HrETEAT

ed 81 T 1 oot a w fsk sl 21 ggw
oo # 1upstl i 3 oTaen ud oo o faoram §
UL ok o=l Tidieh WrTEE @l 2

= (faea) —— =it (3™)

q GreTeR o,

A o e i R = I o fhEed &

feanifaeaarga =i =1 Termda 9 W <0
el HrEEE] 1 Tk Yepfd i g foman w21 4t
BsH mm@q (Non-radioactive) = ED W
foeram o feanifaesad gaa =i =1 £ T 2 <,
T FB I9F 9% §Y M faee Td 3 =i, foad
IR ¥ feanfoead gaa =+ o o] &l o, fhg
Il 1 e Yepfd oh hRl AeaAd e
T Aeanfaeaa@ = o et w1 faf=g IH
Wrerenat | e 71 e Yedfaed ue i
<t STuEH T ST 79 qoh Sedl @l €, e qh T8
T R 99 9% T wga S
gat o
S GreT-a1e 1 dide @it ST 2, a9 399 el g2
HTE SRAFRE T HI P AT dSi W R
fher ot 21 fot <9 R ST | e SRR
1 o feiaar & Sro T e 21 fer 99 v 5
W g & et gt U 59 | ol e & o
e Td @l 21 SErEune—

co, () co, (fae= ®)

I W B o FRHER B e o ER,
“ferelt AT WX €t Wk TE W oF faotEes H get
T T @t aen faoas % I W % 9w &
T Bl §17 A9 S@d o WU-TiY Ig uel
Hed S €1 CO, T i WeT-aeR 1 et | 1w
T W s fHa {139 9 R T ok agd A
0] 5o § faet™ g Wi €1 S & diqel @ielt St 2
I & Siqet o %9 H Gag R I TS HH e Sl
2, foed <o & weit g8 e SEeiemEs Feadst
=1 SRgHed™ @ W TS ArEeEe i AR SRR
Bt 81 A Hiel-a1e w1 39 S %1 F9 GHF qh
g1 § o Big f&an e, @ we 9 e 9 e
IEETG RS ILail

IE G ®9 H HEl S Ghdl © fh—
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() 3 = T, e  fou aEEee W W
(1.013 bar) T& & a9 (TeH®) TH 2 o,
SR A wrememd o St ¥ 3k afee 9
oo &1 fafrma T @, @ S waenstt &
g feer B

() a9 = 3d, grraeen & fau fed e am
T aT-gre e g B

(i) ¥ H 39 I gaiad o faw e Miem
a9 W FA H 3 & foetgar ffved B 7

(v) 58 § 79 &1 food 59 & W 19 o <@
(|ar) o GHEUT Bl 2l
7 frepl &1 anoft 7.1 § fean e @ -

ARt 7.1 sdifaer ArETaTen #t o favean

UehH g
= Hf¥=d 9™ W) feer
H,0 () = H,0 (g I 2l
3 =7<a feeR @ W e =T
H,0 (s) = H,0 (1 I 2l
foog (3M) = faom | fao=m § faoa =1 @i

(foemm) | fafva a9 ® feer gt 21
= (39) = =T
(faea)
T (@ = ¥ (aq) [ (aq)1/ [T (9)]
fafvaa am W fer g 2
CO, (g = CO, (aq) [ICO, (aqg)l/ICO, (9]
fafvaa am W fer g 2
7.1.5  oifaes UehHl H QTETERT & WIHE

ITTeTeruT
IR Hifaer TeRHl § gt FHepr-greree o \He
sAferero frefafaa €
() fafy=a a9 W shere s e (Closed System)
o € G g9d 2
(i) GrETeEen R H foret efufwand swer 9 9
Bt &1 g T, fohq Tl steren B R
(i) Trepm o @t arm A Tu-uH feer g )
(iv) & fre wdifge gwm o e i 8
STt ®, 9 "Roft 7.1 | afta Aqagel o 9 fed
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wh ® AA FfEd 9w fer g afia
R 1 UEEH 2l

(v) R o w5 i A g s © fE
el ak TEed o qd fifdsk whn fRg
o qo 3 5 g 2l

7.2 THIEMS ThAl H QTETGEAT-Tfdeh

]
g Ted € Al < gl ® % o fem | 5 9
aTell e tfafswand fdd: arerereen i feorfa o
wgY St €1 A erfafemard off eifim qen weita feemed
T Ho B TRl &1 S90S e wdig sifafmae
¥ G B S 2, A SATRER] qe IR i Higad
feor wdl ¥ I8 THETE W 1 STeeen g1 UE
Tifaer Areraern 3w Afufear (foaw 1 Sarg
¥ 99t W ©) qen g sifafewan (e sars g
AfTHR § 98 S ®) U THerrt S0 =it 81 38
e o fau eq fefafed Soraoig efafea =
faam &% (o 7.2)-

A+B=C+D

g didd o 91y IfeRel (A dem B) Wi
igdl Al © 991 IR (C 941 D) 1 G=I Bl 2
3T sffeRan w1 < Tedt S @ iR wdrg st
] T T S ¢ heresy TEh UH feafq st 2,
e g atfufsmaned i < TuE B Wt 21 uE feerfa
H g & wreracen wonfid 8 Sl 81 T8t |reaEen
C T D o o= 2Af9fHan et ot Wi sl T Gehell
1A § 9 foret oft feen @ 59 GrEmEEen 1 e
T 2l A+B=C+D I C+D=A+B

C Y4l D

gar —>

A ¥4l B

HHI —> HHEEEI

fax 7.2 : TgrEE qreEer #1 9l

WA foem

ger-fafyr gy emifen o gyvevor o wEEfies
WEER i Tideh Wehid shi SITAT ST Tehall 21 BToR
q =9 A9 U1 @ W SRS 91 SEEES S i
faftm wma amned o @iy eifufear wuer fafia
FAUA W ST HT AST F B 3R SR W
=4 fufsran § 99 SEAESe qon SEEEgSH S
Higdl @ w1l fo 7.4 <wian € o w ffvea wwm
o 9% FP ARSI o I T W A sl
g1 e fHH 1 HeRed |l a9 Wl o) fuso &
o H1 FEoral 59 a1 o1 Hohd <t ¢ foh wreIerEen
Tt &1 TE €1 Safafran 6 e el w1 wHEH o
fom smifrn &1 Gyewur 3R whe-wde gRfaE
wRferfaat (St @Aifirer < o a9 W), fhg H, #1
STE D, (Deuterium) AR fomam mam H, a1 D, ED
Ty ffehan A W GreEel WA e
sAfafear-fagor wr i 2, g sifafwan-fasm
H, T8 NH, % " W %9: D, T3 ND, HIg &
1 TR w@fyd € < o1 ST s (e 1,
N,, NH, @2 D,, N,, ND, &t &) %! 3709 ¥ fHeh?
9 999 & fau Big 34 ¥ 9§ 39 fagor w
fogaiwoT T W YAl Fetar @ o i w1 |igd
sraftefda &t 2

BTelter STd 39 Tason o1 fagetor gemm T
(Mass Spectrometer) g foman S % ar E"Flﬁ
<geifage faf@ siftn o19] (NH,, NH,D, NHD,
T ND,) TS STEe13ge 317 (H,, HD qef D,) WY
S &1 399 I8 Tkt fehetar & foh wmemereen & g
oft figror o 1M W udt St1ffsrand gid 9 o SR
U H H o1 D TSN 1 SMELU (Scram-
bling) EIdl &dl 81 WrEeRe Titd e o a8 7%
e Tare B S ®, 9 39 YRR 1 TR 9w
B TE et

AT o Hyawur o gEEenfie (Deuterium)
& AN © U8 TR Bl ¢ R qarEfeE sifufdmaen 7
Tk GrETEEeT TIfUd i W 3 T Faid Sifufmansi
%1 o GHME Bl & d97 599 HE % gued ° #IE
gure RadT 7T giar 2

qreraen I faenet grr wenfad it S wehd
%, TR H,(g) o N,(g) 1 fafshan HUA NH,(g)
WIwl bl ST 1 NH,(g) 1 T Tt N,(g)
H,(g) =l T S|
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Tfqeh ATETERT-BE o fau e w=m

iferer = TR Afafwanet ¥ e ®1 yhid edw A el 81 feAfa guwetenl % gEn g
TH 924 1 YERIA fohan ST Wehel 21 fohq foreht feremera =1 wammemen & 39 WERE e wa Tl 1 Frefetaa
TN ek TH AL I 5-6 TR o THE W e § fa@rn S wehdr € —

100 mL & < A9 faferet (@ 1 qen 2 for@n 81) W@ 30 cm <lell i w1 & el oo et s
G A1 A FHH Bl Gehdl € A1 STH 3 ¥ 5 mm d% 91 81 Hehdl 81 Ao faferet-1 o g 9 | A
S (ST | qreREH WHTE 1 T e St TiF Sid o9d) i @ qen fafiet-2 @ @t @ 2
fafret-1 o & 7oft qen fafeet-2 o gud el W 21 faferegt-1 ol ot o Sudt fog o et 9 o wt
a3k foe feed § R U W #t fafre-2 o o) fafte-2 o W@ el % yEm R gu S YR
faferet-2 o fafaret-1 # o TuHiaRka &l 39 YR I Afaal ot gerd 9 fafaet-1 o fafae-2 5 @
faferet-2 @ faferet-1 & i Sol aR-9R q de TAFARd i 21 56 qoh sl fafered § Wi Sl o1 &R
TEE B S|

FfE 37 3 faferedl § T faeram &1 THia T ¥ S ¥ &3, a1 39 fafered o 9 i & &) o 3@
g gfteds T el At 37 < fafaed § I a1 oF =R i &0 HE9: AIERA! Ud SRl o WKl & Y
o 2@ i B9 e FWehd © b F8 UiHAT S8 Ui &1 Tiaeh Yepfd ! ST ahidt ©, St A STel o1 & Toqrft
g W ot S w71 Al 79 5w v w6 fafim srgaret | Aferl @ gea @ <ead, o g9 2w fh g
7 fafaed § ¥ a1 & &R faa 8 39 < fafersd o TiF oiat & &R 0 o fae =/ &) i o SR
B 2l

=y = = T

(%) (@)

o 7.3 7fde GrearEeer &1 95917 (F) IRV 37aeer (@) Sifaq 3Taeer
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\mﬁ:ﬂm (sFfrena)

Her |igar  —>

TrEReSH (IfyeRiER)

i S

Ty —>

7 7.4: sifufEa N, (g) +3H, (g) = 2NH, (g) #7
GreIEee] &1 &9
N,(g) + 3H,(g) = 2NH,(g)
2NH,(g) = N,(g) + 3H,(g)
3H YRR BH AR H(g) + L(g) = 2HI(g)
W for=m ¥ 4 B9 H, T 1, o sReR-a0a RS
i1 9 stfaforan & &S, @ iR eifim feem o
SRR EFM H, T 1, &1 Wigdl & 8 ri 8 T HI
T Figdl a7 TR, W& qh Greeen wifud | @
Sme (fers1 7.5)1 3FR 89 HI ¥ & & fafsman
foudia feen o @9 %, 9 HI &1 9igar &8 g e
qel H, To 1, %! HIKdl 99 d% sedl @I S qh
greraen T@nfad 9 g S (e 7.5) |

Ty —> RESIERI] € §H 7

faT 7.5: Hylg) + L(g) = 2HI(g) 31¥ferar 7 Tarfa
grereen fwgt o e @ wenfyd g gt 2

WA foem

g fafved s o H T 1 o A0S &
Fd @ g8 ®, A A% 39 Ys Afawuwl 9
Al JE FX, A YS IORI ¥ TE ArEEERn
s 9re g 2

7.3 HTAeh ATETERT &l a9 qur

[rETaeen feris
e § ARl T Sl o s i ar
fagor’ w'd 81 Tk o 39 WM § 9y fHyw &
Heed oF o § 3Meh 99 W &9 fomm wi
e fagor § afienrent qen Sag w1 wigdrett | @
ey 77 URfoes Wigarsti 9 9 wigdiel ol oy 3
fan s gt 27 9 Ty o Heed @ %9 9
FN IRafdd X Thd €2 it 3fie 9 syEnh
@A S — (H,, NH, T CaO) & Heelu & fag
ETFE Il 1 TuRor w9 feman S 22

T U9 o S o o g9 fr=fafed gmm=
SR stfufsrar W famm w3 -

A+B=C+D

Tl 39 Gqferd TR § A 91 B f9hReh
T C 991 D S 21 3 kol sifafsmansti oh
TR 31 o SR W AT o AR ohal
Hferafuferm A& (Cato Maximillian Guldberg)
Tg dreX EIE (Peter Waage) 3 |1 1864 T wfquifea
foon fo fodt fagor o wigaet & f=fafed
YT —gHieRLoT gRI |9 S Hehell 8—

[C][D]

KCZW[B] (7.1)
78 KO feoris € a1 <€ SR 1 e
‘qre feerish oA’ wheddl 81 3 HIR-HHIRIOT
H ‘g Ul TR @1 ' (Law of Mass
Action) “ﬁﬂ'@f%l
TAeRT e Asl g Ufquied Yeal i o=t T
W%W@Wﬁ(SealedVessel)ﬁ?Sl
K W 69 H, U6 T 1, % s stfafmn = e
F| 37 Afufsran w1 eremem fafiys renfires afifeafaat
o = g4 ) fear -
Hy(g + L@ = 2HI(g
1 9 1 T 2 A
Ted IR (1, 2, 3 91 4) F&0T H URY H =%
wE § e T H, TS HE 1, 91 T JE
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Rl 7.2 URfYe U wrEreRdr W H, 1, @ HI @t wigand
TN HE& R Ieh "igar /mol L’ WIERAT YT |igal /mol L'
[Hz2(g) ] [I2(g) ] [HI (g) ] [Hz(g) ] [I2(g) ] [HI (g) ]
1 2.4%x 102 | 1.38 x 102 0 1.14x 107 | 0.12x 107 2.52 x 10>
2 2.4x102 | 1.68 x 102 0 0.92 x 102 | 0.20 x 10> 2.96 x 107
3 2.44 x 102 | 1.98 x 10> 0 0.77x 102 | 0.31x 10> 3.34x 10~
4 2.46 x 102 | 1.76 x 10 0 0.92x10° | 0.22x10? 3.08 x 102
5 0 0 3.04x 10> | 0.345 x 10° | 0.345x 10> | 2.35x 10°
6 0 0 758 x 102 | 0.86x 102 | 0.86 x 10° 5.86 x 107

BIZSioM Td e o fae-fim qigor & @iy fean
T S FEA 918 9% U H HH0 o 1 HT Ao
feor g1 T, steiq—arEeRen wiftd € T o
AT (H. 5 T 6) oheel T HI e e forg )
39 TR fauwdia sifafsran § wmemawen Tonfud el
arolt 7.2 ¥ 3 9t ®: @ o sifee fiw e €

YAN-GEA 1,2, 3 TS 4 9 I8 @ S Gohel ©
foh— stfoegpa 1, o At 1 e = afehd 1, o Hidl
F W& = 1 (IS HI o A i &)

YAR-H®A 5 dA 6 § BH 2E@d © TR

H, @], = L],

el W fqehRehl Ud SR i Figdl
e e T e o folt &9 o8 derered o fooa
¥ 99 wHd 21 e Ru T gme oie e Woed
fo - [HI@],

[H, ()., |[L@],
RO 7.3 IRThHeh! o e Wigar-daeh =isteh

gRoft 7.3 § U T Sffmel ) TeEar 9 4fg g
ATThRh! Td ST hi ATATTET-HIEAT i SUU
otk § W, 9 39 ek &1 qF fer &, afew
fa-fim g (\Reh 7.3) 1 Ak g0 f=fataa 6w
S

[HI@T,

[H, (@), | L],

@ &0 i o Tl B, 7E A 7% e feR
M 1 ® (S ERelt 7.3 § T wmn ®) | 9 <@
S ka1 © T 39 oS H ATYRRH Ts A€ h
qizol § o (Power) 1 M 9@ 7, S TEREH
srfuferen o i ¥ fog 39 WwaHs i
Ul (Stoichiometric Coefficients) B g o
30 i o WH 1 e feris’ HEl S @
q T 'K, Wi G SR S 81 39 YR A
H,(@) + L(g) = 2HI(g) & fou K, s1eifq wremaeen

(7.1)

