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Mg(OHJ2  (s)
2+

= %(aq)+  20H(aq) . . . . . (8.4)

GiGU¶Jfji%7WtLfiPa  (neutralization reaction) wmrm-hua  Q~%99”er*L0U~%$os

mn H + T+j%Ulfh OH-

H+(aq)  + OHTaq)  = Hzo
. . . ..(8.5)
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F F. . -
F 18 + :.y : = F :‘i:  F-. . . . . . . (8.8).

F F

LUR

BF, + NH, = BF,  (NH,  ) . . . . .(8.9)
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HC1 + Hz0 = H3+0  + Cl- . . . . . (8.14)

acid, base, a c i d , base,

Cc + H,O = OH- + HCO; . . . ..(8.15)

CH$ZOOH
-I-

CH3CO0  -

NH4 NH3

0,-,  NH +
-0\ /N

H2C03 HC03-

HCO j c o ,

HN03 NO;

.
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pH  = - loqlIi~ol . . .._ (8.21)

pOH = - log[OH-I . _ . . . (8.22)

La"

wig  = -log K . . . . .w (8.23)

mn K
w = [H:Ol  [OH-]  b&ti?

-log Kw = -l~gi~~~l-l~~j~~~-l

PKw = pH + ~011 . . . . _ (8.24)

L a
upbfla pH + pOH = 14 . . . . . (8.25)
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-log[OH-I  = - l o g  2 . 7 x 1 0 - j

POH = C-0.43)+5

POH = 4.51

PH = 14-4.57



nabl HA + H,O \ $0 + A - . . . . . (8.26)

K =
a

[H:oI  IA-I . . . . . (8.28)
[HAI
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-log[ H;'Ol  = --log 1 .5x1 o-3

\
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x2+  1.00%10-‘x-1  .0x10-‘4=  0

(1)
x = -1.00x10--'+ 1.ox1o-'4+4(1.ox1o-14)

2

= 6.2x10-' M

.
. . naiu~u”uu”uuos H:O &4SHUFl = 1.00x10-'+  6.2x10-'

= 1.62x10-' M

pH = -log 1.62x10-'

= 7-0.21

= 6.79

POH = 14-6.79

= 7.21

M%n'wmpOH 5Jlnh  [OH-I = x = 6.2x10-+

POH = -log 6.2x1o-8

= E-0.79

= 7.21
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[H:Ol

-log[H;Ol

PH

[OH-I

-log [OH-I = -log 1.26~10-~~

pOI1 zz 11.90

= 14 M%&~l'l~&~lJ~l pH + pOH

PH + pOH

= 0.0080 M

z -log 0.0080 = -log 8.0x10-'

= -log 8-  Log  lo+

= 2.10

K
w

[H:01

= 1.0~10-~~=  1.26~10-~'  M
0.0080

pH = -log [H;Ol

[Hz01  = 10-4'72

= 1o-5 o.28x 10

[H:o]  = 1.91 x IO-+  M

&iaeh~  6.8  W'ill4'J51bMl  pOH  LLA: pH VOJRl3RZRl?J  NaOH L%.‘k  5.0~10~'  M
9 4  Q
XiWl

CH 233

[OH-I = 5.0x10-' M

poH = -log 5.oxlo-2



= 2-0.70

= 1.30

PH = 14 - 1.30

= 12.70

HA + H,O s $0 + A- . . . ..(8.30)

2H,O L +. H3C + OH- . - . - . (8.32)

286

K = [H:OlIOH-1 _.... (8.33)w
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[H:Ol = [OH-I  + [A-l . . _ . . (8.34)

[HAI = c,,  x _ . . . . (8.38)

aawdl  (8.36) bk% (8.38) tdU (8.31)

K, = x2 . . . . . '(8.39)

CIIA  - ’

K,  XC,,,-  xK,  = 2

x*+K,x-K,C’,,,  = 0

CH 233

:. [H:O] = -K,*  JK;t4KaCHA- . -. . - (8.40)

2
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K = x2 . . . . .(5)a
4.00x1 0-5x

1 .74x1  o-+ = X2

4x1 o+ -x
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1.74x1o-4x  4x1o-2-  1.74x1o-4x  = x2

x2+ 1.74x1o-4x  - 6.96~10-~  = 0

x zz -1.74x10-4f (1.74x10 -4)2+4x1x  6.96x1f6

2

HOAc +  I-? o 7 H3+0 + oAc-

[ $0 1 = [OAc-i  = x

. x2 = 1.75x1o-5

(I .00x1  @-Lx)

x Pr'ouu7nrhfhn'EI~  1.00~10~~

x2 = 1.75x1o-5

1.00x10-
3

.a x = 1.32~10-~

PH = -log 1.32~10-~

= 3.88

DOH = 14 - 3.88

Kb = [BH+I  [OH-] . . . . . (8.44)
FBI
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2HzO Zf====+  H:O + OH- . --. * '(8.45)

K =
w

[ t-I:0 I I of-l- I . - . . . (8.46)

[BH+]  + [f-i:01  = [OH-l . . . ..(8.47)

NH, + H,O=lIIIX? N$ f OH-

(1  .oox1o-3-  y) Y Y

Kb = [NH,+l[OH-1  = 1.86~10-~

[NH, 1
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y’ = 1.86x10-5

(1 .oox1o-3-y)

yz+1.86x10-5y-l.86x10-~=  0

Y = -1.86~10-~+  3.46x10-Lo+7.44x10-8
2

Y = 1.27~10-~

POH = -log 1.27x10-'

= 3.9

- PH = 14-3.9

CH 233



K~  = I .05X10-10  = [H:o][RO-1 . . . . . (2) ,

[ROHI

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  (h 1.2)

[$Ol = [RO-1  = x

[ROHI  = 5x10+-  x

2 =  1  .o5x1o-1o
5x10+  - x

x2 = 1 .05X1  o-l0
5x1 o-

[goI = tRO-1  + [OH-I . . ...(3)
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[RO-1 = [I$01  - [OH-I . . ...(4)

= $0 - I ,/ [ $01 . . . . . (5)

~%4~l%WdMl%lGp

C ROH =  [RoH~  +  IRO-I . . . . . (6)
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w%l C, H5 COO + H, 0 e c,H,COOH  + OH- .___. (1)

