0.1 mol dm™
NaOH 2_L e 0.1 moldm? oigmmég sifev Mundinied, 19CameHe561 QUIT(HEHSIOTET BT IQUITS
AmUUmS BID UTTHSHE0TD. WHIUOLTE Cenged Feaulll, QUTHHHOTET BHTLIQUIEV6V, DIH60T
Bpwrmow, spywu FhHwrer pH oHsfidng wery oprwlisdaing, Rearmed Friuemaileo
Quflw  semeueneyseflenr aiFdled smewILBL. (WPHeVIGLEW Hlaupw BT  HHHSLOmHM
QunIBumisenenl  QUUICUBDHETEN  BlEWHBME AHEFHIIMH, JASSHILOT  FTHIUILOTET
wyeaiyerefl  seeuenaseflear aiFas HmpsHw GomnHS CUBUMIBmeTL  QUNIEUSDST6DT
pawssmen sdsfledaing. 2 @ 2.25(b) 0.1 mol dm? HCl 2_rer 0.1 mol dm NaOH @&eu
BwOiIn@ SiHTeusk eusieidlevd 61HT eusiesv HWIOIIed LNCaITHH60601, GengHsd FeuliL
S BmBTLYEmenud 2 LGWTEEH60TD siaTUmBE ST (HHSTMSHI.
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l FLo6URILI L|6‘I'T_61’ﬂi (asmg;;%m

FLOGUGVILI '—Imﬂo LI Gevr &G 6S6wt

Bipwpp eiés Bipwpp aiés
z ] : o
& 60 | Quemaed Heuliy - Ewmg,ex) Houliy
k| Boopp efss Bioopp afss
30 -
m -4
Lo -
T i T T r T T T ) T T T T I T i T }
D5 10 15 0 25 30 IS 40 45 S0 0 5 10 15 20 25 30 35 40 45 S0
Buwefl (NaOH) seseueney / cm? Blunoeil (NaOH) semeueney / cm?

{a) (b)

2 @ 225 sriulL @@ Bulinel QuTGksswLTer &TLgmus 0sfe) GFulghsd s -
auatieoey  HWOIING GG H6e5a QUTHGHSMeT ST IQUITEGW. Camse OFbLDEHF60
aTlsH@ (a) ulsd asmlyweurm Bpwopm pH eiFs, Fweusvliyeiaid@ oiemienwouileiesm
pH wrmhp eiFfuileer sremiiuLalsoenso. (b) uled srlguieury @ 6useTOlevsEHM@ELD
AUETEPELSIMGD e uleomenr MuWIOIIDE@G B@h STLIQHEHD LWTLIHEGHSH60TID.

2.3 HIEISDH HNJF60DH6I

ool uflGangemen cpeud, 1.0 dm® Bimg Osfbs HClI e 0.10 cm® Gumeiip  Hplu
seneueneneud Gaia@wlurips pH 7.0 @emba 3.0 @M@ BHHeUMS BTLD HHEUSHTENGBHE0TLD.
gL 1.0 dm* Bineg oevemerauras 0.1 cm® QePibgs NaOH m& Gaigsed pH o
7.0 @mBa 11.0 @me Baismdams. ACHCmEIL 9465 HCl & oevevgy NaOH g
Quoessteanievld, iBei @enewiepsvld Spdlul @ressi(d 0.10 mol dm? oysamLw @ HmyFedaner
Baia@wourwa pH @60 gouUBL LIDOD UDSeelsssd HHBHTHECTENS.  E66UTNT60T
BHMIF6OBOT HTEIBMH HMJF6OBEIT 61601 MWPSHBLILBLD, SeupPlent sTmIsH QFHTPmur®d pH
@new ement Goeiedeod / Gueipeod Gamgseflesr FmiysF OFnles e @ LWlenL ulleomeo
OxTLId&T allenemalermeumsT LeveT(@LD.

IIGHTOUGH| QP[H STEIBH SHOIFOTRIH @H GLOSIRIOD DI606VHI GLOGIILPEVD DIHHIL 66T DIFH68
2 NIIgId @M HHIFOTGHW. BebsmIgFainE P Slemeayseflsd Sibled DIeL6VSI
(wevsmapF BFis@Gwourwpg pH wwrHmEIEmen HTHGWL pHME0 2 _6w1(H.

QM STEBNH HMIFeL enewwt Goetenidlevd / Qssiecpsold CaFmgenwl 2 LW @hH HEWJF6V,
Sl HevTeUaTeHAT @(H CUSINIOVD DIV6VGH sUaIPVSHMEBF BFToHGWOLTa pH gou®BLD
LTHMSHMS 6T1HITHGLD.

Boeieen aUmTaleVHBMSHGILYG, @ SHTRISNHMHIFO ASNDGHF CaFisslubd goHmeug OH
SILSTHEHLIT  HTHHPMIUSNGF Friuenalsd Quflw Gadlaled Sidevusmsbd OCBTERIIQ[HEHD
Gouemwi(hd. iSGILa CFidsaslILBL gHTeugk HY saisenLal STHspmasn@d @s55 GFmey
(WVGHMmBH CBTEIgHHH Beuamwi(hD. HTEIGH HMIFINT VD, (LP6VD LB FnmiB6T Q(H
Bh Bmeownssn HTesHHe0 qetennOuTaim o 1 OaTaiontg / JNssTaH SHobs Gouewi(HLd.
B5Cxmeu @ ewewt dev - cpeoF CaFmguiTed UFSAHUTSHSULUBL. 2 FTIEWIOTH @
OLGIBILOEVLD DIHETT M6t L6V (R 2 LII6TT60 AUPEIGLILIHLD) BH6V6VGHI @ GLOETELPE(LPLD
2ABHH Gement Sfleopd 2 _mLw (@ 2 lemed eupmsiu@GD.) Silegdar pK,  Sie0e0s)
wegder pK, eeiuet upPlu siflajL@ib 2 Oy sudlew pdlweteupdlar  iedeg I 2 (1,
teold pFweeupmlent aldlsHmebd B (HLULBHHIUSHT weowld QFHfihs pH 2 _emLw sHrmsm
BMTFEOHMENT HTLD HWMFHH60TD. DFHMSH DbevHmBUD CFTiQuid SFHCHMHENMHULD OB TETTL
Hevemed  ewiemteneutds pH 4.75 o enLw sTEIBH smIFOTss QHTOMHUGL. SHGTewLD
GBenmengLenLujd  Coraflumensaiud 2 mLul &Heoened  Sewicwieneutd pH 9.25 o emLwi
STEIBD HMIFOTHS QHTPMUGL. QUUILE dnlpul SeTeysefed JFHNMHEGH DIOELSHMBUILD
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(CH,COOH) aigar =2 0y Gsmound osnCmmenpujd (CH,COONa) mpings GCsissis
SWMHlHs SHTRIBMH HMOIFNVDH HHFHIGUTD. DOVHHEFHID DHET MW  (LPEVSHHBIGHILD
(CH,COONa @e0lpha Gupm) swoplmens OFmlaisamen sieuppler opTibus  QFile|s@hes s
g elend SHAHIS. QuTxH Sweler Uysearend OGwersndsow / GosrwsosHer Liflensamuis
GMDEBGW. RAONHUSTTHSEIGMENUD 2 MLl SMIFINEG SLUUBL DOVEHMS HEV60F)
BLUUBLD cpevHms HHBMOWTHGD DDMED 2 6wi(H. HMTFEIVIETON  6UTLOGTLIE LT 6T
CH,COONa mifled (ppmrsti NflensuienLujib.

CH,COONa(aq) — CH,COO(aq) + Na'(aq)

SbvsmeF CaisHsme, H aweaiser srmian smygeialeion @enewn cpsvsdlenmsd, CH3COO™
Ueteupd Fweiurligpdlewimias o I Qasmeteniiu@n / bHBeneowmasuBLd.
CH,COO(aq) + H*(aq) = CH,COOH(aq)
STRIBN QFHTGHHBE (pevdHmas Caigzme, OH oiweiser HTmIsHBMTFe0aI6Ton idle0dhHleTed
BGBBesOWTHELIUBLD.
CH,COOH(aq) + OH(aq) = CH,COO(aq) + H,0O(1)

@CaCureaim QUL 568 emeyser CoTeElwTmeuuw (NH,) o o2 0y iGuomeiwibd
&GammenylenLupd (NH,CD) piihgé Coisgis swnflss sihsh smIsmed &mais. Gumsg
Slwele Uygerend Gereweod NH, uler gal L iiflmsmu @BSH@GMSE (P60 DS Ben 6wt
audeod (NH,CD) opdlweieupiiest soplenens Qefloysemen sieummler op7ibus Qemle|s @ s
FIOD  610H  HHGEOMD. @eual[H USTISSEIGmeNULD OaTewiBeTen @ SMIFINGF
BardalUBL OVEHMSB DV60FH BFTHBHULBL (We0HMS HBHEMELWTHGL DLMMEL 26wl (H.
smygeiaeren auaniaiL@Gourmst, (NH,C) Bfled whpres &galLliuflsulmL &leimgi.

NH,Cl(aq) — NH,"(aq) + Cl(aq)
@ Sidlevdmad Carier, H" olweisen srmisn6sT@Hulsvierer (peodbHermsd 2 I QameateniuBn
/ BHBmeowTsSUILHLD.

NH,(aq) + H'(aq) = NH,(aq)
R (WweusmHF CFyaHmTed, OH sweiset s1EIEHOSTGHSHulsemen, Senent BidevgHeunmsd
NH,” deeumid swaur’gpdleanme 2 1 Osreremiu®Gd / bhBlmeowTessiuGLo.

NH,"(aq) + OH(aq) = NH,(aq) + H,O(I)

STEIBH SmJFeoseter pH @maren Qumgieuren GCameneu
QM BissmyFeiaerer Gweareidsow, HA, opear @Qewemt  Oweicpsodder o 1 NaA
o weunmled Blap Ueeumd HTHEEIGMNS HHHHMOBTEI(H @CH CUITHIEUTH SHTEISMD
FLOQTUTL6DL.  BIMIeUeVTLD. HenTFedlaienen SmIGeT QFHTLTUTET SHTHBMIS6T LleTeu(hHLOmm):

NaA(aq) — Na'(aq) + A (aq)

HA(aq)+ HO(l) = H3O*(aq)+ A(aq)

2H,0(1) = H,0"(aq)+ OH (aq)
@m@ B [A(aq)] = NaA wWelmbas Gupm [A(aq)] et Gafeurss smEBevTd, GUTSH
Slwetsd sTeniliupBy A (aq) elemmed HA uiler dflens @bBaéasluGaaingl. 6oL (peitern
Quaianiegdear K, ulpstear Carameuuied @uugmisamen HrguiL,

x - 1H;0"(@q)] [A (ag)]
‘ [HA(aq)]

piledmba GQupiuiG H,O, OH opdweapilar GQeploysement  ynésaleaseond, @ubum)
wremiseT HA, NaA seiusseupplent opgwug GapeysenLer @uuiBuurwg Wed Splwer.
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95,5B6u
[HA(aq)]
H, O* = K
H, 07Dl = & g
SuHwrs BTD CQumLd Fwaurh
[A (aq)]
H= pK +1
PR PRTO% THAG)]
SI6V6VG)
_ [@ememt epevLD]
pH pKa+log [onBooid]

a15Teug Henderson-Hasselbalch  sweun(®

@k Henderson-Hasselbalch gweiiun®, @ srrisnsamysels pH & sanilliugm@, susieideon,
QUelT clpeUlD eTTUETOUMENMEF BF TG Burg gmub pH wrhmiHmss Siorellliusnd @m
eTew audlewwid HHAGMSI.
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Gsvieiten 2_gTyemimiseTelBhE, FsHene] devd Diev6vg FMiGene] cpsuld CFTHEH0 SHTHISM
smygellsst pH @ @PUlLSsss6me) OIHOTH el UTTHEHTD. QbHHH HIEWD 2 ([ 2.26
aled  efemmislLBGSSIUL(BeToNEH. @FHD  JD6VID DI6VEVFHI (VLD SHTEIBMH  HENTFEGDI6T
BardaluLe, BlaieT 6V B16060GH (WevlD CFTEEILHEUBILT @ULILLILL (HeTeNg. DiHHIL 66T
OouaiBGaum Ganeysenen 2 _emLwl v - cpevdF BFTYHEHMLUI HTRIBMH HMJFEOHETHLD
@UILLLL (heiteniedt. 2 @ 2.27 Sdlevd  ievevdl  cpeold  BFFislu@G  QUTIpg  HTEISM
BMIFOH6M0 HLOUMID Plaweysmen alens@GHamal. @miHwnsll  eieumelsieumnenmd
SHTRIBNH BOTFLBMGT DlglilenL & HAmUweOsenTeHd &(HH6VTLD.

(1) amiuemeled Quilw QFneysemen o emLw @ OCaSIOGEmBUD (GLDGTELPEOLD)  DIgH6uT
Bmew (WPVSHMBWD (SiLblevld) GasTemI(BeTeNgI.

(i) oWlevsma QHLOUTILE, G SEN6EWI (LPEVGHBHIL BT HTHB(LPMIS TS|
(iil) cpevdmapF CaraGULOUTIDS, g DM JVSHIHIL 6T HTHBLPMISHHTMS).

(iv) pH opeia sifleosdnen  wesdHnen GeLulorer eldssms o LBwndssgis
SiomeflesiubB g

@& Apudwedysen 2 @ 2.26, 2 2.27 eeusieummley aleurons aflendalul (HeTener.
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H-.l.li"1I|I 14,“5\
13.0- ﬁu’ 13.0+
120 4 ———g 120
1.0 11.0
10.0 - 1o Lo ' NH gagi 7 1.0 mol dm” NH Clyag)
a0 - 010 mod den CH OO0 ag) an -
80 - 80 - 01 mod dw NH 2 010 mad dm™ NH Cliagi
70 - 0 -
= 50 - 0,10 mod g” CH,COOHag) = 60 ~|
.11} " CHC O Mogagh '
50 Q! _ 50 0010 bl dm” NH jag)
40 - 1.0 nral dm” CH OO H agh 40 -
30 A 1.0 mol di’ CHCOONsiag) S 5
20 20 U
1.0 1.0
9 e
rrOoOorr:T ST ! ™" T 5T TrTr . T
o 5 I 15 20 25 30 35 40 45 S50 a S 10 15 0 215 30 35 40 45 50
NaOH aeneuerney / cm? HCl semeueney/ cm?
{a) (k)

2 (h 226 IIOEVSH HSEMIOUIEDL LI, (LPEVHSHETNLD 2 _6HL W HTHISD HDJFUHNIN HTHRISH OHTHIHUT(H
wempBuw (a), (b) spdlweumpled syl (Heere.

STERIBNH HMJFIe0 OVSHHIFHID 2 LTSIFHID (Gemewt cpevld) euedlewio 2 wiTeuTsea eTenGurg),
Sifleud DIeV6VG! cpevd BaidEGWBUTEH gnuiG pH wrHmd BfleunseasTengl. BiNEG iblsow
I0605| cpevd BFTaHGWBUTSHI, S DblevsHMEG (DieVevg FHaNCW (WeHHMES) DiLblsvLd
Ie0605| cped GaFia@wBurg goubd pH wrpmepw @UUiLyMaTssd SIULL(HeTeTe.

SHTBIBMH BN F60l63 SHTBIBMH BN F60l6sT
bl pH  oi60608) 8md pH o47busHneG
[A(aq)] / [HA(aq)] > omemuleTes.

@LuuGw OH(aq)

A(aq) @emed THIG
QruIWILGESTDS. DHSHIL 6T
[A(aq)]/ [HA(aq)] gmssmip
@Gy wrAflwrs o eeng.

H'(aq) @ @' Laid SLiu@d
H'(aq) opemgiA(aq) Gemmed
rmniG  CFwtu@LD.
gL [A(aq)]/ [HA(aq)]
gosaTe @6y wrHflure
2 _6IT6NG).

2 @ 2.27 H1EIBH COBTHOOUTLIQET &i(HEHEHLD

QeatepensHMGHLWD, GaiaitlevsHn@Eld GenLuleorer Gafley aldsw 0.1 @n@Ew 10 GmHEGLWw
@ IUlLBTHeeTenCUTHI Sdl6v - (60 HTEIBMH HMIFEOBET SMHLUSTS BT HHHIGEUTLD.
Henderson—Hasselbalch  gweaturenL i1 NyGuindlés,
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pH= pK, +log L pK.-1
¢ 10 ‘
10
pH= pK +log 1 pK +1

~pH=pK =+l
aBou ooy - evd HTmEDH SmFFHeT pH =pK +1 alFd@iaT @mUumss STEIEVTLD.

2.4 SOIHDET FLOWKIEM60BET

Bfled  ower  Hewiomiseilet  dewyHmest  Qufigid  wImUGL. Beuppled  Fev  (Be0Fwd
&Cenmmemyl(h, CFmowid GHBenmenyl(h) B0 WBOD SMFWHImgWenel. Gened SUIDENBHUTED
BHemy 2 _mMlehadEw. (BT STL(HFSIM) HETHID 2 _eHLUWIT. OOHMID  EUETILDEIIL 60&H S eVIeT6N
prrelemwud 2 Mliehdd dnlguie. genatamel LEdH (GHMHMeUTHT HMHFHMMT 2 ML UWSTH
BmUUSHTED Siened QUTHIEUTHS HOTFWIOTLLOH6T 6160 DMPSBLILBEGTMET.  H6ewTHMmest
uev &Tyenideaied HEISUeTENSD. DeuDMied (WHdlwioTetensl, 2 LIaT FTevd GeulILeeTEnHenm
wOMILD SemFFevlsvienen Jjweisefler semyiuTCamm GeulILeeTEnemM 6T6TUNT @ 2 LILIT6IS]
SOILUTN  SMIUSDEG UM  DWIETHEHHHMLUTGOTET  6UETEMOWITET  HeUTFS
alenFwmendl (FTevd QeUlILETEHEMM) DI - SHEMFLILTET ML HBHTHBEIHMDIT60 LOMIILIL 60
Gouemi(hd. Sjwensefllar senFuuT@aimm  QeuliLayeTEnmDWITEISH  HMFULTCRIHMLD  6TaTEILD
ussHSTeL  GOUILLIUGHangl. & 6IWGUTHID WHOWTGHD. JSTeUHl, SHFULTCIHMHF
GwenpenpulaiCurg g8 Geusflallliu@w. sedyiur@eimm  Geuliuaemenenmuilet Sieey
HMTUTENRT  HETENLOUTED  HEISUETONSH.  (PMBUTHSBLOMM  HMFLULTENT  61(HHBHT60  (LUBIS(H)
smIUUTCermm  GeuliueeTepenm FHAMNSTGW. 616eBou o Ller  FTevad  QeulILa|eTEHEmMENL
ol Gurgiorendsraes BeVemev. @ T allenenours 2 LILTEISH (LPeNTaUTHSLONM  SenTLILIT6N60
smIWTgl. Qurgleurer alHwns @ 2 U @@ GOUILL SmIiuTeied SMIeUSNE, DSH60
smruurCearmm  GeuliueyeTEpenpwTersl  Seupisr  FTevd  Geuliuasmenenpuimid QuflsTs
BmaEa Ceuami(BLo. RHNTEL LTINS (PETLETENSHT60 LMLILIL 60T, RHHHSHHILIY HenSHMest
aaIIlD USHGHmSL Lemeumd (Wwempwimed elenodls0smeaTen oLTbLlsse0md. (PpHedled D6
o lyseiler smydHempeneil umissab. ey cpeosdapms Caieneuseier / UBISL (HF
Baiemeuseflar semydmencn alenmidls Qsmeatenaw. e BFLUD Smrsellsd SFHDH SenFujd
2 NIBEHLIT HMIHMET 2 6ifen CoumUTL 6Nl d SHTEUUT6VMTLD.

2.4.1 et wHEId UEIS. BBFTeneuseflar HenyFe0H6iT

HEMJFEOHOIT HENJWID LOMMILD HEDJLILITET 6TenID @QJ6wi(h FamibsenTed petenel. GeuaiGeoum
AUMBWITRT BHMJFOHNMMEG NGB 2 _HTTEVIBIBET 2 _6T6M6T. SIENEUWLITEUT, SHewID - FHewID
(2_GBoumas - sevlIYBeomdmisben) &ewilo - Hreu (2 Uy - BT) Hyeu - Hyeu (SP&HCHT60 - [BIT)
FHreu - eutwy (Gxmm Gumesim GeffuTeImIS6T) MWD euTu] - eutu] (euefl) eTevTUeT. G0
OaT&HHUI0 Qm FnmiBEHD FHalemomsll LURIFELIULH @ DeudhamsHuled STeurliubend BITD
UTT&&60TD. BUILGSHUle0 BT (WohFwoTssd Hewio - Hyeu OHTGHHBnend W EHSETEMTLD.
@mG SOIUIUTET BT DG VLG RETORTH  IHOTH  DUIST  FLOMHIENEVBHETHL 65T
MBI (EHETEMITLD.

SIS DIeVEVG LUBISL (hd HMIFED eIl SmTWHH OCFmdey HNSTE DeLLFH BMTF6L
Wb MPHTH 2 _6TenGUTH Q[ DleubHmBHmWdH COHTemI(heTen @ JHalend H60ene 6ITLIMS
BT SPIGsumd. 2 iyl Gumeiy swenr semgaedled NaCl Biilsd senybgk Na'(aq) wmmw CI
(aq) m 2 _amiLTs@w. 36s BCEyHHed LRSS (hd HmyFellsd Fall CGUTaIm LRSS (BHU USHTTHHLD
Bfled  SmIEEULUGASDE. DBToUFH W CFTmEUBOT JleUDMD @RHH SIWSIHEMTHLI
AflenswenL6ugben (psold HmIHSImeT oMM LRSS (HU USTTISHSEISET (LD (LP60H FnmTHd
smydleimert. e61aiBe LU  HTHBEIGAT cpevld Beuallh CaFiemeumsemenud  srefbTes
CoumILI(B&SH6VITLD.
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slwer Gaiemeuser NaCl(s) — Na‘(aq) + Cl(aq)

ums (& Garemeuset C.H O (s) > CH 0 (aq)

DWW BMIFOHOT  LOSTLGOUT(HLEMET 2 _DLWBTD SLHH HOmedd ST (HESSTDe.
3IBxBouemen LBISL(H VG (PEVHIaDMIS HEMTFOH6NT LOSTUSTUCOUT[HLHMET 2 DL UIHTED
WSIenesid HLHSH LOTLLTSHE 61 PeusNG BFH BOHEG 2 HoFGDH. DT 2 LILHn6TH
BHA ML, @eUQeUT(H 2 LD SigHest Fpiiluwieouren semydHmenet 2 _enL wigl. Bg GeuliLplensouied
SHEIBWETENGHI. LTTUHLD CLPGTIMI UMBHENME0 2 _LIL|dHenen DeumMent HenFHMeT igliLenL uiled
o sLLBSHS (LPIQUILD.

auemad | smyud - seydmer > 0.10 mol dm

ouema 11 HAzeney semguyd 0.01 mol dm < ssmydmest < 0.10 mol dm

ouema 11 cpeim ofldn sy - semydmer 0.01 mol dm

oupssons  0.10 mol Hewio NaCl mfled senyssiul @ 1.00 dm® semygeordsinl Lme
semyFelsst GFmley 0.10 mol dm? ou@. @z alensmeurs 0.10 mol dm=Na“(aq), 0.1 mol dm?
Cl' @ o2 awiLn@eusmait cpsold (pomment Fnl LMIflensenuids STl (HSSImGI.

NaCl(s) + 35 — NaCl(aq) —» Na'(aq) + Cl(aq
0.10 0.1 0.1 mol dm?

smrFHpenen  alenmids CaTetudm@ @ 0STGHH BUbHSMSIBM6ENE  HHHHMHOST6TEN
Gouewi(hd. (PpFHeV6d DHH6NMEY HMIWILD SMIHSIULL  BIFoum smyFed Chemeuli(héma.
DIHFILET IFHD SHTUD 2 LILSHHmen 61(BHBTE0 @T6me| Hmuid WHwTE SBheHd Geusmi(hLd.

MX(s) = M'(aq) + X(aq)

BBEHubSHmasilar S HMIHL QAIGHUPD LIRHD JeV6VH UMNEIBTHD 6IHIPD FLOIOTEH
AmuusTed OaTGHUId uebelard FoBlemsd @@UuUend BT elenmdds  OBTETETEVLD.
e alHTE FplerTed OFHTGHSH BusbsF FHmeoulsd 2 _6Tengl 6TaT60MD. 6T6fHTH
Ueteumld Fwoeur( @be Benevenomul alend@Haima.

t MX(s) =M'ag) + X (aq)

HNTH0 FHTHD
gL Loiflens
LoBlemev

C

D)

we
sne
et
.t

LB BT

v

Gmyw
2 @ 228 Fyoumn smFeseiled SmIWTG HauiomaseIN@GL LHMID SHMTFeIVIOTEN DT FHlenidemas
BEnHGOMmLOW @ QubsdF FwBlemev &TewilLbBL. 6B  GamgseT QFHTLIHS
HeBIOBIBMET 2 _6WILTHGWD WwHMID HmIFed QFwedpsnpuilss aispd LRHD aigIpDd
FLOEUTT (GLD.

R USTTHHHHeT HMIHMeT, GO L Qeuliupleneoulsd BIFbuD HenTFedleleTen LSTT &g e
Foplmeod  OFMle] LGW. VLG BMIHWMET eTUB @ GHOIUI(HeTenm Geuliumlensouiled
SMTLILTEN60  6T6UAU6TE| SHMTUSHMNHS SHMJHES (LPIQUID. 6ITUSDBTET @H AeTaih D GLD.
oreoBou  SiemeuIIGUMIOTEID  (PHAEWIOTSE  (pevTsH HMIHmerr elennF  GFTeLLLILIBHSBIMG).
(mol dm?) senydmenen OGzfaliugm@Gl uwsUBGSSILUGL Goum SvG®enr g dm?, g cm?
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oaiue. smyHpenaill ufiCFrHemen  FHAwTE SeTILENGS OFfbd SeTeueTe] HBIFOUM
BMIFMVS SWTHLILSNGHSH CoHemeuwten HmTLSHeT SeTemeud OFHFH0 DleUFUIOTELD.

Gy : o Oy MX @1 Blyoum smyseme @yeni(h elHTEd SWTHESEOMLD.

1. Gmry (wemm - Bwevdad MX o iy WwasmeuulsT guilsd WHWTS @ ([HS G0
Hewio MX o _lenu Bfleier GFisam elenyoaursd H60SHH6LD.

. weopws wpmm - M  ms Qsmavi(heTen @ HmIFe0 X |mé QBmeni(heen Lomenmul
BMIFD Q([H SMIFOBMONMULD QBMTHS H6LHBD. GHOULILL Bleweouled MX Gevt
BIFbUD) SMIF60 2 (HeUT(GLD.

24.2 syHpet Qumss, (BmyHmer Cumss Tpled)

Hewio MX(s) oper BIwlw BissmrF el OsTHmaulaaTasTads &hHEIs. Brwliw
BMTFEIIOTON HEMTWTH HeWIDSHHMGD BT DIUI6HTEDEThGHLNLUTEOTET  FLOMIEN LTS,
desteupld Foetumigenmed GmMbaUubEmSI.

MX(s) = M'(aq) + X(aq)

Foplmey rPled K openg Ueieumd Foaurligenmed QsmBasiubaEmgl.

_ [M'(aq)] [X(aq)]
- IMXG)]

aru FHewio usTissmsaNnGHF CFmey wrhellwrs 2 eaTamsTe,
K [MX(s)]=[M" (aq)][X (aq)]
~K = [M" (ag)][X" (aq)]
Ksp sMIHMET QUHBBLD D GLD.
Qurgleutal Uaieumd soplmemus astagmbste M X (s) = mM™(aq) + nX™(aq)
sepyHpei GUESSD K, = [M"(aq)"[X™(aq)]"

KSp QNG BOIHMT QUBHBS TN DLl eTalBTHS BHMIHMIT QUEHBHLD 6T63SH
FamluB. wHMID BFHT CHTmaITEIH), HTHE HeoTenswTed allGHmuwis CHTemIg[hHHD
rlLrgl. mBrwdu smrFeosefng WWTSHTWL smFHmeT CQUHGBSLD aUeNFWMIGSILLIQHSIMS

161



UM SHH GPULILeD Gouswi(Bld. HewFHment QUHBBHHT QU CUDILDTEIBISET Alen6T6H6NT
FTHBTHBIUBIGIMT 6TRTLMBDH HTL(HLD. 6T60166u Ksp" o1 Quflw QUYILTRIBISET FnlguleNe]
DIWIETHN6N  GHDILLBHETTEO CFTENULITERIGH FnlgUIeNe] HMFHMENT 2 _NLWISHTGLW. CULPEHHLONSH
Oapleureng Bwio Bupbsemer griure 1.0 mol dm? e SienelOuBOCUTSI, FBlamev
wrPeduied  eluflssiul Bemeneutn BHNESG 61hH AVGHHBEHD H6VEN60. HUWID  BLHIHeMeT
upnls  GIUALOULTelyeT semydmer Cumess CaTemeuulsd Camaimid OFmeyseT FmiuTeT
SIVGHBMNF BFTHgHe0 Boucmwi(Bd. HMmIHMI QUHBHS CHTeNousHEG JNuUs SmIHMeT CQUHSHS
SV G BT CeumiuBLd.

QuTgleuTaF FOHeN6L LIeToUHLOTN| SHITEUTLILIQEIT,
M X (s) = mM"(aq) + nX™(aq)
smIHMesT GLI(HEHBLD
K =[M"(aq)]"[X™(aq)]"
SI6V(&HB6NT (mol™dm>m) (mol"dm~")
mol(m+n)dm—3(m+n)
eTefll FLomleney : MX(s) = Mf*(aq) + X(aq) @n&
KSp = [M" (aq)][X (aq)] mol* dm™*
DI6V(GHB6IT mol* dm*
2.4.3 soydHpet wHOID SHIHDnaT CUHEBHHDHTET H6uTLIL|ESS6N
(PITEmETUl  FLoBlensvd  Heilyssefend UMTToHs K~ ebubsiuL seillyseiled  HToHd
FHewioonTs  GHLUUSTEO  Foplamevd Bameneuuled HalioaslubBeuHeanTed  6161MSTETENeUWITGLD.
MM Brewi(h EUMBWTERT ST GHH6T L (HD HFHSIULED Geusmi(hLd.
(a) osordnar sroysalelpbs K g6 semishsed
(b) K, @pha smydnmeds samilsse

2 _STJewIlD

AgCl(s) = Ag'(aq) +Cl(aq) : K =[Ag" (aq)][CI (aq)]

298 K @60 Ksp=1.60 x107'° mol> dm*

el AgCl(s) @& cLpevTHHmIHMENIH BH6mid:S.
BwBsv 2 _eiTen  FOHEMeLMWS HHHRTeL, Geueitall (FHBeMTemTLIg6asT cWeLTdH BMFHMNNE
@reni(h Siweisener QFnleHEHD FOSITGHW. (LPEOTHHMTHMET S 6T6T60,

AgCl(s) = Ag'(aq) + Cl(aq)
FLOBleneouTed : S s mol dm?

298 K @ev Ksp=1.60 %101 mol> dm®=sxs = ¢

- s= 1.26 x10° mol dm?

aianiBGou 298 K @60 Qeustofle @Genmmenyligst cpevjssamysdmer 1.26 x10° mol dm @m@
FLOGIT(GHLD.
e o Nl QuTgEF GSHTD M X eafled BiFbun &mreeisd Foplameowrarg Leiolmmomo)
STeoTLILI(BLD.

M X (s) = mM"(aq) + nX"™(aq)

ms ns
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FLoBlemevullsd (L6VTHBMTHMET S 6T6uT60
61601860,
K =M™ (aq)]"[X™(aq)]"

K, =(ms)"(ns)"=m"n" s

K
S = P
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244 elpuye] GanaIpEUNS 61FT6Y FameD

DIWIETHMENS QBTERIBHETEN S(hH HMTFOBONT H6VHBLILBLD QUTEHEVVTLD AILDLIGE| 2 6UTL TFH60
FrsHWDTHOTD. Swaiseier  Qgmey 0.10mol dm®  oedevg  SFHaid gl Geuesieo
GMDHSH HOIHMMBT 2 LW SIUIUSTTHHUPD  eipuguibd. eal@id Sweaiseilssr GFmle]
0.10mol dm®  @edb GHomeurs BHBHSTO AIDURIST 2 (HAUTSESHMS 61HTE| FnmIeUBME
senily @aml GumOsmeateniuLed Geusmi(HLd.

o _grenonss ssaralsna] 0.20moldm>AgNO, wppid NaCl smysesmend sepbsTed AgCI(s)
albugey o aiLr@eaugiear NO, , Cl" sweaisen um@uppros @ms@o. @ AgNO, whmibd
NaCl eresiuen  suedeiu@Our@menr opemaswred 0.2 mol dm? QameyemLw semyFeoseedHbal
AgCl efpugaum@b. eI Weald MESTHT HMHIFOBEHLET RbHHensveno  Goumil L g
(Qgley 0.10 mol dm?) @m &mIWSHSES 2 LIHEHMNET BHOIFOHT  HVGBBULGLOBUTS
QRMH HMIFEIVIGTEN SHOUWST LOMHMMUI HENTFEVlEVIOTON JTTITING AM(PSHLILGSHSILHBLD.
Reueut@m  MIGMeLU|D, HYHW et CFiobendseiled (HMMUIET MWD DICTEOIUIET) Q6STMI
3060H QIO  GHmMHH BMTHMMS BTN (HBSHI(BHLD. HMTHMET (G 6MMEUT 6T
SIBH JWETHET 2 _6iT6em  Blewevenlo QHHSHTL  (BIFbuD smyFeln@ GCoHemeuwmendleyibd
FnLeUTH) ailpLge] alemereurs &HHEGLD.

