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FOREWORD

The National Curriculum Framework (NCF), 2005 recommends that children’s life at schoel must be
linked 1o their life owtside the school. This principle marks a departure from the legacy of bookish lcaming
which continucs o shapc our svsicm and causcs a gap between the school, home and community. The
svllabi and textbooks developed on the basis of NCF sigimty an attempt to unplement this basic idea. They
also attempt to discourage rote learming and the maintenance of sharp boundaries between ditferent subject
arcas. Wo hope these measurcs will take us significantly (urther m the direction of a child-contred system
of oducation oullined mn the National Policy on Education (1986).

The success of this effort depends on the steps that school principals and teachers will take to
cncourage children to rollect on their own lcarning and (o pursuc imaginative aclivitios and qucstions.
We musl recognise that, given space, lime and (recdom, children generale now knowledge by engaging
with the information passed on te them by adults. Treating the prescribed textbook as the sole basis
of examination is one of the kev reasons why other resources and sites of learning are ignored.
Inculcating creativity and iniliative is possible il wo perecive and treat childron as participants in
lcarning, not as roccivers of a fixed body of knowlodge.

These aims umply considerable change in school routines and mode of functioning. Flexibility in
the daily time-table 1s as nocessary as rigour in implomenting the annual calender so that the roquired
numbcer of icaching days are actually devoled to leaching, The methods used lor toaching and cvaluation
will also determine how effective this textbook proves for making children’s life at school a happy
experience, rather than a source of stress or boredom. Syllabus designers have tried to address the
problem of curricular burden by restructuring and reorionting knowledge at diflferent stagos with
grealer consideration for child psychology and the time available for (caching, The wextbook allompls
to enhance this endeavour by giving higher prionty and space to opportumties for contemplation and
wondering, discussion in small groups, and activities requiring hands-on experience.

The National Council of Educational Rescarch and Training (NCERT) apprecialos the hard work
done by the textbook development committee responsible for this book. We wish to thank the
Chairperson of the advisory group in science and mathematics, Professor J.V. Narlikar and the Chief
Advisor for this book, Profcssor B. L. Khandelwal (or guiding the work of this commitice. Scveral
tcachers contributed Lo the development of this texibook; we are graleful Lo their principals for
making this possible. We are indebted to the mstitutions and orgamsations which have generously
permitted us to draw upon their resources, material and personnel. As an organisation committed to
sysiemic reform and continuous improvemont in the quality of ilg products, NCERT wclcomes
commenis and suggostions which will enable us (o undertake lurther revision and rolinement.

Pirector
New Delhi National Council of Educational
20 December 2003 Research and Training
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BB adih Y eE3 s

WM dho @3B A} o Lad® o
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102 zeplo P2
10 12 atto a
10-1% lemto [
10 12 pico P
10~ nano n
10-% MICro L
102 milli m
10 cenil ¢
10! deci

10 deca da
107 hecto h
102 kilo k
10 maega M
10° giga G
10 lera T
1045 peta I
10 X L
107 zéla Z
1024 yotta Y
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1.3.5 ayoaimo (Volume)
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1.3.7 anoumiler (Temperature)
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@HQERBINS nfaMo &HyMiao] Hemeinilslon)
A} M BEMOET. nRQMie miavadw aulerlesand
wHlnueiland apegoels: auiE@® X-¢0 palewoulla]
ez nilsleman oloilalod 1/ 10° aymyDm DeNs. nlnaM,
U Mie @O} quilsdajlgle). @0 ceieloles)e
padmEslee aane PL-Ir milailerzdlacd wemm plolaw
@GN AIBYINIDAE). DD FUWSHAHIDG 20} @ 1o
Ao AT SO LAHIE Tuotowale).

219@ @yEie Mldalailajomy 0" C ©3 mupedlaflelsasyan Pt
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Krypten gaimd potudadlen;om meonassdealymmlaag
1.63076373x10° meglawanosni. mamoo) snyeulzglajl
SO Mealwdasmssleje vlgalaa mige @pod
dhlim 20wl Muondstla fleleniomy. 1983 af allgolam CGPM
allma@mldaiallaly. 17 299792458 &6 0d o] ad
WMNTIRIEE @S] (aldhOUbe RGN G)eaom HQd
AT alOaML. (FlBale 2000 GalDHE! 088 RO
AIDIB0STNEERUBES 0 (alddem MilLlanonss.

1.4 megnlegen mamuzlaole (Uncertainty in
Measurement)

DIV OMOENNS MloaW] Mmaem alelewems
oD QIEERS o GRM)GAINNAl HRTVENIT ] d:
BEMNAN)BHIGENDB0 EHBH0DL0 B)a lEQRGIDIG)ME.
Mol a8 TUDMHOLAIZEDT H8dh®:dD o
B aIQRINGINo AllNIesERE aloacaW] @oLNodLO Y]
all@® B0 W)o HIMIMEVWINSVW o BRAUM O]
SNAN@IMo GRANA)EsMEW BoBUSHTBUS OE.

DD GRyWsIRUE Alltneow] Mmoaw 2132 Oalgyan;.
L41 avesuyaag avlalla]lsa)mmimss
womd (®lw aquimizowe (Scientific
Notation)

QALMOMo ERPEBOSWIo GHDI (M EHIHSW o
AlOMEosT. @rAIOeS 005 MIqUoGaljo  afsIRo
QAUfHE AUeN®o BRBOIClenio. B0 BTHMANESN)
2¢ 99a0WERE AUIDSHOIBINL! MDD HBHS af)eo
ayailojlesyaload 602, 200,000,000,000,000,000,000
agyIn QIeilw Tveayid)e, R0} HRNLENS @RYEILIEG
8900 MVailafloncad 0.00000000000000000000000166 g
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)N QUSEO a1 TUOELILD0 HRE:I0L0 Sl
oI URAD).

BB CaloHEl @A oJomlam qunleosho,
Lol AmIHng GO®, &HIMaBs1ns 21088
apnlaigled oysglalajosom alydaiololenss
Vo6 ILHUd DUl SIaM),

WoRoRo al}RIEMMBS VoSS af)P)m)aNMm 0
SfEIRIAD@)e  AMVEHEHAM 8@} Mdlato GO
af)yErlans SEBHMDIBS Mo (3 Dnlgwouils] aron
M@ S W salQane o) aaleollal
HHIM WO . 0}HBIB  al0aom ® 0 aw] )88
aROMBIR)c @6MR) Motllddl 9alGwowlaf
afemEsIelD 630) DIMIMEIN Gl MlERU3ES oD
SOIER0NE aFeHQSEN0aNaN@oT. BREBOM MM
TLOELY AU D@00 HalGMTIeNss snilng
GMEI5 AMIVIRIZANNNANTEIT.

MY a0 alBlao@lEe)Mm@IN ¢aeE]l GrOMo
VoL BU3E8) AU (k) leem3ud Dalewodl]
B9)AN]. BRIV of@) Tuostiyermio N X 10" agam
03O E8 (I IOIWleclenam). afles N agano
aaloavlglea smwglealr e allelas aymlw)o
(Exponent) N agyam@d 1 m)o 10 Mo wsolenss
Vo6 () A0,

o olololod 232508 em mayes 2.32508 x 107
af)an RATILM1W (DSOS agye)moo. ESEBHM
A PI@ICaUOUd BWooUd allahe @EMR}AUOOMo
MSCOWMH6 AOQSHWo 10 0 “emo @Rl oM 2
HHOS)ENHWIn GOISMa, @em)gaional ,.00016 &m
1.6x 10" agman®moo. ailes 3ua0oud allamo Mmoel
TUOOMo QURIGEINEE BEQTEM)o ~Ll@moe 4 Ayl
1RO |S)COMENRDA6D,

@MW (I )H@IES L@ Il W@ ajlalasnan
Mo B VeMIM(&IWas AlGWDNOEN) GG
DWW |OWIAD S0036MmU3 (AUIESHMBIST.

wsImadla an@smtlo (Multiplication and Division)

A TVOELILHUWILM BT BREDM (HIVNERU mMean
WOSTTY ED'D NEMID (] WABIN)BRD. BRGIWD,

(5.6 x10%)x(6.9x10%)=(5.6 x6.9)(10°*)
=(5.6x6.9)x10"

=38.64 x 10"
=3.864 x 10"
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(9.8 x107)x(2.5x107)=(9.8x 2_5)(1 0737

(
=(9 8 x2.5)(107°)

=2.450 %107

: 0° X
%z(z? +5.5)(1077)=0.4909 x 107
5.5x10

=4.909 x 107

TUEShEIN Ao Ui Ui (Addition and
Subtraction)
DD O INBOHMODIM)0 BRYGLe TVoELILEHUEHE
SEO BNMo @PHSMAD D0a] QUIG)EMEMo. EROIM
Gsdo M)eMasmag {(coefficients) &)5)mewo
BB AN EHEWY 5 aleNo.

6.65 x 10% 895 x 1P agyamlau &5)am@Ia) @yeio
BROINES CLIDMO BEOGAINNBKBIIEN)d.

@RI GWaHo D TVoGLL®HNT DONTHANIS)OTITC]
HEYTHD)CalONE] EH)GI0 .

(6.65 +0.893) x [0¥=7.545 x L(¥

BROM)EaIOHEl QNS TVoEUL&:SINS QI BIMo
EETEIM Eeay N

25x 107 -48 <107

= (2.5 % 107) — (0.48 x 107)
=(25-048)>x107=202x 107

1.4.2
AL ol leMEMOChE: SR HBIER GRGOOW]
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2OSH1 WO AReQINSHa0MS mdsmalsenana.
Males HodenIam-12 oM@ &»o@enlemlaad
Hag)EI06S2a )BaElad aanosm. C aganasm mailem
s flaflom)mo. ™ aumpoeoiled “C agym @og
ooilag @reQodle:noms 12 @regorle: memy w)emlg
{amu) agam @200 MBsMlenewie BeQa
BRQEABBIHS AOMV)o DHIM @Gl
(T moilamaio Halglam). 20) @RGQINHE: oD
WG M@ EBHONE  ERBLONOLNME 0]
30den1snd 12 BRQOIeg 1/12 moaq@mm@oerﬁ.

1 amu = 1.66056x10 g
50} #9a0LRM drgawlan aoas = 1.6736x10 *'g

@RGYIBld @AY (Atomic Mass)

@OIKNIGE amMu-03 80} HRaOLRM ERQOUIS comd

1.6736x10 g
T 1.66056x107"g

= 1.0078 amu
= 1.0080 amu

@M} 06E! BoSMIRA - 16 (0) @rgomileng momd
15.995 amu epwldlon)o.
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00003, ‘amu’ ol aleoo “u’ (unified mass) arpsnd
DalEWOUIlEn)aNo).

O)RIHEBAINS BREQI0E, DS, DI 51055108
DalEwoElen)emioud MLNIBLOORNIGS Moo Salewoul]
SNAMND DEISETBZHS DWWl areQodla: BTs
BIRYETTS. ERAU afYANoHTNAT @ alluoaledlen o).

1.7.2  woowel arcgoale moav (Average
Atomic Mass)

SIIBIWlho HafETVOGSIaPHBINS @] l0mileIoem
A6 ([l TIBO AJRIGERSIe HAEMR|SITNG.
Wwoonal @reQoleaomi  &am)allslanoad
Bof)ETVOCSI MBS ARGl RIS { BIBLMY
YODAOM) SHeNBallS]aowd Bl

962:006mMA0I S036nMn0d MM HafETIOESo];
HAWS G Caldtils: BRIMOe A0TDo &0sila]l
ales@am;,

Daf)EaUIESIn] FYCl ]y @ReRaala,
cl2ym @30 (Anmuw)
(%)

=C U8.802 12

e 1108 13.00335

e 2 =107 14.00317

aglad manlaleman allueaBaes dRslaunom
omlad Sodeniemlaad weowral ereQoElS A
BIHP|OWAD [aldhdBo &h6N=)allSlenso.

(0.98892) (12 u) + ( 0.01108) (13.00335 u) + (2 x 10 %)
(14.00317 1)

=12.011Tu

MHMCIOHE] MM ANHH OLIHEBHHNS VAW
@REQUAle:00mM  @sNE)allslenoanamamoe. arald
BN a5l W03 e laflBlean 0Ll ERS1HS
BREQOASHAXMS WLNOBHONGHIEE GRAKDOS O]
@REQONNHBROMS @RsD,

1.7.3

B0} MOUMVIOEl  GEHQEBHIHS AREQITEHRIY]
EHBOS TGS @SHWISTT HBOCHOAIAV. D] SH61NE)
allslanom s0cer ajelsemledwio @REQINH:
a0mlam GRAYBNG BRQEBMOS af)sifo G106
@emila@lm)cuentio @RAI &SloweRmlvoad ool
D32a0EMOTIIM &) »0@enInd @yQae Mmoal
PHNAOWRM BRQONM8s NLNTHIG GO B
MR 226 afl@lanyam aillo @erm)ailslando.

mand@amoay (Molecular Mass)
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oo (CH,) emoimo mead

= (12,011 u) + 4 (1.008 u)

=16.043 u

ap@)Gaael Relmwlang (H0) eamoimo aoms

=2 X 99anAbROM BREHOZS Aol + 1 X &l
B&Y REQO0IE: BT

=2 (1.008 w) + 16.00 u
=18.02 u

G2123%0 1.1
gessoadlang (C H O) omomozoa eeneyails]
)
DOM DS
(MEONOIT MTODWINS DB OBOMT
=6(12.011 u) + 12(1.008 u) +
6(16.00 1)
= (72.066 u) + (12.096 u) +
(96.00 u)
= 180.162 u

1.7.4

sauotllave GHISRONS Galdanss al3odLnsmEBsled
cdlgIMIaR®088)aN MMM @essmslwiglel
BROMAOMLNSS alsodnaErslcd saoavlglal
(eavonuiloe) @eeoosmes)e dMOGIal (e@x0en000)

@aauavy@®adav (Formula Mass)

/(
_f/"
//C/f/f A

aillimo vLio cavoaurims egoesocaiod Na , (I
aPAT GREITNIGAING  TUELATD.

e NN )]

@REWOSTG@lo L@RoMMEITNITE (210210
oan). (adli@o 110 )

growlwe g¢goeaowlal, aec) souowlwo
@GV al)Gio @RG GRHINHHOMUS EREWOSM)BBYo
£0) 6300 EREWISIN al)gis BRHG GV wo
BREWIETNIHBI0 HIINHAS)AD]. CRIMI0)IC0IIGS
B0 JSOTINDAHIETE  MDAMOASMVIM) aldd0
GIUOWIDo EHINNOW CalERSS alB30BLOMBSHS
NaCl agyam quy@o 9aleowilaosm @oquauy@aoad
SR l1Slemanas.

@R )OGS, GIootllmo CdROHIWIEAZ oMKV
Q00 = GNOWIOOISINNG GREQOIH, BO + e v ielDlen!
@REOX & A,

=230u+335u=53835u

1.8 eaowd mselamniye saogold aomige (Mole
concept and Molar Masses)

BRQEEBB GHIOHE:S)o GO H2I0MMIETY. afIHmOn)

al3oALOWIHF0)o QISHE 621010 GRACIIGI Galdelo

DBH HEMBHSHAIOS af)sIfo AUBNHOE. AWM

alenss Qe TUoa el 6130 e HalQhaD

@AM MBOMAILIHINIaNSS ©)emlQ)a:0d @RyaK)

v

26T,

80} WAVMB 12 ~SMOOMWo BO) TVEHIB 20
aPEMOTMNWIo BO) GO 144 af)FNOCNW)o
M) allalew) M®mGalonal a0 amalow]eel
AUMIGNENB)PS (RROOIVT BRHQEIRUS, THRIAGHUD,
B8, MBIG(RI6M )3, @ EIWIEM Jdh (3
@nsemloal) af)siNo SHEMENIENND AU afam
RV Dale@ouilanan).

S auvuaowamlod «peoaeam @rslaunsm
WGl ~IB0BLOMBAIOS ARAAT EGHEMENIBHIN
GIOUS PolEOUNENaD),

12 g (ansaimlad 0.012kg) °C sageaviesiaflod
ERSEIKOR1E5) MM GIRQFABRNS ARG L1y
SMldb @ arsaEBle 80) A133womlaag
meaailam apmlnag @o) caIud ~glan] alow)an),
al3odlie agi@y; maam arwloiamoene aa) croglael
SOl BNNS af)fllo LIl BROIBIENTD] DG}
(AIGD B0 DDADVOGWENR S0} HOOJASM. @D
MoR 1y M0 @era)ailslonoad C-12 argaoilanng
203 1.992648 x 107 g agay m0a0 aUaalc 000103
DaleWoWla] HeMR)ails)a)). 80y 6roud @odsnismlal
12 g 2000 9as3mImocd ailnal apQsmEBaes af)sio
MOBPR|OW]0 (aldhdBo dheT=)allSlenoo.



DU ETIeel allel @sSnunod @YU WEERI

R0} G0008 HOGENIMB-12 HBI @RYEBEBINS af)so

12g/ mol "*C
T 1.992648 x10 g/ Catom

=6.0221367 x10** atoms/ mol

520) 600s8led HUBHEN0EIGENN &EMle:ae:8)0S DM
af)iio AUZOR  alLIMB]S Vo6 ERWMIMOG
(e Bald)o allam)o Madalwlalsen)on).
GREAWI GV GREQISHIGALIDIOS NIa0}AcMOGLO0
0 o6} BRAIDRS)TDE) FRGADNIGLALY TVosY
afamyo (al®lano N, aamzosm. D TLoaLIO;6HS
algllajo AMAVIRIEHNIME LIOM O jal@D]RILINH T
EDSEBENT af)P)mo.
602213670000000000000000

@MIVD (D D)o M3 (@HQERUD, GWOLD
B, DRI GSM)B, BQ) SeMldd3) a0) Gnoud
AIBOALOSHEBY TV la flomyam,,

B0 ROl HRNOALERNE AREEBUS aHAT aldIWaN®)
= 6.022x10% anQeandd aren.

®0) 62O WAl G@ILMBHUW af)an@m 6.022x10%
TROLMEUD @Y.

afkms Ln @) ol afloide asodinaagd

80) 6000 EroMUlwo BHEHOND agyN®s 6.022x 107
Ganodn)el Wemlg)e:(3 @Rem.

0) coogleom mldalalla] quimles ey Gnowd
a130BLEDIIH 200 BenN=)ailSland af)ano) AIBHo
ap@)a]@osm. @2y endud algadomlaad maay
Waalsd aloymmlam aemload cmazod BT
af)and aloayam), @0go@ @0t (nodlad qu)aily keaam
Moy Wlo AREQOIE: /MMM /Ganadmel Ao
WMlaeenal aomilad (1) quailaleanam quealym)o
@A B06T).

melomlaag enosod aoas = 18.02 ¢ mol!
GroaUiken 6Eee0MUInag ¢1oz0d comd =58 3gmol!
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1.9 meewons waedme (Pereentage
Composition)

Mmoo LMAUH0, @anlalenian 8o} ATioalleel
LIS BHEMEIMBBINS af)SINHOMaF] (aImlaloFlas)d
W@}, alEH, alBiGa|dPo $30) Mo
@rsaBlwIg]an)am B1eIGo e TUoGWIR
RODBIMe ME}ENUWAEQ] Aon, 80) almlw
ToAMo FI@BUWAS  MGIESH)N] ayTN SHO)D):.
25eM WIERW 3a126lEM)ME BRMING COTLAVY Mo
af) OO Wlaolenlo. @Re 10, GR;1Gd
ARSEEOIEl0)D ABISEHEBBUS afOTRNoEES af)GTo,
BRG of0) BRMGOIGE GrResMEINs ERWlolas;o.
MAEHTWORUAD BO) VoW SMACHTNIHIGIGIOE 0
M3 Galodla] GalOBL6EBAINS DD GRAIWIADG)
@y MVoWHHATIOWG 161wVl aldleueowlanod
MO Ta0dWIED)o. BHQIC)DRTVIGT 1063,
B30 MoW)EOOiam «Iglunes]l «Ielcwadlennd
DB HHEBRBINS TUGEN BEGHNMS M Ta0WloN)0.
Koo (H0) &0) 2650006M00] af)Siome:06m=
Masiloy amailanense, oood @rssaslwldlen)mmo
DO ROGSHTIIRM)o BYHEMAT MH)BHGIW0.
@RAUIRHS TVoGWIRD: WMABXNO MNP OAD
@1 0Nwd @erE)adlslenoe.

D)ele@mlnag aoad MM =

0 EOUB o oINS @1 0 eksorinng aoad x 100

ToNBTETInN EoBod aoa
ReIo0nag gnozod oot =18.02¢g
. . ~ 2x1.008 <100
HHOLEHG 0005 RMRAOMo = 12016
= 1119
_— . 16.00 100
milEeag a0 ] = —
Tief:N B ATV MBIMo 18016
= 88.31

BO}BOOMe 5E] aldlereaWlento. aflnemozlod
ansamlolelen)an  &0@sUam, a&ad0WRal,
208 MNRM aHNIU@)OS TLoEWIN WHRIMo
) MO TR} ilS]En}d:?
aLOemoglead snozod moa - (2x12.01+6x1.008 +
1 % 16.00)¢g
=46.068 g

0Bl nd Boas WmAsMe

24.02¢
T 46.068¢g
BHEOWRHF AOAT VMRS

<100 =52 149
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6.048¢g
_— = 2 <100 _
= 46.068¢g = 13.13%
mcé;cm’laac@ BT REDAIMNS
16.00g

_ 220 100 s,
46 068 ¢ 34.73%

pomMilONg @mROMLBIW dMOYBNSw quloles
oMl M TMotwor wmanomamlad mlan
af)RDeEH allaivo BIFlEMEANT EMIAN.

1.9.1 [cicwiwowlatiol® au)imaidajallo
®MIL®IM) DIy (Empirical
Formula and Molccular Formula)

SB0) ToWHMOMIHG B0; DDIMWIGE BRSEEI0]
dlomnan allallw GrQeEBEHs LIMaal@sMTVo6HILD
BRM)AOOGIHWOETT (1 1GVWONOWIICKD TUmNIsE:Y0
(cmpirical formula} muyailaflen;an®. &6) Muow)eom
oo o) omomolassadlolalsnan aflalw
@RHEBIOS WLOOGLO SISO TV laflodmamosm
MDOLMONVYMUIS Y0,

20) Tuow)emomlassadlaladlanyam allalw melds
FBBHHS MoGWXN YOMINTo BRAKBOSAELITE BRGIOHY
(n16@oNsWlaHOl® U mAUCS o @snE}allslenoaln
M@V, (MoW)SMEEHMR 620808 R0TD dRCIWoaHR
B103 ER@ING M@OUMITLYDNUIE: L0 GerR)ailSlendo.
MISLOMATITIENMM DBIanNEMODIGS alan Do)
rigplagiilatiekz > holel

©a13330 1.2

20] TUo@E@OIE) 4.07% ORe0ORMe 24.27%
&HodenIem)o 7165% GHodlm)o arsamlolelanian).
apalnag ea0g0d aoad 98.90g awmen. @
VoW ) O TN 603 Lalewo oWl ol® au®
QDR o BHRAMOTIUDNAUISINN0 S6NE)ailSkes)E?

DOMDO

Ag1gse 1. BINVRMBINHOD NIBIGLIHE BIYHI.
QY RaAZomMAsss Muclailed mowyemominag 100
g MSEOTMIW of)S)B8aN®) D2l aowldles)o.
spmowod 100 ¢ qowemamlcd 4.07¢g
S50 WEMe 24.27¢ sodenkmyo 71.05g agoclme
anseamoilaleno.

22150 2. WMLLLOMNIG CHIUD af)SMOMICLEINBE A000
mpgdlod &lglo allalle Melsamgns noadleam
BROIDNOS BREQOAIHAATT O306NS 2OA|BD) .

4.07g

HR0LERAG GRoud = m =4 .04

SO
24.27¢g
Sodenlemlaag enoud = m =2.021
71.65¢

CRoGlem enoud = m =2.021

apigo 3. M)dhalBh érlSl cnoud my1ysxI® FRML
aB Qe §121010 AVesY HRITE a001BN ) dh.

afQal)o 9al0l@ TUosly 2.021 @RBWHIMIG]
aoalamyeauowd H:C:Cl of &gy @emyatomo
2:1:1 @RlEleN)o. SIHAD ERM)SIIMo al)B@MTios 1y
@RL! af)TOIREIGE @ alAIW 1Mo HHIENE
U6 s,

LIS 4, MEILFERBINS (a1t ldhsmnud ag)eimlaamlo
CUdaHo ERMIIINTVeI U3 af)9)®] LICwInI
WhHslm TR0 M) aila[lando,

MBS HAND ToDBDANNNG (2 1EWANOUTHOT@
aoymonaye CH,Cl apwidlen;o.

0LIg0 5, MIMIDMITVI (Mo af)®;MDTD

(2) L1BLINIWIHGI® QUGB LANT  B:6N3)
adlSlenod

(IEWOWOWIHOI® TV HAUSB @G @Rseaslm]
alanan allalll SBYMERHHs GREQOils: AOMVEhUd
) G]ckh.

CH,CL, &3 (a160o0owlaaicla auy@maios, moms
12.01 +2 % 1.008 +35.453

=49.48 ¢

(b) czoaod 2omIenm (o IeXNOUNICKE MBI
DTS BHOEE 20D 565>,

GROBOE Bol _ 989g
inaornulaioln mymansyaond  49.48¢
=2=(a)

(c) m)o8lad S5 # HEeE (AICWINIWIEIOID
UL AUV LB T (16T 2008 DAAOGIDT0IL@
QOB L0 BEIEN0. LalGINIlHOI® TV o=
CH:CI_,HZZ.

@ao@oauy@ands.yo C,H,CL,

110 eomsmnisesmildiage aommualepsmalmico
wemim{@l@agyo (Stoichiometry and
Stoichiometric Calculations)

mieQoaalewonals] «f)an Aoas DoBAN 2o

miegosslewosmd (Stoichcion){)eleko agyomdane),

eagssend (metron) (mpaal apandomne} afonT aenz

(108 alosemslad avlanost.

&0 EOTOIUITHM@T]NE! BRElGHIBHEBHE5W) o
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D) lMEABRESDW)o AVTVIGHAINSCWD AlY0alm
EMHHSCOVO  HETNEN dhIGENGHSA0W]  NITWen|S
@O} BOOaVATSHEsMAIT. 6] PATValUBTHMo
MSEMRIOMINUGR AW EREGHIDSHTBIMOS GRS
areLlEslod Bldlensn|SIam DG alMaERIHSs draal
afyanlad Senejailslemanaim) 23adal &o) Tomle o
@OV MVANICS, L O303 MM ~)HI0nEs Nilainsanyd
BIFlEHN] afym GMIEH50. HlHLOD QGO0
RSN (IUBCOMONING TUATEL® DOTVAVBIOE:O
DODPHDIS)OTNBIENAND) (ORI DD) .

CH, () +20, () » CO,(g) 2 HO (g)

malleos alenwad, aewasrdsalmad opanial
BRELSHIDHEBB)0 HOBENINY HNHWROSHONTVAL, Belo
afanlal @I alEEB@lo @RS, D ATV UGG
MO afe)d BRElSO0HEEA e D@ alTNEEA)0
QU SEBBUT BYSIT. FROAUWHS GO TUYDOHIM
@ReHo (NSOG8 @:0smlafldlenan () o mujailaf
ENAN). BRG] 61100, (B2US0 af)aI T0)aila ]l
#0008 (3), (1) apovlal OO0 2alEoUilenyan).

PRBISHTITRERD)0 ReICDIEGOo D)TMEHEaRUD 2
@ysmy. MM eoruaLale:eemElm] ¢3)sM@:ea3ud
agym alOWID). ERG)Caleal Alenaiod, &odeniend
AR RIGBBFHAVAN  aMNIAUWINS  (I}6M & 6833
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OO B (BRHEIRITE GRORSHUD ) BTV INIGEINM
OB alDEHS]HNITN; AROLIH 1T B)ale)n]S1aD}
AN,

Me>3lod @aD1dlen;an eoarialIBomMmiald:000;

o 50) B AlOLOTB 0ME) GROUD HNMLEBDLIUI]
mmyeow] (alodonila] 80; emiud @odeniend
SHILSISONTID]0 BENE) BBIUB REINC BHOJD].
80) ATOLOTB MABILD D6NE] HOMROETIIE2B
@@ W20 (aludOila] R0) Hodenierd
HHOEBIGHHNTH MBI MW G6NR) RLIHARO
(@D DA,

22.7 0ilgd aleolnadad 45.4 8lgd eeALBIGHMIlRMEoW]
(aludonila] 22.7 allQd @odsnusndnenbasd:
HHIVAS QG 45.4 £llgd RWelaRe MoYI).

16 g olewndiad 2x32 g enwssaailmmnowl
(aludomla] 44 g £0@6nIeTRHHLEBOSO6TIS
al@asle 2X18 g malne @oyan,.

N)8led mavlclenan  alneemglcd mlmd moey

al0@ANMOCIENSS &0) RIMUo MEHN)EMRIGNI0.

zomd  caom@ut ] M@OLDEGROS afEDo

Fisl 0]
= TR

SADOSTT. UREMBHEEBUS [ IGIITIOMo 2 1Q3aDGY af) @ AU}Oaldo

DITVAVDUIK YEEBRINS  AUDldhD5No

(BQILTVonUsM Woanm)aunla] oy qualeym (balanced) asmomunnise oG oGO0 BICOHT
O)el@mIEBWo SCO afepo BRYEBU @rsEIolenian;. oles GOTVIVANISE HEBOSW 0 alBleud
wnolensswlo aflealensswio (Trial and Error ) qvam)elmnosnse. GRIa0MBS8lo BREEIAOMERS)0
B0 MIRM DOV (aluB@D 2} BOSONHTVA UG MDAM allel ATV aIUBEHMEBBUS aldleuooslenvo.

4 Fe(s) + 30)(2) — 2Fe O (s) (a) moaleymauana. o

2 Ma(sy + Q) —>?.Mg(j(s) (b} mualeymavEaIDa o

E (s} + O, (:__;,) — PO, (s) {¢) @BaudleMTCBRI® o
TOAAINSLEBBINS ROCOO QAUWROGMo CEID.N/ROHAVIRM BRYEBAOS af)sife MEljo BRVGIMmod
RIS L6BU3 (a), (b) agarlal muale maosm. af)aInoad TBaNILS 0 (C) MUElsimo BRE). D TVANIOEY
ORI CandMIan0qy @RQeEUd qUElSImMAcm. alddH 805qURWE ERQHBRUY TREBOHMWEL BRM)
O\ @ ROSHIDHIW, TVACUIGETHOAR MSHAUREMBN RFOHAVIRM WEMSHAOW] 5 M@IHEMo.
O @an 100 AISITRINGED B05TUIRMB BROHBBUS TV TE:\@ BO:)TD).

P.(s) + 50,(g) —> PO, (s) aoalaym qUBANG Lo
o] maest eelosn|Bailead(C H miemoe aglewowlsnce. o qmuaniosie ceige ceisaom] qualenkeso.
apige 1. @RE|SHIOMEESINSWI0 DOIAITNERS)HSWo WEIWIW TUILMAUIGLERW af)Pi@)d. mailes
Halooe|TMle FOHAVIRM)o TREIBHIBHEBB)0 HOBNITNE HHILBOHENTVALje HAUABA0 DWBalaD
SBBB)A0STT.

C.H(g) + O(g) > CO,(g) TH,O(l) @maveleymaonniodso.
ag1g0 2, HOBENIEM BYQEEBHDS af)siRo TN IDLM AL} B, BRElHIDHBBHIN 3 HOBeNINS BRYHBSBS
aurl@yas AUBITHRINDIN) 3 HOBENITIBHNVEIE: STV G DAMHUB @YU D06,

C.H, (g) + O.(g) —3CO, (g) +H,O(])

n



30 BTUMLIRo
28150 3. HOaO(RM BYQEBBINS af)siNo TVABGIHE . DSMURDOT § HROALRNM BRHQERE Ders.
QIEITHAIWED) B6) REIMOM OGS G6NE) Bea0DE3 GRYEBUI NS, ARMIMOGI QIRIM)IWEMEY MOE
RAIMRO@HUE @yl Aol alele.

C.H, (g) tO,(g) —» 3CO, (g)+4H.O (1)
oLIS0 4. ROSHAVIRMB ARYEBAIOS afelRo TV TGHA1HN ) E: QUBINIBIN@T al@ B0 TI1R03 BRQEUD
geng. (3 x2=6,C0, 034 x 1= 4 meiowmlad). ar@Imom alarh sodmilzag ergomlal epexi O, ooy
HUB BIUUDYA0ETT).

CH,(g)+50, (g) —» 3CO,{g) +4H.O (D)
oLIge 5, ARQAITLIM TUAQISGIEWIGE SEBY BRI 0 AVATRIMAWT of)TD D0a] QURIORN ).
TUAUOS L OD ]G SOCO0 RON@Mo AYAD  HOB6nIeTd BRHQEABUI, af)s OO0 @R Qea3UI, al@sy
FoS5TUIRMDB @Ml aaBlal &HosMAN]. afEId TOANIDEL6EBS 0 GRAIVI ElWoW BRElGOBHBA0
DO) o lTNEEBR) DIHNREIGE TOATE:E18000. EREIGRODMHEBBRIESM)0 DM alINBBRIESW o TV U3 LB B3

@rsEBlG1enam  &1¥a@)0lapdnud 20goM &Ellaelan 8oBH0) .

CcO

Galdalo 1.3

16 g aloinadbad zuaimoe msomlwond cldlea;m
RaIo ol ARl (NoEId @are)nilSlea e’

DO Do

FleInaad guaInaslant oelei® 0druTuane o
MDY 06T jl@lenymm).

CH,(g)+20,(g) > CO,(g)+2H.0(g)
(1) 16 g alsnnadad 1 caoglom muyailaflesyom;.
(i1} o)e#108 DI EM TUAHDE: | nlh0Bo BO)
ool @leindiad eene) cadud Ralo mO)AM).
meelon 2 sxowd (H,0) =2 x (2+16)

><1 mel CO, (g}

44 g CO, (g)
= 0.5 mol CO, (g)
mRoeSME (.5 cnoud aloindiofed ailns (.5 enod
BIBENIENG HOHULBIGONHTVAL BH15aM). BROLIS:Id 22
g ©0deniem eswssdaadurls wlddlesanad (.3
az0ud IHLOTWAT BRCUUD L DOST,

1101 avlmsam @naElaninase (Limiting Reagent)

alglGao®lo aUATS:LMm VA0 0 (aldhOdn)BN
@RsCIG @rEle00@E3ud wnelmlele oM aleld
CDMNEBBU MSHN)ADPTE. GROMO0 GRAUTLOEBAIWG]
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CH 20,5, > CO,y+2H,0 .,
(nlmowo 16g alewdxlsd olon 44 g eodsniend
HNNLEBIGSSTVAL 2ISle6)IN].
{nf)THHIDTRADOG 36} eroud alowadalssd alan
20y ezowd CO
-alead

e1Zlen3am).)
@@ ud =

el

2(x)

22 g CO, ()

SHHAm MVIBIOH EPElBIDdbe @O Ml am o
@REBHI0cbo af)am aflglenian;.
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Galozyo 1.5

50.0 kg Ny 10.0kg H,,, eprlal aaidanjmeo
apm NH. - @08 @pgal esmesosenis? om
AUDO2 KDLATHDE | INEE)T BN AIUSERMOHIBE]
DOAHI DR HI0H0 BTN @R allSlon)en?
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AL TUANIIE: o MINLHBHIS I Glea)0m).
N, (g)+3H,(g)- 2NH,(g)

N, o0 azowd

1000 g N,
1 kg N,

= 1,786 x 10? mol

H2 O cmOud

ImolN,
28.0g N,

=50.0 kg N, x

1000 g H,
1 kg H,

lmolH,
2.016¢ H,

=10.00 kg H, >
= 4.96x10% mol
25o5BlI8 05y G163 MBS o BRG]
1 ewoud N, a¥ 3 ewoud H, emawymomy.
mrasomownlad 17.86<10° smod N, o
@galwyzow H, enoud

3molH, (g)
17.86x<10°mol N, x —————
* 1molN,(g)

=536 x10° mol H,

aloau mailes 4.96x10° ezowd H, momaenw)ss).
@emmond H, @rsd mallsipom avlasam @weel
&$I0bo. BRO®IE 4.96 x 107 smowd H, o
@B MNI0M 0w @Bendarle asmaen Mldeles

onJs).
3 amoud H, 2 azowd NH, evoyomamond
4.96x10% o3 H, @eym NH, =

2molNH, (g
£96x10° mol H, (g) x I NH, (&)
‘ 3 molH; (g)
=3.30>10" mol NH. ()

3.30x10° mol NH, (g) elesymm,,

18] 2 {16ls93 0 DEOHED (OAlGAISS BOg0.