K Ib - 1.5%10-~~ = [C,H,COOH~[OH-1 . . . . .(2)

[C,H,  COO-I

2HOd  +2 T------~O + 01-I- . . . . .(3)

KI4 = [H;Olb~-, . . . . . .64  )

4 = 1.59x1o1ox  2.oox1o-5

Y = 5.64x10” = [OH-I

pOH = 7 . 2 5

PH = 14  - 7 . 2 5

zz 6 . 7 5

~ol%~l”l%dl~aa~h”~~l~~~~“l~~~~“~~~~~~l~~~  (b.i&  [H,*O]  ‘ii),
t7¶ltJl%d~~g~lJ~~

[OH-l+[C,t$COO-I  = [Na+l+@+Ol . . . . .(5)
Y

[Na+l = -iYllkI~~lJul?Jaavl  AIWIJ

[OH-l+[Cg&COO-I = 2.00~10-~+  I&+01 .  .  . . . ( 6 )

il¶JtW3WWWp

2.ooxlo-5 = [c,&COOHi + [c,H,COO-1 . . . . .(7)
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[OH-I - [C,$COOHl  = &Ol . . ...(9)

[C, y COOHI = [OH-l-&?01 . . . . . (IO)

[ C, H5 COOH 1 = [OH-I-K
w/lOH-1 . . ...(n)

LLYll-4  (E), (11) R4b4 (2)

1 .S9xl  O--l0 = [OH-I [OH-I-K w/[OH-1 I
2.00x1 o-

[OH-]'-  K = 3.18~10-'~'
W

[OH-I = I 3.18x1o-15+1x1o-14

zz 1 .I 5x1 o-'

POH = 6.94

PH = 14-6.94 = 7.06



A -  + H2 0  # OH-’ + HA

Kb’
= [OH-I  [HAI

[ A - l
+2H,O  w H,O + OH-

Kw = [$+Ol  [OH-l

HA i 30 + %+O +  A -

K = [H~+oI[A-I
a

[HAI

(8.57)+(8.59)

Kw = [q+Ol[OH-1  x [HAI

” ‘I~:01  [A-I

= [OH-I[HAI

[A-J

(8.55) = (8.61)

.,  .Kb’ Kw

Ka

Ka’ = [NH~  I [HZOI

[NH,+]

. . . . . (8.54)

. . . . . (2)

. . . ..(8.56)

- - . ..(8.57)

. . . ..(8.58)

. . - . . (8.59)

. . . . . (7)

. . . ..(8.61)

. . . ..(8.62)

. . . . . (8.63)

-....  (8.64)

. . . ..(8.65)

. . . ..(8.66)
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NH, + H2  0 s +N H , + OH _..._  (8.67)

Kb
= [NH:I[oH-1 .._.  (8.68)

[NH~  1

(8.57)-(8.68)

Kw =*  [H:oI  [OH-I x [NH,]

5 [NH:]  [OH-I

= I~:01  [NH,] _ . . _ _ (8.69)

[NH+,]

(8.66) = (8.69)

.a Ka, =Kw .._.. (8.70)

K /K
a b

Kw . . _.. (8.71)

l&l KaKb
K
w . . . ..(8.72)

S1nmJn-fi(6.64)b~~t  (8.72)RT~~~~l~lnJ~"UOSRUqR  (Ka,K,,)  ~osnsmaaat~Ela~ldPn~~-

%A = [A-I + [HAI

IN~+I+[H:oI = [OH-]+[A-]

298

. . . _ . . (8.73)

*- . . . (8.74)

. . . ..(8.75)

. ..I.  (8.76)
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C + [Hz01 = [OH-l  + [A-l
NaA

. . . . . (8.77)

(8.75) - (8.77)

-[Hz01 -= [HA! - [OH-I . . . . . (8.78)

[HAI = [OH-I - [H3+01 . . . . . (8.79)

k@l P~ulelnnlabaan~asav09$7  5i&xlni1 [OH -1 du1mn
nlsaaunaalu~aau:luos~n~~~~~n~~~~~~~~ln  &Zu [H;O]  1a&xl~laJIFl~

[HAI = [OH-I  = y . . . . . (8.80)

~IflBWll~  (8.75)

[A-l = c
NaA - [HA] . - . . - (8.81)

[A-l =c -y
NaA

. . . . . (8.82)

K
w =

”

y2
C

NaA

. . . . . (8.84)

y = [OH-l = j-- . . . ..(8.85)
a
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PlVl-i  8

i&l.?-i1

[HCNI = [OH-l = y . . . . .(3)

[CN-1  = 0.100 - y . - . . . (4)

LLWPl&aSll.4 (2)

K =
w y2 - . . ...(5)

"
0.100 - y

y << 0.100

1x10-1" = --A-~
2.1x1o-9 0.100

y = [ O H - ]  = 6.9x1O-4  hit, at,.'?,?.,.

pOH =. -log 6.9x1O-4  = 3.16

CH 233



[NH, I = [y+ol  = x . . . . . (3)

[NH,+] = 0.200-x . . ...(4)

bbWU (3) blat  (4) fb¶b4  (2)

Kw = x2

5
0.200-x

x <<  0.200

1x1o-14 = X2

1.76~10-~ 0.200

x  =  [&+ol =  1.14x1o-5

pu = - l o g  1.14x1o-5

= 4.94

n"ai?lh~ 8.18 89hU'2bMp91 pH ‘Xl)9  0.10 M ~%~~IJ%JL~~I~I,?I@  (NaOAc)
KaHOAc  = 1.75x-10-’
94  0
afwi

NaOAc\-w.v-k Na+  + OAc-

OAc- +H,O  -- HOAc  + OH-

K
Kz=  w =

b [HOAC~[OH-1
I(a

[OAc-1

[HOAcl = [OH-l  = y

[OAc-I = 0.10 - y y  <<  0.1

= 0 . 1 0

\# = 1x1o-14  = y2

1.75x1o-5 0.10

Y2 = 1x10-14  x 0.1

1.75x1o-5
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Y = [OH-] = 7.6~10-~