Brwun GFhensl DMLWE GHMDbES HMIHMENT 2 LU DWeTH6T CUTHWSTS @RevevTailigest
ailpLIge| 2 6WILMTEG OTLLTS LOMID DUWRIHT SMIF6I0 HMIHS Blmevuled @RHeESLD.
BhBemeuemDaseTed alpLIge| 2 UL TouenNd 61T Famieudn@G et QUHHHS SNl SS6NT
BaxmeuITaTHTGHLD. @[ SMIFOB6T HVHSILUGBLOUTH aIpLIYe| 2 MILTGLT @e0emevWwT
ALUMS 2 WISHSHUSNEH BH HLMEUBTET DHWSTOL(HHHHMBHDH HEVIHEL (LPIQUILD. DIgSHIL 68T
Hesteumld MUbBHMETHET 6UeDTUIMISHSLILIL (HETET6.

SIWBTOUHSBHLD, 2 6U0TeNLOUIT6T Ksp @D QuflaTulles/gnLeurule &mmbS &N HMEN6TU|eNL LI
Slwenseaier Qe BFLIWSMID FnleuTs @HUUSTED AIDLIGE| 2 63TL T(GLD.
ASTOLGBSSBD 2 _ewienowimenr K @eid dflasruler  Gmmbs SMIHDENET 2 emLW
slweiseiler Gamle), BILUMEL DLW (WIQUITH]. 6TeiBou aIDLIGE| 2 _6WILTHTF).

BuwBs0 Fnplweupenm LeTouHLOTN F(HBBLOTEH 61(LDHEVMLD.

IP>KSp6rGo‘ﬂ6i) allLIge| 2 6T T@LD.

IP=K eTalleD HEMIF6L HIFDLOTGHID. AIPUIQE| 2 _6WILTHTHI.

IP<K eiedlled BITOUTE HMTFOTGID. AIDLIYR| 2 _6WILTHTH].
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24.5 soyHpmerll uTHsGw sryenilsel

Qurgl - Swer aleneney

298 K, @60 AgCl @ei1 mlyoum senggelet Laeumd FoBlenevenuld &([hHdHIs.
AgCl(s) = Ag'(aq) + Cl(aq)

[Ag'(aq)] m& Faligemmed @evnaFmmledBWiuleT s g oLy, Fobeneo wrmeduller QUDILDTEISMS
aipTeugp K 5 wrhellwns  meausSHHUILSNGF FoBlmeowTard @& UHBOTES  HaHHLD.
[Ag'(aq)] @1 Qo oiFafluenu, AgNO, Gurap Bfled &mIws sngul 2 LU SpTOU
FOBMVEGHF CFTULST (LP6ULD JiHLW (WYUD. BHS HaTaler sryenions gnigwena AgCI(s)
o ewiLmaalubBEDg. s AgCl @easmydpear @GmmpeauenLdaimg. @& QuTsH w6
- elenene] elain iMWSHBLILUBE@DSE. JOealar gnsarGal FmensoulsT @ UGHWTS
BmIGL @ swer CaFissubBEmg.

BHmI  LSTUHIOTMILD  FameVTD.  FOBMLMUW @ FIUSBD BBTUSDEG gHUBHHIHEITEL
UeNBIBTH6D aiFHD HMIUD AIHHHVID Fn(bHeoTd IHEFHIIMSHI. Fniguiene] Ag" DIULIETHEHLD
Cl swesepd @am Gsikbasl Hewio AgCl m 2 ewiLTé@G. WwOHMID ST  HmJHMet
GmMeUHL HBIMG|.

ReomanmelBuiuilesr  HHHleuUlILY  THTOTMID 2 _EWIMWTGID. FLOBM6VMUW  UEVHILISHLD
BBTUSHNEG JOUBSHATO HMIUD aidd UaESTHD aiHHHID FnbHeoTs DHESEHSTMEI.
womid gaguiene] Hewio AgCl smouenLujb, DGHBHILOT AHST HMIHM6ET DHBFHI M.

169



®.QUN.5.(2_/3)@FFTuiemd: Devg 12 @YFTUINF FIDH 6V




BeonFnMelCWIUINT HHHIOULLIYBTLD FOBMEVENUW 616V LUSHBLD hEBTHHIMUBSDEG HLHHH 60
uefMEIBTHED aiHSHHID LUTTHHS BMIHL i HsHEARDSE. aLmES NS FnlpUIBTH
2 _6ITeNg).

Uesteu@bld FLOBlenevEmUIS & (HSHIH.
PbCl(s) = Pb*'(aq) + 2Cl (aq)

[Pb**(aq)] oiebevg [Cl(aq)] @& Gemmiuger cpsod PbClL(s) @er smydnenen siHsflses
(LPIQULD.

Pb* eflpugeunésd gnigw dev Swaismend Gamiiugen cpeod Pb*(aq) me @Gmmées (Lpigub.

eteupid Swesefed gameug @emmi : Br, 17, SO,*,S*, OH,CO*, SO, Pb*" g efipLigeurs@id
aailanid BBy 2 6o DwieiHafed gJHToUH @aINNF CFiddsd FnlpubTed RHUIL@ID, Dienel
sisveumd [Pb*'(aq)] @& Goméstgl. yHu eafipuge; PbCL @ed @mpbs sSomysmenet
2 mLWHTE QHHE Geuswi(Bd. e160Beu 2 _gryewwions I oweaismensd Qasmemiersn Kl Gumreim
Bfled smywssagu 2 lmugh CsibOgsbasembd. ghamaisd Pbl, @60 K (PbL)) =1.4 x 10
“mol’dm” wmmid PbCl, @eit K (PbCl,) = 1.8 x 107 mol> dm” opseybd o eitengl. Seueur@m
[CI(aq)] ma& Gompiusme Ag’NO, m& Gsisseomd. @z AgCl ops efipugdams.

246 pH @1 elenemey

SiBesone  BFimeuseilar smydmer smyFelsr pH @ed FmBHeonssd SRS ETENG.
o _HTyewions SCas SflHTHE HenTWd Fnigl @ LILbH6TEI6TEN SITULETTENS GLo6TETLO60 &5 60t
@ememielpeolomGD. @& sewrgeder  HECImsACaimmiIn@LluLsomid. BsmE Gevdlsons,
RLMFL(hdbH6T WOMID Feoewul (hdmeT GBumeim ool FalaF GaFmeneuseriler oemyHmert,
Brewi(HLd 6UeTELPELEIGEMTHUT60 pH @60 QUHLLUTEID FHHEIFWETENH. 2 HTTewuions GLossTailsold
HA @eit @ememicpeoionen A~ @eit 2 (1] MA Qeit sangdmeilsd pH @eit aleneneneuds &([hHHis.
o 1y pfled smyuwBurgl, Seum SToHsw Henl QUNIEDSI.

171



MA(s) = M*(aq) + A (aq) : K, = [ M(aq)][ A (aq)]........ (1)
SIOTIST BTUGLLSH STHBHHL BHHLET HTHHD LFlujd
A (aq) tH,O() = OH (aq)tHA(aq)........ 2)

BB elufldaiu’ L sHTéEsL (2) a1 sTyewions (1) @0 2 HauTGw A FHTHHL (2)
@emed SsHOOILGLEUTEH 2 1y MA @1 sordnear sfsfléGn. o gryemors S, PO,
aioevg CO”  Gurem apev Sieiwene 2 mLwl fFDH segun. o (fer smygme
SiFsflE@G 616 e1Fliey Faplul(BeTengl. ASHDGLU udHeors @ eueedleod GFraaslul L
H" wasdwwors wpwopres A~ 2 Lal sTéswLbshl HA & 2 Hmaurs@h. 5 FHTHasHH6e0
[A"(aq)] @mndngl. @& SwaUBHEESHHET QUILTEISHMSHDS Gmmabdaingl. (/P =[] M (aq)]
[A"(aq)]) e1e0iBou @@ oiblev pH openg SHLGHBL sleveom fiFHmasengud 2 Lol
smIHpmen JHeflHEnG. DB DT GLoeTETOVSH T B eMETT CLPEOLOT GHLD.

Heteumd soplmeamuws smais. Ag.PO,(s) = 3Ag'(aq) + PO, (aq)
HNO,(aq) GsiissiulLred, Ueaoumh SToshd Bl Gupid.
H,0"(aq)*+ PO,*(aq) = HPO,*(aq) + H,O(l)
Bssnsasd60 [PO, (aq)] smysalsd GmmasiuGagred s Heaio Ag PO, smybaielBLo.

NO§'@4u_|6t§r&,a'T hHEeUTH BB HafleDid UBIGUDDITLON LITTeNeUWTeNTHNTSS  HenTF6dle0
2 _6lT6rment.

Uesteupld FLoBlensvenuis &([hHSHIw.
Cu(OH),(s) = Cu*(aq) + 20H<(aq)
* pH m ofsfliug eeiug [OH] @ odsfliug wpmid swoplmevenw @Lg Lmoms
BTSS0S AIUSTGWD. Bgemed Feo Cu(OH), afibugears GeueflGumid 606G D6
BOTHDE  (&EDDUILD.

e pH @opsasiulLre [OH] @emésluBld womd FoBme auevgl UssSHDG
B&TSSILGL. Bgamed geawio Cu(OH), smrud 10608 S SIS NS FHE 1.

e (MOH)n euewaswren Gaiensuseier smydmer pH odHsflodaimg eeisd @&Genmujd
womid pH Gemdmgl eailed DH@Feb @G0,

186U HMTWITH (P60 2 LIBHH6T DO6VE HMTFLH6N60 HMIHHIONBLD. @Reueur@mn SMNTWITSH
SOV 2 _(YSH6T HMJH HMTFOBH6N60 HEWTHHIN(HLD.
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BuwBsv 2 eiten 2 _gTyemisHed Seviwest OH Biledpba GQuoliuGEmgl. G o6m &g H60
H* oilenenensu mBID &HEHH0 Oameremsomd. @eleurmmesr pH @60 smidlujeien  semydmest
Bpiled®mba QupliulL  SiewuasiEmend OCaTamiL 2 LYsseEndE WL (BUUBSSULLaT606m60
(2_Bovrs maOrTLengL (HhéEH6iT)

o gnyewions CaF, opeigl apev oemwemets OamesiGeren ofl@n smud o L] LS.
298 K @60 SBp 2 6TeNl FLOBmEVENUID & ([HSHIS.

CaF(s) = Ca’(aq) +2F (aq) ; K =3.45x10" mol* dm™ (=1)

CaF, @e1 mipbup sorsang eaandow GsissiuGd Gurgl, daumh Srésd
BenL QUDISMGI.

H*(aq) +F(aq) = HF(aq)

(PODTHEHHHO (1) a1 HGenmmengl wer QFdemeus GemplusTed, QHT@GHHuled o eem
SWSHSHMBS GOMUIUGNGHS Fagwene CaF, seyuyd wpmid euaiandevggiei CaF, Qe
BE] HTHHD GeUeury 2 6T6Ng).

CaF (s) +2H*(aq) — Ca’*(aq) +2HF(aq)
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BaOeTm 2 Geoors &TuGmmenm aBHBTed MCO (s)
MCO,(s) = M*(aq) +CO,*(aq)
H*(aq) +CO,*(aq) = HCO,(aq)

Qorgs sréasd @esutm, MCO,(s) + H'(ag) = M*(aq) + HCO,(aq)

BTOUFH OHTGHSHUINT NWSSHHMSS GMDUIUSNGS dnpwene] MCO, smyaumss GmlsHDna.
gtz pH et ofHsfllys smydHpamears Gmnasdng. 65 CrrsHdlsd pH @t @snmLiy
YN OTEE 33k X 300 ) A B

GwBe 2 seneudMelHHaA BTD GO EFpWg, LBammenyl(hdbsel @l sBeommisbseT
sTUBaMMISH6T, GuTeCuDMIGHeT BuTameummer GLosiamisomsafedmbah GuDLILGL FHn
SMOIULD 2 LSHH6T DOevdH SHMIFEIE0 FnlQUIETE| HENJUIGHITnIQUIGT.

Ueteumld 2 _HTIenisHmeHd H(HSHIH.

PbC,0,, Pbl, wpmib PbSO, esiuen oifldh smyuw o lyssamr@n. 298 K @e @eupplen
K, Guuuorenmisen wpempGu 4.8 x 107" mol?dm=*,9.8 x 10 mol>dm™ wmmip 2.5 % 107 mol?
dm*® gy@w. @eupder BFbunsmIFBafH@GHeT euiaieon GaFibalulLT60 Sjeummlet &
smIHpeisemen QULIH®.

PbCO,(s) S Pb*(aq) + C,0,%(aq); K =438 x 10 mol>dm®
Pbl(s) = Pb*(aq) + 2I(aq) K, =98 x 10~ mol®* dm”
PbSO,(s) = Pb*(aq) + SO*(aq); K = 2.5 x 10 moldm™

Guevieen  swElamevsefled o emimgw C O, wppwd SO,> osemwueiser  eedsomd SO,>

wpmd H,C.O,, HI wpmid H,SO, oufleomisailear @enemt (LoeumISeNT@GLD. a6l Semesst (LpeoLD
DG USROG MBF BFTULSHST (p6VD Fn(hBHEOTHL UTHGBBUILBEUBTED, FTT  HEWJ M6t

UM FTT (VS BHeTmoms CaTani(h OHTLTLUBESHSHE0TLD.

HI susmimbleviorgeomed, Pbl, @er miyibum smysein@en suaiaieogmss CauUSTE) DG
smIHMeneTl QUlFID UTHESTH 61681 61HT6Y FnmeLTD. SOV 6T6MBTHS Fnl L ULNFlenSBWENL HS
H(aq) muwp sieupplent sjwietwsnenud Qsm(Ba@ L.

CO” o uGrmsdreineg o wi BEILLESmSS OCaraviBereng HMID T Toug
UGrmadrelnE &mp BILLuwmLwg. oG aaadogmg PbC,O,(s) @ miybum
sMIFONGF GFTHBT6L LleToU(HD HTHBMBIBMET alenenaim@GLD.

C,0,7(aq) +H'(aq) = HC,0,(aq)
LoMMILD

HC204'(aq)+H*(aq) s H,CO, (aq)
@5 srasmsar [C 0, (aq)] @& GoMEGLD, BT Ful UeCopml smIbsl OBTEGHulet
AWESSMBS GDDSGSLD.
PbSO,(s) @& Biybup smysein@et aaaiflgmas Gais@d Curgl USaumD STHesHHNG
aULl6U(GH & G LD.

SO,*(aq) +H'(aq) = HSO,(aq)

HSO,(aq) @& pKa (1.99) << pKa, gl smels ouflevd aranGeu GoGev 2 _eiien FLOBlEMEOWITEIS!
FmBHOTE BLG UbESHNGHF FTHEHLTAISTGWD. QORI alHoTEs Famlermed, @LUFTedle
SlGHE (oG Eimo >>>  gooufle  uflsdar  apeogsaiamo  eaGa  PbSO, @er
smyHpaied GsisaiupGld audiallogda almene PbC O, @b sailsore ieme| &mmey
DbGLD.
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@6 2_grremisHedmhal BTUILGUIDGLULTS Semwsisamens (Cl, Br, ) Gureim Qsmemi(Beiren
o lysbseier smydmeaiser pH oped urdssiiubhaideoamen siauengud BT GDIUIL (pigub.

2.4.7 uemiuPluGied (sHowet) SmyHpet CGUBmBHSSe LAFGWITESLD

uemiuuGLled  semgdHment  QUBSSHHeET  LIFCWTsEIST @ BidsmyFedsd @G L
SIWETHET 2 _6TeNend  6laleumm HewiLMleudl 6laiuend IPeUSMESG UWIToNSTH B (HGLD
womib @EiEe uweubhsHEUUGL  QFweepemm usmUPUGUIST S auBIDH. BHl QR
rdflufled et AMmEBGHW etewim  CeTealBGHE Siey SHTAISMSH. @ UewTUMILIEG LI 60T
SglILenL. 2 _6wienld 61T Geuailed, SweisanTeng GOUELL GFreement QUTHL SETHL 6ot
GMLILL sréssmiIsefled FHULBH DUSTHNGSHHHH alenenasmend OBT(HHEGW 6TRILSTGLD.
o gryewions  Oeustefl Swer maBrm@Gonmfle odevsEILar alpugbhH BHfld SHIWTS
OQeueall HCenmmewyl. Hewiosms aleneneurdsd CBT(HHGW. gl CamIE HHMHUISTIHET
@wwordfl maCrrECamfle OVSHILET SHTHHLMLWDTLLTH. @6l sl6efll  HTHEHLTHIS
Biled SMIWTEH GHCMTnIL (HHHmen 2 (HoUuTHGL Sweaisemen Goupmeds LWaTL(HSHSHE0MLD.
o amienoulled  devemeuulevieen  Swieiseilenr  LewupifHuleomen  sewILMHe0  GQuTgHleuTs
(wempwiTe UGUuruie] cpeold HenmBaupmiiubEmagl. RH6e0 alpLgeld HTHEBEIG6T (PHEWIL
UBIG eudleHlaIment.

sMHOWaTEaTET GeusiBaupmer 2 lysseT Bifled GeusuGaummer smyHmeTsenend OB es(heiT6 6.
@eu 2 _lIysaefer samrdHmaiseaied 2 _eafen Ceumium(haem Sweisamenl WFILIUSDESG IS HGLD
aUMBUTED LWETUHSSUILL6VTLD. 2 _SHTFEIoTSS SNMUICTHENTET  HeVeneUUleT BT HeniyFedm @ e
Qummssonen @rarwed Cargpameaill QUTHmens BaTHH60 QNIN SIV0H USDG GCmur L
SHOWSIHMEN @ ailpUgemel 2 [HauTddssh BCHTHOHHHGW. BB CHIHHed @RI DIGVEVG
SIHNG Cuoul L sPOWETHeT BHifled HMIHSH MIHLD.

Baiemeusefear senyHmeaisEnd@ gnu SeumMeT sHOWSIEM6T MbH LITSHTHT Fnl L BISETTHL

Wifléseumid eTaiLENS HTHRIB6T SMGeUTLD.

galLib 1 (Ag*, Pb*", Hg") sppuaiset sawnsg &Ceammenyl (bosmen o 6wl T @S amen.
oaniBou oiemeu maTer HCl o Leir eipuigeumdésliuLeomd. omenmul 616060MEH  SHMUIEITSHETHLD
BHMTF60 2_6ITerenT.
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gl I (Cu’, Bi*', Cd**, Hg*!, As’*, Sb*', Sn*'/Sn’*)  sppueaiser 1WHsad  SHIWTS
FOMUL (HHM6NT  2_6WIL (G &IMTMenT. (KSp Qumiomerd 10 @D  GHewmey) 6leTGou  Dieme
GMDHSH Slenalleomen FeoewUL (h WeTenTs0  efpLIgeUTSSLILL6VTD. 2 BGeomsd  DjuleTH6 e
sl smyseim@er HS m& Gamiugar apeld @ men LWl (PQujib.

gl I (AP, Cr, Fet, Fe')  sppuaisel Wsad somywunsd meOrmlengl (5aHsamen
2 _6WILTHGSNIMe. oPHMID Siened GMMbS 66 MHOITLMFLH SWeTsemend GFmliuge
eP6VLD  OILDLIQEUTEBLILIL 6OMLD.

gL IV (Zn*', Nit, Co’", Mn’") sppweisel Hsene smIwd gnlgul FeOenUL (HEHHN6I
O 6U0TL T G &l6vT 6T, (Ksp(augjwrrsmréjassﬁ 10 @D FaLeuTG) 6160661 DieW6eU  FnlgUle6)]
FeOomUL(H SlWeTHeMemed  aipugauTdalIULeUTD. 2 Beomd WIS  &TyHEamyFedmn @ el
H,S @& Goisalousean (peod BHme SienLUl (LpIgujLb.

gl V (Ca®, Sr*f, Ba’") GG 2 _eien gnl LBIG6MNET 616060TH SHMHUIGTHEHID HENFUITS
STUCIDHMIBMET 2 _6WILTHGHIOmen. e1a0iBGou  (pHeL B Fnl LEIGNST  HHOUIGHTSEHLD
SOIWTSH STUCHIDMIBEN6NT 2 _6WTLTh&HBIMe. 616U (LPH6V HT6N(E Fnl LEIG6T6T SHMHMHUIGHTSENT
SBNOUILLLeL T STUGEDenmF BFTILSHET (LpeldD ien6er aILDLIGEUTHBLILIL 6VTLD.

(Mg **, Na*, K*, NH,") sppweiset GG o sfmen apbsteurm Gergamen GQUTHLSEHL b
QILDLIgENEU 2 6WTL T (G)6UH606m6V.

gaLL 1 @1 sppuaiseiar afpugansssder @FTuiend
masCrm@Cenmfle oflevsHeT maeTer dMIFD el L | Qe elpugaTsasF CFTHemenll
QurmenT@Ld. WwHMID efipuaITGLd DwesetTeue Qeusiall Ag’, Gwaduyfl (1), Hg,*', muib
(ID), Pb** Mley o6t SToHsmISeNTeue,

Ag'(aq) +Cl(aq) — AgCl(s)

Hg,*(aq) +2Cl(aq) — Hg,Cl(s)

Pb*(aq) +2Cl(aq) — PbClL(s)
Qurgl SweT almenayd@ gmu, ailpuYeEefar smIHnemears GmDUUSHGHE JFsene,
Buwevdlas FHBammenyl (b Siwe LWeTUBhSBULUGEDSH. UMD Gl BMFFIle GO HHHD

QFnley AW SWST GHUUSDESG Fu  GCenTenTLige &myHmet GuUTHIDTEIHTE 2 WITeUTH
2 eTengl. @eummled gniguiene] gal L I Gsrmemers QUTmHEnHLET aipuigeuTsHalILBHEETMeD.

gL I @ar sppweaiseaier aipuyperssshHar SrFTueiD

galLw I owerser (Lopmid gLLw 1V), seuphear soqwund  FeOemUL (hHHenTsd
allpuaTsEEsd Harmed GeuprsaliLhdlaiper. Geneu BHifled WL (HGW FHAnsene| EmTuIs Fnigule.
(25°C @b auefiswiLev i(WHSHHID BIFwUw BT smyFed gmsaTe 25°C aped &M @
SMMfled CBTEWIHETNG.) BMIHDS CLPVHIDM MBTFOT FOMUL LTS NHTFO  DIUIGTIHENT
(H'(aq))margear geoenul (b sweaisst (HS (aq)) wpmid gevemul (B (S (aq)) Siweiisentssd
FGLLUdflens SemLdngl. wHmID derapd FOBmevsemsn BID HHoHHe0 CBTETETEOTLD.

CPSITM|  FLOMBIEMEVHET FLOUHSLILIL (HEITENT6M.

H,S(g) = H,S(aq)
o e HE@QIHSER] .
H. S(aq) < H'(aq) + HS"(aq); K, = [, S(aq)] = 9.1 x10® mol dm
H* S*
HS(aq) 5 HH(aq) + S*(aq); K, = : [I({?(gq) ](aq)] = 1.0 x10'° mol dm"
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B SMIFD WHBAID (PSSO 2 ML UG Re0emev ciaied K @el Gmmbs Gumiomed,
Hasd APigene sgwrder S* GoUumsd GMEHaing. oG, o Goors FeoenUL (HhdbaeMer
ellpLgeuTdHsd Fpiurs srupsUILL (HeTeng).

M*(aq)+H,S(aq) = MS(s) + 2H"(aq)

hHF  FwoBemeowd BumeuBeu FHTEEHHET  leey  alewenaysefllaigid  HTHEBeMIGHID
gmi  Qadloysefed sSmdSuerengl. Rbs aILwGHe0, SMHIFmeD JdeVDTEHGHH 2 Bevnd
FooemUL (hdbdeMen alpLRaITEESHMmBS HHhHGW. @ Sibeudmassd Cailug BGuwBs o een
FOBmVmUW LG USBOTE BHTHHHIMSE. Fl LD I 2 Boors Feemul (hosere K,
QuUITETEIGAT 10EBH (GHMMEUTE D606VH BSTO@IT[H AIBHOTHE FnMleITed, WEd (HMHMbHS
sOIFMET 2 _mLwl 2 BGeumd FeOmUL (hEHH6IT DLeMBWITeD, dal LD I smpweisat oo
MBTFI FOMUL(H BMIFeOBHMN[HHH aidUeuTEHBILBL DCH ChIsHHed HMIHMET Fnlgul
2 Bours FeuemUL (hd®eT (gl L V) semygelsd mab@w. H(aq) GQFneneus s (BUubBHaieusl,
sOPWaIEmen  SeupPlest  Feoemul (hobseflar  smydHmeillsd 2 eten  Beumum(Hseiled kS
Boupms@GHausn@&GL UWSTUBSHSHOTD. dal Ld 1T QuEpburaid sidlev |meraar Feoenul (B Fnl LD
oM SiMWEBIUGHEIDG. MHTFar wetGamey 0.1 mol dm™ - 0.3 mol dm (pH = 0.5 -1.0)
aigFdled 2_aTen@Gug uFTouH Fal L [ et Feoenul (hebHefen ueTOL[HESBRIGSNT DHeummlest
sMIHMET QupHBBEIBMeNT LMIeubm@ WL G H Qo) #flOFuwiu@GL. Sieueurm erenr@eu
gL Il sppweaiser eflpugeurssiu@. eaimid Fgal L [V @6 shpuaiseT Si606v,
UMM FeOMUL (hSHH6T Fn(hHeVTHDH HMIWEH Fnlguienel. @bHlemeveniosensn mamenr HCI
HS(g) @ sl | Qe Caurpréssaia augdiasdngs 0FSSHIMSE (D DDLU
wigud. Fgal L I spoweiseisr aipuige] FOUBSUULL HTHEEIGBNT LNSTeUHLOTH

Cu*'(aq) +H,S(g) — CuS(s) +2H'(aq)

Cd*(aq) +H,S(g) — CdS(s) +2H*(aq)
Hg*(aq) +H,S(g) — HgS(s) +2H"(aq)
2Bi**(aq) +3H,S(g) — Bi,S.(s) + 6H'(aq)
2As*(aq) + 3H,S(g) — As,S.(s) + 6H'(aq)
28b**(aq) + 3H,S(g) — Sb,S,(s) + 6H'(aq)
Sn*(aq) +2H,S(g) — SnS(s)+4H'(aq)
Sn*(aq) + H,S(g) —  SnS(s) + 2H"(aq)

gL LD 1 sppweiseier eipugarsssder @yaFTuiend

gl L I sppwerseilar mOrTl engl (hdbmefe K Qumiorenmsigei OBOYLD (& EMMEUTETENEU.
6By MBOITLmF. (B Slweaisefer QFmenel Wad GHmmauTssd S (HULGSHHIUSHST (LP6VLD
SN MHOTTHEMFL LTS alPUIQaITEHSHTD. ReIBaNToHEe060 MBTFAT FeoenUL (HEHHMTF6L
Fn(hHEVTSH CLP6VLDTE B6V60THUTM HEURID 61(HhHH60 Cauewi(hd. |MHOTTHmFL(H Siweflear Gamey
GurdHweney 2 _wieursd SHHITED, LEHHIFWD MHOFTHmFLIgET CHemeuwmm aiPLIQeUTHSLD
BoLOuUMID. GCxemeuwmer Seney OFnle] mBOITEmaFl(h Siwer CaFdlene  SMLuSNE
(gmésTe 1 x 10°mol dm?) oBwreiwr - oGwreflwd GBIl B HTHBH HMIF6D
uwsTUGSSIUBIDH. ACLTeEIWT BHmFFelled LeTouhlD SWETFOBIM60 HenL GUMILD.

NH,(aq) + HO(l) = NH,"(aq) + OH (aq)
NH,Cl(aq) — NH,"(aq) + Cl " (aq)

0.10 mol dm”*NH, semysed uwauGSSIULLTe, ®sCrTiams (b wealsr Gsdeay 1.3 x 107
mol dm® oy@. @a wasaidwbd sCrTLms (b alpuyausn@Gl BGUTHILTHISTS 2 WiTeuTs
o eiengl. GFisauBd SiCwTelwb GCemmenyliger HComeiww Swer Cadley Gomesium
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FLOHmevmW BL G USBHHMEG BBTHHIUSTED (QUTH Swer alemenea]) MBOTTLFL(H DiUI6T
Qanley GHmmEmal. FPsene] semyud dideilww wopmid GCrmdlww MmHOFTL enaL (heH6l
olpuyeusn@ egmsdsmy [OH™ (aq)] , 1 x 10° mol dm®  Gurngioneng, oLEMed HNHBLD
BMIWS FnlgWl LHETFWD MBHOTTHMFL(H DiSUeUTH DI6V6V. DieUmmlest KSp QUMILDT 63TEIH 6N 6T
UGS (peld Bms BImissT Lfibgl Gsmaier pigujb. K (AI(OH),)= 1.8 x10% mol*dm™?, K
(Cr(OH),) = 3.0 x 10 mol*dm%, K_(Fe(OH),) = 1.4 x 10% mol*dm™?, K_(Mg(OH),) = 1.8x 10! mol* dm".
gl L [ sppuaisefern aflbugeuTssSHNETERT FOGTUT(HEH6T.

AP*(aq) +3H,0(l) +3NH, (aq) — AI(OH), (s) +3NH, (aq)

Cr¥*(aq) +3H,0(1) +3NH, (aq) — Cr(OH), (s) +3NH,"(aq)

Fe*'(aq) +3H,0(1) +3NH, (aq) — Fe(OH),(s) +3NH,"(aq)
Bbgs gl Lsde Mg(OH), efpugausmel [OH(aq)] Gurdwere o wiaums @wmbSHT60
Mg(OH), efipugeur@Lp.

Mg*(aq) + OH(aq) — Mg(OH),(s)

gLl IV sppueiseier efipuganssdhHear @raFrwend

IV spnweiser, mSIFar FeOULIRST (pevd SmIFeI(HbEH  (LPLUTHEMIFl0  Dleummlest
geomUL (heaenTa aipLgaurasiuhdsamen. H, S @6 siuwemasid snigulene] oL GQUuiegHTed S*
O&nley siFaflsdaima BH 2 wWiTeuTGLEUTEI, gal L IV geoenul (hébaaMen SIueTOLHSEBIS6NT
SlupPlest BmIHMeT QUHEBBRIBT LSMIUBHTEL Dem6eu AILPLIYEUTHELILI(HEGTM6T.

H,S(g) = H,S(aq)
H,S(aq) = 2 H'(aq) + S*(aq)
OH(aq) oweser (weiailmeouled Hf(aq) oiweiser BHBHensowThslLbBE@net. 6ler6eu
gLl L [V spowsisemnsr seunmler Feoenul (hébHenma ailpLIgeubmn@Ll CUTSHIOTET 66| QIee]
o wi S*(aq) GFPemeus smygFed OQ@sTemiBeTangl. dal L [V ge0enul (hbsemein &mmuIes e
gL 1y marsa Fgoomul sl Siflvssmrgalsd aipugaugsng S* Game GUTHIOTEISHTS
Bevem6v. CTANEILD MBTFIT FoOMULIQET (LPVSHHMTF660 AILDLIYEUTEHEHLILI(H S BTM6DT.
gl [V spowuaisen ailpugeairssshdler FLoeTumbael
Zn**(aq) +H,S(g) — ZnS | +2H'(aq)
Ni**(aq) +H,S(g) — NiS_ +2H'(aq)
Co*'(aq) +H,S(g) — CoS,, +2H'(aq)
Mn*(aq) +H,S(g) — MnS  +2H'(aq)
gaLL V sppweiseia eipLgaursssSar SrFruieid

FaLl LD V @6 MmUIEIT 6T 608 & emIT &60160 Sieummlent &rLGaTmmIdh &6 TS aiLpLIgeuTHaLILIBEeTmet.
Bbs Bmevmws gl L [V @ augdiausd@ieiGen o eten HS & Oarglés meuliuges
ewpeod sismml Gevglawore NH,CI/NH,OH @& Gaiiuger apsod oismLwgub. (NH,),CO,
BMIFMVF BFTHHL Fal LD V sppueiser aipUgaTeusn@GHF FTHHWLTGW. gL V
sppwaiseie afllbugarssssnate soaunbaar (NH,Cl/NH,(aq) / (NH,),CO,)

Ca*(aq) +CO,*(aq) — CaCO,

Sr*(aq) +CO,*(aq) — SrCO,
Ba*(aq) +CO,*(aq) — BaCoO,
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®.QUN.5.(2_/3)@FFTuiemd: Devg 12 @YFTUINF FIDH 6V

gaLLw VI sppueaiseier eipugarsssSnsrer @yFTuieid

Mg* sweisen wrsHID smrgeded @mbaTe0 el CFTHMmaIBaT (pevld SID STewILG]
eTeflFl.  eTadllgnIlD  SHMMULIETTE 6T 6ET seomealuled BebsTeniug  Higeid.  elesiGou  Mg?t e
allpLge| cpeold BNDETMILSNG 8 MHEITLHAAw e e @ GO L CFrgHenen
BumO@asmeteniubGAmEH. BFH WEHFO - UFMHF QAIDLIGME DLV FHBHEMED 2 (HEUTHGLD.

