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[Hz(g) ] [12(g) ] [ HI {g) | [Hzlg) ] [I=(g) ] [ HI (g) ]
1 2.4 x10% | 1.38 x 107 0 1.14x10° | o1zx10? | 252x 102
2 2.4 %107 | 1.68 x 102 0 092x 102 | 0.20x107 2.96 x 10
3 2.44 %107 | 1.98 x 102 0 077x10% | 031x10° 3.34 % 107
4 2.46 x 10° | 1.76 x 107 0 092 x10° | 022x10° 3.08 x 107
5 0 0 3.04 x 10 | 0.3145 x 16° | 0.345 x 107 2.35 x 10~
6 0 0 7.58x 10% | 086x10% | 0.86x10° 5.86 x 107
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T T HEA A 4% WA A fHE % I e
feort g1 T8, - @i w1 T 3 |l
TEN (H. 5 e 6) SaEer Tg HI et gRe R gl
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H@+L@0O0 2HIg
2
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Hy@l, L] | Ha@l L],
1 1840 46.4
2 1610 47.6
3 1400 46.7
4 1520 46.9
5 1970 46.4
6 790 46.4

Hrofi 7.3 | f&u U sAiwsi w1 e © 9% g6
ATAFAFI UF ICNR] I AATTEA-HEA S SIUH
oiwd U W, dl 39 =ges & 9F few 748, afew
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a_
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W[Stﬂichiometrlc Coeflicients) Bl e §
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T TH K WA g A S # 1 $9 g sfafw
H,(g) + L(g) | 2HI(g) = fog K. Seiiq |memewe
feoisr &1 70 B 0 foran Sar 2

(7.1)

[Ha ()], [LG].,
T T80 10 =, WiEdl & 9SS o w9 W o
eq foran 1 2, 5% W 781 foran o 3, = itE
7% WA W € T K, oi9sh H "iEd 1 6
TR WE ) sE: e foed i
_ [Hugy’
© [Ha(@)[LLg)]

(7.2)

(7.3)
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U E—
5 _ [Nor* [HuOI:’
©INH,IP 1O, 17
fafvm 3=TEl (Species) 1 HieR-FiEdl & 3%
ST RIS T T 9T Sl 2 940 718 |Al el
@ T 3 weyEwen wizad ¥ S T 98 SavIE |
1, T % T fomw % siww 3 e
(3m, 53 =1 T\) & ot = #)
ﬁ—ﬁ@mmﬁmmﬂﬁp
tor) | TN wL, @ FrETEryl frems & foam =e
Teraa 99 97 gfafyaa s =ifen 5 o =9 39
Titedas ®1 9 = wl

(7.4)

#Afulsmar H (g) + L(g) | 2HI(g) (7.5)
B AT SHSE FI TH WA fered T
[HIF
= = (7.6)

COH L]
W wE S 2HIg) | H,(g) + Lig) 7 fom
AreraE-Teris 397 T 9 TH UEE -

A T

[H:lL): 1 _ 1
W =B E T o T o T
IR e K (7.7)
EL AL
.1
K.=% (7.8)

i

IohH sifufsar o1 A favis s
wrfaferar oF TR frais oF SORu BT E
IyieE wfafEa & T w1 H e W

Ve H,(g)+ % 1,(g) 1 HIg) (7.9)
wreTERe T w1 A E—
K!= [HIl / [H]'2[)'2 =x'2=K!? (7.10)

T ¥HR 9% TH HHEI 7.5 F on T 00,
@ AfafFEn nH (e + nle | 2nHi(g) W= #m
[ THE WEAEE-TEwE Hm o9 Ke 'O
ot & wEel 7.4 s fw T
THUN 7.4 Teh AW SERAVIT 7TaHar o g
FeorTieRT Tl S T e
Tl e TETeRL0T TTEATEET
Teemten
eC+dD K

aA+bB K =(1/K)

aA+bBU[
cC+dD 0

naA+nbB[ ncC+ndD|K' =(K")

77l 75 A T e F K 7 K% #ifEs

o T 21 31 THiET 97 wEvas § T we- daen
ferrs w1 " fogd amm d@qfea aaEf gdiam
F1 Foed Hil

HE 7.1

500 K W N, 91 H, & NH, 91 & S

e § fAefaien giman uw gE

[N, = 1.5 x 102 M. [H,] = 3.0 x10>M 7=

[NH,] = 1,2 %10 * M. Trvarewey feaws 1w

Hifam|

5

#HRRAT N,y(g) + 3H,(9) 1 2NH,(g) F fay
[y fenis 74 =0 Y fom@l o1 9% i—




TTETEEE]

[NH, (g)]
[Nz (g}][Hz (g}]s
~ (12x102)
~ (1.5x107%)(3.0x102)"
=0.106 x 10* = 1.06 x 10°
JLEA 7.2
800 K T &1 N,(g) + O,g) 1 2NO(g)
% forn wremEE wiran frefates 7
Ny=3.0x 10°M, O, =4.2 x 10™°M
TI NO =2.8 x 10°M
wifafeEm & fau k=1 o= @1 2m?

bl
sAfgfsran = fore wre feuts 55 v foan =1
T §—
_ _[noF
R TATEN
(2.8%10"M )°

T (3or10"M)(a2x10"M) =062

e =

7.4 HHIT QTSR

foeft T fem o 7t sfasns w SR U
A W H T ¥ 3R & fem- Tty aifafw
N,(¢) + 3H, (@) 2NH,(g # #fwes o1 o=
oft | TE-EE H F
TH WEE

CH,COOC,H_ (ag)+H,0() [] CH,COOH (ag)

+ C,H_OH (aq)
AT Fe* (ag) + SCN-(ag) 0 Fe(SCN)* (aq)
afafEmen o wet wfvsrs 9w Ios =Em
faerH-graeen | €1 919 ¥ $@ aum sifafEmet &
ArETETy-TrTE & A | e
7.4.1 T TreRra ® wreETEeET femE (K )
wHA st T AT U SRl o Her "igm &
w9 § wreen ferid & =t § oaa1 28
WiE KB T 7 e sfhiwme % fem
AerEEn fens % oifE <@ & F9 § wEfin &
af gl 2|
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el Te-HHiE (UFF-2) H 79 39 &9 0
o T -

pV = nRT
1
n
= —RT
4 v

wzl g4 (p) H bar W, WF F W1 F HEA B
T 0 BN A, 'V Ow A (L) | 9w e R
Hfead (K) § =990 &0 W pchT[?=C]fm?l'aar
'R T M 0.0831 bar L mol"'K-' #l #1

4 n/V % T4 mol/L =75 % ¥, @l 7%
T o T FI AT

p=cRT

feert @ W3 7 1 19 6 HiEw o A
AWM T, FA p o [TW] F: I W FH
p=[9] RT % w9 4 < ferar =1 e 21

A H SR ) + L [ 2HIE
AR ) (AT
YEr K.= M i
" (pw)(py) (7.12)

?‘Lﬁﬁ Pu = [”](ﬂ_}] RT py, = [Hz {g}] RT
a4 p, :[Iﬂ (g]]RT
FHieTy

K = {Pm]! - [Hlig)]:a[RT]g
" (pe)p,) [H.(9)]RT.[L(g)[RT

LT

==K, ;
[H-.’. [g}] [13 (g}] (7.13)

IR TN H K =K, ¥ S 3w
feorgsnl & WM U ¥, Fig 78 891 91 4 9 8
T & fem — @fafEN N@ + 3H,@ ©
ONH. (@) |
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) [N @TRIT
" (e )(pw)” [Na(e)]RT[H, ()] (RT)’

[V @R
Nl
90 K, =K, (RT) “&mm (7.14)

™ WER TF FA T sfatma
aA+bB [ ¢C+dD

« (P)(B) _[c] [o] ()

" (P)(py)  [AT[B] (RT)™

[c] [o]"
[T [B]

(m)[cvd}“lnﬂ:]

i eI
* oAl
7zl e vt T § an = [ (T
OIS o el w1 we) (e sfitwem o e
1 Wen)| #1 W e € K, O e
TY FE N WE bar § W@ =ieN, i @ B
IO ST | bar ¥1UHF | HEH 99 EE 1
pascal, Pa= 1 Nm™ @4 1 bar = 10°Pal
il 7.5 6 g =t sfawe 5 fay K
F 1A g e F)

(RT)™ =K, (RT)™ (7.15)

awoft 7.5 # e wabEm sttt = e
fromiz K, &7
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+./10.848) - 4(3.24)(0.0424) /(3.24 = 2)

Xx=(0.848+0.4118)/ 6.48

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

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

T 0.194 T U HT T THA ¢, FH
TE ATIENRI i Hiwdl Sqelel, @l GHEs
e T a2

$T: TR W OEad 4 ¥,

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

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

FETETT 7.5

TH W= 2NOCl(g) [ 2NO(g) + Cly(g) ¥

1069 K &9 W = frais K1 91 3.75 %
107 %1 38 a9 W 3w aAfafFan & fou K, 35
O] AT

we
w9

K,=K(RD"

Syl afsfman & foig,
An=(2+1)-2=1
K,=3.75x10"°(0.0831 x 1069)
K,=0.083

e feati o AT

TEEE K AF e Ted SEm w6 mol L
ﬁﬁ!ﬂKpﬂﬂﬁﬁﬁﬂﬁﬁWﬂmmﬁP&
kPa, bar @121 atm 5 =T (=1 97 1 99 ¥R
AT TeRiF W HEE HiEa A wE A W
I 21 AT SR S A1 H A 7
il B 1 0 e e ol e e o
H,lg) + L(g) [1 2HIL K 7K, T e HERER A=
E@I N,O,(@) 0 2NO, (g), K. % 5% mol /L
aul K, %1 195 bar &

afs sl wd SoaEt 1 e sreRen ®
fom =m @1 gremEeen feemst &1 faEEE
(Dimensionless) AAH F =780 F74 €1 STTFREH
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TF IR 1 W e H S 9 A wEis
TR TF bar Tt §1 30 TFE 4 bar T@ T
e % W § 4 bar/ 1 bar = 4 @1, |
ot 81w foem = fog wwifoes s=en (C) 1
e faeA & a0 1= Figand ool & wrE o A
et €1 ARt 1 antwEa T 5wl wetE
e W AR w7 38 9N g9 wonell ¥ K,
T K, ST {9IE T © fhq Sk S A
o wfors aTemen B % wRW o w A B

7.5 TaawiT \Arreer

s g wfeer g ot e 4 wenfra mnemEen
1 “TEHI WreTEE’ %El W 8| $EE o -
99 A § Wa-am U9 Wel-gd & ar" wiud
TreEy * fauam arere’ 2

HOW [ H,0lg)

W TR ¥ TF ™ WEE 7 g
TRl 21 TE T SiF A THeF T faer % A
oy mrEERen i fawmm ST #) oS-

Ca[DH]z () + [aqg) O Ca? [aq) + 20H(aqg)

feromin orerrerene o st Ym0 W IS
T WM = # faww aremen (e gs sm
TE 79 ) F AERe-Sies Sl e e o
T 3, FH G 99 U IS 59 H AR HEw
S A W Pk T g, Afew fer A 31w
IR} H—EreTe T U T X A e o,
[Xfs)] TH [X(1)] T WA Teer g €1 g favda At
X # e feet fiftam o T € (Xg)
TN [X(ag)] & A 7 95 € 72l =9 0% T9F
& wrdrg fadem W faEr wi-
CaCO,(s) [ CaO (s) +CO,[g) (7.16)

IR e % AR W g e e §
[caO(s)][CO,(g)]

[CacO, (s) |

I [CaCO,(s)] TH[CaO(s)] 5 o &1 Txfer
IulE Afufe & fou awfiss ot fes
K’ =[CO,(g)] (7.17)
kL Kp = Pen, (7.18)

Y T T € fF AR a9 W co,@

"
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%1 % fAf¥=a HEW 7 7™ CaO(s) T CaCo,(s)
F WY e w8 W s W T
=@ # fF 1100 K T CaCo,(s) T CaO (s) %
Y AEEE H S9E CO, F A 2.0 % 10° Pa
2| gafery swiEd sifafEm o for wraeEee fens
FAA TH WFE B

K, = Peo, =2x10°Pa/10° Pa=2.00

6 WhR ficher, @ Al e ke
wTaiTer 3w T faem wrEmen (e %
YHO § W) FHR —

Ni(s)+4CO(g) [ Ni(CO),(g)

H TR ferE 1 A T w W fomn wm E-

) [Ni(CO)J
T

g oIF W & greEen =ifve g6 F 6 i
werel 1 Iufeafs wmEvas € (9ol & I O 9
#1), Torg =9k R o e, A s o
e el B O (G Pl el e sl et e et
IH FH wremEEn-fenrs % wiEs ¥ 79 fomn =
T aFfafEa—
Ag O (s) + ZHNO, [ag) I  2AgNO, (ag) + H,O (1)
4 g fors w1 oW o w9 1§ e 9 i

i [AgNO, |’

[HNO,T

SETEIUT 7.6

AR CO, (9 +C(s) U 200 (g), & fog

1000 K ™ K, #1 #M 3.0 #1 afc w9 #

Peo,=0.48 bar 841 P, =0 bar @ a4 W5

TS IYEA 2, & CO T CO, % A W

AT =T HT A A

&

¥ afvfw % foe-

afe co, T@ | A x B -
€O,(@+C(s) 1 2CO(

WEH H : 0.48 bar 0

A A

qAHE W o: (0.48-x)bar 2x bar

K = Pgo
; Pra,
K,=(2x)°/(0.48-x) =3
4 3
dx” =3(0,48-x)
4x*=1.44-x
4x"+3x-1.44=0
a=4 b=3.c=-1.44

(—b:l: Jb? —4ac]

Xr=

2a
=[-3= \/{'3}2 -4(4)(-1.44)]"/2x 4
=(-3+5.66)/8

(I x F1 9H HUF T 0, oW T AH
F1 I F W 2N

x=2.66/8=0.33
W G AR Al oh 9 56 U whl—

P.,=2x=2x0.33 = 0.66 bar

Pey, =048 -x=0.48 - 0.33=0.15 bar

7.6 WrETERT RO oF WA

HrAEE-Eeds & a9 1 e

79 o9 fefatas eyl @E W A

F., A A T FF O ST 2 E,
W SATTHNT VS ST i g e T
o &1 =

o A et w1 g ATGERE U Sl
1 URFAE Figa T A 76 @ €

T frume w1 AA UF Hgferd Wi 5 s
TaEtE T = fau fafrss @ = fafere zmn
¥, 9 A FEer % WY Aee 2

T IoRA ATTRI @ EreEE-TeriE suEd
sfufwa & orerEse-fmF & 99 1 S
Fani

= T stfafean &1 areeer-fes K39 9
wfufen % e fors ¥ oahE o 2
oo wiem @ afafen & o | fme