[H:Ol = Ixlo-'4 = 1 .3x10-' M

7.6x1 O-

pH = -log  1 .3x1 o-9

= g-0.11

2H,  07 H:O + OH- . . . ..(8.91)
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K = [H:oI[oH-1w . . . . . (8.92)

srami=waamqbl

IA-1 hhx.Jluai5nmufiwain  c LLW”  c
II.4 NaA

c +c
HA NaA

= [A-]+[  IIA  j . . . . . (8.93)

ilolfll%d%Xp~~

[H:oI+[N~+I = [A-I+[oH-1 . . . . . (8.94)

f [Na+] m.minni3wmCm.3  c &wl
NaA

W;Ol +  ChA = [A- ]+[OH-] . . . _ . (8.95)

HXJJlnS  (8.93)-(8.95)

LLYIUF~~  (8.97) Lb% (8.98) @dPa (8.90)
I (CNaAfX)  1

Ka = x.
I (CHA -x) 1

- . _ . . . (8.99)

K, = X.C
NaA . . . . . (8.100)

C
HA
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x = K, CHA

‘NaA
. . . . . (8.101)



WOO--  1 = c,,COONa i x . ..-. (3)

[HCOOH] = CFICmH-  .‘( . . . . .(4)

LLYlU (3),  (4) iwlu (2)

1.74x10-4 = X (CHC~N~  + X) . . ...(5)

(cHCoOH- ‘)

= x.(0.100+x)
(0.040-x)

x << [HCOOHI bbK [HCOON~I
I

1.74x10-4 = x(0.100)
(0.040)

x = [H:Ol = 6.Y6x10-5 bun4oa%ma.J.

PH = -log 6.96x10-5
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94 0

ami
CH,COOH  + H,O &EkHFOO-  -t Hz0

0.100-x x x

Ka
= [y+Ol rcy  c o o - 1

[CH,COOHl

$I"?r~Ci7Qsftsnla~b~n~~~~~~~

b.7 [H:Ol = x

[CH,CCC-  ] = ‘CH,COC-  +’

[CH,COOH] = ‘CH,COOH  - ix

LbWl.4  (3) LLRr (4) ws%u (2)

Ka = 1.75x1o-5 = X[CCH,Cm- +' 1

[CCH,COOH  - ‘1

= x(0.100+x)
(0 .100-x)

= x ( 0 . 1 0 0 )
(0.100)

x = [H:OI = 1.75x10+

m = 4.76

. . . . . (I )

. . . . . (2)

. . . . . (3)

. . . . . (4)

B + boy- BHi + OH- . . . ..(8.102)

'6 = [ BH+l[OH-1 . . . ..(8.103)
[Bl
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2~3  0 _ H:O  + OH-2

K w = [I-I:01  [OH-l

fwniaua~wu~~

‘B  +CBHCl = [BI+[BH+I

twniada:g~uqa

[BH+I+[H:oI = [Cl-l+[OH-I

] b%.min~f&  mcl &rmnn'aKmm &s&k

[BH+I+[H:oI = CBHCl+  [OH-  1

tTaJfllcd (8.106)+(8.108)

CB +[H:O] =  [ B ]  +  [ O H - ]

( c l -

. . . . . (8.104)

. . . . . (8.105)

. ...! (8.106)

..- . . (8.107)

k-1 &ilLp”;lfh  CBHC,

. . . . . (8.108)

. . . . . (8.109)

Slfl (8.109)

CL3 = [Bl + y

[Bl = c,-y . . . . . (8.110)

ml (8.108) [BH+I = CBHCI  +y . . . . . (8.111)

Lbl'lU  (8.110) Lb% (8.111) t&h (8.103)

Kb
= Y ‘c BHCI +y1

. . ..e (8.112)
[Ce Yl

Kb = Y c
BHCI . . . . . (8.113)

('B
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Y 9 Kb . 'B . . . . . (8.114.)

c BHCI

NH, + H,O z NH,+ + OH- . ...(I)

0.070-y Y Y

:z
b

= [NH:l[OH-1
[NY 1

[$I = 'NH,Cl+Y

W,l = ‘NH,- y

. ...(2)

. . ...(4)

. . ...(5)

llWpr,(4),  (5) as%%&  (2)

Kb = 1.86x10-5 = y Gal,  cl+ y)

(CM  Y)
3

= y(O.28+y)
(0.070-y)

1 .86x1  o-5 = ~(0.28)
(0.070)

y = [OH-I = 4.6~10-~ %u&ofiu.@u.

POH = -log 4.6~10-~

= 5.33

PH = 14-5.33

= 8 . 6 7
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= 0 .I 00 bua&au.@u.

[NH,] = 0.0200x1 000
100

= 0.200 hadaaww.

NH, + H,O  __ NH;  + OH- . ..-. (I 1

0 . 2 0 0 - y Y V

Kb
= I .exl om5 = [NH:]  [OH-I . . _. . (2)

JNH~  1

[Nq  1 =  0 . 2 0 0 - y

[NH,+] = 0.100 + y

wnwii (3) kar (4) asIPr  (2)

. . . . . (3)

..-.. (4)

1 .8x1 O-5 = y (0.100 + y)
( 0 . 2 0 0  - y)

= y (0.100) (y hJaJlfl6~is9q
(0.200)

y = [OH-l = 3.60~10-~

POH =  4 . 4 4

308 CH 233





[H;O] = K, C,,
- -



10 -4.74 I= x 2/1 00

8/1 00

PH =  4.74-  l o g  12-c  l o g  8

= 4 . 7 4  - 1 . 0 8  +  0 . 9 0

= 3.56

. [HOAcl = [H;Ol
. .