Na’, K, NH,” sppweisst GG o sen abss Gomgameill QUIGLeEHL@ID afbuiguirsg
LOMILD  CUPSHHLTEF SHeuTenevd CargHmerulsd, eupmlenr  FHpldwedurer BDHEIGmTE
FHEUTEN6LUT6D SIUSTETNILIGHET (LP6ULD EREUILD HTETIEVTLD.

deteumpd o srgewid  CaibOshaslulL  ailpuyansssded pH @t (pohdusgieusmns
a6 &SNl




2.5 SUGMBF FLOHIM6EV
GauaiCouml SlUGMBBEDHEG BemLulleomer FLombleney

BT  gnaaBa  OCamewi(heten HHbHeiug Hewiod Hyeud OMMIDO  euTUGleuesT  LPEBT)
DIUSHMBBEME0 FLIOTEH STEOILILBIDG IR 65T FLOTOTH @  SNUSHMBHUNN[HHS
wHOPTEIMIEEG udhensd wInPal @ o LuGwlurg HTGHUIL QUEHLLUTTEN6UESEFIW
Buwedyser  IOTHHEBSGW. ACs GBI  HWUTTNaSGTIW  SUWeOLS6T LOTMHMEISEHEDE
o Lu(pdngl. eupemwwns, 0sT@GHulsr GeuliuBlmen 0H Di(WPHHD  WLTMHDLUILGLOUTS
SIBUHMG OTDHNEIGET BEHWEGDET. JSHFHILGT DeUHeNG LTDMEIG6T eIlu@BL  Guends
LTHOEISET  @eneU  (P6VSHFDM  LOTHMEISEMTEY  gOUBLD BHLEHMSHNMTGHLD.  (LPEVSHEnM)SH6IT
HeID  SUSHMBUTD D BHFIQU  QDBIGHHDHEOTENIOU|NL IS, SLETED  6UTL|  DieUSHMBUTE0
STIRLOMMM(LemL W @LILEGHuled BT Hyeu - opel FwBlemev COHTGHHBmens: n&EWTaTSHECDTLD.

greu - oel FoBenevassiT

ATus AT (WeLBFMIBET  HWILSHHSIT  (LpvEBFnMIBMmeTL  Bumer @MISHLOTHBLILHEUSHVEMEV.
DISHSIL T UTWICLP6VS FnMIHMETAIL S HMMbSH HUTHET(LPNLUINT BHHSEUTHID Siemel LOTDTS
BUISBPENLWIT. HTEURIGET UTW|HEHMENT Ol Fnigul (LPEVEHFDM QEWLG HeUTFFWenL Wle.
DLBHEVTED QUTU| SUSHMBUTD DIMDEUSHMEN AL (LpeLBInMIB6T LoHulevmer GomsHsd aisld
2 wieum@w. 2 @ 12.5.1 @60 srLLOUlLeauTm Hyeudhdlevienen slenlobmasenen FITafF Fobd
OeuiuBlenellet ol fé@GLubBLD. Syeudhdlevieten sHelsmaseie FymaflF gohd GQeauliLmpensouied
L FBGLUGBL. FHreudhdevieien cpsvbammisst GCupurlledmba slyusm@GLl  Gurgome
FaHemw  OCsTawigheH@GHWLEUTEH Jeushemnsd LLIPMD  BHawHaing. opelluply 606G
SLANWTHE0 61TLIG| HTEULDTEIGH UTWBlem6vEE TMHOUILGL QFWLEOLPENDHWIT(EGHLD.
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(PeVEFAMM| LT6ST6TLD

QussF FoHd

2 ®m 229 300K, 400K odw @m OQeulu mMemevseied &yeu cpevddamiseilar Quissasll
uFbUeTEGW. Geuliuplensy HSFHIT0 2 wi FaHaEflw o wiyeTel GLmmoiu@Geugil e
QUM DHB6VLOTEHBBLILGEMESI. Eevap @60 UTTHDHD Fnlgl BUISHHF FoHHUWMLU (LPEVDHInMIH6IT
wLBw Hron SusmBuledBHE ST DLeNMISMBHEHEGHT HIHWPOW  (PQUID, DISHSIL 68T
KE>E = o eoLw apeodsmmseis aldsorag o wiGaiupmeulsd o wiieum@Lb.

o _FHTIewionsdsd Hohbd CBTeTH00WLTSINIETNT QI HIousbmad (BT 060FH ANBHCHTEL)
BID  BHSHH0CBTATEHLOEUTH, SHIUULL  eapHBlensoulsenid &Hreu  SeusHmaulsvienen @b
fAlw  Jesievnomen  cpevdbanmiEeT alemyaursd @umsppud. @Reupml@soraim  CopurliysE
SIHBTHD BCeOBHradluyw uwele@Gw CUTH DSMGEH DIHEBWIGTEN (LPEVESFn NI 6NTGnIL 60T 60T
AL saeuTFFsefelHbHal (PUEMLWTHS SHUI  6UTW DIEUSHMBHHGH6T HIEHIOW  (LPIQU|LD.
2 _WiFhHuenL W (pevddnmiset @eueurm GeuellFFeaIbBUTE HTeusdHlevieTen eLpe0ddn micH e e
gynaflF FaHuled GHmmey gNUBIMH. DSIHILST GLOHHH FoHwTag OCeuliuFsHuTs
2 _Miehaliu(housmed HrousHed Geullupleney GHewme] goUbEDSH, BHST almerneuTs 2 g
BaxpmellelHba BT DLV JAMBCHTL eIWITGHWEUTEH 2 1omed 2 ewifpgujw.  Geuliu
2 _mMlehFLILL 6VTESH) Aoy  cevdgamiser  FynFfl sHemwl Guewt 2 _HaleudbTe, Hyeuld
(Wpemwwrs Spalwmaugsn@l Curdw Gryw supmiIslLBAME. (Wpemwwirs RFQFWMHUTL 19N,
o _mMiehaliub ReuGeuliuwrerg pelwrseder Geuliu 2 _6T@GHmpWm@GLD. SLelwrseoTerg SHyeu
Gupuyiied wL (b0 Pawdapa. Gilw @eiluled BT Spelwmeaums BT SeusHTelsEGCUTg
GLODBMET BTLD DIUHTENHD (PRWITSHI. BT (PeLHIaMIS6eT Gpurliiiemner saflenowTs 2 ML &g
sUIF QFeod OCFwewpenpwnarg sTHHHHBH GUWSeT CeuafiliLBeughenet HTLD
SeugTelliugdlelmba Coupul LsT@Gw. @& 2 @ 12.5.2 @0 GeusfdaTlLUuBHang).

&n}gu_l -2 u_|6m§|_3u_|
cewéﬂjggwm@uum
- O

—ar

5, =y ) o b
Bous Sy Glopuiriijs

o T T

2 ® 230 sroulL GQaiumlmeoulsd HobHeHOETeTHNET PIMONBHSH @ HIousHed DL aIUITHE0
QFwmur@®. 2 Wi FeEHAUMLW  (Ppevdbaamiberilsd  QUIHLLUTEOTETNE S eIULICUS NS G, 61T
U1 OQaeapler Wewio Hysu  Comurlinied  Gurgeudedensd  eleiuGILear  Hyeu
IIUHMBHEG LO6TUGID GVMEV. 2 L @TgUITH DeM6U 6UTL| DIEUSHMBEHGH6T Dlemed Lgad
Oamense0sHe b alsvdal(hdlerment.
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2.5.1 @m appw GameisevdHaeTen Frousdler < aluimged

(Ul QBTETHE0N  QTNleVIeTen @  HIeusHmad  (WPHelsd  Bhme@HGeUTOTaITeD,  DigH6u
SLANUTHMEVN UTTHS (PIgeudlevensy SHHIL ST CHIHHIL6T LoenMbHHION(HeUSHILO0EmM60. Sp6uTT60
@@ rPTs Spalwrgse Coourliiled mHawdaimg. SHyau CuOuIled SmbaHl HiewldmaeHer
OsTLiFAwrs CeuelGumid. SpemTed RBFH Fowid Hyeu GOHUTLILTED Dieneu ELILMMELDLI(HLD.

SBJOLSS60 Adlgl Crrsden et

2. @ 231 oalunsssded (wevssmmisefllar QuEBLUTTENeISGHW elendswT@G. SIOULL @
GeuliuFBlensouled @ Hreud cpul CBTETEHSHH60 MeusHHELILBLLEUTS F6v LPevdFnmIEH6IT
MWITES QHTLBIGHSBTNET. DIHBHIL 6T Sleumiled 6o HFeubHm @t WehienLaISHe0emev.
g CrysdHed el eudbmsulspeien (pevsammiselar SLTHH amBeugiLer Fev
(PVBFIMIBOT QBHEIBOD SpTIDINGSeIment.

QuepLbuTTeneus Gl L L SHH60, HreuGumurliledmbal cevsdammiset GuBsouleTen el @6l
SUIF CFeodamBurgid opelujd CBTeTHLHHMINTC QFHTLABHID DIMHGIMGI, LOMENMHUI
aumwssemenll  GumeiBm opel  (pVEFAMIBEDHD  BLHHIHOBTOTUSTED, MU (GO 66N
BHL&HG6MEHD QBTeTHHHNT FeuTHEpLaID Cordh simslugsame &Hrau Courlieansg @
IWPEBHMSH 2_EhNmIBainer. Gelauamauiled RF FFaurseaied SHFeuGOuUIlyL QIMT@GLD. @
(WM @ evdbgamreng SHyeu Guourlinied CurabCurgl DSHTOUSHMGHT DIDELP6VHIAMI
WeThHempWd @ Burd@ DienwEang.

HrousHenen (WHelled OasTeTsSHNGHN BFTH@GHLBUTH palpevdanmiser FeoBeou mIG
STeIL(HeuBTe0  WeTemaIummed / @BHoHH0aiHD &S| (GHMHDaUTGHW. SperTe0  GLeIb
(PVBIMIBET  SLAITGLEUTH  WeaTemsLILDNMIISDETET  FhHTUURISEHD ChialdsaFoTs
aFHsfledaimgl. SniHuled Spalwrssd nLWWBUTSHl LaTmEILMMED aIHLOTEIHI  HLILIED
alssmaF FoBHmelubsiaIb. s Uar Capw  elemeneunssd Hyousdlear  opelwmsGeom
Sie06vg| euTweilent @hEHHCLT Revensy BT ! el CH SleTeuTs DiewwUD GeTeTlsd
Hreusais@en Wethimpuld 18% alemraled HHHH SUUSNID DIEHLOULD.

@pplmeemw el - Fraus CB1GH SmLWLELTH Hraud LHMID el STemigHELD
o2 flu  QuEwurimas@G il Gueoysenmer OFHTand, Helealee], i(PHHD, Ceuliumlensy,
ILTGHH Gumeimesr wmed GCEISHHIL6T LIMTH Swwud. &6 OFTGHIHWTH @
FLOBMED LU, SpelwmgHe0 mmId RBHEIE0 pFW R THCTHT  HISTTUTT e @S
BuiedysEpd FoaissHe0 HBlawausTed CHT@GHullar QuEbuTTmaus@Glw L LSH60 aHals
THMIPLD Bevemev. OFHTGHUleET BHEHIETIUTTEN6USGHTIW Blawas@G OFHTLABHID RuidhssHHe0
SIMABHTED OBHTGHHWTRH BUIbHF FLOBleN6LUTED DIMIOUD. RS SHIemNEm BB OHT6ITH 605 60
FOUTHEMEN GLOTHIOUBHTED DIen6U Q(hH D(PHBHMSD 2_EhMMILD. HFeusHFHIL 661 QUisHHF FLOFBlEnevulen
SILWHLCUTH SLENTRIH 2_EhMMILD D(PHHLD DHHTeuSHHET FOBHenev DLNUI(LPSHEBLD 61601
auemTWMIBSEIUBLD. (Hreusder BFusOTalu(posD 6laTald Fe0FIwd DmPSSLILGHLD.) 2 (F
25.1 @60 @F Qwpur(h sSTLLUUGUSILET BEEG SpeIuTHe aisd CHhIHHIL6s LTmTg
SIMLULD SSHBHILET @BEISNIHD CHISHIL 6T IHNBFHHF FOBENELMU DIEHLUILD 6T6ITLIGHEM 60T
BT GHNSHIHCBTaTENe0 BGeuessi(HLD.
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v

Gmyw

2 M 232 sriulL @ Geuliuplemsouley, tpw GameaTssbaTaaveTen @m Hrousder oLaluimsed
womid @hEIE eissHear ChISHEILeITET WINMNS SIUUL(BeTengl. LeIwTsHed aisb
wIETHHEGHD 6% FowsHHd LelweudhamsulleDiener  LPeLEHITn NS  6TamT6NS S
SPFILSHTD  BHAISEIGEHD FOLTGWD U] @BHHSOAIHWL  JNHBFEHHIIMG.
Blyeiafuled QHTGHAWLTHH @H BWHHFL FLOBlMEVN L DML OUSBTED LOTDHT GeuliLiBlensouisd
FHreuonerd FOBHM6L peNU(PSHBHMBE OBTEBIL 6NLOULD.

@R HyausHed LelwiseHHeT LHLOST LTSHTRIOTS S(HBTTaulsane0 SHRISWOTONHl. Dien6l
(VBTN MIBENET QEINTH DENeWISHIMeUSHHIGTeN alengsefiler auelleno MM GeuliLmlensoud
G, DIGMET REVGUTHDH HTEUIVTD, @EIG LPVHFaMM BN lNFH6T HEVHBHET 6I6T60
aLelwi(pssDd 2 wite]. @BHCUTIN LmIHmeoW|D Denwujw. QUL H enailed SHFeaudsdlelmba
(PELBHIMIBET BEVGHUTH BHLLOUSHM H6VHS (LPeVHInNM RMLAIMFHT SIS GGHWD. 566!
(PEVBIMIBET RVGUTHSH HLLUMUSM HeObS (PVHIMM DL AIMFHT  DEIDHHGLD.
ABC0  (PVBIMMIBET SUUaIHD 2 WTeUTGWD. WeTHIMPWD aIBTaIH  SHUUONIHHMSHF
FOBmeOUbBSHS (P 6uTw] DleuGHMmSUIeD (peudbdamiseilar QFme] =2 wieuTdsssUUHLD.
IIHST alleneneuTs Sy alu(pHBD AHHBFHEGLD.

2.5.2 s LalWLLPEBHHMM DINHSH0

&8 eluflsaiul Leury steflw @ygl - urgoreflenwl LWaTUGHSHHF FBlenNe0 LIPS HHMSD
DIENHB(PIQUILD. euaToemiLev D(PdHaHHe0 Hg migeder o wigb 760 mm oy@w. [100 kPa
=760 mmHg (‘@pssder 6060 WSHmI*)]. @z 2.® 2.33 (a) @60 alufldasiul(heTengi.
GTUSGeT Fev  gleflseT &Hreud CaisslulLBurgl, Guoisamflisg wWseE@GHWL 6osdedw
ULeVSMmSS CamomielsssiF el Hyaud pelwmaugiLer  FoBlansd DLl QuUISTmg.
@pplemeoulsd Buisgnfifs fAw erehFulme@Gw. HrousHear ealwpssd  SHFauwl L GaHeo
R Opésasmal  Upbwrdes@  Cuidsnfl wLLHGHO ghuBL SmEsd  SHyeuddlen
Brburalw(psessHer GuDILLTaIGmS, aICeulLBlensouled &([hHH SIS

i om FraupHe

suelugpbad

<« Fyeud

Tl mm

u's wu'w

(a) (b)

2 @ 12.5.5 Pybusorelw(pssshms eMshsHe0 (a) euafuled Buisdnf (@ysb) urywmel enwubBurg,
eurdly 760 mmHg. (b) Hg @m@em e Hrauw oimwasiinbssiul LGurg), umgwomreiuleier
o oiten Guidanfl Wa OCFddamg. ssLer Hg a1 wlLsHed ailpsd gnuGHma.
BB (B HFeushder MBIFLDLEOTONLI(LPSBLOTGHLD.
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2.5.3 Qeauliupleneouj et BybUeoTalwi(pss LOTDIND

OeutiuBlensy  SFHBFHGWLCUTH  LFFaiaionsaleien  cpeuddamiseilar  Frraflyg o)

P sflsSaDg. B BBHSH, dupDled GuBeTey FHrouGoOuIilal®khal SLLUSDESL
Gurgiomen FaHenw  QBTEEI(HETENT  6IETUSTEGHID. RUBUTEHSBTRIH  HIFLOLIEOT NI HHH 60

SFsfllenus HHEMSI.

2iH)-

k4

spalwpssnd / kPa

S 100 150

Qeutiuplenev / °C

=

2 @ 12.5.6 QauliuBemeowjL a1 Bifledr BiFbusoTaluI(pHS LOTNIMS

o grgewionas 25°C ulev mrwordifluller eeuGeur®m eneuruienid  epRUIOSHTGHHUTD @ h
Birusomeluwwpssd 23.8 mmHg (3.168 kPa) 2o _meuts@daing. @Hemba  SIiubBeug
wrOseflsd BT (ppemWTs Lalwmeudls0ensv.

Hobs CameTssHH0 @M HIaud QHEGSLTamed  paluasmes@Ger SUlF  OFaim
tpedbanmiseied QuLoene] HFauGmurlienu GTHieuHe0emev 6TETUSZIL BT HT6U D6 HHGHLD
Hmoysudevemev. uFHeons, OaTeaTHHHHBHH 6levd 6uTU] DUSMBHHGHET D6
uralFQFeOAIIMET.  DHFHILST  FoBlewe @HBUTHILD 2 (HeuTsslUBHeuHeOmev.  Gel
BUbHMAIHATET S (PMMTH LOMMUILIDT HT6U (LPeLSHIaMIST CBHTLABHSHID pelwimdeme.
Bz Pawwlurg sHureag SHyausHear sLalupsessHId GeauliuBlemsoulaid SHEidluleTeng).
SpallupliyenLw Hyeumiser griuenaled 2 Wi Spelupsspd alemyars SpalliumliuenL U
Curas@ueLwer.  peallupliumpy  HJFeumseT  (GmDbHS  pONIPSHBIPL  SpeIILMLILLD
OgeuTarHIoTGHW.  QuUTHeUTeT  APIBTL (HHVHNTH, [BID  BHHSHHIQUIFH  Heogeil
aalW(pEsD dnigwl ugsTisHSEIBeT (3.168 kPa) Fmiusnealsd opelumliyenLwer, 18k Flouib
Bl  oLelwpEED  GHMMbHSH, Friusmalsd Speltuplupmer. Gweyd FOFHUID FHIT
SIFNCHTIL 8T iGHILeT GuDBmmed (gasoline) gpdlwest opalupliyenLwer oerme0 Goidanfl,
eI 6V emenaBamed Gumetmen LalumiILMMET. @ GMUILL QsuliumBlensoulsd @ UTTSHSHdHHl6
FLOHMED pONI(IPSEOTEIEH @ USTTHHHH6O (pevdHIamml Hewle], 2 (HGHensv LLMHMID
OardHBlensy Buretmeumpled OHTLTHLW Guicoum@G. Q& HyeusHet 66y, gl 616116616
WasFfsemauruiain oisar opelujLear  FwoBlameoulsveTeng eaudsd  SrISUNHLULSE0m6.
eteueutm SpUieid  FwoBlmeowmelu(pssd e o miBHurs GeuliuBleameoulsvld iGSIL6ot
Ursaieansdaeen cpsudbdammml SemLalmaseiaid SRISUW6Teng eaiusamet 2.5.7 2 melseen
UOLSTTHBISEHSGHS STLLUUL(HeTonEl. meTFe  LenewiliysenenLl  65H65a18menndCasmeo
Gurneiimen Mm@y Lenewilly SpSBPRUTSH @HCFar CuraTpauDDeIDd Wed (GHmDbESH6T6]
Fwplme  opelwpsswenLwer. GeuliuBlemey  SiFHsfiyLer  opelupsasded  DiHsfiy
CriCarLpmaTuiamid  @GMILL  Geulumensd  aiFflsd Qoo fwr  eumwyGeurepim@
aHTUTTSSIUGASmET L, D(WWHBHH dnlgul QFRIGHSTH AHGFY DmUjbd. BF
Gysrenons, &Hreu  Susmnsuledmbs  opelwumausn@Gsd Cohemeuwner usbsFoHHuleibd
galgl FhHW LW LNSTE(LpenL Wl (PeVSHInMIBeTear DLelui(lpdsHHe0 SHHEIEWETONHI. DIHSHIL 60T
BIoepevdanmml Leteroneigl GeuliumBleneoujl et HHCauBTE NHESHBHETNEI.
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opelwpssd / kPa

-100 0 100 200 00 400
@euliuplenev / °C

2 @ 2.5.7 Oeuluplensy amiumsl usGam SHroumiseier opelu(pssnIBaT. @RI GUUILS5555]
wr@seied P = 100 kPa &@flu Gsr®h (yetelaGarLmaig) oLelu(pssaienyLilenet

GnBAGBL YeTedl @ HrousHer FTamyem GQoTdHBlensoum@L.
2.5.4 QargBlenev

R FHobs OCaTeTsevsHHs0, Hyeuomsset GauliuBlensy  AHBFHGLEUTH — DiFH6T
SW(pEBPD  Ceualw(pEsHHMEG D6060FH UML) D(LPHBHH60 FIOWTGLD 6UD]
FPsfH@GW. Hreud (Wwupeugid Speluilesr GWIbEeT o meureugil et Hyoud QBTHEBHD
aLTwLE@W. HLors 100kPa(latm) siwpassHed DigHreud Qardsdem QeuliLmplemeoulmens)
BT FTHTT0 QBTHBEN6L 6TILBLD. HLEVWL L GHHD BHbEG AHGT FTHTTT QBTHHenev
100 °C wn@w. 2 @ 2.5.7 @ (latm) Qsriiuren Gsmlgenen eSS  6UMTLHENT
GmIESHASID YeTenaeaT wmenmw SHreumiseie FTHTIenT OBTHBEMEVBT D GLD.

BmbhaeUTEHID, eupmLWTE [BID, @ HrausHe arTdBlmev eaus, HHHBH0OTH
I(WEBHHe0 smISuleieng eten el(hiaimysdai@omw. 100 kPa @ (1 atm), uniss iWpHHWD
aFafa@weurg, Bymearg 100 °C Wian gmiyuw Geauliuplemnsoulsd QsTHsHaImgl. oo
Gumurly s Lelpe0sanmiEeT @BHEIGMBDBTE D(PSBaINFH6T DH G HHILHE M.
21,5861, GmuUriIemba (LeLEHInMIBET SLLMUSNE 2 _WhHH BUIEHE FhHenul O TeuTIg(hHEH60
asLLTwwraisT@w. adiwmmrs 100 kPa @g (1 atm) @60 GHOPHS D(WPHBHH60 HITISH|
100°C @aid @emmeurest GeuliLmlensoullsd QBmHEBHSIMGI. BHLEVIOL L GHH6O Di(pdHHLD QL TLIT 6w
GeuefiiuenLwimest rHmEIGT FPwSTenswTed Bilar asrTdBlameoulaid FHPluw wrmHmEiseTTaGeu
SmEGmar. HOMTH UnshHed We o wrwrer GLmseilsy, Biflear GQsrHilensowmeng
SWPEHHH0  GMINILSHEHH6NM6 SBIFU6TENH. 2 _HTTIOTE 61ouQTaOL  meLFFSla He 60
pilar GardpBlensy 70 °C susmy Siemowb. eleusury SHUIEID WwdHsd (UFagt) SiGLUYSaM0
(pressure cookers) @misbsons  cpUIBLUSTEO 2 eTen(pdamearid 100 kPa @eoid  (gwomy
200 kPa /2 atm euewy) oiFHsfllugemsd Bilear QasrdBleney aiwnt 120°C sueny elenyeuns
2 _WissIubBaSTe0, BeuGauliupeneoulsd allenyeauTs 2 oo BemendF FenLodbd(LPIQULD.

e FPsflemaulsy, @m HrusHar OCaTHBmey DHEHHHESIDG  GTRTLSZIL 66T
BHT  LMIGHMEVU|LD 2 TN,  (PeVHIaDN RMLIMFHOT (HMMEUBRITED eI ILDLIL6T6NT
usTissmEIaET  QEBETHBMEVBET (HMMEUTEGLD. UeIMOWITET  (PVSIDM  RenL ellenFH6l
SIMOAIHAT QHTLIUTS Spaliupludm USTTHSEST 2 Wi CETHBENL 2 _enL Ule.
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2 @ 258 swsssHiLar Bl Gasrdnemey wrmmw 100 kPa siwpsssded srsryemiors 100 °C B
OaTdsdamgl. WwameowFHseied Bl CarTdesn 79°C Mm@ imssTE BahdSaImgl.
IGFILET DAWES bLYseiled 121 °C &@& Siembss1ss QardBlamen DemdSama.
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2.5.5 gpealwngedar GeuliLeemEnemm

SLANTH60 @7 DNBOEULILBIBLOEUTGHLD. QFHenet alenriFE0ETaTeNSmIQU @ eTeamul sHWwGFwDUT(H
prrengl  Caxmedledmhbal opelwnGweursl g Camelelpbal Geauliugms  BDHMIOIBTED
GofTeugmenen o eoyeomd. SpelwTded CFwuPuTl (BHLer @Qenewibdh — GeulILLDTMIENSWTEIS
SL,IWTHeN60 QULILIOETEHEMD D (EFHLD. AHVap

o Fryewions, Buw QeuliuBlemeouied Bl opealwrgsmey GeuefliubBsaHieugl,
H,0() > H,0(g)AH  =44.01 kJ mol!

Geulin @parwer’ u@GHulsd eluflsdasiul Leumml, @ ASCUIUFOFWDHUTL 19T 6IHTLOmML
UmQeuliLomGL. o586 ST, auTu] @BEIGWEUTEH Caliusms SHHETME).

HO(g) - HO(I)  AH_= -44.01kJ mol!

o _gryewions, uflCarsemer FHwuTs BFHemen BHTEHGHUBMG 2 (I H0HTaIY[hHESGH0LEUTSH
OaulILoTESHMe0  HIMIGHSH (Wwemwwins  GeuliusreusiLiu’ L  OsTeTE0HH60  M6udEGHLEUTSH)
FHewiod  oMMID  HJeu  SleudHend QM FwBemeoulsd emown. uellbslly LMD BT
OaTewiL  Hevemed @@ Geulind@Hemeuuled emeusslILBLLEUTEH Hewio ueldsliguid Syl
BHL QHTLABSID FHeoweniCrrsHN@EH RHHbHMS BID DeUSTENGS (PlQUb. BbHBlensouiled
HewioIpd HFeu(pld @RH FLOBEMEVMUW DML EUFZIL 6T LlbBLI9uTe0 2 (hH60, HleT 2 mmaEHe0
Gumesim ugeduy QFwMUTHHET FOAIHHHD HIHWAUFZILST HEBIOSHHOHID  HFeusHengid
SleNeYB6T  QFHTLABSID OTMTH MWWUD. SIUULL USTTHBSHOT  Hewilo  womid  SHlyeu
SUGHMBBEIT  FLOBHEneLUId @HBGW GeulluBleneowTeng HewIosHHET 2 (HGHHIM6D DI6VEVG
HrousHet 2_mmplency elen empliur. @F FwBlensvenw Reueutm GeueilliubBHSUILL 60TLD.

2 (HEH6V
Hewiold S Hyeuld
2_MHMBH60

BB (W UBTTHHHMBH Hewilo SuHmBUIBHS Sy SiuSMSSG LLTHDNIUSDES
Camauwnen GaliugHEr SeneuTag AIUSTTHSSHE 2 Heels Geuliuasiebemm AH,
ereou(Bo.0 °C uled uefdbsl puier o maelar  GeuliuaeTenemm (2 _H&GHe0) 6.0 kJmol!
QGW. Qg SO CFWLPHUTLTEGLD.

H,0,— H,0(l) AH_ =6.0kJ mol"

@anosdrmenr  QFupur®h, =2 mmHe0, @B UnGeuus QFwmur®, 0°C  uled @z
Geuliueysimepenm rmmoreg —6.0 kJ mol! oy @ib.

H,0()—»H,0, AH =-6.0kJmol"

S
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am uslmGs dHaviosgHe 2o HaEedar GeuliuaeTenemn WOMID 2 (HGHIM6D  6T6TLIGT
stuefiEidsvenen WeT VGHHL G @emLuled emwdny HeuTdFdl alenasefilsr  suedleniouled
SEIFETONH. aUeTleND HMMHSH HUTFS 6llenFHeT 2 MLUI (LP6VE FamIB6T 2 (HEUTSHGLD
uelBiGEeT GHOPHS 2 (HGBmeouwd 6k gFwwid eauelmwwnar @QenLalensd 2 Ll
Flevllobmasamend QBTNIL UamIGHHeT 2 wileuliu Beneoulevid 2 (hHELb.

2.5.6 USRSOTHID LIYQSHEVILD

Hlov Hewiomisen HrouBlenevenuid &LbhH CHIQUITS euTu] Bemevd@GHeT HTemi(hd CFui(penm
USEBIBLOTHOTG. 2 FHTIeuisHHnE, mmGeuliupensouled mBluw  DWPpSSHHNID @
2 eiueieslly (Heio CO,) gleiLmaig Sumes smalsailed twauGLEUTS HSITaISMmSULD
2 (HeUTHBTH USEISLTEDH. BT o HGHmeoulin Gmmeurer  Geulluplemevseiled
2 _enpueiid  ueflldsliguid UuSBISLTASIDET.  Hawio  Swigest  GeuliuwrésluHLCUTSH
USEISLTGID RHGTICUTH LNTHTFOTET 2601HT SaNWTE SENOULD. euTWilensoll USTTHSELOTaImI
Crrwrss Hewio Henevd@ WIMID QFWMHUTEH UIQaITHD 66T AMPSHEIUBEDS. B
USRIBLOTHT LTOFLPNUTLTGHLD. 2 _mmUel 2 (HeUuTHe0 LIQeUTHeVHE @@H 2 SHTJ6ILom GLD.

opelwrgemeolt CuUTaBn UFSEIBOTHNGGD, (WVSIDN BWML  HeUTFHBMEN  LDIUSME
R FHH 2 elafh CHmauLTaISTGHD. @ (W60 USTTHSTE Hewio  Blemeoulelmba
UTLBEN6VEE THDIISNES CHmaluBL Fo&HUTEIG USBISOTSHH Cauluaeienmm AH,
eTIL(HLD. 2 _HTTeNIOTHS STUMTQITLNFLIQET LSEISLTH60 Leteubomm SyULBLD.

ub

CO,(s) > CO,(g) AH_, = 26.1k] mol"

®CxCBuneaiml, ETEFWMHUTLTRT  LIgaUTHelle  QeuliLeeTEhenm  LOTMHMLOTETS LI(HLD63TI60
FIDIOTEIIGH], SET6V USMBIBLOTH THT  (@GmuiLm@LD.

Coz(g) - CO2(S) AHsub = '26 lkJ mOl_l

STUULL SIUGHMS LOTHMHMNSH AMLUSDG (LPe0HFaMMI ML SHeUTEFS BN 61hHHemaln@ WmIILIL
Gouswi(BLD 61601 H([HGIH. @[ HWIDGHMBHH HIeUDTE LOTHMIUSDESG Bd HUTFHHET UGHWTSH
BoluLed Wl G BHemeuwTdngl. uTWBHleN60HE WLTNNIISNEG DeN6U (L(LDEHLOWTS LEMLILIL 60
Cxpameuliubdma. BHen alleweneurs, @ USTTIHHDGHW 2 HB6060 CeuliLe6TEHMUITETS]
S,IWTEHe060  GeuliLeeTEnemMUiVId UTTHEES (GMDeUTaTST@GHID  seteomd. @6%  Bumesim
R HTHHCL HIUULL USTTHBHHIET 6160601  SieusHend LTHOEIGISHID  GeuliLeeTEnenm
LIHPEIGNDGL GeoLUULL  SewiewieneuTd  GOaTLiysemen  CQumeusH@GL  LweTLBSHS
(Wigujb.  (ppewwwimen  Hmoswomer  elufliiures  @eoeorHHHSHEUTHID, sFEaler  eldlemuil
GyCurdléssliuGeusm@ eugHumer @ THfuhHeuTsd STLL6VTD. LUSEIGLOTHD, 2 (HHeN6Vd
OaTLIBE pelupliy eaim  QUEmEIdEed emwwd GaTLiflwmer @muyd QFUIpmDUITS
Q& TeTemeVmLD.

glewiod — glgoud AH, iggI a1 Syeud — euruy AHvap
2,566 etaalar alHenw FCwTAlusNE@ BTD NaTauHIOTm 61105 (LWIQULD.
glewiod — eurtwy AH  =AH, + AHvap

Beuauendsuied UTTHGWLOUTH, @ USTTHHHHET USRISOTH0 GQEULILIGETEHEDMUITEISH
DIEWIGIONAITE 2_(hHH60 LoMMID Selwrsed GeuliuaeEnmmaeilar gl (FHO0SHTMHBWTS 2 (F
2.59 @60 QeauafiinBsHsiLbBEDG.
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260
. . S1,NWITH60
LIS BIGLON SH6D
AH_, AN,
glyeud
9 (HBH6D
AH, FHewiod

2 @ 237 SLulL @@ USTISSHIHNG, 2 BBl Geuliuajsmenemm wHMILD Spelwrseler Geuli
aeTenemmEeie gl (hHO0BTMmS DIewemIeNneUTsl  LGHRISTHe06E  GeuliLea|senemmd s
Fowrs CsmeTeriu(LD.