TTETEEE]

e gl | Om A wE ¥4 W W g 2
& TH ArEEE s o aTwarn W faEm
T w1 T A frefateg et 9 dafug v
F IW F H F
o gEEEn-fERE & i S 9EEa 9 At
1 HH &1 AJHA el
« afafs =1 feen % T e e
+  EREEE-HR0 ] T

7.6.1 rfuferar = HET =T ATAH S
reqEET- T 1 Al O A9 F1 S
feers 77 =1 wmem fF e R 5 9 e
T 1K K, T S S Wi S S
T E (FE T s o e
(Numerator) ¥ fom@r s #) @en fFamresi #
WA & FHAAAE 2§ (i 98 HAAE W
[(Denominator) 4 feredt =l %}I R e
K =1 3% W StAe] &1 3=d |igdl & @aE ¢ 56
YR K 1 T W Seure = e wE T g 2

e foygon o wEe 1 Tatys frefafes A=
fram a1 wd £

afE K> 10" 7, @ 3% A9HF & qor 5
Iy w0 A K % O TR wE 8, 9 afatma
T UGl oh TARE 2T 21 SeEtone—
(%) 500 KT H, 8 O, i 2Awfshan dmamesen &g
fers K =2.4 x 10")
(") 300 KT H,lg] + CL(g) — 2HCI(g):

K.=4.0x% 10"
() 300 K™ HzfgliHJr Br,(g) — 2HBr(g):
K.=54x% 10

afg K < 107, #if9FnaE F1 go | 3095 &4
21 AfE K, &1 9 oo , o sifafea gelw e
¥ € Tow B 21 fefetioa SeEi 5 98 I gl
E oI
(%) 500 K W H,0 & H, 71 0, § fades &

Hrg-frepis =gd &9 ¢ K= 4.1 x 1070
(W) 298 K W N,(g) + O,(g) 1 2NO(g);
K.=4.8x10"
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A% K_10° F 10° 1 WM (Range) ¥ T £,
Al S T SRR Sl T HimA s B
% frefafas se W &6 W-

(F) 700K W H, 70 I, § HI T W K, =57.0 &I

T = | B, AN

LU B [

shafem wiasd

o i

wieliw w5

i A w

s s -
ey T aofefas ¥

Torg 7.6 K, W A& &7 #m # H9R F

(=) T wR T @ AR N0, ¥ NO, W
feres &, fommep fom 25°C WK =4.64 x 107,
EIEE R S R R
N,O, T4 NO, FT Tz = e 59
m=iTET #1 fo= 7.7 ® <l @ 2

7.6.2 3rtafemar =1 fEom = |y

HAlvrres e S o fF sifufmn-fasm § sfafem
w1 faen =1 uw e A o mmeETEen fents
syam fear S 21 T fom ww afafE amreer
(Reaction Quotient) 'Q" F T F74 7| FreEeen
ferrs =t o T sfafem amea =1 ot st
F1 e «if fearf 3 foru uftafo (sier wEo A g,
e sxfords =@ | @ ) e w1 w21 Fae g

afafeEm & oo
aA+bB] cC+dD
(7.19)
Q = [CIDI" / [AF[B]" (7.20)

7w g > K A, @ aAfvfwan afmesl #1 3k
sy 2 (fada sifafean)
Afe @ < K 7, 1l Al sem &1 S Eha
&,
afe @ = K 31, ot sifafsman fagm e 9
#l
H, & =% 1, #1 T4 afafmn w0 f&an
w0 T
H,(@+1L(@ | 2HIg
700 KW K =57.0
wr T #9F (H,] =0.10M. [L,), = 0.20 M
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% [HI], = 0.40 M. fern

(|fz Hd W URiE ¢ W a8 ¢ T
HEdlH 1 WO e w9 ¢ T e T #, A R
| )

T W, Sl amTRer @ SR ®i TH
feafa o fean mn &
Q.=[HI| 2 / [H,],[L], = (0.40)%/ (0.10)x(0.20) = 8.0

T Q, (8.0), K, (57.0) % e T #1 o
H,(g), 1,(e) TN Hi(g) 1 fagm w1 § 787 71 ifery
H,(g) 3 1,(g) sifufen &0 it sifus Hig) =i
qU Ik WET T AF TN, FA qF Q =K T @
el

AT Q. T K, W WA S G
w sffwEar-faun =1 aia %@ § I9FE £

™ wsn, AiafFm # ffwn & HEaw § w¥w
feafefad e R T T f—
. AR Q <K B, @ 4 afafmm o ¥ 1 @n

e 2R
o Ak g >K @ @ W= afufEm =@ @ e sk

sarEfE 24 #
o Q=K T, A e st T A )

afgprer —> T dfvens sin AiTEEE < @R
TR WA H
fax : 7.7 sfafE =1 fom &7 T

IqE 7.7

2A | B + C #fafEa & fau K &1 a9
2x10° 21

fau 7w w97 © afafEa-fogm =1 992 [A] =
[Bl=[Cl=3x 107" M &I sifufsean %= 0t fam
A spifaa Ty

L35l

_BIiC]
(AT

Afufean = fem afafea ammea 9.

A e

[Al=[Bl=ICl=3%x10"M
_gaxlo*‘i[sxm'"*]_l
T @Bx107P -

TH WER Q> K, Ter it i feaw
sfea e 2

Q.

7.6.3 WTE HiZATAT Shi WO

51, a FefafeEg 99 S | 30w w5 -
wg 1: AfafEw F T wgem wE famn
w2 2 ; Hyferd wEET A few us mee aen, e
sfafaan o wffea work vl ® gEs e A
(%) RIS Az
(78) ATETER W W W T iR ¥ uiEen #i
() HTEETEET =

U oA § TR T AT9E & 9iEdl &
x % BY U, W S W E H uRHihg wtsi
fmr sifufern =1 wHdtemioaE 9 o/ Taral &7
HE F ox F Y F =Ed w5l
TS 3: x F] T T o (A0 W FHIGOT § HE
HigEnA =1 wieweniid e &) afs s = wiEm
%6 HA B, A 98 A6 7a 94, e raetE
@4 7
R 4 : TREMEE O % ST W O et #i
MUY &)
T3 5: 7% WHE WgE ¥ ufmenfis #w e
afeoms #7 wE w

AV 7.8
13.8 719 N,0, %1 1L & § T@ i1 ¢ i 39
R | T e e

N,0,(g) | 2NO,(g)
7fE AT W% 3™ 9,15 bar W1 T,
Al K, K, T S ) A w6 F e
i
'
TH I E fF pV = nRT
A A (V) =1 L
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7.7 warErardr feavta g, srfafwar
ANRe g 79T sl Set ¢ o Haw

Tt arfafern = fom K, =1 = sfwfseen =it it
= ot 78 w1 T AN T E - 6 W g
¥, a7 wfvfEw %1 soiaEt, fava: fen w1 o
wfteda W Al ww -

A% AG HMEF T, 7@ afafEw =E: et
A T € 7 AW T ¥ we T g

AT AG HFITH §, 7 aAfefean @ wafda T2t
T T WA W SRR ¥ AG s el
o @ R & e sifvsrs o ufefda @
Eival

I AG TF T A, @il T w5 we
Eoil

TH SAH G2 B AR T HHIEOT H B
Sl

AG = AG" +RT InQ (7.21)

SAfE AG- W g S £

HEEE R SE AG=0 7 =K 3, @
T (7.21) 39 YRR TR
AG=AG +RTInK=0 (K & %7 WK A4

™ _
AG =—RTInK (7.22)
InK=-AG /RT
Ml S A R O T
K=c 51T (7.23)

oA W 7.23 F ITAM HE, AGT F T F
=Y F axffen =7 = S = e S e i
% AGT < 0%, W -AG™/RT &S 1 3:
o6 1 THE K> 1 B, 51 sAfiman Fi wo smti
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=1 wial 2 @gen s fgwn § 3w diw A w8
o & s anfasg ® 311
AT AG™ > 0 &, 9 —AG /RT FHUHE &AM
S o 207/RT Ly, TH W K< 1 BRI S sfuiwe
H A S € oW sttEer e fawm §
I T wE TR g, T semR gEm
FEEAT 7,10
TAEHIEEH § TEHE o FIERAEENH 6
fem AGT F1 9 13.8 kJ mol” 21 298 K ™
K, A1 9@ Hl

7
AG =13.8kJmol” = 18.8x 10 J mol™
AG" =-RTInK,

In K,=-13.8x 10°J/mol

(8.31Jmol "K' x298K)
In K, =-5.569

f(c='e—5,569
K =3.81x10"

SERI 7,11

TEE F OO T T AR wER
freifafaa sfufda & aan e 3
TEE + H,0 [ TFEE + FERE

300 K T #ifafear & fou amenase o
K. 2x 10" %1 300K ™ AG™ & WM & 70
HifaT

A
AG =—RTInkK,
AG =-8.314Jmol 'K
% 300K x In(2x10")
AG =-7.64 x10" J mol™

7.8 TR H UUTfEa =7 arel FH

Al YA % ygE Sevd 6 W U 9% § %
=aH Al o =79 o WY Afaekrel &1 Seasl o
aAferran ofedd 7, fogw @1 32— =emel &
wiferram AfS AT a9 319 FT Ae g w2
Ifs Te 7 B . @ i it | o

A T

F1 SATTEHA 7 TEONE— N, 721 H, | S
HYEHA o AL WEH B WA wiieaal w1 T
arcE § A1 = § wewye 21 fava § s
=i 3eEA 100 fafemm = 31 59 g svEm
IHFH F w9 G B

Treeer ferE K wris meme ™ e =
Fa 7| g e wEeEEe G e o st
o s U | Tl w26 wigw o ufteds fear s,
A e W ArereEren 7= w e # ae T2 afatEm
T: @ T T W €, 99 9% feE § T
[T TG B S| W] S 9%
7 FE UF G HI fGerFer o 91§ 59 Teet 8 98
W& ¥ T 7% +ff ¥ v € fF 9w 9 e
R B 21 A o "aren o g oA w
ATG ATIhAT oF WA -TEaw® &1 9 79 8
ToRHE R Wiem 9 39 AfafEa ° sivEns
FEIES o HIETEE H HiE0T ST T0E B A Fedl g
121 7% 5 = aft aremae fer® &1 @ o @Y
i 48T i s 1, ©F A fag g en-vmefe
Tosia &1 weg 1 ufiffes & afedT O g
W UEAEE WA & A ¥ onenss e 79 e w5
T F1 79 THEi & Aar T e o anereran
uftftafaai @ fHuifia s3ae sEsi (@,
I uF a9) § # fE A oft ufteds e oW
w30 faow o snmw 2t ) faea fea
TE AT FAT WA R TS WHIE E A A
i e UF TEEEE SEEEEA] § @) 26§ Uk
o fager & oeF wi ufEfds 6 & o see
TS F T fE o a2

frefafad svasl o a9 s AR,
=/, 99 UE AR o yHE T o s
7.8.1 WiEgAT-uREd & w9

Tma 99 e afyenseens w1 sfafeer 4

foem o frwer @ AmeEeer ufEfdE o6 2 &

THF SAIH -V fEEE w9 e

1 Tehdl o

«  AfEEE/EAR S TR ¥ T T 0 =@E #
2T, T THET T =i W ST 2w



TTETEEE]

+  HAMIHRE/IAR o FWTET T WEa WG9S §
w1 FH % forg AfafEa 51 faon #1 an enm
Tt ¢ i sfafEn | e Ty Tered & O
& W 3= o= T
“5m ol sifufaen & afamesl - sem 5 9

fet T = oft FE TN W AEe 5 W £,

a1 T TaEe = TEe | 59 yeRn uiiEd B

% o TIEoT 9YEda o SO TRl YOS HH g

= 7 =)t
#AEY, Hy(g) + (g | 2HI(g) Af9fFan = fa=m

w{| Afg g woafafEm fago F @ 9 H,

e ) e | e = e e i P = e T e

aAfafaEan 39 foon o s 2 fe 3 1, s9vifm

1 sl o afars H, wF 1, fF w m fat

O q ofgm: wEEEd RE o (eE) fem oA

faznfog =0fr (fex 7.8)1 o% =-vmfan & fag@

%= e ¢ TR SO ST = % A

Trorfes o 2 mremawen wonfom 2t foed e s

F HET IR A T T T A FH a4 5A g

g sAfusw g =ifew

\ BRI 1 T
[H.]
1] -
[HI]
T s T
w2
H, Z@M W

forr 7.8 H,g+Llg 2HIg afafear 7
TrEE W OH, F =ed W seRs @ I &
EW F ghET
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Frefeafad st \ree o sum o = gn

T fepd W TEE T T
Q.= [HI?/ [H,][1,)

fe TerETe W H, frer s E, @ (e, e
% ditQ w1 UH K_§ %9 7 W 21 gafen sfafs
T (em) fem #1 oAR F o FR ¥ o (H,] A
(1] Srzan 2 =R (HI] 79 %% 9% €, 99 7 Q =K,
T F W oAU W ey tenfym W w s
AT W IR A FTA AR AL
TETEO] B ¥ ST AR W R S w5 e
W TEE T ¥, O afim o ¥ wew ot 31 v«
IeE H A FE T B A ASHFA B e 1w A,
A IEE W M HIE A T ) ST ¥
Arifirr Fmion § s & sEE w3 %, 39
AT FT Tan = # faww afatew afm faon
It T #1 6 W CaCO, § CaO S W 92
F1 U qeA] W E, F S e T gt §
CO, F TR 72 sAffean I #UE 9l 21 8
%, 7@ =ee fF 30w ER Ten T 2Q F AA
K, & 78w %9 a1 T 7, s sfvfwan wfm fem
i B =@ B

WigHl T UAE-TF AM

™ TrAfatEa sfafEs g weim fe =
EETIRS

Fe* (aq)+SCN™ (aq) [Fe(SCN)F*(aq)
__ [Fe(seNJ[” (ag)

<" [Fe’ (aq)[SCN (aq (7.25)