[OAc-1 Ka

= 10-3.56 = lo"'*

10
-lb.74

= 15.1

L a
U=MlQ

~ai%a  (HOAc) = I  5 . 1  GaGha  (OAC-1 . . . . .(I)

Ca864Jaslosnaan’Elbn~oaauii~2uRlaa-,aler  = 12.0+8 =  2 0

. * . Cia8Iua  (HOAc)  + Oa3ha (OAc-)  = 20 ” _ . . . (2)

bm.4  (I)  asIu  ( 2 )

15.1 Oa76ua (ok-)  + Ciat&a  (0.4~7 = 20

Ga&Ja (OAc-)  =d@
16.1

= 1.24

b%.&&QaGlua  (OAc-)  =  8 . 0
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10
-7.21=

PH = 7.21+ l o g  3.5-  l o g  2 . 5

= 7 . 2 1  +  0 . 5 4  - 0 . 4 0

[bPO;l = [Hz01 = lo-*35

[HPO; 1 K 1 o-71 21
a2

= ,o-1.14 .073
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.*.  [H2P0,-l = 0.0'731HPO,=1 . . . . . (I )

1ln ~H,PO~I+[HPO~I = 2.5+3.5 = 6.0 . . ...12)

[Hz01  = 1 .cxlo-5x  0.06 = 1.5x1o-5

0.04

[HA] = 1.51~10-~ = 15.1-. -
CNaAl 1 .0x1 o+

[HA.] = lS.l[NaAl . . . . . (I)

bb@i  [HAI + [NaAI = 0.060+0.040=0.100  w....(2)

15.1[NaAl+[NaAl  = 0.100

[NaA] = 0.100~ = 6.2x10-j

16.1

kmchk.maauri~d  = O.C40-0.006

22 0.034
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c
CHjCOOH = 0.00100 M

%ti  coo-  =3 0 . 0 0 1 0 0  M

Cs COOH + $0  z qcoo-  + f&+0 . . ...(I)

0.00100 - x x x

K = ~cH,COO-~IH~OI . . ...(2)
a

CC&  COOHI

[ CH, COOH 1 =  0 . 0 0 1 0 0  - x . . . . . (3)

r CH,  coo- 1 zz 0 . 0 0 1 0 0  + x . . . . . (4)

1.75x10-5 = [H;Ol  (0.00100+x)
(0.00100-x)

rffo~=~an2uni~n"lua~~~~~sJyQ~lual  x Gx.wmdoL~uuiiud7  0.00100

fll*lJX:lMl~Wid6

[H:Ol = 1.75x1o-5
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[CH,COOH]  = 0.00100 - 0.00002 = 0.00098 M . . ...(5)

[CH,COO-1  = 0.00100 +.O.OOOOZ  = 0.00102 M . . . . .(6)

LL'YIU  (5) bla'.  (6) R3al.b (2)

1.75x1o-5 = (0.00102) [Hz01

0.00098

[Hz01 = 1.68~10-~

HCI TGix  = 0.100 x IO  = 1.00 OaSha
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[H:Ol = 2i4x10-5

(CH, COOH) = 0.100x100 - 0.100x10

= 9 h&a

(CH, coo-j = 0 .100x100 +  0 .100x10

11 CaFiIua
L a

PIUflO [H~Olxll = 1 .75x1 o-5

9

[H:Ol = 1 .43x1 o-
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do [$Oj = 1 Ka
io

pi = +I +pKa

Lib [H;Ol  = 10 K-q-  a

[MO;;] = 3.0x10-~

[SO,1 1 .2x1  o-*

: 2.5
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.
( NaA = m

v

I- = n-m
-HA V

K
a

= [H:OlC,,,  = &ll(m/V)

C
HA

-TICS/V

[H;Ol = K (n-m),=I
m

2.303 d(pH)  = 1 + 1 = n-
dm n-m m m(n-m)

d’(pH)  = n(2m-n) = 0-__
dm2 m' (n-m')

2mn  - n2  = 0

2mn = n*

m n
-5
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W-dl%J~%J~~ll~,l NH4Cl = 0.200 M %k%3~URl7atalU  100 A¶J.TfU.  %?J

L&X-W  NH4CI  = 0.200~100 = 20.0 ik86ua

kvGn7m NH4C1  d1a = 20.0x53.5 = 1.07x103 .GaOn37
Y

Kb = [OH-][NH,+!  = 1.76~10-~

[NH, 1

1x1o-4 x 0.200 = 1.76~10-~

[NH3 1

[NY 1 = ?~lO-~x  0.200

1.76~10-~

= I -14 baJa/au.w.

:. 'NH,  = 100x1.14
14.8-
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K
a

= t&+01  [OAc-1

[ HOAc 1

L.4
l.4U+E&l~li+al.4  [HOAC] = [H:o] = 10-4.65

[OAc-1 K 10 --4.74
a

+o . 0 9= 1 0 = 1.23

. . . Qalbua (HOAC) = 1.23 .ih&Ja (OAc-1 . . . . . ( I )

jipaapr~nlb~av09naarsa-bnBo~a~JiiPs  = 5ooxo.500

= 250

. . ihihl  (HOAc)  + fi&%JB  (OAc-) = 250 . . ...(2)

UWU  (1) aslu  (2)

1 . 2 3  ik&JR(OAc-)  + i%&Jt7  (OAc-1  =  2 5 0

i%bJJa  <OAc- = 250 = 112

2.23

GaaJa HOAc = 250-112 = 138

;. d%l@Tll~.S  HOAc d%%  = ikZbuR:H0A~) = 138

M 1

= 138

:_ d?til~-i”uO9  OAc-  $%a  = ~~i%lJRoAc- = 112-

M 1
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61 pK,, ~109  NH3  = 4.76
94 0
atimi

PH = 9 . 0 0

pOH  =: 14.00-9.00 = 5 .00

[OH-I  = 1x10-

Kb = [OH-I[NH,+I

[NH,  1

10-4.76 = 1x1 oT5  [NH,+]
[N H,  I

. I [NH, 1 = IXIO-~ = IO-~'*~

[NH:] 1o-4.  76

= 0 . 5 7 6

:. O&h7  (NH, ) = 0.576 .$j&&~a  (NH,+) . . . . . (I )

O&&J8  (N H,  I+ $X&J~ (NH,+)  = 5.00~100 = 500 . . . . . (2)

322

t Q&&J~(NH,+)  = 500

(NH,+) = 500 = 317
1.576

I %&JR NH, = 183
M . 16

= 11.4 RlJ.611.u.
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% = [H;O] $aA+  [H:Ol

($A- [HT)

Kb = [OH-]  { ‘BH+  +toH-]\

(CB-LOH-l}

FCl,CCOOH  = 0.500-x

FCl, ccoo-  = o-250+  x
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lJ?‘l$i  8

K
a

= [H:Ol[Cl,CCOO-1

[Cl, CCOOHl

1.29x1o-1 = x (0.250 + x)

(0.500 - x)