BB alufldaiu’ L  Seudbengd WIHDF CFWOIPmMB6T, QEUlILLTHHN D06V (G660
UEETUIBET &L L ensBLILHUSHMTL UFICFTHme eurullevTsd SieuSHTENSBELILLS FnlgUIGSTEUT GLD.

QR USTTHID, 2 SHTFewionsll LeillobsL iy (HZO(S)) SLe1g  QeUlILDTSSLILLED  DI6060F)
GMITSHSILLEID DSHHT @) SUHMG WLIHOD OBHTLAUTST @h GQEUlILBEN6D DiENLEUGIL 68T
Guweud  GeuliLoTsHede  alewemeuras  pelwm@w.  @FCFWeHWmDUI  GeuliLmblenev
suemenuiwmengl 2 @ 2.5.10 @60 HAepHfldaiul (HeTeng.

M~
18roud Qardss
AP H 0l <= H D) H,06)
100 | S4T10LSS60
L 84 6T6060T  FlFeu(pLd
3 e S elwrssiuBLD
g H,0(1
& w4 00
@ 40
3
B zu-
g sTeveVT FemLopid
2 mdal(BLd
-10 >

Gryw

2 M 238 pPHsGfiw, @m Oxelaurer GQeulupeme susmenuiwmeng, GeuliLBleneOLTHMSSHIL 6T
fedflsasiu’Beteng. @ olmenauns, Hsfladam Geuli  SeTeuTendl USTIS
HHHamed 2 MehFiuGHmE. euenyliler  dSenLliu@d (LroprTeuliuBlemed@Giu  uEGs)
STLLUILGESIDMD BEIG BITOIH ubensd LINNSIHNG 2 LuGHeusHmers GHNoaHng!.

HZO(D‘——‘HZO@ FBlmevdGHW  LGHWTeg HZO(S)‘——‘HZO(D o el @uiGLCurs el

Ao iugHunGd. @ AH, < AH, BeNHHSH AMLDEUBHT GLD.
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2.5.7 ouGHMS ML SH6IT

R DIUGHMS UMTUTRIHI, SIUULL @@ OGeuliumBleneoulaid Si(pdEEHHeVID BTewrliLhEem
IUGHMBBMNSH  HHHHOTH  HHFfEHHBT.(HAIIMH. IASHILGT emed, GHT(HBENMTEL
SUNPNEG BHLUTOTET  6TEVMEVEBT 6160 IMPSHBLILGUSTL  LNflSaHIemeudsuL_(HerTernet.
SIUULL @ QeauliuBlensy Si(PpHBHHD, B(H DUHMBHBL & RenLulevmer CaTLTaIH el
SIUGHMBHHOMET  FLOBM6VHGHFWSTGID. eTaflenwowins  alenmids0sTeaTousnE@G WHe0e0 HTw
UBTTHFHEIGNNST DIAUHMS UMTLBEM6T BHILD HHHHE0 OBTETENEVTD DIGVVEH @(H FnmIenL LI
OasTGHWIET  DUSHMS UMTLBET 61601  [BTD  UMTUMISHHISOHBTETENVTID. 2 HTT6NIDTS,
Hesteupd 2 @ 2.5.11 Spengh @ FapiemLw OsT@GHHUIET DousHmad eUmILL GHmS LI[HLOLLTHSH
&1L (HhFmSI.

Beusuenyiev, mHTD cpaim  CamBaemenl uUTTHS (PIQUID, P LFLYSeT  “Hewiow’,
“‘Areud” oGFILaT “‘opal” opdwen  @Gmdasiul (hetener. s iLer "C" wopmwo "T"  eten
@m oG yeieisear @Mldsiul(heTener. paim GeusiGoum Geauliuplened LHMILD D(PHS
Blubsmensefed aiFssafled ST LUSTTHHEIHNT HewIow, FHFaud LMMID DpeT DIEUHENSHEHN6IT
BID SHLWTMIU(GSHS (PIYeubHenen @Rened &L (HEleTmen.

A = A
oumwy dyeulomabasliuL

QWIS Bamebe
i GueyeTer GeuLLBlensy
L oTmid SpbELD

R‘saeug,m
yeireri

SI(PSHBLD
S(P&HBLD

EF\@)mew i
L el i ogl Guiume
: I:u'f = -
-

Qeuliuplenev T,

A 4

(a) (b)

2 @ 2511 @ sgpmLw GsTEHAul suemyy (a) @6ed suengy TB wreng syliulL HewioGomsimled
FmmGFmNsafnen 6% Grameuuie Hreu Bensoulsveen wpevd ammisefinEGL RenLGul
o oo goplemevuleners rABlHssaniuGoustes QeauellasT LUuGEDG. SHHH6O
QameteniuB HewioGomamer 2 (hEGBlameouled RBHens0 SmwEnG. DEC61 UL
TB wrenig GeouaiBoum SiwEH05L(H 2 (hGBamevemwill  LyHBHsaeuliu®GsaEma.
Garp TC wreng opelweausmauinin DiFHEr Hio JusmBHGL RenLuled cpevd
FamIsened FBemevenwil LFHBHSHSHOILGSHIISTE DMOWD DISTEUF|, HHSLILGHLD
Gaiemeuuierr OQarHmlemeoulsd @& FwBlemev  sTewLGAME. Car@ TC  wmeng)
SWEBHFHILET QaTdBlameouist Garensuuilsd (eatemoliyereil T ullspid GHemmbs Hleneoulsd
o oo Qeueflupsssded wWLHWL FTsHuwrden @ FoBameouled, USEIGLOTSHD
QaulILBMVEBGHD DAWPSBSHMGWD BenLuleomer QFHTLImUS ST (HEU  USBIBLOTHD
aengurG. (b) GMuihset AS , AH eeaiuen  gwBlmevsst  QeualiliuGasiubGEeim
Ay CaamisL @ fluleneuuwm@L.

yeitefl T (pibeniolijeier

12.5.11 etepid 2 _Haled STLLUUGBL Deubemngd euengiled, Hewiod - opelFFwmBlans, (euemry
AT, &ewiod - Hyeus Fwomdlensv (euewyy TB) wmmid Hyeud - ouellF FwoBlensd (euenyLy)
eretUaUMenmL LIFHBHSHHIUIUBSHSBID (PSTM UMTLSBEHD FHAHGW LTafwmGLd.

616060  (LPSITM] EUEMTLBEBHLD 61BICH FHHBHIIMAICoUT DIEIG 616060 (LGN DHEUSHENSHBETHLD
RINmeHSH @@  FoBmeoulenst, SHaldHeuwTear  GeullupBlemed  WOHMID  D(PDHBHH 0
OasmemngmHeb@GL LseTemwmeug (wbenwliyeTeflCwer ienwpssliubEnal.

OaliupBlensy LOHMID D(WPHBEIBNMTEL S (BUUBSSUUL(H @T @UEEIED DL wiLbBEETnS
@lyetafufled, Hewiold 2 _(HGHH6E0 LOMMID USBIBOTHD DISHILST CBTHBHGD Hyeunmeng
IIFET SpaluLel QHTHMBUID @RHBHH0 DpFIT 2 _6TEMLBIHEOTH Q(h FLOBMED SEIG
SIEDLOWILIGILIMILD.
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yeitefl C Sieudiiyeiier

2 2.5.11 @60 GeualuBGHBUULL Ssusmas suamLilsd C ererll Quuifiiin’ L @@ 2 FHulemes
Fyeu - el Fwplmev auemgy TC Qamemi(herengl. Bg Ssudlieien eren PLILGSSTDG.
@ga1 OaTLiumer Geuliumplensy, WLOMID DWEHSLD 6oL deuHOeuliuplensy TC  mHmiD
SUFHW(PSHBD 616 SMwIL(BLD.

SieuHQauliupBlensouievid GHmpbd @ GeuliuBlemneoullsd, @ auTWAINT D(PSBHH0 DH S
goUBmaUlsd CaTEGHuTas Hreu - SelF FOHML eumIMLS GHnIHHGBL Hensvenouied
el @OhEE @m Hyauordaing. eelaury SHUAaID eud Geuliuplensvds@ Glosyieien
GeautiuBlensvsderied eteuGeur GasmB GHmIbH(HoaudHevensv. gheialsd aud GeulILFBlemevsd @
Guwed @rrouTWeUTeIg  @HSHBLILL6D/HTOUDTHBUILLED  (P6UD  HTEUBMTFD  D(PDHBHND
SFsfUdmID FTHHWOTE BFHmend STL(HEMGH. 2 WTeUTS DWPSHSLIULL @ 6UTU|EN6U
LGB BITH QUDHMESOSHTETETEOTLD.

o Fryenions, o wisuten Geuafu(psshmsll LWRTLUBGSHS 6UTW] (LPVHIMIBET QDTS
I(WSHBILBLOTENTE, RBHHHE0 HHauHmen ILHHeTH, Gurgiomsr o wirGeuliLmplenso
oievlley FHlyeud CHBumelty 6uTu] FHlemevseT @QTEWIBLD @RHSH SWeOL|BM6NH  QBTENTIQ (T GHLD.
apeTe0 @bHlensoulsd @ HrusHnEG Il JLTSHwreis Wemaes deudsGilu uruiBensouieo
BaFTemouUIST BLSHMBWTS UTWOYSGFIW BLSHMSWLTHOID DIHLOWLD.

@61 Seudl Geulluplmeowneidl UBSTTHBSHVHHSH  GeuafiliuenLWms  LOTMIeUSIL 66T
(pedHamm GewL Ul L seuiFFsefllar euellenouleid SmIdluleTengl. uedlenwTe (LpevoHInmml
@emLalengser @muder o wi  SeudHOeuliuBlensowm@G. @ USTTHHHIHET HLSHMBHMW
alenmidd QameTousdn@GsS SWHIUIULL 2 H 12.5.2 2 50l DeUHmS LOTHMEISEHHInL TH
alemesUILL  (LpIQULD.

yeirefl P Hewio Sieusens

2 @ 2.5.12 (a) @60 yetafl I oo Geutuplenev (T,) siwsasw (P) mrmeis @m Saviowres
s LiuGEDg. 0sT@Huls Galupame Guogours (T,) @me oFsflssiu’Lg e
(hSSHIBOBTEILT6L, wmOT  SwssDd (P) B  massiulgms@wturs  SisTag
GeuiuBlemeowieng PO euflBw mamb. susnyy TB Hewiod wmmid HyousHmeE @RenLulsomen
goplmeas@fiw yetell X @60 @misHBw. (CaTligsd b SLESIHNID  HewiodHmELd
Hrougsdn@d @omLulsd @m sopmewsamoud gL Uay Geaulupame (T) @ ewm
arw HrousHneG wrmid ievevd Caumelsonss aEmpeanmed g 2 (HGHIDS.

@pmen BID Beveownenr o wi owssd (P) @ Howuaid GCrréadar o @i
Qauluplensy 2 wiieum@w. (T,) 2@ 12.5.12 (a) GeuaflédasT LiuGd yatell T @ CHrHEs.
BFHemHa Hewiod OO HFeud eudhenssaiemerl LflsgssTi (b susmyy TB ewpsowb
) HeWILGHHL 2 (HGBemevuled D(WHBHIHe allenenene  ereaflenowITHs BT (HEUSH6T
(VP BT  aNeNmIEGEOHTETON  (PIQUD. 2 (HGHINL [HLEHMS LTMHOEIGEMET  GLosYID
alenmiSls0aTaTausn@GL  Ueeumorm  QFwmuLsorw. @essFanmGeowflear  sHoHHeud  uppul
2 EIB6T MO (peUD, (WEHBHHL gOHUBL JAHBFILTERIH BT cped  FomleneoulBev
QM WLIDNSHMS JHUBSSHID 6168 SIMUIELTLD.

Hewiod =  HFaud FHeNevemU! BTLD HHBET6D, Hewiod LMD SHFeu FOBEMEL Di(LPdHHHH 0
goupBl AFSFUUTEIH 2 _avienowner 2 (HGHemeownad CsTGHHulenerll LIeTmLOTEHSF
OIS Wewmi(ho HeWohnd DHGW Coumelswrss gnpeme aGeuliuplameoulsd @&
2 _HGauHomen p&Ca Gsmear @elawi iWHSHS0 (P) 2 mhaBauemigul Geauliuplaneouied
SHBFIY Couswwi(hLD. DHATEL S(PpHBHHT DB BFIYBEHLST QUIHLDUTEOTET HlewsomiseTe0
OardHBlensy HBFIYBET SieDLOU|LD
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Yeitefl Q

216s owssbd (P) @0 Bmd QsmLibgd OGauluiuGsgieugamsd PR Gamliger oG
FHyeuwneng Car®h TC @emeuits yetedl Y @60 ghda@d @uuyetefluled SHrausdled o aild @b
@mLBw splmeowmLaugiLa Geutuplemso T, uled (yeitell R) @@ asmu opalblmess
Wi HHwUD Sevevg Coaumielsonss gafleal @& spelum@Gd. isTeuk 2 m 12.5.12
(b) uiled smTlweury Beuailm eushmsuled stevemevd Camlimg (TC eusmenul) @GmissTs,
OarHHH0 cpeold  Hyeuomend Spelwms  WTIHOWLWWD. p5C6l, WLIHT  DI(PHBHH 60
Geutiumlensy LTMIFEMBUTSHI, SleUDEMM EUMTULSHHBT (LP6VLD DieeU(LPHBHH V66N QBT HMHlenev
GeuliuBlensvenwl evGauTad eurdléds  (Wujb. BHCxTL s auflBw  sreuailsHevid, Hyeu
oMb elsHEG RMLBW @R FHmen DewUD 616 HTWD DPHH CETeTET6OTLD.

Guoad, Gautiupleney T, @ LTPTH euss euewIeID OFHTGHUID (PSS GMMSSILLLTED,
(yetell Q  BlBE SWEETHEW SubysGM), P," euemenudl TC @emen BID SHHSSHEMLD.
DHBILE DWasd P, Be1 Cogid samyssiul L el Wi HIaunr@h. @ Srausge
OardHpensoliyeTaiuled SiassHHar  alemeneneu susmenul TC wreng GeusfliLBoHHISE DS
SWPEHHH0 AFEFY gnuLs GsrdBlensouled SiFafliy gnubBeugiL a1 SH6T LOMIGHm60ULD
2 GHIENLOWIT(GLD.

yeitel S HewiosHelmba SLelbsTen [HHT6a]

2 @ 2.5.12 (¢) @60 S el QUWRLLULL, SeuGma LTHM ULt LeaTeflenw &HmHHHM
OQameis. sruu’L  Getuplemeouleud (T,) spsssdad (P,) Haio seugms &Ll
ul(eTengl. eusmenull TC wmengl, SHewiowd wHmId Spelsl @G RemLBw sTewituGHm Hewio -
o0& FwBlmeoulmer NyFHBdssaiubGsgidamg. Geouliupansoullsd SFHSHUYLST DieL6VSI
I(WPSHBHH0 QRETMIL BT D606V QTewi(bLer suswenul AT uled @msdiupw yetefser P
oy Q @emen 6IDLOTED HEVHHIMHTWTL LILBEDSI.

OTOT DWPHBHHE0 (FTHHWIOTHT D66 GHMMbHSH) HWID DieusHend aanlsd  GeulLmpblensv
SFsFIiYLeT gonuBLD alleneanenel euenFUL SHeieen DDLEGHM ST (HhFGImgl. HIeud 2 (Heurs
(WPQUWITEH  DMeYHEH AWPSBTEIH  WOBd  GHmmeauTsaslul (heTensmed  OnefleuTearsm@Lo.
Goumieisonss gaplemed a1 T eeorl QuuilLiul L yemefle@ SwpraBeau  HenL Qumid.
auemerull AT @ Ganh FhdHbGLWEUTH HeWiod WHMID USBISWLTS STOISEMH. Leerl
T @8 &SCpueien GeuliuBlensd WMHMID D(PSEEIGHTD, BHTHOHHHBUILLL  GeulILmplenev
OO S(PSHBEIH6T60, Hewiod L (HD BeV6VH Spalol (ho ST LULGESSTNEmDENU  [BITLD
urisseomd. yeell T ulemenr e s sL&GHWEUTSHI, WLTMTONIUBlMeLUTD DIIPSHHMS
SFHsfHGWeUTEH  pelwmeigl Hreauwns  WWIHOUIULED Hapeurardl  elenmds0smeren
FalpUWIGT (GHLD.

S(PSHBLD
SI(PSHBLD
S(PSHBLD

R A T 3 G
Qeuliumblenev Geululenev Qeuliunlenev
(a) (b (©)
2 @ 2.5.12 oousHms WLINOEIGTET SPTRT USTTHBEISMIT HL&HENSHH6IT

(ensamISMNDBTET 2 _NIHENET LITTHEGHD.)
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FTSIPem 2_HhGBlenev LoD GsTHBleneoll LeTeafaset

FIHTIT 2 (HGHemev Lommid QasrHBlencolt LeTenaer sleugl siwpsbsbd 100 kPa @ed o eten
OeutiuBlensvser op@HD. saILe 100 kPa &@ Gmisstes susmywiul’L Gsm 6T6aTLSHm6
SUGmS umTLIhHHH H6uw1(HOBTETET(IPIQUILD.

Bfler eluyoTer SleuSHens eUNFLLLD

Bfler  (wenwoll YeTeflwmeng T wdHswd 611 Pa womid  Gsutiuplemso  0.01 °C - uled
Pahausmens seuaibHn CsmerenCGauewi(ho. 2 (HGHlemsv oMb OCaTHBlmevssT (WpenmGul
0.00°C ulspio 100 °C uleuid o4@w. @i iwasw 100 kPa o@b. sugdl@euliumblensy 374°C
womd seudoipssnd 201 kPa 2 16 op@w. Cumamplul L $H616056M60 (LP196)HETHEHHENLOW
BflaT Sleudbend euemIUTeidl 2 [ 5.55 @60 FHHflasiul Bereng).

@Mly: Bengl QuIMIHS euemFuled “@ Wihd DAWPSEEIGTD HTHHS 2 [HGHenevliyererl
Gupiu(p”

2 _(HGHMeVHG, BT LISeUHL FoBlmevenuid OETeTeTeOTLD.
uelldslly = B

uellbsl QuITeidl BIMID SILTHS GoODhHSH. 3560 usllasl puinTeigd 2 (hHEGLEUTSH
2 HuTGD BT &alauene] FNBTASIDSH. DWHHD DHBHHGHWEUTH @eS&FaFmmBsowiflen
SHHFlOUILUG, D(WPSBHMS WaI(BHD (GHMOMEGH(PHOTHEF  FOBeN6L BB, &Hryeu B
2 HourssluBL &ECa @eueyuT D(PEHHHH60 HIauBT awI(HD 2 _HMBHED DML 6USHIL 65T
OeuliuBlensy  GHMSBUUBLD, DISHFHILS, 2 WT S(PHBEIBET0 ST 2 (HGHenevenul
(2_mpBlenev) pEHGHW. Buwed GCar® / euengles gFmuleumengl, Hewid HFeUmISHEHHSG
@enLuleomest BiflelT FLOMBlEN6LUTED LOENMUITETHIT(GHLD.

kPa atm
I1I088 218

-
0 0.0l

7RIS 17316 AT3.15 64730 K
Geuliumlenev

2 @ 2.5.13 mflel SieusHems eumIey

OeuaIBGaum SIUHMBHET HhHGHHD OCBTaTEMUUGOCUTHI, BT JLTHHUID GO SHHH
GoumuTL e &l &OHmILILD BUhBHMETHMID DeUHBILHBHMETH6N60 SHTERILILBLD. 2 _HTFemibHNE

100 kPa (1 atm) oiwsssHHs0 0° C:

Hyeu Bler oiLisd =1 gem™ (= 55.6 mol dm” Bflesr Gapleun@Ld)
autwBleney Bflet oILighd = 2.7 x 104 mol dm?

218 atm @60 374° C ulgyid

aurBleney BT SILTHH = Hyeu Biler oiLisd = 4.1 mol dm?
CO, o sugms eumL :
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atm
73

SI(PSHBLD

2. 2.5.14 CO, Qa1 Siugms L

Bl Susbms aumyyLeal euiGweuTg, CO,Q60 Slagms amyuLLd uppu @ Smiume
L WILD, DIH6TT (LPLOMLOLILETONWITENEI UL 60 Di(LPpHBHHMEH BLosd Diemneug| oL (HLOT(GLD.
aeiBeu S.1latm &@& GHMOPHS AWPSBHHe0 616106uT(H Hreu Blewev BHTURTEQTTL MFL ML UILD
QupmIsQsTeTeT (IPRUITE aaUSTSGWL. ASTaugs CO, g SFTHITEIOTE 2 _(HEHIM6D
womid  CarTdPlmevsmend BT (HoudHevensv. @QHeT  BHHGHISTOH  STUSTOTTL NFL LTS
78 °C  QeutiuBlensouled USRIBWLOTGW 6leTuG WL GOLWTGL. RHeT  HTTERIDTS  HewID
STUTQITL mFl LTenng ‘2 6o uelldslly” ser  SwiuGdmg. BT m;Gursmibd e
STURTOITLHFLMLF FTHTIenl BlubHemaruled QuUDMISEHTETEN (IQUITSHI. SHeWIOW  DI60EVG
apelwrs GO GumevTLd.

2.6 gielzp Hrou QsTGHOwradear Hyou SpelF Fombleneo

AUuUEGHHUTD (PHelled R CBTeTemBWETalle0TeT cTemienibEhHallel 2 HalujLel Sy alumLiLeTen
Bm Hroumseier HevemeuGuiTeler RuieOy®EeT &H60BSTITWLILBHLL. B oHSHE0HSHIENTUWTL 606D
(WHUGHUIeL 6Te060T  AIFFEIBMNID (POPTHS HVHEH @RMH  HONSHTUSHMBE OBT(HHHM
Bm Hyou aumasen SmwdSIDar. BHHTauEEafled BHLHmBMW 6leNEISHDHCBTETUSNSTH
@evl FluisHevem6l 616N 6Te0TeNTHSH SM(PHLILBHBLILBMISHIL T @6 vl Fuid HenJaFe0H 6N 6or
IIOUGHMS UMTLBET 260 Th Seummlest @wieolbeEnd Gobmaasliub. eterm @eol dwl wmmib
@eol_lwomm sevemeusein@ @emLuleomen @UUIHBL iewLou|Ld.

2.6.1 @eoLAws smyFeoBeailean GuiedL|sei

s OBHBHLTN PHH HIEURIGMET MEUBGLEUTH (LPHMTEE HLHGHID HHe6Ten HFeud
BHVME! LBBLILBLD, Siewey vl s SHeenamulll QUHL6Te| QB[HEES NGO HTLD
(beHIS Oamereneomd. e Gaeir wHmID 611Gy, Quede OHMID GaTevuier, BT HOID
OwzGamed GUTETIMET @&HMEG 2 HTJEIIBISENT (EHLD.

(pvBInNn L eleng el

SNW(PSHBHH0 HLHSHIMTWTIPWIH CUTSID @ HTW HFeusHed FHdH Fnlgll (LPEVHTFnMIH6NE0
fovo  Hyeu  Cuourliledmba SINFCFSIH  SpeTUTSSILUGISILET  JIUSTTHSD  Fpjw
(WeudHInmy @emLalmasel 2 LW allar SyiulL  QeuliupBlensoulsd &nlgul  (LPELEHFMISH6NT
sluayd gnusieuTGw. UNECHTH HrousdnG BF 2 aumbUTGD saugbler =2 @ 12.6.1
@60 @5 ST LIUBGEMG.

° 2 o Hrougs
A o gL
bolof {; f \l \ f{} % Guopuyiiy
Sep X plet
Ayoud A Hyeub B gyoud AB
(a) (b} {c)
2 @ 2.6. A,B ww siemeu 1:1 eldgshded opdbsiulL Hrau sevemen AB wjb
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@euall(m HIumIBEHL (POOTHS  HVBBUUGLEUTH  (PHOTHS  HVHHD  HewL QUMD
B0 BTmIH BHaT almenald HUMEULTHIH @ ol (Fev aldHpmmeE Dienowr)
Hovemed  6Tevtd  FapluBeugiienr 2 @ 2.6.1 (C) @60 elufléasiu’ LgGumed  Hysumiserile
BmGeuml cpsvdBFamIBEHLD HUTNF CFevsudled LOTHMIPL DIMMEIT.

26. (C) 111 eiepd aldpsHHe0 B HroumseEnd He0bHELLGLEUTSH, FHUIF QFe0S6TD
@6UQeUT(H (PeVd Famiberles  IFHHEIBEHD RHHO D606vGH CoumiaiFHonsd Fnmlet @euGeuT(
Famegid SUNEF QFOHSID  LPeVBIMIBEMET 6TETINNHMBUD @RHHOT 6D b  UTTHD
(LPIQULD.

A wpmid B ewpevds gamisen (wanlphseno Gumeim sliysumater 16k Guradlenest @ete(LpLd
O&meTg(HBHGIMET. (Slened SHENWTHS BTEILLGBLD Blensouled Gumeimi) & A eLp6vddn miber et
@eLuu’L seurFflaameniBureiy oiCswene] @ A cpevddafnD@GL @@ B cpeudgamin@d
@emLuled Siemwowd  eleor BT elenmidled  Q@menen (Lpud. (lenFHEndHEG @RemLuled
garaugl Geumur(h Semwujoreimed  SUydm Gumrd@d wrmup)  eieluisoysepLear A
wmmib B epevdanmisensElenl BuiweTen cpsvdsdmmm RemLalmasel Gursaim Hmssons A
-A wpmid B - B cpevdsammisend@d @ Buiujeien cpsvdsdamm @enLullevmesigl 616  [BTLD
olenmidld QBmETEm6emLD.

SHEVMUWITHBIAT GoulILIaeTEmenm LOTMHDLD

@ Hyeuds Hevemeu SpHHUIUBLBUTSHI, STERIULGLD (PeVHFM SEUTFHABET 2 ML oHBLIL(HLD.
IGHHILAT  UHW  seuiFFser 2 HauntsHsLUBaUGHID HHIpL  BMLaIMNFHMET ML HEHF
FHHBHmauILBL 6H Fowwd yHw  seuTFsdeller 2 (HuTssHH0 DiFH  GeuafiliL(BLd.
@5 seurFd wreyb FwowTuIRT BHeVmIWTHHMIETCUTH  Geouliud  QeusfiliuLBeom  ievtn)
o2 MlehaiiuLBGeor  Sieudlwiommal. RHOmHH Qm Hyoumiseilar el s H60MEULITHSLD
uFsw QeuliueyeTEphenma @G luidl 61601 &H(HSHEVTLD.

SIUUCL @ Geuliumlensoullsd, Hysud A wmmibd Hyeud B ulewend seoliLgesiepeold (WwHMIeVILD
BVHGLD HHAMLW Flalsssome @Elal Jpsesdaturgl, f, 1, ., [, , sdu eaimseE
OHMSILET @mLulled moujd @mLealmesar gwwreaun (f, =, =1 ) Qeuliusyeienemm

wrHOD Be0e0Toed RHULTET DSHMmBW BMIFD VL S HMIFE CIRIAD DHEMDSHBLILIHLD.

Beueumauied 61 CFaid 6IBTmID OaTewiL Hevewen @l f SuGmBHHE Ob(HBHLOTS
Smoujb.  gLaailed  Simeu PHISUMLST  QBTEIYHLILSEITEO  Sjeupmlest  LogHulsd
FLOEUEIENIOW|DL U GUBSTEUTE06N ONeNFHEIT DIEHLOU|LD.

BrCaurppet ailg

sriul L GeutiuBlensouied GeumplLomseayeren cpipul GQameTseOaTamed SHreumser A, B
Wemend SHeOLILGETEL DLEHBILUBLD @H HONHH HMTFN6VH HHGBHIH. CUTHIDTERT FhdlujenL L
Awpyd B uled cpsusgamiset HrsuGumuriiys@ Guaeien Geuafluled SHliLeusest cpeold @
I(WPEHBHMBHDH HLIGWIIpLL  (PRu|OwsaTusemer BT PGauTd. CHTGHHUID @m Buibs
Foplensowmerg A womid B uled opelwungsd aiswd @BEISaISHIPD FomEaHIOEUTS
SimLWiCumId. wrpTGeuliu Bleweouled BmiGFH BmFauTGH OCTHS SpENUIIPSHD  LMHMILD
SLalweudhmsulled Semwliy SpFweummest cpsod Reualwsss FwBlensowmears CFrdHbsliuL s
FnlQWSTGWD. STOMeTer aldHuledmba LTSS AIPSHEHIOTEIH FnmiBees LG UW(LPSHBBEISH6N60
FL (H0sTensWTGW. A, B wrer Osmiiumenr opeliumiy (QasrdBlensvuser)  wommib
smygelaeten A, B uler Qapeysefled opelwaubmaulst Siemliyd SHmISUeTensm@GL.
Fapreidl, o wi pelluplyd (STHOsTdBeney) womId SmFFellsd gnigwl  Gaplew
2 _MLWHTE MG 2 WT UGHU(IPEHSHMmS pHGHD Curdsdlemens STL(HO. DBHTeUS
apelweubemsulsvieen @@ Famlar OCapouTand DHET ULGHW(WPSSHH0  aldSHFLOTS6LD
([A(g)]ocpA) Heveneuulevienen Fnm @ealed GFNsureg ST (WeollSINISHNG & SHFLOTH6LD

([A,] ox,) Siemouyd.

195



A,B eow gamsentas 2 enLw @ @eolduis sengaeler GuBsv aluflédsiiulLeurprer opal
- Slyey FOBHMVMUWS BHAHIH. DENITH0 IHUPLD RBHBHHBAIH(PLD FIOLOTH DIENLOEUSTEV, [HITLD
Uesteu(momml 61(10s (LPIQULD.

rV I.V
Al) = A(g) ....... (1) B() = B(g) ........ (1)
r r

¢ c

¥, oo 7, eeiue WwemmBw saml A uled SLeluTse @GhEISN eigEsTGL. ' OHMID

r'oeigiuen  (1pempGw gam B uler opelwmrged wpmid @GS eigmisTa@. (1) e
BHGIEUSHT (LP6VLD [BTLD LIITEUHLOTM)]  6T(LOH(LPIQUILD.
r.=k[AD] =k, x,
X, MG BmIFeleeTen A ules cped LeIIOMGLD.
@CxCGumem
r' =k [A(g)] =k, p,
@mE p, wreig peluausmsuled A ulal uGHUWSSIOTGLD.

FLOHIEN6VUT6D

L, = Xk, x,or..p, =kx
2

A

x, =1, o4,&w6ung p)=p,= Auler mBiybusoral Si(ps&HLD

-k = p?
SPA= PR X,
A CaBumestm) py= P X,

S eluipEsd / MUY UL S6NT

Hyoud A, B uler @eol s sevemeu@uimepiled, wommm  Qeuliuplensouisdo A wjp B wyw
BHVMEUUTED DI(WPEBBHHT SO LEIG6TLILEMmeT 6UPERIGLD. Faml A LB il Geauliusmss
sHHWOUTH P,= P? x, el BT O&TeTGourd, @mIG P @@ TS @Hen aleneTeurs
p, wrengl x, smEueien euemyly @ CriGasrGOwer 2 b 2.4 (a) @6 &TLLOUL(BeTeng).
x,=09pulesl p,=0 G, p, WIG X, BT SFSFILGE CoHialbSFOMTHIG. X, OIS
AmWLESTSSIULLT, p, @LLEISTESIUGLD. pE6al, CriGsrLeig eusmyler (0,0)
yerefulenm med OFeosuid. I8 BLSMSS Fam B @emed Weupmiu@d.  pY > po
o1l B  61(hHHIBOHTETCouromulest, SiFmeug A wmeng B ulleyd uridss gpelliumiiys
FQUSTGD, 2 @ 12.6, @0 2¢ B0 GPAIUWPSHSIOTHIGH ST SIEDIDLILL T X, LOTNIDHE
sTLLOuBGAngl. seoenauulsr  qauleurm emwlys@Gone Crss  pelul(pdSLomeTd)
smaLUbBL Yetefluleneten A wpmid B uler opelwipssmisaiea gnl (heHOHTemaWTGD. 2 (F
12.6 (c) uled wrPTGsulLBemevUlsd SHyeumidsT A wopmid B uled Geol dwd Hevemeuuiest
Qrgs aumgurag sTLUuGEDg. Carh p, (p,,) A& A wppid B ulmer samisamTss
OamewiL. OaTGHUIeE CTeHs DLeNW(PEHBOTNIMEMUWS ST (HHGIMG.
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Pg <Pg

(P& BLD S(WPSHD  D(PEHBLD SI(WPHBHD  S|(LPp&HBLD S(P&HBLD
P, K. P
Lt
k. P |
P, [ P,
-\_-\-‘rl\‘ i
X, =00 Lo X, =i Lo X, = .. . 10
K= 10 @@ﬁmmw [T @Q)Ij]GUTGNLD 08 X,=10 (_lp6\)|f]]60‘[601LD ]

(a) (b} (<)

2 @ 2.6.2 wrIPT Geauliumemeoulsd, ArGeurmplen aldoE emwdam @m Bl fws OaTEGH A, B ulsd
opelw(pss - mwlys@ o flu sumyysenm@w. (a) sgm A uler oLelwpssmmiens
agm (b) wer oLelw(pss LINMSUD o 6TensslubGEngl. (C) Sevenauuler QLTsHs
MUI(PEHS OTNIDEmUIS ST (BTN

Geauliuplensv (QarTHBlemeviiyeitaf) - SienLOLIL 6cUEDTLE6IT

Hety seoba IemyumLlu®GeugsiGumen, wrmm Di(peEEHH6e0, HreuCGmuriifelmba SHUTNFCFe06060
BeV@GHUTEG| 6TRILBHE BHHHHTSHI, @LULILL6MeN60 cLpevdHanmmiest allenade HeVlbSH6e0 6T6ULIGIL 63T
OardHiugsnG spelwurausn@Gld FMsene Fo&HBW CarmeuubEAMEH TETLSTGLD.