H,(g) + L(g) = 2HI(g) feorier 1 39 &9 ¥ for@n S 2—
Hi(g)]”
» [HI(@)],, [HI@)Z, - [HIQ,, 79
i Ho@)eg L@y | Ha@le L@, [Hz(g?]eq [Iz(g)]eq ‘ ‘

1 1840 46.4 SR I MY SHSF, HiKdl o WILh o TG S

eq' for@n T 2, 9% " e o s §, FifE
2 1610 47.6 ‘ AT ST

IE WA ST ® TR K o oS § Wigdl &1 "
5 1400 46.7 a8 e ]
5 1970 46.4 _ [Hig)] -
6 790 46.4 ¢ [H@]LE] '
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T ¢ AW FwI & TR K R HE WEW 6
G mol L' H o fehan ST 21

feu o fordt a9 W stfafwar-sanei 1 wga
STFYRTERT 1 HIZAT o [UHEHS 1 STJId R &l
Bl WO HW GHI Gigdl oA i o fow Hqfera
TS iR § AR Td IR o W
TR O F ST SR % S
H s foran S =1

TH TR Teh 9 Af9fham aA + bB = cC +
cD & foru wremazen feeris =t f=fafed =9 9
= foran < -

_[cr [r
° [AF[BP

Afferan Sag (C I D) 3 | qen ATTHRE
(A @1 B) & H B €1 ek Higal (Sgrend— [C],
D] =fR) = dgfera sifuferen o woEtiezofd=
ST Uk o i o ®q W ofe feha Sl B
SR— 4NH, + 50, () = 4NO(g) + 6H,0(g) iffsman
& fou gramewen feeris &1 80 30 ®9 U e
F T

(7.4)

_ [NOJ* [H,0F°
¢ INH,I'[O,P
faf\ys eraat (Species) 1 TeR-TZdl &l 3%
AR hIsSh | TR ST STl & 1 7€ HHT el
? fop 3 wrereren wigand &1 S e "gd SevTs |
B, a9 qeh qrereee fenie o s § yeeend
(3@, 59 =1 W) & forat st 2
T OISO S OTE §ed <4 €,
S s QU safafsrer gefieor #1 fRE s (Fac-
tor) ¥ TUN &, T AT feeris & fou e
fored a9 @18 gHfv=aa s =fee i 98 =ies 39
qiadad &1 off e

arfafshan H(g) + L(g) = 2HI(g) (7.5)
¥ T SF Hi 39 YHR foEd T

_ 7.6

T H,IIL,] (7.6)

Al wefta sfafsran 2HI(g) = H,(g) + L(g) % fag
HreerEe-feeris 39T a9 W 39 YhR eT—

WA foem

Kk, = TllLl_1_ 7.7)
HF x K,
TH TN,
o1
K=+ (7.8)

IohH Af9feRar w1 T Rewie fim
arfuferar & wrETaEen fiedis & Fehd BT
ST SAfAfhan 1 36 w9 H foed ®

16 H,(g) + % L(g) = HI(g) (7.9)
HreTaEe feenieh k1 HF B—
K= [HI] / [H)'"?[L]'? =x'>=K'>  (7.10)

Y YR AR TH THIHIOT 7.5 Hl n & oM &Y,
ql @ifafsFan nH,(g) + nl(g) = 2nHI(g) W< BIH
qe gHeh HrerR-feeie 1 HH K» ' g
RO i WRON 7.4 ¥ Wi T e )
ARUT 7.4 Teh AU SRHUT TRITRAT o AreTereen

Reertient Ta 7ok TUTRT § Helg
TR AHiRToT TTRTEEAT
Teertien
cC+dD K

aA+bB K =(1/K)

aA+bB
cC+dD

na A+nbB ncC + ndD | K. = (K"

TET I8 A T =T & K 9 K% STifheh
T ft 2 21 Ty 7 STavas € T O - sreen
feerier o1 WM ot 999 Hqfad TEmRIfe THiHT
FT oord Hi
IIEILUT 7.1
500 K W N, @& H, ¥ NH, o o <RA
g § frefafed @igad o g8
[N,] = 1.5 x 10% M, [H,] = 3.0 x10> M @l
[NH,] = 1.2 x10™* M. Sre=rmeren e st 7om

EiSl

'
sfafsan N,(g) + 3H,(g) = 2NH,(g) & fau
= feeoish 39 ®9 § for@n 1 gl 2—




« - [NH @]
C N @] (@)
) (1.2x102)
 (1.5%107)(3.0x10?)
=0.106 x 10* =1.06 x 102
I 7.2
800 K W fHfsHal N,(g) + O,(g) = 2NO(g)
& foru  wreareeen igard Frefofaa €
N,=3.0 x 10°M, 0, = 4.2 x 10°M
T NO = 2.8 x 10°M
sifafsran o faw K <1 91 == B2

'
srfferan o fo wr feeris 39 R fomar <
Herdl 8—
_ [Nof
RERTAC

(2.8x10°M )*

" (3.0x10°M)(4.2x10°M) 0622

7.4 QUAT QTETEET

fordt Tam fAee ° 9t IfeRes T9 SE TH
T Wekd § B €| S0l o feu—ireie st
N,(g) + 3H,(g) = 2NH,(g) H IR de1 IR
gt T Tg-green § 2

T FR

CH,COOC,H_ (aq) + H,0 () = CH,COOH (aq)

+ C,H,OH (aq)
del Fe®* (aq) + SCN-(aq) = Fe(SCN)?** (aq)
sifafwarst ® |l sifaeres deun Scag 9HM
fererem-green & €1 o1 eH o qwi Afafmare &
greraEe-feeris o aR o U il
7.4.1 eia R | wmrerean e (K )
T At I AT RR] T Al oF ek Hg0 o
®q H g ferid & = fea  odun =9
T K gR I @1 T sifufwenst o faw
qreere feeries ot o731 <19 & &9 o Yf¥a w
aifersh glaemse B
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aTeel N9-HRTT (THEH-2) HI BH T ®IH
= W o

pV = nRT
B
n
= —RT
P \%

T&T < (p) F bar W, TG T W1 I Wil I
& 'n' gR EAH, 'Vl faex (L) | qen ar

hfea (K) ® e i W p=CRT(%=C) ERED

'R’ %1 | 0.0831 bar L mol 'K &l

S n/V %! 84 mol/L ¥ = % &, d T
TIgU ‘¢! T ?1 ora:

p=cRT

feoR a9 W 719 1 <@ IHF WKV S FEA
gl 2, @tufq p o [T9] o: SH GaY i
p= [T9] RT o ®9 ¥ o fo@n =1 gehar 2

wrepreEe § AR Hy(g) + L(g) = 2HI(g)

& _ [H)]
K @)L @)
(P )’
Ayl K, = (7.12)
(Pn, )(P,)

% py =[HI(g)]RT p,, =[H, (g)|RT
e p, =[L(g)|RT
TafeT

w o (pa)  _ [M(T[RTT
g (pHZ)(plz) [Hz (g)]RT'[Iz (g):|RT

_ [me
T[] (7.13)

ST TR H K =K, T 1o I et
feoRient o W =R €, fohq a® eAI T T 2 R
TR & fau — sl Nfg + SH(@ =
2NH, (@ |
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2

_ Gw) [N (9] [RT]
" oy, ) [N (g)]RT.[H, (g)] (RT)’

[N @F IR

[N, (9)][H, ()]
#Fiq K, = K, (RT) @M (7.14)

T YRR TEH A A6 sAfafme
aA+bB = ¢cC+ dD

K = (pz )(pdD ) _ [C]C [D]d (RT)(c+d)
N )p.) [AT[B] (RT)*™
[c] [D]*

= rap (KD
[A]"[B]

)(c+d)—(a+b)

[SINLE) ap—— n
K, ~[AF[BS (RT)™ =K, (RT) (7.15)

Tel Gferd @@ TR § An = [(E
IR} o w1 we) — (i sifafwrE 3w
F HeM)] B AT AETF ¢ K F M0 F
AT @ 1 AF bar H WAl =Y, FHifh <& i
WEIfT STl 1 bar €1 Theh | 9 &9 oG @ fF 1
pascal, Pa =1 Nm?2 d 1 bar = 10°Pal

wrrﬁisﬁ@aaﬁraaﬁmaﬁé?pr
& HH fau T

AR 7.5 W 9 A ATfmATS o ArETaReT

feortien K o AT
arfuforan am /K K,

Na(g) + 3Hz(g) = 2NHs 298 6.8 x10°

400 41

500 3.6 x10”
2502(g) + O2(g) = 2505(g) 298 4.0 x10**

500 2.5 x10"

700 3.0 x10"
N204(g) = 2NOs(g) 298 0.98

400 47.9

500 1700

WA foem

ST 7.3

500 K ® PCI,, PCl, 3R Cl, reeeen | § qen
iz HE9T: 1.41 M, 1.59 M TS 1.59 M &1
aifafsan PCl, = PCl, + Cl, o fa@ K, i
TOHT SIS

'

ST sfufsran & fow gramewen feeris 3@
w9 § Yehe foRa S Gohdl o—

_[pci ][] (1.59) )
°© [pc] @4l

SETEITT 7.4

T sifufsran & faT 800K W K, =4.24 &
CO (g +H,0 (g = CO, (g +H, (g

800 K W CO, TH H,, CO q® H,0 & |

T HEAE 1 TOA HIT, a4 IRT H kel

CO T H,0 & IufEer 8 qe Yieh i |igal

0.1 M =iI

'

frefafeaa fafesan & faa:

CO (g) + H,0 (g) = CO, (g) + H,(g)
IRY ¥

0.1M 0.1M 0 0
e I
(0.1xM (0.1xM xM xM

STET " W CO, 9 H,, 1 H1 x mol L' 21

1 9 Teerieh i 39 YR foran ST ekl e—

K, =x/(0.1-x" = 4.24

x> =4.24(0.01 + x°- 0.2x)

x> =0.0424 + 4.24x° - 0.848x

3.24x”- 0.848x + 0.0424 = 0

a=3.24,b=-0.848, c = 0.0424

T fgEr gt & AT ax”® + bx + ¢ = 0,
(b +b? - 4ac)

e

2a
x= 0.848




HrETEAT

+./(0.848)% — 4(3.24)(0.0424) /(3.24 x 2)

x=(0.848 +0.4118)/ 6.48

x, = (0.848 - 0.4118)/6.48 = 0.067

X, =(0.848 + 0.4118)/6.48 =0.194

M 0.194 1 SUET i ST Fehell €, iR
iga 9 st 2

A HrEER W EiEa A €,

[CO,] = [H,] =x = 0.067 M

[CO] = [H,0] = 0.1 -0.067 = 0.033 M

eIl 7.5
39 99 2NOCl(g) = 2NO(g) + Cl(g) ¥4
1069 K M R {4 feuish K, &1 AH 3.75 x
10° 1 39 A9 W 3 A & faw K #
AT SHIfST)

A

B9 SMd § TR

K, = K RD™

W stfafean & fo,
An=(2+1)-2=1
K,=3.75x10 " (0.0831 x 1069)
K,=0.033

e ot & uEe

TreEE K 1 9 e S5 g0 %1 mol L
# de K 1 i fehrerd @ Sferh <16 F Pa,
kPa, bar 3196 atm ¥ =7 T STl 21 36 TR
qreraen feerish 1 O WSl a1 e o T W
s 21 S SreTeRe S % 319 § HIdish]
TN B Y Wikl o AN oF &eR Bl srfafwen
H,(g) +L(g) = 2HI K, F2 K, | %I§ 9 Tl
g N,0,(g) = 2NO, (g), K. %1 A& mol/L
qM K, &1 W bar 2

g IfehReh] Td IR T GHIO TR H
fam wu @ grarewen sl wt famEE
(Dimensionless) T3 § =6 F7d 21 STTRIER]
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TS ST 1 WHITUTR STeree H Y5 T 1 WHioreh
LN T bar it 81 38 YK 4 bar <& WHI0R
YTy o 99el § 4 bar/ 1bar=4%ﬁ'¢ﬂ%\‘,5ﬁ
formmeia 21w foreta o ferg wmifores srereen (C) 1
TieR foe@m © aen 3= Wigard gat o wrier o wr
S B1 WreATEeRish w1 SAifehd WA A gF ATHIUTeh
TR W SR e 21 39 UER 39 yomedt H K,
T K, <A1 fommei= afera € g et otifher W
o gafores afereen g % SR 99 81 Fehal 2l

7.5 TauaiT wreTaeT

T ¥ Al Jraeen aret e | Tenfud [remeeen
! * Feri GreTeren’ el Sl 81 S0 % foru-uw
9% U H -9 U9 Wa-%d oF g enfaa
qrererEe * fererei wreEeEe’

H,0() = H,0(g)

T ST A TR T geRen 9o e 5d
e B $E e 39 e 9k Gqw foerad o o=
Toqife qreereen o ferori wreeren 1 SH—

Ca(OH), (s) + (aq) = Ca?* (ag) + 20H(aq)

ferermin wreereneti 9 sAfieRd s o A s
Ta A o &) T wreEmeen (e 35 2| =@
IS 9 T) o TG-S i Gl ST S
Thdl B, T Y 39 T I %9 1 HoR HKol
SR A1 W Frel @ g, afek feer g @1 s
VISRl H—Greel W T 91 X' A S o @,
[X(s)] T [X()] % 9 R e 21 s fawda af
X' 1w ferdlt fHfera ermadd o sgerd €, @ [X(g)]
A [X(aq)] o O off SRerd &1 T8 76 TH I @
TEwequl foroHIT THATe Areeel shicdad HEe
o qdE foes W foer -

CaCO,(s) == CaO (s) + CO, (g (7.16)

ST HHIhT0T o MR R &H for@ end & R

K - [CaO(s)][CO, (g)]
‘ [CaCO, (s)]

9 [CaCO,(s)] T& [CaO(s)] i Feer 2| THfer
Ie srfuferan o fou TReftera aramawen feeris
K’ = [CO,(g) (7.17)
A K, =P, (7.18)

T T g € fF uw ffvsm am W co,(g)
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%1 T TfY=Id Higal a1 @ CaO(s) T4 CaCO,(s)
o WY e H @dl €1 WA S W 98wl
o & 7 1100 K R CaCO,(s) T CaO (s) &
Tl FreerEe | 3uf¥ed CO, 1 T 2.0 x 10° Pa
21 zHfery swie stffeman o foru wremereen feeris
T I 39 FHR &

K, = Pco, =2%10°Pa /10° Pa =2.00

3 YR fenel, shree AAISTEEEES T feha
SHTaitTel o e Tt T wrerereen (Fehet o
Tfge § Ygad) THRTT —

Ni(s) + 4 CO (@ = Ni(CO), (g
Y g feenis w1 9 39 9§ for@n s g
P LICON
[CO]

g M W/ o grereen wonfud g9 & foe g
Terelf w1 SurkHfa SEvas € (9l € SRt A AEl
7)), fhg 3F Wigo1 A @, AreAaen —feris &
Zisreh | T2 21 o1 e feafd o s %9 v U
3 i AT feris o =iwe | e feran s
B srffaman—

Ag,0 (s) + 2HNO, (agq) = 2AgNO, (aqg) + H,0 (1)
T wreee feemish o1 WM 3@ ®9 ° fo@r S e
x - [AgNO,T
¢ [HNO,T

SETEITT 7.6
aifafsran Co, (g) + C (s) = 2CO (g), & faT
1000 K W K, &1 A 3.0 81 4k w9 #
Pco,= 0.48 bar T p,_, = 0 bar 8 1 5
YhTze 3feerd =1, A CO T CO, & | W
73T Sre 1 UMD hifSTa
'
39 sAfufsran & fau—
I co, < | FHH x B A

CO, (@ + C (s) = 2CO (g
RH H : 0.48 bar 0

WA foem

HHE W : (0.48 —x)bar 2x bar

2
_ D
Kp_ co

Pco,

K,=(2x)"/(0.48-x) =3
4x> = 3(0.48 - x)

4%’ =1.44 - x

45> +3x-1.44=0
a=4,b=3,c=-1.44

(—b +Vb?® - 4ac)

2a

X =

=[-3= (3 -44)(-1.44)]"/2 x 4
= (-3+5.66)/ 8
(I x 1 WH FHUTHS 7 2laT, 37d: 30 7F
1 IY&T FL I 21)
x=2.66/8=0.33
e W AR @ oF AF 39 TR THl—
=2 x=2x0.33 = 0.66 bar