6.45x10-'-  1.29~1O-~x=  0.250x  + x2

x2+  0 . 3 7 9 x  - 6.45x10-'  = 0

x -0.379fJ  0.144+0.258
2

= 0.128

[H:Ol  = 0.128

K = a -.
a A aH:O
~I_

aHA

= [A-lfA:[H:OlfH+

[HAI  fHA

= [A-I[H:oI.  fH+ fA-

[HAI f HA

3 2 4

Qa
= [A-I[H:oI

. . . . . (8.116)
[HAI
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= ~(0.025+0.025+0.050+0.100)

Log ‘H’t = -o.5x(1)2fi  = -0.158 = -0.12

l+ Ki 1.32

fHf = 0.76

log fHCo;  = -o.~x(1)2KT = -0.158 = -0.12

1+m 1.32

f
HCO; = 0.76

log fCO'
3 = -0.5x(2)'m = - 0 . 6 3 2  = - 0 . 4 8

I+453 1.32

fco= = 0.34
3

877-i

K
a, = Q, fH+fCO=3

f
Hco;

K = 4.68~10-+~
a2
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:_ Q, = 4.68x10-"x  fHCO;

fH+ fco=3

= 4.68~1O-~~x 0.76

0.76 x 0.34

= 1.38 x lo-lo

ain Qa = [H:Ol[CO,=l

[ HCO, I

:. [H:Ol  = Qa  [HCO;]

[co,= 1

= 1.38x1o-1oxo.o25
0.025

= 1.38x1o-1o

9in
'aH;O

= [H:Ol-fH+

= 1.38~1O-'~x  0.76

= 10.49x1  o-l1

pH  = -log aH+O
3

= - l o g  10.49x10-"

= 10.02:
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p &H& Na,PO,(&m3:1)  = 6x0.0194 = 0.116

IJ ilW%  Na,HP04(&~2:1)=  3xO.OO5G  = 0.017

* . Fil  !.I &wl = 0.133

Y
11nnla$ilraaslbe9le;l~~nlsr~wiiduo~~~~  &kil po.133 %%wi-~d

f
HPO,= = 0.35

fH+
= 0.77 = foH-

fP03-
=  0 . 1 0

4

K
a3

= Q, fp+ fpo3-
4

f
HPO,=

dl  K e9l~~~l~~l~W~~~p?"7~~d~~~~~l~PiliiEl  4.79x10 -13
a3

Q,  = 4.79x1o-13  x 0.35
0.77x0.10

= 2.18x1o-12

Kb' =
[HPO:][OH-I  . f~~o,'  fan-

[Pot-l f
PO;-

mn K
w

= [H~oI~oH-1  fH+ foH-
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= Qw. fHi’foH-

.  .* Q,  = Kw = 1x10-14

fH+foH- (0.77F

= 1 .69x1  O-l4

P,' = tHPO,=l[OH-l  = Kb,
fPd&-

[PO;-1 f HPO,=fOH-

zz 1x10d4 x 0 . 1 = 7.75x1o-3

4.79x10i3 0.77x0.35

. . R = [HPO~ILOH-1  = 7 75x,o-3

c [Pd'-l

{[HPO,=l+[OH-I} [OH-l  = 7.75x10-'

{[PO:-1-[OH-I}

i0.0056+[OH-1)  [OH-I  = 7.75~10~'

t0.0194-[OH-I}

[OH-?+  0.01335[OH-1  - O.15O3xlO-3 = 0

[OH-I  = -0.01335k  J1.782~10-~+  0.6012xlb-'
2

= 7.185x10-'

[H_,+Ol  = a = 1 .69x1  0-l'-
[OH-I 7.185x1o-3

= 2.35~10~'

"Hz0 = LH:O1 fH+

= 2.35x10-I2  x 0.77

= 1.80~10-~~

pH  = -log  aH:O
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HA-+ Hz0 ~H,A+H,o;  1 =
K

IH,  A ]  Wsfa  [kb~] = ~H$oI [HA-I

a1 ~H:oI[HA-I K
a1

V+%IHA~+  HOOK H,A + OH-;~W  = [%AI[OH-l  M%I[H,AI=  K~. [HA-] =
K, [HA-II . CL [ O H - ]

i Hz0  I[ HRI . ..(8.119)

2H,  0 + $0 + OH- ; K,=  [H;O][OH-]  ?-&I  [ O H - ]  = Kw

[a:ol
. . . . . . . . ..(8.120)

[Na*l+[Y+Ol = [HA-1+[Oti-I+  2[A=]

c: NaHA+  #‘I = [HA-l+[OH-I+  2[n=1 . . . . . . . . ..(8.121)

c NaHA= [$A.!  t [HA-I  + [A=] . . . . . . . . ..(8.122)
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(8.121)-(8.122)

L&+01 = [A=] + [OH-] - [H,Al . . . . . . . . ..(8.123)

~hWi1  (8.118),  (8.119) bW (8.120) EdU (8.123)

[q+o]  = Kd~~4]  + K~  - [&+ol[~n-1 . . . . . . . . . . (8.124)

@+Ol i%+Ol Ka,

[yfO]‘K = K,K+L HA- ] +KaKw- [ H3+O12  [ HA- 1 . . . . . . . . ..(8.125)
a1 1 I

. . . . . . . . . . (8.126)

. . . . . . . . ..(8.127)

. . . . . . . . ..(8.128)

ImerdnGi Kw<<  Ka,[  HA- 1

‘. iH:Ol . . . . . . . . ..(8.129)

5

61 K,,  << [HA-I
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K
4

zz [$o][CO,=]  = 4.68~10-'~  . . ...(Z)

[HCO;]

HCO; + H:O ; &Co, +40 . . . . .(3)

1 = [H,Cc&] = 1 . . ...(4)

ir- 4.5x10-'
4 E~+OlIHCO;l

&.mn

Ka2  [HCO;] = 4.68~10 -"x0.1 = 4.68~10-'~  > K,

K = 4.57x10-'
4

<< [HCO;]

&&hJlxll~~na

[H;Ol  = a

pH = %(pKa, + PK,*)
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2Kw = 2x10-14 = 10 -13, 7

i?-a2 10
-5. 0 5

10
-5 . 0 5

pH = %(pK
al

-I-pK  )
a2

= %(3.40+5.05)



n%Gla¶J%maM

NY+-CH,  -coo-+H,  0 CII? F2 N-C4  -COO-+$0 _.... (I)