1 mol NH, (g) = 17.0 g NH, (g)

17.0 g NH, (g)

3.30x10* mol NH x
o () Il mol NH, (g)

=3.30x10°x17 g NH, (g)
= 56.1x10° g NH,
= 56.1 kg NH,

1.10.2 enomlolnel a3au 13T a3

{Reactions in Solutions)
aldlememwosivilaal @dleowe XM alaldomm
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@eglo cn@mlwlensm (Solution) mseMGY.
BR@IMOE B0) ATV®) elwmlvlod @rwldles;
enowd ar@lam argal (amimoailsenian alom]
AMAVIBINELHTRMENG. &0 LRONWIHS NIUSD
BReEIE1E3 ;maneles;an alisalmamled erseElwl]
leaM al3dnEme argal moee aavldles;an
DG SHSENGB (o lihSla flonoo.

. aovlead vemaomoe GR&LIHIGE 200MIHWR
womzamo (whiw %) (Mass percentage or weight
percentage )
emouwd oo (Mole (raction)

3. eoosoaldl (Molarity)

4. eoosoeidl (Molality)

306000 Ailuorasdl al1dlemnoe

1. momdvamarmo (Mass percentage)

oD POMMITIANMM NIMLo ¥l ATVW@W®AIMo

2N} 1S1900

enmamleag aoad

200Y R@AOMo = - »100
10 M 1eHs a0

Ga133lo 1.6

2o mooupds A apan aizodwoe 18g meinnprow
Ga IBOmIMRossle enamllnel eflmaslaag aoad
URDDO MO TR allSlan ).

DO Do

A oyes et

A @os 2oml wHBOMo = *100

epwm Twes 2om
2g

= * 100
2o A+18gmain

2g
Og
=10 %

x100

2. eaaud @lana  (Mole Fraction)

80) aRYDWsal 80} LalEMyd: BISHOIeg
GROBIHBINS agBINAL0 BRGIRE! @6 CLISHEIRSBINS
COOBIBGBNS afENalo MALNBS BRANAIDETIT)
62003 ElaMo ey aloW)M). “A” aflim 13040 B’
)M 25Q20) AIMmaled eilen)swye #,, /1,
afavilal WLNO(@ o BROIDIOS CAOBIHHINS of)sINChe
apaemelod A aeswie B anesoe emoud dlane
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MORYY doemilajl@dlasany.
A oes eeoud dlamo =

A @0s cROSBHIOS Ao

en@ m 1ulasl e CRIBI-ENS af)ale

— ,
n, +n,
B wes oo dlane =

B o5 czososes ~gemp

e M B! GRExs GIOB BN B

_

1, + 11,

3. 920300191 (Molarity)
afQale QlY0alGR00] Dalewowlenian W)sIIQusm
c2ogoalgl M agan @remonalewowla] ool
aojallofleayan). &208001g] spana) so) eilgd
elnomlolad apim caoud ellho 9anE of)anailam
021l l0)aD). ERGWEY,

el momynag enog e BiHS nf)&po

anogodlg) (M) ~

alow m lwes aydadme algolod

NaOH 008 1 M enoil 966 @o)ond:. Maaaciod
alnd 0.2 M enom] @gooesssmaaan]olenss.

1 MNaOH agav arowiomat 162003 NaOH aa) eilod
elwmlolad eilajlajmosm. 0.2 M epomles 0.2
e200d NaOH a0} ellgd enomlolad elvlqjlesnans
D)8,

aRINond mayes 0.2 ¢aoud NaOH opsio ao; ellod
BROMI0E] BOGQTRGNE.

oml IM NaOH epodloes oo alysaiomo
af)s)emoelosm 0.2 enoud NaOH  &l5iam@d agyam
Af)FBBOM TR NSIEN00 agfl GNOE6I0.

160003 1 L ensgislod 1000 mL o3 eeseasloidlen)mm;
af@lod

0.2 0ol ersemsluldlen)md@ =

1000 mL

1 mol

=200 mL

x{}.2 mol

spmoo®; 1M NaOH @ mlad 200 mL agysyom
AROURLEEIN Relo G21301) emdafla] se) eillgd
BRI O3,

e NN )]

VLOOBLOODIGE OV BEMEE) GBI BB DO
06T o {lG1HR)TDE EalOSHEl B0B] DaldXmTVARIIS 0
Da lGDOUIBN0NTDHNIE.

Mlx I,rl= ME % VE
mailes M |V agmmal enogodigloge  algosimans
@BIGE).
@oiles M, 0.2: V = 1000 mL | M_ = 1.0; V, @gsm
BN} f1S1GETRO).

0.2M > 1000 mL = 1.0 M x ¥

.- _0.2Mx1000mL
T 1.0M

200 mL NaOH epoonlolad 02 ezmoud  NaOH
@rssaslulElenan; mails (e o [DRLIEETRG)
1000 mL enomlooo] o) emdafla)eeowie NaOH
008 araailal 2oge AUATISIEI afaMBS@OE, &HODEMo
EROSHOTISG araaoem aoglod, ellme or)
ganeal Dlemidan)an). «lHas 20D of)Tm
RETNAT ((REGIGHNEREGINT.

= 200 mL

Ga108%0 1.7

4g NaOH =maowmlad awlglay 250mL
en@nlsss] 2ogemnud eIl enailoes
&n08061g] =) ilSlen s ?

DD Do

omomoaigl (M)

_ el momnad enog e BiHS nf)&p o

alow m lwes aysadme algolod

_ NaOH aaj aomd/ NaOH oaf ecaogod asmd

0.250 L
_4g/40g 0.1 mol
© 0.250L 0250L
=04 mol L'

—04M

Lale@ L dho @RO1TTHIGlasnaBEE} 520) RN NS
&20300615G] ®oaIereows] snImwe 2 5lales;am)
af)(TN}BBMOET. HIO6Mo AYoal®oe ®Dalb]
e ML |516leeam).

4. emogoeilgl (Molality)

&0) HICENIe ENWSOMIGE aRsaElVId]eman
ol CIosEMOs of)sINHORN GR0RVRIG! o)
alDWIAN). M of)D GEREHD0 Dalewodfla] Bmlam
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eflmodiend seomees afpp =1074.5 ¢
ep@amninag 2odi Sleenrodlod

szogoelgl (m)=

el monlead cro@e@es agpTp
1.8 emogoeilgl (m) = : = @dﬂa
G230 1. Epamolead :oah aleennoflod
3 M NaCl epacdloyps auoms 1.25 g mL ' 3
GR ey opmlad enwomlwies ensgoelgl = m
T2} ailSlon ). ' &
= 279 m
D WM Do
M =3 mol L} OlE0CaoP)0 BTVl |oHeMUDORINIGE Hwdam
s} ellgd enemlwlsel NaCl o asms DOWDVBS LLDBIVIGE BN HEFHHOCID 2B
= 3x5835 =1755g VALMWBB BIPWX @WIOIHNAD). AT
&0} eNlgd e@MI)ESs 20m NEDDBE sI0WDNaw gwedlmenoa] (stock
i ; il . v

1L solution = 1000 x 1.25 = 1250 ¢ solulion) af)an «10WIN). MIITTRl BOOJID@IMM™)
(apomanosd muomom = 1.25 ¢ mL ) TGl B0 BOOYHISL @RMHMINE o KTIBl 200)
enaololpa Reloolen ases = 1230 —175.5 amaslnaavdla] saogoelgl aco}mslel agamn £0080

[ lG@ Y ho (DRLIENEMo.
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B0 MeRGUIMMIWas, NOIEIMAImNIWEAS, MIOIEIM-IIMMIRNs, 6K ERIIGHINAIG mamcab_"':
: AULRIHIM WD, BREUINICGAI MWD AGMINWIMT Al ool MRaEEE D12 AINISHIF b
- @negodld: Lo maMIGEISNIAT. MV ML alowM® (3olamledd srSINOoMmIInoe - -
LISHEEBUT BRHQERUD BN apADOSTT. B0} ARlHCING BRGRElGEIT (a1mimonllesmo C-12
BafBAVIGCSa[IN G EaldtlSHao@OeM. GR®IeN INOdmIN GREQOEI®»EINT 12 u are. 80
< DEISHE I} IG@oUTlEnan  BREROATLIOMT MUOWIBEM WEIMR Gl @REQINHEBINT BRTIDIHN0. BB
| BIElE® B DRI MymTIm HafETUICSIajdBINS (alkhyBI3omarw elgymalad alanssm.:
B0} DHROMDNS DROWOANTY af)MEF GRGBIDEI BRQERS;HS BREQOHSHHIM}HBINS BRYHE DEHWOSTD. . -
@0) MowemOWIHel almITSm B)EISEREHS 20T mAIMALe MWBRLMIBITVYo @O W26 B3 -
'-:m@’lmr@ MBI DINVY @0 Hen23ailSlenonnamamaeny. ¥
'__'_"--ssrag QA0@WIHL ERQEBUE, MMIMHUY, 2DEld::MaBud aMIUDes afsMe TV allajlenomd
1 @RGAUINIGLAND mudlamealy Dalcwlesim; (6.022 x 107 ). oo @y ssmleaszies 1 mol:
 agyol@ea|Siam;.

L pomiadEmmoe M0ailaflen;ana’ alym AT mE)EIHEBUene Mo SMEBUINI0 DENBI@IID -
- 02aU20Q@IAT. B0) AVAISIMAIIVAVBANMYe WIDOBo AlOINERW O] N}EIMHERE RO}
T ROAUEIURCMATINE] GR0U3 BRMAINMOCIWe BROINE] G:EMEBRSOS afHeTm@io Tulailajlesan).
| esrusladommaniicd @ oluoyesol oIom GRElSODE:EEE)eswIe MAKlHNsa SN 2O aIMEBENSmIo:
J, al@l00sMO0E&AID atdmEoe) aamuaudldaommalal. pomuauelseeemdlm] wamlm@®:ud Daletwouila]- -
T B0 (Iemyd BR8] Delaimhe WIBHLHOMONIDLEID BGIMI BRIRIWIHGH  BREHIOHERSNS GRS
:'.csasnagm’ls’lcesxm. mRm;Galsael ®ldlae. a0} Akalo alyddime elnwmloled erssasluldleaam elmomlan
ezl a1e1d13Iees (Irtmoalleote. RE0AODEMH@TIN BT dmAIMo, GAXAEIMa, HB0SIBIG], azosoelg]
apomlol

Il 1eIMN G a1 633U3

L1 MIDPOHMIGlENMMAUD)SS GRAISIGHOMT B6TR)n 15150) 8.
WILO (i) CO, () CTI,

12 eauollwe Tuweanglad (Na,SO,) apsemlulalanan allailn ajelemBHeHSs 2o WHMAIM
TR adlS]B0] 6.
13 areaMlnad 80) S24eeTAled 63.9%@RWIM 30.1% SHALRIGTVIRMe Bomy

@rslmnMenlod @rsEEINIClen)M) AfEled @MING LaleonWl-idl® qUIGUdELo
(empirical formula ) &era)ailsSlon) .

14 306Paa0s)ElalenMmaiad 9l Elaleane]siam Sodenkm HewesdEssTulnng eraqi
6T 151856,

(1) &m) Caoud @odersnd a1owailad ol |owd
(i) R0) GRoUS Hodeed 16 g HHALRISHTVIRMIGE Sonilajond
{111 DEIME) CGROUD HOBENUETH 16 g OBHWROSHTVIERMIGE &@0Tl2jowd
1.5 savoallave @eamuegdlend (CHCOONa) 500 ml. 0375 enogod @ellwene] SemRoeEHId

BRHOURYAND EGTLOWTWe GRETVEOFIHM BOTT £6N2)allSlen) . eruotlilve drRaMvEQTlanag
20508 Bomd 82,0245 gmol™.

16 80) HOMLSlE @RI 2LWATW)HS HHMLSIS; @RIV 200D VM EBOMe 69 o, TLAMBD 1.41
gml™ 9o GresMmEslod G eoMIWNS Wons@ moel L 08 daenz)eilslon)s.



DU ETIeel allel @sSnunod @YU WEERI 35

1.7
18

L16

100 g es00druadeanglad mlad (CuSO, ) el (oo G&rdn|d ekdlas;o?

B0) GRS RVSHHTVALIGS 69.9% ERWMYo 30.1% RISAVIRM)o (2000 %) Oeenemc]

BRAIOG GHDOBHOTVYDUIERY0 H6112)a 151056,

33001003 ROIUOE] @REGIHlE: 20T MOPEMATIBIEHM FCMEOIES M) EeR)a Sles)s:
(I ®IBOm CIZY® Y% @RGQIBILAINT

el 7577 34.9689

Cl 2423 36,9659

2y ¢20u ooanwailed (CH,) ®aee amIclan)mal @em=)ailslas) .

(i) BHOGENUETTE MHQEAMBB)AS GROZYBHBOS s

(1) OOaOERNY BIRHQYARBIHS CROBIHIMOS af)so

(iii) DDA DDIADSBNS )50

20g ale@Tao (C H,0 ) 8a160001a] 21, clo@m] 9ene0es) el laIrion® einomlo)es
o mol L. ! @3 derRyailSlas) s,

HALEMOZHag quoBo 0.793 ke 1. ! @gasmeslad 2.5 1, 0.25 M anwml Mldalensmoniny 20w
SANENOSIHG QYm0 @eMRYailSlan)d?

2380 @61} ISIHN MMM WY LaIREIOHTId GRMBAINAISIM sILIEOWISoem. BAcOrTeNg
SI @ysmilg pascal @IeP @:0amlafldlen)am,.

1Pa = INm?*?

&HsOdNloafloel alw;ailaad 25 1034 g om™ GrResmEslad, aldidhad wsmIGlad adao
6T 151856,

@oaled SI @Emlg afamosm? afsEBem arailam ada)ailanco?

O0ee MAMIEIENANAI Galt)onlS] G210

DDAl } o e liha
iy  micro 1)
(i) deca 107
(i) mega 10 ¢
(iv) giga 10 1%
vy femto 10

TUOBLOE: BRENTBUS af)IDDOGHOTE WIEBBU nfaNOEMBLOROENANG) ?

830} @)Slaasamuomilglad @0amaudlal S006MaNT GRHIE00EaN%e CIICL, @:.adanmon
&enElaleman). aelmlseemomlad eamon 135 ppm (@onomIas).

(i) DO RM 2OTIBMAOMOEGS TV} ol s,

(10} meingoallglnel Gx0e00e~noalaag crosoalg] &enz)allslen)d.
®OOEOMAMIBIENAMA WM IVTUMIBEREWIHE (alrimonilesd.
(i) 00048

(ii) 234,000

(i) K008

(v) 5000
V) 60012
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a)
b}

.25
.26

e NN )]

@ORPOTIBIENMAUDIGE ag® TLOGLOSHERANERUE  Den2?

@ 0.0025 {iv) 126,000
(i) 208 ) 500.0)
diy oS0035 (i) 20034

@BPODADIBTLNANAU BT TUOBLNSEREHEBHITE VoBTWOEs] af) ey},
D 34.216
(i) 10,4107
004597
vy 2808
HHRNM(SRM)o HHLRIGTIIRM)0 GRIG] DINP AlDI (~Id:000 LaluGomila)) Am LG
TV SEHIBUD DEIEE3M].
PO M S2ONT MY HHW BIBHAVI22OF BIMT

i ldg 16 g
(1) l4g 32¢
{u1) By 32¢
(iv) 28p R0pg

af}®) BATHAVOGWIRSWIVAAEM ailas allamysdanldlenamoi? arailam mldalailasn)s.
@oep @ANIElLNAMG D2llao0] aly®la las)s.

()] Tkm= . ... 151700 L pm
(1) Img=.eeveee  KE= e 1
{ur) IlmL= L= did?

(al2RETIHG GN® 3.0 < 108 ms ! @yesmaslod 2.00 MIGMO HITUADMAL HEHINE (aldhdRo
MUERIGlED]AN BYDS EHEMANIED ) dh.

A+DB, > AB, apam @00II3THMOMIGE BREISHOOHERUE MIOPe|OWan BRI
af)SEmoEs, BROIGE NWARIE GRElSR0DHUY afOmEsIEe 061G BT} llS1en )]s,

i A oS 300 @RQEBUd +B WHS 200 GG
(i) 2mol A+3mol B

{1} Aones 100 apgesud +B wes 100 G@omud
(iv) Smol A+25mol B

(V) 253mol A+5mol B

@OOPa|OWAN BATHTVACIS Y0 GRMITIE] 2] HHALESLOLERM0 HELEDMSEM]0 (oIS a)
@Reavslw wldalsnanalsian;.

Ny(g) +H, (g) — 2NH, (2)

@ 2.00 x 10° ¢ sawaemiszam 1.00 x10° ¢ 9OWESNANLOLRM)BID] Laludony]ay)
9610196l ]leneq|S1aM ERERCETIIVWIAS A0 dheTRIailS]a0) .

1) osmEleenmnlene GrElS:N0@®o RATVAIIGTINMGTIM ) GUeaHo GROAIGUL ]S ERO?

(ifi) EREARHMWNEIREI0S ~BD? BROVIHG BRAIGUDAHISHAN BT ag)?

0.50 mol Na,CO, ©0 0.50 MNa, CO, o »edl@d of)ssBam Qlym j00vee|glalenan)?

10 QUY0aIm0 HBHWeAOWERM 5 AYoal®Mo HHDSGHTVIEM 0 (G nIIB@T2J0wd )@
salimoe Mool DenEod)o?
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1.27

—
L
LA

@SB EN)MOIHTY ERSKIY NOMEYSIGIGEINS BIG)

] 28.7 pim

(1) 1515 pm

(1) 25365 mg

@OSPOINATIESNM AUV afQ0lo &)S)MEE FRQEMUE DASO) oRCTIwd?
@ leAu(s)

(i) 1 g Na (s)
Giy  leligs)
(iv) 1 g of Clig)

aplogmogland ¢mod@ glame 0.040  @ResmBled aplnemowd anemlwes 6¢nozw1g
TR 15109) . REICDNHNG TLAMD BAN af)aD TVl laD)d. }
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2321ho /. 1s| 2s 2p 3s 3p 3d| 4s 4p 4d 4f | 5s Bp 5d5f |6s 6p 6d |[7s
Cs 55 2 2 6 2 6 10 2 6 10 2 6 1

Ba 56 2 2 6 2 6 10 2 6 10 2 6 2

La* 57 2 2 6 2 6 10 2 6 10 2 6 1 2

Ce* 58 2 2 6 2 6 10 2 6 10 2 2 6 2

Pr 59 2 2 6 2 6 10 2 6 10 3 DR G 2

Nd 60 2 2 6 2 6 10 2 6 10 4 PRt 2

Pm 61 2 2 6 2 6 10 2 6 10 b 2 6 2

Sm 62 2 2 6 2 6 10 2 6 10 6 itk e 2

Eu 63 2 2 6 2 6 10 2 6 10 7 2 [§] 2

Gd* 64 2 2 6 2 6 10 2 6 10 7 st 1 2

Th 65 2 2 6 2 6 10 2 6 10 9 2 6 2

Dy 66 2 2 6 2 6 10 2 6 10 10 |2 B 2

Ho 67 2 2 6 2 6 10 2 6 10 11 |2 B 2

Er 68 2 2 5] 2 6 10 2 6 10 12 2 [§] 2

Tm 69 2 2 6 2 6 10 2 6 10013 -2 -6 12

Yb 70 2 2 6 2 6 10 2 6 10 14 |2 B 2

Lu 71 2 2 6 2 6 10 2 6 1001412 -8 1 2

Hf 72 2 2 5] 2 6 10 2 6 10 14 2 6 2 2

Ta 73 £ 2 6 2 6 10 2 6 10 14 |2 6 3 2

W 74 2 2 5] 2 6 10 2 6 10 14 2 (4] 4 2

Re 75 2 2 6 2 6 10 2 6 105514 ] 0 Rty 2

Os 76 7 2 6 2 6 10 2 6 10 14 |2 6 6 2

Ir 77 2 2 5] 2 6 10 2 6 10 14 2 (5] 7 2

Pt* 78 2 2 6 2 6 10 2 6 10 14 |2 6 9 1

Au* 79 2 2 6 2 6 10 2 6 10 14 |2 6 10 1

Hg 80 2 2 5] 2 6 10 2 6 10 14 2 [§] 10 2

Tl 81 2 2 6 2 6 10 2 6 10 14 |2 6 10 2 1

Fb 82 2 2 6 2 6 10 2 6 10 14 |2 6 10 22

Bi 83 2 2 5] 2 6 10 2 6 10 14 2 6 10 2 3

Po 84 2 2 6 2 6 10 2 6 10 14 |2 6 10 L |
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6NIa0ymZ R0B6NIIGENGHIENNS HRkKHESOINIHRNS
afepalle (SHATHEEMAle GGO GaldHel RO
HHIGMRIGM 301 RGO MUIBIAI0 BHISHANAND). el
HESONS aj05Mo MSHNAM sNPaoymasadmioelnng
@pslavny mom1ed 0)e1& B8 § GaUIdE ,
P (3613‘!0&6)", d (gamacaa)", f (3613‘!0:96)" afNIEEReM Mo
o MIBlenco. D) afl@o 3.3 @3 alluonledl2jldles;
any. 1 AUBN1HEMOTIE @sME AUYGIWIMmaEBUD
&Hosmoalym @mosem. aclallwe ®»1dayywow)e s
311005108 2UINGIS)GOMENE S0) BJRIBAETD, af)TNOE
@@IN p celosled aQ 18 -do W]a] oIS
EmWBOSNa]e qUNOMe M3 IVIESRaN]. eralal
S00sMo ARMIHM ol @ lendls) NItad@asaHE]
(15%) @rem. MA3aNBIAW] BRE) BF D@L NS QI
EBIBRHS GaloRRID)BS TUANGUBHTVIREESWE (n13dud]
aflesam). 36Q0e) 200 HRAOLWRANG B0 @TeI0
813, @) § DOIGESIGEM B8B) af)INTIMOICS @RI
aaMoo(W)aflad (arademell GrIva0m) Mmunomo
MOBSHONANDOEI. DA SUNBHETBRNS (i1
@6Mo 2IEleNIMoDS] OB B0) MElSE(S06TR &S]
Tuilealanod D)o af)IMBRG)EHANE 7-00 ()a]
0)BIGEEBES (AaNdSRIZERMEWD ) Eald0BIm)o Hnld)Rd
0203 &P MO TUAUIGUOAHBOW B0 AW
@N&BH0NE afl o 3.2 Eljo 3.3 2o B0 aflBleamana)
GalDR! HHa00LEA) BRAUSONMNSH0OS ByhUd
OO (alEM BRI qunomo MaE3SIIE1)aD;.
BRUGDNMNS1HWIGE @SWIBe.|SOIdlesn)am
MmoBl Mmoo MLIGERRAHS A)RITVANGRHD®HHS
Bl a] MDD ToEHlaImBOW] 21Ba] HalQoo. D
DEISHEBHB &)0la] SOl Ml allam1s
AlC1ENAMMOEIT. BRAIWAOS TOAIIGUDH®SUS ailuos]
SO1H0eMIEd @0Wo 3.7 @ aleoadutlajlg;snam)
GaldRBINSS allal (aIGm yd: al1300eild:yd DalsUi
EOVMENE,

3.6.1  5- caoos mel:mEBed

ENUCADYDID BEKHE S0 QllNioauo ns' {HHOOCEIAD
6mud) aReCEnled 1s” (LMoo TOnEEI:GRIN068BUS )
988 BMoo(a{lorIw)o MW a{loRIwo BB
SABBOEM § GENIdAE DIOIHSIBYD. SAINWEI0 EREWO
oM l2:06M agyBLOCOIAT Eynaom, Leloualaln &)slo
GEIOA0IBBOSTT. XA AUBOD GAUN0 WEKHESOETNHOB
MoHSHSIOM] DINGhAe +1 BRHEKHIGE +2 S50
SOMOUTLOTIENRS GREWOEM)GHA0W] AC0}aM).
(O]aflod }e51ed MIaD @OEPSHs AIB)eGMI0)D

(BTOCDID

UMBS EEaOTW TR (1o laimmo &Sl
QUDAN}. (WU I H)SHTMEWEIMOE D0 (ks
ololed aumamoairy Nilod eseemyarilel ailldloomi]
w0 snolalnEwlnnimo a¥laE: IGINBe
GERINAD ARIGEABBINS TVoWIAMEBBU NEMBOTY
AREWOSTHlHTUIRM0 08TTEmam).

3.6.2  p- cNlods) MILI%HEIRUY

13 Oy@D 18 AUNOWBS (D) rdlal DUdnalglg;8a
DJLIHEEBAOEN P GERIIGE BIEIMHeERUE, OG0 §
GG DILIHEBNT00 h)S] C2IBOW (»POIMILY
m)CIRHsTRU3 (representative elements) @RLOAII (A 1LIT
(0)a] ®)B13H6EBRU3 (Main group elements) aga) oig
B9} 22802 alleTWIeLID)e RIDANIMD E0IBGESO
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BoUO3 eI E S0 AUlMmTLeEsInos & Slw 80)
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B} HBHOETE DIHAN DEISESETN}HOB CalBEOmO
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B3060m (H100w1en (aldSlaflanyam) 2oieyais
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{01 ]iU3 BOMIEaT] ASSBEWNO (aINWIM YNBSS
QWM. aNINLIIRM B0 ((0)a] 17) 210BICHNILR
Myhd) ((0)a] 16) BOSNT @RAL MY QS (Mafloel
BJEISEIRHSEI00 MEAD UBHO QWAEAN pmnglal mel
(5061 @RHRTDagMBLO2OIATW)BBUVOWEHIMOn3
(clectron gain centhalpy) aigen ags)e|o0od @G
HSOUODMHIBRLS LIS E SOeTRAIM Y000 2IEkesam
@) eIzl WLNO(EHNio BEANS DEETED BIHGS06T)
&8 Tflealanaio aalgpam). &) oflelouwlod
SO AN AULIGOINEE Galdd)GIMI0N0 GRERNA
MIBRAIe B)S)aNY. afyINIGd @) (Walod a)eslod
WMo MOEPA QUB)EMUW GeIdanTWILIBdAI0
51N
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AfTNBBO) DOAIDNS (A IEDSHGIWIE, BRHOHIMNIGS
01D d GMIAAE B)BIMsERY3 o allglon)m). oD
MOIEABRBES Dm0 (N-1)d""Ns™ agm sndnny
ELSES06ME Al JXTLRETMARGS. AISHDEIS EEAD
GEINa06BBSHOSM. FlannIoole MAIHWEKS @HAN M0
MBY BREWISTM U DaNEoenaM). ool allafle
Mogwomaeo (variable valence) (@oaavlaeemo
QAUTVN} (BB flEH)aN). OO @RMEMN] BRGS0
(paramagnelic) dlennizn)e DOIGL NS BalEo)
Ble0saS)MaID;o BREM. af)avlaamoens (1 - 1)d'’ns?
af)yam EkHE S0 allmjoruzyas Zn. Cd.. Hg agyavlal
TUo{HAsTN M)EIHE3AIOS HlLHAIMNMBH MWD
a3 (2 133uTlaflomymmlal sedlooniled d smpss aal
GBS OO0 Lalwounleln &nSlw GRIDa0EE?
S0W § GERIOEE MBIGEBEMN0 (D)a] 13 ORIDe 1
ORI (HWOWIRID &0 MIEISERUEN0 DS
VELBS 80] aloeoW] AUFOIHIENAN). GRGYOHIENE
@BrRAIGESs TVo(GHBSMMA}EkhEBU3 (transition clements)
A Gald arFlafl@lasnom).

3.04 f-cmiss ajeiaEed (@Ram:aveld
@S DBl 5B3UT)

@RHAUBTTNASIHD)AS TP 0eNS Tloeelano (@
S0lafldlanman eamemaIlwiasio [Ce (Z=58-Lu
(Z=71)] spaslemawlwidale |Th(Z=90)-Lr(Z=
103)] ®alom)Io@] &H0sM1E0a1 el G506
adlmyoaue (n-2) 1 (n-1)d™' 1s* agyamosn’. 8060 2jels:
omlcaiEn)e @RAUTVIMIW] CaldHDeq|S)aD
et soens I sedsnilgailenan’ mlow)and. e esn
Wio DEISHEEBHY TR YOHOTE  BRAM:AVU o HD
M eldssBud (inner transition clements) (f (3&1%!3&65'
M LIS EERU3) afa) Allglen)am). FRAIDVENS @HAN
3RNANEBBIEM. B602 MleWanmsSs MEIG-ERS)HS
TUIBOAIEBUD aBOOEMET RED CaldHLIWOHT. @3
@Ry SIEMIV BB W] ao&avlensmon
N3 TUOWYAD@IMOTE RAIWIHS BTV
@RMENUTW  EI0aneMmIO L% Ea0008  ques1dsm
@osTT. @Ry Slemoniuneud comllews arwsTal mel
&R @rsMm. Klannn0)mss @y slemoniiol nyel
BHEABOS MYIIWE COTVAINIBCHMETRU UF] MOBM?
(0700 @ERSAIGRID @RS &:)06Tm ERSAIIGAID @RET
MIBAENANE. BRAIDINS ATVH N0 al)BsmRo)o olo]
2flglel ©EoMIVEHINT GRHUMDD D)LIHEBOS
Samaieneomle B)LIheaBRYd af)an allslenamn;.

{altBhe 3.3

@REQOAI: V6 120 D88 G)Rldhe DOIHE
&aejallslajiglel oo memae® (@R Ao
#)5)0 6Nl 103 /L) aflainen) 9uBealS )b,
@pEONg LeIBeS0eS AlmioaUo ag)9)®]e:.
SOmDC:

@EQOEl&AVOGY 120 DES MBIGBOT Moo
()afleneny 9uBea ST 8> (SHUOORYBTIS0CEI0a0
680D ). @RI UL DekeSsnd adlmiotuo
[Og]8s™ agonoert.

365 CEIDN6BRUD, BRGLIANERUD,

DalCLIda 833!

s, py 4, T o) UB0Me0emMeT: @:)sem allimo 3.3 ©F
326 a]llED) IO} Galdel B)ISFEBRU3EE @RAIMHS
WEMLABEBHS BRSIMLO0M R BeQan) alluwoel
AUBNTB:06Mo  @)SIWETE. NLIHEBHS GRIInN5ER
HBIN0 ERCENANERHBIN0 AlRE]lenod e ¥lono.
@ROIWRAS}aD 0]eIEESIGl 78%-08 @RWla:ano
BRI0ANFBRZSM. @RI EPYUGTMNMA|SLHWLNS ST
BUNEW B:06MHRR|SHID]. TLOWIRS BIakDlaiilod
BHAOMB CERAOBBOBEK. (B30} 3¥l0E:) eI
AN 5H6Ma|s1an). (Doelwe (303 K),
aqulatdlare (302 K) afavlaidises casn msfan (3ol
SMNOEHLAET ). GRICANSEBUBEE HAldMmIHN HWEM (3
mleiw)s ®Ismlei)msns. @ral MIIClsadoio
OB TNV)ESWo MEL 2 I0BISEERBIHM. @RI ol [
smlomwBsam)oe (malleable) (@Sl ool @
S)EHBOSNONY HFIWADA) GMyGHVBBUW0 (ductile)
(aeilafy m15] Hmile:geensm seloianal) e
amlm] Aluelmnoo] GRERINANSERGE ERYUITM™D
ASkSHWINS AUBKME U8 BINCW B06MER|S)IN].
WLONALOWE  @RAIdeMMe|glawlnl ac) @lo
wlilmmle @led osom) olal AelcEmosg
GalDd:}EaMAN0 CEDANTIRINIMBS MEkS6EBSIG3 i
BREENAOTVIZOOIERAIBS  A)LlSEm o] A003an).
AUHLOOEM DOAIN]2IVIG] @RGBINANIRUE @06
Bamlaw)e @ISmlemyi)8s AIQERESED QUM
ABES0 GRWICIENo. (GOm0 -OGanIsm)o
D@ FRAIIOBEBZOSN ). MOl HOlODISAFD0
HEHAUBONWESW]o ME] 212L16EBU3 BRES AHHAI0
0)OSBFH BREEISAOGERUD Hn G100, n s
QMW MMIMEVO DELOMAUDBISTD. B30) (V) [l0d
MBS I DOELEE QU)o CMOMo NBKSEIRUT h)S)



O3 GRINAOTURIIMASAIWOW] A0, @Y LBOIND
2|8l XN 3016 MSOW) WIAT  AILICOmES
Galddh) G0 @RGENANTLIBII0 &]S)IN). GaIDAD
MIBOAUETIIGE MM @RERINAN TLIRCAIOIGRIE) B8
2900 allimo 3.3 @3 &MMB8 aVkS - qVOUT AIG AT
S06M2{lB1EDM G} GalOE! AUBNG Sale5AN) TV
HSNIAM L. WD ol Wns Grodom] wlad
@RI 5kW)s allsdsmaunomeaBglod O3
o)l (lailsnsnd, mdcamlwe, @ryFavaila,
agaglaeml, asenclws) caRa0eIERW]o @RERIa0
ol ad@yo VA GUOAHUIEMEIRE  &HO6Ma9;an).
NG A)EISHEEHS MRACEIINN6E3US (semi metals)
@RLONIY DaleeldansmBed (metalloids) ofan; ailslses)
an;.

teltbmo 3.4

@REOOdlE: MUoAIJWIESW)o ERUBEHMa]3le:
wlae muoomewlemwie @eslmnomen]od
A)OIRS BG:ISOTICIEH)IN 0)RIGREES @R
WAS  BROANMIBICIOBIHIE @REOIOE R
OIS af)eymysx Si, Be, Mg, Na, P.

DEMOO:

CRIDANAVIEIo ()a]lEd ayegled wlmT ocess)
Udlo BMO0J0 &n)S1ée ol TWlEd e
oMo QUEBIBRTRHES! Ealdds] ZIBIOI0 &h0W & @]o
DaIQIM). FRDOHIETE  GRIOAOIVIGOUTTH IO
BREOVOETH &hito P< 81 < Be<Mg < Na.