T qrEee! H AW (1) TEde fAeaa w6  1ml
T IHY A A Wy e faerr s
et # feem W faer e 8 S g, S
[Fe(SCN)]* =74 = IR0 2a &1 el &g
T T T e T B w2 s a1 s
wi eifafman =1 oreargeen W e | arErEeer &
A o W T W A seEn fawatim w5
TFEG Fl [Fe™]/[SCN] @A #1 W FF 9
sifqart i fuerm ™ wm= faadia fam o fewenfom
H THRT ¢ SH-sfEaF 3@ (H, C, 0,), Fe
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AP H A w5 e wEE A (Fe(C,0,), 1%
A T 27 G Fe' 3797 H1 AGA HW & w0 E
- vmafere, faEia & SR Fe' 3197 &l %M ®
Ieq Higdl FAE F [Fe(SCN)J* & faa=r g Fe™
ATl T UfG R g R S €1 w5 [Fe (SCN)J*
T HiEA Hedl §, 9 el Ty Ao Y El A
F1 Wef HgCl, foeam W st @@ @ # dwa 5w
7T 2

it Hg? $IPH, SCN- $IPHI & WY a9
& WP FWFe S [Hg (SCN),J? T4 21 39
SCN- $TFH1 1 el I [7.24] 4 9 &1 1€
@ T @i SCN- wPHl &1 fd 2 favenfra & )
Trefy griEESe fHeH T SCN- & HiET g S
2| = THiEC WETEE oY T (S 90F) 5e
Il # Ao feerad s G o e dg Sl # |
7.8.2 STE-UNEAT = U
Torelt Trefrg sifafan W amaae ufeds g s see
Y I w0 IR 2 21 wE el 2w 7, 5
Afafs=n =1 = I ToEtTE T § Ty
w1 T o fo=ra e 2| famwih wrE W eme
fogi|, & 99a0 & W 2 1@ TE W T &
uitadd 1 SYUr &1 W Gl 31 i SmEe @l
e (Us wiEa) T T e w §) e
wfafwa 1

CO(g) + 3H,(g)  CH,(g) + H,O(g)
g sifaews (CO + 3H,) % 7 Wit ¥ Il
(CH, + H,0) % =1 @ a7d &1 3w sifufwan
FreeEe s w1 v g o = fires o v
faferet o vEst <@ 2 FH IHF gE GET H
1 =3 T T 3E v AfqewRal ve seEl w5
AR =19 US THE WSy I W0 Al T
T @/ fosor wrearEryr | T ® T R e-wmeie
fagra, =m v wfafe fam fam & st g9
[reqEEe] 0T I 8, THR A T S g
T < <@ P E T €, 9 S o e
(fsrew Hefl =1 Hem e 7" FwH g 7) H A
#4121 (39 9 £ R w9 & e w1 9en &
T B E) | T afafEa smea Q, B W
W TEA ¥ FW F T AYA = wT At ¥

A e

[COI. [H,]. [CH,] U5 [H,0] fsrafsermani =i smemsre
& Hia & waE w71 S| afafw s
ST S w5 T W 8, S st W w
TEe T W 9@ T e 7 afafEer wvee # Ae
TSR &1 S WA TEET WA FE T 2

_(2fcH,2H,0)_ 4 [cH[H0)_K

CT o) 16 [co[H,] 4
9 @, <K, 7, o afimn om faen o s
Bl Cls)+ CO,(g)  2C0(g) wfufwar § sm ==
FEEN W § a1 sttt fauia (an 3ek) fgm A
2 2, i st fewn W Hel w1 G 9% S el
7.8.3 3fe&Fa 19 & =M =T 9UE
Tfy amoaT for @ § oon uw afma T (-
) o wiafEm § an 79 o €, =5 fAem € A
W e T £ Wi e e woafEn
i fres T afafra § 9 oF T TEe W e
WiEAAT SAeren wTE O g ufEeE TE e 21 afafEn
ke § fiEdA e qdll 2 € o foeng 0 i
sifufsan 9 o o9 ST fTEE 9 3R w6

7.8.4 AO-UfEas &1 TEE

9 FHH TG A A H TR o w0 A Higd
faes Bt &, @9 T fagor & gued ofEfda g
%, HEitE sAfafrar s (Q) FEse e (K)
= TEL T W U, e E 9EE ¥ e w7
®, A fers (K) % a6 afafdd 8 S g
HE; A9RE 9 Tenrs =7 s sfafdn & Al
& fag w faft wed 2
o HEENT Al ( AH OISR ) w1 e
e aT9en % 979 W Fed 2
o TS STHTERAT (AH SARHE) o W]
e AT % 24 T A 2
o o afEeH wrEree fer o afuatm
& =7 § yiEd A gl
Trefafaa siafe = Sgan s 6 e
N,(g) + 3H,(g) = 2NH,(g):
\H =-92.38 kI mol ™
U TET wEH #| ‘en-vmafen famia’ &
PR, A A5 I ArEe = R o werata
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21 ST & US ST # O iEda 1 8@ 9wl
21 31 W= T, FY GO AWEN F 9= @fed &
for wuees 2, wifer yHifTR =0 8 srefus wa A
T AT =1 i i 7 9 E, o 3
Y fermn S 3
NO, 7@ (%) %1 N,0, 4 4§ fza (Dimerization)
w1 23ffEar % 5 Tt T A % A §Riee
fa =1 W B

2NO,(g) N,0,(g); AH=-57.2kJ mol"’

(o) (TTEA)

|iE HNO, ® 714 %1 Fer 2o 79 NO, 74
TR HE E A1 T U THeRTEAEl 1 WEPE 9 5ml
A T TEAEE § TS 9 B S e o
i w1 diga "9E gE 9 39 WeEEe (araldit)
F HerHd | TEAA o W= (stopper) Fl a9 &t
24 &1 250mL % A9 dE TN HEY: 1,2 6 3
iferd e ¥ A A 1 Al Tewshrl fEW (Freezing
mmtlarc)ﬁw#.zﬁwfﬁmﬁﬁﬁ@
T A 3 F TE (363K) T 9 9T D) 4@ w6
TEAfer w1 AT 5 2 @ Wi 2, 99 g & g
@1 T ekl Uk HEE fe@E S 1 FH o a1 ol
I H 8 - 10 Tz o woEAtaEl H1 e o 9% 39
T T YA ST A, 1 O We § e
T TREAE] F d@H A 3 % 9@ § T afatwm
=1 femm o a w1 v 3| v | fohw fEe o
HEHA F HE AT UL AR A | o S 2
sifafean g/ N,0, a7 %1 Wsie e & 591 NO,
1wl 719 % w0 9T T e T2l €, w6
it A, 3 H 3% A W Ik AfHlE & areliE
oot %, foo@ NO, @ ¥ wfomEa: o I
Fraa == S FI

FHL F A
(298 K)
KL

(363 K) T WH

faF 7.9 : AMafmD 2NO,(g) N,O,(g) 1 Frraeen T
T HT §9E
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TSRS 9 AN 1 WS UF GE S
aAfafEm 7 T\ W Fwwa T
Co(H,0); (aq) +4C1 '(ag) . CoCl (ag)+6H,0(1)

el T e

T F AT W [CoCl, P F WO e
fagor =1 20 e @ 21 = @ e g o
g1 o ST SR 7, A fAAw 8 9 [Co(H,0), ] F
FIO A B S 2
7.8.5 I T WATH
I fwamnaEl & IoE] o ufedd 2g w9 Sl
ATE1 1 A7 SUers SEnkt SfafEa o =9 i ag
1 21 U E HE- e ¥ e Al 9
wErG sfufeEaat o o & Fe 36 ¢, St Sreee
=1 IfEfda T87 =T 28 3 UE e aAfafEar &
fem #fFaw =1 &1 WA WA ¥ W 1 I T
IS 0 TS WO sfafE fouw A
oA =1 ufEfdd 79 w9 21 98 Hafod wHE g
1w fers TiEm § uwe @ a3

NH, % ggisH ve g ¥ fw w faam
e, S Uh e weEd sifufEar 2 fewl sem &
el Tl 1 Hen Afawhl o Hell 9 % B 8l
T s AMHy 1 ge ¥ 52al 81 &
T s 9 Hee § ue areEee Woaged | iy
® THA T ¢, WatF I a9 W fEEm # oW
FASTE T €, Ty Tied ®W T €

T AT W T A T § T we sew
=1 Iufrafa # sAfvfsn Faes=F 9 26 2, FafF
NH,, T e | Samsme 26 21 5 I
o dtelt =i Hew AfaEEl % Ae S gen 9
F1 9: NH, 1 SR 9 =g aifas far o
o B

NH, = HYelvl 7q A9 U4 %@ & FIHeas
sfiferfaal 500°C wE 200 dFfHsEHd 74 gl 2

= TR, "W 5y 3w wewfe am %
famim 5

250,(g)+0,(g) | 250,(g:K, =1.7 « 10%

TR feeriE o i o SER sftE
& wman ol g W Afen, fRg SO, # S0, W
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Sl wgd ol T A g B wifAn ser
sEdfean GerEEE (v,0,) SO F1 SuRef @
SAfafea o7 FTH 92 o

A ofe et sfafman & aeesn fens
HEPE HT U 2
7.9 Toom=m o smaf s AT
| F TEIN W Higd UEed o TOE 9 UET
A FrefafEd smfEs o o uuE § -

Fe* (aq)+ SCN (aq)  [Fe(SCN)F*'(aq)
¢ 7% w9 59 A w S w41 9% TeEfared ¢
=i = e faera § forp o waifea @Y @ 7,
WETE W § WU 9 (Higs FEnEe) fHen
W g fagd ¥ %1 WETE Bl # A e F wisE
=g = | e F1 Ao wedl € g g
F yETdl i I o ACTHT G oh SER WA
o F afigd fea- 1 9 & T wefta faees
for o wenfed e €, 3 e sa’ ween F,
#1 g A T SvHeAl i QA WEel U gee age
AUEEAl § g RN Uee dyd #@UEed W o
faerd gt e Ul ¥ § e @ €, wefE
e wmeEd @iy w0 @ st @d
TEETY-TifeAn wEE % Setd faea | g

A A

Y H Hiegw A e FeiNEe 19 U W §,
wafE THeE o ¥ THRES aeR uE TReiiad
3T 314 21 T O 9F § T wifeaw s W
T 100% ATETA B #, wats iHfew w=, =5
e, faegi-a1m9ed €, 5% &1 st 2 21 98 e
% & gde fagn smeedl § aFE o St
AN Th T WA T BTl #1 59 YR 1 WA,
foras weia faema o smaq o o 2, st wn
FEEAE €| A, A A TGV e A9 F A
o ad €1 9 WAE A1 Toe SRR ATIEdl S E
g H 7

7.10 3, ¥R U TEUT

A, |ITF U o= U § e ®Y 9 U S £
STETE 5 yEE A (1.2-1.5 LAER) o enfa e
%1 7E WA WfE & e afa s 2 e W
el @99 WHifE oA 2 A9 ud ual o @ 0
fafew et U9 wEidE ore aun sAel o 2R
ST OrAl S €| Al o e § a w €
ﬁﬁ’i?ﬁAcidusﬁﬂ'@g'WWfﬁqw
wrar 2, foren aef € wean s el ferenm =1 are
FL 3 E T T UH § Hiafma Sk SEengeE
T F 2| 3 YRR @R el ferend &l HAen
FW ¢ A9 @R A w9 A oE ¥ we e f
T F1 TF T ST U2 O F e €, W

T2 1 TH @ T 9 T HEE A = e d g el 14 76 5 39§ 98 U S
ez (Book binder) & el 1 died oM 359 % =4 frami 31 72 w1 52 1 4 =)
fSm1 s =% =i onl 9reEd 24 98 (Davy) F1 WIETET HEEE 99 0 a9l §9
1813-1814 H HT2 7% WY HeEM T A T AG M0 TH AR F G0 5 5 A F H
ST SR o 95k H I 3 Ik AAal § ogd W@l F1 1825 § 24l & w15 o 0
T wErETEnE (Royal Institute Laboratories) 3 fRs =4 q91 917 1833 # 3 WA
¥ F 9oH Pt #EE (First Fullerian Professor) =71 938 &1 Yee qg=q0i
- oy A § o1 T 1821 % A S At FE R ue waee ae o7 A
ey THG] § Wate 1 S0 o for o e Ut SR A e T e g E 1834 ° S
foe arves @ Hafm A Fem F1 B # R uF T 7 o v T Wi & e 9 IR et e
i o Y SRR F AN A W AR e § 5 T8 E H Skl i el GHE e 9l SR B G HEEE
T T IR A F1 - ol 9w (Disseminated) T, fomd 299 571 799 T5H ¥ W9
1 T TR YA o ITH T SOl ST @) wiwed o reEtn siies ! i w s feemy e
% ol & YR 9 3 N 450 SR AT S T

TEE e
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(|MRY T9F) B SIS # UH g8 Aed 8, 9
EEEEEh 7% Ud HifsaH TESEHES &l o |
U FE E1 AE B srEeen W ourE war 8, foed
YATEE difeam aa woeid FAEe $TEE g o
faria swEfem sl oF weg fron GEm amEdm &
FRV TS 9 T €1 T AT o meA e 9 9|
W % OWAAE & SR g # we
AE Taema® &, oo wagds 80 21 59 e
W9 Hifzay A0S 1 W T Sen 6 g, 99 20
o He7 Toud Se e Ot §0 % O F a9 Bl
S 2, Foed a1 foerm W qea w0 9 T F E
3w A0 T WY T T 9UE w9 7

Q
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foa’ e X
- &8¢
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CO o .Q'c_'f‘
3
\Jfo_ﬁ

fa 7.10 57 9 #ieTg S W fagedl Na aer CF
A YT - A W e f

& o 8
T A FESEEIE A oF TE H gee
THifew o % AT | & W EE 7 B R
Tafa <A A o s § R sEgiEeite s
A A Al § gl w9 AEA S 8, 1
THifew o ATeE & W (<59%) I A w2
A I AT TR WA TUTegd @i @i g e
A &% SeESE F oW W A # € @ A
o= qun amaeA 7= Pm-fiam s © gea fe =ma
® #I faem & oA, o sud S smen § o
form™ wd €, % 9@ W JUFRl &1 AhRal @6
‘Tepied’ wEd € (SEEOTY-tifean Fnge ), JufE
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S g WA ¢, T e o faerd o 2zt
e A % F) AE v T A WSl 1 sieese
Easees forul

7.10.1 3% T9T &R Wi TR 99 HHOT-
R F fagETeR o A Twd £ W wa W
Syefza dt FREH AP H),, 30 § 99 g 3
g S0 E1FE TR
T H UF T HX 1 e et oo §
T freft vF & B Wit fEw W e B

HX (aq) — H'(ag) + X (ag)

N HX (ag) + H,O(L) - H,0aq) + X (aq)

Uk U UEA, He el A 2 3
waAd ' G ety faems | o e w9 8
7T fommas &9 o0 & i ¥ afbE T
i fofadt wegifam @mm, 1o 3 %
(afFm 2") | W H(aq) 741 H,0%(aq) = + #
Serifem FEEEA APE, S wd AV § A gan
U e 2, % w0 H wEm 0 e #) 39 @ i
T HOWE: He(ag) A H,O'(aq) 1 aEsa &%
YA ) g A et W2 €