=0.48-x=0.48-0.33 =0.15 bar

7.6 TSR fReieh oF STUANT
qreqraee-feeriss o AqYAr W faar 3 9 Ted
7 9o fefafad mewygel ool w e -

. HrEe-feNid %1 e aWl SYANT BN €,
& TRl T ICAET hi TSl T=IEwe W
feer =1 Sy

. GreE-faetie w1 gF YRRl T Il
1 YRR Higar W R T2 w5 2

T feid 1AM TR Gdford HHIR g S
TEEtw T o fou fafyea am w fafre g
2, Sl A9 e o WY aeerd 2l

¥ IohY AfIfR &1 wrEeEen-ferid  Stuedt
stfafshan o TrITaRe-feelis o AF &1 FehA
Bl B

T. fodt sifufran =1 Armeee-fems K 39 9
stfufsran o wreaEen feris § dafud B @
R wieRte ga stfafsran o aviientor o foredt




HrETEAT

DI quifeh & TN AT AqAT 3 W I eIt F
319 TH wrEE e o sy W foEr
FHT T TR TN Frfarea foget 9§ afua e
% IW A H HA
o grEEeN-ferish o Uil F Yerd 9 stfufewran
1 HIHT 1 STHA T

o 3fHfwRaT T f<IM &1 9a1 o1 T
o  GEATEAEAT-HIZUT hi UM HEAT|

7.6.1 3TFafeRaT st THAT AT AN TRIAT
e -feeish &1 ofifhes A SAfufshan ot di
1 Ul &, Tq T S Hewqul ® o e
feorir e &} aqear fob AreaTaRen fFg | 9 yrw
T 81K, A K 1 WET SR T HED S S
B 2 (FHifer a8 Araawe-feeis =S o A9
(Numerator) ¥ for@n wiar %) SRIRERICarCa Tl
Tgal o AR il € (TR I8 sHeih o &
(Denominator) ¥ for@ St ©) | Aremereen feeris
K 1 39 3Rl 1 S=d Figdl 1 O | g5
YR K o1 71 | Scarel o 1 /e ot <wiian @1

= fasror & deed 9 e fefafaa e
frm 5 T o

A K, > 10° 81, @ IR AHehRa i g |
ST S A K 1 A TR SO 7, @ At
e qufdl o fehe Bt @1 Sreoned -

(%) 500 KT H, T O, i AfAfhan Fremeeen g

feemi® K, = 2.4 x 10"

(@) 300 K™ H,(g) + Cl,(g) — 2HCI(g);
K.=4.0 x 10*

(A1) 300 KR H,(g) + Br,(g) = 2HBr(g);
K.=5.4x 10"

A K, < 10°, AHNH i qo ¥ ITR FH
B A% K, 1 99 o769 7, qf sifafwmar gefw staeen
¥ & T Bt 1 Frefafad Ssel gR 9w T §l
ST B
(%) 500 K W H,0 &1 H, a1 O, ¥ fomed &

wre-feerieh 9gd %H € K.=4.1 x 107®
(@) 298 K W N,(g) + 0,(g) = 2NO(g);
K.=4.8 x10°!
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If% K, 10° ¥ 10° %1 WE (Range) ¥ Bl €,
@ S qen AR <1 1 Wi HarTsies gidl
2| frefafed seen W) TR #6 w-

(%) 700 K R H, T I, ¥ HI 574 W K,=57.0 T

sfafran Hiems 1(|)_3 1| 1(|)3 sfafsan e yofar &t
R R S A @

sifwte qon frarhas -3
e R sufarad €

ferT 7.6 K, W aif¥fewar &1 A &1 (4% 31

(@) 3 TR TH = Al N,0, &1 NO,
foeren €, frgeh fIw 25°C WK, =4.64x 10°,
St A wT € SR T S T | fasmn §
N,O, T NO, %! | Harwsmes sl 39
r=ieheor i foe 7.7 | <witan e 2

7.6.2 3rfuferan st faom = e
AhRer Tel 3cg) o TRl stfufsmen-fagon & sifafsan
F foom &1 uar o § ot Arerawen feries @
SN e S €1 gHeh forg &w srffsman wrThe
(Reaction Quotient) 'Q’ &1 T F T HrEEE
feoriar &1 € we fufrn vrmea &t o et
1 foreht ot fearfq o fore wRenfim (W wisw @ g
qen S <@ W Q) e S e 21 et T
aAfaferan o foag
aA+bB=c¢cC+dD
(7.19)
Q. = [CI’[D]* / [A]P[B]° (7.20)
afe g > K 8, @ aAffshan sAfverneni &1 &R
s e (fauda stfafean)
R @ < K 2, @ fufshan Sl #ht 2R surfa
B,
I @ = K_ @, @ sifafshan g arameeen |
Rl
H, & @ I, ® 6 stfafen = e
F -
H,(g) +1,(g = 2HI(g)
700 KW K_=57.0
A fF B [H,],=0.10M, [L], = 0.20 M
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SR [HI], = 0.40 M. ferm
(W5 Hohd W WEiF t F qed a8 € R
Tizded w1 79 R 9w ¢ W e T €, 9 fE
e W)
3H Y, Af9fhal wrThel @ stfufshan =1 9
fearfa o feam mn &
Q.= [HII2 / [H,], [L,], = (0.40)2/ (0.10)x(0.20) = 8.0
T HW @ (8.0), K, (57.0) % SR 7 21 370
H,(9), 1,(g) T Hl(g) 1 fasmr o # 7 1 sehferg
H,(g) 9 1,(g) afwan %tk iR 1fersk Hi(g) SAma
q 3T WSVl q9 Tk SN, Fa T Q =K T B
)
AfHfsma-9Tee @, de Ko HHl i g
w0k sfafwar-feen &1 9y F@ § sHERT F)
30 YR, HAfufran &1 fen o Wy 4 ed
frefafed gmr aRom 91 Hehd -
o AR Q <K, B, a A AfHlwa oK | [ AN
ST it 2
e AR Q >K B, A A AHlHN TE W qE AR
SR it 2
. QﬁQC=KC@,ﬁﬁ€3ﬁmH§ﬁ%|

N
5

AERE —> AR AERE R SATERE <— I
IS HreE |

o : 7.7 ffear &1 o &7«

K,

ISR 7.7

2A = B + C s & faw K, &1 AW
2x 107§l

feu o g H sifafwen-fasor 1 95eq (A] =
[Bl=[C] =3 x 10™* M @ sifafsman == &t feen
o smufaq grit?

'

sifafsran o fore sifafsran wrmear Q, = [lallfl

WA foem

[Al=[B]=[C]=3x 10*M
_[3><1o4][3><1o4]_1
T [3x10™*P -

39 YR Q, > K, gafaq sifafsran fauda feen o
ST Bt 2

QC

7.6.3 | QIEATS sl TOTT

7, @ frefafed 39 18 9§ 39 U -
g 1 : rfufewen & fou Sgfaa gt forat
g 2 : Hfed GHIRI ok foru U reit oA, o
sifafsren o afafed e ol 1 geeg R o
(%) IR disar
(@) G WS o fag "igar | aftedq i
(T7) | Higdl
RO oM H fRel T AfTwRRE 1 9igar i

x % & H, S HrEeEel W e Wl g e 3K
fry erfaferen =1 wEHeida 9 o = it &t
Higdl &l x & ®9 § = Hi
US 3: x I A L o U A GHIRIOT H A
Higdatl ol gfaeenud i 21 g Saen! o Tt
A & B, A 9 TR T g, g Temtis
a1ef 2|
U 4 : URHfad OF & STUR W G gigde &t
TOMT 1
Ug 5: 3= G THHW o yiaeenfaq & et
o & S i

IETEIT 7.8

13.8 UM N,O, %! 1 L I & @l Sl & ot 39

WehR W T1fd el e

N,O,(g) = 2NO,(g)
g ArER W §d @ 9.15 bar 9@ T,
dl K., K, T qrereree IR S <@ i o

EiSl

&
89 S § 6 pV=nRT
el A (V) =1 L




IR (N,0), =92 g
9 % Al =13.8 g/92 g
=0.15
T-feerish (R) = 0.083 bar L Hiel ' K
T = 400 K
pV = nRT
px1 faeX =0.15 A x (0.083 bar L
mol ' K') x 400 K

p=4.98 bar
N,O, = 2NO,
TRT H§  4.98 bar 0

HHE W (4.98 —x) bar 2xbar
: W& R p__ = Pyo, + Pro,
9.15=(4.98 - x) + 2x

9.15=4.98 + x

x=9.15-4.98 = 4.17 bar
HrereEl A3 e,

Pn,o0, = 4.98 -4.17 = 0.81bar
Pro, =2x=2x4.17 = 8.34 bar

Kp = (pNo2 )2 /pN204

= (8.34)°/0.81 = 85.87
K, =K(RD"
85.87 = K(0.083 x 400)"

K.=2.586 =2.6

IR 7.9
380 K W 3.00 HId PCl, &I 1 L % 91 | @1
1 2| SreEEe W fHY o1 GEed J1d ST

If% K, =1.80 2l

&

PCl, = PCl,+ Cl,
TRIH 3.0 0 O

M ST PCL, 3 fd "1 | | xmol fomifsa
B B -
¥ W (3-x) X X

_ [pcy,fcl,
°  [PCl,
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1.8=x"/(3-%)

X +1.8xk-54=0

x=[-1.8 +V(1.8)°- 4(-5.4)]/2
x=[-1.8+3.24 +21.6]/2
x=[-1.8 +4.98]/2

x=[-1.8 +4.98]/2 = 1.59
[PCL]=3.0-x=3-1.59=141 M
[PCL] = [CL] =x = 1.59 M

7.7 wreETaeen fromes k, IThWfsmar
VIR g a9t fied et ¢ § Haer
foret stfufsren o6 foro K o1 A stffsan 1 wfaent
TR el T e €1 S TR 3 ek - 6 H UG goh
¥ I sfufwen 1 Swmaet, favivd: firsa <ot
Tfadd T R wa -
I AG HUTHE B, dd sAfufwan @d; yafdd
A S ® den o fewn H Hud B 2

g AG ¥R €, da ATAiHa Toid: vafid el
BT ST ST Ueg TR 89 AG FEuTedsh &l
3t oW i o Seurs eAfyeRrar o uRafda =t
ST

A AG I B @, Afaferan wmmEEen & ura
Eaulf

T SN qe i AT 39 HIHI0 | i
S TR T

AG =AG® + RT InQ (7.21)

Sefeh AGe WS e STl 2

TRl WS AG=0 d¢ Q = K_ @,
AT (7.21) 39 YRR SM—

AG=AG® + RTIn K= 0 (K. % ¥IH R K A

[
AG® = - RTInK (7.22)
InK = - AG® / RT
Tl TR Ufery oTR o W
K =e 8G°/RT (7.23)

3Td: HHIHIOT 7.23 1 SUAN &3, AG® & Tl o
w9 H afeha ot oI Wil w1 THSE ST Wehell 8—
Ak AG® < 0 &I, A ~AG®/RT ¥FIcHa BN 37d:
e86° 51 SR Y K> 1 BN, S afafeman st Toa vafdar
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1wl & erern o fen o S9 o @ e @
a8 for 3R shfue ® a9

I AG® > 0 B, @ -AG"/RT FUTH BRI
3M: o4G°/RT 1, BH W K< 1 BN I aAfafsran

# T afdar g9id & W rfafmar e fewm #
U g a9 B R, TEd SaR e s

WA foem

1 STORIHA g IR — N, T2 H, ¥ ST &
YU o BTeR YA | WEifeR uRfefadt w1 =ee
Ireqe | 37k &9 ¥ Hewqul 21 favd ® sreifn
aiftfer S 100 Tafera 2 815Uk g&A SwEn
Skl & ®9 § B 2l

wrepreree e K aRfver |isaisl w et e

I 7.10

TASRIE T H T o HIThRISTYH oh
et AG® %1 WM 13.8 kJ mol ' &1 298 K W
K, &1 91 91 H

&
AG® = 13.8 kJ mol ' =13.8 x 10° J mol '
AG® = -RT InK,
In K, =-13.8 x 10°J/mol
(8.31Jmol 'K ' x 298 K)
In K, = - 5.569
K = e—5.569
K: =3.81x 107

I3l 7.11

T & SoA-TA ¥ THE AR HeR
FrreAferfaa sifafsan o sEr e 23—
T + H,0 = T&HE + ™

300 K T a1faferan = fou wmemexen feeris
K, 2 x 10" 21 300 K W AG® % HM T 0T

13

AG® =
AG® =-8.314 J mol 'K

x 300K x In(2x10'%)
AG® = - 7.64 x10* J mol*

7.8 W Rl YHTfad oA Tl shileh

@ YT % Y@ SEYA W ¥ UH I € b
<AdH S o o9 oh WY SRR HT SRl o
sftreram afterda @1, fome 1o 8— Sa|l &1
srferehay @fser ara qen <& ki geem ulfeafaal 5 e
Ife To & e ©, @ g gRfeefa o aiteds

Sl B Uig TS et et fenr § stfirhmeni
71 Sl § 9 fohdt ush o Wigur ¥ uftady feen S,
Al Fren o wreEeren e @ i @ qe He st
T: q9 d% e w2, 5o a% e §
qreeel Tfud | gl Su| WIawe Srreen R ard
1 Y9 U 3l i faeEd & 91 § 89 Yed € UG
I% 21 79 98 ot 3@ g 2 & a0 %1 aftedq famg
YR Br1 21 98 ot Sarn S g ¢ o foRet arg W
afg Afafswan o Arameren-feeris %1 AF a8
fordt yrfyer wigor 9 39 srfufsan o sifuera!
IS} o WEATERY | WK1 1 UM i S Hehell B
el d o eH afe qreereen i &1 a9 o |y
Tiads & ot 3 8, @ =9 fiu U en-vmfen
fagia &t weg ¥ ufifeufea & afeda 9 ar=meen
T YEHATe Y916 o IR | UM 5 89 e Y
Tehd 21 39 TG o S7eR ferlt fremmer st wmrmerean
uRiftafaa =1 faifa e wrent (|igoT,
TE TE Aw) H A fRE A oft uRedw @R W
HreTeraT 39 fEon § onrr Bt 81 e fraem
T TN T3 WA Sk 3TGaT GUIH & WU I8
oft ofiferer T T GrEEEne | @ g €1 Th
g fagor o TEed & uRafda w3 & fau ome
HTE 1 ST A S Rl B

frafafad Swesl § g0 GrEmEen W ggo,
T, q9 TH IAF o Y96 R fa=m w3

7.8.1 WiEA-UREdT sl THTS

=l 9 fed fYere/3ag & sifufwar o

frem =1 freeR § wreeren 9REfdd B 7, @t

TP AN AV, fagia’ o SMuR WA

ST Hehdl B

o ARTFHRH/ZAR HI A T Tkl W IS I&d I
w9 HH o fou afufsrar 39 5 1 3R 3R
Brdt €, dfer e T ered Bt U € weh



HrETEAT

o AfUHRH/IAE o TSR @ Wigdr W <aTd h
F7 F % for siffEn 39 faem T SR SR
Bt 2 aifer eifafshan 9§ faerer T wef Y Ufd
Bl Goh T VIRl H—

“Sta Tt eifufsren & el o1 SRl § 9
forell Wep 1 ot QK0T Hreraen W e fea S €,
qr grereren fasor & HWeed | 39 YR 9iedd g
2 o TiEv 9fed & FROT TSHATen YA FH e
¥ & Sy

33T, H,(g) + L(g) = 2HI(g) 3rffshar W fo=r
HX| AR FreaEEen | sfafwEa e § 9= 9 H,
T St S, o GEerEe o YH: T ok fog
sAfufsren 3§ feen o swrer wnt fom o H, suifi@
& e o s H, w1, B R Hn frfea
HTN qen ofdd: araEeen < (Afm) fowm o
foenfud 2t (Fa 7.8)1 78 en-wmfeT & fagr
% SEY ¢ FEer STER SN /SwR & A H
feorf o 75 wreaEen wefd Bl for SRR SR
I Gid IHE AN FHH & THT Y HH 70 g fagor
g afe B =feul

s
[H.]
[1.]
[HI]
T wmm’ - T
W e
H, STeH ™

faa 7.8 H,(g)+L(g)=2HIg) &fufear 7
qrEEeeT W H, & S W SAM@RSI 19 3Rl &
o § gRad
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frfafaa sifafsan ameer & SR | ot &x