3.7 myelaapains oiem wadn oen gl el as
AU (I UM D H U
@Ry UBOMMa|Gleh @13 (D)afl@d By 813 anlany
DOEPE AI0)eMIoRo alloluiod asory Ml el
GOMES GaldH)GMIOFo R)BIBEBS)HS DITLAlD)o
RO 1HONAoW 1)eMsERSI03 (alosnow aqrlaKtle:s
(HREEBUD DEME. BB0anEsMA0Y] 80} aflolwlod myel
SHEEBHAS QN SHIWORTRIE &Moo (N]a] GRIaAON)
ElaBBaEed HOAIMM}o GRUBOMN|GIH0HS KLY
BXNEOIEE) AUDYETHN0 GBI alli1s pada
TG P30 (D)0 ] @REBI-NRSI0S @ almlainniom)
o Sal@an). OONGaIINEl (MW GRIZanm)
Elaemaes (V)aflad (980a00smamn arwdanail
GEISADBBUI} MGG MM MOEPH AUDEANDO)0
(SOOWIRKD &)S)aN]. aHINIBE BRELIVAON)a{lad
{2320.00sMOIIM andnRREBM)ESIG3) B)eslod wlan
OGP UDJETUIB LB1WORIRID &S0, alGam

(BTOCDID

o)} OSBRI MIEKHEABBNS N)STHEBU3 D (alnl
s alladmSoaNEI? RO} GaldsHE] MEEE af)saBeD
o LHnoudommemsud allvos leGlesmnn eelo)o?
anm (guasésaﬁaﬁaas‘i DOMDo MEIE) MM @B
amilog ceIsmeoaNclaiss MUlabsansakgle @RQ
ORHIHA TVIROQUTBS o MAYB6) GMOCHNNEANEE. D
BoN@WIE POMValaalo @DM &AW aflel ¢)sm
BBAOS (HAOUBATDEBINBABN0] 2] 2182 632 1Q)HW}0
@RI DBKHESHMIBHBINS afFNOUIRRW) DGR
MBk»8)HSWo @S NIMEIed alla1ealenod
LClER) 3o ) alQhan].

3.7.1 @D @BTLIZIUEBEIENBB (DU

meaBud.

D]Bk%AR08 @RUIMES WBamlal, @Ismlal, 20)0.0)
Moalo, MY a Ndasmomoalo, BREYOATHOMmalo
onseEElo atlondll @Dailemoronemalod Grdormm
AUYGIOADO SN, afHAVIBIANOEL0 BRGNS,
@Yo, EREWIIMIHEY Do,
af)BLN2@3adl (ionivation cnthalpy), eDels gLsoed
@A R mManmdLoocdal (cleclrongain cnthalpy),
allayovessma (electron negativity ) mseasloardlenas
BRYUBCHM (2 lUSTND SBBH 01 2|06 Mo 21Ba)
B21GOB Galodh)aNE}.

@R sm &Hosm

(1) @ncQoalae@ryoo (Atomic radius)

ae) apgomlea aellajo SHMENISDMDD) R0)
Al @HOo @OJH)MMDHIGMENIE  af)MEWD
TuH 13D agyI MeABWBE MUELO3a flan)n10d
SEWo. BRG af)(D SEHEMRIGIMAD BRAE1IWIGH?
BAN0AG B0} FRYOWINAG aleilajo @lao 210)moeM
(~12A%e, 1.2 < 107" m). osmeoamow) arpgowlal
2N MEIHE(SM alselawlad o) avlumila
@pemldonl mopen@Inond aRQEWlaag aeile]
WMo @R @ yeowialenaw)dilal 2agoedLy
Oil0d A I060MOE &0} ERQOINM aBilaje @RS
amailal Woemon) (nloewarilse acduale mlenilailel
SfAN@OED. af)THOENS B6] AROOIRG aleilyjo Gra
SNMGTINOW] TVoWEHOUMNDILNBS BRQERROS
osOlenss @edal @RCITmIN] A3, B0)
@RGEINA0 @HOODINNG Qlelkjo SEMANIEMIMTTIMBS
La1260l&:20300 af)aM) alOW)INT DO BRBQ
GBBUS  Gal@aMETRI)AT TVAOTIoGMORE, @M
OBl afenIabmorilad afdaa SIeleanan ans arg
BBUSSISVIRLBS GRG:EI0 BRBAN]S of)aNBSHOE).
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on aflanlod Ml ERAIWIHS TVANTVGDIED,
@YV HHIROMO QAN MM . DBNOEM AW
GROGId MDD WIHS sITWmenadaalio 198pm
@RS, BN ol axadecinom (99pm) EHockd
BROOWIHG GREQIIS: BRORIY] afS}BNOAANHmO
6. agYINIGE GRAOERGERS)HS Alsilajo TU)ailaflon)
anm cenanloapandram (metallic radius) oaqlgwo
HlADMD. DO BO) GLIANAIRRINHAI GRINOGSM)d
BDS MY SHEBOTISOIRLRT BRGHEITHINTG oldh)
W6, HEIO0GEMASW] a0 disIquellnal ars;
DRSO B6NE G300]@ BRQEMUBLSISVIRNSS dRG:Elo
236pm @RS, ERTROHIENE GHIa|TIHNG 3eI0a0Tw
@Roe 128pm @yl af)SyemIBlasnam). TUD L @uTkny
sl D a)TIMEHOWIGE GRIan @RQERSIHS
GE0a0T0 GRO@TIM o BREEINAD BRHYEBAINS TVad
TVOGWIREHBRHOTTNM )0 k@AW BREQIH]D: BRYdo
o) al3aosn Salewaslayjldlenand. X - ¢o araeg)
108 Bg m)vﬁ)nJcB:u(ELSQO’IS(EcBJQt:ﬂ]cB: DOBUNBRUD BalGDD
o] @RGGOHIB®R00 BRBADIQNINDIET,

aflel BEIERZS @CQINlG:ER00 algld: 3.6 @8
BBHOSOBIBLENAM), DRSS BT [ IUTHGSHUS QULED
@061, 0D (AlQUISTN@HHS MAMH MY HIE alode]
HRP0)o HVBRN LS OSW;0 BREKTLOSHOWIGS Qllud
3ea@lonoo, ©6ME20 allolUn)RINEERS)HS BRGNS
aiailajo MVOWESMWOT] aIgles 3.4 (2) WG] Boamilafl
TlIDIND Galonal 83} allo1uod @ 0emm) ey,
80) allolwlad msom) mlad e comos
GalOh}EANO0)0 SNI0OYMD DA G SO0 BED

SNVAOIDA HHBIIBINT Gal@HDa|SHND. af)TnO0d
Manal Mylaledarnds (clfeclive nuclear charge)
@RERIME: MUoeY G)SHMMIMMIUGa] &S}, &
DA MY HlB21088 MEISESMIGHHE MY
QAVIEEIES &)S;mEnV] GRe3atilenan). madanel
20w BReEgudika:nieilajo £}0WD). EBUBMHINI]S:
LI B30) @)S]ITOIG] @RLONID BlnsBMlewind
@ReGoNle @00 EREZIAlBMUOEY &)SHMEIMMTY
Bla] (@2000f] @)s] aleyam). algle 3.4 (b) (Wworslan)
. SHOO QIEISHEBUIENI0 aDOSHEINERM & Udan)o
(D)o flod aslad Al moeesas Aleamano (alladmil
oG8 HI06MS0 MVoSLY &h)SHAN;. GBINEIRSD 6113a0)
D DBIEHFSIIM)BUB MYlwmilod mlan &)s)mod
BRELNAN). BLIGESIHM)EHUD @06 Mlnsom osal
enss 9DARMICIGU  6NIDANEDEIE GLSOEM)GHSB
MYRIOTIHN AR Batsm@E@d o msw;an B}
A0 GaldOEl (alUBOHIBNMD} BHIETE06IT 6B
TUoRNI1ENIMB). MWBaDEIRW] BREQOIBROOOHGT
alleiid Tu)ailejleo)mmeanael @yeqoadla.aailajo
@>)S)aM}.

DOBLHSODDBFERBS @REGIAS:ERH0 DOlDS al]
W fISIE) af)aMBHE} (RELEN 6. afid: BRYGHOTlE,
ERFIVHIMOCE GRAIONHS MUTWNEadl® TR
BBAOS MEILEBUS AUSHO AUBNmOsT. WLNoBLO@TY IS
DOIBLUSODMSAIBZHS EHOEA O} DYSLEETIHOS
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4.3.2 sninwmea0en3 (Bond angle)
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@ODWIOL] ROLIEHIBE  TVEHRIGREIGTInE
BB @ERGEUIM anNgMs8s 308milQenssyes
(BHATBHOMOOMHNTN )88 #0)] @HWRe OO
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4.3.3. sINUMagM3Lndndail (Bond Enthalpy)

aDEId BLSIEND
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@RQeEBUlORIslnel B0} (nICMid: MOTTHIENSS &)
e2oud sniabme alleelSlaflaenmaealn @RI Ao
DOGROOTNWOST SNUITMWM afBLOCGBAl aflanialow)
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H(g) — H(g) + Hig); AH = 4358 k) mol '

sniao)umumss O, N. o)saslo moomasinel
MIMLM  afBLO0GEIA] MODPRENIS)Om1E]H9)0m
olalolansm,
0,(0=0)(g) > O +0@),
A H =498 kJ mol™!
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NIaO)EREQOME: MO @G:MHS cnimbmeniel (bond
strength) GrsoMoaME AUsed quesldsmacw
SO0 YA0SIN. DBECAOBEMA0D, BREIMDOGWIGE D6ns
O-H snimwmemad  aleeiglaflen)alomonlve ynow
afRBNo@all B0} Galonlwel.

H.0(g) — H(g) + OH(g); AH" = 502 kI mol '
OH(g) — H(g) + O(g): AH, =427 k) mol
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a)BLOCB3a il alleaislangals)an mImMLMmEES)HS
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= 464.3 kJ mol™

4.3.4. surwumM»no (Bond order)
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4.3.5. ERMA)lldbasmaelsma o3 (Resonance
Structures)
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DO

p, =760 mm Hg, V=600 mL

1 =25+273=298K

V.=640mL ¥, =10+273=283 K
Mo COOEIMAUSDIE: TIDAn IS0,

7V, _ P2V
L
p VT,
=P, =
I TV

(760mm Hg)x(600mL)x (283 K)
(640 mL)x (298 K)

=1, =

= 0676.6 mm Hg
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sndnWo (Density and Molar Mass of a

Gaseous Substance)
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pV — aRT sw
al) MG 2] DaldH0B0 af) eI )b
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n_p
. RY¥
m
n= ﬁ . BRyOEImoad
mo_p i
MV R (5.20)

I

v =d , (quom®) afan@Iem quonls o 5.20
03 @GO jocd.

d _ p

DT (3.21)

M RT JRT
aninaw M = e (5.22)

5.6.2  awdndsend @ullasadamlwno (Dalton’s
Law of Partial Pressures)

G065 ALOGIGEM D oI (MEEDF, 1801
@3 @Ry M Mot GBIl ®E] . D oo
DLAl:000 LalTU@monilanse, “aladlalde BI00LAL
AU DEMICEIGHSIMM BEMED FRAMNEK]CH0
ANMDa 13063895 AL NIMHOMHIG @O Bd30
FNMIHEI WISRAUIDMR@EBBRDS 22Nl nGERBNS
BERYD DO B WIGlea]0,”

BRA@OVD P, Poy Pyeeene afyamlcy @oUTlendBemRao
BB CLISHAUIDHEBHHS AWIMHOMIHG BRye
adao P T PP (5.23)

530} AL TN ADINES aRHDEHIAN0 3@} LIS
Ddalnal 2anldhadas (partial pressures) apam
o, UOBSHITIMo BBHADOBBIAM QULIIMO CLISH,
U0 MU HlLEIMmEDTHNg @REm Moaldlel
W0l 2WSERSH)EMINUD § IR BGEA.

oM adlel UIDG:EERUE RaITm)
oo cuoaldloneals;an). mamele drMmIes Rel
sNIBatalo &)S] D00, MEMIEHD GUOELIBIEESIaM
QAUIBHEEBHOS OG0 GHEMERoanamaila) wondgenad
MW (2ICWIRMNAS)OMI0. MAIHS BReE: BdGo
afaIN@ DDA asl@UIBGHETIRBW0, RENaHal
owleagw;e 2uile0dsamalns Mewinidlano. gel
NI I00HM 32071603600 RN~ 103G
(@100 HSMaHB) g ailglesnam). @roImons,

+ =RENReHAIBEE0

pr.s’rge:a». = pg-udgﬂrf:-mla‘nmoa‘na&c
p2-.’_\(1<_H(':m‘j|:0]ﬂ.l'_‘w]¢¥.c = pr.s’rge:a». - QQIGTUOGEHOJDJ(%BO _
(3.24)
Belowlad snIaislndse Aol moalaylelds
Fad o151 5.3 @ HROSHOHIB]EN)aD).

167
alglen aflofle meamlaosglenas 2emnilaad
meimatiaindce (Vapour pressure)

Mnlmel @drobar Mnlmel @drobar
273.15 0.0060 295.15 0.0260
283.15 0.0121 297.15 0.0295
288.15 0.0168 299.15 0.0331
291.15 0.0204 301.15 0.0372
293.15 0.0230 303.15 0.0418

CGNIUB (pOIHHIF ERSITLOINTDILNBH @Wld
ndco (Partial pressure in terms of mole fraction)

DI IQUIDDHEEBUD Gal@N 530) Al uwwlkmo 7" ®oal
Me1oflad V alyosdomas quorasmlolad mdlenan
@00 TUERETR 188, BOGBS ARISEHAIIMEGHAND SralBl)
oA 2o leadremmud WL P, P, P, cfanlem
HM WSS SHOYD B, FREBOMOVERIG @Ry3BU
UIDSTVAUI s Y o IhOB 0,

n RT L

2= % (5.25)

_n,RT 526

P = % (5.26)
n RT

Py =— (3.27

)
wailes 7, A, A, aHIMIQ SIGOO *EISHAUDID
orileno @RsEBIUISIAN GAUd ag)sIRBoE.
apomdgad mlwaamyaudla) dlwloomlead
@We S BB30,

Prga = PrTPT Py
RY RY RY
SHy— o tH,——— 4, —
1 1 1

:(”1+n2+”3) (5.28)
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S p] = xl p:m?g{.u:r‘..
OGP, = X P
pS = x3 p:mgaof,
BalmO alOSITINOGS,
pi = xi ptmal (529)
mailas p,, x, apadlal 7’ agam eoiseooilnng
BoUlEAGR0N0 GROUBLANIEIMN MO,
@aldB)o 5.4

70.6 g sncwsosmilRMme 167.5 g aflewosm)o
62130 Q@G WIDOWHNG @yad: BdEo 23
bar @gem. afEled 20800 QDG EHODIERW)o
B80T lmAA30 EEMENIAN s,

OTD0:
HHWSOSTVIROW CAOBLSHJOS afeo,
70.6¢
T 32gm 051_1
=2.21 mol
MGWEMINNG GAOB)HBNS af)so,
167 5¢
S 20gm 0?"1
= §.375 mol
Teh GAOBIGIMS of)flpe, N=n, +n,

=(2.21 +8.373) mol
=10.585mol
mmweooe;"mﬂgamn@ BAIUB [pNIEHOB

n,

n
221
T 10.585
=0.21
mlewosmileng Enoud (N3

X] -

n.

2

X, =
S n

8.375
10585
=079
=25 bar
HHWRISMVIZ6G 0Ulead30, p, =X, p_
=021 x25bar

BRye)E AdG0, P,

e NN )]

= 5,23 bar

mlewosmlanag oUleadso, p, = X, Y2,
=0.79 5 25 bar
= 19.75 bar

5.7 OIESHIDRNIe MDRI{MRBIOS (nlCUUINT0
(Kinetic Energy and Molecular speed)
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@O Mocduymi eun®m (Most Probable
Speed), Ump af)am ailglenyam).
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BROEGIEE 0] AUODGHOTINE! MDA MHZRNS (RO

1 . .
el mleasdio = Emu‘; 7 afand @ ald000
@ loso:

T I R & T
7 — 1 2 k] -

H
BROOVD 7° affIND ODOGHMNS CUDND
Wies adnomlen wosvedlwosm (mean square
speed). 0@ QAUXDSODAMBINS WOIDG] NG
GH0BRODTNSG @rgailam av)allajles)an). mlnng
AGOMLID afS)OMIGT NHYDEH MY B0) MO
LMOGAIND  LIRLAOG)IN). EMOET QAUGNZOWL M)Al

g (root mean squarc) (umfw : )

MY BIOOD MO0 HSANIEIND BITD}HOCH] LSS
O@DADCUDDHBOW AUGWROWI DRI GUnDm (oot
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a1 BmIah

i

=1

1 =1 .
I y mp

0l MIAlERAS FRMalome Moey marilalsenan):

e Uy tu =101 128 01.224

5.8 NODSEBINS NOIHOMI (OO MM
(Kinetic Molecular Theory of Gases)
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Al = W,

(AIAma 6.2

10 atm odsomlanss osn2 ellgd @RBdw
QUIMBEBTID WD MOIERIA TUADIAINE:ITo
MSIH EROING oIysakmo 10 ellod @Rl ooy}
DD alo)SUMODI03 ERW0EMD alQea|S)an
MOV @RBHALM? DD Qlle:0M Lallalw
D@ 21930 (IQGHIWNS GERSOQU@?
DBHD0

maeaolwse, g =—-w = p (10 -2)=08) =0
BRHIVG DWONOS (aIlOH] O21Y3aVIEL Bdalo
BRSI0EM B2 lgavlel.

Ll mo 6.3

233 0} allafla] GRE® Ails0000 ~l@lW6N
BN, al@sd W0ilas 1 atm of)an audlesmnioeny
23BOHMMBDWOET QSO0 MSENADG.
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DOIMDO
g=-w= p, (3)=8 litrc-atm
LAl Mo 6.4

M>3ld MV)allajla) @eemaileove, 10 eilQd
Ay @RABRILOImoDTlgelss dleudmilamilid
@HW MSHDAN).

DIAMDo

¢=-w= 2303 nRT log ——

T
10
=2303 x 1 x 0.08206 x 298 x log —

=2303 x 0L.08206 x 298 x log 5
= 2303 x 0.08206 x 298 x 0.6990
=39366 L atm

V.
g

6.2.2 af)a3L00@dadl, H (Enthalpy)

{a) (aICWILLBWM IR $B0) Wi SPELOo
afoi®o (A useful new state function)

aquiloayoaim@mled Msenan  (alldloolal
ARWREMe  BalQa|SIan  MOalomea  drsal
BRamElesodRoMINe Yo oTuomla) m)elnow]
oo, @R®OV® AU = ¢ afymoad, alss
apaesBglele a0y quilearamoleHadaaned
a0 80009} HSNGI0 HSAUSLITNGSIERI NSO
DITVLaIUBO M B3, auriloalyoalmooiaial
MSSNADD. D TN 10LMSEIG] (16T lenond
SFIOAD 2aildacw &86) a@Y @RUITNIa08KNs
D301 N8OS BROIDYHOE.

0 Moadionlod Mse)an  allelw o Hen)GalenE]
MRS TVBAUS L0 6.] (@000 af)Pmond @ ¥lao:

AU =¢, -pAV mailos ¢, «panad @rwlosmo
21PN DoaITnM] @egane -PAV  agyamoy
QY00 Halgan Qfle0My A0y Omilo)nos).

QlYIEOODIRNG BRHBIOKIVN 1-Po GRATIACAKTON 2-90
@pomd, 2yeglod  a)ailajla) VB0
SDEEREMTVIB)o:

U-U=q,-pV,-V)

11070 ] [5Te VR plq s 00 P Ne PN o T T R
q,= (U2 + pVZ) - (U1 + le)

MBa]owd MDHY, DHGIV) BN HEHHID
apodoo@dail, H (enthalpy: (0o «i3o enthalpien
al]S0OMd: @RLOAID OB[SENMOals) aIDGIHM
M alHomo Wdaailango:

(6.6)

e NN )]

H=U+PV (6-7)

BROESHOENE TOAUIMD L0 6.6 afyaND),
4,= H. — H = AH agamodilomle)an;.

q af)® 20VHOT @HRWIEN)TN ANLKNRFET
wlege H oo &) @R nabeinmsns. @:006mo
apod UPV apand apaiqunsenslnsnaamasns
B WUlamanal. dpmeoiE Al msduean
@Ry lemanlel arialdito olBlewoWwlajomd |,
BOBLIDED m{,uaqzﬂoes)gcmm%aﬁ HIEIMN00.

aqurlondsomlad msean mlooosw (finitc)
BOQEIBHS NVoENITWa) TUAMIOG: 0 6.7 MAEIEBM
QQ)EP;(ES)OO:

AH = AU + ApV

p aublonoom)ewosms,

AH = AU + pAV (6.8)

DIlHS [HLIMBODo ADATICIEANENE AUTE®)D,
aorlondsonilodl &0) Aane @oale @RIl
B2lQgemioud NGOG Moo BRBLHIADGY
afBN0EBIlV]ENas QY@ 4OTORs).

AH =q, ayoma’ audleadsalad aljjaoo apwlosme
£a1Yan @oalo GROSHAT &0BX1E9 .

nIBG Mo MSSNCTUIA Monls aljOCEHSS alls)mm
THalCadaldnldammsasudas AH smwglane, 219)
aldsl@d aflan; Mdale @RHWIBADe 21000 MIICUDD
AHMOIN alBoOmMeaBas AH  canmiglanaswl
alanyo.

aqudloayoaimemled (AV = 0), AU = g,
BRONOMHOSNS TVAUVB L0 6.8 af)aD® AH = Al/=g,
AfYIMOB)AM),

10al3BLINGRUE AOMCRD GRLIOAID (BOIUGHAlEIELN
BUS QOMENY DUWBHSNIABAN Alyleodmed AH,
AU apavlay oedlengs alymiodo alalosmaod
AOREL EHOR6Mo, SUBEMES0 (BOAISEBER0, Moalaylel
AUBWISNIDD M TG 2] aIBIDSHIEHTDEN AUYOalD
QLMo alBINEMIGandLl. af)INIOS AUNM BB
DBHANIBV)AN  AULANHOD  TVosITWla] D
QY@M (I2LIM2Banld9)aD). QUM EHEE3EE
DABHENIBR)D R0) Ll L lUBOHMHOD MHYAE
e lGleTilans,

AUOMBHOEIBODHEEBBINS @YD QAULOaImo VW),
AUMS DEIAIMEBB)HS @RS AULDaImMo VpW)o,
AUODB0E H00MABBINS  GAOW  afeNo N, Wio
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AW DEIaITDEBRIHS  CAOUWY  of)eIRe N0
apwond, adcale Moamlerdio qurleaswldles)
GMUSUY, BRAWESHTIA A IO,

pVa = nRT oo

PV = mRT @o aroicleno

apalmowd pV, — pV, =n RT —n RT = (n—n RT
apoatn, p (Vi - V) = (n; — n) RT
p AV = An RY (6.9)
wailos An, qV)aila o)) CRME B IMERZOS
60003 agep@ood WD  AMB0ElS00HERBOS
60003 afso S0Ql HaITMD® ~f)TNIEM.
TLAARSY0 6.9-08 WA pAFoeSs allal auaanaio
6.8-GRIN8 @YEO0ailajons,
AH = AlJ + AngR}" (6.10)

AU mlan  AH&emaeoosmmImle Mmoo
MBI }B8 DM ]»5elMio  TUAAISE: e 6.10
D IGOW A IFROET.

nludMo 6.5

melenioatialo @BBAWAVIR0AI0  HOSTHERaND]
oAU Ho)mlwoad, 1 mol gmewsnsaiaiomlal 1
snodadaonilane 100°C moamlalanmss
SNU0AHA NBEEMEDNIM)CAIETR GI0S0E ag)BLOD3A il
aiymyomue 41kl mol™ -go 1 sniodadaonilane
0'C ene 988 BaleesMag@Bmoaiail Ay iomo
6k) mol™ go @yens. ag@lad, | snod adsomilans
100°C @oaimlaiglane | mol Reioolend
N0t llSH06Mo MSHN) UV BRANEIGHOBER
QUL LOTVO EHEIMNBEIOB B

MDD
aojailafle9enls mogo : H,O (/) - H,0 (g)
AH =AU +An RYT

apwoa, AU = AH - A RIT aleisd
MOdHIWond

A7 =41.00 kJ mol™ -1

x8.3 T mol'K' %373 K
=41.00 k] mol™ —=3.096 kJ mol™
=37.904 kI mol !
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(b} ardlzosmaucimaye Alwlaslo @R )T
wdneardd (Lxtensive and Intensive Properiies)

@oalOB ]SO alolzosmaudlm-ailuolad sw)sm
W@ malenss AymIdTie QS BIANEA|F]
SN2, al@lzoemnau Al;nem WELHBMD ]O) QIijad
OOIBEI (BAILAICIAENHOD @RI QIaila e
BRI WEMWBARST. OB00BEMETIIN:
@Y, Aloal®o, BBONOIE®HOBR0, afABLOo@all,
@MoalWwodl@  afavlal ciplacsmaudlad  vEmwdn
FABBOE.

§0) QIA0CTnal (3013alGlA0MaC @RALIE: 1G]
il oo @owlanoom MEMLBOEBBHBDOEIT
alliBlagi st sMWAREEBRUE afmMmSlen}m®. 960a0
@A, @3alwlel, TusB@, Bbce afalal aludlgis
(0}MWBRERBR06TT. EROB0B WPFMWABo Y, afM@
@Ry QlYe0OWIERSS &0) 0w «IBALLOWIHg
%= a)am al@laosmaurlm»)smwadnnosm.

o % o
(BRIEDIH @s0l 1 GREEMEIS Xy = " Ay

Baeleng spaailsm eriveolenanlel. allurlais
OPMHWAREMBHS B OBOAOBSMEBA0ET  ca0sod
Aoaimo, V,, cmosodmoanbodlm, ), agavlaL
alglaosmmurlo-ailuglaiseemwdnsasd monlenss
QULMIOTVo AR08, V alosIi;mnss &o)
MormsMWIs nulasntsnEldlanan, T moaimleim]
N8 &0) UM oldlNemlendoe [allimo 6.6 (a)].
a3 all@o 6.6 (b} H0eMAMMEaLOE! Aloalmo
LOOBLD QIRRIROEONSNG BN Bale)m] BREOENG]
o0led aileilalond, 80600 BOVETIRMGWS QlLdakmo
% @B B, afyINomd Mmoalmiler (T) ©led mog
BIERHDE G)SB)HD0 1a1QaD;.

alkano 66 (0} ofjoatmo 17wk avonmler T mo
apmilg)mms oMb

ALoalmo al@lzosmaudlmmsmWwdnco, @oalailel
alluglagis memwdan)e @yeema) ooilod mland
rigplagi)ialie%="yale)
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alkawo 6.6 (B}, avoseanl eordavlola fGa fo08,
E®@a b}yl o0 Two @B DHIDabo

(c) doaswaaleny (Heat Copacity

DD BOOOD, S0 AUlleoawlcelss alnlawe
Pa1YO2|S)AD  MOalOMHG  @RBOI  af)ERHM
@RBAVHDAN]  GMOENT0.  QAlYlalso  DOAlHO
@RWI0aMs §alQaNHEIG, @MINAG GoaKnlal
DOONMMIT] %2630,

Moaleloal adwm, alhlawe aleasan
Mool @rRaalT) GRMAROe:n00dlan)o.

g = MEmodn x AT
WEMoEEinad aflel aljjaoomlaag aleilaje, Tvonal
SMo, UIE0Ale afaiae® d@rvowlajldlenan;.
r@l@d ()2 ilafla] COBCISE: OB MBS IEEBOHMW)0
af)P)mo0.

g=0C AT
WMoY ‘-6 ®0alwoal® agfarnailglen;an).

D e leh @0, QYla00nEW] allilie gD Mals
BRBHNIN, MIITAIWIBNSS QI L0To HEENROM)
NS VALY RIB}0; QI IEOTNHNG DI IWIBI®
@ROISMSHAINAIMo

Coms melo HSIMEeMEIEE, &o) mluailos
®Balo AULNOGIHIN M3 EMUZPISTIRCSIAD @0almlel
Olael aidwmal &)oanvldles;e. Relamlnng moal
WoBl® AUBHD E)SHHEIoETT. ERGMIMIM ReloIHNg
Moalmlel 9UEOMONS WondSe DB EIYOUUD LR,

Coyes oyaiye asodinomlen eesalm 6¢md
@RM MO e 1Cleno. 80) aldodLuomend
(T

600824 Moaudnalm, O, = [n ]n@)rm(rﬁ a0) G0

aIBOBLOCTISNG @0akLOGImDoe). BRG B0) CRoUd
~IBOBLOETIHG Moa1mlel &) ALK SavuEdaayad
(@ReaImol o) aeodallad) swdom)amalmoniuoy
DOV GAICIDG ~ldl20sMRcsM. B0y WiEIG Ao
~IBOBLOETIHG Moa1mlel &) ALK SavuEdaayad
(20) 96@30ild} 2WATMIM@IMICUR LA Hoal
al@moemaaem  Aluladis@®onlo @rLOMD  ailudlaais
®2alwodl®. &0) aedlomlnag (alyeoomlsag)
®oalmlel HWBOMAMNHIDINUWRIAIW B InlOT IO

e NN )]

@BBAI HEMSBOSRMTIM, al3odLe0Ieg alludlis

MBI ¢, AT M, MIIFeIlanss aomiomio

AT agymlarmmilad v)smilajond nl.

@RITHD,

g =cxm xAT =C AT (6.11)

{d) a0, B BARDUINHADTD G C, e C,ae
maienss sumwe (The relationship between
Cyand O, for an ideal gas)

aqudle aysaim@milad, eoaiwodlm C agyanmlal C,

apamnie, quileadaomlod sR@lam Cp af)amn o

aojailaflemco. mmasd ool oolenas eniawe

A)SEREDMEHWAT MOS0,

aurleayodmemlad, ®oalo, ¢ M GAUNMEIY)BS

aoaedyo, g = €, AT = AU

audloadsowlos, ¢,= C,AT = AH

830) aRBARQRmGEO quosniawla] C,wie C.ale
mrAlenss alm Mo ME)Es laldonoe TIGLonsM
8o 1000

80) 600Ul eRsdIGIG@UIN, AH = AU+ A(pl)
= AU+ A(RT")
= Al/+ RAT

SO AH =AUV +R AT (6.12)

AH | AU agamlaies allel modaelwond,
C,AT =C AT +RAT

,=C,+R

,-C, =R (6.13)

6.3 AU, AH ~gminees eegesncd - aeandldlol
(Measurement of AU and AH: Calorimetry)

& eelod1dlm] af)anyilglen;an ololememowlstiols
Q00 TUEEGSHRIBNEHBBUS DalEwoWlaosn’ Boav-
BOGHB0Q@RHAW]  NINWHalG DDBLRAOQEBBUI
BRBLHOW  SHE1VING.  HeedldlGlvled &)
mlvilmayoaimo (Bos@mE moes] alaflg)an.
&eRda1Q8 am  al®EHIeIRT  all@El W@l
MSEMMT. Hee1ndlalgd msElolelen)m (30l
@B MIUIWIBIm, B Eendlalgdlend moaIwockm
apmlcy  @RClRoSREE), Lalld]l® MSEMETIIG
Ao §algee|S)aN ®oaICDleng @eSAl @)
allSlenond e¥lae. alledsmonilod alm moalrlel
Qleal ALmLTUo RO Mo GHeTROTIOGE Aol msns
QUY@DITTH  TU0a02I0L6EBHM @oIoWIeg araal
eTEa1S1a000.
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() audloalysaimomlas, g,
(i) aurioadsowilal, g,
(a) AU anaessd (AU measurements)

@O IUBOMMEBOS MosITWla] qurilonyosio;
O0IG3 olmlawe HalQHa|S}N Moalo BRSEH) NG
@snidosni &eandlaIQd (allimo 6.7) @alcoullajos.
snaileos ao) quladesnibosni (steel bomb), meimonis,
@eilad (watcr-bath) anodomlaisjldlenan). mawoene
)81 Galdan  vERle:osmactm  &eandlalod.
21N 1051EEIE8 @0alNatise Tuoailemamel afama)
D00J0SMET N1G3 GeNIdosnl BRI REINO LS,
@G OB IUTSNAMT). RILKN TVOWLHWBS
R0) ~l30GL00, (DAL BOHIVIRM BHsOOilailg)a@oems,
auled  genoemilmssled  Somlenyam). enlacld
WHlEN) M MIalo  GEUO0MIIM] AN MI88  Rel
@pWleems ©alQan). @R@IeG  @oallal
o leadls o) 9)m)am,y. Ganosl e:gandlalgd mylen
DalPGHBS®IMNTd @mING Aydaimo alymiomy
OolS)anlel  ERMOIWE  RILINsIUGOHM 2o
NIMWER]S DDBRAYo BRAGNAMD qudlealyoain
@WIESM. DHOMBo V002 IO6EBSIBI,  @enIoo6N]
SeeRclelgdlmasiad, amudloal 10 IO (ol
MSHNAT@IMOE  (allom]  ©alQealsyanlel

I ITICID I ]
.
\\

=, -

Yo T ey B
Dquod moad [
' et L MBI
el
AL =
auomiled .
s oosni . |
& 3o TUTER TS
wRdan 233
agralod
Y

sfliipn 6.7 @snpaeni eenolnlnd
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AUIDHAMUW  DUIHASITD DOV IQIGTNMEBBHO
B6MEsledtajoano AV=0 sromlmocd {aly ol
&a2lgeae|siavlal seendlalgolmgslnel (»laldommo
al} @m0 e  @em1ng moalmlalwlanss
Q@D LOTVO af)DDWINBAD)SHAUL], ¢, HEMHANIBNNG
SPl00. OIM TLHARGL 6.1 Dalgwouila]ond ooy,
5310121501608 MoaKLodlm®e @RGlwsmo.

(b} AH ansossd (AH measurements)
qurileeda@miEngs d0aky@yOTie TUOWOESTRRO
(@RanoleHads@uilad) dRasaN® alll@o 6.8 ©d
&AM fI5)BBDEIOHRKBSE @HeelTlNIgE Dalews
Wlajosm. mmenalooo, AH=qp, (urilendaonilad)
BRFHIMAM0 BRMGHETE qurlendaoniod alolaoo
P alGgea SN Moalo ¢, (AT lal0Idommmoals (heat
of reaction) @RLONIL [AIGAII3CMMagBLOGIA,
(enthalpy of reaction) AH apamcloeaajsiam).

B0) BOIGD 2l IUGOMM@DINW aneInoWwl alo
G QUGN @OakO AlYin0o 2l0)al0s|ERIE:
MoiSae|s)oman). ¢, D& geme)elytoarimocs
AH mp gemmelle @armoowilchkene. Memealoaal
£0) MOAIGRHBOITVAIIBEMEDNGS ¢, Tono
AH mpo wmasnooldleno (+).