THT YRR MOH Hg9 ThEl 9Reh =1 A Sl

TEEifEm uE TEEifee ame
TESEA AFA, T =E UE 9 €, 9Ed g
(= =10"%em ) 81 UF 516 3] W e forem &
2 % FE T H] - A9 TSI Al T
Tl | fEH UE % Wy gIE H,0' 3 Em
SRt Fi % AR (ITEETE-H,0°Cl) ¥ 3/
sETen W e RN % S faerr | wEefem
#A Rt 3 semitea g H,0;, H 03 78 H O}
T TR A E T UER eEsie e
SeAie g &% F e S H,0,5, H.0,
ad H,0, <A 77 &)

= E, S TEEiaeE e O

H/. .
s A |
Jar 04 %
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A A

FREE w1 WH HET § SUHEn F e T A1 B 1884 H Iw STHE
foafaaeE 9 foey sme2a fSemT &1 Fesasl 99 9iE 59 (Thesis) Y& a1
ST 5 WO A% Sei @Ed A0 i a1 G009 o e Sl UL M| HE 1895 H & 7@
o wiwem favafammes # e & e w5 W Frag R e T 1897 7 1902
7% F Tk T ot T T 1905 A ST U 9% 3 =iEM % e e # it
TP % FR9E 9% W FH B R0 9w au aF fagd-aeeed faees woem s
! @I 1899 ¥ IR U GHIEW, S AT WERE: SN SH0, w8, o+
?;\5:?:2? I A 1 e s i e e e A i i

% HE & ¥ FE I e WEE (Immuno Chemistry), FEne fasm
(Cosmology), SaF &1 #[ (Origin In Life) T8 f80-771 % F (Cause Of lee Age) Hat &5 § 3700
TEET ANE @1 E UH 0eH SAfw 9, (e UiE 38 99E &1 98 A9 S SHhT faeEl $il 5
1903 T ToRpa-17esi & a9z o (g vd WeA 55 o G961 guh I 7 3= W fFEe

1 Aed R e

foer | frefafon wdeor & sger emEfm
Al E—

MOH(aq) — M"{aq) + OH™ (aq)

EEifame aEd A welty faeaa § St
T W Al ¢ (A ) | WY RO o A
U T AT A ¥ 9 ed Tl ¥ e
oot W & @0 R ¢ Aw it S gl %
g T
7.10,2 TR2E W 30 UH 9T
=9 T R des (1874-1936) T SO
TS 9TOE UE. A (1874-1936) | oA wH
SIEhT i U A ST 9T 4 AR -w
fagia & dgar 3 e, S faerm o WeH e &4 F
Tyq ¥, @5 F oA 4 wee, i faees § wed 0
T2 F B T, anw £

HEq H v WEASEl q91 4 Wi uE
Bl

7% ¥4 NH, % H,0 ¥ foemm & saon w
foamr =¢, =0 Frefatan b § =9 70 2,
Nil(ag) + H,0) == NI (ag) + OH (ag)

|

FI F

TEEie sl w1 Sl & wnm A
foers @ £ T afafEa § W W S e
AU SO WRAE 31 i TR wAv: geeR
A T WIF FE 4| Iopd ATWTEA 3 WiEH NH;
¥ OH = TR B €178 NH, == o U6
OH" F7=% & 1 F4 % §1 H,0 T OH #e@
NH, & NH, Ta9 30 #1791 % I, 3 FHa:
TE WA 1 Irrela A argartata = e g
&, WA aTe-ae W FEerd §1 39 WhE H,0
%1 S @ OH 2 991 @0 NH, %1 9971 o7t
NH, 1 aft 9727 5 vaa & o S5 W e
Tl FM AgT A TR I A €, A s Har
4T TAA T T AT 3 A =W 9e 2w g
o7 H W SfafE WieH a € 9 s WY A
¥ uF Wetd w9 g 2

TH T ETREEAE AT A SAET W
fo=m &1 HCl (ag), H,O 17 &1 W= $%T o7 1
wifs T H,0 4 ®I Wi s i ¢

[ WA %—1
HClag + H00 == HO@g *+ Cliaa)




TTETEEE]

SR G ¥ YE W W § T v
TE w81 W4 S HCl A A v ww g,
H,0* Ffiefa #1 Fw 7 21 2 CI s HCl
a7l =1 WY 4T ¥ HCL Cl & 1 HgT
T T YR, 1,0 W 1,0+ 27 =1 S AnE
T H,0°, H,0 &% &1 5gH a7 E|

T s a9 € % 99 U o T UF 9T
1 TE =@l Ha < g1 Hel s gy At
W Sl & F e SAGER FH 8, Seih AN
WY U2 @ UF 3T # GiE SIEEr HE 2

AW 7,12
?ﬂfﬁ@ﬁ?ﬁé‘{aﬁ#mm'mw
Fd

HF, H,S0, a9 HCO,
el
ueE & G AR U e &9 e
TN A W HIH S FHE: F, HSO,
q@ HCO, %
AR 7.13
LY @Al NH,, NH, 91 HCOO™ & fau
I wds e ot
B
T @l & WH GRS H AIE UH ARA
AT AT AE| 3a: WG HH T HE:
NH,,, NH;, 941 HCOOH #1
TAETT 14
H,0, HCO,, HSO, @1 NH, #2330 a4
T G- TEE F FH F TEA €| TAE
& foro = gt e qn ames fafEm
el
I frfafed a3 foon T F-

H,0 H,0" OH
HCO; H,CO, cog:
HSO, H,S0, 50;

NH,, NH; NH,
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0.3 739 1 UF &NEH
A, WA A T 1923 H 37T W ToERTgTAmEr’
AAT W T O FHIE F FY H uiiraifw
foram| =21 7% aTET 1 U, RS- AT aen
TEE AT § W ANy A @ F, wEE a6 8
fordl 5 am T TeEgE T AW §, T O
Wfﬂgﬁ#a’gﬂn.mﬁ@wé%ﬂm%

.BF, 1 NH,
ﬁmmwﬁﬁmm%lwwm
TS TEE F1 FH AN BF, A0 NH, % HE
o1 T ST THRT oA T T S W
Fe 7 gH sfafE w FefafEa gfiem go
wef¥E e s w3
BF, +:NH, — BF,:NH,

TolEe g2 T, S - AICL, Co®, Mg
e o Tt @i Wit e wE €, SEiE H,0,
NH,. OH WWWWWWWW
¢ @mmmmmm

IIEIV 7,15

frAfafad =1 o35 o ag ansl | S

e iR aaEy fF 4 o e 4 5w 7

(F) HOO (®)F (M) H" (3) BCl,

i |

(%) Al zESliae 9 Uh oEd &F €,
&@: qE e W T H HEA o

(@) 9fF THUsE AP TEE AN 7, 9
7% =4 seide 974 9 | fohH U w1 7F
T Tl 2

(M) % WA TEE I F, oW wEsrEa
S T TGS A, S A o
e T @ 9 f

(%) e A ZEFETEE BCL, WE 9 2,
7a: ST 3o 3R STsT oTfs amet
A o9 I o TEA g

7.11 WA US el ol 3TTET

Afirrm TR vF Sfaw sfufman sefm mem
§ 2 #13= wugm & T snifem =1 ofoarm 3




204

ATAR A UF &R oF A i fEeE S
it | TEE S (HCIO,) FEeaa @ (HCI).
FEEEITEE W (HBr) ZEsiEies A (HI), 5feh
#=T (HNO,) T8 Hewih d1%d (H,S0,) A1 d@=
‘vl wRe &, Fifh 92 weild weEn o w e
o wmEn Ui fodiiea g AR % 9o &
e E1 3 U i FEeEEEe (LIOH), Sifzay
TEEEEE (NaOH), Wefv@y ZEelFnEe (KOH).
Hifsmm FRefEe (CsOH) UE AfEm FEeleEs
Ba (OH),, SIeitd W H W /Al § @ ofd:
foifom ¥ H,0 @91 OH- &TF7 39 &1 sas
fagia & 270, A W69 A T, FhE F e o
uta: foEifed e UM OH #M@d WaF &7 €
Tomeun: o = 4R F1 "W ove ud Al o
FRSERl fGa % AT WM W WAl £l TR
HTAR, ‘Hae AR H 9w U IO Rie w8
TEe HTE O aed CIE vermE )

THA 3 HA o oTel-n fereE A W
Toam wi-

HA(aq) + H,0O(1) H.O'(aq) + A (eq)

ELa i el

g 7.10.2 § 34 3@ R o (A wmnE)
foarem wre U e % oy ud wdm fgen
TR | e U N e §) 3 9w e $aa
% foF afz o wfaw 3, 9 97 9vE % T e
T ayE FN? 39 uHIiEd S S 99 $E |1
27 9 YTl o IO o7 & Torw 39 TodieH 9 o
riem 1 ol (30 @1EhT) S "W w1 e o
¥ | foam &57| S9e 9ivfe ove-faasm o o
TUfRE W e HA T8 H,0° W fa=r =2 79 7%
T T fE T U SA-T W WA § W
=5 =1 Toaat o vaft o 9 s o, =2 ‘v
T FHEeI Ve T gAe AR w1 fEm § e
TP S, A HA, H,O* ¥ Waa 37/ T, @ HA Wef
= HN, H,0- 781l foeaT § 7@ &9 4 A w6
H,O" #47 81| ¥ gee ol Te & 1 e o
ST T E, i Ve T WA & W e
Eoi |

THER ITTAN, WA AT Wl § YU A e
| oI s a7 e B, S v ol o

A A

T T ST 1 B 61 WA ST i ek
s/ HCIO,, TEgEals 7 HCl TEImiHs
o HBr, FEgRETe® 37 HI, TEigH 3% HNO,,
wER[E R H,50, AG yaa ol & FWEH
&R ClO;. CI. Br, I, NO; &/ &, &l H,0 ¥
Hfer: geiel &k 21 56l YR iedd Yee 8, S70ad
Tk w1 AEEH 3 (HNO,), TEesiie sie
(HF) U tffes 2% (CH,COOH) Tdishiens: gaet
o ¥ 9E 9 SN TEe 9 § f gae enen o
Tl & AT UAE 2 ¥ SR & fer, NH-
,- OF T8 H 3779 TR 81 31 H,0 ¥ 37oid Tad
WRE § THATEE, AmiEE = e 9o 6
Taera Frefas AT g el #1 Wit SeEr FE
El T @ (HIn) 9 T &7 (n) fo= @
s d

Hin (aq) + H,O(1) H,O (ag)+1In (aq)
-H -

UH ATTRT 1 ST A AR S § g
o ®=Y ¥ H* A9E H HEE e o faw e
£
7010 5@ &1 oTEEE Featie wd g@eRt

A e 7.10.2 ¥ 7% 3@ Fe e (39 W)
w197 fafere T % FWO o7 T g <A S T
ST T T T 9 HA T SuifE § 77 wef
T T £ U MR HI A SEER w8, T4
I B I SUed § 7% el o 9w h TE
TR FU ¢ YG 5 H,O U ] FieH & F
T 377 1 G SAFER F ¢ 991 Wl S TET 7]
TF W WeV I T U SH WA AWE ) e
SRR A £ FrerfeiEn wrereen Tt B i

H,O() + H,0() 1 H,0"aq) + OH(ag)

ferftor feeries w1 %9 39 9tF WA = 8-

K= [H,0' [OH] / [H,0] (7.26)
TEar fem Tt 71 (H,0] ¥ A fems wmfem




TTETEEE]

wH W TEmE K, W g g, e e
TafTeE A HEd
K, = [H][OH] (7.27)
298 K W WHITE ¥4 H* 99 &1 |iEd
1.0x 107 M T8 7 # iR 5t & faaem 8§ o= oY
AR OH- FAFFE &1 HeE U 26 8,
FEelfogel sFEl ®1 |iEdl, [OH] = [HY] =
1.0x 107M
= UFN, 298K W K, UM
K, =[H,0Y[0H]=(1x 107 =1x 10" M?
(7.28)
K, &1 94 99 T R #m %, w=te 1w
e fers 2
IE 99 F 99E 1000 g/LF W 39 Ao
3T 18.0 g /mol 21 $99 3G Sl %1 Hieldl 54
9 TE T 9w i—
[H,0] = (1000 g /L)(1 mol/18.0 g) = 55.55 M.
= wFr, fagitaa md sfemfaa gifem 59 =
-
107 / (55.55) = 1.8 x 10 ar ~ 2 in 10
(TH U 919 mieh: Al s o s
w1 SR = 1)
H,0* T8 OH @ Hsmei & Tofags @4 3
fasifea foar =1 Tepar -

AT [H,0] > [OH]
ELIciE [H,07]=[OH]
A : [1,0%] < [OH]

7.11.2 pH =Fd

TERIE ST=A Fi Ao | s Hi U T
H9sH4 (Logarithmic Scale) ﬁm'ﬂﬂﬁﬁm
W T, {99 pH BFet FE 9 ¢

A HPF K WA (a,.) T OBEHE
10 3T ST T W pH FEd F1 S
(<0.01M) T EESSA A7H i AfFFT, TEeas
9 H gGHT Hiend, S (HY) 1 WS S E, R
qea B £ S A I AfFa H B g
T T 2, T T wHiE g uffE fem o
HehAl -
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a,. =[H' / mol L

Frfefiaa T pH UF Sgier 9TPF Wl
T T g9 2

pH =-log aH'=—lo_=2; {[H*] / mol LY

T WET HCl & 7= f3e37 (102 M) & pH
F YA =2 B EI TH WE NaOH F UF &F
faerm, fsed (OH = 107 @91 [H,07] = 10-1°M i
pH = 10 Ml IF o1 3&HA 5@ § 298 K W
FEEEA A F AiEA 107M el §, safe gHe
pH = -log (107) = 7 TFII

=fe =i i faeee sreita €, @ =59 pH 7
¥ %9 uF A 7% e 7, @ 59w pH 7 ¥ Afuw
=TI

TH TN,

AT T[T #1 pH < 7

wE foe@a #1 pH< 7

FEA oA &1 pH =7

¥9 208K T TAETR THET 7.28 T Fi-

K, =[H,07[0H]=10"
HHRET o SFI S 1 FOCHE T O
~log K, = log {[H,0°] [OH ]|
=-log [H,0'] - log [OH]
~log 101
pK,= pH+pOH=14 (7.29)