Tt freepd W Tg "R §-
Q. = [HI]?/ [H,]IL,]

If% | W H, faemn S €, @ (H,)] Ted
2 SR Q &1 WM K ¥ % &I ST 71 safer sifuferan
T (3T) oo BT SR W ST R €1 T [H,] Ten
[1,] 9= € 3R [HI] 79 % &l €, 519 9% Q = K_
J B WU rufq W€ wreewen Tnfyd 9 @ Sl
fENfiTeh UehHl W SCUIS i SFer Al SAfeshal g
Hewqul el | STel Grerereen W Rl Searg s erer
< o S ®, o stfufemen, it quf gu fomn amemereen
R 9gE T B, T Afm RKen & wor ot #1 S
Scarel ® @ ¢ T B A arvdiehd g een ware @,
A SCUIE HT AT HEA SHA Bl 2| STETA ok
afreifier Frofor & et @1 geitRtor Y o, 39
e Y T sman ® fed arfaferan eifim fean o
B Tedt #1 T YRR CaCO, ¥ CaO St 9o ST
1 T Hewqul Qrft 7, & Sireifie fmfon & ot 9
CO, Tl TR gkt Sifufman quf e =t €1 o8
I Tl ey foh e &R g2 @+ | Q_ 1 HJH
K, ¥ g0 %1 9 Tear 8, foww sifafsman sifim faen
q B @l 2

HEAT 1 THE-Teh TaT

T frafafaa fafeen g wef¥m feanm <
Hehdl B

Fe’ (aq)+SCN™ (aq) = [Fe(SCN)* (aq)

demr RN TMeT T

_ [Fe(SCN)["(aq)

K= [Fes* (aq)][SCN‘ (aq] (7.25)

Teh W@ | STERA (I11) 82 faet@™ 1 1mL
AR SHH X 9% IR amEEEe faeeE et
TETel! i fee W e 1 1 e B S ©, S
[Fe(SCN)|?* S o ShRUT BIdl €| Sreeree iy
B T LT T e TEeR Bl St 21 ST o1 3
1 srfufsran &t TrEmEEen W faa o g &
1M 1 ot femeti & s1ot seoaR favenfua &
FHd Bl [Fe*]/[SCN Al 1 &l & ol
sfiyerant &1 e W g fauda foen o fowenfua
F TWhd ¢l ST 3= (H, C, O,), Fe¥

2 2 4
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A | foran ien Tl §gd 3T [Fe(C,0,),1*
T €1 o1d: Yo Fed+ ST 1 Higdl % & Sl 21
A-IMdfere. fagia o TR Fed* ¥H i g2 9
3T Higd A6 i [Fe(SCN)]2* o fais g Fe
T 1 9fd R g e S €1 e [Fe (SCN)J*
1 Figal Sl 8, o7d: At T H1 diear w9 8 S
B Sl HgCl, foam ® ff o 31 &1 o w9
Bt 2

Fifeh Hg? ¥, SCN- o1 o et ifafshan
FX TR TFA A [Hg (SCN),I2 991 1§
SCN- STl i Tl THIAT [7.24] § 6HI Hi 918
¥ € R SCN- 1l w1 i =g foreenfia st 21
e e e W SCN- 1 |EU 98 Sl
21 o1d: gHfGT S oy fewn § (S WE) 9
STt @ e faersd oF 11 w1 dierd 5 Sl @

7.8.2 SA-URSdT hl THTS

el et srfafran o smaas 9Rads g <@ ager
¥ I HT AN GHIEG Bl €1 T8 a9t B ©, S
sfaferan 1 <9F ol TR T | TR
AMTHTHRT o Hicdl 1 e a1 TEH IR o il
1 g o fo=an gt €1 T | W en-vmfey
fagia, & 9gad & W 3 Td FAl R I@ H
IfadT 1 ST T S GRdl &1 FF S/ES H
A (T Higdr) <@ W R T e 81 Frefataa
arffsran H-
COlg) + 3H,(g) = CH, (g) + H,0(g)

T sifasEeRl (CO + 3H) % WR Hia ¥ Ieai
(CH, + H,0) & I Wi Id ¢1 SWea afafman o
HrrEE Ao it e a9 | fieq o
faferet & @ T@ AT F ITF qA TG Hl
3N T TS T 3W YRR AR R T AT H
YT @ TH STk Fora®y 3] S0 d8al T
21 o7 T wreeEen § T8 ® T 2| -vhian
fagia, am] #¥e afufwan foa feen & s =:
greprereer] TfUd It ©, STRT Al S S Gehdl
21 < <@ T e T R, o wrEeen o fen
(fSres el &1 & e g %9 el ?) § U
B 81 (89 S € T <19 719 o el &1 & oh
QU e €)1 38 Ak SeRe Q5N FwE
S Hehdl Bl SW & T WAT a9H 1 eAfufma o

WA foem

[COL, [H,], [CH,] T8 [H,0] fshafyerien = Hreameeen
o GigUl 1 YK hed € oe arffemen fasor a5
I e R T a1 ©, o S+eh iR < ue
TIEU T B S &1 376 gH AfAfma qrThe 1 6
e 1 A M @R WTw Y Tehd &

9 _(2[cH,]@[H,0D 4 [CH,][H,0] K.
° (2[coD2H,]¢ 16 [COH,] 4

4% Q. <K_?, o1 sifafswan o faem ® SRR gt
2l Afafwen & @ @
T S ® d ettt fawda (a1 Sepw) feen o
Bt 8, it e fen ° Al S gen 9g S 8

7.8.3 3TfeRa T/ oF AN T TN

Ifg I fer w@d ® SR U eifed W (Se—
) st erfafwan § w78 ot 2, 61 fre €
A Safetdd @l ¢ Wit feer e W fHe
g fiem W sifafswan § am oF o gl 1 der
Higarati teren T § IS uRerdd el 2 ¢l st
GAThel § URed sheael a4l gl € v fied T |
arfufer o am o1 aren aAfvewReE a1 SR Bl

7.8.4 AMU-URSdT Rl THTS

9 et @ AT A H UREd o HROT W |
faeqed it 2, q are fasor o1 geed ufiafdd g
%, iifer sifafran et (Q) WAt feori® (K)
o SR e 1§ I, Sifeh o1& qrushd | afkede i
%, qrereEen feris (K) %1 9 9fEtdd 8 S 2
HrT=Id: dshH W fRerisr 1 fasiar sifafsean & AH

o g o f w2

o ToIE ffshar (AH FUMHSE) T AreaTael
feerien A9 & g4 W el 2l

o AR AfufeRan (AH HFTHS® ) T WTRTERen
s qMUH % 981 W 9&dl 2
agsd o ufterd wrareen feriss ud afufewan

o a7 ¥ uferds o 2l

Frefafaa sifafshan o6 STTAR ST 1 SR
N, (g) + 3H,(g) = 2NH,(g);
AH=-92.38kJ mol™
TH SHEd THH 2 ‘e-wditey fagid’ o
TR, AYeHH S TR Tl a1 &9 o Temaia



HrETEAT

Bl S © TS ST 1 e |igd ®H 8 St
21 o7 Yl H, T qH ST H 359 At o
foIu Suge €, Aifehe Wit &9 ¥ ercafus 1 ara
W eAfafswan 1 i i 81 S 2, 37 AR TA
H fomn s =
AT hT QAT - Teh WA
NOzﬁ'{? (Tﬁ) %I N,O 4ﬁﬂﬁf§ﬁ"ﬂ (Dimerization)
1 srfaferan o gRI ArEITeE W ATd 1 9rE YiE
e < Sl B

2NO,(g) =N,0,(g); AH=

(s70) (TTEHA)

TI% HNO, ¥ il T e eTerr g9 NO, 7
Wm%am@@ﬁmmﬁm@5mL
et & T W gehegl wd g1 qAl WAt §
T ! digdl 99 B =gl 319 Weese (araldit)
aﬁmﬁma?'{?ﬁ'{(stopper]ﬁﬁm
2 Tl 250mL F T AT AW FAL: 1, 2 T 3
affend Yd €1 SRt . 1 1 fewehi) T4 (Freezing
mixture) ¥ e 7. 2 I HH & qUAA A T TG
T A, 3 o A (363K) I ¥ W AT 51 A
A SR F 2 H @ S ®, 99 T % R
1 ) e Tk T feerE @ g1 R % 9 o
Tt A 8 - 10 T % TEHfedl &1 WA & 9% 39
fArTeTeRt T TWEAell i St . 1 o S | a9l
TH T & AR 1. 3 F 9 ¥ J@u) Afafwa
&1 feen W a9 =1 y9e 39 w3 9 fafa fea
Gehdl 21 FH d9 W AR A, 1§ FEARN 3w
Afafshan g1 N,O, S 1 g fierd € Te NO,
aﬁwgﬁ%&wqﬁmaﬁ?ﬁwm%mﬁﬁ
it |, 3 H 3= 99 W Sk AMfEar &I asiE
foerdt 2, o NO, =Far @1 ufomHd: s I

forar @@ STt R
3)

W @ g
(298 K)
™ A

-57.2kJmol™’

femery fasgron
T e
(270 K)

fax 7.9 : sIf9feFar 2NO,(g) =
arT &7 g9

(863 K) WX Sc1

N,O,(g) ®T Freeaee ™
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TRyl W A9 1 A Th SHA SHSATI
sAfufsren @ ot THen S FHa 2
Co(H,0)z" (aq) + 4Cl ™' (aq) = CoCl (aq)+6H,0(1)
Tt LR e
FH o d9 W [CoCl]> o R TTETere
oo &1 a1 Hen & S @1 S 58 fewerd fasor §
31 feRa S ST €, @ fagon %1 B [Co(H,0) 1

ERURICIETR RS

7.8.5 ST T WIS
S TohamRRaRl o IRl § IREdA B HH el
ST 1 TT IUCTS AT AR o Tl a
1 €1 TE Teh € WehHUI- e W oA aell 3 e
el stfuferansl o ST ol o@l X §, Seifeh HrEeEen
=1 gRafda &l el SR 21 Td Yodig Afafewan &
fau G o # THE WE0 § HH F o e
SAE AU Ud yorg eAfufemen fager W arErerwen
GEre i ufEfdd T s 81 7T wqferd gt §
o HreEen feeris il § wehe Tt Bl B

NH, o TEgeH o Biggiee | o o foer
Y, S Tk Srcdd soiardt stfufren 2 i s ok
ol Al o1 TET ATHRRED] o Hiell Y FH7 el 2
e feerieh qIashy i a5 9 Sed €1 %Y
TR SAfAfHa o Sedl © e e W uge o 3ty
% GEY OOl §, e $=d a9 W fEA # W
Gases Bt ], Wy A HH e 2l

S THEAT W BeR H 9 @ TR el S
1 suftefa o sifafswen Garrsme < 9 e 8, Satn
NH, % TIeIeel Higdl Heosqeh el 21 i e
% el 1 & AfTwReAl o Tiel ® & § 9
21 9T: NH, &1 SCET @ dgret ifess foman <
kel 2

NH, o ®¥901 89 9 TS T 1 STHerad
Rfeerfaal 500°C TE 200 gHeHE 4 B 2l

T YR, Hueh fafy g7 wewf o ok
frmfor o

280, (g) + 0,(g) = 2S0,(g):K, =1.7 x10*

grereren feemie oh aRome o SRR Sifafhan
1 T YO B S e, fRg SO, # SO, H
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fferdioR ol ogd it R W g ?1 wifed st
TR T=IHES (V,0,) SR i Sufeefd
sAfafsran a1 TR o S 2

Me: afs fre ifufmen & ar=meren feris
%1 AE AR 6T B 81, T STH I agd hd
FEEl T UMl B

7.9 fae=m § smafer ArameeeT

e 1 feen W Aigar aRadq o g91d are gE@T o
aq FreAfefiaa sefTs e o Hueh § ST -
Fe®*(aq) + SCN™(aq) = [Fe(SCN)I** (aq)

& el B <7 w1 srerE | U waered §
=t o STl forerem § forgq o efeq &) et €,
Safh a1 § GUR0 AW (Hifedw FaREe) e
W THY I ¥R 1 YaTE S © qe qdon Y Eisd
g+ o W1l Toerd 1 =etehdl agdl € Higehel hie
J Ul i 3ehT o STeTehdl &A1 % STHR W
oM | arfiehd fhar— Tk ot o usred Selt faeaa |
ferge um wenfed 3d €, 3 ‘forgge a1asea’ e ¢,
Sfefer TEY S Q@1 el Hd, AYd I ST HEAN
F1 e A forgd Tl 1 H: el Ud o dgd
sAqerdl ® erffhd fRanl yeet dEq SToeed W |
T ge o quf &9 9 e e ©, St
qde efueed enfers ®9 @ ermafta wld 7
TR -Tifeam FAREE & Soid faeed § q=

WA foem

®4 9 Hifgam PF Td FANEe 3P 9T S g,
Sdafeh UHifesh o7 H THIde T&H TE BEeiad
P B 2| SHHT R0 IE © Tk Fifeam FiNge
SIS 100% SFH &l ©, Sefeh UEifesh o7, i
geiot, ferge-21aI2d B, 5% € @t gl 81 98 &M
® 5 gda fagq stuweal o e qeun emmafd
Tupel o HeA W TIfUd Bl B1 39 YRR h1 W,
e STeita foreem o 31 a1 o §, i |ne
FHECA 71 ST, &R T AU g, STIoIT o o
H o B1 A Yo 1ol Ject Sgd STIEAl F1 @
TR FW &

7.10 3T, ek TS U7

3TFA, & T A0 Yehid | o419 ®9 4 9T S 2
SR g/ TR 96 (1.2-1.5 /&) o =nfaa gran
B =€ qr=A i o fow afa stewass 21 fawes &
q@ Sagd THifesh ot €1 Hig ud Hal o W A
fafewr st wd wERifds ofreT den el H e
ST IR ST €| SAfhiel 3l T@E W @ B ¥,
%WACiduS@W‘W’WWWW
g €, Torwen a1ef ® @een e il ferend w1 @
F A B a0 F wrgel U ifufwan ek SREEgeT
S F F1 T YRR &N i fereng @i e
#d € 90 @R H Hed R wel § T g )
&Rk I Teh T ST S ©F 1 Fiel 2, S

T T S e o U Teh HfHa TieH ol IRaR W g o1l 14 99 i S9 § 98 Th 91
fSieg@ (Book binder) o I&l %8 W& ol SUH 3% 37 fohaml ol Ug+ i B2 < Ff ol
St fSieg 9 afuar eml wrgeRt St 9% (Davy) 1 UERTOCT HETEeh o T qe T
1813-1814 ¥ Hhire 3ok T1e WETE &1 a1 W =t TU| 39 a5 o SN o 3§ 99 & #F |
3l SRRl o Heh W oMY SR Sk STwdl § wgd dianl O 1825 | el & 9% A Yaa |
A JARTEnsti (Royal Institute Laboratories) & 39 a9 qen &9 1833 # & WA
I YO Wﬁ'ﬂ? am=rd (First Fullerian Professor) sH| T w1 ggel ﬂ%v_ﬂjﬁ
FHrd-fITeior A | ol T 1821 o SR S AR S e T g qen 31 Sgd
Trhed Tagidl § et &1 3 o fa=mi o SuR W ey & fagia’ 1 gfaaes geml O 1834 H 3=
forga 3Taere @ Gafud & Framl 1 @is i1 BUS T 98d € o9 Ud <A1 YHid & At & S gt qee
1 o W IHR R A 3§ geft Sefen el o X @1 A gHe 3Tohel hTH T UGS i | S weft off TR
T&l @ Seiq forma &t faa-fae a9 y9Iia (Disseminated) fwan, 5w S9eF g1 Wora 9eome o 9”9
1 TS Fedeh YEHAR o I 1 ATOOTHTE Wit 1 Ae o TErEtes e’ fava W e feae e
o oI o W 91 SR AT 450 AR e YRy feh

e

(1791-1867)