D3 ke

| alDdgatomlon e
Gatzsiioaquolid vl

Lo M@ormanaioo ko

afkmo 6.8 autleaduomionss  (awrpelotadeomiod)
DIV GRBIDIDIBG HECON1QE
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8@ qulad esnwosnl seadlalgalad 298K-ad
@RI e aIwleo  aoHavlRed  aquoamlwy
oniled 1g Whoeeang Rieim alewoodaymm;. |
atm a@de@Eoiled MSHNAN  (AIIBEHMOIET
auaniossyo, C (graphitc) + 0. (g) — CO. (g)
af)anasT. {al@lw Msanemioud moalmlel 293
K-@3 mloi 299 K- el gsweyan;. esnivosni
S6e001a1901e0 moalwodle 20.7k)/K eruond
298K-eno 1 atm adsowilele 0D @OMVLI0IR
TMOBING apMPLOSGIATl AYDIOTIo ag)®T

DOMDO

L lalaudomm  oliwlomamled mlan) eigy
Q0BH)AN  ®Oalo ¢-0o, €, apyanad Heenol
2ga1end Moa KLOBID Yo BRI, HEeAlATNd
@RlosMo Balian Goalomlaag @BRAN],

g=C < AT

tal®laidommeniad  mlan
MIIOHG @RBAT QAAOOOIIGE Ml SHoE:)m
MIIO®g  @ezala) LILA6M.  alGom
@B aileanaooidlenio. &00sMo QULlaOOHIM)
Mo SRAEHIAM HIBEM HEEISIAlnd ems)an

{Mdalo.
G =—C.xAT =-207kI/Kx(299 -298)K
=-20.7k]

e1lae) an

(aes emnglal ailamo avyallafles)mmod
L IQIB@DM@DNENG BIaIGHOa e TVIBOQIASET) )

apamem, 1g Woenanglom Riemaomlal
AU =-207T7KkJ

lmol (woesangosm RILINAGWWAIE:) AN
SUDELTI,

12.0 gmol "x(-20.7%J)
lg

AU —

=—2.48 x10°kI mol !
An, = 0 GROGERIITE

AH=AU/=-248 x10°k] mol™

e NN )]

6.4 80 (WOlUUACOMONANRE g BN CDall
AOoMe,  AH-(d@BOmM o) M0 Gha
(Reaction enthalpy)

B0)  OOM AUIEROONE  EREl®O0%E U
2elalaMEBB0W] BOO)M). ERMIOHM M:)H6

BRElHIBHERUE — OBlalNeEBRUD
af)IN) HETHlE900,

80)] 0T AIUGUID GOMISM ST A 6RO} TH
afiLoondadlflenss amidTueo nIdlaudotam
a)ML00M3ail agmailglen)mm). omlam 4H agmm
LI 1@MoEd AUy ailajlanyan,.

AH — (2BIla1MEBZNS @RO®  agBLOoOall )-
(@El:00MHERH)NS EYHB af)BLOOGTAl)

= Z a’ngginJansmud - iZbiHr.mS]ﬁ.\-bf,smua (6 14)

sailes Z (adlem)  of)an @RSWOBo WM
&S0 afAD@IOM T flaflemyam). a;, b, agavlal
WINO(BHRo  DelalaDEBSHSWo  BRElGIDHEHBS)
SV, TOATGL@MTVAUIRYCHIBEl  (IFTNORHEMIUD
(stoichiometric cocfficicnts) @Ry)aM}. 930G
o,

CH, (g) + 20.(g) — CO:(g) +2H.0 ()
Af)aD (B IUBCHMOHOI TV ],

A‘H - ZaiHé-ihﬂTde - ZbiI—Itmélezeﬁmd

=[H (CO,.g)+2H (H,0,D]-[H, (CH,,g)
+2H,(0,, )],

H,, aom@ ¢oosodammdnoadail agem,

af)BLODO3ATNALMOTVo  af)DD  AUBHO  DaldO
lalB@o® &) adlacsm (quantity) @osm. em
aldlDosMo  a@OVWMMGIVIIM@INEle &6) QLo
TUoWle:  ROTVAIUBGNMe  MSOMETUNE  af)(@®
CEMOTo 2l}SOHNENo GRLOID MsM}aflensme (&)
mlvile adsamad) afar 23ade)gl mlvniolencad
@¢lao. Tvamelm qubloos@uilad @oalmlelenss
BRYUBIDBI0  SHEMENENADH Mo DD @BRYUUDY
MG,

(1) (afdB20ld (bt HEIDOAGISNI T il
(Standard enthalpy of reactions)

(T aIIBOMMSEBBIHS o) BLO0GBAll af)aD@), Gy
DO alUBTNMo, MSSHIAD  TVOaD210 L EBRHS
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@Ry 0 afldlan)am). @RME®INE, ailLiaRaosnle
MORNAIDLEEBUE QUYBG0ANG: AfYIDE) BRI YAEN.
830) OOV AINIBCTMETHNG (A I10M061ld: (K alid
oD aPHRNo@ail oM@, alBELSIENMM  oHEK
al30dL0aBale ERAIWIHS (AlAs ERAITLNGSIEN
ol EooMely o T ] DOl O O 18 F
af)MBLOOGRa NIy @ oavmosm).

830y Wluailm moamledled, 8o) «IBRLCInNG
LalROEME@RATN a)ma 1 bar odcowanss
BRGNS (0)ELAIW BN, DEANOSMBOW, 298
K-@8 (300l agnemosisng (nI0osma@palaun af)anad),
1 bar adcEeWeN8s VO)ELECW (BOMG afLOGMOBTE).
ap@;taknel 500 K-a3 oo ooymilod (aldosm
apan®, lbar odcomlenss w)ep
y@IMUoEM.  quowoesmeow] somsesud  (data)
aullealaoyma 298K @oaimlailane.

Gl n

10006l aV0a0 10 8w dyallafloncdd AH
MBI QISR )0INED Meglend] 07 agan
BRswose Gadomond am). ie., AH"

(h) (A1DUAVOIR)AIZAMDIM  MSIN)CAUIF)BS
ag)BLo@Basloymyoave (Enthalpy changes during
phase transformations)

{AIDQITUNIRIIANOENEBU  Tuorallemanarlems
280ajoc ODIRMAOQTVBI o DENEOH0.  DBOAOBEMNO:
QS0 DOYS]AMDIMN  @OGaloBRo GAIEMo. TVOWY
oem@ow] @ (Balla06Mo  MSHD)ME TVrMonda
aoilansm (@O 1EHAGE0 ). LaldITYN BOMGMINGE
m2alilel aurlemoel mledanymm, (at 273 K).
H,0(8) = H,O()); Ay, H® =6.00 kJ mol™

aadles A,rmH“ag)cmm‘)‘ (alEsem@RAUTLOYITE o883
arlsasmafadooadail (Enthalpy of fusion) wosnd.
201 ue120ilEeHwnMEI3, D (IS M3
Alwlod Msa)EBWIo ®2alo  al}Q)aldslealss
AR E9) S0 HalqIan].

(u@rsma@ERUIuOIBd  80) 6@ 1333100
(31 018992|S)BAUIYENISHIMD  af)0BLOIBIAl]
UYBIYITCDDTH 2 BITD: (30dBbosm AgjaBLNdG3a il
@R endsdd B3 BhoMm af)adndadadl, AﬁmHe
ag)myailslas)mn).

0] 10aIBEL00 (3001200 BROXMD HIAKFBIHE
[l HDWET. BRMB®0NS (BUTBOM of)BLOCES

allentd Galomilglaioe. ®elo nietia flealensq|siam
@Iy ®oalo @iz, qudlendsomlene aurle
ooamlawow olgdlawlens (T,) Reowlsng
(1026l 0adia ke agy@Boomdall A, H . +
40.79KJ mol” rer.

H,0()— H.0(g): A, H" =+ 40.79k] mol '

(almostnadsonieno (1bar) audlomoamleilelo 8o)
GBOULAc0IBo  sNoatialls laRna]S;eMINe) 88
afyBLOGIall QI IDTVA0ET (A I0B06T@:6nI0nH A 11
SN ofOBLN0GEal BBLOMID CROSOBENIS s le:osm

aABLOS@3all, A,{,,,He‘

M alkmmo (sublimation) afyan®) &) s®aIBoBLO0
EMAIS IS lAITLOWICRIEN] A0S, 6L
CO. (dryv ice’) 195K @oaraiod aoiaimmaoial
ollgLWAIGIEMINE)B8S  afMLN20dailalymyoaus,
A H'=252 kI mol ' sndeaneel aigen quoaknome
20 clONOHIW  AlEWWRH)aN  Moad mellom

mvesuarwlal, A, H" =73.0 k] mol™.

sub

(A13m5M) s DD AIMMAgIDIGIail, Ay H agand,
yuademadammlone (1bar) ee) mlumil® ®amia
wleno 832) 6HXMA3 AI0aI303LN0 DO almmaileww
DS CIUICIBB af)ABLOIDIAdl UYDLITVDIST.

afBNo@3all UL LOTOWIOR  BYelyo, (aldalauns
QDM@ AlEWLAE:)N Al3odL0TIsel
CHES(MITHONEIERSINS RADIHW @R W04l
BhBNAN]. DBVAOESTHEITIAT, (BOTUBSBAUTLOTIGE VoL
A0 HHAOODEZNR sRITWMOINOGE REIGIAIB HUD
@2oikod 30l sIMUmROOIGIHERIN), EEHIVEHOS
EaldHRIW)BS |0) B8NS [BONIGEHOD o6
aWla] @oimoome aiiwinl- siliwnl Grye:QaHsm
enelssBed @ld@mo B)@snieinosm. GRGIMOGE &)
2203 BIEBIHG MNIdatalleesMOEDIM oKD BOW)
DIENHDUE AUSHB BHJOEIOM BIeln BGIWIS)0 &B0)
GROU3 ARETIEQOETING sNI0aTalle:@8Mo MSEHOM.
aflel a3dLemBass Boflaesmomlamw]e eniatiafl
SHOEMONSWD)o (10206 EafBLO0Ga] a1y@miomy
oleng aillale:w@ agle 6.1-63 modalwlolonyan).
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e NN )]

215l 6,1 Balaasmonilandao midatia NaosmMomlaaf)o (10008 daflBI00aG3al a1yo yoavserod,

21608100 | T/K  |ApsHO/(kd mol )| To/K | AvapHO/cJ mol )
N, 63.15 0.72 77.35 5.59
NH, 195.40 5.65 239.73 23.35
HCI 159.0 1.992 188.0 16.15
co 68.0 6.836 82.0 6.04
CH,COCH, | 17738 5.72 3294 29.1
cel, 250.16 2.5 349.69 30.0
H,0 273.15 6.01 373.15 40.79
NaCl 1081.0 28.8 1665.0 170.0
C.H, 278.65 9.83 353.25 30.8

(I, Ty apavlal @no(@e ([BOMosho, GISMIEl afyarlalmosnd)

Ll mo 6.7

830) N1OG3EMB@TIGEE WA OGNS UGN
mlanadenonad 18z soomas melaloswowd
BRHAUBSMo HalDea|glalenan). 298 K-ad o
R0ID0IEHM 6NICAHN EGIBD)MTIN Agy® Moalo
modemerEl alele? 298 K -0 snnatialle:osm
BRINCIEHIGR DEMNENEN ) dh,

298 K -af maomileng
A,H"=44.01 k) mol*

DOMDO

Gm()nﬂEI)an]cB:@m)LnJLcB:’]@ﬁ)@ mm)’cBSﬂLnJ&ﬁ)Q(aO
ujailaflenoo:
frrp b TR ot o P

18 g H,O(/)—2asineom: oy 8 o [T O(g)

18 g meiowlael enowd agsmo
I8¢

=—= —=Imol
18 gmol™

298 K @3 18 g meinam snioatiallealanomon
UBA00W D0alo
=nxA H-

iy

= (1 mol) x (44.01 kJ mol™)
=44.01 kJ

ALY = ALH - pAY = A

e v

HY - .-\r;g R

e

(nNeoall @REAUAINHGHNOINGAIINE! HalD)R3)
SR B0 . )

A, H" —An, RT =44.01 kJmol™
—()(8.314 JK "mol ")298K)(10 *kJJ ")

A,,U°% =44.01kI mol™ - 2.48kJ mol™
=41.53kImol '

Ll mo 6.8

RO IO @RBEWAINME  MUBIQIND
semad  @eoyolwomd, 100°C eno 1 bar
adsaoilenas 1 mol gelo 0'C @3 ©agmS @Rl
EOOEMUINPIRS BRINGIES0 RO LB IWOMo 61
BNOEN . BafTIOMR (BH06M of)BLOOEA]
6.00 kI mol’ &0 Relowlnng @oalwoslae 4.2
Jg'°Ct 9o amyenyam),

HOHDo
QOGEEBUY N atkihOmo (M allaflansoe:

og1go 1 : 1 mol (1, 100°C) > 1mol H O(1, 0°C);
AH = AH|
eaigo 2 : 1 mol HO (1, 0°C) > 1 mol H,O

(s, 0°C) AH = AH,
@RYOD af)BLO0B3all aymyoqus AH + AH,
AH, =- (18 x4.2 x 100) ] mol’
=- 7560 I mol*=- 7.56 k J mol
AH, = - 6.00 kJ mol"
. AH = - 7.56 k) mol”' +{-6.00 k] mol™")
= -13.56 kI mol*
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algla 6,2 298K-pnga e 212031062195 Lal2a0emlda: CRIBIBD @M AfmBLudadallamad (A_,Hn)

1303100 A H°/ (kJ mol)) 1303100 A H®[(kJ mol!)
AlxOs(s) -1675.7 Hi(g) +26.48
BaCOs(s) -1216.3 KCl(s) -436.75
Bra(l) 0 KBr(s) -393.8
Brz(g) +30.91 MgO(s) -601.70
CaCOs(s) -1206.92 Mg(OH)z(s) -924.54
C oo +1.89 NaF(s) -573.65
C @099and 0 NaCl(s) 411,15
CaO(s) - 635.09 NaBr(s) -361.06
CHa(g) -74.81 Nal(s) -287.78
C2Ha(g) 52.26 NHa(g) -46.11
CHsOH(l) -238.86 NO(g) +90.25
C2HsOH(l) -277.69 NO2(g) +33.18
CeHe(l) +49.0 PCI5(l) -319.70
COlg) -110.53 PCls(s) -443.5
CO2(g) -393.51 Si02(8) @slodgml -910.94
CzHe(g) -84.68 SnCla(s) -325.1
Clz(g) 0 SnCla(l) -511.3
C3Hzl(g) -103.85 S02(g) -296.83
n-CsHio(g) -126.15 S0s(g) -395.72
HgS(s) red -58.2 SiHa(g) +34
Ha(g) 0 SiCla(g) -657.0
H20(g) -241.82 Clg) +716.68
H20(1) -285.83 Hi(g) +217.97
HF(g) -271.1 Cl(g) +121.68
HCl(g) -92.31 Fe,O,(s) -824.2
HBr(g) -36.40

MAiles (300G ELIBRW] ACNEMIDRIAS QL0
QB JMV0 alBleLONBNGDE.

SopAv = Ang RT =10

AH = AU = - 13.56k]J mol”!

(¢) (n13B36a01d @)arlh @51 APIBLI0FT
(Standard enthalpy of formation)

$0) CMIWMoWIdDo, afQalje auOloMWIBH
@RANOVIBY ((xImIeMINITLD ag)Ije EROIDEILS)0)
medlml Sagian RSN LIS BJEI%EBSIG
Ml o)allay®macaymmloetsng]l  aeyan
@Iamldy  aBnadial  AIy@i2ave, @R
000 GMTMHTG (1228201 1D CRIBIBYIboam
apBLOIBIai] aganolwag]s)an). @G (w1 e;
hielan AfHB_:_ (al@osmoaiuolenss  sao) enoud

TMo@EMo, afQilje TOMAEMWBS @RAITYNWIG]
G Salgyan, ERGING AeIsamBInEEglod mlkm
01l B\®DIGIIHUINIT f agD al)UOSEIOD
(subscript) cm;u’];ﬂ]aas);rmm‘)'. R20) 0)8lnHo0ilHag
Lalzosmoalmun 25°C @3 | bar AABOWIENMBB, @Ry
MEIG@DIOR  ofQale TUOlEMOBS  ByalBoem.
DB20CMEV, HHALSNAODERENG (HIA0EMoRITUn
H. clomeasemy. seabasaailmad, aodeniend,
TUWBand ofMTIUWIHS (IDOFTMOUMENSUS LNk To
0. aem@o, C, gy Seomemine DA IE3OHM Q0T
afla maaﬁmmgi@s (12208 0] alld:06m
ag)BLO0G3A )0, @@lam Tujallaflenman nidilaid
OMMAU0 2[0S MR ldlenan;.

H,(g)+20,(g) — H,0(1),
AH' =-2858k] mol™



C (womenng, s) +2H,(g) = CH,(g):

A H® =-74.81k] mol™
2C (w090 a0 g, s)+3H.(2) +4%0,(g) — C,H.OH ().

A HY =-277.7k) mol™

DS (A ILOMROWe ANTVIBDEENTED) (A 10RO
c2oa0d ®)alla:oem  of)BLOO@Ial A,Heog)crmtﬁ'
23hgdl@d U allaflafl5188  GOTVIVACIE:\EBS]HE
Golomel &0) GOUlIvoWEmo BRMINAE LIS
eI alod alan) @)alle\@RoE®aN (ol ]0MeS
AH oemmeamos. (i.c., 8} (e yd: MH0adaloy
owloel AH aren’ Aﬁe). GG IS QLo LTS
22w RE] MIAUGHIAlS(AIUFTTHDAHTT A lj0URS
6213ai5)B80) [Woaslan)d:

CaO(s)+CO,(g)—=> CaCO,(s);
A H" =-178 3kJ mol™

ailosamailgas A,He EHOBIIVY0 Ehodeniesmdlanng
®)0l1d:0Mapadlncadallwel. &ooemo, mallas
B0030030 S0FNUGEMY DEMROGIMD AF) MVOW)HD
sRgled @lmosm. @RLIem "eISH: B)BIe:ARSIE]
MIANEL GRMEOBEIMNHAD, 2}AIHS E2130W15)85
al@ ] aludommamlad manlgss  apaBLnodail
AUYDJOM0 (2102006 00 @81 af)BLO0GE T Rl

H (g)+ Br.(/)—> 2HBr(g)
AH®=-728kImol '

mailegs se) erosgl afla] @6NE GAOWB ©Llalm
BRI BRI naISHD)IesEBgled Mmlam)en=o
SYMO. LE.,

AHY=2AH".

BROMOH0ENE TR lBH0]a] OOTVAVARIOSY@T]OEI
UHEMOEHEBHZGWER. 2 B306ME a0dlajocd HBr(g)
O @)al1ld06m  afyBLO0GIallnw  aUailafleayan
MUAUID L0 )PP SFla)o:

2H(g)+ 2B () > HBr(g):
AH®=-364kI mol '

aflel  aIB0deamales aI0m0emB0)allaasm
afBLOBailed algla 6.2-08 modalolalenan;.
{nl@ostnoimun@ad  audl@lealgnan 8] Oyeld
o6, BROHVOT, afQQlio MuAlGGWHS GRAITLO
@@l To WAl B6) AeIOmING (o I0A06IT
01 l30MafBLO2O3A 1l TLoWarsM@o] R ymow]
O UMD,

e NN )]

MleBud  B30) Odlendd  ofemilmIwooasmanoe,
SOAVY o odenizemglam  alleeislafla] eeels,
036N ITBHHnLSEHHHTIOL afaTImIEn0md of)m®
@0alo ERYUWDIAESTNAT ERAIWEMOAAD]O SO ).
GBalo afE aIB0BLOEBAe GRAKDIHS (aIR0EMoQITUn
HSILI0REMAN o SO}

CaCO(s) > CaO(s) +CO(g). A H” =7

mailes Mm@Hs (aIonosmlss d)alleosm agfyadlnod
all&@ 9a1WIUTla))dElen (a Ml ladommonilend
afBLODGEIAIQILM2TVe  @:EMAENISNINE @ ¥lwyo.
N, shaes Modelolg)8s Halom) TUEME: L0
DalEITando.

AH =3 A H (gelumand ) - Y b,AH® {erdlaaaand )
! !

a, b apamlay ©VIOO(HBo  DElalIMEBRIOSW]o
@REl@®00MEARB)HSW  OITLALAMIE Ol
WIEMOEHLEABHS AV allaflasnan). €D qLAQI® Y0
&0 &odeussmQland  aileaismood
(alGE0Uilajowd,

A HY=AH[CaO(s)]+ AH°[CO,(2)]
— ALH[CaCO,($)]

=1(-635.1 k] mol™)+1(-393.5 k] mol™)
~1(-1206.9 kI mol ')
=178.3 kJ mol™?!

@osaeam CaCO; 90 afleaismo 80) G2aIGUOOAME
(alBEmMA0HEMAN o,  MEA)H6) DB |aNEBBUI
elElansmans: 1ol grmlam 2l]S0ERETORAN o
ANIIlEINGER0.

(d) ooasoavavacrdmsfsandd (Thermochemical
eqaations)

ool B0 COMXTVANIIEYCOMNSOaje A
5] GaBO@MPIMIAN  TOAUCE 6 T WOEIT)
@Oal@OTVTIAUID: L0 afyaNlgElen M. Homoo
TGRS A IB0BLOMNSIHS ADE00INO)e
(@)elamaoalrunw)o) aujailajlasman,,

C,H OH (Y +30,(g) > 2C0.(g)+3H,0(/):
A H"=-1367k] mol™

DD BITVTVAT®@Me  (BO0IGNIOEDISIONN, &)
mlaile ooaimlelene adoamlelmss SRIEMes
ayallaflenian). apA@BLOoGIaNIy®m yoroalaagd



DN dého

omnQlaiailamoe M)allaflonymma, @e®mo)
M2IGN0 2 1B IIGCHHDASHMHTHOE),
M KBITHTUAUDE | 6BB T MoK 2] ailel

alomeN® O1le:d sodailTleansmRoy BRI
DS, AR Al}AIRS GalBHD)Im):

1 mun1e@la] MIAlOITL  TUAMIG L EARSIH0
M)eMOEL BB BRElGID®HEERB)ESD]o DEelalam
RS ESWie GHoUd oQ)GTﬂQ@(UTO‘J@GGTDU o ailadl
ENMND, 2Fla] DDOUDRHBHS af)SMeTHWEL

2. UBOUSBLEOIES aU)a flaflen)am, aIBodLOERS)HS
GR0NA af)FMEOOID (IGKTIWISElEnmm aTvea i)
nenpooidlone A H Tonssd. Lwoaoamle
aBooddall alymioave, AH  aganaial k)
mol ' aam agdmo (unit) GrROlolen) ARG,

oD TUERBIalNe Al Belemam@Im, a)oes
Gal3EOI5IB88 GOTVAINGTMONNG LalBlald
OO afBLOSTEBal]l  @HEM BN L) INBHBBHNHWAT)
GOBNV:

Fc.0, (s)+3H,(g) > 2Fc(s) +3H,0(1).

algle  6.2-m3 MY («l0@06 oo allansm
ofBLOOGIaile@es ailel qurleolajowd
AH(H,0,/) =-285.83 kI mol ";

A H"(Fe,0,.5) =- 8242 kI mol';

13060@, QULNKTOAIG L0000
AH(Fe s) =0,

A H®(H g) =0 )T EERED@IG1H9)0,
f 20 -

@REERHMNHDE 10,
Afﬂl"’ =3(-28583kImol ")y — 1(- 824 2 kI mol ")

= (-857.5+824.2) kI mol '
= —33.3 k) mol™!

m0ilns LwAGIGANEMR ]0) 0040, BEMER)d)Sailod
2aI6wafl5iss 1eMomsaRud MIBGI0 TV U3
DO(@206M; MHlEMOOTVIVRANUIE L CITlHal R0602
al3odLoOTOMOIe  WEMoBEBBoSMAL. A, H 603
aBebeno (unit), kT mol | amen’. ead BRALOAHE)
m® o allel 80) 6roudaidlatidommomia,;
QIS AR@OREMADoEM. MSHSFlEd av)ailajlajm)
Gald®Rl, RO} COTVTVANIDGIAOT &BO) (AIGD )
NG 2elennd Tualeolalodd @Oy LalTilalud
TMMESNNG G0} FRUBaGENOOD MBI NE)aN).
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mmgomgm”’l(mmmomﬁ D (o NI@OmOsEm Toakesd]
ENINHDELN03, 2EID0MDIW],

;—Fc?Og (s)+%H2 (¢) > Fo (s)+%H,_,O (1)

agyMm2am @oruaLAlE:ReMeBE0O8, D (al®alod
@mMNo BRsal &0} eRoWialmalndommacwloles;o.
@RGjoud A, H” o)),

3 -
AH!= 5(—285,83 kI mol™)

—%(—824.2 kJ mol ')

=(—428.7 + 412 1) k] mol™

=_16.6 kl moll= 1A H

@) Tojailafleman® afMBLooadall ofan@ aldlRosm
aurdl@ (Cxtensive) !smWSamossmanos.

3. 8B0) Q0THIVANUIGAGON of@drlnalelngs
poeylwocd, A, H" & allel o3 ailam
OYBS@EHIAN.

HAOREMO:
N,(g)+3H,(g)— 2NH (g);
A H"=-918kImol™
INH (g) > N (g)+3H,(g);
AH” =+91.8kI mol™!

(¢) saoqyload quolomaanvascinmloas (Hess's
Law of constant Heat summation)

afyBLOOGA BO) @RAIMD NOW)EMR0ET, @RGIMOO3
aQy RGBTl @000, @RRLIUTON {(ERElS:C0E:
em3u3) ©lod alan @eMmLUNVN (DEialheanyd)
Wlealonss a0dwaom @ Uoelananlal aeQoe)
MOOWIGE  ol0sHIMOTE B30  Lelllalud@mmoe
(MoRAIYAOHIANE  BQOLISEIRKSSMEsIEN, &6
WldHo 2alGEBHLLHSWONSMELIL 0  BRM1H0]
afMNo@dailay@yomve Mennooidlanie. momlam
MNP HaoINWAC afan NVIRIVGE Mialt0do
(nlmiaoailanso:

80) IO aIU3omMMe MSHDIAND) R1H0WW]do
o£15683E1£1)0S WINTNELIG) APMINAY (21003 ]
Ll aIUBTHMN  aadndddadl 32603 Apisaml
D010 (ABIAN LD AT AIUGERMTAfMIL0IG3 Al
RS B TN B ID1BNasy) 0.

80)30a00moled ®lm ov  mloscwledd
(DWIMo AMMIILINGNl0. a)AIHS Gal3Omilg)ss
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Ll alold oM omInad  af@BLOsGallalyom oo
al@leTTEE 5.

C(wooean §,5)+ %O: (g)>CO(g)AH" =7

CO(g) armem (alwom ElalMaAEIENe of)EJ06D)
Goowyo &»)0a] CO, (g) &5 DNE0&00ME.
BREOSNE, OGS af)aBLnoddailaly@yomoe emdlg
ARAHD) S  TVOWIRE]. apanieyanoello, MO
(e IB I3 MODMINE 2U30qSI588 A IBdL0mBBRU
Al®®S)09)aN 20Q) allel @IV (alQIQ O M 6aB ud
al@lnemla])n 26N, Ma)aEs @I 08
LD N AIUBOMDOVINTG  af)BLO0EIAT QY@M L2TVo
dHETNERIDDI0.

aljales eadamlgss @ lalud o mesn ol

al@leTTEE By
C{woeoan g.5)+0,(g)—> CO,(g): ‘
AH*=- 39354 mol '

CO(g)+ ;—02 (g)> CO.(g);

o . L, (W)
AH  =-2830&Tmol

MY O Daludommsng)e &Sl Galdom)
DS MA)BS BPAUWDIMBS (al® ] alUGEDNOI
CRIGADOTV0, TVAUIS LODIHNG QIRIT )OI 630)
ceowd CO(g) Slg)m@lm aquanne:io (1) &M «f)mid
dloolonaslawemos. @ailes, Mlalo sladld
ol MM )aldhoo, TUNEHE]DMD ) HO6TR
A, 11" 9@ ailamo aila1plmace:yan).

CO. (g) > CO () +5 0. (s):

A H"=+283 0kJmol™ (iii)
aeanRayo (1) 2o (i) 9o &glwood, ma)es s

UGG Lo &15)o.

C (LU’JOG)G) an g}_._.S“) + %OJ (g)>CO(g):

ArHﬁ = (—393.5 + 283,0)
=—110.5 kJ mol™

HaDMON alsomod, A—>B a) (Tl udommo
20) D2GWOETITE MSANGTUIB (WM I ICIGOIHM
afadno@dadl A, H 2o, ailailweeigamud 2waentss)
M@)o BREE DEIaIMo LIGLAOEIIMMACDW AOHQOD]
nodwomlenpswoasmelod, AH,, AH, AH. ...

e NN )]

apamlal  allollweaigaEBzns oI®lalcidomom
af)MBLooBa lagnoesTesod,
AH — AHAAHAAH. ... (6.16)

OGIHM MEMSBS 2AUHS MBS V)5 BB®}Ealonel
LI W @800

Al

[A]l———[B]

J(A’_HI T/_\.rﬂB

Alf

6.5 QOMOMBo L @ (NI B O MBBBIRS
ayMlnowdnlleid (Enthalpies for different
types of reactions)

LD IUFOMo o) GOIa)SBHeasMandm]
MM Gla]  apM@BLO00Saild:Ba8  Gald)MEda) Mm@
TUDEH0 (132090,

(a) (ap@sMle:  2IeINagMIeddiall ((amdo:
AH") (stanndard enthalpy of combustion)

2SI COTBlalUGODIMEMEd  TROAUODINS Moal
G001 BEERSIEM, QILQITLIW:, G0ANY AllGanIeMo
oysemd]l Rlalloanileng 2g) el eralawmglane
BBIMA SO0 (A IDWIMLAB-0IEMN), B6) Ghud
al3odloo  Wanooilm)  AleW@noe)EmIoud, o)
W@ ®HaINRIPIGE aDeld BREI®HIOHMBS] 0
DO |MEEBH}0 (aIN0EMOICIMNWL WG] L0 ETIUD,
2AH of)BLOOG3a ] AULDLOTVACETT (o 0RO, ERIEKD
aPBLOo@Ball afIMOIWe|SHaDG).

MAeilenz20)eHElod ERLAERAT aldald0IND @13
@symenw;e snyegdad (CH,,) ersm. o) enoud
nOsTR  al@smoowio meIMOMIMmaileww
modyeauoud 2658 kI ®oale quimiamaoss)am).
OGIHAZ BOalOOTVAVACISHL0 21QIOS C2130WIG)
BSBONEINLI A PIMIo:

CyH (g + %02 (g)—> 4CO,(g)+5H,0();

A H" =-2638.0 k] mol™

@M CaloBLl,  QEHOTVIRA  RIBIKMo  O)Elo
: : -1

2802.0 kI mol™ @oale uImHamade:)an). GRalead
aliBemNacw MURGINH: o DEBAMNSVP)@oo:

CoH L,0,(2)+ 60.(g) = 6C0O,(g)+ 6H,0(1);
AH" =-2802.0 kJ mol™



DN dého

mEmes WATECMIE G0l avlan oodeo
MO o S1EDO ]S 1N MM CaOLIM)BS RIS
Lol &1 WSS e SWosM. a)aNOGE BRABIA Ddda]
IDEBBE Ui SlHNOAISIM@ BITVOUTIGUB BuBaa]
Sy M50 4] MH1EEM SHRUITVLAUGTHD
sERSlENASQIRENAN AN Mo,

Ll Mo 6.9

298 K ene 1 atm odsamlene o) 6noud
asnBauil@  miemomla)  allewnodan;.
mieimomanee CO-(g), H.0 (1) apavlandasaajo
3267.0 k] @oatane TUIOIDEOSID). 61’].!03(1‘0515)(1%
{ ranWnd cd d cWF2Ym]n AH
@mansas)d. COx(g), H:O (1) apamlawes

Lalomoemild  @1alldmosm af)BLNdGdailseud
wlo@e. —393.5 kI mol™ . — 285 .83 kJ mol”
af)THsaREXN OGN,

DD

oenB1Om  0)alle:oamamlialaIdomdmo

2NOIRS Cal@aniany
6C (wooe a0 §)+3H,(g)— C.H (1)
AH"=7..(7)

ST BIIMOHO
MOAIDODABRARDE: | 0:

auallaflon)an

CH (1)+ %02 — 6C0,(g)+3H,0({);
A H"(g)=-3267kImol™... (if)

COxg) . H.O() agmlaumes oallemosm

B IDOTUTUAI B L6833

C (Lmos)s) a0 g)+ 0,(g)— CO,(g):
AH" =-393 5k mol” . (i)

H,(g)+ %02 (g)—> H,O({):

AH® =-28583kI mol® ... ()

TURNU0S Yo (111) Om 6-0H06NE}0,
(1v) om 3-6mosnz)o 13612 |0w3:

6(?(&006}@ ) g) +60,(g)— 6C0, (g)
A H® =-2361k) mol”

311, (g)+ % 0,(2)—>31L 004, 11° =-857.49kImol”

am

M0l GEMR)odh)S] TUELBINe Msemlwaed |
6C (inomman @) +311,(g)+ %Oz (£) = 6C0,(g)
+3H.0(1):

A.H® =-321849kITmol? .. (v)

TLAUDS Lo

(i) o af@ildslueiensslanwR) ailwons:

6C0,(g)+3H,0(1)—> C.H (1)+ %Oz;

o {vi)

@ yo (v), (vi) aganlal &)sloons:

6C (LU’JOS)G) an g’) +3H,(g)> C,H (I):
AH" =48351 kJ mol™

AH® =3267.0 kI mol™

(h) @nepanlaoan gadoosdadl, AH’ (Enthalpy
of atomization)

HNOLERNTG @REZ021E:06Me DBIRNGEMAW]
22130 BBT A lBlNETIEn)Es:

H(g) — 2H(g); AH" = 4350k mol”

poascobemliael H-H sniaowmo @301aflgosn
H opgamd 96mRae)Mm®m. WD lalslow)es
a@BLOo@dail  iymoTVA0EM  @RGQIAH:06m
a@MBL0G3al AH oganlna s, £ 6oy ¢oud
SRIMLMOD ~l)@sMnoeo M)Fla] AUOM01MON]
BNS8  @YQEMsUd  BIBYBISIIN  lallslww)es
ayBLOOIA Y @ LOTUaseT.

HHBNAOAEHM G |08 BRYIEQIAlHGMOMBHB
Miosumufla)  @RGQINIEEEMagBLOd03adl  ag)®
srunumailaeism  agdnocdadll (bond dissociation
cnthalpy) avaamwosn. arREQOAlE:EeMaABLO0G3 las
2g; 22l 9E3.00sMsI3a0s:

CH,(2g) — C(g) + 4H(g); AH = 1665 kI mol '

(ELIGENERE AUTUM)® DEIAIMEMRW UGB LI
ooilanss C-aajwie H-o00dw)e @oQerud moimacesn)
AQYTHDE).

aljOURS CalREDISBS (D AIUGOmMo WORLIE)E:
Na(s) — Nafg) ; AH" = 108.4 k] mol™

0ilas, aREOeBsMaBLEo3all oot DEialm
afyABLO0@Bailes) @)elynosns.
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(c)  snImEmagadndadad, A, ) (Bond enthalpy)

DATVERIMLMEBZHS Mldademane M)Flanannosm
B0) M (alUdEHMOTIGE MSED)MM@. O
NIMLMo MFENM DDBR0 @YAUWBLAST. af)NICI
BINENITWMo B )alladldne]s;emioud 9vdR0
TUIGANAIEHIAD), QOTVENITWMONDG  ©)allH0
smallo  MOlENEjo  MSSNEIUSPIAD 9Ddm
ALV, ITILAUBOHMm af)BLooadail (heat
of reaction) wjo MENG3 NKNDAIS)EWOMR BFlav)o.
BOAVENIMUVMEEBZ) POV UTWHAS  f)MBLOOO3a
AULDIOTVEBOS  FRWOOROSHT]  B6NE  QAULD TV
alBaBBUd MOINGHEHIG Dalewouilen;an;.

