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1) WATUIURY pH ﬂﬂﬁﬁ'ﬁﬂ:ﬂ’wﬂﬂﬂﬂﬁd‘]'UENﬂ’HVlYImTVI 25.00 RU.TY. 183

0.1000 N 189NT@ §78 0.1000 N 709N (Hoidniuseait

(1) 5.00 su.vy.  (2) 12.50 au.u.  (3) 17.50 8U.TY.  (4) 30.00 SU.TU.

a) nyandamuiunlmdonlzasonlad

b) niawuledndusladulansanlaa

o) TmduulelasiowvemnadousImdonlzasenled (AelhAaduleloduy
lalasiauramna)

[y ¥
AABY  (IAWITUD a) HaT b))

- v -] d
a) mmiansandensalxiaouloasenles

4
(1) we@uiug NaOH = 5.00 QU.%U.
25.00%0.1000-5.00x0.1000

Cuar = 25.00+5.00
= 0.067
[H;0] = 0.067
pH = 1.17

4
(2) WoIlRMUg NaOH = 12.50 QU.%U.
25.00x0.1000-12.50x0.1000

Cuet = 25.00+ 1250
= 0.033
.. [H30] = 0033
pH = 148
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4 o
(3) tusiaulyd NaOH = 17.50 au.gu.

Cuci . 25:00x0.1000-17.50x0.1000
25.00+ 17.50
= 0.0176
» [mo] = 00176
pH = 175
4) WolRuia NaOH = 30,00 ALY, éanﬁuqnauqa v NaOH dufu
CnaoH Ay 30.00 x 0;2080;32388 x 0.1000
= 9.0x 107
' [OH] = 9.0x 107?
pOH = 2.05
pH = 14-2.05
= 11.95

b) mminnsanulednmsualvpenlaasenlua

224

C¢H;COOH + NaOH - C,H,COONa + H,O

4 o .
(1) woANYE NaOH 5.00 Q..

25.00x0.1000-5.00x0.1000

Ceycoon = 25.00+ 5.00
= 0.067
5.00 % 0.1000
Camcoons = 5g04500 = %O

© o Y] I'4 ' [y
watlumsazamuiviviesssning ¢H,CooH Au GH,CO0

CsH;COOH + H,0 = C¢H;COO™ + H;0
[CHsCOOT][H;0]
[ C¢HsCOOH]

K, =

0.0167[ H;O
0.067

6.14x 107 % 0.067
0.0167

= 2.46x 10™

6.14x 107° =

[H30]

CH 233 (H)



pH = 361

(2) tﬁmﬁmuﬂ NaOH = 12.50 au.au.
25.00 % 0.1000 — 12.50 X 0.1000

CC.;H,COOH = T
= 0.033
Cc,H,cO0Na = %
= 0.033
(o] = k, [CeHsCOOH]
[CeHsCOO]
= 6.14 x m~s%g%
= 6.14x 107
pH = 421

4 .
(3) eBIua NaOH = 17.50 2uU.9U.
25.00x0.1000-  17.50x0.1000

Ce,n,coon = 25.00+ 1750
= 0.0176
Cercoone - 17.50x0.1000
«Hs a = 2500+ 1750
= 0.0412
| HiO] = K, %—:{%%—?
= 6.14x10‘5g—f)—H%
=2.62 x 10°
pH = 458

4 o 4 a L4 [} ad -
(4) WeIANIUA NaOH = 30.00 aU.%N. FUAUANNYD 1M NaOH duiifiu

30.00x0.1000-25.00x0.1000
25.00+ 30.00

9.0x 107
[OH] = 9.0x 107

NaOH

H

[ ]
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pOH = 2.05

pH = 14-2.05

it

11.95

2) WHUIURY pH s acanse Ui
a) 50 RLLN. 489 0.12 M H,PO, + 60 AU.YA. U84 0.20 M NaOH
b) 50 AU.Y. 289 0.10 M Na,PO, + 50 RU.9y. U84 0.20 M HCI
¢) 3.00 URALUAVEY Na,CO; + 40 AL.FN. 189 H,O+60 AU.TY. 789 0.10M HC
d) 40 AU.TN. V9 0.20 M H,CO; +20 AU.TA. 289 0.80 M NaOH
e) 50.0 ALLTY. U84 0.10 M Na,PO, + 50 RU.TN. U8 0.30 M HCI
f) 40.0 §U,4N. V89 0.10 M NaH,PO, + 50 8U.9%. 789 0.080 M NaOH