HrETEAT

+[elTS o TeTU Tgerd eil 21 STl 37 U &7k oh Hel
S 9 foretd €, A & ea| o stfufeman L o wEn
%A €| AU o FY UH SR Gifeqd FAREe,
S wethe, Wity Agde onfg 8| wifean FeiNEe
(THROT F9H) FAR ASH F TH A Tk §, S
TSI 3T TS Hifedd eRgiadEs & fovar o
W Bl B g S ereEen W uEn W v, foed
YA Hifeam qe ROard FANEe e 3T |
foradta ermafyra hiefier o Ao feer oE@ SRy &
HROT o3 o1 ofd &1 & AT o e fEer dgd =
qeAH o WAl o SgehAMU Bl 81 S
Tt foemen €, forent qeais 80 81 39 YK
e Wifead FAREES i Sl § Hiell Sl €, q9 S
o A7 o dga STehYul o 80 o U W el @l
W ®, e e faeree @ gea w9 9 T w5 )
Y S-S ok W1 SerAifeId ekl JUH el S

]
oY_©o
09 N D
o9 9
®6 . cr vo
) CI(_E}& “ N cr °
v(ooj Ng Cl N& _ O
cl
. @ o
(‘®° o C:DOC:O
(8 Na ,).) ; 00
©o cr £
< OO\

fax 7.10 S1 4 Gifsgq FaEe &1 fagieH Na© @& CU
ST YET STA-37T] & Tre STereiford gihT Tt

gl 5 8
A H SRS 3T o STEAT &l qadl
THifes o7 & AT § FE W EH 6 ol 7 T
Tafy <Al € et @) €, R ot eEeie e
AT el E § qul w9 9 S g §, W
UHifesn et AR ®9 W (<5%) B @G B 2l
I R A oh Hed Sufeerd ol 1 qmed qen
Al o SerdeH w1 HET R R w21 gl o
T qen e ug - stef o g forw s
® 2| foem & oM, S SHe! o ofeen H W
fqomM ®d €, % Wia § YRl i Uikl Wi
‘feriier’ Ed © (ST -HifeTH FANES) , Sefh
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AT o iehan €, Forad St 310 ferersm o Teat
A T 3d €1 TRl B 3 S Ugl i Sdega
F Y H

7.10.1 3TFA qAT ek ht SRTAT &OT-
e & fagiaar ot o oered €, St 5o |
STTEfed BT BRSSP HY,, I € 7o &R o

wred €, S eEefee $EH OH, <9 21 39 UK
I H U 3T HX o1 1A fefafad g o
Y fordl ©h o g YEE feRen ST wehar 8-

HX (aq) —» H"(aq) + X" (aq)
q HX (aq)+H,O(L) -» H,O0"(aq) + X (aq)

Th g WigH, He sTetuss fhamsiel g 2
s &Y 4 Sely faedd o e e el gl
Ig focmees Si@ A0 o oifadieM ¥ Sfud gl
freivia ffad ergifem ome, HO 2@
(ST <@)| BH Hr(aq) T H,O*(aq) I I &
SEd SegeT STPH, S ST TusT | fo gan
Th WeH B, % B9 § WA § o 21 39 S |
3 WMRUM: H'(ag) o H,O*(aq) i 3deisel
AN w1 gEeRT e St e 2

Tt 9ohR MOH Hg¥d Tohdll &Reh h1 370] ety

EESIEH T gIEgieder Ia

(=8 =10"83cm) B TE 91 319] W e T &=
B o RN T I I ST0] W YR I UehTh!
7l § el TR % @Y et H,0* 3@ 71
Titefist 1 & AT (IMEME-—H,0*Cl) H 3
e § YEEE T B Sl faeam | et
a1 T 9 Srerfsd gt H O, H,O; T H,O;
T TS o B SE YRR EESifeel ST
STerlfSTd BTt g BUTeash fieis H,0,, H.O,
e Hp;mﬁm%l

O\—H~.. ;
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SMfTE &1 S wWied ¥ IuHien & e gIW e T 1884 H I UM
foeafaare & fagq sTweey faoem 1 arcediell W WY U9 (Thesis) T&a fohal
3T 5 991 d% IS4 9gd AHME Hi q IT S WM HE W MU T 1895 H I 79
Tt Wiehem favafaamea ® it o s ug W s fhe 7w &1 1897 9 1902
Tk o gHeh WX W @I T 1905 W U Geg ek o WIheid oh Hieel GEAH § ifereRt
A o R9Te 9 W T HId W@ d HE qul qeh - TTeed faerml R & #d
R 1899 H IR Teh R0, S 3T WHEMEA: SAR(TIE THH, Feeldl ¢, o
YR W AIfRAT-3 T a9 T sk 1 i fomam

3= s &3 o iy fHman wfaen @A (Immuno Chemistry), ERICHCRIE]
(Cosmology), SfieF T B (Origin In Life) d 1%'5[—3‘1 o HIT (Cause Of Ice Age) Halt &= o 3R
Tl ANEH @1l 9 T Yom SAfad o, =i WA 218 uwE’ S 9% A9 <o S9! faae & w1
1903 ¥ faega-sTaereai o faeres o fagia & W foem o fasm o gaet STAfiar ) 3= WA faem

@i SRfF9

(1859-1927)

1 el TR fha

foeem ¥ frafafed gdfieon & oHER eTfa
B 2

MOH(aq) » M'(aq) + OH™ (aq)

TESIfga o ft S faoem o et
®9 Y Edl ¢ (e ) | WY SREE Y -2
RO 1 ek HEd €1 g sheel gl & el
fge@m @ & ] et @1 a7 s SE ugef o
i TN 1 T TE T Ut €, T eneifae
e &l
7.10.2 ST TRt 3T U &Ik

9T WY SR §RLE (1874-1936) de 31U
W AfFE T @ (1874-1936) H ol g
Qehl 1 Uk 3fersh =T9er qRtaren &1 SRRl
fagia o A9R 9 g=ref, St faeram ¥ 9o He &9 |
ggm &, o § a1 o ugied, st faere 9 Weld He
720 § 9y §, 9RF o

9 o o WM qe &Neh Wi uTe
K

T&1 B9 NH, & H,0 ¥ fae= o 33 |
foar ¢, 9 frefafea gfieo o <wfn T e,

W o @
|_

NH,(ag) + H,0() == NI (ag) + OH (ag)
R A Tgfa o HYfHd &

| e ]

F 2

TIESifoRad Al &1 IufEfd & &RU &R
T aa1 21 Swie sfafsan & st WieH < ©
A STEIE GEE B TEieY TR Yl 9T
TEA A IR hed & Sohd AR ¥ W NH
¥ OH ! TMIANA il 81 &l NH; =% 37/ Td
OH S==% &R &l % % ¢ H,0 T OH 3727ell

TS NH, 939 37 SR &R o I, S HH:
Teh Ui i Sufefa a1 stafefd o wror ga fim
¥, BT -8 g heal g1 3 UER H,0
1 G &Rk OH & T &R NH, T GGt 37t

21 A ST 3T Yool € ol SHeRT WY &
T S qen A SRS 3T goiet €, Al STkt T
&I YeIel BT 98T &4 34 4 = 9% & fof ggredt
I W ek Afafier WIS BTl § 99 Todeh T &
A U WigH wH e 2l

A o TESEAE T o 3T I W
fa=m #1 HCl (aq), H,0 7] %1 Wiei I 3T &l
wifq T H,0 & 1 i HeER H B

I—m?:ﬁém%l

HCl(aq) + H,0 1) = H30+ (ag) + Cl_(aq)
i o HYTH AN

3T &k




HrETEAT

SWieRd TR0 § 2@ W Fehal € foh st ot
TRl LT &1 S& Sl HCl § e U8 i €,
H,O+ TfEfist &1 Fmio i 81 @7: CI 3T HCl
3T 1 G &R © TS HCI, Cl° &eh 1 Gt
ST T T R, H,0 ft H,0* 377t ol T &k
T H,0*, H,0 &% %1 T 37

g =ik 924 B T 5ol U 377t 91 U &Rk
1 e IEU e gwifar €1 HCl & @1 eifafsman
H Sl R 1 TE HIRN HI B, Seih FEE b
Y W MR T 37 H Hifd S8R H 8
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7.10.3 T3H 37T Td &Nk

ST, S5 A T 1923 3T Rl ‘FTolaR (T’
AT e hl ‘TR ST o B H qriRwrioa
feram STeT d% &eh! &1 U9 ©, SR-li &Rk al
oE e W i foa9 ofm &l ?, Fifwr <+ €
fagial § e ThTeh! SoiaelM T 3d1 8, T o9
o7 fagia & IER, 950 9 U9 v o o ©,
for Weft &t 81 %9 el a1 BF, #1 NH, ¥
Ffuferan 2o T fofire 3T 81 39 YR Sl
TS ol F1 HHI AN BF, AfTR NH, o 1
ToRaT Y IHHT ThTehT Selaei JTH Tl 3TF hl A

IEEATT 7.12
WWW#WWWW
?

HF, H,SO, @1 HCO,
'
Y% oh I GR&l H TH WeHd &H ol
=MET| 31d: W §YH &R HAW: F, HSO,
dM HCO, €l
IEEATT 7.13
IR HR&I NH,, NH, 92 HCOO & fau
T g] o7 fafam)
'
T o oF U &Nk i ST T Ul
sk BT =Ifeu) oTd: T ST ST U
NH,, NH, d¢ HCOOH #|
ISTEAUT 14

H,O, HCO,, HSO, @ NH, S==satd el
FRE HNFH-SF UFN G FTH L Tohd 21 TH

o fau 9a gl o qen aRe fatau)
'
S frefafea aroft  fan mn @

H,0 H,0" OH
HCO, H,CO, coy
HSO, H,SO, S0

NH, NH, NH,

YAl B 39 AfufEma w1 Frefafaa g g
WSS feRan ST Hehal 2
BF, + :NH, — BF,:NH,
TOFE &% TS, S - AICL, Co®, Mg?*
oM ST o7 1 wifd eeR HI 8, Sk H,0,
NH,, OH T{i3fist Sl U 3eiaeid I T L Hehdll
?, 39 &N ! TWE IR Il 2l

I 7.15
frefafed 1 oga ol 9o aRehl o aified
FHIFT IR FaET fF 3 T SRR i 9 27
(%) HOO (@) F (M) H' (¥) BCl,
&l
() dfeh Bl 3PF Th ogd &R €,
T: AT AR I TH L THAT 2
(@) % TANEE AP 58 &RE T, I
g =N TR I H 9 fRdt uw #1 qH
R Tehdl &
() <fek G oY ot €, oTd: eigiRTd
3P T TSNS 3T, - &Rehl o
TAR T o Gehall Bl
() <f IRA TEFANES BCl, Y 3T T,
3T: STHIRN 3127 3THI STUfeA oS &TRehl
¥ ToeH T o W B
7.11 3TN WS &Nehl ahl STEAA
AR TEETR T Sfae i St Jiesm
A et ¥ 5% WHgH o foiu emifEe w5t g &
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3TIER 3TFel TS &Ikl o I i foeem Sumt
BT AR 37 (HCIO,) TRgRRiih 377 (HC),
BRI 3T (HBr) SRSITRIes 370 (HI), i
3= (HNO,) Tol "ol 31 (H,S0,) 31 3w
‘Yot HEAM T, ik T Selld HeAH o G STt
o e quia; foifsa gt Wefsmn o 99 &
F T 36 YR fifead gEeiEe (LioH), difead
TESIAEE (NaOH), TeR@H EEgREe (KOH),
difsam gegieEe (CsOH) Ud i gRgiazes
Ba (OH),, STeild HIea | §Td STl | o qoid:
foriferd B H,0 o1 OH- 3T 4 ©1 SIRfag
fagia o AR, 3 Yool &N €, it 3wy |
gofa: fo@ifsia el suer: O 3TPF WM & &
foheTd: o™ a1 &R 1 AW Tl Td &Rl o
FETAR Tgla o STIER |G S HWehel &1 THoR
IER, ‘Yad 3T’ 9 A ‘U 399 Wi’ e
Yool &Neh © aeqd ‘ST W 2l

oA T HA o STFA-&R fomieH 9/ W
[EEIEETE

HA(aq) + H,0(l) &= H,0"(aq) + A (eq)

A aRh T o T &N

@e 7.102 H T <@ T oA (A &)
foasm 9w W o oW ud wdig feem o
LI T Fekd Teh Tk el B1 376 g 999 331
2 for afe wreg i 2, 1 o w99 & "y fomg faon
T SRR B2 39 YIfed shierell Uk ol i |
22 31 99l o SW A & forg Bw foEiem @ o
gffera J1 o7l (A1 &Rei) oh gHed i gaT &
g o foam &3 W aftfa sta-foe o= §
3ufeerd J1 el HA T H,0* W fo=m =X g9 =%
A B TR ST W AT Yo W ¢l W
T w1 et off wgfa e 9 stfusk g0l = ‘g
3T’ HEATW U AT 3l 377 i fRen § ST
T SR, A% HA, H,0* § Yot 37 €, Al HA W
TE HOT, H,0* Tell fooms § 7&1 ®9 § A~ @
H,O* 3T 81| 9 3oa1 o7 U8 &R & foum o
S Fe1 7, i HoeT 370 Yool &I Rl WIetT
ECid

THoh SER, W 3T Sl § quid: ST el
21 ufoTHt e STea gl g, St et Tl ok

WA foem

G oIk 3T goiet B &1 Helel TRt S TRl
S HCIO,, ¥REEANG 37 HCl, BT
37 HBr, BRgTAEISH 3T HI, B 371 HNO,,
TR Rl H,S0, % Waet sl o g
&7 ClO;, CI, Br, I, NO; 3= =1, it H,0 ¥
Aferh gefet &N 71 T YRR ST T &R, 3T
Teel I S, Selleh Teh geiel 376, SH— HA 317
3uferd @ AELH 31 (HNO,), BTEgasiifisr a1
(HF) o TfEfess 3 (CH,COOH) WdlshicHe gaict
e €| 98 9 A e 4 © fon ool el o
T &7 3T Yelel Bid &1 SEel o fei, NH-
,» 0% T8 H- 319 TR €1 31d: H,0 ¥ Ted Jeret
R B fRATeeetE, sHiuEAd s ok wa d
forera shTeifeh AifiTeh gefer erdl aht wifq SHEBR HLd
21 39 T (HIn) 91 €9 &R (In) = @@
T B
HIn (aq) + H,O(l) = H,0"(aq) + In"(aq)
T gIh T ST HHT AR
- -9
T TRl hT SUIRT 3T &R STIAIGA H Goishi
% ®9 H H* A &t @igar feeem & fag fean
S 2

7111 S T I feias wd s@anT
AR OAHA

T T@E 7.10.2 ¥ 7 3@ % Fw wwred (S9S)
310 faf¥Tse TuTf oF N1 37 TE &R&F— JHI i @
SN Y Tehd 2| 3T HA w1 Sufeerfd o =€ gieH
TEU] A © TS &N 1 e FIeR Ll ¢, Selh
& B- i SURIfd o I8 WelH I T i a8
SFER HT B IS el H,0 %1 Tk (0] F2i <dl &
TS 3T 1 TRE ATER Il & T ST T TE 7]
T WieH TR0 Hdl € TS SE GHI &N i aE
SRR FLal 2| Frefafead e wenfid g 8—
H,O0() + H,0() H,O*(aq) + OH(aq)
I & T ST &R
forarer feerish =1 B9 30 TE YR hid B
K=[H,0"] [OH ] / [H,0] (7.26)
ST 1 HEdl 61 8 Y B o4 ©, ik SHh!
Tz feer Wt B [H,0] F 9 feeriw wfmfea




HrETEAT

FH W T feRiE K, Ww g 2, oo @
AR OHHA Fed 7
K, = [H*][OH] (7.27)

298 K W YEIfT® ®9 H* 3FF &I digdl
1.0 x 107 M € TE ® 3IR e ok feriist 9 Seq=1 H
3R OH- I &1 & s’ Bl 2,

TIESifoae 3Tl &t Figdl, [OH7] = [HY] =
1.0x 107 M

T TR, 298 K W K, & AH
K, =[H,0Y[OH] = (1 x 107)? = 1 x 10'* M?

(7.28)

K, ® 749 a9 R fRk & 2, s a8
wreperee feei® 2

IS ST &1 S 1000 g/L ® 3R gHehT Hiek
%I9H 18.0 g /mol 81 THY Y5 STl 1 Hiewdl g9
70 W e g -

[H,0] = (1000 g /L)(1 mol/18.0 g) = 55.55 M.