(1) snowmaleaism (Bond

dissociation enthalpy)

af)BLOS G adl

(1) weowdl smwDagadnondall (Mean bond
enthalpy)

30EQIRldnls, MIn0)@RGRNIla:QNINTY MMMAMHHB
BRSITLOCMEASHES] MDA DU 21Ba] H21Q00.

3100CQIALLMMMI[Mh(D: S0) AU HOaOWERD
almaomlaad (H.) snowmeasd  aydlessa]s;an
LB a)OIRS Gal@H93aD).

Hg) — 2H(g): A H" = 4350 kJ mol™

11-11

DY (al@&loolod qvosallanan  afadLnoadall
alyasoauasey H-H snowmomlaad  eniawm
allegIsnofadLno@dal. sraMLMAIREIST af)aBLD0EG3Al
af)aDEI, AUIDSHOAUMLOVIERBS S0 GROUW Tvad
TOOGWORSENINWMEEBUE MITEN6S QUIBHRIUMN
enss 9elalansaBed  TUoRIMEOB)IN  (alllw
@Hal agyBLOdO3ail QILm LTLA0S.

wailes snimwmalleelsn afadnoddailwie Gpegoal
BOM af)BLN003 kD)o MBS, af)2n GILOGGIKIls:
MO @BHHS  TVosnNLlalle @@ Go@lwosn.
DEDCETNITKT:

Cl{g) — 2Clg); A H" =242k mol™

L]
0.g) — 20(g): A, H" =428kl mol™

)1 Vo] m(ggamToe)@(mameesﬁ)g TMosTUMU a flSeEmoso
80) MRUMPIDEl MHAD AULMLATVD SUMLEEIHS
snumwmailecisMagBLoodiaileed  alymymimnogi
@laeno,

e NN )]

MInNENEYIBlLM@MI M ud: dlandem (CH,)
G DRBIY)BR GO) MIn0)ERGQIALGIAD al@luami]
H000. DMDG  @REQIAIBGMALSIWWIHS  Ald]
Al @SN MOalGITLTLRUIG:LD alJUSS Galae)n).

CH(g)—> C(g)+4H (g):
A,H" =1665 klmol™'

alaodmied, moei C — H snimomsssglnaiatoe maam
RIMLMSN3FRI0Ne 9DERALe BO) GaldHLIVD
G, apilo)Mmoalo, 80600 MBISOIIENs 80600
C - H sniowmeommio 230l60003 6oleTe 9Dd8R0
QULE L TBRSTD.

CH (g) >CH(g)+H(g):A,, H =+427 kT mol '

CH,(g) > CH,(g)+H(g):A,,,H" =+439k] mol '
CH,(g) > CH(g)+H(g):A,,, H" =+452kI mol '
CH(g) > C(g)+H(g) A, H" =+347kI mol '

BRI HOETTE

CH, (g)—> C(g)+4H(g). A _H"” =1665k] mol '

DHOMBo TV0a0aloLesBslod Mmoo € — H smmwm
ABLOIDIalldB@|OS  DDINO] DalEWoslomam).
DZrh cW anb n CH, -8, Ao H' &emanosn)anay,

Av yH" = Yi(A,H")Y =" (1665k] mol™)
=416 k) mol™

mailes Mmoo @osmamoy CH,-e3 C-H  suowm
oilng wowdl sIMLUMagdndail 416 kJ/mol
@YHENANIEM, agnond, weswal C-H eumwom
af) BNl aile,ud TUo W) SOODIEN 0
emalwem oy 1od QLB 2T6a|5l01H0)0
(CH,CH.CI,CH,NO, apamaleaim)Galiseal).
afyM@MOE, alGoH, DT alelwemomla)ss
QY000 EMRIBISN. HaoTM@oio Dalgwoila))
BN GUMNLM  af)BLO203alld(d  BMaDIHnIN3
&Elwio. 2llBl afjdh, SMAOKENITWMEEBHIONS STLTUMD
af@BLo@dall melemed aIgls: 6.3-@8 madeslailal
SN,

B2EO0

&

SHNEWATNUST aPaFNsmEn lan)asa)e 290001 SHNEDeP IS0 f0s0o o knTdo BO0)DHITDISIT,




MOINTeds0 203
alglas 6.3 (A) : allel WoKNE] ARRTHIWMN ~fBILETiallajeymaed k] mol ' 298K-g3
IT C N O I S P S Cl Br I
4358 414 389 464 369 293 318 339 431 368 297 II
347 293 351 439 289 £ 4 259 330 276 238 C
159 201 272 - 209 - 201 2473 - N
138 184 368 351 - 205 - 201 0
155 540 90 327 255 197 - I
176 13 226 360 289 213 S1
213 230 331 272 213 1>
213 251 213 - 5
243 218 2009 Cl
192 180 Br
151 [
aiglas 6.3 (D) afler e THAD}INMULM AgMWWOGaln)eym3ud Kk mol ' 298K-53
N =N 418 C=C 611 0O=0 498
N=N 946 C= C 837
C=N 6135 C=0 741
C= 391 C=0 1070

AlPQTUMULMEESEHS MOlanalo Al KN EER
MOS 0)allsH0emalo DUWHHNIBR/IAN  BOQERI
Wlanosm (alTia IIB@mMafMBLO0GIa e menGm;
an@} ofHAN@INGE DA AUBHEWWldho (O3
@RBAESHBoeM. aflaildy ML agyBLOOGEAN @3
@ROlWIAAEI0, AUXMEmLOTIENSs 60) @I
(IUGEOMOTINWR L@@ @D afyBLOSOI ]
(a2 {la0om @Flonoe. (alaseSlea kBl aludomm
afABLnoadailw)e (A1HE') QU@ S UTUOV] BN 8D
BRElSHOD:HBEB)ESV]o DEI MEEBBESWIo EIIAWM
aBLO0EaleSle GOHPWBS(akHIRe MITWHSIO]
BN,

0
Ax'H = Z 6N (1 €N n@ﬂﬁ[ﬂf}({fﬁnﬂ [ Y] oM

—Zsmmum MBI 08 1] (6.17)%*

il W AT ]

D ENITWO (nlEMYdhlafio DalEOON(nIBRA0E)ADEY,
MAEHOUUWR |2} 8D A,H“ DYEILEEBUD  BIBIALIO6H T
QUDYGMUOPOSM.  alB (A lUBOMafBLOOG )6
GRATVIDA)EIC af)ANlOWIADD) BREISHIDE GO

Bl a)2l0 MWLM glo  B}F1EH MmN
AUWDLNOW RO DVIROMIGE @l @elalmm
HOO@HFOE!  afLld  RITWmaERaie  M)Gleman
BIMOAUDYROW FRES DDBE0 GO HH)IDTOETS.
0iles RGN 30040, @D MIMLL BEOSHERUR
ailsi@osm  @O)AND  aIDMIEM; BOLMBE! DO
LaleoW]a9omd  HFWAN®  afald  ERES005,
DI RN Tar )b ReT o m ke tvie i Walun[=Tviatag kst ian)
BOLD0ETTY.

(tf) =005 B100034101 (Lattice Enthalpy)
B0) CO0Ud GREWSHIMGTUoMAMe UNNGHIATLN
0lenas ERGIHE CLISGEREWsM ka0l allnals]
SN [l WSS afyMBLOodEall QILGTUNOTN By
@REWITIBMVW BSOS 20eilddaf)adlOoG3all
afyan) adlglaman,).

Na*CI™(s)—> Na'(g) + CI" (g):
Apie H" = +788kT mol !

Fttice

E e BICTITADNINDY FUTWDR el oabapaditoniad (A0, ). oo, s ey geniglod whnt se) Dleailooed

aumLmeta) sin) vl 2pasle MBI CTUIR)EE a)I00B3al AsorgaTue, IRSsTHETRI

-'irH- = Z L\fH-ga._ﬂa'urur.ﬂa' - Z —\'Hrﬁrﬂ B 1
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2R0eilB0afBLNGsall  alolomsmmomlenss emalg
BOTRONINM alQITCMDNE®H6NE BHGI) BIGNOWI
ENHSWOET @GRM  GHEMENVDNND. DO Now
GENINEMR-GanenI@ alldxa (Born-Haber Cyvcle) apyond
Aglen;an  80) of BLOodall @D 6L 2 1G aosTTY
Daleouileman® (allimo 6.9).

Na'(g) + Cl(g)
= _
E 1/2 'AbtiNng ‘3
2 A H
Na'(g) + 1/2CL(g) z
—_— == =
- o'
g A!_HD
3
: Y
g Na'(g) +CI'(g)
3 — =
+
Na(g) + 1/2CL(g)
\—J: '§ AsnhH"
% =
= '3
2 B .
Na(s) +1/2CL(g)
o I'_:; AI-HG
—_ '
F
+ 2
i/

NaCl(s)
afl;@o 6.9 NaCl 2af moallas oadinoddail

AITIRNADDINAB aaBdiromds davmie:

Na'Cl (s)-008 moelas of)@oall al30I6S
GalBEaD NoISEARGILNRS EEMERNIElo:
LU EOINNG DDalBMNo

1 Na(s)— Naig)

AsubH') =108.4 kI mol !
VO WodRQEERMHS BREWOEN1H:06Mmo

2. Na(g)—>Na (g)+c Hg): AH' = 496 KJ
maol~

@%arﬂ@c@ aflngisme
l al al
3. 5(412(%)_)(41(%)

|

EAbm,H'“" =121kI mol™" | aflagism agod

e NN )]

0T lO®S ald)@woe  LalGilLaludomm
afyBLOOOBAl.

CaRoGIB BRYQo MEKHGLSOEM GNMSIAD],

4. Clig)+e ' (g) > Cl(g): A H "= -348.6 K
mol '

@REWENFlS06T ofBLO@iall, sneksessen arydedlo
aPR00@all aanleWeENOla] @emlg-3 @
aldlaflg)erE. @LIOALOODIGE DD A IR 0AKNTIE
@ol@d alan IS8T, BYM D al3sasud
E)ald0o @REWINMIGEMEMAER0, BIE,; LSO
L@ eI @OH aaPlIwoilo;an) eewononilensnzo
loym®. {(@opvomanlgss miowlaosmo
EHOETT) . )}

BANCITM 13 0am PDIINo WIS GSIST
aimlaioml)s (lonization Energy and
Electron Affinity)

@REWEM1BEsMDDARA 0 IBIGE.SIM (alDlal
ol GH0IBI al@y@oNansm Mmdolalleneg]
SISIB8®. 0G af®} GoalNlaIlans ERElGI0E:
EBMHSWo DEIAITDHBZHSWio  MalWoal®
el B @&)S] HMEBISHEIS) GO 6TE.

M(g) > M(g) + & (@ecmosmiemosmo)
M(g) + & — M(g) (eisasiend auledlanas)

apmlames, T apon @oumlalenss (ol
LalIBEM  agBLOOGI 03

T
AHY(T) = AHY0) + | A,CdT

0
mailes soeeoamladoie €, aele 5/2 R
(C=3/2R) ema)ym)
BROeB:sNE A, .‘f =+ 32 R {(@reoosmlkasosmo)
A,(.‘pB = — 52 R (melsesoem qullacland)
AH (@rewosmla:osmagRloociail) =
£, (anecoosma.cemdse) + 3/2 RT
AH' (oo18,6(506m HODIBag)BLOo0dail} =
A {meide soemdiaimlaionil} — 3/2 RT

5 Na'(g)+Cl (g)—>Na Cl (s)

DD (alHlORAOS @S5G WOW 0alEos all@o
6.9-08 M@HIV]BlBHAM). WO  EENIVEIB-CaO6NUD



DN dého

all@o  af)DOIWHASIIN]. DWIDG  LalED §HDm,
OBl S1SIBS afLl afABLNoGadl Aly@ LoD
EBBAHSW0 BROSAME: al)ERIVIB]ESRANBGIDE.

s)nnq;g QAL lBHI00;

A H®=4112+108.4+121+ 496 -348.6

lattice
Ao H" = +788K]
NaC'l(s) -em avosniarusla)
NaCl(s) > Na (g)+Cl7(g) eailes

DB MEIBUE QD001 NDIRINWG)OB:06E
(=4, H" - 2RT = +783 ki mol

faitiee lasiiice

il M 20ell@0af)BLomdall allale.g)e ®oey
@aV1588  TVAAUOE: M0 DalcwoWla] elrom
afyBLO0EBail BETNENL600;

ASGJ"HO = Afam'ceHn + Ahyc‘HO

&) enoud NaCl(s)-od
20e5:0a)BL0oG3ad = + 788 kJ mol '

IQ.J.MILIe = — 784 kJ mol ](em GULGLIBETRIGS
aslan)

A_H®=+ 7388 kI mol ' — 784 kJ mol '
=+ 4 k) mol™

armow® NaCl(s) om eromawled QIganea;0a]
®ald2go BUMEH DETRIG:IIN)BB).

(¢) eIy dBiadsadl, A,H’
Solution)

g0 Mo Graci BRSNS B0) 620Ual3odLbo
EROlHMEANUOPITTROE®IIN af)BLODG3 QLG LOTva0sT
@Ry al30BINOMISg  LIMaHRRLNSGall.  alB0dL00
BRMANAOW FRAN ERVHOBIGE £I0lenEmioran
afBLO@3aTl QG LOTVHED, BRMOINEIV] eNBallom;
EMOYST BIPNaRILO0GI agan)aiglasan). e
TUBDIOITY @REIN)BU3 (@RLOAD eflNmMmoLmES )
ooflenss @pemy2m el (inleraction) Moanom
BoH@ a0,

®/O) EREQIEMIGIVOMIEMo ®Q) BINWHOTIG]
BINEN)EMISW, EREWIIM)B3, @oAID®S (HIAVG]
moailaeal (lalice) ¢ 988 qunomessled afland
allg)Ga10aman;. BnRMIYIG @rOl &:)SIEGI TUIGD
A0YIN). BREMIASIaje GEOAD DD @REWIMN:UD
allewasewoma  (solvation) owlad  {(@rilnols
B30} REIBOSsME; |G, REITUoGWd RMTmIad
[hydration] alewwmos;am). OO &0) GREWOSTHIE

(Enthalpy of

203

TLOQEROM  TVosnITWa]  af)sERem Wwolclan)
HAMDBS BlelEoel 211015 Galdaa;an).

AH®

AB(s) ™" 5 A*(aq) + B(aq)

&J.ul‘.;crHe A H °

tadd

Alg+ B

AB (s) wes moelasaf@Lnoddall A
HDN0CWaHd  of)BLOsGBall, A;U,.{,Heog)cmeqngms
2RI eERW  @ROIWINARIGI  GRMINNG  elwm
AfBLOIOFad]l @:EMBANOBD0F SHElw)o.

A_H"=A,, H'+A H"

sof iattice ard

@BRGVIETIBHITVD)HMEBRBHS St AyH' o
meo Galomilglnl erWldlen)o, @MOWD, LIWM
I(BID MOalGUBlaHM0WTlEN0.  @RO)HE:IME,
Moalflel DWEM@IMMaLEla] Hles eIsmass)
H5Wio WEITWANSS GRINMIo &»)S)aN). Roailse:)
ap@BNo@dadl USHEHSOENaME G, R
TS @WHP EIDMo BZlo MSHIIHEIM) DEHAN
alOWoo. af)ABHOMEoM Hlds) afB)ee00)HS0
TUAOMAIW  CHINOOMDIHERHNVU 02 J}BO (Do
elolemm@ ? @oeila:d  afy@Looddall, sriawm
afBLO@dail apavlaas alleksud madsiulgas
alglBWIHS TVANOPEMNINNS aflBAMo gy IILOCO3AI]
QLM LT DEMBEIEHANT afjdhGR00 B)nlo DENIE00G
S0,

() emdojlondd agabdicswdal (Enthalpy of
Dilution)

aorlomoamleilans pdsaoilene a0) mlumilo;
@rsal alme mlumilen ersal cnwHemod aroflaf)
Gal0)ID (kSRS afWBLO0GIall AILm LoaVA06)
BIDMaHBLOGIall a)MLe|S)NG. ©D Q1dde
B2101®  GRBOMIGWINS of® LRVHOMIMo
SNUDWDGHAIEN00. BB GAWD BEOADERICHIONONL
AUXMEne 10 G008 meIewlol 21Ivlenyan (alie]lo
WS afHBLNO@Ia] AUY@LOTVo 210IBS G2 1d@ESBs
TURNUCS L0 BBOETE {al@ImIWIeEl800.

HCI ()+10H,0 — HCl .10H,0 ;
AH =~ 69.01 kI mol '
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AIS GalB3O0ilg)88 afymMnondail cuymyomuERdd
alBlneilando:

(S-1)HCl(g) +25H,0 — HCL .25H,0; AH =

— 72.03 kJ mol™

(S-2)HCl(g) +40H,0 — HCL 40H,0 ; AH =
- 72.79 kJ mol™

(8-3)HCl(g) +cH,0 — HCI «H,0; AH = -
74 85 kJ mol™

AHo} ojenysmed  auailaflesymad,  alwom
Af)ALN0GIAdl BRWHEINNG @RzOilam @R len;
NOAUANIE.  &HIS}HO8  &)S)ME3 B Eo
€21880;MDIMM)TVE]2] BRGOWE], GRMADASW]o
emdaflza) enOMOES ADMaPHBLOOGIaT 6@} dlaks
eIy O DRITNIC2|03aD). B6a0CALOEROO]E:
BRGSO MosIaWla], D AH -0l TUANIDE: 0
(8-3)ad au)ailaflajlssamosm.

DAlEd MOBHIDISHBS TOAUE, LEMEIBI, SANTETTH
aquaQDd o {(quaanslo (S-1))  oesmeoneom
TUEAS @I alan) (qoauoasio (8-2) ) @oajond
MDD BIRYDO)TNOY:

HCT 25H, 0 +15 H.O — HCI 40H,O ; AH
[- 72.79-(-72.03)] kJ mol '

—0.76 kJ mol™

v melyo (- 0.76 kI mol ) emdojlenad
apBLoo@mBailmosmy. @, oWl I
Cal@H0EAU0US  21103al0S1GEINS  BROA @AM
moal@osm.  &0) enomloes  endoflenad
apadnomdadl, enwaloyes NN HOUEmEDW;o,
BRGIGEIES GalB3LmaM eRLGOENNG araailnmw)e
@Ry o ajlalanian).

6.6 MUIWo(«IoNIAEONSM (Spontaneity)

B INDGSHOHINE! 3aNso MWho 21@2] H21QANG),
80 Aliiato ERWIREMo Gal@AD @oaldlo, Alyjado
BalQIANE®O, QAURCOGTICEIER)  O2lGHa|SIADEHmI
@RW IN@OlWe MIXILNSS INLAOIE)Flalos
om Mote @IaInanoniland e Muosimula)
$0) mlomemole agsyalel  «a)anoed
@MINBMe  afa3lloarem; eem @
moalMlaiw)sslsom ol ®™IPan @oaimlal
W)8H1SCOMENIN @O0 LalladlEM e, QL3I0
OWIB8, (aldhi® 0 TVORAIYAIHIAN ofHEIS (ol
@@lo - GRO OOTUHA0WIE0 BDM]GHRWOL o
auoseaile:n00] 80) sluedicelss nomnoidlesn;o

e NN )]

MSHN)ADD. DEIOOEMAD, BIZLI0W QILD-THOIT
CEISNASH RB) UMM QllerdTo, HORIST]
RUlGd Hodenlsmlnad Rieimo ofHavlal aquioesails
Ll h ] S H06NTS.

alGEH, M0alo @EMOM ATiailad alla) a1s)
arimyailealss,  quIe  (aldlaoledlel 8o)
MorASMITIHE OBS QUM TUW B0 NEIVIGEIHE
2)06881EL.  BRM)Galonel &Hodenisnd  Setas;
OHAV TVIWo HODENISIN0 HNUSBISTVIRMIo Gy
@oalel ailes le00dutlentalSmo GREMMEAND
aJ)2I3 IR (Al B WHSB)o  BO) LoalEid:
Glolealdss) oMo MSERAN BOQERBEM. oailss
WD) Gald3)ARU3: OO0 TUIDolaludoyl;
(el aUd MSHMANDIHM MIOATIHNAN  aNusls
af) MM ?  BO] TVIWoLAlUGTI B (all ] DDHS
Glwew MI3aNUIEs)MamImMOsD? BD  aldORIN
@G M2 OB (n IS DSBS TVoANITUIEaD
aflel pomasmusmed 01alle0]a] @pa VoMYA
SGR0 MEICWY afdT aldleuRIWw]sno.

Moo @RELe AMIVIRICADENEDS, af)IHOEM B0} TUD
(alUBOD D all&]W  OH0NE GRALODOENIAD
MM, HBOnlGH, 2ilEl Ham)WIolememsmslad
wlan) wlssBud 2 flamlesnans), ERELS:0E@EBUS @RHIE3
C2lMEMIOD AUBOBESSAN MSHNAM [l SIDWo6TT
MO o (ol AUBOH IO ol apanowIalen)o.
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&0) alBOBNTHIHE! BIHDOMHUBL6 CMBeos]ed
a®Elolod  slelenomio, 80) TUGeGAIINE]
SHOEFBOM )0, DO DGHBHS  SNITUWN BB U306}
Qila:ilanamio a)msERIMme HFlDe. MMDIUMBBINS
60 AlBKNEARD WL o, TVNINIINOalBINC
(BASMAILIMo, HATUMAIBIMN  apOTTIEEBeNn  @rclw
B3I}, AUYAOONING ®oaDIRl 2WIAD@IMmMm)
muEla] DOm0 AIBINSEBWE &SmO ®lainoan
BHWe aBESIe]l SS)HWe HaIYIAD). afaINI0d
@oalel @oPomlwont afadeisoa]l ayowan).

“oaImlal 181 al)RICTIGRIHSDOM) GMISUD,
aBOMIV) WAL  (HuellwaIzodInomlnBoio
afBeES0a]l Aello ol)BRICRBIGRIDSHDEHION;”. DB
PN SETINE! BXToe Mo, MoaINIEl Gl
ARV IO GNP, [SIU@aISM, HETNEERUILS ~lEKD
TOIO@OD jalelsemallwo Eyleliletldui Lal EEoy e}
A)aD@ENS MBI H006Mo. D aflwo (el
LBAIBOALOEBWISES BOLMED eI wo]
EENHOBB]. HIOEMo, HHTVBLIHGBOIBWM B0
(110G BHODSIoN®SB)0 TMallaflonymm@ al@yo
aandaldiod anomles)nsw)e @RGHUITHEI0I:ER
FOSVo af)BESa]l aRIDOLIMOEM. (B}ELAIBIRLO
FIBBIAS GBI af)RG(S0]l2)BILEERUE MOl
MUBODEIBSINS A BHEMERIENINT TVANIDEN0E:)
ODAMBBOEI VNG SHOTINEl MaNso Mlon
@m]Hag  (al0WoMio. S0}  !1}ALAIBIALOO DT
TosrUTWla] D@ UOWLR0SIAM@Y, aljfYo exe@dilad

(Jlr rew

@ 298K asow;ss AUB WM AI}B S

S GIHWS)ENAD@ERHSWOSM. HadT MIVATVEOM
20w EHEMN D} dh] 5 Bl 31816 S Lm0 61
aBE(SOa ]l QUL LATVEMIUE HEMESHIEHI, LalB0sm
aMBG(Soa]l 201368 DalEOUTER0.

6.7  ullenims’ godeaumiominije mummaimaige (Gibbs
Energry Change and Equilibrium)

R0) EXMLAIUZOMMo MSSNGMUINSs  Wlenimd

2DBRAULMPMEWIHG  aIglmosmale  allamalo

@RAlemmOng,

e NN )]

(1)  @omuaIIBEO@EEING TV OGO G
(spontancity) {alalailenom)o,

(i) opawled olad oaalodloflenom  algyan
(alCWORM ISR (ol omIWes Grsal
(a2 ilemnomio @¥lao.

DOAUND Mo BN 2@ PGl 01 WUd
MSHNEMNAS MU moDIRamlnag (free cnergy)

aly@ioqumosmy.  oml mayes oswslwlo
(&1 V&HROS  qUIDOD  ODBRAIL® 0TV
Vo) l€licelib] == 2 e N

SADIDOWo MVINHNSHETNG S08210J0S108 DRV
Blwlwo ag)Mm@ K0) (UGN Lallalo
MSOOM@OMIM. DANHS afal THVO)o
Qljla00e  al}QialdSlo ®M2AIG  andsmnow)o
aumenomlanlalane. &) M aludommoni
BRI D TUEELIaly (AlcouilgansnElaim)emingd,
DM aludommoe eemR)Flunicolone RGO TVRD
MSAMNOEAMNoEALN0. GrARS 8o Woile: TuaTyeIme
®1al®a]S}aM]. WO OHINEEFWSN)MET, @nE
BluoHSCEIsnM88 (& WHUd MSER)ETUSUD
TR DR SH0WIADOUANOET. af)aMOG3 G
MUSWLBHEIM CEATTIEWER00. TuaT)EINGIEkmD;
enIoud  Qljjeo@mlnnd IO HDdRe aggallo
SHI0QI0RIME103  aomen @@ Morallon).
201aJ0WOE3 QIllatc  TUI®o laludOIlm Bow]
(spontancous), &y0som TLIMLOD 2DERN)BS
aflm oy {(configuration) @wlgelsss mom)o.

aemimeed A+B 1 C+D agan avomemarsilsm
TMosMUla] BIMEEMLG,

A= 0 agomomosny.

apel BRElGHOOHEA0 DLlalMEBB0 (A IA06MO
QKTY NaZlanwildlan emior) 88 80} T AInIdamm
aolaad Wi omdme, AL avamaimavriles
HaNBo] 23RS EalGOISIERM)CAHR! ST
8o 3ldlan)mm):

0 = AG*+RTInK

@rRLOOID, A,.Ge = —RfnhkK

@nrlna, AGT = —2.303 RT log K (6.23)
SO,

AG'=AH"-TAS"=-RTInK (6.24)
wemlco ol @) 0l FUD DM dh! 10 G QD N6EEH S



DN dého

auosniawla] AH 03 @Lllo AUBOBLMSI BN
ga1dmUlglane @yElelonie. DOMOS (Ala]WHBIHS
K 2je130 1 ¢mes0wd  aigeoss)oandiolon)
HRMMIMOGE WoEdZe DLIalMo  DEMBISHIMSBS
oW ym el D 2AlBRD 211G O MEABE S
mosninla] AH meie asimene, omoglane
aGlee)p. @emaoms AL QIZeoss mele,
enuglane apvldlene. mailes K ajelyo 1 emsenoud
QUBHOHNSDRRV]T] N0, BRMOWD) WG IEVSTW
MOalEM0aldiallalwemins K mello ageo
SO e1wlalenanan atmletlente. GRMIMOa]
BROMDO (G IUGOHMEBBUY G300 al)derpa
WNELIHSOTMIM}.  (olB]olIdOm®  af@BE 500
semaslonisieanemr  aumdranglol, AL wes
mene A8 e @pewlafldlenymm) @ealmoas,
Kues mpie @rlOo I adommo afidmoasimo
msDle afa@, AS' sanailglansmo emng]
QRNEEM2 oMM IBMmEn Sl @Rl ajldlenan).

aMUaEMIHLo (6.24)-0F mlad

() ecoesonw @RsAlEd geiamsasw 1By
&) Mm) Tuomninblal, K @es mele made)g)
a@rcloymaln)caend AH' | AS", agarlaimes
alaeglod DB AG' &emansnm @l
@YD),

(i) K ose aolevsmwoaiwled  emaolg
HPHTRODIWO0S, «3T Moaimlamlaymss AG
MBI HEMONIENMT BP0,

Al 6.12

298 K -03 8308miRem s06000sm @paslacgan
(IQIGEITHDS EDMmIE. 3;’2_ 0.(2) = O.(g). woilss
K, menoe 247 x 1077 cgeenmilcd AG
ERETNID DAY .

MDD
AG =- 2303 RY log K,
R 8.314 JK™ mol™
~AG® ~2.303(8.314JK"
mol™) x (298 K) (log 2.47 x 10-2)
= 163000 J mol '
= 163 kJ mol=,

B 6,13

298 K -3 @ooe@manls8ss (al&Qoas
TOAEIDMROIO080 SHEMEE] .

213
2NH, (g)+CO,(g) NH,CONH, (aq)
+H,0 (/)

L lomoariles Glania 9mARaILmL0TVe, AL @
moailenglod —13.6 k) mol™ @yes)yam).

DD
~AGT
2303R7T
(-13.6 x10° J mol ")
2.303(8.314 JK ' mol ') (298K)

= 238
=24 x10%

log K =

- K =antilog (2.38)
Ll mo 6,14

60°C -03 SHMLEHMSRM HSELSISHHHTVL
BRMUG mEsmo  alleeislenian). oM ®oal
mlelwlene latm adsowmlele, (alonosmlae
TUIDOD DVBGRAULBD LTV HETNEDTEE) .

03 e
N,O() Bt 2NO(e)

N.O, @pmual vemaomo afleeislajloleniam
oImond, alBodlnemses enaudElaneanud moaw
06T 2 JIG1083DO}GI0SR] GHETNERIBN00:

» —l_()j-x 2 x05
M5 TN T 1 4005
).5
Pya, = hitd x1 atm,
: 1.5
1
!D_\(_‘,‘ = — X l Eltm .
- 1.5
quamemauiless:o,
(pr\o‘, )A 1.5
K = =

! Psis, (1.5¥ (0.5)
= 1.33 atm.
AG =-RThK
A G =(- 8314 JK' mol™) x (333 K)

x (2.303) x (0.1239)
=_ 763.8 k] mol '
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ety mule:elepnnsian @oal (q) awledd s0) =0we (wnlyalwIw] B0QD.|S;MD).
@Ol Glepailong aanoe Mlwee AU = ¢ + w gl oowogne ool suawaslales)ms).
@M TICHIGROWMIHE  AULmIOTLo, AUAOGDIHNG  GYRY, GRAUTLIMIAUTINGHOB  BIMO
@yLooilesan N}eMadam. @R@IMmIGE @ROY @RITUNINISMEIeN. af)Inoss q, W aponlal
(Al BHlRMSENM  2GNHOD  GRYLIDIHNTNMIMOGE EROAKTUNINIIMERBLL {, W afmluwm)es
allamemud  quosniTWwla] aflel alpMUIEIOMRIHI®:EeE. Mol AL A0TDIGEIHs  Gal@o
oS} SHWDEMEIN aflato  GaldMIR @BWdlesle. &80 tjjaoowlcd ol cegoamlcelss
@onlo QUMIAWo Sal@)EMUIPINE0H)AD  MOalWIEITIREl AUY@mIITMIo ERASNOND HE1W]o.
@oalWlelmlemesa;m  adwmallan) emos assdlnomlen ooawedlm (C) oo agwo
©laflBle)am). GRmA®:0E, siadlduolemnam @rina qulsdlenng]s)am @oals, ¢ = CAT
QRMSEBBHS UlSHOTVAIHRID TuosriWla] iayomloss @egal, (w= -p,A)) osorlwlw
A E=N ook Hlap plN [ e T BN [0l =T g cTel=te 1) MDA MBIQSERBENIV] P, = P ~DIM} GaldSNADY;
Bajo W, = — p dV oo qooanaipyowled majes Re36raomariankdaye pF = #RT
DGR En008  axglaw)o,

murlpaesimonlsd w=0 egomeersnd Al/ = q, agelo. . aamed qunleaiyonioaouked
Qllml2awe HalQOa|SIAN MVAIBOAT. alGoY, BITVAIGEDMMEEOHBa|]] alolenyemusud aurloadae
MU0 IDYERS]0 DEMBIHI0NE. Dallos Moo ASQID] BRAITLNXNIEMESTW  aMWINOTSailow
midnlailanyam). epminocdaflalymyomue AH = AU + A RT apam@, audipadsooieel
@oalalymoae, AH = ¢, 0108 @l emals eomeamoo.

aBLOs@Bailymiomuesed  aymymimmeomilenens. (3ofleosMo, sdaialldbasmoe, 9@ almNo
@;S6EE]  (nIORITLAORIQEERASEI0e  AVOWINSMOE] qudlemoalmlelnlelnsm  avostllanma.
BRAWIOS aMWLO03ail AUYMIOMIEEBU aGajolo Galdmilglal @BElsles;o. @)alle0em
AIBLO0@dad), eueIm afaioomdall mseal alallwasgow af)MBocdall QULMmIOTLEELE Ha0M)
Mo 9aIEWIN]a] MHIMEDAHI. B0} AT IBEBMEBINNG  ~HWROOGEANL@LITIe WMDY
M1 IR]EDIM@EAIINE]  HEMDANIED0,

A.f‘H = Z( ah, H. e J Fe3 Z( bA’H'srzlﬁ.u.sm)

QUYL U N 2I0E 8 86, 103:
AH' =3 oncle0osaBaos sumbnadioondadl — ¥ pelameaBgios snimbmagmBlooodadl.

BN SaN2eMIWdo, BTV INGEmMElR MuosriMula] allude Ma@de:;amlal. ERmMIVE
aAMIE By GO IIBODMEBNG NWOMSTHWOED] apIM®  duosnITWla] Banoo  Wlwdo
amMo ~10elleo)am]. a89ealg alyaosBegsTuosiawla] All = 0 egeymm;. mailes 29900;
@RCIDNINYIEMD2W  aRMES2afl (S) oo mMdanilen)mm). 80; UPOTDIHE! (HADIA0IHLo
AJLDDODHOMNBAMEEM af)TFES00]l HMHTRALODOEDM@). BD) T INIGE®I® (spontancous)
alidloow quomiTwla] @ged: ABESa{laymoce (anoan’lg’]o‘j BRIDlono. EREBOM, 530}
R08a]3 QUyn0eom duesniaWlaj AU =0, AS > 0, grmowos, &6 Mumelaidaylmis(@loeo
oS Wla] AU  ayMBESOajlalymisaualod dlan  eldlan;caioud, DHERAILmYOMoK ks
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Qrc\-'
T .
IS TSS) apan TU@EoR:ye 2rlcRIrlente. MO hislowes wdverm eRuowlesmmlal

Wl epo eIflenarlel apmBESde]l UMM SEMENER0 AY = (mo) pewdlilo

oTuialudommsared  quowdnem@awl aunleadrowmlanam  msemame’. aunlpzdacmiayoe
MOAINLIOIENMBR (A VRS TuosnITWla], Moo A®IQ 20) @EAITVNONEMs, Wsnins pmdse -
(G) mdaailss)mm) @m0  apdesoe]l,  pMInoodall  AymyoTUEBd  apovloiyeowl
AG = AH — T AS apan quoansemom  snmuea|slolen;mm;. o
muo(AdTH D el Sloeudan, AG,, < 0  epoltlese. mamemoslald epo, AG,, = 0
)OS 0.

(amoemylsniad  2m@®malymioaue  qUMMEImaUAedsn@ow] D38 mITWwo  duyailafles)an
TOBAUD | DIETT.