Aoy (Inrzde a) uoy b))

a) 50 aU.%Y. Y931 0.12 M H,PO, + 60 a1.44. Y93 0.20 M NaOH

H;PO, + NaOH - NaH,PO, + H,LO ... ... )
NaH,PO, + NaOH — NaHPO, + H,LO ... .. 2

Suuliadiva H,PO, = 50x0.12

= 60 Nadlua
swuiiodlua NaOH MAW = 60x0.20

= 120 {adlua

L) ' -ld 1 ) - o o
naaiudy NaoH adhhili 2 iwes w,po, niley AniwsziAaUATn

' 4
# () war ) swenps lumsazaveliudinds Na,HPO, Faiflndudu

4
U

‘.!

50x0.12

CNaszod = W 0-055 M

ANMTNTUYEY Na, HPO, 9:ifnnnii 3K,, oz %&

3
H0] = VK, K,

= V6.34x 10T x42x 107
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J2.66 x 100

[H;0] = 1.63x 107"
pH = 979

b) 50 aU.94. Y9 0.10 M Na; PO, + 50 QaU.YY, V93 0.20M HCI

Na;PO, + HCl = Na,HPO, + NaCl ... ... 0
Na,HPO, + HCI = NaH,PO, + NaCl .. ... ")

o)

5.0 fiadlua

Tmuiindluaved Na,PO, = 50x0.10
sudladluaved HC = 50x0.20 = 10.0 Hadlua

uaaiufalgiien (1 uwer @ swwauysal lumsazmosziludinde

4 A Yy ¥ o
NaH,PO; HIUANUYUYUAIY

50x0.10
CNampo, = —oo

= 5.0x10-2
-t ' 1 2K
anududuves NaH,PO, sxdlifnnndl 3K, uae e

Ll
Mo = VKK,

VTIIX107%x6.34 x 1078
JA5L x 10°®

2.12x10-5

4.67

pH

3) 50.0 AU, 183 0250 M nIAueFdAn g lmniadu 0250 M lmdnalaasan-
lod WU pH vserrIaza oty NaoH sl
a) 0.00 VL., b) 50  NUSN. ) 25.0 BU.T.
d) 49.0 AU.4. e 500  AU.UW. f) 501 8.V

g) 51.0 .94,
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a) 0.0 aU.¥U.

al ) y 9
ANTATNUWUNTALUDFANIVNUYU  0.250 M.

CH;COOH + H;0 ¥ CH3;COO™ + H30
0.250 = x X X

K. =175 x 107*

xl

= (0250 - x)

x? = 4.38 x 10

X = 2.09x10-3

. [H30] = 2.09x107?

pH = 2.68

b) 5.0 aU.FU.

(50.0 x 0.250) = (5.0 x 0.250)

Fenycoon = )
= 0.204
Fomooons = 20 5><596250)
= 0.023

K. Fenycoon

Fenycoons

_ y-s . 0.204
= 1.75x10 0.003

228
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= 1.55x 107 M

pH = 381

c) 25.0 auL.4u.

(50.0 x 0.250) = {25.0x 0.250)
75.0

Fencoon =

6.25
75.0

(250 x 0.250)
75.0

6.25

75.0
.

Fewy,coon

[HiO] = K

a
Fenycoone

g8 6:25/75.0
6.25/75.0

= 175x 1078

= | 15x%

pH = pK,
= 4.76

d) 49.0 au.wN.