9 YR, foaifsa wa sifo=ifsa aifsa sia &1
SAgHId—

107 / (55.55) = 1.8 x 100r ~ 2 in 10°

(3T YR W= J&d: AfqAited Sial o STufef
1 IR @l B1)

e, e iR SRiA Weftd faereHi
H,0* T8 OH- &I gl o Wfaess @ 51
fasfea foran s wehar 2—

STl [H,0°] > [OH']
ITEHA [H,0*] = [OH ]
g @ [H,0"] < [OH]

7.11.2 pH et
TIEGIoM 3T 1 HioRdl § Figdl i Tk T

H9shH (Logarithmic Scale) T It 9w foman
S 8, TS99 pH ®@hel el Sl 2l

BRSO A I Wkl (a,,) o HOMCH
10 STER TEORRTE W 1 pH Fed 21 HH Higdl
(<0.01M) W TEESH AFF i1 Gfshadl, TemeHs
w9 Y SHh! HioRdl, St (HY) g1 TS 1 St 8, ok
T Bl €1 TIESISH 3 1 Hihadl 1 IS TS
T TR ¥, T8 9 gy g i fEen S
ekl B—
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a,. = [H*] / mol L
frfafad Tt pH T gEge 319 digd
o Heer wiian -
pH =-log a,, =-log {[H*] / mol L'}
39 YR HCl & 7=l fae™m (102 M) & pH
%1 1 =2 el 21 3Hl @ NaOH & Th &R
faer, fS&H [OH] = 10 @#1 [H,0*] = 10'°M i
pH = 10 Bl I a1 STEH Ia § 298 K W
BIESISH 3FA &1 Wigdl 107M Bidl €, STy, S&ehl
pH = -log (107) = 7 BFI
I g Seltg faerm swefi 2, @S9 pH 7
¥ %Y T A g€ q0F 7, df SHE pH 7 § At
BRI
'Y W,
a7ty faerad &1 pH < 7
R faer &1t pH< 7
I foer@ &t pH=7
319 298K W YATHAR THHTT 7.28 T Hi—
K, =[H,0*] [OH]= 10"
TR o SHI 3TR 1 TR T0h o W
-log K, = - log {[H,0*] [OH1}
= — log [H,0*] - log [OH]
=-1log 104
pK = pH+pOH = 14 (7.29)
HH W A9 9 ae € fF gt K, w1 ae
AR o W1 YREfda erar g1 qefy aashH o wiY
pH o 9 ¥ uRadd a9 &9 B © f% 89
IHHT UL HT I B
pK_ et faermi o fae weerf afer gt 21
g BIESISM a0l SRgIfoae Tl ot Tigar i ffa
T T, Hfh 3TR1 TOAES TEeRlw el 21 ord: T
e @ o pH WI9sH STE[Urh eidl 81 pH o aF
T W 3ohTE ufad o1 21ef € [HY] 1 Eigal | ek
10 1 ufladql St TR Al gEgeH SEd sl
[HY] ® 100 TUT% 1 URedd =, @ pH o AF ¥ 2
SRTS SR UREd BT 319 319 99 7T B f =R g
g pH ¥ ufads =1 3Uan 89 # o4 B
Sifersh T gEEE-Hee sgyE o faereE o
pH 1 A9 STcafeh eaeas 1 pH W, S fafem
pH =re Tt § fom-fam @1 a1 €, &1 wera 9
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pH & SIS | 1 Tl TET ST Hehal 21 SATSTehed
R qe2ierenl pH YW fierr 21w € W fim-fim
ufeeat fom-fum 1 3 & (F99 7.11) pH TR 31 1-
14 9% o pH AM T 0.5 &I Jenefdr d
fopa <1 Hema 21

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

B L 11
SEEEEEEEE
1 ] B
forg 7.11: a9 pH R 47 37 3Harc pH TR $1 9]
gizzar

<

Iea qNYdl o fau pH Hiex &1 I9Am feman
S @1 pH HieX Tk TH I3 €, S wieroi-faedd o
forg-fasa R amumia pH &1 A9 0.001 Jeefd
T Tl 2| SASThe] oIS § el ob Se STHRETe
pH HIeX 3qefed @ U €1 F9 9= qqef $i pH
diferept 7.5 ° < T 2

30T 7,16

U9 e o T H BRSNS Wi Eigdl
3.8 x 10°M B 3HehT pH &1 B2

&

pH = —10g[3.8 x 10°]= — {log[3.8] +
log[107°]}

=—{(0.58) + (- 3.0)} = — { - 2.42} = 2.42

31d: U9 vered 1 pH 2.42 ® U8 A B

WA foem

ISR 7.17
1.0 x 10 °M HCI foret@ & pH ! oM Y|

A

2H,0 (1)
K, =[OH ][] =10

A x=[OH ]= 3 ¥ I H,0" |

H,O" Hial (i) Sl Sfefd HC1¥ e gt & S/d—

HCl(ag) +H,0() H,O" (agq)+Cl (aq) T2

(i) Tetoh PRI ¥ W et g1 F@l e

H,O" 3T W fa=m T shm—

[H,01=10"° +x

K,=(10° +x)(x) = 10"

Al x>+ 10°x-10*=0

[OH ]=x=9.5x 10"

3d: pOH = 7.02 9 pH = 6.98

7.11.3 g AL o A ferien

3TET, STefa foeed o o1t €9 § A&fd T gaa
3 HX W fo=r 3| fr=fafaa g o 9 fedt
oft FriteR¥or grI eAfarifsid HX U STRMT Ht(aq) el
X-(aq) o FeA Tonfad greAtaEen & yefi| fear o
ekl Bl
HX(aq) + H,0() = H,0*(aq) + X"(aqg)
YRR Figdl (M)

H30+ (ag) + OH (aq)

—14

c 0 0
AT o, SFATHTOT BT T 2

qigar ® afadq (M)

-CO +CO +CO

WU 7.5 S WER USTEt @t pH % HH

g9 o A pH ECaE pH
NaOH &1 9q« foerad ~15 Eaiicae| 5.0
0.1 M NaOH fae=m 13 THTE K1 ™ ~4.2
Eulcaleinil 10.5 g 9 ured qen foen ~3.0
fores e Srfifern 10 -t 52
S 1 THE W, Al S 7.8 SSR-H ~1.2
BT 7.4 IM HCI feera ~0
™ 6.8 g HCL ~1.0
Aol -TeTSH 6.4
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T HIgdl (M)
C-CU Cx Cx
el ¢ = SAfaaifs e HX s GRiWe @igd
o = HX o ST &1 760 2

T Hohdehl 1 STAN HI o TH SUIH T
fooe o= o fou wrmeen ferid o #X
Thd B

K =c’?/ c(1-0) = co? / (1-0)

K, %1 371 HX 1 fadem a1 mame feadis
FEd &1 TH dehfeqs ®Y ¥ 8N 9 YhR Hiordl & &Y
T 7S T Tehd e

K =[H"][X] / [HX] (7.30)

et Tafyera @™ WX K, o1 A 37T HX &t
TSI T WY €, Ngiq K, <t w e otfuek
BN, 310 IaT & a1frek waret 2m K, Tt
TfYr &, v wft whviier st Higer st Aeh-3Tawe
1M 2

FS g7 U Tl o AR Irvft 7.6
faw T 2

TIESISH A Higdl o faw pH AT9sRT a1 9t
2 fo 58 pK o wifafid o ofelis o afvmt o
fau <t v oo T R
T TN,

pK =-1log(K) (7.31)

3T o T feeid K, a1 YRS |isdl ¢
I e R UE TS 1 G Wisdr 99 3T o
AEH 1 AT © faer@d &1 pH 1 O H9d 2l
GROMt 7.6: 298K R F& I TU Il 3Tl oh I
feeRie o6 AN

3T M feeiar (Ka)
BESHIRS A (HF) 3.5x 1074
EH A (HNO,) 4.5 x 107
HIfi 3T (HCOOH) 1.8 x 1074
€= (C,H,NCOOH) 1.5x 10°®
THifesh 371 (CH,COOH) 1.74 x 105
=g 3T (C,H,COOH) 6.5 x 107
BT 3R (HCIO) 3.0x 108
TESEEME 3T (HCN) 4.9 x 10710
T (C;H,OH) 1.3 x 10710
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e fore[q-3TTeIed i pH 39 9&1 | Femelt ST Tt
-
ug-1 o @ qd ufeerd weis i o] AR
ITFA/QN oF ®9 W TG A ST 2
ug-2 gl Hef sfufmas % for S S
fora S &, Se—edfiefisr, st 3t U &Nk < o
w9 § w1 w2
Ug-3  S=d K, Al sifafswan i weifhes st
o w9 4 fafed fan S 2, Sefe o= sifafmam
Tk iR Bt B
u2-4 wias Afafear &t it wivis o =
T Rl RN o &9 H geieg fRar S -
(%) IRk 9, ¢
(@) 9= F1 AR W TH W A i T o,
w9 | "iga o ufeda
(1) 9 Higdl
Ug-5 U sfufew o fau wremewen feris
TR T g Wigaredl s Wl o & Ay '
FW B
Ug-6 HEA AfAfRAT ki TSI T Hgdl i TUMET
FW B
Ug-7 pH i AT
pH =-log [H30+]
S fafy i 58 SO W wHEE T d—

3TEIUT 7,18

HF &1 38 fee® 3.2x10* 81 0.22M
forer | HF 1 oA 1 |51 &1 31 forerem
o Iufeerd 9 s (H,0', F~ @ HF)
1 Higdl 92 pH i TUFET hifelq|

'
frefefiaa Wef wriaRer sifafmarg gae €
(1) HF + H,0 = H,0'+F K,=3.2x10"
(2) H,0 + H,0 H,0" + OH~
K,=10x10"
Hifeh K, >> K, 9& aifafsran
HF + H,O = H,0" + F
YRS Higd (M)
0.02 0 0 (0)
Higal aiedT (M)
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-0.020, +0.020. +0.020.
9= wigdl (M)
0.02 - 0.02 o 0.02 o 0.020

T AffeRan o for | wigarsti s wfaeenfaa
FH W

K, = (0.020)” / (0.02 - 0.020) = 0.02 o / (1
-0)=3.2x 10"

&Y Frefeiea fgema S W erar e—
o’ +1.6%x10°0-1.6x107=0
TEea-gHiehiv i 8 & W o o 3 AE <
B B
a=+0.12 3R -0.12
o T OIS HA GHe T8l 81 31d: o= 0.12
e ¢ T A 96, o= 0.12 B @ 3
TS (SR-HF, F~ 92 H,0") ! 91 iserd
39 THN B—
[H,0']1=[F ]=ca=0.02x0.12 =
2.4%x10°M
[HF] =c(1 - ) = 0.02 (1 - 0.12) =
17.6 x 10° M
pH = —log[H'] = -log(2.4 x 10™°) = 2.62

IR0 7.19

0.1M Tl &3 37 1 pH 4.50 &1 e
W H'A a1 HA &1 9igdl 1 AT SHifq|
Y B Tohel & 8T o K, 99 pK, o A
%1 o UM SIS

k3l

pH = - log [H']

[H1=10 ™ =10""=3.16 x 10”°
[H']=[A1=38.16x 10"

K, =[H"][A] / [HA]

[HAl . =0.1-(3.16x 10%) = 0.1
K,=(3.16x10°°/0.1=1.0x 10°
pK, =-10g(10°) = 8

Senfeqeh ®9 9 ‘forieH wfawraar’ e e
3T HT WM ST UM T STANT AU <
39 39 YR fean T B

WA fogm

= [HAlp o/ [HAL i X 100% (7.32)
IETEUT 7.20

0.08 M BRUHARY 3T (HOC)) o oo o
pH 1 UM ST T T 3TEAA el
2.5 x 10° 21 HOCI %! fadism-gfaerar 3
HifeTg|

'

HOCl(aq) + H,0 (]  H;0"(ag) + ClO (aq)

YRR HisT (M)

0.08 0 0
e & fen gited= (M)

—-X + X +X

T Higdl (M)

0.08 - x X X
K, = {[H;0"][C1O] / [HOCI]}
= x /(0.08 —x)
x> /0.08=25x%10"
x*=2.0x10° 39 UHR, x = 1.41 x 10
[H]=1.41x10°M.
3d:
fereisi Ffaeredl = {[HOCll e / [HOCI], 4.}

x100=1.41x 10° x 10®> / 0.08 = 1.76 %.
pH =-log(1.41 x 10°) = 2.85.

7.11.4 o1 QGhI AT AT

&eh MOH o1 3TEA ffefad T g/ wei¥
e T TR B
MOH(aq) M*(aq) + OH (aq)

3T ST ARG i e 3ol &R (MOH)
¥R ®Y ¥ ¥FEA M+ TS RUEH OH- H ™fd
BN B R I o STl fEofis i ek
- feerieh el 5 21 39 89 K, ¥ TR w
g1 |eft el = Grearecen Higar Sera § frafafead
TEeRTOT G W i STl e

K, = [M*][OH] / [MOH] (7.33)

fasheud: A c= &N o1 IRFYH Higar 3R
o = & o STEAF i A



HrETEAT

S WEEE WW e @, qd 6 e
frefafea w9 9 foa@n s g -

FD I G &RHI oF ITH-Fee/i K, & °H
groft 7.7 | fau w Bl

ARUTt 7.7 298 K W B FoicT ekl o STAT- ATk

% A
&eh K,
SR (CH,),NH 5.4 x 10
TEufoeefiE (C,H),N 6.45 x 107
M NH, or NH,OH 1.77 x 10
e (T aFEafdes SR) 1.10 x 10
frfie c . HN 1.77 x 10°
Ufef C H,NH, 4.27 x 10710
@ Co (NH,), 1.3 x 1074
¢ HEH AT T FT e gl a1 T

i it o ofeqw €, T e w etfus
TIESISH WAV 3171 el g1 Wideentua g &1 Sid—
AfeUHH, e, fFam qan fHeifer, gt aga
TIe &R ¢ | THAT 39 K, o W 9gd 1 e ¢
smfen st § frefafea ifufsan & weasy OH-
AP S A T

NH,(aq) + H,O() = NH,*(aq) + OH (aq)

TIZSISH S Wigal &g pH Thel Za-1 STANT ©
o 38 o wiivfa v i o forw ot ugea foan
T 21 39 YRR

pPK, = -log (K)) (7.34)

IMEIT 7.21

0.004 M BESSH e &1 pH 9.7 81 38eh
K, 91 pK, &l 01 i)

T

NH,NH, + H,0 = NH,NH," + OH"

TH pH ¥ TR ¥ HIgA &t TN X
Hehd & BIESISH 3T |igdl 31d hieh 3R ST
o TS UHHA o FH TRSRId 3T i
igdl 1 TUET H €| 39 ThN,

[H'] = antilog (-pH) =

antilog (-9.7)
=1.67 x107*°
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[OH]=K, /[H1=1x10"/1.67x10"°
=5.98x10°

WA BIESSHIY 3T hi Figdl 1 AF o

BIESIoRaet ST i TISdl o T BT 3 St

ST hT Higdl Sgd HH | 37 AT &Rk

1 Figdl 0.004 M off ST Tehell B1 9 YR,

K,= [NH,NH,'][OH] / [NH,NH,]

= (5.98 x 10°)” / 0.004 = 8.96 x 10"

PK, = -logK, = -10g(8.96 x 107) = 6.04.