WM 4 AT AW 9§ § f6 9T K, S
YA & WY ufafda g @) 7 auEn o my
pH & WH ¥ U9 704 FH T4 € % w9 T
IHFT IUe L &

pK, it faerAl & fer et afen 2 81
w ¥, ATF T T feRE w ¥ oo T
oI @ ff pH H9%E S @ ¢ pH & T
A uF g uiEdd w1 @ € (H] HT s ° e
10 F1 ftEed = 9T 3fE wEgeE A Wwa
[H*] H 100 TR = 9fiET 8, & pH % A9 7 2
THTE 1 WA B 2 Ee T E R e
§ pH ¥ U 1 3941 79 T A 4

e vE TEEE-EEA A ¥ fEerE &
pH T HIYH HeafosE SevaE ¢ pH W, 5 fafem
pH =1 foerad O Tog-fug @ 241 2, #1 Hema ¥
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pH = TS W 1 a1 ST S A §1 e
IR TZEEen pH TR AT 1 0% 1 W -
wfzeal fvm-fom 0 80 2 (9 7.11) pH Y9307 1-
14 9% o pH WH T9T 0.5 T AUE a6 e
o o1 Hehel 21

0 1 2

3 4 5 8 T &8 9 10 M 12 13 14

fr 7.11: w5 pH W fig W §4arei pH 97 &7 w9
ozl

I A & fom pH drer & s fm
W ¥ pH HIZ U T A 7, W wiere-faerd
Tae@-fas@ W =@ pH %1 999 0,001 A2
T T | AT TR H e & aeE SAE
pH = IUeT= 7 T ¥ B W =Yt #F pH
dferk 7.5 9 41 M #-

FAEA 7,16

T TRd F TR e e W wEa
3.8 x 10°M 21 581 pH 1 B2

&

pH = - logl3.8 x 10 °]= - {log[3.8] +
logl10™°]}

=-[(0.58) + (- 3.0)} =— |- 2,42} =2.42

I: T gerd 1 pH 2.42 ¥ 77 A 2

A e

T 7.17
1.0 x 10 *MHCI a7 & pH =7 Tor F3

i
2H,0M [ H,0%(aq) + OH (aq)

K, =[0oH]] =10"
W x=[OH |= /&1 ¥ W H,0" |
H,O" digal (i) 5 9fefd HC1 S wra 2t & S
HCl (ag) + H,O ()7 H,O" (aq)+CT (aq) 7o
(ii) WeTeh HPEE G UrE w81 wE ae
H,0" 3T 9T foar T Bm—
[H,0]=10" +x
K, = (10" + x)(x) = 107"
g ¥+ 10%x- 10 =0
[OH |=x=95x%x10"
#d: pOH = 7.02 711 pH = 6.98

7.11.3 gEE T o EAA fremiew

AN, FeAr faerm o v ¥ 9 9 v w@a

Frret HX T faem 3| Frefefas w5 9 e

ff T R st HX TS 89 Hefaq) @20

X-(aq) % g2A wqfua e 51 vsiie fHmam s

T £
HX(aq) + H,O()
YRfa® HiEd (M)
c 0 0
U1 o A F OE 2
Azl § =T (M)

-Gl

H_O*(aq) + X (ag)

+ O +CiL

AU 7.5 @ AE TETAl i pH % O™

gd & A1 pH g9 & AH pH
NaOH %1 Hyw faer ~15 el FTR 5.0
0.1 M NaOH f5&F== 13 EHEL T ~4.2
= A 105 gy T e e e ~3.0
firess st Trfiteen 10 - 5]
1€ =1 Whg A, UE A 7.8 3T ~1.2
AT -5 7.4 IM HC oo ~0
7y 6.8 % HCl —1.0
RIEER 6.4




TTETEEE]

[ Gigdl (M)
C-CY CoL Co

SEl o = wiElTE o HX 1 URiEs i
A4 o= HX & AT &1 061 3

T Tehdw! =1 TTAM H S U SU4S T
faursm ama & fou gt fous =eE =1
w4 ¢

K =c'o?/ c(l-o) = ca® / (1-01)

K, i a7 HX @ e o s feeis
FE0 &1 39 SFHeTH ®9 W g0 39 YER e % €9
% yefiT w3 T £

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

ferdt frfyara 19 W K <7 A o7t HX ol
Waelar & W §, 3l K, o 0 e afas
B, @1 3§ Atfues wae grm K, famrfea
ifer &, Fored it ey i Higen &1 Heh- 27T
1M 21

T 1 TU AN T SAET-TEeNE AR 7.6 °
fem T #1

FEEEA A Higd % AW pH A9RE g IEm
3 fF S0 pK_ & sl o= wiivie @ ufeE &
feru ot v o mn #
TH UHN,

pK =-log(K) (7.31)

A o A FRoUE K A Ui i c
T TR T TR TS SO W 99 avE &
AT F A W fHerE w1 pH F T HeE #)
| 7.6: 298K W @ 99 gU AA STl S SAEA

AT s fegi (Ka)
TEEMHERE ST (HF) 3.5x 10
AEgH =T (HNO,) 4.5 x 104
Ff® 2 (HCOOH) 1.8x10
T (C,H,NCOOH) 1.6 x 1075
urfifes 57 (CH,CO0H) 1.74% 107
HwiEh W (C,H,COOH) 6.5 x 10°°
BEIFALE A% (FICIO) 3.0 % 1078
EESHEE @5 (HON) 4.9 % 1019
WA (C,H.OH) 1.8 x 10710
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Ao Tarq-aTo9es 1 pH 39 7ol 5 et =1 e
E
UZ-1 Toamed 9 Y6 Seftdd S # dem anl
A/ AF F T G T A S R
ug-2 W HefEs sifalemett & fom wafes A
form W ¥, SE-—ofvits, W 9 UF A wH 6
=Yy H H e 2
w€-3 F= K, At @fuaten w5 mafes afatsn
% T 4 Tafga T <m0 &, s@fs o= aafafed
TR PR B 7
uz-4 wutgs sfafes #7 9d ofivis & f=
A W WO F wY W geEg S
() W= 1 T SR BH O SIEEA FOAE o o
w9 o |iga o ufery
() o= e
Ug-5 TF AR o fom mreeren fers
THEIT § A AEas ® W@E o % e we
& B
Ug-6 @A ATAMRAT i THES &1 Higal &1 A0
HI E
UZ-7 pH & T
pH == 1log [H,0]
ITY fafy %1 70 I | HEAE T

FEEAUT 7,18
HF & &7 0% 39,10~ &l 0.22M
faer | HEF F1 30 =1 95 51 AR faeem
# 3ufem Ty oY (H,0°, 7 991 HF)
=T WEE @91 pH =l T i)

gl
frefeafaa Wef s afafman g -
(WHF+H,0[ H,0 +F K =32x10"
(2 H,0+H,01 H,0"+OH"
K, =10% 10"
i K, >> K, 5 At
HF + H,0 1 H.0" + F
TR g (M)
0.02 0 0 (0
e T (M)
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7.11.4 TEA AT H AT
4 MOH =1 a1 Frefefias wior g wef¥m
T T T -

MOH{aq) [ M-(aq) + OH-(aq)

TG ST HIVAISRAT Hi TE goel @ (MOH)
YR ®9 § &9 M- T R OH- 4 st
Al F| AE S o arAree- i e
ST -fReieh a1 9T 21 79 7H K, ¥ WA S
F et e w1 wrEEE g dera o et

HHiFT G WA Y W g
K =[M'][OH] / [MOH] - (7.33)
famem: af% c= W F OWEE TiEE SR

o = HIR % P T OAET




TTETEEE]

frefafas =7 9 fomr 1 o o—

Fo I gL ANE & A-ferE K& am

T 7.7 ¥ Ry e E
| 7.7 298 K O o g6l @TTehi o TS 6T
= AT

e K
SEYFEEE (CH ) NH 5.4 % 10
FEUEEA ()N 6.45 x 107
AP NH, or NH,OH 1.77 x 10
T (T AT 350 1.10 % 10%
i c.HN 1.77 % 107
e ¢ HNH, 4.27 » 10710
N co (NH,), 1.3 x 101

FE wETF AT TH=T 1 97 god anF 2
U @Ei W s B, T uwm oW wfus

BT A 37 W 5 Fiaeid B €1 S

Hieeru=, HieA, fFAm qu fagiea, o4 23
TeE AT ¥ S T K, o W 9% 9 € g

it e | fefafeEs sifafda & werEsy OH
A IO ] B
NH,(aq) + H,0() T NH,"(aq) + OH(aq)

FIEEIoA AFA TiEd 2 pH Thel 301 S9ART 2
f& =0 o =iefs w9 o & fom o we fea

T E 3 UEE
pK, =-log (K,) (7.34)
SamEr 7.21
0.004 M FESSHA faers %1 pH 9.7 &1 565
K, T pK, 1 T i)
B

NH,NH, + H,O (| NH,NH," +OH

TH pH ¥ TEESEA AEH HEA HIOTUE HL

TFA T TS A9 Aindl 6 Sk S 96

F TS AT ¥ TH TRSead oA W

Higal H T FE E T GFR,

[H'] = antilog [-pH) = antilog (-8.7)
=1.67 x107"°
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[OH]=K, /[H1=1%x10"/1.67x10"
-598x 10"

T TESSIS AEA H ARG WO

FEENEHA AP F HE = FHA B '

ST hT e AET A B o St Hw

=T HiEA 0.004 M o ST Gl 21 36 U,

K= [NH,NH_"[OH] / [NH,NH, ]

=(5.98x 107" /0.004 =896 x 10"

pK,=-logK, =-10g(8.96 x 10 ") = 6.04.

JIEI 7,22

0.2M NH,C] @ 0.1 M NH,, = fag91 § ==

ot % pH &1 T Sl NH,, fEeed =i

pK, =4.75 B

&

NH, + HO [ NH; + OH
NH,, =T 3479 &l

K, = antilog (-pK,) 374,
K,=10""=1.77x 10° M

NH, + HO 1 NH; + OH
wrfieE TS (M)

0.10 0.20 0
HrEEE 11 iR (M)

X +X +X
HEEE 91 (M)

0.10 -x 0.20 +x X

K,= [NH,'1[OH ] / [NH,]
=(0.20+%)(x) /(0.1 -x)=1.77 x 107"

K, 1 B %9 #1 0.1M TH 0.2 M 1 o1 §
x %l 79 Tfea F wEd £
[OH]=x=0.88x 10°

e [H=1.12x 10°°

pH =-loglH™] =8.95

7.11.5 K, 7T K, § HaY

TH VA § 58 UG T § % K 9 K, R =
SR ek 1 W & wid §) W sn-an
34 g 4 e w4 e R
W1 WA ¥ €, W F I A T TE@ 2 NH]
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T NH, & TSR0 &1 9099 & d—

NH,‘(agq) + H,O) [] H,O'(aq) + NH,(aqg)

K, =[H,0*[NH,] / [NH*] = 5.6 x 1010

NH,(aq) + HO() T NH *(aq) + OH-(aq)

K, =[NH,J[OH] /NH,= 1.8 x 105

Z: 2H,0() 1 H,0'(ag) + OH (ag)

K, =[H,07[OH ] =1.0x 10" M

K, NH: %1 7% & ¥9 § 391 K,, NH, 1 &%
& w9 o gmed sl 31 e afufmm F s &9 A
o/ 7% ¢ fo siel ¢ afafen o ana feeris o1 we
K 71 K, % e & el g g
K, x K, = ([H,0°][ NH,] / [NH," ]| x ([NH,"]

[OH] / [NH_ ]}

=[H,0[OH] =K_
= (5.6x107%) x (1.8 x 105 = 1.0 x 10-M M

T TH WEEIED B FaE o W §— a1 ar
o sAafEETet r SET W I 2 A sifafmar
&1 grerae-fars udes afafen o

AreETaET- et & UAEA % SHTeR e gl
K¥=K|:<K2x ...... (3.35)
ol wR g am g % e
K, xK =K, (7.36)

=g Uk 1 W 919 2, ° 9= I S TR o
WAl §1 AT I A AT o yael e o wr
@R ghA aYl g 9 1 T 4R WE e g

Tfers w9 | ITW BHE K = K x K,
1 grsh-Taarey A sfafwa 9 o 5m owre
FTTF 5

Blaq) + HO(l | BH'faq) + OH (ag)

K, =[BH][OH] / [B]

H g fom T ® el fadiem fems d wfmtad
F T T 21 SveR W & [H] |
FHE FUT AT TH T

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

={[ OH|[H-TH[BH"] / [BI[H]}
=K, /K,
K xK =K,

A e

g A &7 9 4 § o AT S AR e

fomn e, ol FEH e Tl R SR AHT Sl HeTHd
R B

pK, + pK, = pK_ =14 (298K 1)

&0l 7,23

0.05M e faema &t A a9 ae pH
A FI SAH & AT TEE HT HE
A 7.7 4 fgar e 21 sifen & gl
7 &1 2mgA Fruds o s it

&
S A NH, ¥ A%H 569 TFR S W
T T
NH, + H,0 0 NH,” + OH
(7.33) FHEFT 7 SYAT 2 5 TH TR
S F1 FiE T FLTHA B
[OH | =cu=0.05w
K, =005c" /(1-a)
o FTHA FW ¥, 37: TWHE W I AR F W
| F g § o B AT T T
Hd:
K,=co® or a=V(1.77 x 10° / 0.05)
- 0.018.
[OH] =ca=0.05x%x0.018=94x 107M.
[H1=K,/[0OH] =10"/(9.4%x10"
=1.06x10""
pH =-log(1.06 x 10™"") = 10.97.
ot s W) T o fAU He wgE W
K x K =K,
1 7.7 | W€ NH,, = K, %1 914 @4 T &4
NH, o H 7% &1 Hizal b Hehd 8l
K=K /K =10"/177x10"
=5.64 x 107

7.11.6 f§ wd ag et ane wen f§ wH =g

aTfe @ ol | Wfa o uE ¥ afuw ot en



TTETEEE]

o G2 B F | UH ST " Al A gt
I o AH H S A § | SERT T o
H, X & T Ares afafe fefateas adiwod g
T S 2

H, X(aq) H*(aq) + HX (aq)
HX"aq) [1 Hr(aq) + X*(aq)
A T Treen e frefatae -
K, = [[HIHXT]} / [HX] (8.18)
qgqm K, ={[H]X*]) / [HX] (8.17)

K, T K, # 7= HX % 399 U e
ST ferF Fed € 75 ¥R H,PO, S framea
ol % forg d sra-ferds €1 9o it
ST o SAATA-TERIET 2 WA AT 7.8 | AfEd #

AUt 7.8 298 K T %9 WATA Uiciuiied 3 &

- feerien
o L] A, &,
AT = | 59« 107 64107
TEhITEE ST 74« 10° 16 10"
HAFRY 5w 17107 6.4 107
TEFRE A At 12x10%
wETEE AT 435107 56101
rEfas e 74107 17%10° | 4.0%107
WORIRE | 75107 62x10° | 42x10"

T YT T@l o wl ¢ Ay diew o &
3% ®ie & @A (K, K, | feoes! & @ =
FIf2 % - fro® (K) 9 F9 T T 50w
7% ¢ o Teo Toge-aeil & =101 HONe 15A 9
A e e S 9fvee €1 39 SR
H,CO, a4 #afe HCO, ® Wi ferm & <an s
T €1 R fRamEE HPo? WA ¥ H,PO,
F1 g 0 U e & B g

5, ek ona Taera § sn o fas g 2
H,A S fgwifed o1t & fe, H,A, HA- 3 A %1
g g 21 wefes sifvifmar & H A 1 faem
Agr 1,0 Bfwfad g €, 9t foe & 5o o |
T g #
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7.11.7 30-HHZA hi GHIad AT hNE
ST qUT WS wy e mmed ) fade &
v wa e fan gu s =51 pH O =1 T
T ¥1 WG 77 T 3o T R 99 A o=
1 T ¥ WA 1 FM T2 TR Al WEe A
FIOF T T2 THF] I TF wew 991 7 ofE e
W W TH AT HT WA © (% TH 37 F1 A w5
T OH-A F9 T WA ™ gEuer ™ R
F T

T 9 H-A 949 %1 g st €, s
a4 <5 fodiee o S=eas e gedl €, Al HA &l
AE-HES Al Bl TH WRR WH HA @AY Al
ydr w %, wufd H 9 A W & owe
forga-moa =1 sfa aEa ¥ A HEY guEEw
e # 3, A S 7 fee e A o,
At 4 3fg w2

T FE VI 94 A 9 9% € % ve 9 A
SATed AT °F S FHE ©h o 81, o o9 i e
whfa 1 9o H H- A SEy wmed s o
i § wo@ Fww wa g o § AE # SR T
WS- A H AT 92§, -e4 H - A S
T Hee § de e 9w Al €1 S -

a=R H g

HF << HCl << HBr << HI

.