(50.0 x 0.250) - (49.0 x 0.25)

Fenycoon = %

0.25
99

(49.0 x 0.25)
99

12.25
99

Fcn,coom =

Fen,coon

[H;O] = K.

Few,coona
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0.25
s 99
o= __
12.25
99

1.75 x 1

3.57 x 1077

pH = 6.45

e) 50.0 AU.HW.

‘ - J [ 4 8

(iei@dn NaOH 831l 50.0 aw.avw. wod dutlugaauya Anlumsazanoey
Usznevdisindevotladauiodinaifv o1
(50.0 X 0.250)

FC'";COON- = 1000
= 0.125
CH;COO™ + H;0 = CH,;COOH + OH"
0125 -y Y Y
= K
K, = K.
_ { CH;COOH ] [OH- ]
[CHJCOON&]
d 1x107'*

(0.125 -¥) 1.75% 10°%

y} = 0.714x 1071°
y = 0.845x 107°
pOH = 5.07
pH = 14 . 507
= a.93

f) 50.1 AUV.YU.

(50.1 x 0.250) - (50.0 x 0.250)
100.1

FN.OH =

= 25x 1074

[OH-] 25x 1074
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pOH = 3.60
pPH = 14 = 360
= 10.60

g) 51.0 QU.%Y.

(51.0x0.250) - (50%0.250)
101.0

Fryeon =

2.48x 107
[OH-] = 248 x107*
pOH = 261
PH = 14 - 261
= 11.39

4) 40.0 su.y. 189 0.1500 N wanluflealaasenled gniuninnsady 01200 w
HCl 30 Wy pH a8 Tncsudiody Her aald

a) 0.0 V.. b) 10.0 RY.TY. C) 24.0 B9,
d) 49.0 AU.44. e) 50.0 AL.7TA. f) 52.0 ALY,
AAdL

a) 0.0 au.=xwu.

NHi+H;O = \NH: + OH™
0.1500-y Y Y

Ko = 176x10°%= — ¥
(0.1500 = ¥)
y? = 264 x10°¢
y = 128x107?
pOH = 289
pH = 14 - 289

= 11.11

b) 10.0 0.,

(40.0 % 0.1500) - (10.0 x 0.1200)
50.0

Fau, =

CH 233 (H) 231



Fan ot

[OH-]

pOH
pH

) 24.0 QU.FY.

Fwn ot

[OH-]

pH

d) 49.0 nU.%U.

Fwu,

Fvu,ci

232

H

L]

0.096

(10.0x0.1200)
50.0

0.024

Eway

|

Tt

:

»!

1.76%1073.

d

7.04 x 107
4,15

14 = 415
9.85

(40.0x0.1500) - {24.0 % 0.1200)
64.0

0.049

(240 x 0.1200)
64.0

0.045

~s . 0.049
1.76 x 107" x Y

1916 x 107*
4.72

14 « 472
9.28

(40.0x0.1500) - (49.0 x0.1200)

89
1.35x 107

(49.0x0.1200)
89

6.61 x 1072

CH 233 (H)



[ OH- | = 1.76x 107*x

pOH
pH

e) 50.0 VWY,

Fan,

1A A '
HAAIIUNDIAN HCI = 50.0

1.35 x 107
6.61 x 1072

=3.59 x 107

6.44
14-6.44

7.56

(40.0x0.1500) - (50.0% 0.1200)
90.0

0

av.a. szfleyaruyaveInsiniman

n
(.. lumsazawiiNsausinde NH,Cl (i)

Fruci = 30:0x0.1500
‘ 90.0
= (.067
NH:+H,0 = NH;+H30
0.067 - X X X
_ K.
K, = K,
- [NH;][H3O]
[NH{]
x? I x 1074
(0.067 « x) = 1.76x 1073
x? = 038x 1071
X = 062x107%
{HIO] = 062x107*
pH = 521
f) 52.0 QU.9HW.
(52.0x0.1200) = (40.0x0.1500)
Fuer = 970
= 261x107*
[H30} = 261x 107
pH = 258