K = [HzN-CH&C~O-lt~+Ol  = 2.5~10~' . . . . .(2)
4

[ N$-C%  -coo-  I

[I~:01  =
[N$-C+-cH,COO-l+Kw  K,,

[NY'-CIiJOO-1

m:o1  =
f-

K K
4 a2

(I<  = Kw )= - - a1  __
Kh;

= 1 .07X1 o-

K
K,=  w = [NH,][I-I;.01 =  5.‘-~10-~’  .  .  . . . ( 2 )

a
iq --

[NH:]

HCOO- + H,O e IHCOOH + OH- . . ...(3)
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0.0100 =  [NH:1  +  [NH~I . . ...(6)

0.0100 = [HCOO-1 +[HCOOHl  m....(7)
(6)=(7)

[NH:]  + [NH,1 = [HCOO-1  + [HCOOH~.....(~)

(5)-(e)

[Hz01 = [NH,l+[OH-I-[HCOOHI.....(9)

pin  (2), (4) m.mIu  (9)

[goI  = Kg[NH++l  + K, _ Kw[HCOO  1 .-.-. (IO)
[H:Ol [H:Ol  Ka[OH-1

[H:O]  = Kd[NH,+l  + Kw _ [H:O~[HCOO-1  . . . . . (ii)

[H:OI Ka

[HTO]  = JT . . . ..(12)

pH = %(3.75+9.26)
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Wli 8

H2A + H,O,-- H;O + HA-
K4 =

[y+ol[~~-l . . . ..(8.132)

[%A]

HA- + 520 e%+. + A=K4= [H:OI[A-I . . . . . (8.133)

[HA-I

aun1aJaqmJqa

[q+Ol = [HA-I  + 2[A=l+[OH-I . . . ..(8.134)

[H;Ol  >> [OH-lLW51:  OH- 85l9l"~l~~~~~~~~~~~l~iu"eJ~~~l~~~O~

\H:Ol = [HA-I  + 2[A=1 . . . . ..(8.135)

$,K >> K
4

j;,r~n’asRldJ~s”lss~a”~a~~~~  2 &ifu

[H;@l  = [HA-I

auniauawauqa

'H,A = 1~~~1  + [HA-I  + [A=]

[A=1 &iiCouuin

'H,A = [H~AI  + [HA-I

LLYlU (8.136) dh4 (8.138)

[Hp~l  = "l$A - [H:Ol

L.LWU (8.136),  (8.139) E&4 (8.132)

K =
"I

[H:Ol*

C &A - [H:O1

. . . . ..(8.136)

. . . . . . . (8.137)

. . . . . (8.138)

. . . ..(8.139)

. . . ..(8.140)
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3in

[H:Ol = [HSO,-I+  2[S'J:1 . . . . .(3)

(3)-(l)

(Hz01 - cHzso4  = [SO,=] . . . . . (4)

*" [Hz01

[SO,‘1  = x

[$Ol

= 0.01 + [SO,=1 . . ...(5)

= 0.01 + x . . . . . (6)

(I ) [HSO,-1 = 0.01 - x . . . . .(7)

K
= [H:OI[SO,=l

a2 [HSO;]

1 .2x1 o-2 = (0.01+x)(x)
(0.01 - x)

x2+  0 .022x  - 1.2x10-  =  0

X = [SO,=1  =  0 .0045  baJRdoa~.~u.
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9
Kg = K, = [HA-110~~1 . . . ..(8.144)

it-
% iA=l

HA- + H,O + H2 A + OH- . . . ..(8.145)
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H C O ;  + II2 0 F H, CO3  +  O H - . . . . . (2)

Kg  = K, ..--. (3)
z-

= [HCO;]  [OH-I  = 1 .OXIO-'~

a2 [ co,= 1 4.4x10-=

y’  = 1 .0x1  o--l4 . . . . . (6)
(0.100-y) 4.4xlo-11
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(y. = [II,Fll . ..-. (4)0 -__
CT

“r -= IHM-1 . . . . . (5)
C T

% = rM=,] . . . . .(6)
cT
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[ IlK I
Ii

’ ‘1
I ii2  ‘“I 1

. ..__ (7)





% = [H:Ol'

[H;Ol'+  Ka [H:Ol  + K K
I 4 a2

= (1 .ox1o-3  )* = 0.019

(5.3x10-+)

4 = Ya. tH:Ol

[H:Ol'+  Kal [H:Ol  + K K
a1 a2

,
= ux10-~.)(5.0x10-~)

5.3x1o-5

= 0.943

cl, = K K
44 -

[H;tOl  + K4 [H:Ol'+  K K
4 %

= (5.0x10-* )(4.0x10+)

5.3x10+

= 0.038

= 0.0:9+0.943*0.038 = 1.00

[H;Ol*+  Ka [y+Ol+K  K = (lxlo-5  )2+(5.ox1o-2  )(1.ox1o-5 )t
1 4 3

(5.0x10-* )(4.0x10-+ )

= 2.5~10-~

00
= (1 .oxlo-5  j2

'.5x1o-6

= 4.oxlo-5

a1 = (5.0x10-2~(1.0x10-5)

2.5~10-~

= 0.20
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= [s=l = K K
3 a, a2

3 --T--
[H, Ol*  +[H:Ol K + K K

a, a, a2

:. [s=l  = 0.1 x (;.oxlo-' )(1.0xlo-'3)

~~.0x1~3-5~2+~l.0X10-7  )(1.ox1o-5)+(1.ox1o-7)

(1 .0x1 o-l3 )

= 0.1 x 1 .oxlo-2o = 1 .ox1o-11
1 .0x1 o--l0

H, Pi& + Hz0 - H PO- + H+O  .
K = [H~Ol[H,PO,-l=7.5~10-~  ..(I)

- 2 4  31%[HpPO,l -

H,PO,-  + Hz0 + HPO,= + $0;
K
a,=

[H:O][HPO:  1 = 6.2~10-~ ..(2)

[ >I,  PO,-  1

HPO,=  + 4 0 + PCf + H:O; K%=
[&+olwql  = 4.8x1o-'3  ..(3)

[HpQ=l
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4 = 1 Ii, PO, 1 ;  [H,PO,-I  =  a1  Ccf . . . . (6)
-__~

C
T

0: = lPO,l  : lPO,l  = a3 c
-. ‘r

C
T

. . . . (7)

. . (8)

mnmni4  (I), (2) we (3)

! H,  PO,-  i Kall[!i,PO,l .  .  . . . ( 9 )zz
---~?---

!H,O!