I 9me o afg "
T UHR H,S, H,0 9 yaeat 7 31
T S FH AT |0l 5 U & HEd & a
it Taer S £ 7 H — A ST 1 el siei-Smed
@i fAvifd # § el wRE 71 Sl 1 w-sa
A =1 fagqva Jedl &, oii-of s = wwed o
Tl §1 TR —
A w1 T ¥ afs
CH, <NH, < O < HF

=
o

o e o g
7.11.8 2Tl Ud &<l o 3794 § |9
T WHTS

5T, tHEifEE sner @ Sere o, o faaem o
HreTERaT 5 WEiE T W w9 i
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CH,COOH(aq) I H{ag)+ CH,COO [aq)
AL HAclag) [ H'(aq) + Ac (aq)

K = [HY][Ac] / [HAC)

Udifew s & ooy o UHdE e w6
Toel™ W 2SI AFA &1 Higal "ol 21 56T U
afz 9@l B9 | He e fuenn S, d ArerEwen
aifgaifaa tifer sva =7 9o fowufi 1 9@ 2,
g =97 e § s 26t 2, form 2meen amae
wEA (H] T ¥l WE IS WM AR WA E
e 7 fret om T & e § S faaes w
T ud ¥ IR AR TS RS Suee
HTEART AR F T w2, W uw
T WA’ FEeTd 2

3 BH k8 T ¢ 7o TH S YA w- Ao
fgia W anufE &, o8 w0 @ 7.8 § 92 95 ¢

0.05 M UHTZ 2FE &1 0.05 M UHifaw o
H foe W pH 1 O 79 39 THN W T -

HAc(aqg) H'laq) + Ac{aq)
TR Hisa (M)

0.05 0 0.05
Ifg x UHiZH 3 T A $T WA 8l Al
s ® ofEd T (V)

-X +X +X
T HWEd (M)

0.05-x X 0.05+x
¥H USRI

K = [H][Ac I/[H Ac] = (0.05+x)(x)] /(0.05-x)
TAA A & T K w3 # x << 0.05
#T: (0.05+x) = (0.05-%) = 0.05
1.8 x 10° = () (0.05 + %) / (0.05 - x)
=x(0.05) / (0.05) =x = [H*] = 1.8 x 10°M
pH =-1og(1.8 x 109 = 4.74
SARIT 7.24
0.10 M TR faera= 1 pH T 0 F ol
T 5o % 50mL F1 0,10 M % HCl &
25.0 mL # AMfFA F@H W pH FH T
Hifsm| 2w =1 foam femE K= 1.77 %
10° &

A T

el

NH, + H,0 — NH; + OH

K, =[NH,J[OH] / [NH,] = 1.77 x 107
TR T 7H

[NH, "] = [OH ] =x

[NH,] = 0.10-x 110.10

x* /0.10=1.77 x 107
x=1.33x%10"=[OH ]

T [H] =K, / [0H]=10"/
107/(1.83x 10% =751 x 1072

pH =-log(7.5 x 1079 = 11.12

25mL 0.1M HCI fa@a (&7eiq 2.5 Toedt 9
HCI) FT 50 mL 0.1 M i faeem (=1em
5mL He NH,) ¥ e w2 2.5 fiwelt e
mmmam%lm 75 mL
foaemm o srErHEa 2.5 fefma NH, @9
A 2.5 Ol NH] @ 91 &

NH, + HCl — NH’+CI

2.5 2.5 0 0]
R T
0 0 2.5 2.5

ufomdt 76 mL faems § 2.5 faefider NH]
HPA (0,033 M) 71 2.5 Toeime

NH, #7] (0.033 M) T8 W ¥| Sremewen § 78
NHsmmm%—

NH,OH OIIT1  NH; + OH
0.033M -y ¥y v

Wy = [OH] = [NH,]
ofeomEr 75 ml, e, SaEE o 9wEn
2.5 feefme NH; aqm(0033mﬁgaam
#1 3@: NH; ﬁwmmmﬂaﬂ%—

[NH,'|=0.033 +y

S y#1 2, [NH,OH] = 0.033 M 7T [NH, ]
=0.033M.

W S 2

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

=y(0.033) J10.033) = 1.77 x 1'0_5 M
iy =177 x 10 =[OH ]
HY1=10"/1.77x 10°=056x 107
pH=9.24



TTETEEE]

7.11.9 U ST Fel- U Ue §eh faeta
<l pH

SIS AL AR =5 TR oty o swfEe g e
T SO %7 e W ST e F | ST B A A,
A A TaerR ¥ Semites T ¥ W T W
SAPGfoRaT HEh SO WRiT F STER S @ M
YHEFITE A F | el Ul HAEA AL S0 4
[ EF At s i - aTEEA e 1 3
s e & pH wean 21 21 v gt g i
T AT (FEEINE - Nat, K', Ca?', Ba? 371f%) @en
YaA A W AU MY HOEE (IEEns- .l Br,
NO;, CIO; #1if%) e Sia-7ifed #id 2, siei-s1oHfed
T 7 & THE yae e a9 yae | 9 99 eE
% e 2eEE B T A 29 pH 7 @ 21 i
571 YR F a0 1 9E ST B ol

o7 7 Trefafas @aoi & Ja-s09ET W
(i) T Al U e @l o wEvl, SR —

CH,COONa

(i) WA T UH qEe W] 6 da, e
NH,CI, en

(iii) T A UF g &l & oTam, S
CH,COONH,

9YH IR W CH,COONa, Td® &I
CH,COOH 741 Ta&l & NaOH %1 @M &, W
Sefr faeras § wfF amafE 5 5 g

CH,COONalagq) — CH,COO (aq)+ Na'(aq)

T UFN T4 THeT SN WE & WY 9
suafen Fimt UHifen S0 qen OH- gl &1 fremm
Exci S
CH,COO (ag)+H,0() CH,COOH(aq)+OH (aq)

ifes aret T o ol 2 (K, = 1.8% 109,
w1 faersd A aAmtE & e €1 T Fw faaeA 0
OH- =i =1 T ¥ afy 71 ot 2, = oo =t
AT AT ¥ T W A9 faer w1 pH 7 |/ S|
T

T YHR g @ NH,OH o wee s
HCI & &1 NH,Cl 5@ & 7ofean smafa ot s 21

NH Clag} - NH, (ag) +CI" (ag)

213

SN S| 1 el #7929 §F H NH,OH

3 H- &T9e 7 §
NH; (aq) + H,O(l)| NH,OH(aq)+H" (aq)

wHifg #EgEEES (K = 1.77 x 1079) &%
Telel Wk 21 FE faerE ° dAmia e 21 wEeh
sy faer § He A 9iEa g w6 § el
foe ® Tl @ 3 ¥ #W: NH,Cl % 9 |
foersa &1 pH 7 A FA T

T T 7Y TAC & B A T eE
CH,COONH, & ¥&-AT927 &1 3d| 39 51 fay
T AT T AT 79 UEE B B

CH,COO + NH; + H,0 % CH,COOH +

NH,0H
CH,COOH 7N NH,OH e ¥9 R 3H
TR AT W E—
CH,COOH [ CH,COO + H*
NHOH [ NH; + OH-
H,0 H- + OH

ferar 1 7o foRw famn wen W mwer @ fE
-T2 F A fowTA H1 W A W w0 ¢
a7a: faeraa &1 pH &
pH =7 + % (pK, - pK,) (7.38)
fae@a #1 pH 7 T w4 T, AT STaAeE
7AW pH 7 W W T, AT &G momenE T

FIEAT 7.25

THifeFH T F pK, A9 THIEY wESlEe
F pK, FEG: 4.76 #AR 475 ¥ WA
THiee faea =1 pH 1 U Hifsw)

&l

pH=7+ ' [pK, - pK]
=7+ [4.76—4.75]
=7+ 14 [0.01] =7 +0.005 =7.005

7.12 TET-Taer=m

YR A IYEYT FE WS (IERImE - A YHA) F
fafee pH 219 1 7% pH ® a7 TfEd e &
I | HE 7w (Malfunctioning) =1 9% 2
w2 TEateE ud Sfas sffFEaei § 9 pH o #
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s oA et B 81 wE st yEeAE
&I (Consmetic Formulation) @l frdr fam
pH T TET AT § UH YRR H WiEe w0 e v i
faera, o pH a9 i HAgar S a1 @HE
& At @t arEn foer & oie it smfiafda war
&, ‘aw-Taea’ @geld §1 9@ pH & oo o
A I pK;,HWWa?lJKI‘aTﬁﬁHﬁHﬂT
Sl S AUl o S A AVl aWl | oF
e % FREm W @A # fafw e den
Hifzgq Wiz %1 fogo eman pH, 4.75 F1 9
foerga & # dW HHfEE gelEe U SHiEEn
TSRS I AU pH, 9.25 3@ € awT faeee
% AN H T=9 HANS H TR A AfE wel

713  eufaed waun i faerEar

T

T T ¢ % W W i Sl @ faerar ¥ agd
AT WA 2 T G FW A T b e (I
ey FEe) § fF 3 upf ¥ andamndt 79 €
T AHEd § ST vifed = o 1 9 o
(¥ wiformm vEaiEs) # faea o w9 fF
== WA T e’ e ) faema wE A
o ol e €, f5 9 e B, o T S S
(Lattice Enthalpy) 3en faeras § sl =1 faarrs
el 21 U wa w1 famE o Herd & A s
F T UAd EYY 99 (JEE ugedt) ®
arA-faemas =g frm wfuas w9 afe) e
=1 TaerTs USed w1 feeramET o 'Y § fref
wE £, W WeE WOwEE w21 a: faemaw
il W el o Bl 2| faeEsRiad St A
et 1 Wpfa T et 26 €1 s ( FegEh)
faeias o fae=esiay Udetl =1 O =9 26l 8, &
A H AAF Sl Bl T (Over{rc)me]mﬁﬁ
Ty & 21 TioEE o wyE faes J 9@
el 21 A% HiE wE0 U TEe T ® S o 6o
Tl &, d 7T faereE A uded e F e
el U sfuE I =ifEu ues dEm & U
HAfgeneeita Taeam g6 #, S arg o fel s 21
ol wan &1 v fafvre faeiaar 2 21 9w 9w w
fasft & 21 =W A wEl W TAET faeran o
#EE T dE A o fawfeEe w

A T

w1 | fom ToeEm > 0.1 M
F 0| T8 FH A0 0.01 < T < 0.1 M
= 11| s fame fosiml < 0.01 M

wd w0 ¥ fae st @@ a9 Teer
s Ferd faegs & o= oremEe o faEn w35
7.13.1 Taermar momwe faria
el faeram & ek | §, T foun #Y| srfem 2|
AL THF TYD TI o S o Wl TR
frafafaa Fe g0 wefdE fwar s -

K = {[Ba*][SO%]} / [BaSO,]

75 S TN ®i giEa fer g gl
#: K = K[BaSO,] = [Ba*][SO?] (7.39)

K, =1 ‘foer qoree-fems’ m faeem
e e § ST e d K e e
208 K W 1.1 x 10 | zo%1 o1 =2 2 f& 2m
FFEW TeFe, S ST Hw faed & my s
T %, % fom AfEm 99 wetre o i e
o S faear- TTEe TS o 99 B R
=H A ATA T WiEE A "ot H1 Hen-Tasm
= =Uat g AfE de faem s o, |

1.1 x 1079=(S)(S)=5* M S=1.06x 107

Y YR SN T 1 Hie- e

1.05 x 10 mol L Tl

FE Ta faare & weaey - amem
Al & A1 d A Al B A SAEA § S 2
FeET o for— amen, w fesifem Wik (2,
(PO,™), TEY T W Forem &, S AR e
A forpifaan el ug &9 RO areviend 4 wohe
=l § faifea B €1 A Fitem s #
Hrer-faeral 'S’ &, | g8 i % e

[Zr*] = 3S T4 [PO,*] = 4S &1
#: K = (3S)° (48)" = 6912 (S)
T S=IK, /(x4 = (K, /6912)\7



[TEEEE

Al fedli S/ ==, fogew 9w 3 M5 XY
2, 9 A9 Hgw faerad & Wy wreEEen § w5 o
o1 Sren-faea 's' &, 1 frefaie wHmm
B = = W g

M X [s) [ xMrlag)+yX" (aqg)
(T x xp =y xq)

Fu1 o foemm-TEEe fems et

T BT e fRa ST -

K, = [M#Xe | = (xS)(yS) (7.40)
=x*, 9, Sle+n
Se=K Sxtoy
Y S= (K, /x0.yey (7.41)

Wﬁwwmaﬂwvﬂ?ﬂﬁﬁm
mwmﬁmﬁ%mf{ QW
o fea S % (3 T 7.62)) T 7 f
AR WK = Q. # ¥, f e widefaa 4

TIE TEETm mﬁlﬁm'—r (Dissolution] ufEFTa F
THepg A1 &1 TR 7.9 H 208 K W e HEA @0l

% faerm-TEwe fRrE & AE Ry T

TEEAT 7.26

Te WA T fF I o TR F seR s |
aAfafen 7 F0, Y5 99 ¥ AX, F faera
T MU FATC ALX, F T R K
=1.1x 10% 2

Tt

AQXS%%S‘+3X!"