CH 233 (H)
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o 1 1 3 4 ko ¥ :
5) WM K, veeninseu wie K, veuuadou wndeyanlvdedelilil

234

2) §ITRIAILVBINTABOUMUGATeWER LN 40.0 A.wl. ﬁ'qaauy’a ue
tlfus 30.00 aU.TN. §VIREABISL pH = 4.70

b) pH vasm1Iscaeiiiu 515 Walnniald 300

¢) MIszmwnIATNTU 0.100 N gnlniniadan 0.100 N NaOH ﬁqmugn il pH
Wiy 9.55 _

d) F1IREALNEeu pH 820 (alRuntasdly 220 su.w. udthazltiage
FuYAFBUAUNTA 33.0 AL.TY.

&) pH V0t 1IReadu 1130 folmnTale 20.0%

f) \wrsew MOH grlniniadan HCI figasays [M] = 0500 uszaInz L
pH = 4.00

MavY  (Inmzde a) udz b))
4 . - = = '

a) wommsinmsalaoduuatl 400 aven, whigpauyoned  uaash

4 o

wodnInumsud 40.0 av.an. mslunsaiia

= 100 %

WoduTnumiud 30.0 avan. matnmsaiis = —307’(‘).:)& %
il (A (et = %%Q“ %

o gamhmsinmsatly 200 avan. sxdnsamde - 100—% %
HAAINT [HA] IMAD = %1%9 %

4 C Y
onIAtauag UM Iz AIUVEIU
HA + H,0 = H0 + A-

[H30][A]

o= [HA]

4
we'lnmsallld 300 av.eu. msazarsdl pH = 4.70
[H;0] = 2.0x107

2.0x 10-y 37%0—)

=)

CH 233 (H)



= 2.0x107%x3

= 6.0x 107
b) pH = 5.15
[H;0] = 7.08x10°

4 .
wensagougn Inmsall1d 300

1’4

A1 3 NaA  (Reuu = 30%
HA  MAe = 70%
H0|[ A
K, = | H;0][A7]
|HA]
o 30
= 7. bx =
08 10°x =
=3.03 x |0

6) milnnsadaluil 3si I pH vasTaza B linsalyld o, 10, 50, 90,
95, 99, 100, 101, 105 waz 110 Wasifud uazgaeaswWaoIn1s ninsalay
MINBBRIZRINY pH Nuidasifudvasinunsudndy

msaxmﬂﬁqn"lnmm Tnumsued
a) 50.0 AU.TX. 984 0.0100 N HCI 00100 N NaOH
b) 500 AU.TY. UBJ 0001000 N HCI 000100 N NaOH
c) 40.0 AL.TX. 483 0.0500 N NaOH 00500 N H,S0,
d) 1000 AL.TA. VDY 00100 N NaOH 0100 N HCI
e) 50.0 AU.T4. 184 0.200 N HC, H;0, 0200 N NaOH
f) 50.0 ALLTN. U 0.0200 N HC;H,0, 00200 N NaOH
g) 200 8U.TN. VAI 00250 N NH,OH(NH;) 0.250 N HCI
h) 500 BU.WA. Y84 0500 N NH,OH 0.500 N HClI
i) 100 8U.N. V84 0100 N HBO, 0200 N NaOH
i) 400 AL.TY. 89 0100 N KCN 0.100N HCI
K) 400 ALLTA. 89 00200 N C,H;NH;Cl 00200 N NaOH
) 500 RLLTA. 189 0200 N NaBO, 0.400 N HCI

CH 233 (H) 235
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Aoy
a) 50.0 AU.HU. YO 0.0100 N HCl qn'1mmnﬁ'w 0.0100 N NaOH

HCl+NaOH — NaCl+H,0

e Inunsud
0.0100 N NaOH pH
(cm®)