[PO;1 K K K
a, a2 a3

[ H3  iJO J
. . . ill)

- - -
I H3+o I 3

LbWUdl  (9),  (10) bL8' (11) RSIU (4)

C
T

= [H,  po,  I +Ka  [ 1% PO, 1 +K,K,  i H,  P O ,  I +K~K~K~,;  I f:, PO,  j
1 -Lz-&_  ..____  .-.Ci)j
iH:oJ

‘1_?_--
L i1:o 1 i ii:0 1 3

IH,PO,  1 = CT i fI:o13 . . . . . (13)
--T--
IH,oI~+K [H:oI~+K  K

=C-------

al "1 3 rff301+~l  K Ka2 %

wfwil (13) wll-4  (5)

a = [ H:Ol” . . . . . (14)0 -----_-_I-
~H:oI’+K~~  [H:o]*+K  K  [H:o]  c K K  K

5 % 4 % a3
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K K K - I /.b;;i~ j !it,.2:;ii!~-"  !('~.Hxl(J-")-2.23x11)-"
% % a3

3 4 7





crl 0.0250x1000 = 0.167 M= _----
I 5n
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[H,+9l[In-l K

!HIn  1
a

. . . . . (8.155)

~InH+l~OH-1  = ‘Ib . ...” (8.156)
---.

[In1

. . . . . (8.157)

[ InH+l  =
KT

b =
hlb!H3  ‘-01

. . . . . .__-
llnl  -

---__
IOH-I

(8.158)
K

w
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a) HNO, d)  NH:

b) H, MOO, t?) Ni(H,O)z+

-
Cl H, C, Hs 0, f) HCrO,-

6) os&tuam~s:~H  qm=mwwio~~~

a) 0.0025 M HNOS

b! 0.0093 N Hz SO4

C) 0 . 0 1 5 3  M HCI

d) 0.00050 M HPS04

e) 10
-4.15

N HClO,

7) ;J.$iiuamMi  pH Y~.s~~AL~J+I~~&

a) 0 . 0 3 6  N NaOH

b)  0.250 N Ba(OH),

C) 1.00 N KOH

CH 233 357



d) 0.0048 M Ba(OH),

e) 0.0000077 M Ca(OH),

@IfILl  b) 13.40

8) (8.4) WhU~~Ml~l  pH, pOH LlAt  [OH-] vQsal~a-al~~~naluL~~~~~Q9~86~~

aPu$ooona~~isdo9¶J~

3) 5.oxlo-3 e) 2.5x?o-3 i) 4.ox1o-13

b) 8.0x10-" f)  8.5~10-~ j) 2.4x10-'

Cl 4.5x10+ CT) 1.2x1o-1o k) 0.80

d)  Z.OXIO-~~  h) 5.0x10-' 1) 2.0

tlQEl a) 2.30, 11.70, 2.ox1o-12

b) 9.10, 4 . 9 0 ,  1.25~10-~

9) (8.5) Wh-dWi1 [HfO],  [OH-] LbRt  pOH  YQ.SHl3~:alUti  pH &‘?iO~~,”

63) 3.25 d) -0.48 g) 7.04 j) 11.12

b) 10.90 e) 4.37 h) 9.36 k) 12.50

C) 0.70 f) 5.42 i) 10.92 1) 13.26

VlQEl a) 5.6x1O-4,1.8x1O-11  ,10.75

b) 1.3x1O-11,7.7x10-4,3.1o

a) 4.07 d) 11.57 g) 5.26 i) 11.90

b) 10.92 6?) 0 . 0 0 h) 7.70 k) 12.24

C) 7.12 f) 3.80 i) 10.49 1) 14.70

11) &Nbi?  HCI  ii&%%JtX%JRs~~~U:7  2 5 0  W¶J.%XJ.  L&il%~~l5KXW?l  pH

&GiDhi
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a) 0.10 M

b) 0.25 M

C) 0.70 M

d) 0.030 M

e) 0.15 M

f) 0.20 M

4) 0 . 0 4 0 M

h) 0.020 M

i) 0.50 M

j) 0.40 M

acetic acid

ammonium hydroxide

hydrofluoric acid

boric acid

benzoic acid

formic acid

hypochlorous acid

ammonia

ethylenediamine

pyridine

fi6ll.J a) 1.3~10‘~'  , 2.88

b) 2.1~10-~,  1 1 . 3 2
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a) 0 . 0 50 M benzoic acid f 1 0 -40 M hydrocyanic acid

b) 0.0 25 M formic acid g ) 0 -50 M nitrous acid

C) 0.40 M hypochlorous acid h ) 0 .080  M ammonia

d) 0 -050 M acetic acid I.) 0.03 M ammonia

e) 0.2 0 M boric acid j) 0.30 M ammonia

b) 8 . 2

a) Acetic acid, 1.3%

b) Nitrous acid 4.5%

c) Benzoic acid 2.5%

d) Hydrofluoric acid 5.0%

e) Acetic acid 4.0%

f)  Hydrazoic acid 1.3’S

g) Hydrazonium hydroxide 3.0%

h) Ammonia 2.5%

i) Ammonia 8.0%

j) Ammonia 10.0%

WOEl a) 0.105, b) 0.243

a) 0.1 25 M acetic acid (PK, = 4.74)

b) 0.100 M arsenicacid (H3 AsO,)  (pK, =  2 . 2 2 )

c ) 0.250 M hypochlorous acid (PK = 7.53)
a

CH 233



d ) 0.500 M phosphoric acid (pK,  = 2.12)

e 1 1 . 00 M benzoic acid (PK = 4.18)
a

vla¶.l b) 0.0217

18) %YilWdtUMHl  pH lIasW’l7acA7U~0!¶J~

a) 0.125 M NH,NO,

b) 0.250 M NH,CIOI

C) 0.100 M (NH,),s o4

d) 0.0100 M NH,Cl

maEl d) 5 . 6 3

a) 0.0250 M Ca(C,H,O,:,

b) 0.1050 M NaClO

c 1 0.21 3 4 M KC, H, 0, (potassium benzoate)

d) 0.1000 M LIC,  H, 0, (lithium propionate)

e) 0.1250 M CsC,H,O,  (Cesiummalate)