IETEATT 7.22

0.2M NH,CI @21 0.1 M NH, & 99 § a7

foe@ o pH T TUMT SifST| NH, fae=a &t

pK, = 4.75 T

A
NH, + H,0 =
NH,, 1 3T feeren

K, = antilog (-pK,) 3 WT?L
~4.75

NH, + OH

K,=10""=1.77x10° M

NH, + H,O = NH; + OH
YRR Figdl (M)

0.10 0.20 0
THAEEN W 9REd (M)

—X +X +X
HrEEE R (M)

0.10-x 0.20 +x X

K,= [NH,'][OH] / [NH,]

=(0.20+x)x /(0.1-x)=1.77x 107°

K, %1 OF %9 €1 0.1M Td 0.2 M ! qoil |
x &1 B9 I Y Tehd B

[OH]=x=0.88 x 107°

zofaT [HY]=1.12 x 107°

pH =-log[H'] = 8.95

7.11.5 K, QT K, U Hae

T@ 319 § 79 U 9 ¢ fh K, 1 K, el 37
3R IRk 1 G i <9ld €1 G Srel-aR g
T 3 TH-gH W Wedd Y 9 ed e g1 A T
1 T HG 8, T G H @ HA ST HhA 1 NH:
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qe NH, o S0 1 foa=m e &

NH,*(aq) + H,0() == H,O*(aq) + NH,(aq)

K, = [H,0*[ NH,] / [NH,] = 5.6 x 107'°

NH,(aq) + H,O() = NH,*(ag) + OH (aq)

K, =[NH,*][ OH] /NH, = 1.8 x 10°®

9e: 2 H,0() = H,0%(aq) + OH(aq)

K, =[H,0[OH]=1.0x 10 M

K NH: %1 37 & &9 H 9 K,, NH, %1 &R
o &9 H gmed Teiar €1 4 At o eae < A
o I8 € o Wit T srfufsmen o e feeris vt HH
K, @ K, % TUH%e o sRe 8 8-
K, x K, = {[H,0°] NH,] / [NH,* ]} x {[NH,*]

[ OH] / [NH,]}

= [H,0*][ OH] = K,
= (5.6 x107%) x (1.8 x 10%) = 1.0 x 104 M

20 79 ROl g S ST Gehdl 2— & AT
et ARIfsRaTstl el Sigs W SHeRt Se I srfuferar
w1 AreaTaen-feemted yde rfuferar o=
ArTeReT-fieRieh & UM% o SHTE gl

K =K xK,x...... (3.35)
Tl YR g AR T ok o
K x K =K, (7.36)

IfE Tk T AF G &, A ST H G R S
Tehdl B € A 1 =feT o Yoot et 1 g
&R goiel el gael 3R 1 HITH &R Weel Bial 2l

IohfeTeh € ¥ STHH THIHEW K = K x K,
1 k- foiem areraen ifufsan @ off &9 wra
T Hehd B—

B(aq) + H,0() = BH*(aq) + OH (aq)

K = [BH'][OHT] / [B]

JfF St #T Gigar fer Wt €, o@: 38 e
g g fem w7 o foeiem fremiw § wiwfoa
# e mn B Sugs wHieor &I [HY] @ T
FHE TAT A A W

K, = [BH*[[OH][H*] / [B][H"]

={[ OH'][H*I{[BH*] / [B][H']}
=K /K
K xK =K,

WA foem

g M < A0 o1 ¢ Tk A S AR TR
foren S, 9 ST oT qe &R oF WMl bl Gafud
e ST Hehdl o

pK, + pK, = pK_ = 14 (298K ®)

IEEI0T 7.23

0.05 M STHIf1 foetae &1 STEA O a2 pH
A Hif smifen & SEeA-feris &1 3
daiferent 7.7 @ e T R orEifen o wgw
ST T AT e ot Fa Hifeg)

'
S@ H NH, 1 & 39 YR S S
Tohell &

NH, + H,0 NH,” + OH
(7.33) GHIHRTOT T SUANT X o & BESIoTe
S T QKA T TOET HT Hohd T

[OH]=ca=0.05a
K,=0.050"/ (1 -0)
o, T A %A B, 7d: THHI0 § € 3 & &
| 1 el § o 1 g 6 Fehd B
3d:
K, =co’ or o=\ (1.77 x 10° / 0.05)
=0.018.
[OH]=ca=0.05x0.018=9.4 x 10"'M.
[H1=K,6/[OH] =10"/(9.4x 107
=1.06x 10"
pH = -log(1.06 x 10 '") = 10.97.

T o R T o foIT SaY 9P i W
K, xK, =K,

iRt 7.7 | W< NH,, o K, %1 A W@ T &9
NH; & HZHl 37t 1 Fisal Febret bt 2|
K, =K, /K, 1/ 1.77 x 107°

Sl
=5.64 x 107°

7.11.6 g T o et o1 aen fg wg =g
IS ANk

sffedifareh o7, TeHRR T TS HIThIRE TR

3t 2 o1l | gl o] uw W ifusk emafa g



HrETEAT

Al W Bid €1 UW STl ol Sg-&TRehT A1 HifeTsish
317 o A9 9 ST ST 2| Serene—fganentg s
H,X & fau sterm sifafsean frefafea gt g
RS
H,X(aq) = H*(ag) + HX(aq)
HX(aq) = Hf(aq) + X*(aq)
o1 GG GrEEEe e frefafead -

= {[H][HX]} / [HX] (8.16)

qasf = {[H][X*]} / [HX] (8.17)

K, W& K, ®l %l H,X % %98 d fgda

ST feerieh e €1 T8 YRR H,PO, SR ek

e o foIq diF eTEA-feeis 1 e dielitesn

Tl oh - Teeiehl o W TReft 7.8 # siferd B

ARUN 7.8 298 K W T WIHI UGl Tl oh
- Rearian

3T Ka, It’a2 Ka3

e 3T
T 3Te
HERRH 3T
HeHsh 3T/
TR 3T
TEfesh
TR 3T

6.4 x 10°
1.6x 107

5.9 x 1072
74x10*
1.7 < 107 6.4 x 10
Tt 1.2 x 10
43x107 56x 10"
74x 107 1.7x10°
75107 6.2x10°

40x107
4.2 %107

TH YR @1 T Gehal € foh g Wifesh ot ok
=9 ®Ife o A (K, K, ) el %1 7= =
Fife & TE-feori® (K) ¥ &9 31 ¢ 30T R0
7g ¢ for feer fagg-ocil o RO HomeHs 31PF 9
YT WeH fentiad e qived 1 38 SrEim
H,CO, e ST HCO; ¥ Wei sk | <@n s
TR Bl T FER femefd HPO? HUIRH ¥ H,PO;
1 g | W w1 R wisd g

g Wifew a7t forers o el 1 fagor g @
H,A S fguifes e o faw, HA, HA- 3R AZ
fasmor g &1 wefae sifafwer § HA &1 foEse
qe H,0* Wimfea g &, S foris & germ =2 9
T B 2
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7.11.7 TFA-HHS hl AN FAATA HRR

3T AT ARehI i AETHS drqed & foe=m o
qvaTq & et fSU gU 7% &1 pH A & 0T T
Tehd §1 WY 78 TSIE1 el Bl © T pe 3t a1
1 ol | Yol i el 82 3% 3tfHeh Yol s
Tk I €2 T I Teh Sieel q27 8| eAfeh g
9 Y Y IE HE hd § 6 Th 37 1 fodis 61
G H-A 99 & 9Wed @ gaurar | fR
HT 2l

TET: 56 H - A 5 %1 G wedt 8, 1efq
a4 o fadisT § oTevaes el uedl ®, @ HA W
-THed Sgal B TE WehR e HA 3TeY S
gy el €, erefq H 9o A WHIRN o weF
IR0l H1 FR Sgdl T I AAY JUFH
TfteTrd Bl ©, A1 ST 1 it el 8 S §, S
et o gfig & 2l

T TE M A A o1 T8 € R 9 o A
3Ted ARl o6 IE WHE o aw 8, A 99 hi Y&
Ypfd &1 g H H - A 3TaY Wl Tl o
fruftor & yg@ wre e 21 ot § = w5 ek S
WS- A T SR GGl , -cdi H- A e
med Tt € aun ofel wHed Sedt 81 S

3R ¥ g
HF << HCI1 << HBr << HI

st/ e H gfg
T TR H,S, H,0 ¥ Jaam 3 gl
T 9d 9 AT GRON o Ueh & STed o dadl
1 feroreT e & ol H— A 371 h1 Yaural o7ee-grmes
=1 fuifia e o Hewayl &Rk 8w 81 S-S
A Y TR sgdl @, oi-oif et w1 gmed st
ECOIRARE U

A &1 fogRoma o gfg
CH,<NH,<H,0<HF
st/ e H gfg >
7.11.8 3TAl Ud &Wehl o MIAH H ©H
I g

aMey, UHifew 3Tt o1 3STeX o, fordeht T 59
GrereEe g e oA S Hehdar 8—
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CH,COOH(aq) = H*(aq) + CH,COO" (aq)
YAl HAclaq) = H*(aq) + Ac (aq)

K, = [H'][Ac"] / [HAC]

uHifeswr ol o foorem o UHiE oEH &
e W BESIST AT 1 Wigd Hedl 21 36 YR
afg o ' 9 Hr A ey e, qf S
Afereiforg Teffess amet w1 @ foeenfia & St €,
Fofq 39 feon § ouER et €, ford grgieH e
Higdl [HY] Sedl ©1 TE " TWH SAEH YA
3 7| Frel 0 ueref o firem 9 S fases we
¥ ud ¥ sufted emaft v &1 iR Suers
FIAHL TRl I faeenfud e 2, o'WW
AT YT’ HEedl Bl

37 9 e Hohd ¢ [ TH ST U9 o-Imafer
fagia W enuifa 2, 9 &q @ 7.8 § 9 g 2

0.05 M THEE 3T&H &l 0.05 M UHifesh 1
¥ e W pH 1 TOFT 8H S8 FhR Y Tohd ©—

HAc(aq) = H*(ag) + Ac(aq)

IR gl (M)

0.05 0 0.05
Ifg x UHifeh 3T | STFAA 1 |G B,
Tedl § 9iEdT (M)

—X +X +X
e Higdl (M)

0.05-x X 0.05+x
39 G

K = [H'][Ac]/[H Ac] = {(0.05+x)(x)}/(0.05-x)
et oA & fAw K %H B ? x << 0.05
#d: (0.05+x) ~(0.05-x) =~ 0.05
1.8x 10° = (x) (0.05 +x) / (0.05 -Xx)
= x(0.05) / (0.05) = x = [H*] = 1.8 x 10°M
pH = —log(1.8 x 10) = 4.74

IR 7.24
0.10 M TN foet@= &t pH i TTUFT il
9 f9er@™ o 50 mL @1 0.10 M 6 HCI &
25.0 mL ¥ AMHA H@H W pH &I T0MET
HIfSQ| T 1 foras feelie K, = 1.77 x
107° 21

WA fogm

'

NH, + H,0 — NH, + OH"

K, = [NH,"[OH] / [NH,] = 1.77 x 10™°
SR ¥ qd

[NH,"] = [OH] = x

[NH,] = 0.10 -x =0.10
x*/0.10=1.77x 10°
x=1.83x 10° = [OH]]

gafely [H'] = K,, / [OH] = 107"/
10'/(1.33 x 10°) = 7.51 x 10 ?
pH = -log(7.5 x 107%) = 11.12

25 mL 0.1M HCI faera (31iq 2.5 faeft @
HCI) &1 50 mL 0.1 M ST faeram (e1eiq
5mL W@ NH,) ® fas ® 2.5 fiet 9
ST 370] SR 8 S €1 99 75 mL
foeed H STIsgd 2.5 fHe™a NH, 377
T 2.5 foeliiel NH, ® 9 2

NH, + HCl — NH;+ CI

2.5 2.5 0 0
HreIEEe |
0 0 25 2.5

gRomdt 75 mL foeed ¥ 2.5 faeieia NH
S (0.033 M) 1 2.5 THeitdrel sTgrRfiHThd
NH, 319 (0.033 M) & S §| reeeen | 98
NH, 39 J&R Tl &

NH,OH NH; + OH
0.033M -y y y

Sely = [OH] = [NH,']

RO 75 mL faers, TR oF q9=r
2.5 THefiHel NH; 3T%H (0.033 M) ¥ I BIal
21 37d: NH, 1 1 Tidl 39 JhR <t St &

[NH,"1=0.033 +y

<fh y %7 €, [NH,OH] = 0.033 M @1 [NH,]
=0.033M.

&1 W € T

K, =[NH,'|[OH] / [NH,OH]
=y(0.033)/(0.033) = 1.77 x 10° M

3: y=1.77 x 10° = [OH]
[H7=10"/1.77x10°=0.56 x 10”°
pH=9.24
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7.11.9 TIEUN R TA-3TTIS e ek Taeram
<hl pH

3TFEAT A eTReh! o Tf¥erd s1ura o eifuferan g1 s
T AU 1 STt | STTEA Biell €1 3T g1 S €1,
BURA SelE oo § SerEfd B 2 oW S 9
sTfafeRan ¥eh AU Yehfd oF TR STF A1 &R i
THECIEH i T S T HAIE el FOEA A1 <A
Y B STelt ST Yeha o ‘ STl 3Tqee Ed ©1 39
=1 T o pH wIferd gt 21 vt &Rkl g fau
T ¥HA (S[EAMH— Na*, K*, Ca?*, Ba? 71fg) de
I Tl g U T KO (IEIOne— I, Br,
NO;, CIO; #7f) et Siel- Ao Bid €, Sfet-aTofed
TE1 B &1 3Ty Yoot STl qe erel & 9 5 e
% =l 3EEH B &1 A S pH 7 B §1 Tty
3 YRR o avll o1 STel SATEE Bl &

3@ B9 frefafad @@l & Sa-used W

o e ®:

() TG Tl U Uad &Rehl o dvl, IR —
CH,COONa

(i) V9 TA T A HNGhI oF A0, ITEL0M—
NH,CI, qen

(iii) oA T T oA &Nehl o A0, ITEL0M—
CH,COONH,

YoM I3 H CH,COONa, Tda 31+
CH,COOH T Yodl &R NaOH %1 @@W 8, Wi
et faerem § yofqan st 8 S )

CH,COONa(aq) — CH,COO~(ag)+ Na*(aq)

T YHR o1 THE AEH S o 9 A
TS Bk UHifeh 3Tt qem OH- AraH! =1 fmfor
HW B

CH,COO(ag)+H,0()~=CH,COOH(aq)+OH"(aq)

UHfifesh o1t Tk g 1A ® (K, = 1.8 x 10°9),
it ferera o et & el €1 59eh SR e |
OH- &1l &1 Figal | gfg 81 St ©, St forerer =i
T AT 81 39 YR o Tt i pH 7 ¥ S
i

TH! N geel &R NH,OH e Welel 31
HCl § 51 NH,Cl S/l § qufern stmafa &1 s 21

NH,Cl(ag) - NHj} (aq) +CI" (aq)
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SATTEH SEA 1 Sl 7= 81 ¥ NH,OH
3R Hr 31 & &)
NH; (aq) + H,0 (1) = NH,OH(aq) + H" (aq)
AAFH BESEEe (K, = 1.77 x 109 TH
Tod 4 B 98 foeEd § eFMEi el §1 gHeh
RoTEEEy foem W 1 P Wigdl 96 Sl @ S
forerm w1 et @ <t 21 ST NH,C1 o St |
foera 1 pH 7 ® &9 Bl
el TR M Jeicl &Nk g AT T el
CH,COONH, o - 3Tq9ed i 38| 39 gl KU
T A T STTEET TH YHR B B
CH,COO"+ NH; + H,0 « CH,COOH +
NH,OH
CH,COOH @l NH,OH 37ifiish ®9 ¥ 39
YHR SEAERT T o
CH,COOH = CH,COO + H*
NH,OH = NH,/ + OH-
HO = H'+ OH
foear @ Tor fepy fom her S wehar © TR
SeA-STEEA 1 A foerd w1 Higdl 9 e gl 2l
31q: forerm 1 pH 2—
pH =7 + % (pK, - pK) (7.38)
foer@= &1 pH 7 | ST B, AR SIS
g den pH 7 § & B, AR AR FOMHE Bl

ISTEITT 7.25
THifesh 3= &1 pK, a1 STHIIH TESlEs
F pK, FH: 476 IR 475 71 SmifEm
T2 fae@ &t pH &1 UM SHifsul

'
pH=7 + % [pK, - pK,]
=7+1%1[4.76 - 4.75]
=7+ %[0.01] =7+ 0.005 =7.005

7.12 ART-fae@=

IR ¥ IR g WA (STRON—TH A1 §H) ok
f9fe=ra pH B4 €1 3ok pH W g1 uierd YRR ok
3k § HH T FH (Malfunctioning) =T ¥ %I
w2 TEEfE wd Sifask afafeeret § o pH @
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fe=T agd Hewyul i 21 e imeig Ty
Hequy (Consmetic Formulation) =l fordt fagm
pH T @l Sl € e YRR § Wfere s s 1 U
faeram, TRt pH O T 79ET 30T A1 QTN
Hi AT Ot Aen fue™ & e o sruftafda war
3, ‘awT-foeram’ e §1 94 pH % faerE &
ST 1 pK, T &k o pK o fafed wHT qen
el SR U oh ST AT STA qUl ENehl o
U o e g sAe € ufafes e den
difeaq wfgee &1 fagu @ pH, 4.75 H1 I9
foeM a1 § dun ST g U SmHifTEH
BIESTHAES 1 THET pH, 9.25 2d ©1 9% fereral
& a1 H 3= wael ¥ 'n eI sfus udh