0% = 0 |[HO) = 0.0100N pH = 20
1% = 50 |[H0] = so.oxo;ons; SOX001 oo o oH = 200
0%, 25.0 [H‘;O] = SO.OXO.OIT—S2S.0X0.01 - 3.33)(‘0-3 pH 2.48
%% = &5 |[HO] = 5o.o><o.mg-s4s.0xo.01 - 526 10 oH = 3.28
95% = 475 [(HiO} = ’°-°"°-°'97' :’-5"0-‘" = 2.56x10°* pH = 3.59
9% = 49.5 |[H}O} = 5°-°"°-°;; ;‘9-5"0-0' = 5.02x10° pH = 4.30
100% = 50.0 M eqpL[H}O] = [OH | = 1x107 pH = 7.00
101% = 50.5 [{OH ] = 50-5"0-0"0(‘)’;"--0"“-0' = 4.97x10°* pOH = 430, pH = 9.70
1089 = 52.5 |[OH | = ’2-”‘0'0]‘0; §°-°>‘°'°' = 244x10* pOH = 3.6/, pH = 10.39
110% = $5.0 {[OH ] = ’5-0"0-01'0; 3‘“’"0-0‘ = 476x10°* pOH = 332, pH = 10.68

12}
pH 111

104
91
8 4
7
6«
s-
4
3
21
11

Tnimssunesv a)

0100 40 60 8 100

120

% "INunsua

CH 233 (H)



b) 50.0 AU.TN. Y 0.00100 N HCI gnlnnInAIY 0.00100 N NaOH

HCl + NaOH — NaCl + H,0

Guanimsudg
0.00100 N NaOH pH
(cm?)
0% = 0 HO ] = 0.001 = =107 pH = 30
0m - 50 |0 - 50.0x0.00|5; SOX0.001 | g e ot SH - 3.09
.

S0% = 25.0 [HiO] = 50'0"0'0017‘525‘0"0"‘0' = 333x107 pH = 3.48
0% = 250 | 0] - so.Oxo‘ooxg-SJ,s.oxo.om - S26x 107 PH - 428
9s% = 47.5 [H3Q] = 50'0"0""’;{5‘7-5"0‘0‘“ = 2.56%10°° pH = 4.59
9% - 49.5 |HO] = 50-0"&"”;‘;;9-5“0-00‘ = 5.02510° pH - 5.30
100% = 50.0 f;eqpn.[H;ol = [OH 1] = 1xi07’ pH 7.00
101% = $0.5 JOH | = 5"-5""-00’1)&550“”‘“00‘ = 4.97x10°% pOH = $.30, pH = 8.70
105% = 52.5 [OH | = 525‘"-°%5§°-°"°~°°' = 2.44x10°% pON = 461 pH = 9.39
110% = 550 [OH | = 55'0"0"’0'];(;0‘“"0"’0' = 476x10° pOH = 432, pH = 9.68

Tnimsfunedd b)

pH

CH 233 (H)

12 1

i1+

10

91

8 1

74

I
t

1 1
T

i

>

0

1020 40 60 80

100 120

% Tnunsud

237



¢) 40.00 AV.FU. Y8Q 0.0500 N NaOH gn1nimsanIe 0.0500 N H,S0,

2NaOH + H,S0,

—»

Na, SO, + 2H,0

Psnalnumsuanld Inmsanedgaauyaniiny 40.00 av.au.