9560 @ GNHSOMIUBmevmW 2 Wi e l(PSHBHHILST  Fnlgwl  HIURIHET ST
CardHBlemeoujemLwer. D60VH SLalL(PEHBHHDGW CaTHBlensoliyaTend@n  (QeuliLmpblensv)
o oen  QFmLiemUl  Neteuhonm B elenmds6HTeT  (PIQUID. SO I LTSS BISHENT
Oeueilufsvieien  euelI(PSBHHAMG  FLLTSHMHLEUTH HreukissT OCeTHHHSIDI. @ (H
Hreuoneigl, SruulL  QeuliuBeneouled 2 Wi  SpeM(IPEEBHMHH  O\BTEUBIL 6HLOUILDITEIITED,
Oauliuplensouled @ FAw siFsfliunerg Qeueillpds OLLHHmST ReVGHUTS DienLWILI
GurgioTenHTGLWw. HODTHeaUmBUTED, SLETUIPSHBLD (FHDMEUTEITE), Fnlgul QeulILID/FhHwITeTg)
Oauellw(pdasmaed dmLwgG GoHemeuliL(HLD.

9&5B6u, HrUULL @ OGeulumlemsoulsd o wit  uelwpsspmLW  HIUEIBET HTHHS
OardBlemeowemLwer. @By  Geuluplemeoullsd m  Hroumiselleomsd @ el Fuis
BMIFOTHBILUBLEUTSHI, HOUTRIN 2 Wihd LTSS WMLWBHT 3igh STHOCHTSH
BlEn6VUL|EDL WIGT (GHLD.

@ Gauluplene (GaTdHBlemevliyeieaf) - imOLLY UM DIMLOGHHED

WHe060, SpeluI(LPSHHLD Siemwliy  euewylienen wrom  Geuellw(psssHed  Geuliumblenso
(GasTdBlemsvliyeier) - Sl euenyyd@ IMMIGsaTD. GFOFWMHUTLLTEIH 6TaMenLOUWITETS.
N THI(IY: 3: 31) SIMLLYEUMTLSHG — THTIOTOTIHI, DLH6VT6D 61601 QREVGUTEIGH S0
eTemtemTeVTD. @HHSOUTHID Speiten Flev el WEIGM6NE BHHGHIDUDT RFH FHlwmen euTHD
616018 & (THGH6VITLD.

LTOT D(WPEHBHSHH0 P > Pl 2 Let emwdlain GG &maUILLL 6ol Fuid Hengaed T <

T Steowwd T ereiug) CardBlmeowT@Gw. (A WTagh GHoDbHSH CBTHBENeOUIENL WIGI).
@ ool fws semyFeded wTHT GeuliuBlemsouled SIUULL @M Famlel LGSHW(PSBHLOTISH
SIS BHFbuTOlL(PSEHHNHID  HFeu  SusHmBUlaeren G  PpmLIeTeSHHeSHID
OuUmHBBSHNGHF FWTG. RHEHTLIUTEIH ATCeurmder alld erar DempdHBUILIHLD.

@sl P,<pP°, wpmib P,<P’; aaiug GHefeurarsm@ip.
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S,B66 A Wler oelu(pEHHHE0 gOUBL SMeHHLOTEISH
= pL-p=pi- pLx,= pg(1—x,)

p’,- P, P’ Py
—— T Xp opmud X
pOA ? pOB :

apalweudhmnsulsvienen @m SIUULL Fmleidl SLelu(psssd FTTLHDGSIOTEIS ST F6Vlel6Tern
OHmOW G (ped LSThHM@G FLODTGLD.
@rBsurmnilest alFHuLent HTHmeilaT UGH WSS alHenul REDETILILSZEITED i eNUI6E e SHUll6H
ADILIMUS SToTalbs (WU, P WTEIH OTHS A(WPSSHOTEAD Y, LOHDID Y, 6TeILeT
wwemmBw opdweummievieien A wmmid B ullest ¢ped LN6TeBISEMTH|D SHEMLOHSHTEL HTMHM6T 6ot
el

P =P =@ +PYY, PR %= (B} X+ Py Xy,

pY x plx
Y A A I_D' LD Y BB
Yoyt oplxy) PO T oo+ plx,

@rBsurmnilest el @l Fwids @devemeumem L (ho FCurdlesiiuBd  Devevd ool Fuid
Bevameaumem L (ho BrGeurmplesr alde@ emulib.

A wpGw B uled sevemeusendd, @mueiaisamen Qamewisdn @ ChiGsrLrs ieummles
OaTHBHlensussT emow|b sler FeoBeuenen BEIG6T 6THTUTTSHSH E(HEHSH6EVMD. 6TeLUTDHTUNDILD
a1 @@ suswenuiwm@. uGd 12.5.3 uGHuied FyeusHmG pelwipsdsoTearg Geuliumplensouied
alengouts HsFliug uDMe HeobSHIMTWTLLILLLauNenD 6T HHBHIEUSHIL 0T Dighewen 12.5.6
2 mHeled UTTHGHS.

OsrBemeo OardPme  OaTdbmen OsrBBmes
L Ty
T T..
L ] 1
X, =00 N 1.0 X, = .0 N o
X, = 1.0 epeOLilenenILD 00 X =10 cp60LTl6vT6TLD .

2 @ 2.6.3 LIOT DWPEHHH0 @ Rl Fwssevemen AB s@flu Gasrdilensy  (Geuliumlensv)
- SmwlY aumIyseMT@GL. (a) gamsel A wwopmiw B @1 Qardbensvser (b)
sevemeuulest GasTHBleney TMHMLD.

2 (5 2.6.3 @60 STLLUULLHIBUT6D, (WHeled QaTHBenevdsemen 2 _flul DIFHH6MN BT GHNHHIH
Q&BTET6N (PIQUJLD. DUSHBILET H6VEN6eUUT6D SpOTUI(PSBIOTMIEND 616N  6T6I0T60THH(HEUTEIHI 2 (F
2.6.3 (b) @60 arlLOulLg Bumev @mueieildener GeneWILILGZET (LP6VLD HeveneUUled &leud
FamIBeMeT SIMIDLILL 6T STLLLILL 6VMTLD.

SLNUIST  SIMWLILLET  SeNWL(PSBLOTMED  6TeleUTN  HAMUWOSTLUSMeT  BTWD  GLBurg)
SIMWCUETTIQUIETENSI. LOTHT  DHA(WPSBHH0 @ HIoudsseoemel CsTHHGLOUTH  GHMDbHS
SLONILPLILENL WSS Fnlgul SpallILDMLIL6TeN USTTHISID Fnlgulene] HLILIEUSET (LPsULD S aTlenul
BGW. BFH BHHH WTOHaNe0 HHBUTHIeTN GHTGHH UL paluled A (Falpwl SpallILDLIL6TeT
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Fgaml) wreng HFeubHid uTiss o wialdssHe0 smeuliupL. @liyerel o eafen opealulles
SimOLILTENG (WHe060 @HEHSILBLD Delcpsuld UL 60T / STOTENSSLILIL6VTLD. DigHSHIL 63
SISO LGUUTWeEOTD. 2 1 2.6.4 (a) @60 2 6o aumILULGHH0 @GHMSaUIUL(HeTen Leerl
P eow smais. yetedl P ullsd 2 etem Hysud Qeuliumlenev T ufled CarTHHEmG. DAHHIL 60
T wen QsmiyenLu apeluier oiemwliumeig P ommio T, eone @ HenL&BHTL 19 6n6dt
umILU(BSHIHET (eold QUL eoTD. wmmid Speiuled sityeTefwrerg Q sten GmisaLL(HLD.

HrousHer  CeusuBoum  SiemOUYSBEDHLET  Hysudsseveney OamLiurer uulpfulenen emeaybd
BupOasmeteugiLer, 2 @ 2.6 (b) ulesr sTlLlulLeTeneurm opeluiler opelui(pds TDIeNS
@remiLmeugl suswenuiwnas euenFyUBSHHMD. B CaThaEnHGWw LUl L LGHWTaig
FHreud oML SpellshEG QenLulevrer FomBlensvenul 2 6TenL SHell[HLILSHENT [BTLD HIT6wT(LPIQU|LD.

QB Qardilme  GardHBlme Qardme  GarHmev GarHfmeo

el
T T T
P Q T, P T, |

Byoud = 246

T, 4

Hyoud Syeud

X, =08 apsoieiend & s X, =00 apsoLisiend 0 Xm0 G, podeamd € L0
Xa= 1.0 0.0 X.=1.0 0o X.= 1.0 LX)
T ullsd Hyeu T ulsd GardHb@b
P 2 . N
() @ity BrousHen 1Bpmen
B e
iy

(a) (b) (c)

2 M 246 (a) LIPT JWPSBHH0 @ Bl d sevensn AB @il Qardbensy (GeuliLmlemev)
Sl umIysmMTGw. (a) Semwiy C 2 oLw @ 05E0sGssIul L He0meu
smwlLer GardBleney wrmms STLLOUGEDS. S T uled QardHsdmal. GCzm(h
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CarTgnlmemuis s (HEng. psCM BHHMBU H60&HGD SHMNHTUEISTET HevemaISL &I
UMBHOMED  (LPHHWIOTHS  HouallebsGouemnguigd WTOSHNET  Hevemeuuled BT HBlemevUITeS)
T FamiseT SIaigaigid CaTHBemevsamen alld (&mDeuTarQHaTLST GHLD.
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B5aHFULTaEH CauliusHNG 2 euiHnaimLwl GFreneuseiler SHTUIMLWTEHSMMNEG OGO
UL WG, GOUUTES Sogl ardHBensy Geauliuplmevseied Uflens DML eUSDEHTGLD.
STHOalLBemeouled OCarTdHsdn sevemeuseflear o2 wi OGardBlemeoujemnLw  GFieneuserile
Fmeemend  Cardprrel  sruiFfaugliuger  cpsod  LHOSBUUSHGL  LWSTLBHSHSH0
BVGUTRISTGWD. 2 _FHTFIoTS Limeted et Haig FTsTyen Gasrdbensy (184 °C)
uied elemgeurs @UACWMHMULBLD. eTeueuTTUIMILD  LTMETED DM - B HEVMEULITEIH
100 °C Wieid GHewppHs GeuliuBlensoullsd CaTHoHHSImaE. 2 6 12.7 @6 cpsvld LlaTeuHLOTM)
sevemeuuilenall LNflaseomd etesr alenmidlasQsmerensomd, 98 °C  grw Hysumiseaied Biywusomel
WIS BMISEHLD LeTeu(hLomm]

Uenenied oemwasen  7.07 kPa
BT 94.30 kPa

sevmauuiest  Qmgs  opelwpssonad  eualyenigargid gl (hd0sTens 101.37 kPa
AGW. @F Frsmrent Geuellw(pssdIid FPa o wicur@Gd. 560 BH0sTGHIHWmans
98 °C Al @emmeurenr  Qeuliuplemeouled OardHe@d, a1 sTw Bilar CsTdBlansouleyibd
(100°C)@mmeunenigl isHILET HTw Lienaied emwailer GardBlensy (184 °C) wisnid s
(& EMMEUTEIHT(GHLD.

2,566 BevemauUlelbbal RFCFTmeumws QasTHBITONS BHTUIFHOUHSH0T60 HTUITHH0
WaF seouns CLnOsTaTeNS FnlgWSTGHLD. SHHILST 2 12.7.2 §60 B5H0CHTIHE0MmIL LSS MT60r
SIMWLIIST  euemIULEIG6T  STLLUOUL(BeTengl.  @FCFweopenpuisd  Qardbrmalwmerg)
OaTLIFAWNSEF GLTSSUULL Hevemeuull TaF OFasHsLLheaugiL el Geuafiliupd opelwimerg) B
- @ofiFfunssed @bhdd cpeold @HoHBLILUBLD, SpHe0Te0 HTWanMer @bhiaUUlL peluiTerg)
R OaretssHed Caafldsiubpd. QasrdBrrmel sruiFfangly mHLUD @ USTISHHLD
GoupmaaluL6d /| GHTUIMLWTSSMNIGHEGL LWIeNL UG 61aimCUTSHILD DIUUSTTHSLOTEIH] H(HL 66T
BHVBGHD HBOUNMS D6V60FH Bl SHMOIWTHFH, 2 WT (pe0HIammisS SHewlleyenL wigl, &HOmT
100°C ulled 2wt 96l DWEHBUPMLUWG DGHSHILET UWETUBHSHSIUBLD BUbSHamerseaier S
DISHDILET 266N LOTFHSHB6T SpaIIUMUILETEUTEAD Djeniouwl Geusmi(hLd.

2.7. uBISLG / ugbup GewISLD

BHVBGW HHUHM Q[ smuTaiser A wwmmid B ulemen @@ (wasemeuulsd eneusslinboGumg)
SMEU  BHEOVHBITLLTHH DSHFHILIT 2 LaQuitTd @@ umLsenmsll  LflsselHower B
SMGeumd. q(p rMT Geuliumlensoulsd, SeualHemIULTaEISMN6D BT (LPeVHIMMI DIEHLOLIL|L 68T
BMTWGHSHDHBHID SIOUDDIL 68T HTHBH(PMHMSHIOTT @(H HMIWILD X CFFoHslupL e QTGS HalG
GBS (H euCeuTaIVID DIHeT FMHIHD@IGHE GJOU X DLenH elal[ SenFluTeieyd
&MIHBUULLGF. GEID @HMIH HMOTWIOTHIH aual[h SMILUIUTEIHEHSGHWD Renl Gu
UBIFEILUUL L& S16060& ] UTDULULL G| 61601 SenPpéHBeTD. OFHTGHenw SenLweil L Bumgib
SMILUUTEIHT  UMLSNMTE CoupmssluBaudL ol SOIWD X S6  (pevSFammIsen @
SOTUILUTEHIHEHHGD @OLUULL  6Te0meOULLTHL LS bH  DUHHILET  (LPSTOFEO6ILD
BuPwrs qaleur@m usmLulsyd x Qe GFpleysel LIMTH DMWLULD @ BUSEHF
FLOBEMEVEMUI  DIEDLUJLD.
J{&,(mmu_ub X

SenrUUTeT A

semylumer B

2 @ 2.52 smyuutaisst A, B eeuaumpler smpuid X ullelr UFDUeIGSTET 6UemFLLLD
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318% Geulumensoullsd, Gued sewgwid X GFrdsliuBLoTemed,  IMTEGULILFBEmeLUTED
FSTHMEC6  DHHMTWIOTEIH Deual[H UMHLBEHHGWMLBW semgwsHer Ggmensal 6%
AHBHHH6ID 061D HIHOHTENT(ETHLD.

9,586  IPTGaILBmeoUTed @&HCHTGHUIST  FoBlenev wrMled  LeTeuHOTD  6TILSLILIL
(LPIQULD.

X @eir Qamley A ulled

X @eir Qanley A uled

= ompyleV)

T GauiuBlensouled @m X paig STamsBal HVHGD HEHeum smFUUTEIST A, B
WenLCGwi ugiiyBUTEH DSGILeT B[ SHFUUTHISMNID QBT cpevddnmml BlUbHmeTulevid
OIGEIGIRET D
[X,]
=K,
[ Xl

@wrledl K = wmeig uFbuNGEvsld G UEIS. (S GHEuHD g UTDL aldlgd
6160 SIS SLILI(HLD.
wrpTGauluBlensoulsd, @M SHOFWLTIGH HVSHGW SHUDM @R[  HMFLILITEISHEHL 60T
GsasLIUGLBUTSH, Fwoplmeoulsd &m HIumIBEHD Db BOTWSHHD  BIFDLIOEMLULD.
sMIHMET Speuid QFMleumed LIFHBHSHIUILBHSULUL (PIQULOTHeVTeL LUEISL(H alldlenul BTLD
desteu(pomml 61(10& (LPIQULD.

XJ] 85X,

— =k
[ Xl SX), ?

S(X), pmid S(X), aieiLet @m SIUIUTAISMD SMIUSHE SHOISME pGW. &6
ugbupGeusd K wb @ sSoIliuTals ssmIusHar SmIHD@ID  APWOLLLSTES
A®UIeET @TeniLToughl SIUTaled HMIULSHD BHmTHNEM6TS BH6vsillohdLPIQULD.
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rprOaiupBmeoulsd K = wreng @ wimled e alenmidls0smeiems.

BTD HHGHDOBTRILMOWD @ CHTGHWTeg Smywd X @& ugbusled @ Buss
FoBHmevs@ 2 flug eais. semgliureat A ulelmbah B &@& X @6l (wpeodbammisen OFe0eib
eigld r, A ulaueen oipe Geplase (C) oldlg swwong. B uledmphas A &6 X Qe
(peusamiseT OFeeud aigd 7, B ulgieien oigar Gshase (C,) aldlg gwowm@b. T
OauliupBlensouled, @ SmFUUTENHHS LHMHOW SHIUIUTEINGHS SOIWWD  (GHQOUUIHLD
aiglD FLOTGLD.

semylumer A

smylumer B

2@ 2.53 wrpr Geaupmeouisd K ew wrpmosd eaeugsdHeliugn@s smpud X @t ugbued
SiFl@ 560
2,866 BT Ueteumory Gsmerensomp. ol , raC,
r=kC ,r,=kC,

k, ,k, srésworiedse
gwplemeouled =7, &G, kC = k,C,
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QULDEMLOWITE, UTLOLED alHB@GLU Leeubld BIUbSHmeEsT SHeUFUIDTEIST GHLD.

1. wrpr Qeaulumlemev : uflGFTHenen (WpsuHid Geuliuplensy LTMTH(HGHH0 Geuemi(hLD.

2. @Gy cwevdgmapmBlensy : B SHFUUTAIEHANMILD SHMFWHHE0 (LPeLHIDMI @ &HDHMLOSH60
Beueusi(HLD.

3.  gwBlmend QFMeysel : FLOBENLWTRIH DIMBHSLIST HmIwshded QFfeysen SenssiLBD
Sl6V6VGE AL LIUBLD.

4. Tl HMIFVHON : @ SOFUUTEHIH6ID HmTWHHD CFleysel (GmMbBHHTH
AmBHHe0 Gousmi(HLbd.

5. S0HGWL HHUDM HFeUmIH6N
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3. 10601 @\JFTUIGITATLIGL

2 6IT6NMLSHEHLD

3.1
3.1.1

3.2
3.2.1

3.2.2

3.2.3
3.24
3.3

3.3.1

3.3.2

3.3.3

SLSHSIFH M

BMTFOEOTEIMIET BHL HHIHMen6s
UTHBGL  BITT6oTH6i

Fomleneouled LOlesTeum Ui 6

2 Beuommd - 2 _Bere DjulesT
LOlevTeumUl

o2 Beumamld - BIFled HMIWTSH
o lIybsenen Lleteumul

euTu] LOleSTEUTUIBH6IT
STHHCHMHM  LOleSTeUTUIH6IT
L0631 @TEFTUWIET  BH6VBIHENT

LOOTET FTUIENTES & 6VMISH 6N 66N
SIMLDGHFH60

WOSTOUTU! DI(DSHBHHMSB LTH S GHLD
BT[] o1 B 61T

OeuciBouml euenawITest  LOlesTeuly
FMWENES SH6VBIHEN

3.4
3.4.1
34.2

3.4.3

344

3.4.5

3.4.6
3.4.7

Q.lq) - H-(q)
\ / 29

!

et LGLY

By Bl SSH60

Qaby esteuruisenenl LWaTLBSHS
CuSO, B smysamev LOILIGSHH0
FLGHFIOU WOaseuruisenens OaTemni(h
CuSO, smysemev LOSILGSHH60
FLSGI6 LOletTeuTUIBem6T LWeTL(BHSHS)
NaCl pyssmyFemev LOGILIE 53560
FLSFI6U LletTeuTUIBem6T LWTL(BSS)
NaCl &yeud (2_a NaCl)

LO6VTLI(&H 5360

Wetu@Uler Siemeuml(wenm LGy
BH6VEUTETNBBHVSHHEMETULD  LO6TLIG LIS
BVSHemIULD  @LILI(HSH60
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SIN(psLd

GWTHRT  QTFTWRISHSTHEBEIGNT (LPeOD 2 (HeuTHSUIUBAID FoaHuneng OeargsHurs
IHOULGHIG DVVG T HFUTHSIOTS BHTSH HTHHHMS BawsF QFuw 10 Foadenull
UWSTUBSHIUSIL 66T OBHTLTYUL L ST6s WleST ommid Byamwest Fédlaeafle ufiommmmiseT upmlw
smmev Wett GraTwieralulsd S GLw. GHNiHs CHTEGHHM HlapHain HTHEEIH6NT 605360t
uflorpmEiseT FsTenons @UFACUDHMD-BTIDHHE0 616N Renewwid HTHBEIBNTE  BlHLD
gaper. GNHS @ @yaTwen SMHHOGHS @AM A6V L RevdTeaissn sl
uGeugdl PLFCWMMLD 6T, @H @TFTWET SOIHHOTED Q6N DV6VHI LIV R60HH]T-
e1se  QUDMISCETATATILHMSI SHTIDHHED 61601 DENLPSHBLILIHBLD.

PLIACWMMIPLD FHTHHIHID QMSHHTHBEIGNTE HHWHeaiper. @emen L ACWMMS
BTDHH0 HTHBBIBET D6V STHHCHMMID HTHBEIHET 6TTLILHBSMEN. EeVHHT6IH6NT
LACwmmILL L usTysHFEIEeNehbE (HTHHHID HMHa] D0VSH STHHH) SHTHSHSUILLL -
usTIsHSEIENMNGHF (QLFACWMMILD HHal evevd L FACwmn) CFeddlaimer. sHeveuTeiules
BVGHHL 2_aiTenendll CUTSIN HTHHOLTEIMIRITED SVSHHTAHIHT LTUIFFEOTEIH] Ul S5601-
s (HTemsBal) 2 HouTdslul (B WOSIGITL LTS oTMHMUILL6OTID. SL6060%5 OIS
BVGHL 2_eTenensll Cumesim GeueilGuiujeTen WISTI(HHED @ETNDITED HUWITHIIOTE HIHLOTSH
sTéa Owram OsTLjFAwns Bews CFuiwiu’ B @ReusHTar uTuIFF BlEW (IQujLD.

SeveuTelullest &Heuld, WISTUGLIYS HevmiseT oMb Weuglder HyCwrsmisst Gumsim
WenesggTwend OQFwpur(hselled STHHHCOMMS HTEHHHET  SlQlILML I WIBISHED6TEH
SITEIT6VMLD.

3.1 sLpgIFmer (Conductivity)

610G DIETOTL  auTSHMmBUTe0 SHTEHLD, LOJW, Hewienmly, HemTeHHsHE, @muuy, 2 Gev-
T&HMmIG6T, Hevlll usTISHmISeT Gumern GeumiulL euenswimer OCQUIT(HL &M BT  Fb-
Hadear@omd. GUOuTmLseT Geumiul L Gueoysemend OCaTennghLUSaTed  Goumiul L
BapmeusEniHaTasll  LWaTUGSSLILGSSIDaT. Swep®h  Waenarll uTwell Sanigul  @uievL|
IIGHBHMBW  QUIOLBEDHT QDTHA6TeNG. WGUGLUY HmyFeoseaillamLns e &Ll
uGdeatn alLWGHMHS BHGHHM OCETaTeUHNEG (WPSTUTSH, BID Fov  QFTHUSEIHEM6T
AUEMTWIMIGHH60 SeuFoTdleaingl. WG wmerg “ R ™ eianid @Gmuiligemed @GmMIIL tiudGio.
@& “ Q7 eigmid sevdev senelliuiG. @& kgm? aaipm SI SwdDGE Foameig. HewL
wrergl 2 efevLeflesr  umevsHer  (Wheatstone Bridge) o seluLenr  semeill o
wud. 6hHLeuTm Qurmeie HemLuwjd GQuTeilar Bemd “1” m@E Gry elfsFioe-
&L DG GMIGBG Oeul (b waiugiy “A” m@ GCriwrm alSlHFSITHID 2 _6TeNg).

DISTOUF),
Ro wpmw, R a 1/A
95661  Ral/A

R=p /A
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Gumuiy aldlgs el “p” (rho) opegl HenLsHmedt (resistivity - HMmenL ) 61601 DL BLILIHLD.
@ser Sl o160@ Q m @LD. Qurgieurs Qem o b LweTUGHBLIUBLD. JHHeUmBUIeD, QLeTSHH
FHUTO @b OO BT @b FHIT BHDT GSMBGSWSLUILTILD CBTemiL LSTIHSELTeImle
SOLWTEH SN HwLSHmen steoribo.  m=100Q m

sHemLulesr Grywomm eldsd (Hay wrmm) sLsHeusy (Conductance) “ G ™ steriuBASTDSI.
SOLUWLT BHemen BID OFHTLILUBSS 6TV,

sLgzam (G) =
R

aLHGH eueyelest S @  engeed  (siemens) op@w. @FH  “S” @ewmed (@G
A lu@w. @& ohm' (QHMm@EF Fwem@. SwSHILar “mho” eeian PWILGESTDG.

s (G) = =

L A _ kA
[y
smLsSmelar Criwrmeldssws (Bej wrmm) @F wrmed. oK B sLHSIFDET
(conductivity) erei(HLd.

@s “«” (kappa) @enmed GOUILOUGBL. sLSgHIHmelsT SI 0@ Sm! emed HyLLHLD.
@& OQurgeure Scm”! @emed  SenelLILGHRIDG. @ BHOT HeNIPL QRH  FHIT
BHoy GmsE wasiuglyw Csmeri QurmOetTaifear sLsgHiHneamaig 1 Sm' ops
Bm&@w. 1S cm’ =100S m’!

Beuuamyalevdssanihbmnd 2 (h 3.1 @eimed Leteuhomm elenmisliubhsHs (LPIQUILD.

@LLLD

€

2 ® 3.1 3nL wOHMID HMLHHMe60T

GMHT @ UBSTTSSHHNG (2 Ceomsd g CBfibs GeflapL DT Hmyse)
SOLSIHMDID L HHHM@ID wrmedsentas 2 eTener. pulaid, Remeu Geuliumlensou|L 6ot
LTOIDHETNLD  QBTERIYHLILSMITED HMLSHHME, SLSHHHMT SlenalL LuHwCuTEh Geuliu
Bensv  GOHUILOUL Geuemtiguigl  (PpSHAWOTHIHTE 2 _6Tengl. CQUTHIUTS HMFFeH6M60
1°C Qeoutiuileney wrpmsHaiGurg sLsgHiHmellsd 2% wrHmd  SieusTellaasliubGEaImg.
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2 Beorsmisat Bumeimn UBTIHBBISTNMTLTES Re0SHHTEIHT LTUIUSHRITEL, Djenel Hlde(h
Weienensd SLGHH FniQUInaILITEHa|6TeNe. DSHHmaW QUTHLEST WOaTEL SHHE6T  616IL
UGHITMET. JUSHILET 2 (hdlw Wit GFTeMNeUDBOT DVEOTH DU HEMJF6OHOT D6 T
SIWSTHET LUTWIEUSHET (p6Vld O SLSHHLLUL  (LPIQUjD. Remer SjWeT BLGHH6T  eTearlii(h
detper. 56, @ eryeowneis  OsTPHHUGLOUTEH USTIHSEIGMETLTE  Lol6I
BSLHFSILBUSNEG SEG DAMFUSHHD BVSHHTHHT (SIVVFHI  HIMENHET)  SIEV6VS
Fewio, Heu Hemevdafed DMHFWSH HHD WETH6T @HULSH SeuFWD Y ESLD.

BHMTFOBMEN  GUSTLOIGTLGQUTHLB6T, Goadeu@ourmLaer, eustl QUL &6l
(Bmeuel®a) 6160 aUMEBLIL(HHS (LPIQUILD.FEWID DHWGTCFTNoUDBET, 6UET DILOGVRIGH6NT, 616HT
sTImIS6T CuTein BiHEmIFellsd (PHOTH OTTHBIOMLUISInIQUl LSTTHSHBISET 6163
Wetu@GOummLs6T  eraiu(hdainer. SobsMmIFeoHeT LWSTLGHSHSILBGERTD euet LOSTLG,
Qurmeiler  QeflainCapu  Sweaseiar Gepflmeus OGatagms@d. NaCl, KNO,, HCI
BureimeumMlesT BIHBMIF60HNT 6uUT LTLEG QUTHLBEHHEG 2 SHTTEIRIGNTGHW. B
SMIFV0 UGHWTE STTHSMLUD LOSTLEG CQuUTBLEeT GLoeT  LlaTLE LT [HL &6iT
160 DAMPSBLILBS DT, Lenie@rliger Gt siflevmiset Gsicpeomssr CH,COOH,
NH,, H,O Gureipeneu Gosisleaiu@Oumble@hs@ 2 STIeibibeT@GL.

BIHBMIF0 DGIHMNHHITSH USTTHBEIH6T CouBGmmy suenaulevoLmiG. Gemeu Lol
usml  QUTHLEBET V6V BTeuel®eT eiRlLBS @D, @emeu  OSTmeTdh  HLSHSHI6-
Hevemev. Quender (CH,) wewiGemus Cureip (peneieupm Cosens Cjemeusme LoleusmL
QUTHLBEHHEG 2 SHTJEIRISETT(GHLD.

2 ® 32 @0 sriLUU LeuTpmer Bemd (L) o 1b, @GmeGuwsiuriy (A) w wenLwl
@J &OUmeT  algalevemohs  BMIFIlL meubBLUULL @ aHOTHT  gHmmIBMeNED
OarewiL 2 Beons WeteuTuwIBensnl LWSTLGSHS, @F WISILE@ BemyFells SHenLmWULD SL S
HoemeTud el (LpIQULD.

LOl6oTeUTU IS 61T

L 106U HEDTF60

& | - ®

@LLLD

2 ® 3.2 Haug QuTmL SmIFOeTRIMET 261 Ten SHLSHHSMT LOHMID HeWL GHAHM6HT
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3.1.1 smyFnaear SL5%H HnemariurHs@Gd Sryenilser.

BMTFOOTEINNT  SLSHBHHMMIL L6V  BTTUNST UTHSIDIMEI.  DIEDEULITEUET, BN
wsHer Buwisdl, semywshdler QFne), smyFeder GeuliuBlensy gmmmiIsTalseiler DenFulb
&56] Bumuy sTreisaied SBRIFUNGUUSHTTID goDEIGTAIGHTNET JAMFWH BHB6IL
BLSGHIFMe  HEISUNGHUILUSOTID Gomuy sryeniser wreB &LGHHIWD Hneneriiurds
HIIMET. DIMFUHHBE ML  FDMEIBTAIEET DeV6VH SWeiseilar Gmlienud STomesill
uHed smIWSHIHeT BuieOl (PpHEW UBIND 6UdHEGTMG.

wopres  UflmswemLaugear  cpsld  Slweisemen  SpdbGeusenmed  KCl , NaCl
Gumesim euedlemowimen LIGTLEGOUTHL E6MeT BIHHmIFOH6T WaTened: HLhHd FnlgUiBHTd
aeitenest. @mHLULNaID Hewio Hleneouiled GerieueTiOleTLIEOUT([HL B6M60 DUWGTIHET SIENFUID HBH6
SINMSHIENLD BTETLILI(HEUBHETTED DHeM6Y LOGITEN6NTd BHL HHIUHEVM6V. QSHHENBUI Hl6uiLo LO6ITLIE)
QurpLaer 2 HmEW Blmevdg OsmeamiheuriupwBurg NaCl (1) sweaisen SmFubHE6]
GTENHTH SpHBLILBOUHITED LTINS L HHIFGIMET. LoMOMT([H UemNBHUTD FnmleTTev, GLD6vTEDT
WleVEIB6T, QLOGISTIRIGET [BHIHHMIFOHEND BHHLIT HTHHLPOM UGHWTES DTS
BOMLHFH, DIUCTHMEN DY GHUBHITED LOGTMDIBEL HHD FnlgUIHTHE 6660,

2 Fryewid : 3.1

Ueteuld USTTSIEISBEDH6T 61% Bfled SMIHBSALT LiSTndNBBLHSHID?
a) Guenaguwjliy b) &epsCasrH ¢) alenmdlifl

allenL:

a) Guenswller @ratwend @GHATHD  NaCl. @z Bfled  poHpTes SHIHS
Na®, CI' Gumaim oweisenen psGHSM @F OeauGourmer p@Gw. Bifled
BMIHFH DAWSTHMEN DHGWD HETwD QHUUSHIT60 CoenFuliuTeigl LoeTenesid
BLHDH Falpul GuicOenLd OBTemI(HeTeng].

b) &@&Gsrs CH O, eiim @remwens GHIrsmaumLw @f Cogpams Gsymel. g
B0 SHFWLBUTH SIWETHET TMHUID D& GHUHVMEV. DbH UnBUT6D (& 6ETHdH
Baras HmIF6L LOGIENTHSL SHHIUH606M60.