AG*=-RTInK.

mm  measiomlcd ol K oes  oege  @smencests. AG  aponmlen  afles
AG = AH -TA 5% apan@lod mlas eeeEamoo. MOaIMIEl DY VA0S &6) (aIWom -

NRISEHAOSTTS. aPMBGE(S0a]l Galomignl BreM®Eled ®oFan oaIMellod quisadaRlmasloon - .
(nonspontancous) alel ali@lDd:ai0, OB MoMIalsd, quoaludawlmaow] (spontancous)

oogaileaiam).
Bl leIm @213 5303

6.1 NEIROT PORe GMONTHSHN)dh. B0} MDAl IBHICNIOL MM af)Tha);
()] MIIILMLOTUERUE SHOMRMMINE DaleOuilen)mm),
(i) AR MElLo (~Elwoes arduenn My uwleadammos,
{ut) ABE-CLOAIm LAl @ERBE00M)atewoilen}amn),
(iv) oA DY @o @300 oen) o mal LR RB;IST.

6.2 oL@l (adiabatic} qudataioiemglod ae) (aiElo msessmeamlod, wolooo
M0aDa 0o
i AT=10
(il Ap=0
(iii) g=10
(iv) w=0

6.3 (B2ETNIUTUNDIDE )Ll 2EIeEERSO 50 nf)ABIN0DE n il ud:
w afbo
(1) al)®Lo
(iii) <0

(iv) IO MEle@ln)e alymyrimednialan)e
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6.4

6.6

6.7

6.8

6.9

6.10

6.11

6.12

6.13

AU” o0 myene eloodon miemasslay — X kJ mol " @y, AH O myelyo:
i = AU"

i = AU"
iy =< AL
i) =0

298 K-a3 alendiad, (1000ang, 9000 0RM a)hlak;os RIEIM af)BLooadallaod
ooz —890.3 kI mol ', —393.5 kI mol ', —285.8 kI mol ' agmlsmsamaosms.
CH, &0 o)nllaeamag)minoedail afid@oaiclane.

@ =74 .8 kI mol™ (11} =52.27 kI mol™

(ur) +74 8 k] mol™ (1v) +52.26 kI mol™.

A+B->C+D+ q @ @ aIdamN@Iend afadesoaflalymidaue (an:)rrmg’lo_los‘r‘n".
{0y A IEA B Mo:

1 pwdm moaflernied qua @t

W  @oFan mouNaIwlsd eo(maen OoU Do 0GB S],

(i) a0y @moucflamiens meowynel,

1v)  af©) ®oalWlerdlens ToW LB,

&) nelowlol, alyano 701 J moae qule:olesjmalemoesonje 394 J (~iniyom
IO @ (AISIRWHS ARIDHGIESIBRANM LTI DY

20} asruoemi eeenclzigolsd mmeszawe (NH,CN) ssawsssnizmmn)e emwilenss
(Il aladamme msomymmy. 298 K-ot Alsag ailer —742.7 kI mol " o) ez
298 K aw (el 10095 afyBLOocailaly@iomio ersMDansn .

3 . e
NH,CN(g) + - O(8) = N,() + CO@) + HO()

60.0g apenclawanlond moniaia 33°C o mind 353°C saled podomymailay agi k)
®dnto @yl aoen? Al o0 saogodmoniwasia 24 mol™ K™ mmyer.

10.0°C -o8 93 1.0 caovdmeal —10.0°C ayga oagmd apseslaog)mailal el now
AMINOT all A DLOIVe SIS A, H =603 Klmol™ al 0°C.

¢, [ILOW] = 75.3 Tmol K-

¢, [ILOE)] = 36.8 Tmol” K-

aodeniond CO. apas] zogm@lm;ss Rieimap@iooadall —393.5 kJ mol ' @
sodmied, sewsos e paaolsd ooy 33.2 g CO, parosjemon
MIDH DD HDD2[SI1AT @GOG ABRROT BHETNEDI B}

CO(g), COx(g), N.O(g), N.Og) ~pavlaimes o1arleosmagmBinomdaile:ud @indisne
—110, — 393, 81 . 9.7 kJ mol™ aganlememwoany. aljlos cadomlg)ns
(I andommooisad AH eamenden).

NLO (g) + 3CO(g) — N O(g) + 3CO (g)

aN0IOS cadEISRn® (Woallen)d.
N, +3IL{g) = 2NIL() : AH = -92.4 k] mol”

@REBISTIWLIMB@TBIOT (0 1D05M ©1alldeim afMIGdail agymeosi?

e NN )]
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6.14

6.15

6.16
6.17

6.18
6.19

6.20)

6.21

6.22
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mose modellges somasglod wlad CHLOH(]) o (aioooamle.o)arleoem
ADAHNIEI ]l BHETNBED 1B,

-

CHOH () + = Og) — COLe) + 2H ) - AJ/ = —726 k] mol !

Clinoeosmang, ) +O,(g) = CO) . AH" =-393 kI mol”

IL@ + 5 O > ILOWM . AH = -286 kI mol".

CCl{g) - C(g) + 4 Cl{g) apyam (0l w105 afALO0Ea Oy @L0 0 &HEDEN0H6 b,
giajo CClg)-oa1 C - Cl siawmaniond srmwmagadinoodail@jo @:amandd jd.

A FECCI) = 30.5kImol L

Vi
AJH“ (CCLY=-135.5 kI mol™.
AH (COy=T7150kImel”, AH" @peqorle:osm aBLos@dall
AJT(CL) =242 kI mol !
230} 890as Ayenam A= 0. AY o} alal apamonidles)o?
298 Ka3 2A + B — C agm (uoliaidammnaniead AH = 400 kJ mol ™ and AS
=02k K mol™ . @ (aelm muimoinaBaslmacs)ane (SPontaneous) ~§os
monrBleilensi? AH | AS agavia @o moamlal adlwioied qurlozsololeseams
B D).
2 Cl(g) — Cl(g) aponaloy, AH | AS ayomaies »ilamsmBed apomnsolclen)o?
2A@+Blg —~  2D(g)
AP =105 kT and AS' = 441 TK-.
w1 aj ﬂ.GE'oeo»smmoces)g:ea, 0o ST [ Lo B M Lol EN Ts Tl ol [ Jratsho] TG B Mzl MY g 1
N leTEN] e B
§0) (~DlaIdomDomland A EINaUiledhe 10 @FET. AGE a3 allel
afm@oniclesio? R = 8.314 JK™ mol™, T =300 K.

NO{(g) o0 manolerrlomo quosiiUils] a1osadudles s

1 .
Nyg) + = Oe) = NO@) A =90 k] mol !

[\Jl.—'

1 .
N gy + 5 O0) > NOJe) « AJf=-T4k]mol!

100 emoud HiO(l)  (cpssmmvoanasioiamsled ool 0088 cau008,
211031081 M}ENEI 1D af)(AESO ]l AILmL0M0 GEMen0s6 ). Al =—286 kI mol '
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TR0 @REEEIM SHIEEARSIN] UdnTaaEl
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QG ERAGIRES B SRIBETNESW 0
£leaMEe RIMIeIgamIe uddlelenim
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8033 el SIeeelfang el
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300 @yRalenmn T rldleeleanm
EX Tl

GO aDILERT BREWIST OIRMET |aldh
mwiadlesgm pH somoni niludlanim) el
Wa.

Lelamla ) anEIemlenan, BoYaIw e
EHIRRINWIe udomleaim evlwim
@ROIAT Al MU ofanhlo ilerladl
S0 S0

meomlan) aeewiamlengammane K
pK smilo) alluslenoad miauleagany.
la0d e@ITloIns 9aBwIce ANE eflgldl
wInd HUlEE0.

BRI (D3EMMalel TUOIEIEe & EME6I
EEIMISITTY,

Py 8

BZ2D3B

mloaw] H8ERal- aBEluOG Sl VGRSl BOTUIIATEINSEBUDES)
(aIDWOMYMETE. DBE00RSMANW], B0S5TVIRM GMAM A0 n0lens
egoenilmie 9UWeq]s THAMIEIMIAUTUAGUE WIDTHEHIROIBIEE alar)
B0SHMIROM Galtldgleelss allmasmoe msomammial Ageo
MIdsmomdhalmd; oladleeyamy. CO - mmomas)e aclenoegosnilm)o
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@onlruneilad wlad ailg)ealod:) Mmoo (BonlE:OTUATIEEIEs WG]
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@), MaRINIITINIES snIdatinleosmowlnng smomyo auomB]
SOEMODTETG MM MEBWIdlane. @MIHM WEEFREHMN V)il
aflenoo:
HO(I) = H.,O (vap)
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AmM@mow] afltaismauamenanilod 9ueq|3I51Bs
NS BRIVIWE:A)HS (BROLIFIGE GENITHHS)

e NN )]

RO BOVDRY0 52 lGsROENE. MSIod av)al
afla] @pmilal aleeismavameinamlenas osns
apmilunawd HA 2o HJO™ g0 aiglneamises)s. o
GEIHOET (alenIe] EGlaloG506M BoMOt af)an) ald@lEuwdo
WldDn2o. a@@MmATIMIEEMNS ELaldE506MIN 5d:0S)
£0008 ARQOAVIEM BN &SI (IS DYAAD)
BRAMINM (akniel @RHTUISLADe TUAm)EIN: B)dsnIel
arpmilwlnng dlwolcalss @lEloeaanie alowo.
H,0" emasog)e wedilendio agmiawoen HA agan)
M @3a]lajocd, HA ¢labeg0smilam e)dos)ameantoud
H,O" slawsgosmilam a@osi@nanilal einealwicd
(alwomaowie A" 9o HO' 9o 9eneodh)e. ruamyeimo
B)@sniel @yavluileadwle seuavlemwie Bl
GEISHOSTN MSENAMD). HODETMo [alenlel @ryailad
(atsTzIe! @HTVIUANT GlaldE50eMlam MEGIEam)-

O3 WA AMAVIE:ANTS, B0) (alsniel ERyTilod
Roieoled andsmacg] allrcisleneoie @RGISNG
aNEIROW] DETROGAN GHNUTY AUBOO 3)GsnaInowld]
ENED)0 B2 lGHRINDMIIT. BRGIWD, (eIl BRI
URUBH6 AUBHO B3)BENILIN0W TVoW U] GENIT BB
sM 28BM. Lalsnial ERIIIAUNHSD Saldtgad]s
aailal (HCIO ) s9006(0w0eg:00148 armilod HCI),
aeancLasEnons @yavlal (HBr), semisls
amilad (HNO,), quwdanyydls; amavlas (H.SO )
agymlor Muo@yuril st @eewasmagow ClO,, Cl
.Br, I, NO_ , HSO| apamlal maddss)an). snal H 0O
CWANI[lo AUSHD ()ATULINDIW  GENUT BB
AR O1aElE)@d Mo HalQian]. DMIEINNEl AUBHO
(AISNIQIANMD GARITU)B QAUISEHO B)@eIBmO® Tow)Upi
BRI SHHS MA@IH)ID]. eman 0Gla] HA ogyam
380w @yl Belloenomlwled gouilae:no
Wlooime ailrelslen)sw)e dpailmond e1nwmloilad
@)auzowyo aileaislenoom HA oxmome-ud @rssar]
V@1 @@)e algRan]. TUIDORSTNWOIDASH JoBO)]
EH)Om  BRHAVI AW SBOEM, HHMDMLSTY  @gyrvlal
(HNO,), ssrocowsads)dle; agmilad (HF), areauy
gl @ailal (CH,COOH) agamlal. 83@sniel @yl
WU QAUROD (aIENIRIROW TUoWIUR] GerIay}
HBOEM 9BB®. 2A%anesMEMIM, NH,, 0" H
OBl AUBHE NEl Ealoegoem TulleGOmass
80sm. @RGIMNo03 @ral H O 6ma9iud aigee (akniel
DO GILITV}HBOEIT).

melomlad elolen;an allel 803Womle; Tuo)EE6Es
80w aflemowadomailmd, 6EnoenaamEnIudsenl)
@) seeBlowal B)@sniel GRAVTW ) BO6T. GRA,
apraw)ns @xyavlal (Hin) quew)url geruad (In )
a1 @) kB3 L@ L@ MI0sEB3UE GOrIeRID).
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HIn(aq) + HO(/) 0 H,O'(aq) + In (aq)

BRI o) kiho uoanoEl@rouladl oo dialesnians
afloo A oo B
EEBOHMWBS TVoWHMEIBUF Bryadlod - @snKrd @rm;
aoalmesBsl@d (titratious) qu)alsmBsowiec H
BRGDOINIGHRAS NOMUSD) HSETRODOM o DalGWOU
(B3RS,

7.11.1 agm’lanﬁ, @G I sMlah osmaur]ao

@0 ERCWIATI@WNIAMManLIONo

B GaeRIWBS allal «IB0GLMEBRSS (alLOMm
MaGaH® @®ID ERAAOWIo GENITVIW o
(aIudEnilanomss &¥Flal 9esnRmm8smo:. Rel
ODG DD (A ICDYBH® BIWN0 7.10.2 G HErBmSM,
HA apam SEAOWIHAG VAN KL OIS, &) GLaloE50
smlam qTle@la] oo (alidomlen;an;.
apanocd B apan ae) esnimilead quoanlw yweilad
G DESORTIIIEHD EXHOSHTIIEISHIENE GRO) Q) ERAAD
(aludamilenan). verveeiomlad sa) HO aomoim
G 0GOS §3505)H)Eh W0 BRIV (aICIGOW)]
BN BEQOO) REITHDAD GlalG5erlaxn aquiles@l
4])06112 GEIUTLOW] [ IUBOTNED)HW)o BHalQan].
@ROIHS HIBPAJOWIAND TVAM)LKNe WIBKTIGIHEND}.

HO@) + HO®) _ HO'(aq) + OH (ag)

@RIV B0 muomurll  roow)uil
@ymilou’ @A
K=[HO7][OH ]/[HOJ] (7.26)

Rolo &) U0ELADY (BIGAIWMIMIG] @RI
o qurleaow] Mloian)mm). @emlnmond ®el
oilag oue® Gaesorilcd Ml swlauoes)am),
[H,0] cvomeimavrilecsomlod auaa]s;@mana)
BB0ME B30} al)@IW 0B K S15)am}. @emlem
REIOTHIENG BREWETTIEGWEMManeRamM; allgkeaan,.

K,=|H |[OH"] (7.27)
28 K@ H 903 000 i@ eMemamIenes &ea6mns
oloes 10> 107 M apanosl. Relomlaagd ailee
stho ey agsmonilanss H- arswosm)egie OH
EREWIIMIGBlo DEMRISNMBIMOGI, HHANGLALO
S @rEwIsMGSes noaso, [OH ]=[H'] =
1.0 x 107 M, @railmoad 298K @3 K o mjsiyo.

K, =[HO[OH]=(1 x 107)?=1x 10 M?(7.28)
K &0y quamelnaudlodsasea@lmoct epolead
melyo 9Dainoailon @ wlajlelesam).
(RELEREKTINAG O 1000 g/ L @myd:)m;. araiload
eoogod moqy 1.0 g /mol. mwlaalay wisveel
@meag HR0BOGIG] EBBED 11N,
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[HO] = (1000 g /L) (1 mol/180g ) = 3335 M
@R@IMOEs aileaisly BRICIRGW]o AleaISkenoo
BRETHIGW]o GRM KMo RO MG3H8 dh¥lo)o.
107/ (5555) =18 % 10°  anegled ~2 x 107
BRDOV® 10°- @3 2

(@m)p:oens, qumnaInGed allnaislencon Ral
oilnng @RsAl AISE0 &)SimaROldlen)o)

H,O0" OH™ 0or@ma:3)05 @9Galadilan)a1)6amed
POUOB06NE @RA-MIBOI D -ENIMSl 1) MEEBISS
olosowdlees @lolajflaos.

@palal; [H,0%] > [OH ]
m@aroyo: [H,07]=[OH ]
geniar: |H,O'| < |OH|

7.11.2 pH emam) (pH scale)

200800101188 S9ansbIemIWe @REWIET
MOUID BH)S)D0F TUDBHOLLAl32oD] @Rallaos
@1060008 &0} CEIWAIMElBEHOG) DalEWOUTlanam).
@r@ilom pH 6mod agym ailglanian). eaoz=ad
AREWOSNY (H1WOCUDAH] (a”+) WIHS 10 B WOIORID)
38 &m0l cendlmaomaasm anomloes pH
2 MIBalalep)m@. emdajlay snwmlsgod (<
0,01 M) 988 aean (LR GREWIENI G QIGUDH]
[a,,]. H o soosodidloms meiemi om)elynoss.
(& 10e@al agam@]nd Welg sanje @eanwilel.
apolan snsEpem aildalailense.

a. =[H7] /mol L

H

pH 90§ mldalaimowiled mla mmeslsesam sy al
DO ) PYH0,

pH=—loga =—log {|H'|/mol L '}

apaaosns, HCl om o) angenoailss (107 M),
pH =2 anoiclese. anm;taksel, NaOH o0 s
geniniles eoomloled [OH| =107 M, |HO | =
10" M, aoewoed pH = 10, 25° C 03 w)av=el
AHA! HHAOOERNM EREWIISMERNS worem [H ]
=10 "M @poImozd wyenReiooilenag pH ssEsem
MEdh00,

pH = —log(10 =7

@RABINWMIGBINS HHOLRMEREIIETIVN FUID
[H 1= 107"M, 90 gsnimilacn@aileg)es 65a00be0d
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@pewomdnocem [H'] < 107 M - go apoldles)s.
AROIDOGE MEETEBONT 2 NBIEN00.

apgenwdleges pH <7

geniTUlamanomlagns pH =7

mlidalleyenomle.ges pH="7

arlergo 298 K-@d qumniodsio 7.28 oldlnsmila|ons,
K =[HO'[OH ]=10"

TOANI0G OB d6e) o™i smanglaieain:
Alio af)ySyEmons,

—log K = —log {[H,O'T [OH ]}
=—log |[HO'| - log |OH |
=—log 1O

pK_ = pH + pOH = 14 (7.29)

K amainooilmmimudla] aodlooele, pH 603 amaiao
allmmarudla)zs aymleomo AISEE &onnoanond
@O MSWIEEMOGIVIOS aldlosmilenadlal

pK, 2eloenmle:dss QISnn Lalomaalg ) aldl
BOEMAEM, @M HPa0(LRW, NOA0GALIGHTVINS
BREWOSTSARS BRyGnkaHlanouameaw mloanilen)
W0 HalQaM). EHOBsMo, GRAUIVIOS U1EMManEl
86) qudloossrosn}. pH emoc) eelndlmomlad epwl
atiolamaowmlmond, pH engs aae) pemilg aogoe, |H |
BN 10 ASEEE FOQIOAMT (IEM Yo LRAUIENEo. @RMY)
Calbeel, ool ancosenduscsm, |H | wo asend
mocdlwosd pH ed mjane 2 @smlg ma0)0m). @oal
Mlaiwlsal alymerueoimmaudla) pH &0 togo @ral
DEENMND af)IT)RB0ETE ey} DGalowd Tilanudas
GENIW YR |S) HHIEMD)o0.

enmle:s)es pPH @rsan)mo s (~10Womyndad
BNYN). ARSI @RHG B1aiio R10IITILm
Ll @loaglans TumBeLMoUGUEERS]HS Lalogmo
Hamaionlans @ClsoIclcensmRmoeT. 20) eI0W
Wlwes pH age:a6ws @i ilslonomow pH Gala|d
TUa00W]an)o. GRG Ay@icie pH oyelysmslod
QUL LS ATlo6Bd MABHAM;, 003 Moel Sl
& anpsamelw pH cald aigymosm. see pH o
QUY@DITOH TOEl1nuBa8 QImIMIa@ Mmloamaosm
(adli@o 7.11). pH Galo]0)d(3 ©alewouila], 1-1 aldlw
Ol 0.05 Symimewosns pH a;asmeamond @¥loo.

e NN )]

g 1 2 3 4 5 6 7 8 9 10 11 12 13 14

aflime 717 oo pH 0 nyoyado mlosaead aaaontan

@moaf sl paod anssmle pH o 18
S Y@ mEs ealensl pH 2190y Dalewoud]
#000. aldlememenaaloes pH apiwlmasnia o
BalogBanyod, 0.001 aueHamewons GRBEMM
SHEIONIN @aldesmassm’ pH algd. a0) ¢amo)es
aoime asllamss pH algd oeajoud ailaemloilcs
BIBLA06M. QIZHO TUOWIVEMAW silal aleodLOsmm
2165 pH aigle: 7.5 @3 madalildlenymm).

(alAmMa 7.16
80) 2ns)a O 1ROInG TloailSleal §aao
mperewaeRuaem 3.8 x 107°M agerm,
apalom pH op@aosn?
03 e
pH =— log[3.8 x 107

= — {log|3.8| + log|10 7|}

= [038) + (—3.0)) =— {242} =242
@rRMINIG3 anansnmloowilend pH, 2,42 agsm,
@RO) OATVISIQUIMBBHGAN BHNTVILINADN0.
Ll Mo 7,17

10> 10~ M, HCl elomlwes pH &esneom)s:.

HBTHDo
JHOM N HO" (ag) + OH (ag)
K_=|OH||HO |

=10

x=|0OH |=|H,O | @rsn’ H,O @3 alas exdlen)
@} aanldlensg. HO  arewosndnonsm nor
ailemyanat (1) erflajleyeayan HCI sad erewo
T kb @61Mo QUGIAWOSTT. BRI,

HCl(aq) + H.O() N H,0 (ag) + CI (aq).
(i) H,O @yes aecwosmlansme dmldleome. o
AUZee edally enwaleged, HO™ o DeTE
20QISEIBB)0 AlGINHTICANTRDGT.

[HO'| =107 +x

K=010"+x)x=10"

@ogilod X2+ 10 *x — (074 =10

[OH ]=x=93x10"

@polmood pOH = 7.02 and pH = 6.98
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UMM
alglas 7.5 afler avowonsm alzodiwsmzias p mensesod
(BUGMIDIG MIBe pH BAOWmIHAG MIde pH

NaOH aa anslmenam ~15 B58:00]] 5.0
0.1 M NaOH epaa 13 Do E b ~42
2 NEMOMEHISS. 10.5 aleghalzmiwe, ailmodildl ~30
A3 308 BUHlat) 10 moosEomo ~22
2} 530S SUBE, TUE}BREI 78 BanMRdus ~1.2
BORAH LD 74 IMHCI eiowail ~()
ab®3 6.8 ooz HCL -1.0
rita PGS il [y P ) 6.4

712 sidenienaomnm EREWIANTdm 0N HmoesTmS)m AoLe G0 sllal GRAGRS)HS

aunladene (Tonisation Constants of Weak
acids)
&) 3ydmieingo HX aqus:odafless. oo Rello
eomolad 2owlanowl ailralsleniam). Tuam)erme
E06BEBOM TMV)ailaflenso.

HX(aq) + H,0(1) ~

(nlomoracusa (M):

H3O+(aq) +X (aq)

c 0 0
. BREWOSTN1SH0sMETINOD) GaeEmElGs,
@oQo (M):

- oo +er
muam)elimngsae® (M):

C-C0L oo T

niles ¢ allaaislenoam aegamlang (HX) (anros
wonem, (mawe | = 0 ooleyss® ), « HX ago
GOMOBo @CWIMNHBOW] 2201 a)my aVjallafles)
an BRI IEHOMEOMIDT). D TV} lm6EBW Dal
e 3003 j0smm @RgATleeISMm TUaTRINGTINNg
quamyeinaubleste af)Pmomd &¥lw;o.

K=o/ o(l-a) = e’ / -

K ow HX ofan angomlaag allreisamaudladoe
@RSLISI0d ancwssmla.osmavtlesss (dissociation
of ionization constant) eaam) ailglesan). m@lem
EOOBOBUVOUIDWHE BRSITLOOMOTIC AOQIDDO
@313 (IS IWIB:E1E000.

K =|H [|IX7|/HX] (7.30)

830) mlmilm @vatinaal, T-03, K aponsy HX agam
m@m’lau@ (A IBNIEID WSS BRSO, BPHIVD),
K oyos myelyo )SmEINRIG) GRAGMING [alsl
EID) 3)S)MG ERHIBLON)e. VAU ITIGI Dirdda]
515188 ag)L1d MUSHEBBR)CSLY0 (A IBEMIUTLO0]EI)
ag vuem 1M epomseiae K agans aom
aanlm (dimensionless) ~10lmosmacvlalan)o.

@R GO M & @eMavnlEo B a3 B)HS O]B81Y a3 ud
algla 7.6 03 modalwiclan)omm,.

a5l 7.6 OMOaIHSaMm afler aidamengama)ns
eIy lasammauclodmsasud (298 K @)

@pavial @ERCWITMISHasmaudladise
Ka

HOOGALLB)TIE @RIl (HF) 3.5% 10"
amSa @rmilal (HNO.) 45x% 101
Ganodile arymilad JICOOLT 1.8% 107
mlaomdlad (C H NCOOH) 15%10°
@reaudls; Eralad(CILCOOLD) L74x 107
PENINEILOEE; @Ml (C HCOOH)  6.5x 107
H9a0CoeR00mS Ryl (1ICI0) 30x 107
HDAOEDOTDOTE @RIl (HCN) 49 10 '
anlemoud (C ILOID 13x 107"

9O VEM BRewsnouem@es pH emod asen
DalEWON(alBA0EM. HO0eMe pK &)S06@ 0}
TallatlodIn)o alGlaosmsmmuBEn)o @M Lalgmou]
HD20, ERITDIWD)

pK, = —log (K))

BRACWIONR BREWIMlaosmautlocso K (alobos
DU € af) Tl BRAIWOHREIMS, afEId CLISHEERS)
HSW TADEIMNIIDS:B)o @ACTIHNG @GN
&M oMo enwmlees pH oo aessreamond
aoowilano.

(7.31)

Raldme alslaisloooss ao) Tudlanonlenss
3)@snial meisesonnaee)ns pH eesmomond
S0,
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apige 1 aflepism@mIMm) 23RS "BISSH a8
@Ls*ruosrﬁg};aﬁ—mfnrﬂ BRAGBBUD, EENITV}EHU3
af)aTleEBem ealdaslElon) s

IG0 2 afEID TVOWIND (alI@OIHMERESW)0
@] 2] THAUGEAEIBU o) FUD . BHDO
VWO RO BRAZOWo FERUTVOW]o (aloudars]
EENAN BUSEEARD,

21503 WA K, @88 000003 MmO
(IOl SHRITVLAIUG@DHDNHAAN}e EOLIMD
@NOM  DalDMAIUBCTHDHBE o ©10]a]
D S) By,

aniGe 4 (aDLOHlE AOMAIIGODODIRE! 20600
ABISHEEIRIZPIOW]o TNITWEH S 2 0IHS TV)ail
aflajl5issnes aileksud algkewowl ailg
DaS3E B> :

(a)  (aIDGoRUISOUIG C.

(b) @rewosMIasM EMOD), o WOS
arslmnomamlod  quam) elm ol
GEKIS) of)TIMEMUILIAS DOUSHILES
@0Qo.

(c) aUaMEINWUD

20150 & (p0IN0le: BTV IBGHMOTIHAG TV}
EIMaudleo s THAMUS S OGS Tuam)Elm
WAHUEMBHHB DUBH|S]OM)HW)o AL
EHRETROION W0 6 alQidh,

20150 6 (2 PLOHlEGBITV A IIGODNOTIHL] ADISEHEaR
B)OIS (NAUSD) IHEETREN) .

agigo 7 pH =—log[H,07] eeemom)s
233103 Lalrimonila 01wl GoRPajOWaD
23200sMERSl0IENS] QILEMRCAN0:

Ll 7.18

HF o} arewssmlaesmaurlaeosse 3.2 x 107
@ysm. 0.02 M anwmloilenss HF 9ad ailleaism
GODODY RN eIoMmlwleissaslaiclesy)amn
agalo caisaemz)eswy (HO . F HF) oowus
@@ c1owmlwes pH 2o &aamRem)dE:.
MDD

DIOPAOWIAN BLAlOESIETT AVNIMAIGLAIIBEID
MBS Dailas oW iaosm.

DHF+HO _ HO +F
K=32x10"
HHO+HON HO +0H
' K =10x10"

r

e NN )]

K >> K anoo;een: (1) agemn (oo,

a

VN 91 (61 0) e pIe)

HF + HO ™ HO + F
(alomensalem (M)

0.02 0 0
mogo (M)
—0.02¢x +0.02c0 +0.02ex

aquaonernwanem (M)

0.02 —0.02 i 0.02 0 0.020

Lalolndild:  @OTVLAIAIGCMOHal THmBIM
DIED RS BUBOG|SIOM)GMIZAD H1FANO)
K = (0.020y / (0.02 — 0.0200)
=002/ (1 -w)=32x 10"

DM aiMA Skl jowd ajoms G l1damlgas
ilaomauanidayo aidlasmam).
o+ 16 x 10 —1.6x 10°=0
o olensg Alaomauaans \eom aldwonemo
S alQEMIoud BIlaam DR M)LILEERE NIwD
&,
a=+012,-0.12

amoglal myelye qurle:onyBeRomE Mo
o =012

semlad wlon) apewostIs:astneomon o= 0.12
BRHHEDAT  2MAVILINGD00, 0] "EISHBBAIHS
TUAN KD DOOIEDEHUS,

[HOT=[F ]=cx=0.02x0.12

=24x10°M

[HF] =ec(l —c) =0.02 (1 - 0.12)
=176x10°M

pH=—log|H'| = -leg(2.4 x 10 %)= 2.62
(1AM 7.19

0.1 M agassuavleop (HA) omlead pH 4.50
@me. H, A  HA @REWOEMSHBINS TLAMLIM
NAUKD  SHEOSTROMD.  afjHEMINSH0ACIEG
K . pK, 2)p136m3¢8 @51 Sa6rRom)d:.

DO

pH=-1log |H |

agnaloass |[H'|= 10 #'= 10 ¥

=316 x 10=
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[H]=[A]=3.16 x 107
ap@lmond K = [H*][A]/[HA]
|HA|,,, = 0.1-(3.16 x 107 = 0.1
K=(316x10%/01=10x10%
pK =—log(10) =8

2SO DBOIBS, 3)BENILINND GRAGIHING Vo]
ERALHOMIBT ABJOO) (AIGVOERMaIBAOW &lo
WosT AlPBISMUBERIMO BHETIEEIIBENTI.

oilepismumnacme =

([HA] JIHA]  )x100%  (7.32)

ol it Lel 000

Lalyd o 7.20

0.08 M 9800800620000 @miluieng pH ewenz
OO, BRACING @cWIMIB:0emay Aol
2.5 x 107 agsm. HOCI &0 aileaismumaome
EEERO) .

DTMDO

HOCI{aq) + H,O(I) _ H.O (aq)+CIO (aqg)
(alomoracusay (M):

0.08 0 0

TUABREINNOUID IGRIEE ~f)OM)ETLOE)ETRS:)T
@ogo:

- X T x X
auamyelmmontse (M)

0.08 - x 2 <
K = {[H,07][CIO]/ [HOCI]}

= x>/ (0.08 —)
x << (.08 mywocd 0.08 — x = 0.08
x/008=25x10°
X =20x10° opwlmosd x=141x 107
[H|=141x 10° M.
BRD)EIHIENS

nilecIsmR@mOame

— {|HOC]| /|HOC|

ol it

=141 x 102 x 107 0,08 = 1.76 %.
pH = —log(1.41 x 102) = 2.85.

3% 100 %

eyl ssr ol
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7.4 B)3NIEI GaITURBINS @RCWINT kddaMo
(lonisation of weak hascs)

MOH agam geruavleom arewoamlesmaorm o
TOBOING, \@OTBNHS BRyOilaiadlanos:

MOH(aq) -~ M*(aq) + OH (aq)
aydenieizeniovo MOH- o8 cowls apewosmls,
®6mMo MSAH M - 90 OH- 90 @ryes)an;. ol arg)
aflegism quamelmomlal quacmacs. esnimilead
BREWOETNHEsMOMING TOANEIT TulGoEh M
EENITY BREWs1e:06m aqudleoso ofyany ailslas;
an}. @roy K, 9a1ewovila) av)ailajleniam). ey avuam)
einooilelldlssn) o AymTIo CLISEHEBRRNS HAOSD
dlglolenss wousmw)es @eslavnomanilod au)ail
aflando,

K,=[M[OH ]/[MOH] (7.33)
2OQUOMOMTIME, ¢ CENITVIHAG (A I0BoRUNOUID, *
eenImMilend aREWOsMla:QMETMID) BRE O W],
EENITVIT oy METMOBo  FREWSTN|HB6Mo MSAN}
afyMmed @esal, agmlEzammawaed qvam)
eInEIGd ag@oleajdmmomd, quamerm auriledmoe
am @lmlled agyemoo,

K, = (cof /e (l-) = ot / (1-cx)

BHOOSTIHSYOT 2l B336NIBIGNITDHBINS HREW
s lB@emaurileotamalns mellsmud a1gle: 7.7 o3
madalaildlaman,.

alSlan 7.7 ailel 11ale &H)0ATIH GNITU)HE10S 298K @)
D28 FRCWSIM 1Ho6M TuClQGERE)NsS BRIy ERy3

Gauoy K,
socualoannd apelad, (CI1)NIT 54107
poisDDOoLn apelad, (CIL).N 645 % 107
arcmenile, NI, aveeyslas NITOIT 177 167
&laamas, (e quauy ooda|me) 110 % 107°
all@louwias, CILN 177 x 107
anmeia, C IINIL, 427 x 107"
ylw, CO(NIL), 1.3x 107"

@ralm)eud Galoenass MloaKl] aoduomlamiowm)
SMEIRUD 3)BNUIGNIMY)E:S06TT. @RATMIEUE BRERD
sOWIE3 I dlalo HBIBBIAM TVoW ST,
BROIHE! FEND GROIGISNSUNEEID BEODERNB B
SIBUS IOQOB) [D)a] AREBWE HIYAN]. DEAOBEM.,
Alealnad @ralad, adaoolad, Sillaamad, alesnoglad.
AUBOG B21010 K Gpoalmods, Honwelto AISH®
313ENBIR0W  EGHNITVE@0D] BaldR00)M;. EREAS
smlw maloonoemiaied OH arynosnyom).
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NH (ag) +HO(l) Z NH_(aq)+OH (ag)

BHDWWERM dReWsMnouemwes pH emoay
06T AN @103 Dles (aleworilajons,

pK, = —log (X)) (7.34)

B 7,21

0.004M ewaoanmind enomloes pH 9.7 @yem.
GReEWse:audleose K, 9o pK, ©jo ez
Y .

DEMO
NHNH, + HO I NHNH' + OH"

pH @@ wlad moes 96cowRmd @rewosnd
OO  EHHETROMI0. SN LR EREWoEN3
W@ RLICDIOHG  GREWISIHSHNMManelo
agyMIulod MG M@)Es 680G T03
@REWIEM) HBINS NIWDm HROT0.
@D IEVDY,

[H] = 1% 107

=1.67x10" M

|OH |=K_/|H'|=1>10"/167 > 10"
=598 = 10"m

DHA0GALEVIMNIWo @RGRIMBHSIHS NIUD)

DNNGADISTUI0S @REWNT)BB)ESTINT TLAND

olFlam)e. D O ERGRBMISHBNS DAUNDD0

AUBHD SHJOUEM. @RMIMond @eallealsi®
esnimilaad soaso 0.004 M o) oelyacoildlsen;o.