K, =[AF ) PO = 10 x 0™

Iz S=A3X.a.3ﬂ'ﬁlﬂ'ﬂﬂ'{,?ﬂ

A" =2s; X*]=38

T TR K, = (29)°(39)° = 1088

=1.1x 107"

@ SS=1x10%

S=1.0x 10" mol/L.

JETRAOT 7.27

& w9 @ T Ni (OH), U8 AgCN &
FoetAa-TUASH & 9 HE9: 2.0 x 1077w
6x 1077 & HF T T wfys oo 82

215

WWUi 7.9 298K W TE WHIA IA=F @G0 =

TacrmT-TorTEe feis K &
TET & AW i K
et WEE AgBr 5.0% 1013
T FEe Ag:COs 8.1 % 1012
s oo AgiCroy 1.1x 1012
Toeet. FEES AgCl 1.8 % 10-19
Tt wethe Agl 8.3 x 1017
bz iicpy Bt et AgaSO04 1.4 %105
A Fi5e Al[OH]) 1.3 % 108
AT TGS BaCrOs« 1.2 % 10-10
i A BaF: 1.0 % 10-6
ot BaS0: 1.1 = 10-10
T TS €aCCs 2.8 * 104
e CaF: 5.3 10
e Ca(OHp 5.5 % 10-6
Ffery e CaCaOs 4.0 = 102
et el CaS0- 9.1 % 104
HEIH R Cd{OH): 2.5 10-1
FifEm TR cds 8.0 = 1097
ATEE Cr{OH): 6.3 x 1041
TR CuBr 5.3 x 10
FMET CuC0y 1.4 % 10-10
TR cucl 1.7 %109
ﬁm Cu(OH) 2.2 % 10-20
L TEES 1.1 = 102
T FEEE cusS 6.3 x 1039
Y TR FeCOs 3.2x 101
it FREFEE Fe(OH) 8.0 % 1019
T TR Fe[OH) L0 1033
THTE TR FeS 6.3 103
HEE FE HgaBry 5.6 %102
T s Hg:Ch 1.3 % 1018
| AERe Heala 4.5% 109
HOHTSE He:S04 7.4 % 107
rfifarm e Hgs 4.0 x 10=8
e e MgC0s 35% 109
e MgF» 6.5 109
e Mg(OH)2 1.8 x 101!
FErE MgCoO4 7.0 % 107
T R MnCGs 1.8 % 101
T T MnS 2.5% 1018
T T Ni(OHJ2 2.0 % 10-15
T T NiS 4.7 %105
e AR FbBrz 4.0 % 105
e PbCOy 7.4 % 1014
e TR FhClL: 1.6 % 104
T TAES FbF; 7.7 % 104
8 AR PB{OH): 1.2 % 1015
e AHEEE Phlz 7.1 %109
o2 W PhS04 1.6 104
=T HEEEE FbS 8.0 = 102
T TEEETEE Sn(OH|2 1.4 = 1028
AT TR Sns 1.0 % 1025
IR FEAE S1C0s 1.1 x 10-10
et s Sty 2.5% 104
T o SrS04 3.2 % 107
v 3TES TiBr 3.4 %100
EE AT TlC] 1.7 % 10=
FE S Tl 6.5%10%
o ZnC0: 1.4 % 101!
5 PRl Zn|OHz 1.0 % 1015
% #7ooRs ZnS L6 % 104
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&

AgCN [ Ag¢ +CN

K, = lAgllcN]=6x 10"

Ni(OH), [| Ni** +20H

K, = INZJOHT? =2 x 107'°

i [Ag =S, W[CN] =S,

3 [Ni*'] = S, T [OH ] = 25,
s’=6x10"",8 =78x 10"
(828, =2x 10", 8, =058 x 10
AgCN & Ni(OH), 1 facrmn it 2

7.13.2 afye e St faeaa o 9e e
e

- TITeTe fEgia < ST, T ST 1 Wl 2 fF 4
Tl wem foemm 1 fhell U = &1 Figa Je[
T 377 farrie 21mers & ema o e HEE 0T A
Toer A 5s TEm 78 T ATEL T, 59 9 T AN
T: K, =Q,, ™8 S 2 el 31 o1 i w214
@ K =Q_ 71 9) 7e faerm wrami 3 for ot @
%, Forema oo fof STl 1 520 Wi o FW Q TATH
T Hiewar oF T WY AfFa (activities) &1 TN
FE I TH T HT2T9 FAEE & g oA | HCl
o Tt & W Folse A 1 sl (Hiwa) 98
M % H TIfEan FelEe H SFE 1 Wi | 9
farfr & wr Hifem Fese 9gd € UG T S T TN
el &1 e Tagetanr O el SamE i agd %0 faeer
e SHF e Taerd @an o =Y W quiEdr srasii
T H ff T T 9T S W R o 8| 5 W
TR e Tavergo | faven amm #7 e ey
FANEE o 9 1, G e 5 smET B T
= T T U1 AT Y S = 10 WewE & T
4 Y TR 2

FERA 7,28

0.10 M NaOH ¥ Ni (OH), %1 Hiew faear =1

T fRf9U Ni (OH), #1 9% o

20x10" ¥

A A

Figd
T f Ni (OH), 1 fae@a S mol L ' faere
2+ A Ni™* % (S) °2id T OH % 2S mol L'
T feret 77d €, @ OH #1 &t Wiga OH-
(0.10 +28) mol L' &, =i faemm o vaet
| # NaOH ¥ 9 0.10 mol L' 39f&5d 21
K,,=2.0%10 " =[Ni*] [OH ] =(8) (0.10 +
2s)*
AfF K, F A7 FH ¥ 25 << 0.10
a%: (0.10 + 2S) = 0.10
#9ig 2.0x 10" = §(0.10)°

$=2.0x 10" M = [Ni*"]

e T F A A W pH R
A ¥, WiE FH pH U TGS H OHiEd
F H0 A T, S wa = e oA o
2T K = QW 7 W A uw W W
FC B, AU K = M (X

HX(aq). H'(aq)+X (aq):

[ (ag)][X (aq)]
’ [HX (aq) |
X1/ HX] =K, /[H]
T T F ST TR | e W EH W
Gl

44+]1=

(x] K,

[HX]+[X | [H ]+K,
[x] K

A; FERH T T EH 0T e X] /(X +
[HX]) = f=K_/ (K_+ [H*])| 7% %@ 1 75 ©
fas pH & 524 w2 f oft wear 21 afe & 7 pH
o TEW F faeEW S B, A

K, =I[S11fS] =S K, / (K, + [H]) =™

S=(K (H1+K,) /K, ' (7.42)
3d: S, [H'] & @& 1 pH & =24 T facmaar
Lol




TTETEEE]

9T

A% 78 B Frerermme s =1 when A @ 79 ¥ s v # den & e 9, 9w e
Bl S | 8 Al Wi 1 g &1 S Sifds ue GEeeR, A WhE g9 Rud €1 S5 8l
= e B 3 UE W e w1 9 Tem o ¥ e F v w5 afhens S na 1 g 2
W g YE T FI WEHEEE ferE & 96 % w0 4w fetis K o &+ )

FafFEMm aA+bB 0 cC+dD% K =[] D /148"

Fem A T A freis F1 A Fraw o €15 s § A wye T S wi, 9= e
feoR T 21| TP Afaf & fon grereen fers F1 K 3 PR F ¢ 399 areee e " 0
TAT % TF T T @it 5@ frmn € afafen # e w1 e sfafEn e g A S e
€, W T WK o S w0 €| o weei fagia’, % S any, wme, wEm ot s § 9
s | ufEd R wemeen 6 faun | frenfue @ 2, o uftadn % wae w5 wE om e w1 9
TG B = FTERT S A, Wi, 5, Ses @R eifEe T o e w1 e woawE % st
A o SR © T SeAE SRl W 1 (0 ] R At ek T e @1 aAfafwn e
o rEEEN HEA i IoRE Wiaa wEl e, g sifafEe % aft =i A e wwi-ve § afeens
IR a9 feia: 3eg 4 S § Feerst g9 2

4 @l wmd, = sy foee § fogd & =en 1 €. foen AR’ ween ) o, @ a9
e o ST’ €| A S T o e A1 ST SR A T 0 o Sl o HR0T TR
= A H & Wad foen e oia: fadiea @ W 8 g fagn svea 5 @Et uE sEmEte
ST B HeA W T B ARG % ST, Sl fae W o, TEeeT ST a9 AT, TR
AP 44 B G T S 4 21 GO AN SIS -l A S %1 WEE *h S H TS e e
% %9 # qfvafea fe s ©= A Eid ona 0w e A sifulEa S 2, 09 g THe T qgret
HIF A o 3 51 &1 o HITE Sl S ) A9 # 1 36 YRR Wl - 0 e U WA
F1 A A T A, HE A S WA B H T2 JEOE US A S e gEEl & B
o i feRel| SRS R 9 = SER, 36 S o AT o o e (K) a9 gEe J1
oo o5 fem feomiar (K) %5 =or 1 Toaam o T/m w9 =61 A 9 Soeht Tiam W e as
T A F faEEE T T # BREEE FEA F 9E (FRERTA) F T pH A0 (pH = -logfH'])
weqa T2 T B qen 99 o Ut % fa frmfm S (pOH = - loglOH ) ; pK_ = -loglK ] : pK, =
—loglK, = pK, =—log|K | #%) T £ S & S 6 A9 S W e 380 ¢ g pH +
pOH = pK, 289 Hqw &t 81 yae st 1d gda am, gda e wd vaw am AR gda st ol gda
T o TEV 1 WA fEeE W - 3T0HEA 2 £ AR T 1 Ui a9 36 e 1 Hie 30e
far o ) e farer il % freveren sl w1 Aof e faermm qone; fer (k) @1 =t
T TOF WY FE w1 faeem 9 Tt e T f9eaR § e o SEsTT A 9he e 1 foead &
yeT & faiw feA R wR oA e ved faem wavil w1 faeda & W @ A fadeen
w T B
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A A

faenférdi o fow 3@ uwer @ watum FEfom fwand

() el fafas amn wel we Sl & @i, 93 13, 99T el w6 ol S9ered S % A
1 pH ¥ %01 7 forg pH 99 &1 5w 2 ¥ 2

(@) pH YT F1 37am fafr= e =1 faerd &1 pH 91 %1 ® +f fo o1 v € 9% 7@
T H TEA/AEA A wee/gde e o & 2 e T )

(1) & wHifesn wHPe vs wHifzs ol i fOfsa S g 9 oA a9 G%d ¢ U pH Uw
%1 ST L I pH 76 L T 81

(9) 3= fafes pH ¥ TaerAl 4 fafys o viem 0 & fou g9% 7 &1 994 €

(T) T=%1 71 TN T FT A R AT T TFA T

(3) ¥ ey faem @At =1 5899 T 99 SEE YOE F 3" OEd 2

(2) A% faemed ® pH WX 37e=d 21, d 3 599 pH WY T 35S pH TR H e 9fom |
el FT TFA £

7.1

7.3

74

HETH

W 59 ) Hierss o H TAfyea a1 shes Ay °F Hig W | v Wil 8 0 s
S SEE A2 oA S )

(F) am3-77= 9 S IR 9iom = g

(@) W9 H =9 ud HE 1w % anadl 87

(M) = Em, = fF A T o w0 Tt 9 S 99 At = = w=m e
=1 |1 % faw K s g, A T W overs e % mEa € (SO,l= 0.60M.
[0,] =0.82M TH [SO,] = 1.90M

2S0,(g) +0,(g) [ 280 (g)

ug fafre a9 v F9 2@ 10°Pa W SIS 9§ e 40% SEEh
w2 8

L@n 20

T % fem K, =1 1o Fif)

Frafafen 5 5 vom A % fou m fens K# =i9s fafEn-

() 2NOCI(g) I 2NO(g)+Cl (g

(i) 2Cu(NQ), (s) I 2CuO(s)+4NO, (g +0,(g)

(i) CH,COOC,H (aq)+H,O() [ CH,COOH (aq) + C,H OH (aq)

(iv) Fe*(ag)+30H (aqg) | Fe(OH),(s)

(v} L(s)+5F,0 2IF,

K & 5 8 fefafan 3 8 yois 991 % fay K 1 56 96 Hifae-

() 2NOCl(g) 0 2NO (g +Cl,(g); K=1.8x 107 at 500 K

() CaCO,(s) 0 CaOfs)+CO,(g: K=167at 1073K
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7.6

77

78

7.9

7.10

7.13

7.14

A NO (9) + O, (8) | NO, (g) + O, (¢) F o 1000K ™ K, = 6.3 x 10" 21
a= § ey ud W 2 sifafmand mafae w8 e &) wey sifafaen & fag
K ¥ %7
ar e @1 wigs fomd gra g9eEe & wg g9 ud 2ml &1 3l w0 e s
T B7

N, 76 O, ¥ wey frefafan sfafrn 2@t 2

2N, (@ + 0,18 L 2N,0(g
4% 7% 10L% W= ¥ 0.482 §@ N, T4 0.933 e O, S a1 v , form
N,O = fimn = & | frgm 7 g5 70 Fie K= 2.0 x 1097
frafafas afafea & agem Tfew afees Br, ¥ afvfes &2 Tt ames
A &

2NO (g) + Br, (g) |  2NOBr (g)
o feax 9 W uF 5% 94 H 0.087 Hiw NO w4 0.0437 #ial Br, fafaa fam s
¥, 7@ 0.0518 7@ NOBr W et #1 NO wd Br, %1 T W1 3/ Hifer)
A 250,(g) + 0, | 280, (g) ¥ fmg 450K W K = 2.0 x 10" bar &1 70 1
W K AN TR i
Hi(g) =1 T =91 0.2 atm 58 T TF Tk § 7@ o ¢ 70 T H(g) 1 #Aifemr
M@ 0.04 atm &1 T2 U 7C 90 % T K, %1 99 #0 2m?
2HI (@ L H,(@+1,(g
BOOK @19 W UF 20L W 9 N, % 1.57 %1, H, % 1.92 5 wd NH, % 8.13 5@
=1 fagm fem s &1 afafEm N, (@) + 3H, (@07 2NH, (@) & fem K =1 7
1.7 % 102 21 = sifefeman-fasm amr # €7 afc 9, & 2 afvfen =1 feer =0 vit?
o TRy st o fem

INH,'[0,] | .
" [vor [1!126]]“ Bl
9 s % feu wafem wamte wetwor fafan)