¢) alomdlfl oiFHsenaled oFpPssvsmss (CH,COOH) OsmaiGeiamg. ign
Mésllevwonansg  Gosareidswrs  GmUuseammsd uGHwurasllflnswenLbal B
smygaled H.O", CH,COO Gureaip Siwaismens OsmasiBGerengl. Sibs eumsuled
e flEBMIFE0 LOBTMDS BLHBHDB FnlQUIBHTHEETENG.
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sMIFOeOTEININT  SLSHHMMSIII UTHBGW HODTEH (WHHw  sTrewiwuTs  REmUug

Qaple] oLGW. MBTEHUULL  BissmyFedea Oapourars GmmeusnLublursl &L g-

GO FHMEID GMMEUDLEGMH. MBHTHBHHOTEL SIUIHTHENET  DHEMEYD  SjUl6BTH6TNMES N

uflevmest @MLBHUTFFUD (GHMMEUSRTL BFH FOUBASIMGI.

S Leuenewr 3.1 298 K ufled GeuaiiGoum B omplellse opmid SemyFe0seT pdlwieummlest

BL_SHFHHMe6v1 61
TS F &L SHSH1H W6 / (IS cm’!
BTWFS ougHdH B 1-2
0.01 mol dm™ KCl semyaed 1,480
0.10 mol dm” KCl smyaed 12,400
1.0 mol dm KCl senyaed 110,000
S B 100 - 200
ST B 50 - 150
FHL6V B 40,000

MS : amiHHCyr Fivavterd (Micro Siemens)

SIC Louemesn 3: 1298 K @60 Goumu L Biondfleet opmid sengaFe0seflen Sl gaIdmet

el iUl L sLGHIFHMeT Quuioramisaied samyFeder Qauliuplemeould &HHHNOBTETENTS

555 lenaleoren OFevauTEmas CFsHHIFEDE. GouliuBlmeamul DiHH e EG0EUTSH

SlwaEefer & AHSFUUSHST BTFEOIOTS GHMHH QFHayenLw HmIFellet HLHHI HmeId
SFHsfleHaimgl. @bHU UTHIUTETS SWHHSTLLUUGL S Leuenent 3.2 cpsold GQHefeurs

alenmais LB SHBLILGS SIS,

o1" L ousmesn 3.2 GeusiiBeum Geouliuplenevseailed KCl(aq) SemIFeodHemet L GHHISHmeot

QFpPey / mol dm

BLBHBHIFBesr/ 1S cm!

00oC 13 oC 25 0C

1.00 KCl senyaed

6.5 x 104 9.8 x 104 1.1 x 105

0.10 KCI senyasv

7.2 x 103 1.1 x104 1.3 x 104

0.01 KCI senyasd

7.8 x 102 1.2 x 103 1.4 x 103

oI Leauemesn 3.2 GaupuL Geuliuplemevsefled  wmmid  QFmleyserilsd  KCl =(aq)

BLSHSIS M6

@6t
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@&MHs @ Geuliu Heneouled @k LOETVHHEO Diwiest @TMlenTTed STeUlILBLD WleTGeurmL L
wrengl Sweiseier QFfeled eupper sHuid SBRISEUINHSSW. @F dweler sHwi-
MBH BT GO, iee] LHMID LIFCWTHEaEILEBL  OSTSHET  DILDSHSHLILIY S MesT
eTeTLIUMNIN60 HEIFUNHESBEGHLW. S Leushent 3.3 @@ Qewimis, H', OH™ ojueiser Uil Lenaled
Al U GaTeLemeauwTes @HULSET60 We 2 W sHeemnen QBTERILMeUWLTS B(HdH
HIIDRT. SbH UMBUID BIHBMIFOLTEINNT BLSHHID eusvaiM@SG EeleuwesiaseaT UTFlw
umiseflienug Gauidlermer.

SICLeuemnesm 3.3 298 K uled / V em’! (psHsLILGRSHMale B @ HibHsmIFedled
ST HM6T B IHB6NT

SIUI6oT &%/ mm min’ SII6oT &%/ mm min’!
H 2.05 NO, 0.40
OH- 1.12 Cl 0.42
Na* 0.29 SO 0.88
K* 0.42 Ca** 0.67

DI L uemesan 3.3 298 Kuled /V em! Si(10HHLILIRSHM6N60, BIHBMIFIe0 DHUIGTH6V6T HIHb6N

B7  wrHfuleeTen  sweler  oeme] upml  SRITUDCUTEI, SMIFlET  BHLSHHIHMET
W AW  UBINS UBEGDH. BHOL(PmMUTD SMTFOHMET  BLSHHIHMMT  Dlemail
sLSHSHFHmIoTaNser LUwWaUBGSSLULBGESIDT. DSSMBW  DeTai(BHEHT 2T SHSHaTenLoemU
wHIIL oD, SHIHMIT  CQUHBBOBMEN  HewlldHald LMD L6y  LIFGWITHMEIHEHE EHLD
UWsTUBSSLIL(HEETM6T.
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3.2 Fweaisneouilsd LOeTEUTUISH6T

3.2.1 2 Govors - 2 Gooms w6t LleTeUTUI

Weteuruw1& Floeflemeoulest elugmisaT UDHY HeOHBHIMTWT(HEUSDEG (PTUTH, @ LolaTeuTenl
2 _(HOUTHGHUSHSBT SlQLILENL  6TeNIENIHH(HHHNMTH H(HSBBHInlQUl HMTFH6MN0 2 Bevr-
BEIGBOMET HTHGHWD HAIIMWWH6T UDDN SINHHHSHH0 LWeITNHTE SHBGW. 2 Geor-
smIG6E HTHBEIHMETOUTH Deneu BevsHreisemen albalbs GBI DWETHMET DLHE
HImen 6Tl S BT SINMGeUTLD.

o _gryewions, Mg?'(aq), Zn*'(aq), Cu® (aq) Guresim Siweiset, WwenmBu ieua|Ge0TBmIcb6T
SIUMNISTT  DIUIDTHM6NTED QBTN HEMTFEOBEN60 HTHBH(LPMIGUSHET60 2 (H6UT LB ESISTM6T.
SIGHFHILST LSeUHD STHSHH0 STLLUULLauTmTes GBJ Loemm gNHMBISMETUID &
dlevmeut.

Mg (s) —> Mg*(aq)+ 2e

@&aTHsD  Lagieumorm  Bewdams. (pameuGuraimeeien Mg (aq) Sweaisamend
OxTewiL. HemyFellaien Hewio Mg glewOLTaienn OWHHWe LT Mg DamibHen 60
Hyeisenen @b Mg SweaiseTas HmIFIN@GHeT OCFeLeuBMBTET BTLLLD 2 _(HEUT-
@Ww. 2 13.3 @60 &I LUU LeuTm Mg @60 @evsdyaiser alBeldalulL  Beneouled
STeouTLILI(HLD.

Mg

Mg” ..

2 ® 3.3 Mg*(aq) Swaismend QBTewIL BHIbHmIFelled Mg - o GoorassHen HLSHmd
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Mg* siwaisamensd OQasmemiL  samyFedmien Mg glemLraienn sudpsHua e, Mg
860 QevsATaIBeT alemrours 2 (HauTdslUBLD, Raale0sHTRIHT HMTFeOlsd HTeuuILILI(HLD
Bry gmmmIOsTENIL Mg?" Swaisalal @F ULSSHTED GHUULIQHeHEGHID. @RULEDL WITES)
2 BeuTasHgI6uTge0 HTIlLUBL 61HT JOHMMBIBETTE HeUTLILHUBEITED 2 BevTHHHIMIYMN G
s OBHBHOTE MBI ([HBESLD.

flov  SWeIEeT  BIMTHS SUTUUL(H HG BevdFraisenet WerllQupm 2 Geurss
Hlewigev Lew1(hd QL gdb0sTeandlaimen. Gumuyliiledmbal elbaldsliubHam Swearserilsr ais
wrengl  Cuourliled Wen @emewidein aissHHNEG FflFwems emwouyd QuTpasl @F
BusasF Fwailmen aUWSHUGAGIDS. JiSHHHMISGH0 GHNHH @F wrIoTL  GUDILOTEILD
QamewiL wemm gmmmIGeT Mg siewigeid, mmml Qumuorend Gémewi Mg Sjuieisei
IISHITTNLF GHOA|D STILILUGBL. BbhEH BUISEHFFOSNmEOWTRIH 2 (F 3.4 @60 STLLL
ul(peengl. Mg glewnged &TewILLUBL Loenm GJHMEISET HMIFeUlsd SmewiliLhdem Gniy
JOMBIHNTE0 GUUL(H FUUBSSUULG STeulubl. SelusuTmrer Hemed enLwliud
MmBUTD BTD JHOSTGHHMW @F LGTeUTWITS UEDTWIMIHS (LPIQULD.

“@F 2 GeuTEHLMNIEH DSHT DWRTIHEHLET BUbsF Foalmeoulsveren @f OFT@GHHwTeng
@@ WOSTEUTWITS U FUWMISSUILL (PIQULD.”

. . highllql

2 ® 3.4 pJ smyFeled BusaF FHemeouled 2 etemn Mg Beonsshdlen HLGHmdb

Bm uPB6T (peUTEF FomeowTaidl goUGSaingl  eaugsmer Gumuly  elufliiys
&sMelmBHa Sustallss (Wodmgl. Havio Mg operg Mg’ (aq) Siweisentas  OTHOL
upeugl @@ aulwn@. smyaedsveien Mg* (aq) siweaiser Mg 2 Geonsions WrmmiLGeus)
LMHODTTH UOWITSAETENSI.

Qe alsnsd gaperme, @LBOWTHH CFTGHAWD @ @LFCWMM - SHTHHDH0
Oaredurs Bopuug OeuelsdaTl LUuGHanal. @ udlulsd Mg opars @l HCummL

uGdaingl. BT euPuled Mg?* (aq) Sy STHSHSILGE SIS

ApnHWEIE BT JVVH SMHIFINGWD, 2 BGeunashiIn@GLOmLuleorear @emL (PpHsHH 60
gmol Wfliy Bawdeaimg seim sewreuuTL enl. BTD GUD (LPIQUjLD.
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gooudfiider BprlLwreag o Gonasdar HToEGHSHMEN0 SBIFUNHEBEGHD. 2 HTT6IOTD
Cu Gamemevll uweuhHHID Burgieien  gomulfliureig Mg @erensg alLd (&GHsnmeur-
&w. @& a1 @rarweraluweled cpevsmiIseailar HToGHmaiseEnLar OSTLTYUGSHS alufls
slubhAamgl. (B alfleuter aflenssd BGauBmmy u@@dHuled HFULEBLD)

Ty n¥

000 M.

2 ®. 3.5 pisEMIFIld BubsF Fwbemeouled 2 eten Mg wmmid Cu 2 Gsonsmiseries
BLESMBH6T, Cu oyeig Mg ;m smlged Gempeuren HTead Oamenilgl Cu @60 Qmbal
Cu** @onhs CaissHed 2 (HeuT@GLD.

Qurgieurs QeuefCGUDPLILGH D 6THHOUTH Wl GUIHLOLITEOTRIEN6 HLOF DR6eV&-
FHyeisemens Qupm Wewibd o Beonasaila Cajha OCameTdemen.

2 m 3.5 @0 2 ereneupmiL el @UIHmBUTD smrFeled Fnisene 2 Gooms wIH6T,
2 BoumashdHe0 GHmMbH Slenaleone gomL RHHH0 CuTSD Hensvenseflevd Floefl
em6VLl LeiTerl 6T L LILIL SanlgUISTH66T6TG)].

OaTedHxenTaremey Quisss Foaimeoulsd 2 eTenCurg SwaaTL LUl (BeTeneuTmTs S(h
BHTHBEIBET 6IOBHLILL  (PQUD. IISHILST RHOBTGHHBeN@HID Foalensoll LeTeafasemnen
QUUBIGZID FTHHWLTOIHTE B (HGLD.

Mg*(aq) +2¢ = Mg(S) ............ (1)
Cu*(aq) +2¢ = Cu(S) .....eevvnnnn. (2)

2 M. 3.5 @m@ Reauims, Foalmew 1 @l Heweo, Foallensy 2 @ Blensvenwl el
siFPzenaley GLLILSHD CHTHBWBTE RHBGW. B FLORNMEOBEDHLD 6TIPSHUILLL  (Lpenm
upMlad GHMISHHS Cameien Geuewt(HLd.

wry ealHsefaiLg, HTEHOLTEN STHHHEO MMBWTS S(HHBEGIOMM 616060TF  FLONTEN6V

sefleYld FOSUTL QT QLG mBLUUDSHH0 RevSHHTaiset 61(SHLILIHETMeDT.

Gwpuy Bm Fhajuumiseien Fwalenevd sTamiser Caumul (b Rmebamasulsd, FLoesiemnev-
MU ML USDBTE JHIBHIEN6L Flov 6TIHMNL LGHHHIUSMTLTH GeuafliLBSHSHLILIL 6OTLD.
85 WeaeuTul SIIPGSHD 6I1a8Im USHHILST CHIQuITsd QHTLILULL HTHE6T6NG.
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gFailemeoulsr Gamul L Henevsenen o0 BeVeHSEBIBEHLEGT OBHTLIHUUBSHIUBSDEBTH @i
ool (pwpfwns B smwdng. QsTeTmawenalsd &g @QeoGHeurs GmOETeTeNL
ULSamQUl @aIpraaleTengl. Mg @1 allwghHed 2 BeonssHdlan Lewmd SHaTeNLDd @D
BMTFL DHMINF GHLoaeTen BBhHHaamsGwlenLulsd urflu senaleomen GQeumur(
sreuiuGdemal. Cu @ OGurmisseuamyulsd @aBamLT(HE6T OHHEGHMMEUTS 2 _6IT6me
aRUMSUID BEG GHNHS Waeuruilasr L (pasHHeieTen  gomUIflige STyeuions
WHBHD gOUBHIIMG TRTLMSUID 6ll6NEISH BT TIPS

AWHHCoumurLmeng  Coumeommeneurs  udey QFwiwduLeomd  Quiflw  oeelevmen
LMMHHIMID, BBIHHaemD  siaLeupMDEenLuleomer GoaumurLmerg Guiflu  Sienaileomen
“OIWHBL” DB QHBGW. HITHevLeugons Guomuly Gsursommensureng GBso @Ml L
CaTGHAULST @ HHald Qenenishdl SMAIlULSInlgul FTHHLLDHDSTHE|6TENS].

2 GourassHgemOLTamLET @ Gaursopwnaiemnw Geo@GHauns OFT(HoHsHInQUISTES @ (Hb-
SOUTHID, R HMIFVHEG leleuTorer CaTEHUmU gHUubhHBug @F UysFdenewimen
AL WIDTH6ATENG]. SMIFNIHEG gHTaUCHTT QHTHUmU  gHUBHSHHETED DIHMF Gl
RHS UMBWTE FLOMNENEL 2 (HEUTHBLILIHLD.

IbH UMBUID, LWSTLUGSSILGHSID 2 Beonsshgiemigaigid CHTHUNMSHID Bemenbhd
aleneeysenTed Fnbhdh eMaiLmend QUOLILL&FQUSTE QHBGW. BHOT HHHSTOIH
smIFINGL 2 BeurasHnGmLuieonear ol WHBHMmS dlenailbeoug ChemeuuDmaET-
BV GO G

wrmCmmmi  Weeutus  (Reference Electrode) oo oiewwssiubGdaim @@  BHuwog
OaTGHIULST DWHBHHMmS @LLIBHL Burgiorengl. @miE LWaLGSSULGL QT @G w-
g B marFer WeteuTul el JmpESIUGESIDG. BFH 2 . 3.6 GO STLLL
UL (heTeng|.

VG - 12 60 (Fwaiemev 6aim evdle0) B SNba Csmewie  ellwibd, “6bhs
Qeur(p FoaNeneLUIBIZHILD BlenEOWITETH BILbHSHMETHM6T LOTHMIEUSHEITE0 OTMHMLILIL (LPIQU LD’
6TEOTLIGHIT(GHLD.

Bluwiw maerger Weteutulsd Usieumd Bubseneisat uweaubssUubEemer. 101325 Pa
aevevg 100 kPa, 1 atm oywaésuweLw msyga  eutu], 298K oiedevg 25°C  Geuliu
Bemev, 1.0 mol dm> QapleyemLw H' maé Qsmewi senyged.
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'..-—"_—1..
H, = _
Pt —
&LOLY

H'(aq)
[;J 1.0 mol dm™

2 ®. 3.6 Pl marFer WeTeumul

@idleteuTuled MSTFET  UTWEUTEIGHI  HlewenwjenL wi  Lemmmpileddlest GBeomaeld LTuLD
GuUTEl MFBTFST (LPVBFNIBEHHGHD MBTFHT DWTHEHHSGHLOmLUT0 @F Foaflemev gmu®
Hamagl. RFFwHemey NenrmMlesHermed 2@ aildaliubEaIma.

SIUULL @@ LWaTeuTule D(SHHHMS 6Teleumml HTD Senaleomd eleor BT HMGuTLD.
2H'(aq) + 2¢ = H,(g)

Bhs Slenailiged, 2 FHTIewIoTE B meTFer WereuTwd CHTGHWLLT Renendbaml
ubdamgl. WaasTe, Mg Swaismens QsTasiL  smyFeded Mg HlewOLTeaEenm
meusgl, Wenmrmmlend swiiluiemed Geureommiomel OFT(HSSLULGMMSD HHHHMH CBT6ITH.
BEIE 2 . 3.7 @60 STLLIUL(BeTemeummred 2 LUiumeoGorern enLLL@&SHLUbBE SIS

JETSES o IS,

~ N @mmé@-bh'\
101 .
F M
Pt 2 Ll umevLd

sl | lj‘

H H'{ag) Mg’ (aq)
1.0 mal dm” 1.0 mol dm”

2 ®. 3.7 pluw marFer Wateumenwl LWeTUBSHS WOaTeuTul DIIDHBEIHEN6NT  DI6TESH60

@m@ o Lyuureownaisl, @F Hyeu FhdHmw opsd WetEnemmU  LTHHWTESEHISNBTH
BoLiyGSsIuGESDg. @& KNO, Gureain eu@gour@mleeiammsd Biyiutule  @F
HEVIIMIQHGHOTWITS 2_6IT6NGl. DUHI  (LPENSIBET G (hH(LPHNEUBETISVI(LPETEN LIS S HHBIH6NT
RSTMIL QTN H6OHBHINIL T HHUUSHBTE LHSHIL LEhFaTed Sievevdl BTy Glegevedl-
QITEY SIMLSGBLILLLSTES 266G,
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@eUQeuT(H USBSHVIAPeTEN  FHlGHel  WOSuTuISeT @EUOTEINILD @F  DINTHBH6EULD
6160 EUMTWIMISSILGBLD. ([  (PHMEUST@IOTEHLD. SHTERTILGSGN  LSTTHHEIHEHL @I
STEHHPOTH @F LOTLGHOUTHeNMTaTg 2 LIl UTeGHmS Spdhd LW (hsaieusn@ Qfley
QauiwtiLL GeuemTigu|aTeng).

Bm WereuTwiseEpn CaTHHsUIULLLaT @@ Wesurwisellad opdbsliubGdearnm @@m Fio-
aflenevd@EHLD LIGTeUHLOTN DIENLOE6ITM6IT.

Mg*(aq) +2¢ = Mg(s)
2H"(aq) +2¢ = H,(g)

Mg openig mSrFamen el HOIH WGBTS pHGWL I 2 WFeuTsd QBmTeTLg).
abg aumsulsd Mg/Mg > swefleney Blemeowmeng H,/H' et swafene Blamevenws afl
SPB o6 @G LUDOTE JenOU|D. iFHTeudhl Mg Hlewnged SevbHIaT 2 (HeuT@GLD
Slemeurendl  NenTHMINd Hiewiged 2 HeuTeusnd ol & DHED. BHFH euensuled S
Westeuruiseilen  gnmEISEHSSmLuls0 Quil  Siemaileomen  CoumuTOLTSIM  STemTliLHLD.
@eueurpras,  GeuredMLTIWLTED  Sjenall LU &dnlgul WSS CoumumOLreiy 2 @eur
SIS

BwBsd Mg/Mg " & GMUILiIu’L Quuuorerorerg o eavienwuied Mg/Mg?* QsT@Gd
uWlest Blwio WeTeuTUl DIIPSHHTS B ([HBGLD.

B pubsmarseie S @m 2 Gons-2 Geors Wt LOSTUTWITEIS MSTFOT  LOl6T
auTuL e @emendbaslul (heTenGurg  SemalLUuGAam  eteurul  DIPSHSHTRIH D6l
o Beounam-2_Bouras ojwer GamguissT Bluwiw WeteuTul WPSHBHD eennd GameTeniiLbBESImg).
aFTeug @aiGeur@m E° Quuuorepd Fweflensoulen MBleneowimeigl MSTaFet FLoesensouer
BLH VLG UG LMSHHED DMDHSHIETENG 6TTLHM0SH ST (HHBTMET.  FLOG M6V
Blenevdaied 2 eTen GeumumLmengd o Geoms  Weteumuled 2 (HeurTsslUGHSTH HRevsHd)
Jeiisefer elemienldmas@G meyFar Weateutullesr NenmroMlerd $HLI960 2 (HeuTdsLuBLd
BevaFyemeiler elemuieniobmadsd 2 6Ten QaumLTLIeITed 2 (HauTshsLLbBERTNS. BmIE
wry elfseEpdsmow  Netmmplerd Gumurinied o meurdhsliuGdeain &6e0dhH T esai e
TN BENBWTRIH  LUDHEembshsdbd enaled SHUUSTES HHSUUGIIIDSH. Sienm
OauliuBlensouled MHluwio msrger WeteuTuler Mluwiw WeateuTul Sipdswnerg 0.00V ere
a(bsHHS QameartenluGAang. 2 HuTsasUUGAGID DWEHS CoupuTLTaIg “DI(PHBHLD’
93 Geureopomelwmed sienei® GsuwliLGE SIS

b

Mg opeg sidlsenaleonen s1HTHHHMOMU QBTN HLILSEITE DUHST  D(LDHBHLOTEIGH]
237V opsabd senell il (hetengeaimed Mg opeig 61y Weeurwinsabd mayaer Cni
Weteumwimaeyd  QmUusenst BIW  AMCeuTD. SbH euendulled @er Bwio  Wlesteumu
Swssonegl, E°=-237V gu@b.
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Bsmawrgs enaihast Cu’’(aq)/ Cu(s) Weteuruled GumGameeniiu®Gd Geauenemules,
Cu ooz maysmen alLd GHoDauTsBeal 15 BVsHTAIEMET 2 (HouTds  (PHU®H
SIS

Cu*(aq) +2¢ = Cu(s)
2H"(aq) +2¢ = H/(g)

IbH uMBUIL, MEHTFeT WsteuTulesr Foelemev MHlewsowimeng Goaid GSL& ymwrs
Siemwujd. apgemmed Cu eteuruied msraer Wemeurulet Nenmmolend $HELiged 2 (HeuT-
g alLd  GoMhS clenienismasuleonear  ReusHTaiECen 2 (HauThbsUUBD. Db
auensulled @ WaTeuruiseieid sTewiliLBLD WOST gmmmIsEhHHSenLuleomen GeumiUmLmerg
Wadh Gomneuts BHbGW. iH +0.34V opa senailh CFuiwiiul (BeTeng).

(gsmeugl WOeGemi b urulet, SemailliuB Geureommensy & enmulb)
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Westeuruis  @GMlui®asei
MBTFI LOGTUTWITEIGH SHeUHL (Wemmuled @GMui®h GaFuiwiuGESIma.

Blen 60 HHSHIHCHM(H &MY F6VIdhFHLD
eurw H, @emLuleomen er60emevemuiss

L3 MGEAES
Pe(s) | H,(2)|H (aq)

Blemevd & sa166sTH P iopmid H,
surwedndlenLuleomer @enL (LoHHenHd
ST (HETNS|.

Gumuy alufliysseiledmbal BTD MBS C@TeTend gniguig WTOHENL, B wBluk-
SMMBENSIT S MBTFa WeateuruL a1 2 Beors-2_Geores W6 LOETeUTWITEIS B eneutdaL
uBwBurg SeTalLlL(BL WHH CoupurLTengl, 2 Goorms - 2 Geoms jwe Llesteurullest
B DRSBTS B([HBGLD.

WsteuTwl SIpHS enei(hdeT M IFer UE(EG Qsmernepnd FoalmesBanu o Geors-
2 Boumrad Swer  Foailmeoulsr Benew dmLUOLSHmHs SToTalss 2 He dlaImg.

dlev Bl Westeurul SISHSHEIG6T SeUHLD DL eusneniuled SyLLL (HeTerer.

2 Gould - 9 GovTd ST BFFHmS E°/V
Mg*(aq)/ Mg(s) -2.37
Zn**(aq)/ Zn(s) -0.76
Cu**(aq)/ Cu(s) +0.34
Ag*(aq)/ Ag(s) +0.80

@61 SdHFEIBmen E° QuumoremisenLeal @uihemsulsd, Fwaiemen Blameseien, G &
ymd> oiFswns Bajmeu GameviLeunmen E° Quuuorend & o wijeureaisrs S EL.
gOealled oemeu alemgeurs HToTECa BevsHraismen albhalsHs, deunennm 2 Beons
Guouylifed el Belbdamear. HTwTaC @evsHHyaisamet al(halsbsTHeaumner FLoelemev
Blemevameir  GoeYID  UEIILGSHIOTS  BBJHAHLLMSS sTawieoTd. Seumer E°  Qumiom
QBIB6T DHS CHILGUMILTEIND CHTERILeNaULITES STerliL(HLD.

Gumuy 2 Geurs-2_Beuns WleteuruiseEnLer Gevdaors Geumieusnawimet LOToUTUISEHLD
o _6iT6NeDl.
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322 2 Bouna - Bfled smLTs 2 L bseier LleTeurul

@@ WeauTemw  auedFumILIUSNEG @ (peuddhHer @l FCwmmILBL, STHSHSLILHLD
@emisel LyFaraomulheHsHe0 deuFwiorsealereng. ASNCHHM aumaulsd o Geomsdde
R6HB (PLBHMS 2 Lo Garemi(heten o L et 2 Geomswmerg GHTLILIO 2 aTenGurg)
IGHHMBW  eTeurwineig 2 Beoms-amysseumm 2 LLbaefer Weeurul 6161  ienLpsaHLl
uGdamal. BBeumned WleteuTul, Geusieril- Geuetell GHCenmenyl (b LOETOUTUIHET BSHHEMHWI
LOSTEUTUIBEHEG 2_SHTTOIRIGETTS 2616160,

= e 8 -

GIEILToUS DMTHBHHDEG SMILILSNE

Byww KCl semnyged
W - Couprsd

Pt 1lesTeumul
&Geumped um& (Hg, Cl)
- @yss gyoud (Hg)

Hg CL(s) + 2¢ — 2Hg(l) +2Cl(aq)

2 ®. 3.8 &Bemoed WSTEUTENW ONHHLOTHS HTL (HBHBIMG.

@miE @m Jemmmpend swlwmerig ypFspmhed Wer Gemenilenu gnubHSl LwesTL(h-
SaUUbBHamgl. Qurmprduwn GCemmengl(h @smyFeler HIFLUEW SmFFeoTeid LOTHL S-
HVGHTHI LWSTLGSSILGHEDE. Ag-AgCl Waeurwmerg wHOpTm 2 Goors — Bifled
smIWTE o lyssefar Waeutuin@ o sTyemionsealereng. & WeteuTule (wohdlw
UGS ®6NTeuent,

WU Oummenmen (woet. 2 L6t OBHTLI60 sTewiliufpld wjuer @enrmed UL el LUl L
@@ OQeusTefld &WImWS QBT HLILSTEHLD.

Ag-AgCl Heteuruiesr  wsdw vGHwuns Goplug  Geusfldsmraaier  LeeuTemul
BMIHHGIM  (LPENITLTGLD. (EUD(LPEMETWITEIG Ceramic, Vvycor, quartz, SHewiewimiy BT el
ETEITLIOIMMT60 OL,&BLILILLG)I.)
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Qeuaitea LU

Oeustels sulesr BGed GeusiTeand

&CenmenyLL(p 2Ly

—

N

R em6uoTLILY

KCl senyged (supemowima miyniilur)

AgCl(s) +e — Ag(s) +Cl(aq)
2 ® 3.9 gz (Geuatedl - Geueeflls &HCenmmengl(h) (Ag-AgCl) Weteurenw elenmisliuhg
NG

Ourgleuras &HCeumoed  Westeurulengin, Ag-AgCl eteurulengid 1OeTeurul DI(DSHSHMEIHENT
uflGsrmement  Geousmenaefled QOFHTLIBHID LOTOTOEL SHUUSSITO  Reneu  LTHEMOHMI
WleteumW1s6enTed  SIMWLILL (HeTerment.
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3.2.3 eumy LOleTeumulIsES6NT
MmFyFe1 LOleTeumul

Bl maeyger WeteuTul, suru] WSTUTUISEHSE Q@M 2 STIERILTGHWD. @EIG UweLBS-
sUupdsSm Bluww Bubsameaisenteusst, 1.0 mol dm™ Gameyenrw H, 1 atm oipsspenwi
margar aurw], 298K oievevg 25°Culavisien Oam@@Hulsr Qauliumenso. (Wweienn) ailufldaal
ulLemall Gurey @a e WeeuTul WHBWTeI%5 0.00V Spd suenFuImIsELILL (BeTeng).

2H"(aq) +2¢ = Hz(g)
SCenmiflest LlesTeumull

@Benmilel  @F @LACWMMID SmAIWTH B APwiUl(BeTengl. W  GrFmuwies
OaTLITeIG USTISSEISMET  Seumdlen @l FACWmmId, HTHSHHID @UIOLBEDHEBE JHU
suflenaFliubBoalusTes  mdamg. GHGemflear Gumsaim Hev  euTwdsefer  WeTeuTuis
STHBEISET UPMW 60 UTTemeuBmenUD @& gnuUbBHHIPSTDSI.

BB CmLsTmILmBL GuTam BHTWD FwalmeoulsT Bemevenul |MSHTFET FTTUTS Si6N
eI (LpIQULD.

CL(g) +2¢ = 2Cl(aq)

supenLBuTeTy FoalensvOWITSINEd FLOAUTL Q6T L HMBLILDGH0 Re0SHHTeIseT (oLl
UBoUSB BURNSBHHHBH. ASHTOSHTH  (GCNTHT UTWEUTRIH HTHBHHD HTHHHLI
uBouendd HTL(HoUSNBTE 616V LbHSHHe0 61oHLILGBMS ol QL & LHBHH60 61(OSLI
CEMEND

GBenmflement  QuUTMISHS  euemTuleL, mBpIFmeIl GUTSIM, @M DIEWJHBHEVOTEIGH,
1.0 mol dm”® QepleyswLws  HCoTenILB  SiweiBMeNdS  QBTWIL  HDTFEOH6M6D
SIS L enmmpienid Westeuru’t g &Gemmiflest sumujemeu QFaISHHIISHE0T CLPEVLD 2 _(HeUTdH
&LILIL6VMLD.

GBI (h SIWSTIHET ReVSHTETIHMN SOLILMBUD DiHSH uenBUTled Hevomenngl GBhiy
WHFH Coumum L s CBTETIYHLILSMIUILD DEUSTHNHBS (LPIQULD.
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3.2.4 ampsBzsmm Weareuruiser - Redox Electrodes

Beueuenad WleTeuTUISem QUTHIeUTs SHTWHHCMME HTHEMIST HTevlILbBI G, GHNHS
R STHSBHMM WeteuTwimengl suenyumibasluGLBurg U ACWHMILGLD SHTHHSUILIHLD
BemIEeT @rewi(hld HmIFelled BHBHHe0 Geuswi(hd. UmEFHMMed emewilienu goUGBSHD
demmppilenid WL LWSTUBSSLUILUL  (PQUID. JUSSMBW @[ STHSHCHMM  LoleTeUTUITETS
2 3.10 @60 &TLLLUL (HeTeng).

Fe ?*/Fe ** gmpsGsmm Weaieunuls GsT@&H

Fe?* sweaisen  GeoGeutad Fe'* sweaisenma U ACwODUILL  (pgujd. iSsHiLer, Fe*'
WIS  BoGeuTad Fe?'  oueisenns  STHSSUIULD  (PpQud.  FLoaNeneoWITe S
Aesteu(mLomml 6T(LOSLILIL 6VTLD.

Fe’*(aq) + e = Fe* (aq)

Baa HTHHCHHM JWHsHMmS enall 1.0 mol dm™ Gameyewrw  Fe?" Fe** suueisen
OxmewiL  HmyFaenen  (paEmeuuiaeT @@ Uenmmmlend wWeteurul eneussLIULH i
marFe eTeuTuL a1 SenetbsliuL. Geouei(HLd.