@GN0

K = |I\JHEI\JH_,‘I [JOH™|/INH,NH, |

=(398 x 1072 /0004 =896 x 107

pK, =—logK, = —log(8.96 x 107) = 6.04.
nludmoe 7,22

0.2molNH,Cl g0 0.1M NH, g0 ¢a1dam &0} einw

mloyes pH essmeom)e. apcacsmlwanuaiionns
pK, 4.75 aryery

DIAMDo

NH, -w6s @rgwasmile:csmaurileoso
K, = apadleand’ (—pkK))
BREODEY,

K =10"=177x10"

e NN )]

NH, + HO NH, + OH"
{alomomonusa (M):
0.10 0.20 0

TOATEINOIHIGEISS ofyOIN)EIUOT;STI20EAT (1000
(M)

—X +x +x
aquao KN (M)

0.10 — x
K, = [NH,][OH] / [NH,]

=020+ x)x) /(0.1 —x)=1.77 = 10 *

020+ x X

K oaioymoainogs, 0.1M, 0.2M agomlaimoo
BOOMAYo 2 ITMOO3 X HM MEBE GRS
9600, BREHINIGI

[OH |=x=088x 10°M

@eoneaoez [H] =112 x 10°M

pH = — log[H*] = 8.95.

7.11.5 K - @0 K- o ®aale8s snimo
D WEMIGIa CMEEOm deNem)ealonel, K, -o)o
K -0jo ©L0o(@to argamledo)e eenimileadw)o
arfloyo (nldSlaflenyan). quow;ualarailal - aeniad
eR0SIe:8)ns ®o0 ool @eal moled alglmnoo
@ 1TWIGd snimwaalslelen)an). @emlnng anaimow,
SMVIHG MBIy EROIWOHBANHETRESI0S, BEGD HEENS
OO B0,

NH;, g0 NH, 20 288 96060060 O6Maslens)dn)w:.
NH(aq) + H,O() = H,07(aq) + NH,(aq)
K =[HO || NH,|/|NH, |=56x 10"
NH,(aq) +H,O) 1T NH*(ag) + OH (ag)
K, =[NH;J[OH ]/NH,=18 x (0
@Rye0malalo 2 H Oy - HO'(aq)+OH(aq)
K =[HOIOH ]=10x10"M

ailas anrowlsas 1\11-1_1I 803 e, K (okm]
MWW ls@leN)aD). GenKTd dRoilges NH, @es veso
oW, K o (ol lnlwlsaleman;.

@BR&HA0M ATV alUdomomIGd mind  e1Elen;am
quamhelmmurleso, AEISEHOTHalIdomMmemses
amameimaudlessmanacw K |, K apanlalw;es
01BN aDLIAVIT af)TT) G0N TUeWles;o.
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BREODEY,

K, < K, = {[HOI[NH,] / [NH, ]} < {[NH, ]

[OH ]/ [NH];
= [HOIOH ] =&,
=(5.6x10 ") x (1.8 x 107)=1.0x 10" M
OHIGBTINT, MAYEE BB O MW MINEMOHISE
@ Eaj@00. PGSR0 BROIGE &)SHMEEI TD{AlIIEm
MeE31HS M]wow] aglan)an @@ aam
QM AINIBONMEVING TVIEIMILEH:0 BIGOI
WBUISHOTV A INIGSTM@ICFWe TVAmaIn o ileo
BHEABBHS NIFMMaDBIGITID a1 200@len)o.

(7.35)

TR 1

@O 108, 50} Mol @rE - Gy ¢RosIwlod
K xK =K_ (7.30)

RN BRGIWIHAIN)HEMRE;0I, FOS;OMD) MA)HS
BEMBNBN00. LalsNIBRROID  3)dsnial qvowuri
N0 @RM)GaIeL! Tl a))o @RWIGIHN0 agyTHT
(CorBleansRMm ).

29Qo0)m0 O Gl, GO03a 0T  QlyEm R o,
K, =K x K, &l5maeimow] 2j0ies ea1donilg)ss
eI AlnaISMAVIM)RIM S EEMEDIAN)E:,
B(aq) +H,O(l) © BH*(ag) + OH (aq)
K, =[BH'][OH ]/[B]
RO UG ALAlERVHINIGE BRGY IR Caldi
@3 mlam &laisensoio allraismaubloosoniad
D365 O SHW0 BalaN). TRMEHOE, 0)dhs]
88 Wlatialowmeon [HY] aeosn2 wjsmilen)eo)o
a0FEN) B0 Sal@mond
K,=|BH |[OH"||H |/|B[IH |
={[OH ][H [}{[BH ]/ [B][H ]}
=K /K
or Kﬂ * Kh = K'a.-'
MDA ODIHG wajaleame smnglal el
TDHHRSEENEMUUD, ToomuH] @rdlal- esnimd e¢eod]
5855 pK 0)p1168303 @2zlod snImueajsioman oo
QIR0 eIElamo.
pK_ + pK, = pK_= 14 (at 298Kas3)
nludmoe 7,23
0.05M @renosmlwenoarimeas @newasT1en6m
gomom)o, pPH 9o @eme)ailslasd. alglse 7.7 @3
mlan @penosml@@HsS @REWI M d: 0sm
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OB af)S)HMe:. FREASITIMES MU UH
BRAOWIHNG GREVIMISIAlEOEC0 Ghe6NE
QTS

DODHDo

NH, ojes melomilengs apnewosmle:osmo moaw
HHISIOTNTIBD)M TVBUID: Y0 APl TV a ila{lenoo,

NH, + HHO = NH, + OH

TOBAUIS L0 (7.33} DalEoUsla] Ha0GOLIGHMIIG]
@REWOETTIIHNONSDY EHEMENE:]S00.
[OH]=ca=005a

K =005 /(1 -a)

o OIS MPILo SalO)MISM, TVBAIIS:LCOINSG
QUBITHOIRET Ga03@TIE3, 1 0o BRI OO

@Yo BalYEMIOUd U— HW GRAINSITL]] BH06TE
BIROMTVACING, LEHDTR EIME LG 18500,

BROIWD),

K =co croolmlod

o= (177 x 107/ 0.05)
=0.018.

[OHT| =ca=0.05 x 0.018 =9.4 x 10 "M.
[H'[=K_ /|OH|=10"/(9.4 x 10 ")

=106 x 10"M
pH = —log(1.06 x 10 ') = 10.97.
Too@yUTl BRAGNIN GEROSIPENHS TR 0
Kﬂ * Kh = KW
NH, aas K, msiyo aigle 7.7 @3 alan auile
Baf) B:06mE Mourilagavil NH, 6 oo
s loermnaurilootho MRH)ES GOS0,
K=K /K=10"/177x10°

=35.64 x 107,
716 gilean aul@, aninn) e avla-aav]
)@, ail@gymilas, silanj@pavlal -
GENIU]hB)o

BRAEMBHOW Bohuoelld:; arailal, quudany)dld:
BRI, GanoTieanosls: @il afavlumes &o)
BRAGDO@VIE SANTCIHN)S)THTD BREWISIT kSO
BLalOGFOM (3 DEME. GREBHMDISS GRAGBHS
MUR0)EENITU]S; @RHLIEINE fMIa0)E(AI10S5]D:@RASME
HJN) alWAD).
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a0) silasninileepgnow H X 603 arewasiylaosm
QT aIB@mmemUd 21018S Galdaman;.

H.X(aq) N H (ag) + HX (aq)

AX (ag) = Hg+X (ag)
HOICWEROTTIN o @HIMELL TUARNEKMNMErlRsm3U3
DI MOBR)AD):

K., = {IH X[} /1HX] and

Ko, ={RNX13/ [HX

wallasK, K, opavlaeo owoens H X agan
BRAOHIHG FANVOHOHW0 BENZONHTDW;o BREWY
s lB@emaurilooenssBud ofan; ailglanyan). o)
salopsl, [olgsnimile:@epace H PO, 0 oy @rewo
M0 eoseud peng. aflal Nino)Glaldgle
@RANBHINS @RGLINM1B:eeMaLrloomaEg)as maly
B niglas 7.6 03 MEdslolclonmm,.

algler 7.8 allel AUOWIDEAN MG~ 105]ERAER )05
@ ewdeFlannsmmuclodsmaad (298K o)

Acid Ky, Ka, Kaq
a3 TUIela @Rl 5.9 x 107 6.4 % 10°
mentsodae’ enmdl| 7.4 % 107 1.6x 10712
af 1.7 x 107 6.4%10°
midagzom epmins | Very large 1.2x 107
mdaade el | 4.3 x 107 5.6x 10
eodeaueTe epmind| 7.4 x 107 1.7x10° | 40x107
milisle’ apmit 75x10° 6.2x10° | 42x 107"

a0 Ea0I0S @Rmi
Gp; Nla0)elaloglaepgomlnng nwdan a&odawd

BREWOSMISO6MILCn0SE. 8RS (K,‘ K., ) madan

s0800d @mogeosmleasmmurieos (K, ) comanad
63 @B, DBIMNES00sTISIESINNGE, Galdm]
Flal 2 1dmes ealegoemlnm amnglal arewosmlad
wla mIeNanaG’ audl® ONQIBLMMILIEBUIREln
)5 (aloquaowlalen)e. alodmlaenan H .CO,
@3 W Glaegoemlem mlenama’ emnglal alode)
88 HCO, @3 oo missyamomoo] meomaioe
HaITPMOOI O BMIVIBDADNIAUNIDEHOET. DR} EALD
B TSN, DO 2 100R)BSB T—IPO42 @Reosmilod aslan
sLaoagoemlam mlenmmes H,PO, @8 ailan mlsesyam
MIEMBNIB MHSYMHOB (A IQITLHOET,

BGLa151EERAHOD @RGaIBH 2] NIa0)6R1051e: @Ry
enomleglod, HA HA | A" o)seslo ergassios
dlmlmeamed @oseaslailalonyan). enwal HA &)
LaleNIBIRRRA0@IMIEE, (AIOLOA1ERITV(AIIBEM
owloed H A s alleeisme agldleno Tuorall
SNk, (AlIMAVWIe BaNoe AlleaismepiSom1od

e NN )]

mlanosy, H.O' enowaoileansnmmana).

7.11.7 @R@®H® uDEWINIH9)aN 2%LISdheERUd

BREABSIHSW)o GNTU}B)H5W)o WaTIWInal afQ
EENOAJIENDUE w1f206Ma a0 GBal WIClOHe:W)o,
ae) dluile vouolenss argenwalwsns pH
EHEMN Y S MHODEABHMHWAT AN AVRIOEE)HT)o
2D GIGNE. AN E]ELEMOAVLWBAUOHNAD
Motd@] 2ilel GRAMBUS afAOB6E Bg; allekmlem
BNOUD  (alNUBID H)SIWAUWODIAN] af)TD G0,
AfBADNVENE CLISHENBR0ETN FROIDIHS BBD] &)3)
aDEY? @B Do TVELI8eMAES. af)aTDOW3, &o)
argomlaag alleelsmomlaad emom, H-A sniawm
O3IG BEGIG®)o )OI WD) @R UOTE]
NG af)F MAED 10008 BHFlwo.

eatoanel H-A snicnuwm@silead (oei] £30m3emioad,
@ROIWD, SUTLMEHOD AFIHNOMNIAUBLAT DGR
aowyemuodd, H-A afleye ;5w am) @rgzow] a0o)e.
H-A snimumo @5 @8 LW)arlonad)mioud, @remo
oo HA agom arQasd eollenss ofle \oyessma
olenss AImLITlo &)S)GMIdP), IO LA0W 410383
sadmldlal assmeelans, sumwmoilnng allz@ms
RN MSHNSHW)o GRONAIS] Grgmlo UBUWIH;
S0 2l am),

amoed, @RaKdomMalglewiaal 8o W)allane oyl
SHBBOT HOBMAL0 63210 EMI0UE (WinTomuIRNISGD
BNOUE @SB3 aloWOM o OGDS)ELeTRG) H-A
ERIW o T 1603 oA BIRydh ST o, L ofl@d
@moerdes amemoud A ayes alellajo aldwlsnyam
@IMMTUAB1a], H-A snImumuosm] &h)0wm)smo @ra)
OH0ENS BRIOIH G voB@ AUBWILRN)EHW]o 612 1QaD).

aleflao &nsam),

HF << HCl << HBr << HI >
@R ves® adwlenam;.

»
arm)Galoeel, HO. - cosnos)e e &)slo arg
aoem H S, agamoes aaidamma|skedinal sen ofld
eIl BICISHERAOB H6MHRneadlwond, H-A snionwm
OEHG (WM GRAUWEGIH Mmldsmailaman
(oM RISEHo. A WSS DEISESO eannglallgl ciduwl
SRAMHIDDITOE] o] ERAGHIOG VOS] EhiSIAM;. DAY
A0OEMEDIT,

A oyes melsesoamodlaildl adwlenam,,

CH,<NH,<H,0<HF
@R ves® adwlenam;.
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7118 GRAGBBICSWIo GHNIAVIH B}EGS®W)o

@REWIAN T AN AN EI} B8 Hnld )
@RcWIMIal@30la (Common Ion effect)

@OTGlE @RTIUISG olleaISMTUIReIMs §Ba0
@M A IBlNElans,

CH,COOH(aq) U H'(aq)+ CH.COO (aq)
H (aq) + Ac (aq)
K, =|H ||Ac | /|HAc]

areemlod HAclaq)

@raagls aRaUlal cROMIVIGEIRS aRETLEQE
@REWOSTN]HUY ColBOMInE HOADOEROS GREWIST)
&@ers o, |H' | eowiany. sniany ooailsaniled
mlni H' anewosm@eg e2180moelo TuamiElo
ailnaislenoom aperugls: arrilorlag sluonlealss
218{l89aM). GREOVWD), HHAOLEN GBREWOSN}
ses nowuem, [H] @)owan dluoicelss quamerns
MEEBYAN}. 0D (A IWIBIMO HAIXM) @RGSO
OO BOYEOANOEMAST. AlnaISm TVa)2IMm oo
DURO|SIN GO} @EREWIME HSIMENW] (- IB0Me
BaIGNN aIB08L00 GalGOMRB06NE TVATHEKNEHOD
@0Q (i@ mmlem mldalailsnde. @@
WG, HalOm) BREWIMB A KOAUNRAM (AIB]ROTVo GEl
aogelod maleam (@owoe 7.8) ARSINLOOMASES]
WBS B0} (G IROTVAHSMAT aloWwom e¥lo]o.

0.05 M erauegd epewoad, 0.05M apemugls
@RIl 2ROMIVI6EINE EalBan)EmIsud DETEoE)am
enwaloas pH seameomanaimow], aeeaugls
arprilwilaag allralismavameimoe salenaion)sl aldl
WeTTilaR0.

HAc(ag) = H(aq) + Ac(aq)
{nlomoracusa (M)
0.05 0 0.05

@eeTLdla@ymlleng allalsmeomon) X @yeem
MIBlEHHSG, NOUSMWRS 29go (M)

—X +x +x
muamernwaueo (M )

0.05—x +x 0.05 +x
BT )OI OETIE
K= |H'||Ac” |/|H Ac| = {(0.05+x)(x)}/(0.05-x)
QIZe0 3)dsnninow @RAGIIIM K 6 a10)mowaknond

x<=<0.03,

apmowal, (005 +x)=(0.05-x)= 0.05

@R )56

1.8 x 107 = (x) (0.05 + x) / (0.05 — x)
=x(0.05) /(0.05)=x=|H | = 1.8 x 10"M
pH =—log(1.8 x 107) = 474

Ll Mo 7,24

0.10 M @rgnosmloanwmloes pH aasmeoms)
. D apWOIWeSs 50.0 mL ¢elss 25.0 mL 0.10
M HCI g1d@m@Imewamss pH asmaeso
5N . BREAID®HS ailrgismaudlastso

K, =177x10°

DOMDO

NH, + HO — NHS + OH
K, =[NH_J[OH]/[NH,]=1.77x107
mldarloy ecomaldomananilal aymi

[NH,]=[OH ]=x

INH,[=0.10 -x=0.10 M
x/010=177=10°

analonaed x=1.33 % 10°=|OH |

apayeaoats |H'[=K /|OH | =
1074/ (133 < 10 =751 x 102

pH = —log(7.5 x 10 ') =11.12

25 mL 0.IM HCI epoan (epmowal 2.5 alg]l
emoud HCI), 30 mL 0. 1M areassmila enoailo]
eelad) (ep@mowal 5 dlell emoud NH,), caidon)
emuoed 2.5 dlail caod @GR @MU
M130r0320800a|S)M). BGa08oW] H153an 75
mL apnomlelcd mldalioynosesajsoom 2.5 dlgil
GA0U3 @REAIMILMMIAmBS)o 2.5 M Hlallenoud
NH, @rewosm)ssie @rssEslulclen ).

NH, + HCI — NH, + Cl
2.5 2.5 0 0
VD) EKDETIE

0 0 25 25

OB ane1mow] erlenan 75 mL eooalwlod 2.5
dlafl gooud NH, @pcwmosm)s:s)o (@emaw@ 0.033



M} 2.5 ollall 6200 (@e@mow® 0.033M ) midaey
Q0SB |SOO BREDISITIODO@EhG)0 BRSEEE]
WlElEam]. D BREAIY »3USS G230
5188 Tuateln@nod lermadaenan;.

NH,0H n NH, + OH

0.033M — v 0.033+y vy

oailes y = [OH ] = [NH]]

mdalioy (IIGERNDODID)GuRatto @raTila 75 mL
apomlwled 25 dlefl epowd NH, @rewosm)s:-ud
{@roowo 0.033 M), emocom arssaslwlg)ers.
@R@IMOn] NH,_I' @REWHRTNSANS BHEIE: (DIUSE
MnlH0B0 af) )Mo,

[NHI] = 0.033 +y

v aaoy@owalmoss, [NHOH] = 0.033 M g0
[NH, T =0.033M.

K =|NH, ||OH|/INH OH]|
= v(0.033)/0.033) = 1.77 x 10°M

memIw®m v= 177 x 10~ =[0H ]
[H]=10"/177 x 10°°=0.56 x 10°
aemlmocd pH=9.24

719 elaEmaEaies serlwolleygatsmola,
apuwins enemlagins pH ayeiyone
BB ERMIIDOWINBS @RAMEB)ESW)0
GENITHB)ESW0 (A UGOMMANLIR0D] HENDM)TD
2INIeMSERE Raemilcd @eewosm @M@l ailew
DACHIAN]. BSOS FREWOSTTY|S0eMEmond
DETEROEHIAM (DMBREWOSTINEGS) 0 LFMBREWOSTN S0
BaMlad seflwenomliolol ReeooslEEReDsTT
EHBOCWO BROLIHIGE Bela)nowl () alud o] 2]
EINKTNEMSIHS TVISOICHINMITEL}H5 GRYERES0
GENITOIEHEHY FREWY aJMDITVLHSIEONRISIAD]. BEN=D
D@ Mjailafla) BOEMEBHSRSS WMHERGROS)BGB0/
EIEMN@REIIEMHEH0 EROHLKHI0S BiM)e @ysicwo Be
QNEOWBS (G IUGCHMNHON RerWOiEERHM
onmm allglen)an). oM WIUdCmme RIVTIW)HS
pH oM enoilesmam). lalsrial GmIm)aa1es WM
@RI (98. Na | K. Ca .Ba~ MymeIWAal)
lalsNIE] GRASEBHOS L3eTEReseu (96. C1, Br
,NO,, ClO, symelswnl} &elogm Relcoomldasd:)
&HW)o Rellw aNe@QeHemall GRS RG]0
®al@ran;. @G MG, [alsNILIOYHBH)ESW)o

e NN )]

GENUTSHJESW]0 EISMESINS EwaTleud midar]
@y@06m. ErmMOVE aralaag pH=7 arnoildlen)e.
afanoad ag alleowoemlad alm)an ellemssayd =el
WAllEGeHeH@EIN QllGWRAGE)aM].

MOBPOWAD AllZnOTIERSS elnlsmangas =efl
walleypatemo aldlnemilono :
1) oydsnuengamleadwio (alsniel esnirileadao
ai01smeasud, 93%«00sme : CH,COONa.
(1) (essnsgooilegoie 3)dsnial genirileadu)o
anemsaed oco: NH C
(i) sy@snisnpEoilengie 3)@sn1al canImilendm)o
ansmsmed. a0 CH,COONH,
amozaom 93denosmanilod CH,COONa (3@l
argeow CH,COOH cagwio (atenier senumuon NaOH
eBwjo s1nEms) Rellwenwmlwlod ajdsmaow]
BREWETN1S:0ke96a |S)aN}.

CH.COONaf(aq)~ CH_,‘COOH(aq)+Na+(aq)
MODBORNIENGTRIGHIAN ERETVEHG TREWISTR BIOW
mlilad @efloalaggeaemarla’ allewonool areas
glagt arailanio OH  arewosm)ama)e Mmadas)an;.
CH,COO (aq)y+H,O()n CH,COOH({aq)+OH (aq)
araTugls; arailal gydsniengo (K, = 1.8 x 107)
aO@Imood eRomlGd afcl® althlo @rewsT
SBLERS0e@ Wladenam). s enamioilenss OH
@REWITMBHBIHS OWmMOW AUGWlajlon)sw)o
@MW GERUTVSTUZIN0 DBICIINHW 0 ) alQ)
m). emem)as cinwonlwes pH, 7-al «)syman
O@lan)o,

DGR, {3)derIeIgsniad NH,OH @ alam)e
(atenual @yl HC @3 mlanye gemoayan) NH C
2oomod aldemoowi ailnaislen)amn).

NH Cl(aq) — NH, (aq) +CI (aq)

BREASTNWoEREWETMGHUS Bellwalleygatermanmla)
allewwaoo] NH OH 9o H ancwmosmiag)e 9sneo
YD),

NII, (aq)+1L,O(1) = NII,OII{ag)+I1I (aq)

@REAeMIWo §HanELII & eIV B)demiel
eenurooer (K, =1.77 % 10°7). apailmot @ra) elow
wlwlad dlanalonie @REWOEMTE:0lee]|SI0Mm
W0y, OISR el enoaloled H'
@REWOE oD AUDWIEN) 50 ElswNlaw
@ERATVIBOQINBRGOLE DOYdhD]0 H21Q)AD). ERMm)
o300 Relowilenss NH Cl enowmloyes pH, 7-3
DIIEHPDIOETD.
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33@snielog@oilad mlanje ajdsnielesniavlad alan)e
pereodyan CH.COONH | ayam elismamied =erl
WOHEEGAHETNE TVERD3 {lo8)dh, DBING aNRIDNDENED
)TN BISHEBUD DI

CH.COO™+NH, + H,0 = CH.COOH +NH OH
CH,COOH, NH,OH agamlal govilaaileaismonilal
aflewonowl] anorlolacd wledanam).

CH,COOH = CH,COO + H*

NHOH = NH, + OH"

HO = H + OH

AlRERIW @EMER] ®)SRNGSICRIE Galdd00 D
MmDES Aalo@OMd MuoWlen)mm &oeje =erloail
G@eUIMOMNMG GO BRVMIVNS DIUSD DD
@Ry edlemarial aam)e enwmlegns pH @ea)ns
PK @eIi6mmu £a16woUSla) H6ETIROIONIKTDA06TT.
pH=7+"% (pK —pK) (7.38)
pK aileks:ud modlenas alyayoive Galdmilglalswosd

snwmlees pH, 7-@63 «)symene, amonglanwond
@O 7 O3 MOPLDOWIT]EMo0.

nludmo 7,25

@eergls @gavlulend pK| w)e @readsmlwe
aaoﬂ@{,wooe?am(mmﬂmc@ pK, Wjo WINX(htio 4.76
Do 4.75 Do GRED. AREAST W GRETVEHGLIND
mloes pH eeen=omn)e?

DHMD
pH = 7+ 4% [pK, — pK,]
=7+ % [4.76 - 4.75]
=7 +%|0.01] =7+ 0.005 =7.005

7.12 landenomled (Buffer solutions)

tlen aloBuaBWERo (930a00sMAWI-0HaMo,
Mo HBRAUTES ) dlumilmaco pH melo gens.
alms pH engs alyailosme valo@oiand exmgew
(IUBOHMEABHES TV alm M@3R)amy. OQIW] @oay
-OHRAUCONV el HIVe@Bs pH #0d mloirmemo
QISAD LA LAMSGMT. (EAIW BDaUU - TODBOY
I3 WaMIBHTIE:W ToooHlSD)TDMIM]0 Lale@aus]
Smoim)e pH ey im0l aladsomerem)ens,
emBaflopiemdess, sa0le ananilsd @govlald
@ReLEnlod emIat ¢21389;cmneyd Ssnziaxyan pH
anoloimesom .amle2swlsn;an enemleang
Nland LN af)an] 100N}, GBACHIEHY
PK, WHSEWI HHIGOMIHG pKh WIOSEWO M)aly
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orilad wlam elokmaslendo)e GrOIHIEIW]o R
B0 cnlsMOTeadw]e GenIMIGR)o BRrMjald®mo
MW Dlay) Oa:05M0 30y Olonile pH ayss enieod
ennwml Mddlenos. @eTugls aavlalenw)o
sorvolloe @eervegdlendue Sludlme a@ainioe 4.75
pH 988 eniand 2I0MIwIm)o GREAIETIWeEHINE0
alleadwio EREAVSIIWoNEOGALGHSTHIICZ0)0
Hidlame afe-ea00 9.25 pH 938 snisndonoaioemo
LaluBoilam ). ausnd anMees G)ila] @S]
MELO] Dlemud VBTN FOMUEEIEE o Gk0.

7,121 sUanBe1nom] MOINIHNG

o) Mlunile pH 988 sniend el @aooansmd
Pk, pKl TUANEIN qubiladtho af)anlaumes Grclal
MEIZOB TVaOKWVLAM). of)BBHMWOSI DB TVOW)
GOHANSBGMNT MA)B) HAETNA0.

vl snlaoolanad mldadsme

@pmilwls pH 988 miandlead mldacsmaoimoei
B)@nIBngne GRMINMG (AlENILIENIMYAIW)SS Bl
sMaljo Haleasleaan; pH, aydsnicponiland aoam)
aimavrloome K, 6)@3manpomleang wousma)e
@RGIHG Mow)Url GNINROWBS @RMI0MmANe
T Wlaflal@:06mE Qo) TV20Id jo alleTila{lenond
SFlW)o. Kalomailod 80y aloye @060 @RIl
HA zeiowilod @ogoosmle:alesnm aquoanalolo &sm
HSHEISHOTNOGI

HA+H,05 HO"+A

DG ERUNE] MOJHH DOHP lOWAN TVAAUTE: 0
af)P@om ¥lwlo

i)

DM Al @] 2 0wd

[HA]
[47]
o) AW CRINGIHo of)S;0M]o, al3amas
al) MDA 130100,

[ H,0" |=Ka

1

A"

pK,=pH —lo oA
A

o
&

(7.39}

1 F—
|

pH ZPK“JFIOS[HA]
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|:01Jr_-c033cd[ eemay, A~ :|
[ang-, HA]

pH =pKa+log
(7.40}

MO (7.40) SaOMGALGIVET - a020NIG3MIdAYU

4 ]

MUBUIDY 0 Ay alOWD). [ H A] Ay al@lensmo

@RATIIANG TVoWUH GeNITe (@RMEWIENI) GRANN
medlenss AlUlmOmilang NGNS BRM A
@oerm. 3)dsn2mo@Inond @RVl AISH® HalClw
@rsailod solmen @ReWISMI:E]lHn)HWIB8]1. AR
30612, snlan@ MIBAGHOMB afS;E0IGlen)Im @R
amilag Moo aeile aIy@mTdlenes @S]
@RACDIIEHT p_lmsmmmﬂﬁ)c@ @REWM leesm@oilag
ANEIACWENESATMOEIT R)BIB0We QDI Tuo)um]
genuni [A]. apadlmoad elalsmansload nomuemwilad
avlan} Mmona@ac] A@EST Mou] eanITilead
NIDOUSH AUYDLTSIFNBANEB). BREEHIEE TO2
Qoo (7.40) 0D lalvlad Bogae]sam;.

[ EIC)]G]TJO]

pH =pKa+log— [mac]

qoaniodsye (7.39) @ [A] o wowea [HA] oyes
wonsm Tes @elynowond pH= pK, @re)an.
&oreme log 1 ead myelye alRyo darem. epalmosd
BEQ EROVOD OUNNTAS BRGNS EINEMARo (TMom)
U Ed000) ) SIOMIG3 NIandenalees pH @rg
ooilag pK, Was m)e1L20:)0. BROPSENE Mlunikm
pH 988 sniandenom] wlddlkesmarll, Grnivoynow
pH cmos ca1dam pK, cuoyam @milol elessoms)
Semo. aReTLIISERMWOR  pK, 0elje 476
BRETN. BRGIMOOE @ell GROBOBULUID VB8
apeaugls agmilabie GTLoWeEROHTVEYY 0
Gal@am)erEom siandenwmlones pH age-escoo 476
NSOV QAUD)o.

(zsmm}’lce)amanokm@ mldmorama

80 3ydsnielesniavleadwlo ar@lnd Tuomunlarg
orleBw)e NIanGlHag @) Caloael)sia Alluadeio
MINPROWIN aDLIERUS HOYD).

[mg@gm’[ @Rgo., BH+:|
pOH = pK, +log

[&@orao,_ B] (7.41)

[l Ve g )
sNlan@eomless pH oD quanitayo Dalewowla]
EeMaEaEnco, pHpOH=14

mayeadloce pH+pOH=pK . pK +pK =pK

M MANFIRHS MR (7.4]1)-03 algworilajord

DORPAOW)AN B} ICDIIGRIN BI00.

|:{moccngcd'| @R, BH_:|

pK, —pH =pK,, - pK, +log
] ] Il [Giﬁl’).l{'l‘l)"‘, B]
BRSO
UCeMRUE| PR, I3H
pH = pKa - Iog[ I (7.42)

[(350](1\3"’, ]3]

esnITvleadlo arMInad Tuow;un| GRAGEIOHBW]o
{(WMEREENE) CRAOSOBWUND CHEIAOWOMS, sMand
anwmloes pH, gsniavland pK, des m)erymowid
SN0, ERGEHoSMIn@)HS pkK, Moo 9.25 @RWGIN0GS,
@yely, 6a0So3UINmOBSS @RGAEMIBIWMIW)o
@RGRSKDo GR0eNOARILEMIWe GalBM)eN=0E,)am
snlandlead pH 9.25 oY arsyamoniidlen;o. arezosmilmoe
CHONNOMW}o AREASTHIMe HAOGILIHEHTVD)o
EaIBIN)EIMROS:)IN NaNGLIRWMNH), TLROIoE: o (7.42)
1 oloylolad momo.

|:Lmnt()33m"[ Do 13H :|

pH =925~ .{Og [thlclci" H]

eMBa|lenad, snlendelnomloes pH am eniowlen)
avlel &00sMo GRIDOAIHOMIGE Galdan) alo)am
@RMYA LMo BIOYIMILL

7.13aelalmaow] a3 m einlemassies
SR M3 Bl MER 1D

@REWITE: DA 3OALOMBAIHS RAITHIENAS GalY
OUOOAIQ] Moo GNEHOEW amMilanasloilg)ans,
@oIvlled afleidy (003000 6HPO0M GalonaIny)
880 ) ARAB@NC] TVIBQIMBBGNe 1Y) aNaKD
{eiidlwe af8)He00 GaleaIR8B0Y ) AUSHO Haldlw
arsallod elwlan)mmlo TVOWIesMO o
@GRS afyID Qe |S)aNAITRET. GRIDMmIo
mlaaw] falsemBas Gl ajldlen)an). eromled
(aILUMe5®) Blaema@mnn endlnt afadnowda oo
eRoNVlsEl GREWITNHANS AIlEINY®EWoRMm
afyBLOTBA A0S, B0} BIISTNo SISO 210
SRANH DOV BREWOEIMHHS DSWIENAS Gosd)]
ewdlw BRE:GaHMENIEKMaS (RGN afABLOoeda i)
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@REWNS- BN GRGalsMoe AUYl MasMo Halew
SMEMOWIGNE. BREWOSTNIG:ANS AUlEISWHEWOERM
afRIN0GEaile AEINWEEWORMADIOG BRSO
MO o lBNT1Ea00. BRG af)eloBealowie Hm®ng]
AWIGEEN)0. ER@OVLOS, AULRVGHEDOERM (W
Wlod @odRe TUIMTDAsER)o. QAUEIWEHEWOIERM
agBLO0G3alles ersal aROEEDTRd MUBAIRG
@AW aflo)Eman). @eULlw (TUanTloGWORE: }
BIWEHMR S5 &00jomlad, alonwagwoam
afyBLOOGAT @)na0wdlenie. @R@IMOOS @M a1
sEDSlag gl ap@LOodallew mosmo Halgod
al@y0aImoV®mElL @MIHM alGleMmanaIns o]
elnlsme @pelw 21w mleglad erdleasam am)
an}. 80} Halo®} MVA(RIHODC B BISIHOMIT &)
(lemys enoniloilad erdkesmaramaanssslad ailan
WHEWORM ofBLo0@Sadl, 2dlrS afadlnswdailHw
BRNVUS B3)5) D BRVIGENEMo; DETEROAGHINGS @13
COOKIT D BIUDEMo SalQOINEs & o 830600 ek
Ao ®aINIFSHm)Mdla] @R@ICRmW
MuR N CBIP@IRENE. MA)H6 CEIDMIONNTG @RS
LNOMEINE BINKMSEROS G0N BN Ailad
s @ ealanio.

alzgowe | |aiflesymma)  |eaimmio > (0, 1M

adlgowo 1 [roomomye

aiflepymd  [0.01 M <eeiwmie <0.1M

aleowolll | uimelmaowi

a1fleaymd  [eeimmio <0.01M

oM mDEs aldlElmno] ellenan dpewosmla:
aiismale @@ aelmaelwenwmle)e me
BNB8 TUIMEKNe dHEMOSINaISIHNIs,

7.13.1 GRIOHUEAMMAnel qurlodehe

GRGIHBP@EM ohBlmzelloeealieeool] qumidas
eleldleanan 6o eanIFlemiudtan SemMESnals)
B . EIDHRTN SLIBAIBIBLOMBEe al)@lm el
V1ENSH GREWOEM)SS)e MIFIERSSH TLADIEIMNEEH
DD TBAQUID: L0 56T o)ailaflenoo.

L 1 ! A >
BasO s) 0 MHEFFRTHY - Baz(aq) + SO(a),
aOam; LIMAUAlE0 & OHIHW  TVAAUSHYo AIEBOM
MBBn0

K={|Ba’ ||SO} |} / |BaSO,| (7.43)

RIELROW ELIDAIBOALOIM aurlewousm ERWMmI
MO03 NMAY EEBHM afyFIMOIB BHFlWw)o.

K,,=K[BaS0 ]= [Ba"][SO{] (7.43)
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K, 60 GRIMI MSMMn0LITLiladihe of)Eams Goae]
1@l e1glmunow] GRIOH MIaMManele of)eano ailg]
S9aM). A)HElHel macls janloal K, es alel
SHMOUIES S5l aelyo 298K -ad 1.1 < 107 arend.
BHROAVE, al)Blmenonlwmo] quamemomlaiol
SNAM 611G GnIdlemiudcandlal eanidlwo BREWIEM)
BSB)PSW)o MGIGA0T BREWIM)HBINSV0 NS
HB)OS MEMManBlo @MING GRIDMINEMMansl
aurleosowlm  @)ey aoaeman@lne. gnelo
mBeanglond ¢nesod calmic 'S’ @RWOnd e
@REVOSNHB)ESWo NIWIDHUB @G S allm
mosT).