H,O %1 % Hid TF CO %1 UF Hel 725 K am T 10L % =14 H fae s &1 am=
W 40% T (EAF) CO T WY Frefatan T sEn afvfm s g
HO(g+CO(@ [ H,(g+CO,l(g

gAfaferan = o o= ferts 1 e wifa)

700K A 7 aifsfsn H, (@) + 1,(g) | 2HI (g) & form mmen fromr 54.8 #1 4%
=9 % ¥ Hi(g) foen 21, 700K am @ =0 &1, 721 7r R 0.5 mol L Hi(g)
safeers &1, 1 G R H(g) L) 1 wizand, @1 &m?
ICI, Tomert Sz w5 0,78 M B, 31 4% ¥ 7 54 {531 S, 71 9eis =1 9
T HiEET = Ey
2ICI(g) 7 L(@+CL(g: K=0.14
=1 Zaf o T § 899 KW K, #1 9H 0.04 atm 1 C,H, F1 A1 T W& &=

B
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T8

7.19

7.20

i 4% 4.0 atm =18 W C_H, %1 UF et H @ T § v g W fon

S 22

CH (@ CH, (@+H,I(g

ueria v ifeE o 1 afafaa § ufde wEid we o E v 5 6w g

TN 1 A

CH,COOH () + C,H,OH () [T CH,COOC,H, () + H,Ol)

() 38 sfalmm % fau 9ea s (safatwEa-amea) g, fafa (fomi . i
™ o afvEE | T E v faew w2

(i) =fT 203K T 1.00 Fiel THife o7 T 0.18 Hidl TeHiel W o ford =
e gre fagm 9 0,17 | G ufea e 21 o fems 1 momE #ifau)

(i) 0.5 @ AR v 1.0 ™ UHifesd o7 9 URW & g0 203K T W F9
oY UyEE ofEE TEEE % 0.214 " W T a g wenfa 2

437K a1 fafy & PCL %1 0 TN TF e H T T He i g w

PCL ! Hiz@ 0.5 x 107 mol L8 7, 7t K 1 71 8.3 x 10-4%, 7 7r =

PCL, A C1, 71 HEam, 41 &1 2

PCL (g) [ PCL(g) + CL(g

e WO W Wie aud wee W sTalE gl €, 9% S (1) ST 1w

AEEE & R ATEEE € US 3 uiie @i U CO), e 2

FeO(s)+CO (@ | Fel(s)+CO,(g: K,=0.265 atm at 1050K

1050K ® CO W CO, % A/ W (v 2@ F1 &, afs 375 aRias st

= ¥

P.o,= 1.4 atm T3 p.,,, = 0.80 atm

afafen N, (g) + 3H, () U 2NH, (g) % fow (500 K W) @ fems K =

0.061 %) uF Tavm wog W fasm 1 D929 39 UHE B—

3.0 mol L' N, 2.0 mol L' H, %5 0.5 mol L' NH,, #n sfaf#n a1 o 37 =f

T, @ A ref w7 w fe sfafwn fee fam o e weie

AR AHEEATEE Brol faafea 2T siHia U aeiia 49 § ao 9r w4 2 g

2BrCl (g) 0 Br, () + Cl, (g)

7o fem 500K T K = 32 §1 f5 79 # BrCl =1 #iza1 3.3 x 10* mol L191,

A=y T/ TR ¥ gEET wiEar = e

1127K T4 1 atm 34 T CO a1 CO, % M g § e W/ g/ FHq 4

90.55% (R ) CO %

C(s)+CO, (@[ 2COI(g

TUIH A9 UL ST S U KR U S 0 i

298K ™ NO T O, & NO, 1 &-

NO (g +%4 0, 1 NO,(g

afgfen & fa () AG- 1 (@) T foerms &1 T S ifa—

A e
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7.25

7.26

7.29

G- (NO,) = 52.0 kJ/mol

AG* (NO) = 87.0 kJ /mol

\ G (0,) = 0 kJ/mol

Faefeiad & 9 v 9 4 9 A a9 21" R S S 2, 94 doenzu R
“ifafH o ST % A F1 W wgdl € W T © A T et €7

(%) PCL(¢) T PCL (g +Cl,lg)

() CaO(s)+CO, (g | CaCo,(s)

(M) 3Fe(s) +4H,0(8) 0 Fe,0,(s)+4H, (g

FeAfafan & 4 =" 9@ W HE-w [ o afafwand eatas 2z 92 o wand fF =
s e W eitatwen wa A wa R § e w5

) COCL(g . COIlg+CLIg

(i) CH,(g)+25,(8) 0 CS,(g)+2MH,S (g

[iii) CO,lg)+C(s) 1 2CO(g)

(i) 2H,(9+CO(gQ [ CHOHI(g

) CaCoO,(s] 0 CaOls}+ CO2 (8)

(vi) 4 NH, (@) +50,(g) [ 4NO (g + 6H,0(g)

frefefan sfufien & fae 1024K T a7 feerit 1.6 x 1071

H,(g) +Br,(g) [ 2HBrlg)

7T HBr % 10.0 bar H=rEa 9= | 2@ =10, a1 949 74 % 1024K % 91 79
i i

Fereifirfiam S safufdn  omam afwdr gm TrereeA o s g
R H W R

CH, (g) +H,0(g) [ CO (g) +3H,(g)

() maﬂméﬁprmmh’E@w

(=) K, sfafen fagm o1 5w wve fim wehn gafea g, At

(i) = == feem =

(i) T =

[ii) IEFE T fem W

= 2H,(g) + CO (g) U CH,OH (g) ™ 994 wffigl—

(%) H,faem w

(@) CH.,OH frem m

(1) COTAR

(%) CH,OH %A =

473K W TR s PCL % fomem & fan K1 9 8.3 x10 981 3f fre
TH WET qWA S, @ PCL (@) 1 PCL, (8 + Cl, (g) A H" = 124.0 kJ mol”!
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7.32

7.33

7.34

7.36

7.38
7.39

740

A e

(%) wfafieen & fag K 41 =toe fafan

(@) Wi stfafwn = fo =9 a9 W K F wF F Em?

(M) AR (i) R AfF PCI_ HEF S, (i) 319 S S0 A9 (i) A9 s
ST, | K T U Erm?

T fafa % wgea Tesm =1 wpfew T W W 59E W I A w1 e |

T S # 7 wiEreh sifafEn § yow w § CO vs H, 7 #1 7 W H wem

w2 w9 e CO & wfis g afafE =9 8

CO@+HO(@ CO,(@+H,I(g

7% 400°C T AfafEHn 7= ¥ CO U3 9 7 Tuuen fasm 1 v=n 5 @ 5

Pea = Py,o = 4.0bar | H, 1 Gr==een 7 A0 714 0 22 400°C W K=10.1

TaTen o rAfetan & § RS Sfarme § s Te SeIR) # wiga g 2R

(F) ClL(g [| 2Cl(g K =510

(") Cl,(g)+2NO (g) 1 2NOCI(g) K, =3.7 % 10°

(M) Cl, (g +2NO,(g) | 2NOCI(g K.=1.8

25°C Wt sifafwa1 30, (¢) 1 20, (¢) % fem K &1 41 2.0 x 1081 4ft arg &

25°C @19 W O, 1 wreqEes |edl 1.6 x 1028, a O, %1 wga % #rii?

COlg) + 3H,(g) 1 CH,(g) + H,0[g) «ifafFn v foer wr=® ¥ 1300K ™

TR H 21 T CO ¥ 0.3 7™, H, % 0.01 7, H,0 % 0.02 7@ U8 CH, #1

T A €1 e T A W wfafEn o fAw K W 3.00 ¥ fasm § CH, F A

I e

W a7 AR g o o o 77 FrefaiEa wis o fem wgr sreem samn-

HNO,. CN~, HCIO, F~. OH~, CO; T&s*

fefafen 5 | ®m 9 w28 o 77

H,O. BF,, H* & NH;

frfates a=rarl & fau 99 a7l & 53 fafan-

HF, H,S0, 78 HCO,

smRETEl NH;, NH, @91 HCOO™ & &ari s ferfan—

T H,0, HCO;, HSO; @1 NH, F=53T a1 &0 -3 H1 Wi el w6

£ TF F Wl e T G a6

Frefefe wieit =1 w29 o 791 510 | Fiiera FH1T0 a1 Fam 5 3 f5g wn

o - ARF F WA FH FE € (F) OH (W) F (M) H* () BCl,

UF UL U F A H eRSer AFF S WEW 3.8 x 10 M 21 351 pH ftkfem

Hifam)

forF % % T F1 pH, 3.76 ¥, T TESA A R HiEal FW &)

HF, HCOOH 721 HCN 1 298K ™ 1A= TE FA: 6.8 x 10, 1.8 x 107

4.8 x 10°%| 79 FTa HH! AH o AT fetF W i)
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T44

746

147

TAR

749

7.50

7.51
7.52

7.53

7.56

WA 1 ST eE 1.0 x 1071781 0.06M el & e § WiAieie S i
s aun 0.01M Hifsaw wibe faerm A 59 A9 &1 71 51 Hib)
H,S 1 9o S e 9.1 x 1081 295 0.1M faer § HS- AP #1 iz
&1 O i A Fast fF Atk T 0.1 M HCL ¥ wufrea g, 9 a5 =
vt &1, R H,S # fdt ferlem flamls 1.2 x 107921, & JewEe S armA
1 & feefadi # wiga 1 1o it

ufEEE T H AP e 1.74 x 10981 569 0,05 M faemm 4 fa=ism 1 56,
T ¥ TEA a4 pH F1 wfeme Fifm

0.01M = w1 (HA) % faema %1 pH, 4.15 #1 T8 S0 1 S5, s
1 ST s @9 pK, T Wisen it

i famier A g feefafaa fafaadt & pH wm Fife)

(%) 0.003M HCI (@) 0.005M NaOH

() 0.002 M HBr (") 0.002MKOH
forferfian e % pH 3 #iR

() 27 TIOH %1 57 ¥ = 2 fa= faeem a7 sm)

(@) 0.3 T CalOH), 1 & W ==t 500 mL foemem 7 =)

(1) 0.3 " NaOH =1 e § =ersrt 200 ml faesm 33w smy)

(®) 13.6 M HCI® lmL F1 e § T9H0 %35 el F@ad | ferzt faen sy
A ST F1 ST F1 AR 0.132 81 0.1M 3 F pH ae pK, 1 7F 1
FHifaw

0.005M #1EH (C H,,NO,) foema #1 pH 9.95 21 z6a s fremiss 7 #ifr)
0.001M TATEM faem &1 pH #9017 Tl #1 s s onof 7.7 8 & a5
&1 T WA T 1 ST feiE 99 e

A 0.05M Hifes o1 % pK 1 ¥ 4.74 F, T SOEH H1 91 9 Fifae) =7
™ (#1) 0.01M () 0.1M HCI fae=a | gen =, @ faaem =1 W f8 wm
e B 87

TEAfE T 1 A foriE 5.4 x 1001 T3 0.02M fremm o w1 men
=T o Fwifew) A T fTEEs NaOH 9ft 0.1M &1 @1 =sEmiys uhE #1 v
HATTA B

Feferfan Sifams gai, fomm pH 2 72 €, %1 2Egier A Higdl SiRfer Fifau—
(%) wrE i 59, 6.83 (@) #HFE 3=TEE, 1.2

(m) wrE T 7.38 (7)) #E W, 6.4

=Y, FIET, TR T, G W 991 # F1 WEL F pH FHE FA: 6.8, 5.0, 4.2,
2.2 741 7.8 ¥ WE % W@ H ¥FE #1 e 9 i)

298K R 0.561 g, KOH ¥ ¥ 9o T 7@ 200 mL f9em 31 & pH, wefrm,
TESEA a4 BESTHNE ATAl 1 WEA @ i)

298K T Sr(OH),, Tawm %7 faermm 19.23 g/L &1 Wi ad1 seeis e %1
[ aen faeEa ® pH 39 Fifaw)
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759 WNETEE o 1 A1 T 1.32 x 107571 0.05M 21 T # S 5 uE
= pH @ #wifem afz faea 4 0.01 M HC faam s @ S99 293 &1 5
ST F i)

760 A% WEFRE @ (HCNO) % 0. 1M faemm =1 pH, 2.34 8, 0 30e & o fams
A HFAA 1 A S i)

761 Af% TEEE arve 1 S frediE 4.5 x 10, 9 0.04M Hifea Tezrse foerd &1
pH @ STEEeE F1 A W F )

762 A% drlifedem 2EgEE FE0Ee F 0.02M faeEA 1 pH 3.44 £, &1 WHEE
AW feeis 7 Fifaw)

7.63  fAeratEs w6 S faeee o S, S 7 ATE B T A S
NaCl, KBr, NaCN, NH,NO,, NaNO, 71 KF

7.64  FOARHITIF S 1 AT femiE 1,35 x 10°°%1 0.1M R 9 T 0.1M
Tifem FEW F1 pH 7@ Fife

765 310K T Sl 1 AEFEFR FEE 2.7 x 10-1F) 7H A T SAEE S = pH
B aiELd

766 foefera fagmi @ pH e sim—

(F) 0.2M Ca(OH), F1 10 mL + F10. IM HC1 %125 mL
(1) 0.01M H,SO, %110 mL + 0.01M Ca(OH), %710 mL
(M 0.1M H,SO, #110 mL + 0.1M KO F110 mL

767 Tawer s, afew e, hith TEgREs, o8 FENEE a9 WHd SEeEs Ha
wI \R 7.9 § fv e fawmm e fents w aerr ® e s st am
WEF AR F1 A A m Fifa)

768 Ag,CrO, a1 AgBra faciam qurse feemis %A 1.1 x 1072891 5.0 x 107
B R Ty fAeEE 1 W 1 ST 6 i

760 AR 0.002M TEAETH o SEee 79 F FE f5ead & TaW STEa =1 e
i, G FR AFSE w1 S Em7 (F g % e K = 7.4 % 107)

770 HTEE ST FT AP fAE 6.46 x 1097 faet S=ie #1 K 2.5 x 107
%1 3.19 pH a8 aws faem ¥ foear S5z =4 &1 gom | a7 faem wme

771 T Tete A1 eI TeREs & TN TIerr %1 4w Wea Saw 56 I
o A e WoarE Tewre dedfm 7 oEn (3 mewne o+ feg
K,=6.3x10"%)

772 | v Ffewan gtz ® Ao % fau w8 § w0 e s W w0 ATl B
(Ffewm wethe % T K = 9.1 x 10°)

773 0.1M HCI ¥ ZEEeH TowEeE ° O34 faemd %1 9 1.0 x 109 M 21 =5 =3
faer =1 10 mlL Fefefas 0.04M fae=a & 5 mlL =@ @, @ 6 faesa g
4T W BM? FeSO,. MnCl,. ZnCl,. T8 CdCL,.