FLSGIN 2 Beonas Wasteurul / Gasmev

" (eg. Pt or Pd
" (eg. Ptor Pd)

#

(2 —3

| Fe¥(ag), Fe*'(ag) aisiusupenmé

QBTETIL.  HEMJF60

P
-;::

o)

2 ® 3.10 Fe*'/Fe* mmpsCsmm Weteurulds Osm@HS)

® Blwd SO BBEBEEMWL  BTeuTwIBeT  STUPSLILGBL  CLUTS,  BI6USMSHB 6N 60T

“‘”

6TEVMOVEET (B [BlneVSSS5S5I% CarLLme)  CoupiboHsLLL.  Couevi(bLo.
o _HTyewid : eutu| Wleteuruiser : Pt(s) 0,(g)|OH (aq)
® DaICbUTIE @IFTWET QOTBIGWT D(bSHHI DUDDIr GBS Blew6vSB6NT G MISBLILIL
Couswi(h1o. CHmeuGLUPLBL B BB Deuptiler  GLITSIS  [BlewevS6N  6TUPSLILIL 6D
Covswi(BLo.

o grgewid : HTHHCHMM Weteurus Pt(s)|Fe*'(aq,1 mol dm?), Fe’*(ag,1 mol dm™)
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SWaUHLD S Leusnemimendl Coumiul L WeteuTul euensHemend &L (HhEeTmg.

1esTouTul MM ®H punod Gpuimp SNPBHTBBFBFTIQ BTPHBHL DIGHJ
DI HTHBHID
2 GeVTSH
2 Beume IUIGTTISH6N M(s)|M™*(aq) M(s)/M™(aq) M™(aq) + ne > M(s)
Zn(s)|Zn**(aq) Zn(s)/Zn*(aq) Zn*(aq) + 2e > Zn(s)
M(s)|MXn(s)|X-(aq) M(s)/MXn(s) MXn(s) + ne >
M(s) + nX" (aq)
2 Boors SMIWTEH 2 LIl
Ag(s)|AgCl(s)[Cl-(ag) Ag(s)/Ag (ag) AgCl(s) + e >
Ag(s) + Ch(aq)
Pt(s)|Hg(1)|Hg,CL,(s)|Cl (aq) Hg(1)/Hg,CL,(s) Hg,CL(s) +2e >
2Hg(l) + 2Cl-(aq)
eumuy Pt(s)[X,(g)|X*(aq) X,(g)/X*(aq) X*(aq) + e > ¥%X2(g)
Pt(s) |X,(g) [X"(aq) X (aq)/X,(g) %X (g) +e>X(aq)
Pt(s)|H,(g)|H"(aq) H,(g)/H*(aq) H*(aq) + e > %H2(g)
Pt(s)|O,(g)|OH—(aq) OH (aq)/O,(g)| 20,(g) + 2H,0() + 4e
> 40H (aq)
FSTDHCHTHM Pt(s)|M*(aq),M**(aq) M*(aq)/M**(aq) M?*(aq) + e > M*(aq)
Pt(s)|Sn**(aq),Sn**(aq) Sn**(aq)/Sn**(aq) Sn**(aq) + 2e - Sn**(aq)
Smiy :

WISTOUTUWISBTHBLOMESH|  61LSLILGBLBUTE WG LD &LSBULGINSHDS ST (HeubnE
@7 5655 DYSGHN UwWETUhHSHSUBSSIDG. WaTeuTwmed SHelwrs STeoiuBLoCUTSH
FLOBNEMEVBHBTH  JDLBGM 61IDBLILUBLD. DIGHHIL 6T LOTeUTUISHSHTHSBISHN  61(LpSHLILHLOCLIT
Ox6060MD  @rFTWeTIUSTIHSEIB6ET  Quendlad BenevseaT  GMUUILUUGHD S LTW
wrengl. Gumuy o FTyawimaeilsd STLLUUL(BeTOToUTDITS, DMJHBHE0EIG6 T  LlasTeuT]
IIDSHBHEBIBOT  HTHHHD J(DHSHIHENTS  HTUUL (HelTenend Houalbs  GeusmiguleTeng.
(BTLHS0 HTHEHSSDBTE N(PSHSLD)

IbdH eumasulled GCoumulL STHsHCanm  Foaleneusenen  Seumpler  BHlwiw  Westeurul
WSS EBIBEHSHCHNL  QUEIGUBSHHIUBETED  @F et  @rsTwenrs OFTLemy BT
Dp&HB  (LPIQULD.

SiLLeuenewt 3.5 @60 srLLOuBeteneury Wseayd eidymer E° Qumiomend Qsmesiiene

Wer @ramwend QasTLflar o FAuleud Wsead Gmymenr E° Qumuomend Osmemiiene
SlguieVId  &mesuTliL(HLD.

228



o1 Lousmesn 3.5 : 298K @60 BHIHOHBHBULLL BUIDg HTHSHSH0 LO6T6N(LDSHHMBIHEN

STPDHBH6V DIGN]J DIUIGOTTDHHID HUND HTIPdFH6v gu@g‘;g;li)(EO / V)
Li*(aq) + e > Li(s) -3.05
K*aq) + e > K(s) -2.93
Ca?*(aq) + 2e > Ca(s) -2.87
Na*(aq) + e > Na(s) -2.71
Mg*(aq) + 2e > Mg(s) -2.36
AP*(aq) + 3e > Al(s) -1.66
Mn?*'(aq) + 2e > Mn(s) -1.18
2H,0 (1) + 2e >H2 (g) + 20H- (aq) -0.83
Zn*(aq) + 2e > Zn(s) -0.76
Fe?*(aq) + 2e > Fe(s) -0.44
Ni**(aq) + 2e > Ni(s) -0.23
Sn**(aq) + 2e > Sn(s) -0.14
Pb*(aq) + 2e > Pb(s) -0.13
H*(aq) + e > 1/2H (g) 0.0
Sn*(aq) + 2e > Sn**(aq) +0.15
AgCl(s) + e > Ag(s) + Cl (aq) +0.22
Hg,CL(s) + 2e » 2Hg(l) + 2Cl(aq) +0.27
Cu**(aq) + 2e > Cu(s) +0.34
O,(g) + 2H,0(l) + 4e > 4OH (aq) +0.40
L(s) +2e~>2I" (aq) +0.54
Fe’*(aq) + e > Fe**(aq) +0.77
Ag*(aq) + e > Ag(s) +0.80
Br (I) + 2e >2Br (aq) +1.09
O,(g) + 4H*(aq)+ 4e > 2H,0(1) +1.23
ClL(g) +2e > 2Cl (aq) +1.36
Au’*(aq) + 3e > Au(s) +1.40
S,0,7(aq) + 2e > 250, (aq) +2.05
F (g) +2e > 2F (aq) +2.87

STDHHID HHelE6eT wHmID U ACWmmId HHalser
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3.3 feiefiygTwen HevmIS6N

33.1 - Wetafiyamwens He0BISMET SN GFH6e0

PT  DMTHBEVOTEEH| MBHTFST  WSTOUTUL G GeMewISBLLULL  FHSTUUBISEN60 BlBDbHS
alLwmrIseT QFTLIuUTeT SMmmeddaied FHULGLTWLD. @UBumrgk UL 13.10 e @ BIH
DIMTHBV(PD QFIDL DMIHBEV(IPLD HMTF6OBOT 2 LIl LTSI THOD  LOGTToUTUIH6IT
GoursommioreiluLanid BenewidbalL®G GuTg) 6Taiear Ble(w eaiumg UTTUIGUTLD.

el ™

2 _LyUumeoLd
£nS0, uS0

1.0 mol dm”’ 1.0 mol dm”’

2 ® 3.1.1: Zn2 bCuo b Q&HTHWL QH DMISHHEIGBHT Bewisslul (B @i  erelyamuie

HEVD 2 (HEUTHBLILILL G).

@6l cuemaWITeN  Hevld OGN FTWIN  H6VID  eTedl  eUEDTUWIMIGSILUGEDSE.  HTeuH  @LLLD
WesteliygTwesoneigl el smygallal OaThamasuled o eafen @@ eteuTuisemen OEbTerL -
&1& sTewiupGL. @b Weaelygmwer HesHed QUITHUTET @7 GILEG SHIFD DLVGH @I
2 Iy uTeuHHeTTed Benewibalul L albHUTFIONET W6TEHmIFeOHMMILD maubBILLL  LO6TeUTUIS6NT
OxTMILHTH Siewwd. Q@ alsHwungone  Waismygeoseisuer Wetsuruisemen GamemrL
OaTeHsailed CHTAEIMILD DWHBHWD “HIeus FhHd WSS~ eeIlILBLD. sTeflanid, @6l DI(LDHIHLOM-
g Qm ORTUGHSMIFOSEHL @T 2 (I UTeHHaTed SemeniasliuGéurg @&emmasliuLd
FaQUISTE S[HBGLD.

@ o Oyiumeowomerg "U" eugeuonen  @Gwruleien garflemsd 02m6e6ursd opdbdlw  OSTLG
smpgevsemTear KCl oeveg KNO, @ OamamiL om &or1s QheGD. @ @M Syen wpigall
mIBEHD WeateuTwl QFHTGHIseilamien NOPHHHEBHD FnPUSTS MEUSSLILLIRHEGL. @eu &6l
FhFwreng eablsalB Gaisiy ssveg GpUIWfGwsFsn smemGsTasiL NOwamEbh s
LWSTUBSHIDOCUTH US@ITLTE w6t UFoTHOD BB DIE@IDHEEGLD.

BwBev a&TLLUUL(heTem &(H AHMTHBEVRIBNMBIHID FLOBEN6LHT Ll6STeUMILOTH).

Zn*" (aq) + 2¢ = Zn(s) E®=-0.76 V
Cu*(aq) + 2¢ = Cu(s) E®=+034V
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MBTFNST UTTHENID HTHTEH Ws alengours @evsHremen SOLILSTe0 dipen E°
Quuiored et THGMMW ST (HEGIMSE. MmBIFemen UTTHSID OCFbureig Heds
GODaUTE ReusHTenat QPLUSTEL G E° Qumioneid Gris@menw &ml (h&leimgl.

Bz @m sFwpmevsmenuw Crrowns UG OCFUw 2 FHadng. 2 HTJERIOTS, [H-
someig OFbenu STL D 106 ealengaurs QrsHIaisemer QSEMS 610D  [HTHS5-
Heir Foaenev sHreoneid QFwlleig Foalameouled UTTHES Fnigul SleMe| S HILUSHLD
FTihHHBGW eaumBUD CQeualliubGsaIn BHelmba GeureommiomeiuTeigl HTHLD 618T-
Westeurus eTedteyd QFDY CHymenal elaneyd &TL(HD. @BH STL(HLD DI(PHIHLOTENGH BT 6wTig-
NG @ Buiwimet allsHwTFomGL.

apMled  WOSICHITLLGMmS BNISHUSDHTE UPHBOTH 2 WTHHLSHMST  OomeiL
Geureommiomel  LWSTUGSSIUBL. 2 _FTrewionsd, Geureommomeiwrerg  SisHOUILL(H
Brewi(h MIHBVBIBEHD OFHT(HMBUND  MEUBBLILULLTED  RVSHHTOIHET  HTHHH 60
Bmha s senaled CeuefGumbBurg GFwlsd @mba  dfsene GeusfGuimib.
61 GevsAraisefarn semgea] @ WeBamLLwT@Gw. et WSTBaTLLgHemmed Qxm @
wWesr  Fefemeowimerg  GluwsnLud. el OeECaiml L Hemed OBTGHHuled emulBLd
rmmEsemeT allensd Qametaugsn@ 68 FnmBsowflear HoHHleusHener LNFCUTHGS (LPIQULD.
BmiE @rewi(h IHCQTHTTET Alen6N6HMET BHTEUuT(LPIQU|LD.

R UBBHHD, BTEFLaIm0 CBTGHHUID Bmbal BevsdHraiser GQeueflGuMIB DS
SLFH60Te0 68 FMMBeowflelt HIHGHleubHeiiLlg FORNM6D HTRIDTEIH, BIOHSH RJHHT6IHM6NT
FHOFUIWSEQUSTE HEHBSTDSH. OO UbSHH0 QFDLY Foalene CHTEGHHUleT s
ArsHraiser Cxmdamal. B 65 FHMBGwfar HHHIUSHEILIQ, FLOTIENED FHTEILDT-
g Cevds BIHHTAIHMNT DBHMEG FnQUSTS BBHASIDSH. elenraurs Bl Qumm
rmomEIGeT S0 ey sTLLUUL (BeTengl. diGemen UL 13.11 &ml(hémg).

FoBlemeouls Blenev RbHsH
HenFuled BHBHLD
T+ [
Zn'(ag) +2e ==Zn(s)
Zn @emba Cu Bmmed
Bzl RevsHyes UTUIFF60
Cu''(aq) +2e == Cu(s)
\

FoBlensouilat Blamey BbHHo
Hemauled B (HLD
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T ——— < ST I

I Besdraisen amEbs smBHOTE 2 aienGHT-
( AGHS G & 2 aonGaT G
A Grred @evsAye uTiFFed sTemiL@GL.(Zn @gi)’

Bophe Cu &6l UsBLTS
2 Nyl umeuLd

: l
-
-
=
-
=
-
- |
=
-
=
- ! i}
.
=/n50), . wS0,

d q

ot 1.0 mol dm’

2 ® 3.1.2 prsw, QFby CaTewiL S@hH SMJHHOBISMET LWLSLBHSHS BoumsdmmILOT 6B

QMEBBLILULTH. @M H6VEURTHHEVD 2 (HEUTHBLILL (HETeng.

Guomuy OaTEGHHUTED, Zn ussLTE @QBHH BF UHSHIFIHNG @Qeudhdrer @LLLom-
g OsTLIBG OFeOaDBUTH  FoaleneuBTeaiomeig WLTHMmL HGImG. D5EC6u S
FLODNMEVBEHLD SLLTWIONS @ USSSHNEG BHHIPWL SHTHBHOTS WLINSEDSH. HTHLOTEIH]
OaTLIhE Swemdmngl. OFwy (1) sweaiser QrsHyaisamen gnmisOsTatdmg. e S
HTHBEIBEHLD LeTeuHLOTM] 6TLOSLILIL 6VTLD.

Zn(s) — Zn*'(aq) +2e
Cu*(aq) +2e¢ — Cu(s)

BTEHLOTOIH BTH HWETHNTS HmIFedael GCFeoebBurg eIPEIGL @605 T6THETT60
Qzwy (1) SweseT OFLUTS WLTNEUSID BBF SFFTWNT HTHHOMS HenL QuUED. GomLig
BMH NNTHBHVHTHBREIBENENUILD RENEWILILIGHET (60D BBT HTdHHHMNSH S 19GQUILDLILIEVTLD.

GWTHRIDTET STFTWET HTHHLD HemLOUMIGUBET (LP6VD HeVHHD LOISTGHITL LD 2 (Heur-
SBLLBHEUMS HTEWIEVTLD. BH (LP6VLD LOGTTFTWIEN H6VLOTedHl @QhHeusnadwnd ifléasiuL (-
QUID. HFWTHT HTHBHHT (LP6VD HeVMEGH LOGCITL LSHma 2 musbd GCauiujomuiles
SIS “BELUTRNBHEVID DI6V6VGH “CeuTeoMMTHEVD” 6TTLIL(HLD. HUWITHOT HTHBD HEDL -
Quprsruier GeuellCw QmbaE LOETCMT LHmE CFISHIUDHET (VLD HVHBTHBLOTEISH]
BLTSHBLILIQET DHH6VLD 1063ILIGBEVID 61630 DIeNLDSHBLILI(HLD.

@T  SHeLeUTNBBHVGHHD HLGHESTOIMUTL I9M@&G OuUTIILTE  Semouemel L FCWMMeL,
BHTDHHV HTHBRIBMTGHW. H6vd OFHTPOMUBL Cursl @ Weteuruledmba @LFHCWMMS-
Heir cpeold alBaldsliubd  RevsHTaiser DboHHlenen WeteuTuis@ CFaim DimIEG 66
OxTGHUI0 @rsTwer Samismen HTHHHNG 2 LuGHHID. @LFCWMMD HenL Gumibd
Wleteurul DIG6IML (h 6TRIMILD FHTHSHH0 HOL QUMD LOeTeuTUl “HBBHIL(H” 6TRIAD  Diem-
&0 UBL. LFACLMMED, FHTDHHD MIH SHTHBHEIHND CFTHMND (LU (LPILDSHT60T
BVSHHTHBHMSH OUDELTID. @M Heveuaibadevmengdl Zn, Cu Weteurwisenen Oome CuTg
SIG “Luestutsvdevid” eTedr QUi LL(BLD.
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BEE&GH BH ADIHBTHEBIB6 Fnl LV (LP6ULD (W(OSHTE HTHHD QuuLILIBLD.

BCHTLH (BTHHHV AMTSHSTHHBD) : Cu(aq) +2e¢ — Cu(s) (euevg s udsoren Wesutus RHE)

SIBT(h (FLACWMMED DMTHBSTHHBWD) : Zn(s) — Zn*'(aq) + 2¢ (BLSBI M&B USHBLOTET
Westeurul LHE)

BVHBHTHHLD: Cu*'(aq) + Zn(s) — Cu(s) + Zn2+(aq)

@T sevauailassHnE@ GCwle aleufldésiu’Lg Gumed aHITer WS  DIDHBHLOTEIH]
AyBwrdssiu’(h Gwgeurs siHaflssinbGourg sdymer Weaanwssong 1.1V Gene
SIMLWDBUTE HTHED BNSSIUBUSZILST HevushdHer o2 ma  LOGTICTLL (D  BlBLOTS.
QeueiBw @dHEH aUPESILUBLD DSHSwTaEH Coaid SHsféasiuGwCurgd  ardi-
Henguled sTaHHL Baw pTwls@Gw. CeuellCu Gmba Gumid W FHH pevd Sulm e
LO6VEVTSH — @TFTWen FHTHEHMS STLGHW eu@Gliyseowns Qg OsTHnuBL. Lrefuied
B05HE0 1.1V OSIDI(DHBLOTIF| 6TeleuTy 2 (HeuThSUIUBEDMSH. 6TTLH60 Houeid QFevid
Flougl (poHBwnngl. Remen Ueeumonm alendd QsmeTemeumLD.

LTelwed H605H60 BHUGHseaflen @UiBummed, DHTHHHE0 DMTHDHTHEEIGNT [HeDL
QumFmgl. QFwy WeTeuTulsT HTHHH0 DUMITHBTHBPLD, Brsleeuruler LU FBWMHMed
SIMIHBTHB(PD BHBHEMSHI. HVSHHNT @oll @Q(H UGHBEDHD DINTHBEVMBIBET  DI6VEVG
STHHCHHM Bewewtulser (redox couples) 61601  SIWPHBLILUGLD. OQFWDLY  LOTOUTWITETS)
FTDHHD DIMJHBHEVD 61D BHTH  Lileeumwimeng @LACUDHMED DIFHEBE0D  6T6I6OLD
SIMLPSHBLILIHLD.

H60UTENNBEVHH0 L FCWDHMEL- DCHTLIQeD HlHIPD DpFHevTe0 HCEITL L T6eoIg 61T

gOMEHMS OCBTEUIYHBHGHW. LMILSHHHD SHTDHHD BlHLOeUBHRT (6o HBHTL L Terg)
CrCBrmmapeng O&Tesg(hHH@LD.

HELUTNBHVHHD @LFCWMMD HOLOUDID DMTHH0HH60 (SCITL(H) BMTFNIDHE
FITUTS 61HAT DPHBHD BHSBGHW LHPMHOW SHTHSHH0 HewL QUUID (HCHTL(H) DT HH605
Hev BHMTFNDHS

gmiurs  GBT WHBD BHEBGW. @HETeL G WaeuruissT GenLBuujd iWHH
alGHwTFD smewiubw. peflwmerg OsTHUN0 2 6TenCGurg alamyalsd RevsSHTer uTuIFF
oomengl 1T Westeumuled mba Cridleeuruing BOLOUDID. RevsHHTeT UTUIFFeO
Baww Homgsd eHidensuled WSIGaTL LD HenL QUDID. H60eUTNGBH0HH60 @ (L6
auTUIB6eT L Buwimen (PHHNSHWLTFOTEIH H6O JH(IPHHLD 6160 MWHBLILLH NG
Goursomled iemeiLLILI(BLD.

&HCHTLIMZID, DCHTLIgaHID WeTouTU] HH(WPSHDHEBIBEHHEG RewLBuiwimer alsHuimaon-
MG BV DWPHBHD JGHWD. QG HVHHL BHHEH WetGermlLiomeig GQupliuLrg Gumg)
sevHFHe  aellwssaleng  (electromotive force (emf) op@HWw. RH  H6LEUTENGBDHVHH 60
ST enL. QL F UEHSHNID HCHTL ML  aUevGEH USBSHHVID MeUdHEGHLOUTH 6MLIHLD
rmmoTs  QsmereniubGaEmE!.
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2 Goumas(pd  WINIUGSMIFID @7  HmevHHBHTLIQETTID 2 LIUTSHSHRTTeL B
WeTLE SMTFOBEHLD BemeissliLbolms Bh BHmevss Bomhaeflammeuld &606u6HaE60D
Qurgieurs  GMIUILLUBLD.

HvHGBUIL 1960601 STAPHNDBUITHI LT6016M([HEMGIT (LPpdh 5 UILDTGITGNGM.

® FVHFHL @LIACWDHMED MTSHBHTHHD HOLOUMID Westeurul 61IBUTHID B HIUSSHEH-
HVID BHTDHHED HMTSHBHTHHLD HenL QUUILD LOETEUTUI 6UeVHI LUSBHHID 6T(LSHLILIBLD.

® SUGHMSB 6160MEVBET HleNeVHH FLLGHeme0 | 1NFBFHSHgHeuliLBSHSILHBLD.

IR

o FrouF Fhd WHHWD Smewililger @yewi(h LoleteuruiseT HenL Gul
uweTUhSHSLILBLD.

SHe01SI

® o [yl umeuld smewIlLgeT (HyeuF &FHdH WSS STewlLLTalgeT) @rewt(B Lol

3 || 2

UTWISHEHLD BT ML BNV GHDHH FLLHBHTEL GoupmsaLILI(HLD.

® 66060 Fnmiseilaaigid QueTSHBEMeD &L LTWIWOTS (GHMSHIUL6D Coussi(BD. DIHHIL 65T

Qanley, s, GeuliuBlensy Gumeim MubsmenseEnd OFHfBHAH MU  GDHHe0
Gouemi(hLD.

B0HGOUILIYNEG SiemwauTs Lrallsd sevsHang GOUILTeng Weteumorm erpsiubLD.
Zn(s)|Zn**(aq, 1.0 mol dm™))||Cu*(aq, 1.0 mol dm=)|Cu(s)

Gouml 2_FHTyevIRISET

&6olD Mg(s)| Mg?*(aq) ommid Mlwio & yaFe Westeurul eleiUsumenmes CamesiBeaTenGUT)
Mg(s)| Mg**(aq), 1.0 mol dm™) || H(aq, 1.0 mol dm™) | H,(g) [Pt(s)

seuld Bl sy Waeurus womid Cl(aq) [CL(g) Wstaumuisamens OaTemsiGeienGuTg)
Pt(s)[H,(g) [H'(aq) || Cl(aq) [CL,(g) [Pt(s)

@rewi(p Weteuruiseafepid GQumrgeumen el GQumments HCl nweuB S UILIQ 6wt

&eold MBwio ma rger Weteurut womid AgCl(s) |Ag(s) | Cl(aq) eiaiusumenma Q& eusi(heiTern
Gurrg) Pt(s)[H,(g) [H'(aq), Cl'(aq) |AgCI(s) |Ag(s)

Bhs LIOPSHST S  sevHFHad Waellwss aleng GCHITEHa|D DiH IVH UbH-
HVI6TEN  DMTHBVSHHMG  DNWHHH[BHHSH BLHILSBBHHD 2 _6T6N DM EHBH60HH )
IWHBSHHmen SPILSHTeL GQUDLILIBHLD.

EP>>® = EA»X - EChX
AA»X
Epo = Eaztomk — Epsuomk
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BwBeoweiten HevHMSB BH(HHILLGUTFH

E, o= ECu*(aq)/Cu(s) — EZn*'(aq)/Zn(s)

E, o=0.34V — (-0.76 V)

Ey o= +1.10V

Buaid Oxefleurs alenmidSsCsTeTeN LSIQUHLD 2 FHTIEWID 2 Hald.

Ueieupld S0HBTHBHMSB B ([HHISB.
Cu(s) + 2Ag’(aq) — Cu*'(aq) + 2Ag(s)
SIMJ & BHEVHHIT B BISHENT
&6HTLH (BTLSHSH60) D Ag(aq) T e — Ag(s) (2Ag'(aq) + 2e — 2Ag(s)
BT (h (RLFAGWMMED)  : Cu(s) — Cu*(aq) + 2e

Bm AMTHHTHLSEBMAFHID Fnl (hHOBTND OTHH BVHBHTHHHMSB HHBMG 6T636LD
OQeuetefl WeteuTul HCHTLLTHID OGFwy Weteutul DGl Lrsewn OsTnHubGEDSI.

SHEVLDT 6,
Cu(s)|Cu*'(aq)l|Ag'(aq)|Ag(s)
BHmbHSI
E

P»®: EA»X - EChX = EAg+ /Ag N ECU2+/C11

DIMTHEHEOBIHOMNDH  HTDHH0  JH(WHBEIBMeN  LITHul(Beumbest  cpeold  H6VHH TG
Wetelwas alengemul &L 60mL.

E,, o= +0.80 V- (0.34 V) = +0.46 V

@rewigengid  E° Qumionemiser Grymensmullest EAgt /Ag=+0.80 V opmitd ECu2+/Cu =+0.34 V
Oaly woMID GeueTerl 6TETLNT DIUIBTHMENT 2 _(HeUTHGHH6L LOMMILD BeVSHHTEIHMET RS-
H60 eIl MmFHTFeier @eualwliyL el QUEIHmsUled Ge0E&HeUTaIg Di606vV.

aeflaid @rewigevd Gombs  Cmymenr E° Quuoneishengd Osmewi OFby elenyeurs
BVHATIIBMEN RUOHGLD. HVHHD QFHLUTRIH REVHIHTIIHMEN dalgul SieMelled SHLIg-
Quiepiiyid  oix1 e1HT  elewswns Bme@w. GFwyw, Geustefluyw FHAdw  swillufermed
BemebSUULLTO ReusArar urTwiFFeonang CFwlled @mba GeuaTefluinE GFevevibd
Bz Reueurm eluflsaiuLo.

STLLOUBL HenFuled FLOBeNEOBTRIOTEIH [HH(HLD.
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sr L ul SHeaul
swhlmegTaTONTS BS(H .

allenere Poo Sy

ur &sreorerg Cu
29® s Ag
8 o0 o .

Cu*(aq) +2¢ == Cu(s) E=+0.34V

Ag(aq) +te &= Ag(s) E=+080V

sr L ul Seaul
FuhlenedsaTOraTS B

DLBHEVTED BEVHSHTHBLOTENESH BGoBsv 2 _eiteneurm HOLOUNIEDSH 61U I 2 mISHwTE D).

2 gryenid 3.3 Sweum euflliumiseaT Lreillwsd (Daniel) devmiseafenr Geumiul L Siemiolid
&6fled aTLLUUL (BeTengl. Bluwws GNUiliged He0HMmS 61(LDSHIS.

b)
a) .I"._ ti - ..I"._ l'i
k | L
E].[ 'Ii AL_Eoue ’
. 3 L . Zn Cu
| Brsb
——t=7InSO, HMTFO
| miemigiementy
] LTS EITLd
L GQe0y
- CUSO, ZnS0,(aq) CuS0,laq)
BN F60 7
WlesTeumUs é;;mm&,eﬁ
eflewL _

a) @bs AMWUITD B elsHursorer WSLGSHIFOINGL SemLuled SHyousphd
WSS STEILILBLD. DFH60TE0 H60 GHMUILTedIZH  Zn(s)|Zn>+(aq)iCu®(aq)|Cu(s) 4@ -

b) @3 Smwiled 2 Lylumed UwaTL(hSHHIUGET (6o CHTIMID HIouFoHsd D(WHDH
LTS (HMMSBBLILLIQHBGLD. DLHOTED H60BGMUWI(H Zn(s)|Zn*'(aq)||Cu* (aq)|Cu(s). %@ -
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3.3.2 eiteurdl SiPHBHBMSL LTHGEGLD HTYenilameln

WOISTOUTUI DI(PSHBHLD SHEISIU6TEN Lev SHTTemidensn @Ei@ UL Igulsd LBSHSILL (HET6Ng).
o Qeuliumplensv

o Wau@GsmyaFeder ey

o 10@TLGHBMTFEIIT HETENLD

o auruwallel i(LpSHBLD

® OSTeUTUT6T HeEuTemLD

WeelyFTwensTaasd  BoLOumieusn@  Weateumulergd  Gupuyiier s o Geoms
SWwenHen  QUTHSSTe  FTUBlensoulsvd FhHuLed Cuorgishsd Gousmwi(hd. 4FHE0TEL
Oauliuplensou]d  WSLGOUTHefleg OQFmeyd  WaTeuTul  PBHSHMS — STomeilliugdled
(WaHAWLoTegl WeTUGOUTHefe HaTemwTeng S0 QHTPHNUBLEUTH JHNEHMSHH L -
SHIUH60 (pHEBWTengd Bg UGHFH 3.1.1 et S L FTWILL(HeTendl. euTu] LWleT euTuIseNT
LWSTUBSSHIDCUTHI  auTwjele DpsHTagH  GMUILUIUBHD (WPSHEWLTRISTEAD B&|
RUVG BAEUTAIGIETEN (LP6VSHInMIBHEVIEH  6TEUTNNHMBMU UMTWMISE 2_H6)SHBTNEI.

Qeueierll  GeueiTeila@Conmengl(h et eurullen WeteuTwl SPGB Speigk SHE  (Bluiw
mayFear  Weteurul) OaTLiuras 0.220 V ou@. aeiain et  ugoummer KCl @eur
Oapleurenigl 0.10 mol dm™ etevilent Llevtoumu’l Sy Fomeng) 0.288 V opsad KCl a1 Gapley
1.00 mol dm= KCI Gurngl =iz 0.235V. @n@ Lormidaima).

3.3.3. QeuciiGoum euensWITen LOGTIQNTFTUIGT &H6VMBIS6NT

@ramwen FhHemwl WOSIFSHWLTS LLTOMIUSDEG LOleTellyamuwien SHeumiseT UWaTU(bBSHH
HMFHl. DLH6UT6L BIENMTHS UTPHMBUTI0 GeuaiGoum CHemeusainETad LUWTUL HHLILIHLD
WOST  FTHETEIGBMED OO FTUIET HEVRIBET H6VIDTE  ‘batteries’ Deumenm  Bulsh & 6udev
URIGUODIHDS @6l UMBWTES  HEVEIGEND QT SLSHHUIRTeD @  LOleTeuTuISBmenu D
Oeuefuled @ememIbEIUL LT @IFTW s SHTHHD HenL GUMD.