7.13 AUfaer™ o st Taeraar
ATHRITIEAT

& 3 ¢ o o W erEten ol w1 feretean § wgd
R T Bl T W P dl A et oo (S
hfegem Feiges) & fF o wefa o sEame e @
A IAEH U STol-oT T Y ofd Bl S
(S8 <fiform weitige) 1 faetar sat w9 © fw
TR G 9 o sAfeetd’ wed 21 faear wE 9l
W R et €, R § g €, S0 6 S S
(Lattice Enthalpy) a2 faera o Al Ft faems
Tt 31 T 91 ! faeiae o Hier o forg st
% [ Yad AU g (STak TSed) 9
-fadraes e foran sifues BFY =nfew) sl
#1 oo Tl i faaetad & w9 § frefid
FW T, S HeF HUTHF B 2l I: foeEd
Hir H Sl o it 8 faemeEE e 1 ’en
foretren w1 wehfa W e gt 21 ety (Wewdsen)
faeias § faerasm tdedt =1 460 %9 2, S
AU I SAh el hl TS (Overcome) ExCik]
T el B| uRoTHEEy wen st faeas § el
HeAdl €1 9 1 oa Tk g e @ S § ge
Fehdl €, 1 THH! Tocides e Tedl Tau %1 Seish
el ¥ oAfuw B =R YRE o9u H TH
Afvreneria foemar it €, it @ W R e 2
Yook 0T i ST TafTe faeian gidt 81 T a1 W
9t &t 81 B9 3 @@l i gA! faetEal o
SR R A o § fafe w 2—

WA foem

Tl | foem faeId > 0.1 M
T | F9 *A faea 0.01 < fa@@@@ <0.1 M
it m| ety faem faeaar <0.01 M

39 W 3 foo@ eTafie TEu qen THeh
Tqa St faem o o= ammeeen | =R &3

7.13.1 Tae=ar orwe ferien

el foera o ek o €, W faem s e S
TN Tk HJW fIeTae oh T o Hed ATreeel i
forefafad iR g weiia feran smar 8-
BaSO,(s) Ba*(aq) + SO,*(aq),

Hreerer frerie ffafad g grr v
fopan smar 28—

K = {[Ba*][SOZ1} / [BaSO,]

35 3@ ugiel &t wigan feer gt 2
a: K = K[BaSO,] = [Ba*][SO?] (7.39)

K, 1 ‘focid orther-feeniss’ = fereter
TIHE’ FEd ¢ S TR H K AR e
208 K W 1.1 x 10°° 2| zqa1 &1 7€ & fF 3@
IRTH Fethe, S 3T Hqw faeras o a1 qreeee
T 2, o foru aftem den gethe Al 1 |igdet w1
UM 8ok Taetad-TUHEe &2l o qedt eidl 2l
T HI STl T Tigd SREH Fehe i HieR-faetar
o SR BRM| AR Aler foerar 's' &, @t

1.1 x10%°=(S)(S)=S*> A S=1.05x% 10°
T YHR dRET Gothe Hi Hior-faer
1.05 x 105 mol L g1t

e Tav foieT o woaey fE-fam smaet
I XA Y AF FOMIA AT AP S ekl T
3R o foAu— 3men, B9 fSeifem wiehe (Zrt),
(PO,*>), HEW o0l W fa=m &3, S =R HreRTerel
T fSepifam 1Al Td 9 70T 2Tavene 4 Bohe
ForeAl ® forifsa i 21 afg feifag vk w3
Ao -foeed 'S' &1, i 39 AifiTew & TR
U o AR

[Zr*] = 3S 71 [PO,*] = 4S &I
I K = (39)° (49)* = 6912 (S)’
A S=I(K, /(3 x4 = (K, /6912)"
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4fE forelt S| e, fomeht w99 ME© X
B, S T Haw faeram o e gremeen | @ aen
et dier-faea 's' &, & fF=fafaa g
g e fRan S Wehdl B
MX (s) = xMP*(aqg) + yX* (aq)
(T xxp* =y xq)
qen sqhT foeEa-TorTe feris fefated
YO R ek feRa STl 2—
K = [MPFXT P = (xS)(yS) (7.40)
=x*.y¥. S&+Y
Sk=K_/x* .y
AT S= (K, /x* . y)/xy (7.41)
THIHIO H e Teh A1 3iferes THeisT ol Hisdl
ST WA g T e €, 99 K Hw Q. H
I foran S B (W SR 7.62)1 W T H
TR W K = Q ® , fohg ot afifeafo |
Jg U A1 faeraH (Dissolution) EIERIE I
Fohd <dl €1 WROl 7.9 298 K W s WHA el
o faeEa-Torwe feesl & 9 &y T )

ISR 7.26

Ig AMd gU fob el off YR oF o S 9
sifafsran T8 %, Yo 5§ AX, HT forerma
T O | o1 faerar K

=1.1xf2‘2ﬁ3q%lA2X3 T
'

AX, — 2A% + 3X*

K,, = [A"]" X" = 1.1 x 10
AR S = A X, I faeta,
A* = 2s; [X*1=3S

T ¥R K, = (25)%(39)° = 108S°
=1.1x10%

3@ S°=1x10
S=1.0 x 10° mol/L.

ISR 7.27

T o7y oo @Ol Ni (OH), T AgCN &
foer—Ia-TUA%A % WF %A 2.0 x 1070 T
6 x 1077 €| ®F @1 @ stfue foeig 272

-23

—25
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ARUT 7.9 298K W FT WHI 3Tk 0N oF

foeraan-Turwe feris K o 7
IAUT R A K:El Ksp
faeR simEe AgBr 5.0 x 10-13
e FEie Ag2COs 8.1 x 10-12
faer FHe AgsCrO4 1.1 x 10-12
faeR FiREe AgCl 1.8 x 10-10
e gethe Agl 8.3 x 10-17
Tofafem EEeEEe AgoS04 1.4 x 105
AT e Al(OH)s 1.3 x 10-33
i@ weiRES BaCrOs4 1.2 x 10-10
i@ Fehe BaF, 1.0 x 106
Ffemem e BaS04 1.1 x 10-10
hicHad RINEE CaCOs 2.8 x 109
hicaam TrEeiEe CaF> 5.3 x 10-9
Fhrmm e Ca(OH) 5.5 x 10-6
Ffewem Tethe CaC204 4.0 x 10-°
et BEgES CaSO4 9.1 x 10-6
Tl TewEe Cd(OH)2 2.5 x 10-14
FI TESES cds 8.0 x 1027
FIE SHES Cr(OH)3 6.3 x 10-31
HTH @ CuBr 5.3 x 109
FANES CuC0s 1.4 x 10-10
HECEIEE] CuCl 1.7 x 106
HEES Cu(OH)z 2.2 x 1020
TCHES Cul 1.1 x 10-12
WG e CuS 6.3 x 10-36
™Y FEGIES FeCOs 3.2 x 10-11
TR TR Fe(OH)» 8.0 x 10-16
T TEHES Fe(OH)s 1.0 x 10-38
TRERE =S FeS 6.3 x 10-18
TR FANES HgoBr» 5.6 x 10-23
T RS Hg:Cl 1.3 x 10-18
T Hehe Hgolo 4.5 x 1029
THRE S Hg>S04 7.4 x 107
At e HgS 4.0 x 1053
Sy MgCOs 3.5 x 10-8
it uqsmg MgF> 6.5 x 109
T e Mg(OH)2 1.8 x 10-11
FS S MgC204 7.0 x 107
e TeHEe MnCO3 1.8 x 10-11
TACHES MnS 2.5 x 10-13
TESHES Ni(OH)2 2.0 x 10-15
T TEETEE NiS 4.7 x 10-5
oE diaEe PbBr» 4.0 x 10-5
WS FHEMe PbhCO3 7.4 x 10-14
S FAREE PbCls 1.6 x 10-5
ERSEINES PbF, 7.7 x 108
e TESIFIRS Pb(OH)2 1.2 x 10-15
TS AMEES Pbl, 7.1 x 109
RERG T PbhSO4 1.6 x 108
S TS PbS 8.0 x 10-28
T BRSES Sn(OH): 1.4 x 10-28
TTE GohiEE SnS 1.0 x 10-25
T HeHe SrCOs 1.1 x 10-10
Tt wsivEs SrF2 2.5 x 109
L= Hethe SrS04 3.2 x 107
g ES TIBr 3.4 x 106
g TS TIC1 1.7 x 104
I STRIEES TII 6.5 x 108
R Fee ZnCOs 1.4 x 10-11
N eEgiase Zn(OH)z 1.0 x 10-15
TS AeHES ZnS 1.6 x 1024
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k3l

AgCN = Ag" + CN

K, = [Ag'lICN]=6x 10"
Ni(OH), = Ni** + 20H"
K, = [Ni*][OH]" = 2 x 10
g [Ag'] =S, WICN] = S,

A [Ni*'] = S,, @ [OH] = 2S,
s?=6x10",s,=78x10"
(S,)2S,)’=2x10"° s, =0.58 x 10"
AgCN ¥ Ni(OH), 1 facmmar sifersk

-15

7.13.2 3R UM eh TIeTaar U 69 3=
9T

-, Fgid oF SITHR, TE ST 1 St @ foh afg
et e foeram | fordt U 3Tae 1 |igdl dgH W
3T 379 ool SATa9T oF 3173 oF |1 HART SH 4T el
o= © o @19l a4 e T8I B, 59 9 T aR
K =Q_ 8 S A< forall oA kT Hisar s <
qifeh UK, = Q) ®1 ST 78 fefeia el o forw s em]
&, Torame sk o el 1 3t Wi & U1 Q FHo
T HieRdl o T T 89 93l (activities) T TN
T €| 38 Weh R Wi eaH FARIge o Hqw farer@ § HCI
o TS O U FlISS 3T i Wigdl (Tfhadn) ag
S o R0 WITETH FANEE 1 QT 81 Sl &1 39
fafu @ e wifeam i sgd € IS € 81 39 TR
&0 Hifgam steren s gothe SiEt e1gfgal X
oI &1 WRTeeh fergeiwor o fendht 1r o1 argd v H fereiaan
At 3T 1Y faeia Tav o &9 | quieyn saafid
T H o T S YT 1 Y= R S 2 | 56 Wb
BH RIS favetoo o fqeer 21 o1 21aerur faeer
FANZE oF TUH, Hiieh 3T BT 1L Hileh BRSIES
o T H T ST ST ST 1 9T Gothe o 4
H & Fhd B

IATEIT 7.28

0.10 M NaOH H Ni (OH), & Hiert faetern st

Tl fRfST Ni (OH), w1 SR UM

2.0x10"° 2l

WA foem

'

AT 3 Ni (OH),, % foeiadr S mol L' & e
B ¥ Ni** % (S) Hld T OH & 2Smol L™
et foefet s €, @feht OH 1 ot Tigel OH
(0.10 + 2S) mol L™ &I, +ifeh faeram o vl
T & NaOH ¥ < 0.10 mol L Sufeerd 21
K,,=2.0x 107" = [Ni*'] [OH]” = (S) (0.10 +
25)°

4f% K, 1 #17 F7 T 2S5 << 0.10
314: (0.10 + 2S) = 0.10

319iq 2.0 x 107° = S (0.10)°

-13

S=2.0x 10" M = [Ni*']

A 3T o AU i ool 9 pH W
qadl €, e U pH W RUMEA i @igdl
T FIehT
o SHI Sl €, S 901 shi foerar b wg1 <l
21388 K =0, 7 3 Wl w1 U W e
mzﬁm%, #fiq K = [M'] [X],

HX (aq)=H" (aq)+ X" (aq);

_[H (@)][X (aq)]
) [HX (aq) ]
X1/ [HX] = K, / [H']

I TWE HT A TR | Sied W g U
Bl

[HX] H
+1= +1
X" K

a

[HX]+[ X" ] :[H*]+Ka

[X] K,

TH: A T W EH W B [X] / {[1X] +
[HX]) = f=K, / (K, + [H'])| T8 @I ST Tehel 7
foh pH & =2 W f ot sz 21 A < T pH
R AT Fi o S @, @

K, =[SI[fS]=$*(K, / (K, + [H]} T

S=IK, (H1+K,) /K, "> (7.42)
3: S, [H*] & &g+ A pH & ¥4 W faera
ECoild



QRIIT

g 5o U Fehoaret vt %1 e a9 ¥ 59 | e 1us w1 §e & seR @, dl 9 i
21 Sl 81 e Tisiiel Yo 1 gl €| e difde T TEEtien, S Al gR1 i 8 Wbl 8
T STaen H 3 ey Afafhar i U uH Bl {1 STl i Figd1 i SUehRehl w1 Higdl ¥ 9N
W T YAF U3 ] AR el & =1d o &9 § @i feelics K %! =99 & ¢

SR aA+bB = c C +d D % fm K = [CI'[DI"/[AI[B]’

o1 9 R AT ferie w1 A Frad Tedr 71 59 orawen § qeft Tt o7 S8 "igdl, S« g
feer wedt €1 el eifufsran o forg wrerecen feori® #1 K @ =9 F €1 7o arawen fend o §
TE o TIH W EH 37ifereh I forad 21 sifufwan ot feen w1 sgAm sifafwan aree @ @ @ S
2, Sl WA W K, o SR Bl ¢ -9l fagid’, o STER A1, <16, Wigdl S HReh! ¥ § R
Tk W G oh hRoT wreEEe S fEen o fowenfuq g @, S e o 99 Wi HH A1 T 6 Wb
IHHT ITANT = HRehT SIQ AT, Fikdl, <o, S 3R 1ferd Tal & o= ot X9 W) g9 o ree
o femen ST € e STAIS shi WIS 1 0T 59 heh! b1 it e femen S wehan B eaffman fasmon
o HEIEEA S &l S gHfad 8l ohar, forg eifufsran &t fa 1 ¢ =1 S=ii-vy # sifyernes
Y I qen faeiod: Scre ¥ ifghies § aecie 9gm 2l

a goft gered, S el foerad ® ford 1 wrer i €, ‘foRd Toeea’ shee €1 ST, el qell
e * ferge Tqerea’ €1 A Sielta foerad o e 1 S1EH g ¢FEA T SROTEH o SedIsd o RO fagd
&1 =Te w21 Yool fage eaeed qufd: faaifsa & S ®1 oo fagq erueea ® emaf we et
et oF e T Bl €1 SR o SIHR, Sl foee § 1, SRS P a9 &, TSI
M < | HIG WG 3 <1 B1 GO IR ST -wId H 31 i WISHETd o sy W TS &IReh WISl
o w9 IR foman e T -l 3T U 4R 9 AR i ], 99 I8 THR Gd T
&Ik T fehal i At &TReh o G HgTHT 3Teet i STl &1 39 TohR Gt 37— § oheled Th Wi
1 A Al B1 S, o5 3 TR 1 WA &F H ol JTHUTET T &7k hi Toiei JHMl & ®9
H gt feham smfed st afitarn o SgER, ol 3 ok fadis o forg fediss (K) qen goat & o
forist = forg feetish (K,) oF =41 ol faepfd foha 7o 1o 61 90 T SHeh! |igdl W e den
TH A o faeen foan T @) eSS A i Wigdl (Wiwad) o oY pH "I H (pH = -log[H*])
TEA oA TR ) qen 39 o= AET ok fow feafi@ A (pOH = - loglOH) ; pK, = —loglK ] ; pK, =
—loglK, 71 pK,, = -log[K_| Tf&) 71 1 e & ST T 799 HT W g7 3@ § fh T pH +
pOH = pK_ZHeM HI= Bl ¢1 Yoot 7% T ql &R, Joc 370 TS T &R 3R qact o7t oo 3o
&R o Al o1 STt e | Sel-219ee gia1 81 IR foera 1 afron den SHoh Hewe & i auie
fefam T 21 ¥ forert Fail o foreran Selelt Arf st avi el farerr o feeRiE (k) 1 At w
1 U1 GaY vl 1 foeiaar @ Tenfua e o foerad @ oo & Sraeun a1 $Ueh St § faeigd St
vl o1 Frufo feran e 21 99 omEd Ud s faold ol W foeEd & mew @i off fad=e
& T B

217