1.1 x 10" = (8S)S) = §°
or S=1.05x<10°7%

@R@IMI03, EnIBl@oMUEangleng crIs8dsaIwmIo
1.05 x 107 mol L o} ojeymod)o.

80) elnkmos allecishEmad @S], AymITIo s108eR)
(B UanlE)an EeMErRGWIEM)HhEaWo WM
BREWOSTM@:S)0 NGB0, DEADOEMTDIIN, ML
QL0 (Zr“)S(PO:' ), 288 Mldconoamlwe
3a02006a0Q afYTMSS BIAIIMo TVBG3a flan)e. Doy
allneisla)] +4 alodeysa man avldesnosmlwo wm
BREWISTN)HR0 -3 2108EBS MOl GanomMicang
L6NEB GOSN hBlo MBAM). qUldELn0em o
GanomMicanglaagd cnosodeelmmio S aReeN e,
TVoEMOMINNg qualsesmalalalad alam,

|Zr' | = 3S and |PO? | = 4S
K, = (3S) (4Sy' = 6912 (S)°
eoogiBlad S = (K /(31 x 40} = (K_/6912)"

m)@apaio M A oagmie c0oged celodio S 98
BOOOW &0 LGEIQEMe GRMIHWD G&HAN ool
B0 E0W] TuaUdEaailEnesme;1@d, apallam
DT VDAL @0eTE alll@1e@lanoo;

M X (s) ~ xM"(ag) +¥X* (ag)
(mailes x x p' =y % q)

BBOMIHG CEIWMINEMManelrudlestho MEHBBHM
M@3EH0.

K, =IMTFIXT ] = (x8)(vS) (7.44)
=x%, gy RoY
S()H ¥) = [(sp I x* }.-_v
S= (K, /x .y (7.45)
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BEANY FRGEGIEN)S]MEEID alFOBLOSBBSHIES DIUSH)
TUANEINND WHEIB TG, TOAI0SIClEss K
AN k36X Q_«p agyT algdleso (8oWo 7.62). TUABNEKN
TuoadaloyeeRgled K = QﬂP BRUIBEN)0 af)DE}
QUYSHA.  af)aNOM, AYITVa010LEBSIG8 @)
fe TSI RER L | I ) @) lleaemomIHAFEWo BIDM{a ]
Wesews Fli A EMAEENIN), adlel TUaWasm eIt
smeam@)es 298K moamlaiienss ¢elwa@Iy)smm
0K Mloomemud algle 7.9 03 maldalolaleniam).

Gal1340 7.26

EREWISMEME ReIoNCOW] {sI1nGomlan)e ol
HEIM MBadajlajond Reiooilanss A, X, )9S
GRIDMI0 GEMENIENE:. A X, ©)9S CAIIGIUNEM
Manalo K= 1.1 x 102

MDD

AX —2A" +3X

K =IAFIX P=11x10%

AX,, @9s camwdmio S @y@ood
|AY|=28; X7 | =38

aompaond K, = [AT]2 [XEP = 1.1 x 102
1088% = 1.1 x 10+

apmlmomd S*=1x 107

S=1.0x 107 mol/L.

Gald3Yo 7.27

2007000 2IR]En)an @eNE  RIAIMSEESoW
Ni(OH), &agwjo AgCN aadoge K opoiysancd oLoo
oo 2.0 x 1077 mye 6 x 077 m)o @mem. apo
EIISTNAVST &SI M@ e1vlanand); allvosleal
BN h?
DM
AgCN _ Ag'+CN°
K, = [AgT][CNT =6 < 10
Ni{OH), I Nr* +20H
K =INF[JOH F=2~x 10"
|Ag'[= S, areemeslad |[CN | =S,
INF'|=S,, areeneslad |OH | =28,

J=6x 10 5 =78 x 107
(S,)(2S,F =2 < 107§, = 0.58 x 107
AgCN 6ma90@d &)5;00@8 ergflssymmo Ni(OH),
@HE.

e NN )]

alglas 7.9 allel quiwonam @RESTISHLKHEMEE)H S
298K-03 988 ep1uim] MISMManeinedladi,

FaAa,

I Gald MITUTVY Do K,
Silver Bromide AgBr 5.0 x 1013
Silver Carbonate AgaCO3 8.1 x 1012
Silver Chromate AgaCrOq 1.1 x 10-12
Silver Chloride ApCl 1.8 x 10-i0
Silver lodide Agl 8.3 » 10-7
Silver Sulphate AgaS04 1.4 x 10-5
Aluminium Hydroxide Al{OH)s 1.3 x 10-33
Barium Chromate BaCrOs 1.2 x 10-10
Barium Fluoride BaF: 1.0 % 106
Barium Sulphate BaS04 1.1 ® 10-10
Calcium Carbonate CaCOs 2.8 %109
Calcium Fluoride CaFz 5.3 %10
Calcium Hydroxide Ca(OH)2 5.5 x 106
Caleium Oxalate CaCa04 4.0 % 102
Calcium Sulphate CaS04 9.1 x 106
Cadmium Hydroxide Cd(OH]z 2.5 x 1014
Cadmium Sulphide CdSs 8.0 x 107
Chromic Hydroxide Cr(OH)a 6.3 x 10-31
Cuprous Bromide CuBr 5.3 x 10
Cupric Carbonate CuCQCs 1.4 » 10-10
Cuprous Chloride CuCl 1.7 x 106
Cupric Hydroxide Cu{OH)z 2.2 % 1020
Cuprous [odide Cul 1.1 x 10-12
Cupric Sulphide CuS 6.3 x 10-36
Ferrous Carbonate FeCOs 3.2x10-1
Ferrous Hydroxide Fe(OH)2 8.0 x 1018
Ferric Hydroxide Fe(OH)a 1.0 x 10-38
Ferrous Sulphide FeS 6.3 % 1018
Mercurous Bromide HgsBr2 5.6 x 1023
Mercurous Chloride HgaCle 1.3 x 10-18
Mercurous lodide Hgalz 4.5 % 1028
Mercurous Sulphate HgaS04 7.4 x 107
Mercuric Sulphide HgS 4.0 x 10-53
Magnesium Carbonate MgCOs 3.5 x 10-8
Magnesium Fluoride MgF2 6.5 x 109
Magnesium Hydroxide Mg(OH)z 1.8 x 101
Magnesium Oxalate MgCa04 7.0 x 107
Manganese Carbonate MnCOs 1.8 x 101
Manganese Sulphide MnS 2.5 x 1018
Nickel Hydroxide Ni(OH)z 2.0 x 10-18
Nickel Sulphide NiS 4.7 x 105
Lead Bromide PbBra 4.0 x 105
Lead Carhonate PbCOa 7.4 % 1014
Lead Chloride PbCl2 1.6 x 10-5
Lead Fluoride PbFa 7.7 %108
Lead Hydroxide Pb(OH)z 1.2 x 10-15
Lead lodide Phla 7.1 %109
Lead Sulphate PbSO4 1.6 x 108
Lead Sulphide PbS 8.0 x 1028
Stannous Hydroxide Sn(OH)z 1.4 x 1028
Stannous Sulphide SnS 1.0 = 10-25
Strontium Carbonate SrC0z 1.1 x 10-10
Strontium Fluoride SrFq 2.5x%10¢
Strontium Sulphate Sr50- 3.2 x 107
Thallous Bromide TIBr 3.4 % 10%
Thallous Chloride TIC1 1.7 % 10+
Thallous Iodide T 6.5 % 108
Zine Carbonate ZnCOs 1.4 x 10-11
Zinc Hydroxide Zn(OH)z 1.0 % 10-15
Zinc Sulphide ZnS 1.6 x 10-24
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62133)0 7.28
0.10 M NaOH epss Ni(OH), @ czaosod
CEIV@lo SHeMenaad)d. NI(OH), om ancwo
slasMManalo 2.0 > 1077, aryerm.

DIAMDo

Ni(OH), 6x1 ceromi S apesmasitkeass. S eaxd/L
Ni(OH), aleaismomsilanes S ¢aowd/L Ni™ 90
28 emowd/ L OH o0 mo)my. apomocd OH
EREDOMGBINS ERR o = (.10 + 25)
amoud/ L. @00emo eowaloiled @emeyen NaOH o3
alamyss + 0.10 ¢l / L OH  eessasloflgyens,
K, =2.0x10"%=|Ni* | [OH]

={S) (0.10 + 28¥
Kﬁpmuog@owmﬂmomﬁ, 28 <= (.10,

@Rm)a:oms (0.10 +28) = 0.10

@GN0
2.0 x 109 = S§ (0.10)?
S=20x 10" M= [Ni¥]

7.13.2  @RCWIMMIGEINANSBEZNS CEIRMITMI

EB8 Hald®) @RGWIMI al@I0le

eel suodelwd mauauiled wlm) (el lemlenamao)
CaloBIE] M0 ofSMEHIEL0 B0} GREWETINNG VIOUSD
adWla{la)owd er@laad alalel®m 2108888 GReEws
00 )S] G213 8aleam @Sl K = O
BRHONED @OOWIE SlsMo G0smn @angailsd
@oalaHlaimea]S)o. ERM)GAIINBI, aRHO Beno
@IEHVBMIHBOS NOUKD 02008 B3@lex0dam)sl K
= (), ORHOMEH MOOWIES 2SI 2o 1)
QO ERGWISM)GB)HSWIo NIOU® AUGUWlan)o. D
(B0 GRIDID &SI BTV GZoAHONL
3al0RNBS AIIMEERUEEN)0 MIOWERETS. @afles (J
et BB (TOANUVS \ODIG3 BREDOSIMGHAHS DB
(NOAUIDOBHHIMOTTE HROBOTIFNE6) alhdo BROIDOS
(GO GUaHIDS Do lEDUTkenNO). BRGNS,
Moo GILOALIWE CHIONNMWINM &0} dl@ LI
sy apalealss HCl alomao esoml allgons,
HCl o0 ailraisme Il 96ne08nam Ggoeeonl Grew:
ME:3)&s U@l oD (LB EUH]) W)eS
ansIpoE] IoWl@o G0N @ERAIGHlAImS.]
S)aM}. WEIHM BIlHN)aN IV GHINHONS
aoeilm ysmsledalon njeoacdldlen)e. 8o) mlumiom
@REWTHIED, GRGYINMG ~IGlHlmnow] Breilasyam el
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s al)@smaow)e BRAUGHIIME S @D
Mofl @OAIMANEERAHMATIG, Hald®) GREWOENS
{alE00l0 HaleOUHEN M) GRMIMOE @oEAM allewy
aemomimealsnsl miladaidereoosd avlodad
CGHIONOMWIWo Handld: ARECWITlam BRGIHG
BHEOCADISOOTVALIW0 ARGEIIGE (H50G0Dg
Waanolad a&eequal) Genuolvo @GS
@O ING TVBG0QIW)0 BRAISHTDO|S)OmMAD).
alole @)00m ERAGBSINS LINISMEEBE @YW
Gan2TVEADQ)E:S)HS RIDGI &yosom pH @3 cudusl
SDYIN). @RWIM &H0sMo h)0som pH o8 ¢laloego
emleoemOemnng aneinow] ggemaErswIsmlead
DIDOUSE) HOWIAM). ) LIIMHETONNG CRIDGIOMED
adWlafla] K =0, ew0s) Melynosnym;. walles
BC0 TVRWo B6INE) TLATREIMNSEBUS DGIWOEAUSTRM)TE.
BROOWG

K, = [MT][X].

5p

HX(aq)!l H (aq)+ X (aq):

_[H (aa)|[ X (aq)]
: [HX(aq)}
IX7|/ |HX| =K / [H'|

D6NE QKDBIBBINSW)0 (aITIGEINNG ag)S)dEeNE D)o 301
BG)HD O 1T MRS DB Al LIEkHN0.

[HX]H :[H J+]

(X ] K,

[HX]+[X] [H"]+K,

[x'] K,
arllenz)o (I IEBDH A)S)TTI03 21)0RS GalG@IE]
SO IFlBD)0.

X7/ AXT + HX} ==K /(K + |H'])
pH #ommailmmirudla] 7 eooianomoo] mmyess
EHMOM ¥, Gy wlvaile pH @ ernismomslang
gaIpmio S @GHEMH 103,

K, =ISII£S]=8{K /(K +[H'])} and

S={K, (H|+K)/K " (7.45)

K

apaiimond |H'| cdwlesmaiimmmidls)] araclslod
pH soommolmmyausla) ceiamio S aidwlay;
E3306E1El oM.
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- @de. ARG dlemuaialaa®nIeldleslo. RVEHE BOTUAIEIDE:UBE8 TUAMIEIMNo (2100 ilen008 @Elone. M
- ERAITNDIS al)Eed-nIADGIMBCRNERSes Wloed menronlsleaj. MM mudleode K, amimo -
U allee)ame) ROIAINERRIANS NOUSmHD ERElSHI0GERBOS VIUSD H®0ME @, mallas Q3600 nI3eEE
. @ESWo *RIDMEMSID] 00 ruTue e esMAlm T MO sERUd Snieduiloa)m). 3
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g poaRElod @MDY EREIM ;6N GMOM agim?

H,S ©0F aomoo dpe@oamleeam qurleds.e 9.1 x 10 ¥ amyer. (1.1 coogod epwailoilee HS
BREISTHINNG NIOUD GaMeaden). enwmlolod (. 1M HCl e)s] pomeslod HS eaf nous
@ ageaBem qonwlmleno? ILS 00} car=oo @rewosmlaesm quflosme 2 x 107 ayesm
ol 57 O O DETE MUONDAIBYEERZIAIj0 BRI 5.

mpequdle; mmiluilan aewoamleosm qurlodmoe 1.74 x 107 anent. 0.05M  epwailol
engs mougls @prdadland olleIsheamoed HMetands. BOTINIER8s @paTeend
Bpewsamlaag macemane pll So HM@HIE k.

80} 0dnomls apniuwled 0.01 easgodenomlaes pll 4.15 agesmo emommas]. @M
GWOEGIOTG (NoAEm, @BGERIHTG ERewIMMlerurilestse, @RGIaa) PK, afy1hlo &HamRam}d:.
al@amad@ AllaeISme &EMENENIWINE MIPIWIAN ERWITNEOS PH S6TNE000) b,

(2) 0.003 M IIC1 (b 0.005 M NaOII (¢) 0.002 MIIBr (d) 0.002 MKOIT
MOBPRHH0SIAN T @snTD ENWTN®:3)05 PLI oM anows)d.

a) 2 ¢ TIOI pouggomlad exdlafla) 2 eilgd enom

b) 0.3 g Ca(QID), scugsomlad elafla) S00mL el

) 0.3 g NaOH snigaooiod eiwinjla) 200mL e

d) ImL 13.6 M HCI saizganeomi exdflaflay 1L enom

0.IM gsnpens @eemugls; @pymilal chomlwes @mewoamlsomaenmoo (132 myen.
epeeilwes pH po cmitend apaqugdls: apmilatlend pk o HesTROD)d:.

0.005M aamoalad (C, 1T, NO,) epwmiloes pll 9.9 spad. arcilon @rewosmlamosm
qudlessane pk Wlo &EMEn0oea)dh?

0.001M mmaslenmd coonlmes pH agamoam? aemleend @pewoamleosm Torlodshoe nigls
1.7 @3 wla apsjesdmd avloj. eponlolengs @mnleNond muemdsm1eosm emOD) @am
SN0EN . @EBMIENOM ruew)un aRy@WION] @REIMIG06M TUMedEo &)5] SHORM .
0.05M apemugls @padadlang pK, melo 4.74 agoimslcd semlong epewosmla:mosm
GOIBY HOETROM . clomloilad (a) 0.01M HC1 () 0. 1M HCI opsssdloilgoaeslod alerisom
BMITIHM ABO@mEEBOM TuoWINlsn)o.

seweloonod apalond meewaamleoammroste 3.4 x 101 ansy. 0.02M avowlayes
MREDOSTN LHEETNEAMW SHsMenieads. coamialod 0.01M NaOH peeslol agum twmadmo
aecuIpong @alad Bpewosmlasame MSEBINWM OB} ?

@oSPnjowam aoalAnanglod @psaElolcelen)aN SO~ @REWEMD NIUSD O
M. ARARIOS pH mooe mamlelses)omn,.

{a) DMy ea1unlj30o, 6.83 (b DAY, EAREo@BTo, 1.2

() D 0o, 7.38 (d) pmauy aFlmld, 6.4

010@8, »G@oqfl, Meeodlnld, mossaomld, H5WHs saIBs moKHs Pl wo(@ne 0.8,
50,42, 22, 78 aped. a0ceomlanioie MOmE] 90a0RMEERSRTING 0L
NN,

298K @3 0.561g KUII meioed aroiajla) 200mL enwml gareoss;an). salogoaoyo,
aonn R, O9ancLdsaileddeemomd MmAIDIOS IUD  GHEETRON ). gmaload pH
AamOETY
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7.58

739

7.60

7.61

7.62

7.64

7.65

7.66

7.67

7.68

7.69

770

771

772

298K @t SiOID), o0 seromie 8oy eilgd enomiolad 19.23 ¢/l e, aleisoaBadloo,
9206 WIGHMIDE AN MBEEIMMIEB:SNS DUEPDe aldWlees pH fo &aemamm)d:.
Oln12ajemowils: mymilaland memosmileosmrurilosso .32 > 10 ° apand. 0.05M enaaio)
ayeg @pomland apewosmlasesmeamatio pH o dasmeademss. (,01M HCl assaoelo
D eR@AIEINS EREEIAMIG:OMEDE) NI

0.01M crvomles aprialeag (HCNO) pH 2.34 arsm. apgomileg @pewossmisosmaud oo
B0l ENTNIRIENSS BRI oM BMIT0 GHEENROIT ) db.

ppmsTt sradlatlen @sewosmlsosmauiloose 4.5 x 107 @y, 0.04M aavouilae
pemasy enwmloes pll oo REIRIlERMIMEBDOID]o BANEDIDEdb.

0.02M aldlawimiwe esaneaosgoeoulang plI=3.44 allolwlea) @wewosmlaosm
AURl @O0 dhEITIBa) 06 k.

ODY alTID LINKENEBRNS EWTlenud myisad, aprilw areeimled eMice, marileel
DN o)A {~I0lailas) e

NaCl, KBr, NaCN, NH, NO_. NaNG, . KF

e0e00 mparugls aamiluilond apewssmilasosmarresso 1.35 x 10 7 aryans. 0.1M agmi)
alead@ie mea@lond 0.01M sauoailoe alnkmenomloyesw)e pH ajmooilcles)o.

310K @ mewnlon @pemosmleoamnanek 2.7 x 107" agen’. o @oaimlaimied myysad
meiomleatd pH ~fumoosns.

mony marlcles;mm A Wwlmerses pll eamenosn)ds
a) 10mL 0.2M Ca{OH), + 23 ml, 0. IMHC1

[$3] 10mL 0.0IM H80, + 10 ml, 0.01M Ca(OH),
¢) 10 mL 0.1IMILSO, + 10 mL 0.1MKOII

algles 7.9 o8 @milgss seion (yemnanel mudleosesziod olad mfladaid Gioang, amigluo
E®H0GOE, Hanols HOnDEALIGHONTIAL, HEIAL GHINOO, HRASIOT] HRS@DISHAVAL ~fHAT]
aes 298K engs scimeismBed HomRomds. 20060 s 1M Ld @BGOINTN}hBIESMI0 HBIB0
BIFeH0B 3151 SN0,

AgCr0, , AgBrepoimins selwalesmmaenel qudleo syl @woi@was 1.1 x 10-17
5.0 x 101 apavilal ape. @oes ~nold epoilees omadsifleg)os @BinIdmo
BRI ).

oely algoadme 0.00ZM eroadlwe @powocing, @il egpoe0d enomladd ool
¢ 3@, @) G0 aRe@OGIUFlHG aBalkEHlNImea|sElletles Moileaend? (&) aild mamo
ewgled K = T4 =108y

omderuoals; aymilailon aewiamleosm murloste 6.46 < 107, miclud ssndemo
swglemas K_=2.5 x 10 @nsm. mjrmemnienss seiomiaeon] @oemayo dalgiemiogd
pH 3.9 pas &0} enlandled miledald esninfemuoemd nf@ asa3 apWld.o CIole)MmmoeTs?
BREIORISIDODIOS GaId369)eMbud dr@M MUiNeanAlIeN ARAIBHISI®O |56 MSea0mIdl
BNHZENH alozonidi] af)i@ moavmailenss mely s208o8 Pan0qy quudeang, arvouloe
MEBHN0W WD af)S)eenmemos. (@rwaS quaonenadlong K, = 6.3 x 10-"%y
298K @3 o) (0o @osadruye quudeand aInilaflen;nnid ofgale @OMmmOl ofi® alidaimoe
Bl nf)S)B9EMo? (&H0mdmuye muedsnogleng A 9.1 x 10 %)

HRAN(ALEN MBS0 O@:06H aydlomzow 0. 1M HCI eisomlaisel muudeoenal @pemosn
oo 1.0 x 10 M agem. mafled allad 10mL anae FeSO, , MnCl_ , /nCl_ , CACL apam)
ales 3mL 0.04M eohwmnioied cadomond marelod ng@ledelolses)o BhaleHlnimen|sod
NS5 T
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Absolute temperature
Absolute zero
Absorption of radiation
Absarption spectra
Absorption spectrum
Absorption

Acceptor atom

Acid base equilibrium
Acid base indicator
Acid -base pair

Acid radical

Acid

Acidic oxides

Acidify

Acidity

Alpha - particle

Alpha - ray scattering experiment
Alpha helix

Amplitude

Analytical chemistry
Analytical reagent
Angle of incidence
Angle of reflection
Angular function
Anien

Ancde glow

Anode

Anodic spot
Antibonding molecular orbital
Antibonding orbital
Apparatus

Applied chemistry
Aqueous solution
Atom

Atomic absorption spectroscopy
Atomic emission
Atomic lattice
Atomic mass unit
Atomic mass
Atomic models
Atomic number
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Atomic orbitals
Atomic orbits

Atomic radius
Atomic stability
Atomic structure
Atomic theary
Atomicity
Atomization
Attractive force
Average atomic mass
Average bond enthalpy
Avogadro constant
Avogadro number
Avogadro's law

Axial bond pairs
Axial bond

Axis of orbit

Axis of rotation
Azimuthal quantum number
Back ground radiation
Backward reaction
Balanced chemical equation
Ball and stick model
Balmer series
Barometer

Bases

Basicity

Battery

Binding energy

Bio chemistry
Biodegradable
Biotechnology
Bipolar

Bipyramid

Bivalent

Black body radiation
Bohr model

Bohr orbit

Boling point
Boltzmann constant
Boltzmann statistics
Bomb calorimeter
Bond angle

Bond dissociation enthalpy
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Bond length

Bond line structural formula
Bond order

Bond parameter
Bonding molecular orbital
Bonding pair
Boundary surface
Boyle temperature
Boyle's law

Brackett series
Bronsted -lowery acid
Bronsted- lowery base
By-product

Calorific value
Calorimetry

Canal rays

Cathode ray discharge tubes
Cathode

Catien

Cell potential

Central atom

Charles law

Chemical bond
Chemical equations
Chemical formula
Chemical name
Chemical nature
Chemical properties
Chemical reactions
Chemical reactivity
Chemicals
Chemiluminescence
Circular orbits
Classification of elements
Closed system
Collision frequency
Coloumbic forces
Combined state
Combustible
Combustion

Common ion effect

Complete structural formula
Complex atom
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Campaonent
Compound
Compressibility factor
Compression of gas
Concentrated
Concentraticon
Concentric
Condensation
Conduction
Conductivity
Conductor
Configuration
Constituent particles
Critical constant
Critical mass

Critical pressure (Pc)
Critical temperature
Critical volume ({Vc)
Dalton's law of partial pressures
Data analysis

d-bolck

Decompose
Decomposition reaction
Decampasition
Deflection
Degeneracy
Degradable substances
Delocalization
Delocalized orbital
Density

Depolarised

Diagonal relationship
Diamagnetic

Dibasic

Dielectric constant
Diffraction

Diffusion

Dilute solutions
Dilution

Dimensional analysis
Dimerisation

Dipele moment
Dipole-dipole forces
Dipole-dipole interaction
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Dipole-induced dipele farces
Directional properties of bonds
Dissociation constant
Dobereiner's Triads

Domain

Daoping

Dot structure

Double bond

Double displacement reaction
Dual behaviour

Dual character

Ductile

Ductility

Dynamic equilibrium
Effective nuclear charge
Effervescence

Efflorescence

Effusion

Eigen function

Electric cell

Electric circuit

Electrode potential
Electrode

Electroalysis

Electron gain enthalpy

Electronegativity
Electronic configuration
Electronic theory
Electrovalence
Electrovalent bond
Element

Eletro negative elements
Emission energy
Emission spectrum
Endothermic reactions
Energy barrier

Energy

Enthalpy of atomization
Enthalpy of combustion
Enthalpy of formation
Enthalpy of reaction
Enthalpy of solution
Enthalpy

e NN )]

B3I W} -G aIBl@ENW N eIelsEsyd
SUMLMEEENsS [l00ouameand
allreismoenlo 2o
EALITUSHOMOINS  [lenaBaud
@emaLels

BALOA B

sl nelsm

ailsrumume

AalpialR2GRUd @I AICIBOm MmUY
BIBINIEINlo

BIBIEISMEDo, 31BN
alellay;mlgomes

AENa ) 11560]3000,88 &$10, @D
S 1@ TOD; 1Mo/ A IEI NG R TV 1D
MeAnEIRD @& e D6Mo

) ABMo

2man)LlMo/50wo3

wlapmsto [/ (alaldado
BREIRl &M a0 eIMo
60U L) DG TV

HOEL® amdenls/eonr)maldlaing
OIS GO runilmlao

ElG G500

0134 AN G@HAHUETDo

el G506 GRAElm anMBLNondail/mels 6o
GMSIW AfBLOIGIAl

DBIH G S2OMNYINIM(DEIS S L8N }
oIS G SO nilinioae

AE1:65 GBS 06Nl mMIlRL oMo

03 ) MTUoGE WO EH D)

SUBEL] MIVoGWORHNUTWo
b=l

QIRLD €3eM@m)EIam3u3
All0MMBBRalg 2DER
AlOMDEBM 5 alasmsalell

[ Te B0 [T 0 e T Ta aVIRSH [0 [Gelto) (V)28 P Loccd K20,
2OGRImlenIMUlo

2MdRo

@REQIATHOETN ARBLDOEA]

IEIM af)TILOOTBA]

D)l l®em  afaBLaomdall

(DR IUBTHM o) BLOSO3AI]

210 aMBLNo0dalil

Ao A]



A1BM) 2 1les

Entropy
Environment
Eqilibrium constant
Equatorial bond pairs
Equilibrium
Equilibrium equation
Equilibrium mixture
Equilibrium state
Equilibrium vapour pressure
Evaporation

Excited state
Exothermic reactions

Extensive property
Extent of reaction
f-block
Ferrimagnetic
Ferromagnetic
Fission

Fluid friction
Fluidity

Fluids

Flucrescent

Food preservative
Formal charge
Formula mass
Forward reaction
Free electrons
Free expansion
Freezing of water
Freezing point
Frequency

Friction

Fusion

Gas laws

General formula
Gram atomic mass
Gram molecular mass
Ground state
Group valence
Half filled p orbitals

Hess's law of constant heat summation

Heteropolar
Hexagonal
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Hexagons
Homogeneous equilibrium
Homonuclear diatomic molecule

Hund's rule of maximum multiplicity

Hybrid arbitals

Hybrid

Hybridisation

Hydrate formation

Hydration enthalpy

Hydration

Hydrogen bonding

Ideal gas equaticn

Ideal gas

Ideal solution

Indicator

Inert gases

Inertness

Inner core

Inner transition elements
Inner transition series
Inorganic substances
Inorganic

Intensive properties

Inter melecular hydrogen bending
Interatomic interaction
Intercellular space

Interface

Interference

Intermolecular forces
Intermolecular hydreogen bond
Internal pressure of the system
Inter-nuclear axis
Intramolecular hydrogen bond
Intrinsic

lonic bonding

lonic compounds

lonic conduction

lonic equation

lonic equilibrium

lonic product of water

lonic radius

lonic size

lonic solids

lonic solution
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lonisation enthalpy
lonization constant
lonization
Irreversibility
Irreversible reactions

Ise thermal expansicn
Iso

Isobar (atom)

Isochore graph
Isclectronic species
Isotone

Isatope

Kinetic energy

Kinetic molecular theory
Laminar flow

Latent heat of fusion
Latent heat of vapoerisation
Latent heat

Lattice enthalpy

Lattice formation

Lattice point

Lattice site

Lattice

Law of conservation of energy
Law of conservation of mass

Law of definite proportion
Law of multiple proportion
Law of octaves

Law of triads

Laws of chemical combination

Le Chateliers principle
Lewis acids

Limiting reagent

Line emission spectra
Line spectrum

Linear Combination of Atomic Orbitals (LCAQ)

Linear

Liquefaction

Liquefied petroleum
Liquid phase
Liquid-vapour equilibrium
Locants

London force
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Lone pair of electrons
Long form
Low concentration

Magnetic effect of electric current

Magnetic effect
Magnetic force
Magnetic moment
Magnetic substances
Magnetic susceptibility
Magnetisation
Magnitude

Major product
Malleability

Malleable iron
Malleable

Mass by volume percentage
Mass number

Mass percentage

Mass

Materials

Matter

Melting point
Mendeleev's periodic law
Metallic characteristics
Metallic lustre

Metallic nature
Metalloids or semi metals
Metric system
Minerals

Mixture

Mobile electron
Maodern periodic law
Modern periodic table
Molar mass

Molarity

Male concept

Mole fraction

Molecular formula
Molecular geometry
Maolecular arbital theory
Molecular shape
Molecular species
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Momentum

Monabasic
Multimoelecular colloid
Multiple bond

Negative electrode
Negative ion

Negative plates
Negative terminal
Neutral equilibrium
Noble elements

Noble gases

Noble metals

Nodal surfaces
Nomenclature
Non-metals

Narmal bailing point
Normal

Nuclear charge

Nuclear model of atom
Nucleus

QOctet electon configuration
Qctet rule

Odd-electron molecules
Oil drop experiment
Optimum pH

Optimum temperature
Orbit

Orbital angular momentum
Orbital hybridisation
Orbital overlap concept

QOrbitals

Organic acids
Organic chemistry
Qutermost shell
Qver lapping
Oxidation half cell
Oxidation number method
Oxidation number
QOxidation
Oxidised
Oxidising agent

277

BREDO

ARG ldso

Ma@m oM OHIE30T 0D

M AN}STIMUMO

epmuglal el e s

emuglal rewosnd

emuglal Golo1eud

emuglal Grgo/eemowoe
aaoavlmeeinailel
DOBH AN SE) E1HEIRUD
D@3 S U0 MBI

D3 AT SCLISa063US
Alati n KB®EIsIRGd; oI ImelssRud
lel: g oy o]

BRGLI2NDEEBUY

UoNnsm mIgajlel

Elosnio, MINHLIBEMEBIC

mylod ande

@RQOMIHG MyGlwd oMy

admo

BRaiSe: (af)S) Delsesosnd allmiomie
@A S 0 0o

B30 WEIHGSME BHBOLMDHUE
ADSMEMBZB] A l0lnHTMo
@Rmeselma pH

BRMISIEIME mOaIIEl

(BAMallNo/ drd

B2@enilpmd @RoUeld ERede/HaM T e:eMIY TueGIws
200endIQEd  TVEDEIMo/ A IDTVEHDEMO [ dh 3 T TUEDEMo
Bodenilgod @RGNNIL0AKD TG jo/S MW@ BR@INILS
Al Tus»o3alo

£30@enilgodm) / dsem IRy

@@eriemile, @RZERUY

EH@ETUSM ¢ O MO LMo

BRAIMIMOO SaHGE3, SUIaDLME BaHTd
@ROIAIL0a 1Mo

B0S TV e06Tn  HRAULSTIO]

20ah Ul 06m Mo 00w)

205 M0 ldmoemauoel)

B30 Ul DETTo

5308 TV Bloen5( 83080 Isoimoriln,  allewoosw)
30 01201



278

Paramagnetic behaviour
Parameter

Partial pressure

Parts Per Million {PPM])
Paulis exclusion principle
Penetrating power
Pentagonal bipyramidal
Percentage composition
Perforated

Periodic function
Periodic law

Periodic table of elements
Periadic trends

P" value

Phenomenon
Phosphorescent

Phota chemical reactions
Photo electric cell
Photoelectric effect
Photosynthesis

Physical change
Physical properties
Physical quantity

Plane polarised light
Planetary model

Plasma state

Polar compounds

Polar group

Polar molecular solids
Polar nature

Polarised light

Polarity of bonds
Polarity

Polyacidic bases
Polyatomic ion
Polyatomic molecules
Polybasic acids
Polyhedra

Positive plates

Positive

Prefix

Principal quantum numbers
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Proper orientation
Proparticnality constant
Protan donor

Pyramidal shape
Pyramidal

Quantitative interpretation
Quantitative relationship
Quantum mechanical model
Quantum mechanics
Quantum numbers

Rare earth metals
Reactivity

Reagent

Real gases

Redox couple

Redox reaction

Reducing agent
Reduction

Reduction potential
Reference half cell
Reference standard
Refraction
Representative elements
Repulsion

Resistance

Resconance effect
Resanance energy
Resonance hybrid

Resonance stabilisation energy

Resonance structures
Resonance

Reverse process
Reversible conditions
Reversible reactions
Semiconductoer
Shielding

Significant figures
Single bond

Single covalent bond
Selid - vapour equilibrium
Solid-liquid equilibrium
Solubility equilibria
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Solubility

Solute

Selution phase

Solution

Solvation

Solvent

Sparingly soluble

Specific heat

Specificity

Spin angular momentum
Spin quantum number (ms)
spin

Spiral arrangement
Standard electrode potential
Standard hydrogen electrode

Standard potential

Stark effect

State functions

State variables
Stochiometric proportion
Stock notation
Stoichimetric coefficients
Stoichiometric calculations
Stoichiometric Composition
Stoichiometric defect
Stoichiometric hydrides
Storage battery

Strong electrolytes
Structrual formula

Sub atomic particles

Sub shells

Sub-levels

Subsidiary quantum number
Substance

Suffix

Sugar charcoal

Surface area

Surface tension

Surface

Symbol

Symmetrical distribution of electrons
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Tertiary

Tetragonal

Tetrahedral void
Tetrahedral

Thermal interactions
Thermal radiations

Thermo chemical equations
Thermo- chemical reactions
Thermodynamic defects
Thermodynamic scale

Thermodynamically feasible

Thresheld energy
Threshold frequency
Transition elements
Transition series
Transmission
Transparent

Triads

Tribasic

Trigonal coplaner structure
Trigonal planar
Trigonalbipyramidal
Triple bond

Tritium

Trivalent

Trivial or common names
Ultraviolet radiations
Unbalanced force
Uncertainty principle
Uncertainty

Unified mass
Universal gas constant
Unoccupied band
Unsymmetrical
Valence bond theory

Valence electrons
Valency

Vander Waals' forces
Vector quantities
Vigorous oxidation
Viscosity
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Voltage

Volatile acids
Wavenumber
Wave-particle duality
Weak acid

Weak base

Weak electrolytes
Weak ionisation
Work function
X-ray diffraction
Zee - man effect
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