Oeueflwed BEHBH WaTFsHml  UPEIGUBET  (P6VD  HVSHHTHBHMS  LIew(LPHLOTS
Baws QFuiw (wung LOETEIFFTWET HORISHT (PSHHIMDS HEVEISET (primary cells) eter
SmPHHIUBL. (g WaT YgpIiles (pRUTHamel) (IPSHETEND  SH6VEIGTNEG 2 &T)el-
wres Qevdsdenmehd devdHmenujd 2 @ 3.11.(a) Lmalwe sevsHemenuyd 2 @ 3.11(b)
GO 60mLD.
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¥

LOlesTeumul B—

Zinc

. ZnSO4 sen&60

&Tuest LesTeumus
. EHIewIglemen urhEyn

MnO,, &rues NH,CI,
H,0

Q&

4=  CuSO4 smyFed

b)

a)

2 ® 3.11 (a) FTHTI BevHHeNTEHSH H6EVLD

(b) Lmexflwied &601d

SidleoLd

R BOUSDSHIT 60T
— GuUl e

== (& T 61T 6060

— rweiOrTL el (B
|
- FFWILD e v !
S aad
== mgTe FeOLLflBSLO6VD
g | L Gouprsd
a) b) )

2 ® 3.12 (a) FwF GFOIYSHLHHOT LIHLOLIQUITET 6UENTLIL LD
(b) FwE GaFAlys Hevld

(c) ufHss FWUFCFOIYS H6vd (HTJ - WIB Di(BHHES)

BTEMTHS UTDSMBUTL LWaTUBGSBLIUBLD BGTOSITHoumd H6v FULGFLOLIL SH6VLOTGHLD.
(lead accumlator) @& OQurgleurs GCTLLTT 6UTHEISH6E0D “car battery” 61601 HWLPSHBLILIL LS.
@5 HLEIBMND BVHBHTHBMIBMET LOGTOFUIUBHET cLp6vlD ewi(hD WOISTBIMMeELTD. b
HOEVEIHBENT HINEMIBHEVMIGET “secondary cells” a1 SjempdbaLLBLD. UL 3.12 @i RGO
BVHMSH BT (HhEMSI.
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&.Ur.5.(2_/3)@ysmend: sevg 13 EITEI Gz I

3.13 QeuciBoumi suswaswner Weieliygmweans sevmiseilsar QT @Gl

DL_L_6M63)6301

gl1'g e
(DOTHT + (5)'0Sad T (3)'HNZ + (DO™H + (S)'o" Ul
«— (s)qd + (be).H¥ + (s)*0ad (5D + + (be).;uz « (S)*OUNT
(Bursreyostp Surm() (be).;uz « (be)..nD + (s)uz + (be)."HNZ + (5) uz ® UE cow
ag +(be)'Osad
«— (be)..'OS + (s)ad (@ 189 uog)le)
(Bwidreyostp Suun(y) ag + (be).;uz7 « (s)uz o7 + (be).;uz « (s)uz ® 1% howoasdd (-)
(NO"HT
+(5)"'0S4ad « 2t + (be) (8)*HNT
2'0S + (be).HY + ()*0qd + (DO™H + (S)*O"UN « ( & 1809 1EY®)
(BurBreyostp Sutmy) (D — o7 +BBLD 97+ (VOUNT + Be).rENg ¢ ME TR ()
qd uz uz hooodD (-)
‘0ad n) “OUN /O hoomod® (+)

"OS™H Td (be)*osnD /(be) "osuz I0uZ /1D"HN Dune®n @

( co® wumaiw Sd) ( co° woumoiw Ed)) e
o®  mysoul ® o oF moiuGue e LOomuLliys |1

3.13 Goupu' L suemswimen ey FTwes seomisela &®HbsdH CHTEGLIY

DIL_L_6M63)6301
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3.4 &1 uELy

GWTSHEIOTS  HlHIp  BIFTuUaTSSTHESHE  (peond  SrFmuien  FoaHwmerd et
FHHWTH LommHMLILHSH60 B606U6NSHH 605360 BenL QUMISIMG.6T6dlanILD BT6NTHS
UMTHHMBUTD GWTHeT OHM STHHCHHM HTHBEIEMT BHOLOUD CFUIUST (LP6OLOTS
uwenieren  aflememiQUTHL 6T 2 _Mushd) CFLWlLGSDG. 2 STrewiond 1O (PO 60
alemeow|wiibg Geusienl Gumesty 2 Geumaswmeaid alemey GHmmbH 2 BeomTsld @eaImleT LWH
ugeauenL W QFLWILGISST  (pevld o Beomad  UTHISTUL LML  @IMlenet 2 (HeuTdd
(ppU|lb. @eleuTmren FhHTLIURIH6T60 GQeualBuw Smbg eupmislIuBLD W FhHulles epeuld
OFHTLAUTRT  HWTHIOHMH @QTFTWLET HTHBOTNIH  WPaBamshd  Bamworm GFuwiud
Hetnagl. opmawred CQeuelCu Bmbal WSFsHmul FWUTSEIOMD RTFTWT SHTHHHHMEG
QUPTRIGHUSHT (LPEULD HTHBHMSB BLTHHIHD T UGy eTeriupd. 2 (hélw UBTTHSHLD
SI6V6VGH| QUTHSHSLOTET HEDFLILTEND HMTHBILULL LUSTTIHBHD 261 T& Cmi WleTGerTL L LD
ety OFSHHISET (pevld LT LGLenU BLTSHSH60TD. et euruiseflsd HenL GQuUmid
@raTwen HToHsmIBeTET cpeold 2 flul alleneneysenem GUDMELTLD.

et  ugluemu  Bum@asmetenpd GBursl  GeuelulelmbHa  WOISICHITLLGHME  6UPBIGLD.
Weor  waelesr  (battery) GmiT (el sHNEG Bwewmdsiul L ifeeunul G
Weteurul (DIBRMLB) 61T  (Pel SHDGBRmeubsiul L 1061 eurul ergi esr  eumul
@ECaMTL(B) wWear ugly maww Gurg senyselsd 2 eafen GhT jweidser HCHTLenL
Crrad sauFlUl(h FHTHHH0 DMLUD. HMFFeI60 2 _6i6m 61HT DWSIH6T HCITL 96D
LFACWMHMHHNG 2 L u(HLd.

3.4.1 peny OSTLEGSHBH6E0

prTengl We o miurer @IFTwel USTTHIHD SLmeWTed By el uGd@w Bursl
GWTSEIOMN STFTWET HTHHD @M (LPEULDTE  6UaTETIL 60 HubHenensenet S (1
atm, 25 °C, AG® is 474.4 k] mol™"). mayger sumwed @LUEFT euTwayd 2 _(HeuTGLW. HITeIH]
Wer u@Lemu BLTSHMUSDEG Ceuefuledmbal e FhHHenul SHLLTWIOTS  CULDEIE6USH6T
(pevld FHTHHBHMM HTHBHMSH BLGHHVMD. BHiflendl WOSTLGIUTETS LSTeUHD Sienoliilest
epevld GomGsTaTeTILUL6VTD. 2 (| 3.14 2 _eTemeumm SieNOLENL 2 (HEUTSHHEVTLD.

+
6V
Y
Hy(®) d 0e)
w OaTdH@GImul
Pt &0l
Pt uL LD
= H,SO, &mysed

. o

2 ® 3.14 pileor Weuglinster LfGFTHMe @(OEISMLDLIL

240



arwpilevieen  LFsTer  SweT  gamiser  H'(aq) @emeu  @ealGeusimitd OH(aq)
Qaplalsd 2 _eienen. Spmawmed 1x107 mol dm? Sweiseafer savenibamamutl HTWBFlVID
uniss oFsflés Gsusugmests mster H SO, (0.10 mol dm?) mime Gsirésiul®
Gurdw  erewTeNNBMBWTRT  DWGTFaMIHOT  (Weiiadleneouled e  HLHHED — F6VLIOTS
BemL QUmLD.

Wsu@Uler GuTgl HHIPWD HTHBHLOTEIH]
BT (b (LAGWHmD)  : 2H,O(1) > O,(g) + 4H'(aq) + 4e
&BHTL(H (HTHHH60) : 4H*(aq) + 4e" > 2H (g)
OTHsH HTHBLD : 2H,0(1) > 2H (g) + 0,(g)

WsTu@Ulerg OLTHs HTHBHIHEN SLTTUINIST CLPEVLD 2G4 BeT QFMleuTeng) LOleTL-
GUle emels GFsaursmasud CFaIHHTH ean allenmissaTeTeneomLD.

2 gHryswinp 3.3

S Leuement 3.5 @60 2 6T6en B WSTeuTul (PSHSH OCUDITRIEIGN6T  LIWSTLBHSHS
By e LGUUSNEG CHMOULLBL DYBHGHMDHD N(PHHHMBH H6WIEHH60

ellenL
peny Wetu@ly QFWieusmeTer B LWeTeuTul DSBS LlsTeuhomm)

B (B (@LAGwmmbd)  : 2H,O(1) — O,(g) +4H'(aq) + 4= (E°=1.23V)
HCHTL(H (HTDHSH60) :4H"(aq) +4e —2H (g) (E°=0.00V)
OrgHeH HTHBLD 1 2H,0(1) — 2H,(g) + O,(g)

E°seob =E° &@am_ @ - E° @@ =0V —(1.23V)=-1.23V

QLAIG)) E° @euid THTTOHTH RmLILSTED AG® Gmymensm-
@LD (AG® = -nFE° unLgdlLgde0 B606m6V) 21,5661 BHTHBLD
FUTHET  LoPMG. pECo1 @ FHTEHHMSH BLISHUSNSG OCeueluledmbaH DbHH
@mPhaHH 1.23V e Weaigsd aupmisliuLed Geuswmi(BLd.
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3.4.2 @aby Waeurisamer uweauBGsH CuSO, Bif smIFame LORTLIGSSH6

agss FHuled gru Gebeu GumiugnE CuSO, BT smysmen Gy WaeuTuIseT
Carenwi(h WSTLUGHSHSH60 (Wenpwnengl HeauppliuGang. Qurgeurs sruenstll  LweTU(h-
&FH srHmba  QFwureis  LfS0sHHSULUGHSTDS. saflaid @D (PeNMUIETTEL
2 musAWTESIUBL  OFDUTEIH LD LTHEEHMENS OBTEMIQHBGHID. DpHEVTE0  HTUI
Qawureigl , Gmi  wWleTeuTuied (18T _(h) gmuwiemwwpm OFiy GCasmeneoujd 61T
Westeumuled (&8xsTLB) gmw GFiy Gasmemeowd LWSTUGSHS WeTuGUY OFUIeUH6T LP6VLD
Quplu@BL. RH0HTEGHHwTeng) T (LPHINE (2—sTyenib IV eissuld) @enewrssliL(bLd Gurg)
gruienowimnm &y Cared (BTl B) smybha Cu*' Sjweaisemen samyaFelaier alHald@Lw
Gurgl smygalsveien Cu** oueidst grw QFwby Casmelar g (CHTL(H) LIQaTAISTED
HCBHTL19eng LHLOT FH Bl G L.

SBaT_®B (FLACwmmd) : Cu(s) — Cu?(aq) + 2¢

&BCHTLH (STHHH60) : Cu*(aq) +2¢ — Cu(s)

a9y

[ g Cu Bamev (HCxTL(H)

—

FTWIenLWMM
@&Dqé@&»nsﬁ
(SI8eurTL_(H)

CuSO, (aq)

H—— HEDTF6V

2 ® 3.15 : CuSO,(aq) @a1 Weu@LDsTen UNGFTHMET (LPEISHMLOLIL
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3.4.3 LGN Waeutuiser Gasmremih CuSO, &mygFame LOILIEGSSH60

FLHGI 1leteuruise Pt oievevg smflund (graphite) semsi vweiuGsd CuSO, mis
smrFmey  Wau@ly Gauiuw Gumg BuwBeowjeTemeumm  D16060MOD  eNl&HEHWTFLOM 6
BLSMSMW  SloUBTaNbHeomD. BHer Curg Cermliged LU dlFer euru] GeueilGuimiey
maub HCHTLIed (Cu) ugeumSUD STewieomd. UL 3.15 @60 o eTengl Bumesim
@53 UflCargmen emwlilener LWSTLBHSHTD eai@id @Grwmm IMMIOTE FLSHIe
Wlesteumwsem LweTU(hSHHIH60 Geusssi(HLd.

BTG (UAGCWMHmD)  : 2H O(1) — O,(g) +4H"(aq) + 4e
&HOHTL(H (HTHSHH60) : Cu*(aq) +2¢ — Cu(s)

OTHSH HTHBLD : 2Cu**(aq)+ 2H,0(1) — 2Cu(s) + O,(g) + 4H'(aq)

@by uflGrramenulsd HOHTLIRME (T Weateurul) iHSD STeIUBLD DTS-
ofled oI Leuemsmt 3.5 ulevieimen HUID SHTHSHHO (PSS OCUNITRIBIGONNDEG DIENLDEUTS
Cu” gwesst Cu 2 Geoorasions smpsse (+0.34 V) aemLgeorag H owersst H)
a5 (0.00 V) smpsse0 SmLeaudeud umiss UL Lataled Geu@eureaisl. RBHBUTeL
oBamlgnE  (Crir ateutul) oBGs srauiuGn SO, ,OH ouweaisefled Brmersg)
@LACWMHMD SiemLged (+1.23V) apeng SO, suweisel @l dGwpmbd (+2.05 V) i
auFNID uTidEs e ReoGauTarsT@l. a6 Camiigsd L fger eutu] Bifleg
LFCWMHMSHH&T cweud alBaldaliubLo.

34.4 sLg n Weteurisen LwaLbBHH NaCl B senggensd e LEGDHHe0

NaCl pr senggensv Wear UGy QFuised umy s;HID Curgk @LBWMMED, SHTLHSHH60
HTHBEIHET HHUPWD 06T uTwIHeT OHTLIUTS (PHeVleD SpTTUISHE0 (LPSHEWILDTEIHT GHLD.
Hettenm SHTHEBISOMIT BUID HTHHH0 (WHBBIHM6T UG OCFuleuser cpsod Gmid
alenene] Gapmeimieuensd 61HT6e] Fam (WQUD.  LlaTeuheus SCHTLIgME i([HBTENLOUTED
BoLOUMID Uik QFuiw Geuesiigul FHTHHHED HTHBMIBENTT(GLD.

2H"(aq) +2e — H(g) E°= 0.00 V (1)
2H,0(1) + 2e —H,(g) + 20H (aq) °=-0.83V (2)
Na‘*(aq) + e — Na(s) E°=-2.71V 3)

WISTEUTUI SI(PSHBHEIBMEN HHHIDOCUTH HTHHWD (1) ped OEAID BBHSHH6| Fnlgul HTLD-
HH60 GW. alaid R STHHHHMNG BWBUBHmHT BHemeullL(heuHiL a1 BHiflsvieen
H'(aq) Qgmeurenig wWseayd Hwsraajd (107 mol dm™) 2 eiengl. SpHe0m60 FTHT)6w0T
Spuiagnl  BlubsHmeaiseaier &S Qe HTHEL  FrHHuTarhe0e0. Na'(aq)  swesles
BTPHH0 DWHSD Wes 2 wie] eaHfoumIoTaIonseoned HTHah  (3) poiH  Hap
WRWITE. E660 HTHHD (2) DLAG Fnlgll D66 FTHHWIDTET SHTHSHHE0 HTHBLOMGLD.
BITES STHSSHMN mLeugear ceod H (g) 2 1b OH(aq) 2 1b owaisEnd CoHraimid.
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@CxBunaim CeTLIged HWLOUMID Wseyw FrhHwionet Ll HACWMMED HTEHH60H6M6N
SINUBSNG 6160601 QL FCUDMED HTHEBBIBMEMUID 6T(1LPHIH6V (LP&HBWLILDTRIBT GLD.

2CI(aq) — Cl(g) + 2¢ 4)

2H,0(l) — O,(g) + 4H'(aq) + 4e %)
WD FTHAWITRT HTHBHHMN (WHHMLILBHSH 61HTa] gamieusnE@ Gmuy HTHeMm
sefin@flw STHEHHNETET B HTHSHH0 D(DHHEIHMET 61(LPSHIH60 Goreuwi(HLD.

Cl(g) +2e — 2CI(aq) E°=+1.36V 4)

O,(g) + 4H"(aq) + 4e — 2H,0(1) E°=+123V (5%

Gumuly HroyEeinE@ JMDMTE SHTHSHHO HTEHHD (4) ik (5) @b UTTHS
OB UFHWTOIHTGW. DBHTeusk (5) Qg LFCWMMevTergd (4) Bevd @60G6ur-
NG DLEMBWTEY HUID FHTDHH0 A(PSHIHEIGNNDEG DMOEITH LOB6YD euFdHwmer L d-
Cupmed HTEHHW (5) SGW. eai@mid RQbs ufBsTHmenwnergd BawsHlubw Gurg
QeueCGuimid eurwy Cl, op@1b. O, Sievev. ghaeled @ HTHHD HmL CUMICISNE UIPBISLILIL
Gouemiiguwt  SiHBLOTEIG  FevBeuenendeiled Hwio  WeTeuTul  DPHBHHHNID  UTTHS
2 Wjeurs @HEHHoTGW. Qe Cweodles HswLTeIH “WHmd DSBS’ sl (G
ALOu@w. (Wend (WSS QHTLIUTET SVBHSHIMIWTLE0 &.0UT.H. (2_.5) QraFTwerailuied
utLs FLLHING Cuevdasonasd QFuiwiul (hetengl. RG] alsHwns, @J HTHHHMD
alpiweury BewLQup QFWIuEHME supmslILL Bauemigul WEHH GmDHSH DN(WLSHHLIGLDILOT-
aHmS QUDMISOBTETOUSNEG BIUWILD STHHH0 J(WPSHSH CUOITEIGHMS LWETLUGSHS (LPIQU|LD.
a@ID LME DI(IPSHSHD HTTEWIOTS 2 6WIHOWITE (PSSO 2 WFeuTsd S(hHHd (LPIQULD.

@mE Cl, aury GeauelCumised SugralssiulLgl. goamailsd srasw (5) (0,(g)0euef-
Buwmimed) @BMEBME md D(WPSHHLOTEIH STHED (4) BMSTOIHID UTTHS WS 2 WFeuUTsd
QHBHHOTGW. HTHBWD (5) QIO UTTHS HTHBWD (4) QNG GHMDHS S(PSHSLD 6ULPMHISHLI
ubhHe0 Geuemi(BLD.

BnHWTE  HiEEMIFMED FLHBH WOeeuruwiser Oamewi(h Weau@Gs@Gw  Curgl
BCHTLIgeVID BT I9eVID HEWL QUNILD HTHH60H6T  Lleeu(hHLomml,

BT (h (@ULAGWPm)  : 2Cl(aq) — Cl(g) + 2e

&HCFHTL(H (HTHHH6V) : 2H,0(1) + 2e —H,(g) + 20H (aq)

QLT SHBHHTHBLD : 2CI(aq) + 2H,0(l) — Cl(g) + H(g) + 20H"(aq)
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345 gLggieu Weteutwiser uweiubsd NaCl(l) (2—malw NaCl)
LOSRITLIEH B F60.

SemmGsuliuplensouiso NaCl HewiowonsBeu  smewiliubBld. R&H DMFLSHIIQU  DIWISTFn M-
smen  QBTWIYHBHBTMOUTNDITED  LOleiTeNs SLHSOTLLTG]. sTalend  GeuliLmlensowimend)
NaCl(s) @e1 2o peBomoulaw urtfss o wiaurts FsfléssiubGn Curg)
(801 °C) NaCl(l) @e1 2 AW Hyoud smaFwusbamgul  Na', Cl sweisanen
Carenigma@Gw. o ;dAw NaCl oeng  Oeugly Qeuwiu@GwBurs Na'  ojuwer
2 Beurald Na ope smpssiuGld. Clopaig Cl, opse @l dGumpmiuid.

BT B ( @UABwmmd) : 2CI(1) — CL(g) + 2e

&CHTLH ( HTDHH6V) : Na*(l) + e —»Na(l)

QLOTSHSHHTESHLD : 2CI(1) + 2Na*(l) — CL(g) + 2Na(l)

Sl Leuewent 3.5 @Gevlellen B  HTHHBH0 D(WHS OUNIOTETRISOTHE DNLDGUTH
OwreHs STHHL HMOLOUMEUSDSETS SLLTWD eupmsiuL.  Geuswigw &s  (GHMMbHS
SWHFW 4.07V u@b. eailaid Bl (pemnuled SHTHBHHMET BLISHHUSDE SHTHHd-
GILeT QFBTLIUTET LOmE DI(PSHBHD STTEWILTH JnlgUIeTeUTen S(PHHD CHemeuliLiBGH M.

Oamhled (wempuled 2 Bsomad GamywsHms UfG0sGUUSDHEG 2 ;AW NaCl segsed
WsTu@aslu@BL (WwempBw LwauGSSULGEMS. OsTHleowsmpuisd 2 Georas BaFmuidhens
Oup “Leyeiissod” (Downs cell) vwetuGSHSILGHMS. BHeT Diewwlumeid 2 13.16
@60 STLLLIUL (HeTeng).

2 gHryewnd 3.4

FLHGIou Wareuruiser Qaneni® Na,SO, pissmysaraig WaugssuuBw Curg &G6-
STLIgID SICamLligaid GeuefGwmid auTuBsemen 61HT6] Fnmed.

allenL

ug 1: oBamliyng imasTenwulsd BoLOup srshHwwrer UFCWMMEd HTH-
HEVBHENET @ewild STEMIHD (2_F6ol: SievienwenseT BT iged QL FACWHM
LOLOUSNEG BILL(PHLWISTE SRhHEHGHW). S Leuement 3.5 GevieTen Bl
BHTDHHD (PHBEIBM6N 2 LIGWTHSHS 61(L0SHISH60.

280,* (aq) — S,0,* (aq) + 2e Mwio STHSHH0 DWSSWD =+2.05V) .....(1)
2H,0(l) — O (g) + 4H'(aq) + 4e- (BWiD BTPHB0 SWSSD =+123V)  ....(2)
WOend DDSHTNIG HeuaishdHleo OameteniuLng Curdl, GemmbEH B Loleteurul

IWSHBHD (HTHHD (2)) 2 mLwg SHIUIUGBL. Hmguled @eoGouns @@L dBwmm
weLujd. O, eurujeureg iCemmiiged el(BalbaslinGLd.
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ug 2: &Bxhmlgear SmBTmwUled BmLOUMISDEG FTSHWDTET STDHH0 SHTHEMEI
BHMENT  RQEWID BHTENIHE0. (2-_FHal: SHOWIH6T HCHTLIQED HTDHHD DML
USNESG BTLLIPOHLWSTS QHBSGHWD). L Leuensmwt 3.5 @eviemen HUILD SIS
B0 IWHS OUDITRIEIGNeNT LWETLHSHSH 6T(LDHIH6V.

2H,0(1) + 2e —H (g) + 20H:(aq) (Mwip STHSHS0 SiSSD=-0.83 V) ......(3)
Na‘(aq) + e — Na(s) (Bwio sTHSH0 WSHSW =-2.71V) .....(4)

2 Wihsd aHFOUMIOTOISMNS BUID STHSHH0 JAWSHSWLTH CBTENIL Fnmiden L FGW-
DO SMLBES BemeoulGeoBuw SHUILSMHEG BT L (pehL wenel. GGy S iguieumy Heny
STHHHIUSHGFW QuuioTesHed urtiss Na“ swener HTHHausmn@GFw  Gumor-
o U Lenaled 2 wiihsd 61&J GUMILTEILTGW. LH60T6e0 Na' openg rmmLilern
STEILIUL BITeig &CHTLIR STHHSHH0 ML cpsod H, eurujemen GeueilalBLd.

OH gweiser H' sweiser @n@udeons @@ Fhaylumiseiled Brmerd L -
BuwmmeD, FHTHHHED 6IMID QH DMISHSTHIEIBMVID UE(G QoTaTdngl. 6Gemeied
(Na,SO,) apemigl BhBlemeownes o L] Siewiausnoans smygedar pH =7 ou@b. 2,66
OH, H" oweaiseafler Qameureng o wijours @eoeonsCurgl Brmend el ACwmmd-
HYID STDSHIVID FBLGEDS!-

ug 3: &6xTigeid, ACHTLMID HOLOUMILD SHTEHEEIBMEN RBIMTEH  ENETHS
OTsHs HTHHHMS 61(LHSHEVMLD.

BT (h (PLAGCWHMD) 2 HO(l) — O,(g) +4H"(aq) + 4e

&CHTLH (SHTHSHH60) :2 H,0(1) +2e — H,(g) + 20H (aq) x 2

OIS HTHHBLD :2H,0() — O,(g) +2H, (g)

3.4.6 et u@uler semeuplwenmll LGLL.

Vsiuglulerg  seneuplpenm  GOsTLIuTE WP aipHedlsd  aluflss  elehepme
mwsHH0 UFCL opeury. upGLulemed (weemeusslulL aldsefler HewiH HBRIGET (LPET6T
HEVHBHIMTWTQUIHD BHHH HHalGSUULLET 61aUmS IAMHEH CBTeT(EHHEIGE6NT.

Weu@ly esrojurer uyCGLullst elfser :-

waeomeug ald - Weu@uder Gurgl gsmeugl  Weteumuled Bl Cumid  @yaFTules
FTHBHIHET DeTeuTand WL SHIFIDMILTES (HMTF6O DI6VVSHI
2 _mPAwBenev) CFasaiul L WaisaiwusSng Crialdls Fwowmeang

@rewiLmeugl ald :- QeueiBsum LOl&STLIE&H QUT (6T BHMTFOBEDTL TH @Crwieney
WG Lomeuigy GFansHalILGmaullsd alhelldsiubd. LSTTHHSH-
HIT  SeNeuTeIH, Seupmlend @rsTwet  Foeausvaing Crialds
FLOGOT (GHLD.
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2 Goonashder iamidemniley

@raTwen FweauHemiey =
el 2 _Geurasnmulment HTHHS

Bxpemeuliubld RevsHyemient sremrenilsans

OFasHILGBLD WaisaiwugHar e Q yeig
Q=1It
I - swwfleyd t- GFdbsaiain 2 6tenCurgd Q opeigh dmBeomdled Guuiiu(BLD.
1C=1Ax1s

FLACWMMED ievevgl  HTHHHIMBTE  CHemeuliuBld  OGICTL LSHGT  Siemeumeg
sRIGUIBLULS WeTeuTul HTHHHHO LFOTET (&HMIBHH60TGLD. 2 HTTIOTS RHDHTHDH-
Fev Agt(aq) te —Ag(S) @ wped BB STLHUSDS (P60 QevdFTeiisei Cpemeu-
UulLsl. @m @evsdHraiar gomwomerg 1.6021x 10—-19C GeomblinE FloaTTeIH  6TaTLM D
BIEIS6T SGeumLd.
5861 1mol @evddyesiesn emmLD = NA x 1.6021 x 10°C

=6.02 x 10*® mol™ x 1.6021 x 107" C

=96485 C mol™

@eu Weisemiwiomeg uFGL (mmled) etenr SmWSHBIUBLD. B&HI & BeTe0 G LUBLD.

SieTemienaUTe  &ewldbsHeosmener Gurg 1F = 96500 C mol!. eeor BrmiseT LWTLHS-
&IGeurmd.
WesteuTuwl HTmISTNNETS, Mg*(aq) + 2e — Mg(s)

Al*(aq) + 3e — Al(s)

@saiepevd @ cped Mg @nad Al @m@w wenpmBuw 2mol evsHyeaisend (2F) 3
(v BevshAreaiseEnd (3F) Caemeuliu(pio.

WeielyFmwer SeuliggHe0mefllsd LFGL wmpledulesr KHNFGwimasLd

Weru@iyl  ufl@srsameaisemen  BumOsmeaiepd Burg Gamlyeid  &CHTLigsvid
OQupiiup  aleneneysefilar  Sleeneu  Sjemau(Penmuied  MBH([HSHHO  (LPSHEBWILDTETG.
HOHIHDMLTE GHNHH eneuresr ChIHHed OCFasHHiLLL  WOGTICITL L GHHST D66 L 6ot
OaTLIYULY(hESGW. 2 STyenions, Laeumd STHHH0 STEeHHenen SHHILOUTH,
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Na*(l) + e — Na(s)
2H,0(1) + 2e —H (g) + 20H"(aq)

Imol Na (s) 2 _GourasHms 2 (HauTsGadnE, 1 mol ResHraiset Na* HTHsHaHeuSNE
sLLTWD vweubsse0 Geuesni(HLd.

R  we0  BevsHyeaseilar gomd  F@wmGBeumbded , urCLule wmPledlwimed CaETHEHSL
ub. ok 96485 C mol!. ouseomed  sesH@TLTE  OQFSIILULL  GOHOLOTEIS)
g Beumifled oWl ymulder sroasmiseilar BISFUULL HTHHB6T, 2 (HeuTer alenene]
H6fled  Sjenalenen HewlbHe0 (WU, QUIGHIUTE, @ WISILEG SOSIHDTLTS (GHN5HD
Crrsded OQFsHsUuUlL  WeaTBamlLwomergd sPwiulLmed  UHeeumd  OsmLjiileneo
LwWeTLGSSIUSE (Wevld GPIHS ChISHSed CFISSILLL gDDSSemean Semilebs (Wguilb.

WerBeam LD (A) X Bmyw (S) —» gmmd (FmBeumbmet C) — BevsHyeaiseilear cpeOH6lT
— almenailendl 6060FH SHTHHUIEIH D66 (CLPELBHENT).
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o FHryewnd 3.5

@f @aten HSO, pités saysaag sLgge Waumismer uvwaubGss 25 °C
Geauliupleneouieud 1 atm opHssHed 1.5 A WeGam Liomeng 5 wenlisBluwimeonisefn
QFSHSUIULH WSLGSHSIULLTO SCHTLIgeID, Camiigand GeuaflGuipid eurujbasefier
SACUGTOBMEN  HERTEHSH60.

allenL

mg 1- SBamlyn@ AmSTMWUTD BoLOUD FTeHdHwwmear U ACWMMEd HTaHEHMISM6T
BIOBTHHD. (2ol - SSQaEHeT DCaTLIged L ACUHMLD DML USNE
BTLL(IPHLWEDaL.) SLLeuemernt 3.5 @b B SHTHSHH0 S(DSHSBIHM6NT
o LBW&AGHG 61(L0SHIH60.

280, (aq) — S,0,> (aq) + 2¢ (Bww STHHH0 WHSW = 12.05V) .....(1)
2H,0(1) - O g) + 4H'(aq) +4e  (Hwid STHSHH0 SWHSD =+1.23 V) .....(2)

2 sryewid 3.4 @60 elufldsiulmius  Bumed eadlHHed  CMIMLIYED HTHSLD
Blaww. 9p&6a Camiiged O, euruy GeueflealCLHLD.

umg 2 - SCHFTLYNG AHBTOWUID BMLOUD FTHHWITET SHTDHHED HTHBMBEIHMN6I
@Aeid HTEMIHV. (2_Hal - HHOWSIHT HBHTLIPED SHTHHH0 DlewLW eIHLILLD
OxTeWILen6Y DI Louenes 3.5 G60 2 6fTemeuTy HUIDS STDSHHD DI(LDHBHMBIHEN6I
o LBWTEHFH 61(LHIH6V.)

2H,0(l) +2e —H,(g) + 20H-(aq)  (Standard reduction potential = -0.83 V) .....(3)
2H" (aq) +2¢ — H, () (Standard reduction potential = 0.00 V) .....(4)

@5 msten  H SO, mismysed opseomed Gurdu oiene] H' ower Gsple o e

aBou &CHT 1960 FTHSID (4) Hap (Wa@Iflmw 2 @ik, ST BT I1gsv H, euruy

Qloua T Guimb.

g 3 -s6xmigen  GaITLgeID BHLOUDD FHTEHIEISMENT  QemewisHSH  OLTHS
STEHHMS 61(LDHIFH6V.

BT G (UFACwmmD) 2 H O(l) — O, (g) + 4H+(aq) + 4e
HCHTLH (HTHHH6V) : 4H+ (aq) + 4e — 2H, (2)
OIS HTHBLD :2 H,0(l) — O,(g) +2H, (g)
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mg 4 -sTe0l uGHBEHdBTET W LGUISTCUTEH CFISHILULL  gODHIET  DieTene

1601 3H60.
gmod = WeGemLd (A) X Gmyw (s) = 1.5A % (5 %60 x60)s=27000 C
BevgFlyeat (emEIST6T D66y =27000 C % (1/96485 C mol™")

=0.28mol @evgHyeime
ug 5- 9iGamiiged GeueflGumid O, eurujeilel SHeTeuaTNeal SHTEI6D.
RLFCUDHMED DMTH HTHBHIHNE DHMLDOUTH
4 mol @radyeiser — 1 mole of O2(g)
o mauralw O, euru] cpevset = 0.28 mol @evggleaisst X (1 apsv O, (2))

4 BevHHTeIH6NT
=0.07 mol O, (g)

o _mauralw O,(g) el seaieuenenal sme ool dlul eutu] sweumligemer LFGuimelse.
V =nRT/P

O,ale1 @emeueney = (0.07 mol x 8.314 J K" mol'*x298 K ) / 1x105 Pa
=173.4 x 10° m* =1.734 dm3
ug 6 - s6sT e QeueflGuuid H, eurweler siaemame giaigev.
BTDSH0 SADTSSTEHSEDE AMIDOUTE
2 mol @evgdlyaiset — 1 mol of H (g)
o meurdlw H, apeomiser = 0.28 mol @evgdyaiiset < (1 mole oH, (g))

(2 mol @evgdyeviame)
=0.14 mol H, (g)

o &l H, (g) e BHEITEUETEN6L HleweUBHN G @ 6ol fuieumuy FLOGITLITL 6ML
GyCuindlés V =nRT/P

H, (2) @& semeuenay = (0.14 mol x 8.314 J K- mol'x298 K ) / 1x10° Pa

=346.8 x 10° m® = 3.47 dm?
3.4.7 sevaunallssasImarnuw LOSLUGLY BHosHmamuw gLULIHSH60

GUWITHEIDTET HEITEMIOUWITE HEVHBHTHBLD B (HEUMBULITET H6LEIGTNGID GewL Gl SmewrliL(BLd
drsrenr  GeumiUTLT@GLD. HeLeUTNlGHHHET — HWTHEIOTHT  HVHBHTHBD  HenL QUMD
@rarwen FHaHWLTIGH e FeaHwms wrmmiLBLD He0eTallosa5HH60 L0eTGaITL L LoTarg)
2 mugHd QFuiwiu@pl. seoaurallbsegHed DGl LTaig QL ACLDHMED HTHHHHETEUTS
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AesHATaIEeT aILUUGEUSTEO 61HT  gOOULLIRHBGW. SCHTLLIMG STHHH WS
BTHEaHHN BuTEH RevsHATaIH6T 61(HHBELILBMBTL CBT GFHULIQMHEHEGHLD.

ISTLGHB0HH0 Dievevg ETLGUIECUTSH BHMEG HTTE HHIW. CTHHE HVHHTEH
BHOMEIH HWTHRNOTE BHOLOUDTH DMEBWTED HTHEHHMSH BLESHUSNHTS GeuaiGui-
Wmha BeusHHTaIEmen @IS0 SLLTWLDTOISTEGHW. SpHC6u  Wleu@Uled L0615 60-
Sm 1 uwaTubhsd WOSICHITLLGHMS 6UPHBIGISHET (PeULD QRTFTWET SHTHBHMS [HenL
wemm Gauiweord. @mIG SACaTL LT WaSiE0sHST BB (el HHIL ST Renewisall
ulLed Geuemwi(hd. SBeITLIged BewLOUMID @LFCWMMED HTHBD (LPEVLD 2 (HEUTSHSH-
UuB BevsHreaiser WaisesHar Coipall Sengd GCrThdld SauTlILBLD SpENSHWITED
SIBeumLmevig CHBImmd QsmeniLgl. HCHTLLTeIGH WTHe0SHHET 0w  (LPIQaTL SSHIL 68T
@meuaalupL. ACTLYMEG aHTTarsTs H6HT e Bleww &CHTLH Warssvshdet
ORI SHHIL T RmemibalUlIgheG0. Wau@ly $605H60 &CHTLLTIH 61T
JOULIQBBGSLD.
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