WDlJ b) 10.28

20) (8.12) w~Iw~~IPH  slaJRl~R-Rlufi~.srna~~a~

a) 0.1 M benzoic acid LLRZ  0.50 M sodium benzoate

b) 0.50 M ammonia LLRZ  0.10 M ammonium chloride

c) 0.30 M nitrous acid LLRZ  0.50 M sodium nitrate

d) 1.0 M ammonia LLR: 0.25 M ammonium sulfate

e) 0.20 M acetic acid LLRZ  0.10 M sodium acetate

f)  0.10 M acetic acid UK 0.20 M sodium acetate

g) 0.050 M acetic acid LLAZ  0.10 M sodium acetate

h) 0.25 M ammonia LLR: 0.20 M ammonium sulfate

mu a) 4.88 b) 9.94
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21) (8.13) %SQil~‘-dslb~l  pH ~os~la~~a7u~a~iuu~7~n7%wwu  20.00 REl.%BJ.  “u0.1

0.1200 F ?lTWiT18%%~fl  (salicylic acid) n”prW?Sh!k

a ) 20.00 %J.TQJ.YO&

b) 20.00 REl.%U.“UOS  0.0500 F NaOH

c) 30.00 61lJ.%%J.%'99  0.0800 F NaOH

d ) 20.00 ‘EJE1.TQJ.llO9  0.2000 F NaOH

e) 19.00 W.hdU.liO9  0.1200 F NaOH

fj 14.00 REl.%BJ.“UOS  0.1000 F Sodium salicylate

g) 20.00 61lJ.~XJ.llO.S  0.5 F HCl

mml a) 2.13 e) 4.25

b) 2.83 f) 2.74

c) 7.8'3 g) 0.60

d) 12.60



llO9 1.00 N NH40H

e)Wl9a-I-a7UddT~nEl&~fJ  48 ~a&.Jaamn~mlw7~niTu  56 ~a&-hvm

FWaawaa~uu~~basa~,uwlsws~ @lFllJ b)5.06

24) mnT6wtkk  23 P9~lua61a~l~~a~oi~l~l~~  (p)~osal~atalubldar~Qw%Pan7s

ahmsn~afi mOEl  b) 0.0118

25) &1ebarw41  pH m9m~a:a7wmd~$d~

a) 0.50 M propionic acid n”El 0.50 M sodium propionate (NaC3H502)

b) 0.010 M sodium benzoate n”pr  0.0150 M benzoic acid

c) 0.15 M disodium hydrogen phosphate (Na2HP04)  n’LI 0.25 M sodium dihydrogen

phosphate (NaH2P04)

d) 0.22 M Na2HP04  fkl 0.18 M Na3P04

e) 0.25 M NH40H  n’El 0.050 M NH4CI

9lOl-I  b) 4.02

27) (6.15) wGinaam  PH uos~?%acalu~~~~~~~~~~~

a) 0.0405 F NH3 bbat 0.0216 F (NH4)2S04

b) 0.0176 F phenol LLG)t  0.0254 F sodium phenolate

c) 1.00 F trichloroacetic acid LbaZ 0.500 F sodium trichloroacetate

d) 0.164 F ethylamine LbRt  0.272 F ethylamine hydrochloride

@lOXi 10.16

ao¶J 0.79

mml 10.41

28) (8.16) P9~lPdabMP9lfllsbnl~erPabaPlasvo9  pH %%dbh?iU  50.00 WE1.%U."u~~

0.2000 FNaOH  a-J?Pa 50.00 a¶J.Tlu.lIOJ~~Seio"bpla

a) 0.0400 F HN02 @laEl 0.95

b) 0.0400 F NaN02  LLRZ 0.0400 F HN02

WOEl 0.48
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b)  0.0300 F NaH,AsO,  bb6lt  0.0500 F Na,hAsO,

c) 0.0600 F Na,Cq  ~~fq: 0.0300  F NaXO,

d) 0.0400 F H,PO, LLW:  0.0200 F NaH,PO,

e) 0.0500 F NaHSO, LLRZ  0.0400 F Na,SO,



a) 0.0525 M NaHC,Hq05  (sodium hydrogen malate)

bk 0.074 M NaH2P0,

c) 0.100 M Na,HP04

d) 0.1250 M Na,H,C,,H,,O,N,  (disodium  salt EDTA!

WaJ a) 4.23

38) 'Tl@hU~t%Ml pH “1109 0.250 M NaHC03 malJ 0.34

39) 5l.YFhUa%UMl  pH ltO9  0.600 M NaHS

40) ~96;lU~bUHl pH “UW 0.600 M Na2S ma¶J 13.74

41) ~-3dluaslbMl  pH WI9  0.500 M Na3POq
Y

42) (8.19) 'WhU'-dtU  pH lENi=fl%tK3lU6~~d~  &¶t%&.A  = 0.0600 F

a) hydrogen sulfide

b) sulfuric acid

c) ethylene diamine

d) sodium sulfide

FlOpI  4.61

aaJ 1.21

~OIJ 11.35

aOEl 12.74

43) (8.20) hKEi4 pH lJfliWIl3XX3l&hJ7k  0.0400 F &!ti$

a) sodium hydrogen sulfide

b) sodium hydrogen oxalate

c) sodium hydrogen sulfite

m)o¶J 9.92

wf.lJpI  2.95

QlDEl 4.56

'Flk3lJ  8.39d) ethylene diamine hydrochloride (NH C H
224 NH3CI)

44) hU~~'&h  pKa llO9  H3P04  d&isQ

PK%=  2.12, pKa = 7-u , PI< = 12.32
2 '33

W&IKI~~  pH F;iOrE(~~~F175a~a7U9t~R~bjj~aR  H3P04,  H2PO;,  HPO;,  PO4’

amAp
a) 12.32 b) 15.0 c) 7.21 d) 10.0 e) 4.0
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