Wuna'numsud
0.0500 N H,SO, oH
(cm?)
ov = 0 [OH | = 0.0500M pOH = 130, pH = 12.70
0% = 4 |[OH ] ‘loi’ig%d‘—‘“’ﬁ% - 41x107% pOH = 1.39, pH = 12.61
0% = 20 |[OH | ‘“’-0)‘“‘056(; 20x0.05 | | 47107 pOH = 178, pH = 1222
90U - 36 ([OH ) "'0'0"0-957; 36x005 3 63x1077 pOH = 2.58, pH = 1142
95% - 38 |[OH | 40-“""-“_/; IBx0.05 . 8% 107 pOH = 289, pH = 11.1]
9% = 39.6 [[OH | “0")’(0-05_’;29'6"0‘05 = 2.51x107* pOH = 3.60. pH = 10.40
-I - ] - X
100% = 40.0 “Qﬂﬂuuﬁﬂzlﬂlﬂ Na,;SO, INAYUY = 0.025 N
= 0.0125M

SOL+H, 0= HSO:+OH"

Ko

K, =
b K.

[HSOZ ] [OH™ ]

[SO%]

[OH™]
pOH
pH

1 %107

1.2%107?

8.3x10™"?

8.3x107"?

( [OH™ ]

0.0125 - [OH"

1.02x1077
6.99
7.01

7)

238
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101% = 404 | [H,S0,] = 30:4x0.05-40.0x0.05 _ , 49,9+ N

80.4
= 1.24x107* M
40.0x0.05 _ 1 -2
= Tee R = 1. 1
{ Na,S0, ] 80,3 x2 1.24x 107 M
- v b
[H30 ] NUNNAUANAIAITUIIA = 1.24x 1074

HSO%+H,0 = H30 + S0}

X X
k., = LH01(503]
“ = T [HSO:1)
[HSOY] = 1.24x10™*-x
[H30] = 1.24x10™%+x
[SOI] = 1.24x107 +x
C12x107? = (1.24X107+x) (1.24x1072+ %)
o (1.24% 107~ x)
x = 2.0x107®

v
(H30 ] AMUA = 1.24x107*+2.0x 10

= 1.26x107*
pH = 3.9
10S% = 42 | {HiSO.] = 42.0xo.05£240.0><0.05 122%10°* N
= 6.1x107* M
[ Na,SO.] = 5&_0;2_0@% = 1.22x102 M
{H30] mnmstmnw"quum = 6.1x107* M
HSOZ+H;O=—‘HX;O+S’((): K., = [—P%%?—](E
[HSO 4] = 6.1x107*-x . 1.2x107* = (6"“0(—64‘731(()'_'.2?):;0“1“)
[H30] = 6.1x107*+x
[SO3] = 1.22x107%+x x = 4.95x107¢
[ H30] #QM!JG\ = 6.1%107%+495x10°°
= 6.15x107*
pH = 3.21

CH 233 (H) 239



110% = 44 | [HaS0.] = #:0x0.05-400%0.05 _ ;38550 N

84
= 1.19%107* M
[Na;SO.] = 30:0x0.05 1 = LI9X107* M
34 2 ‘
P ™
{H$O0 ] NINNMSUANAIATULIN = L1I9x107P M
- - [ H3O0 ] [ SO%)
HSOG+H,0 = H0+SO K, = 1154l
+HA0 = Hi0+504 : [ HSO3]
[HSOI) = 1.19x 1077 - x -2
(HIO] = L19xi0sx  1.2x107F = (1.19x 1072 +x) (1.19x 107 +x)
' S 1.19% 107 -
[SO%] = 1.19x 1072 +x ( x)

x = 1.08x107?
A
[H30 ] YIMUA = [.19x1073+1.08x 107

= 227x10°
pH = 2.64

Tnmstwnein o)

131

12,

1]

104

9]

81-

pH 74+ +

61

51

4t

3

24

1

0] 1020 40 60 B0 100 120 140 Inunsud H,S0,

240 CH 233 (H)



d) 100 QU.%N. Y94 0.0100 N NaOH gn'lninsadiu 0.100 N HCI

e lmmsud
0.100 N HCl o
{cm®)
0% = 0 [OH } = 001 N = Ix100? pOH = 2 , pH 12
0% = 10 |[OH ] = lOOxO;OI(i)gl-IXO.lO() - 8.9Ix107 pOH = 205, pH = 11.95
0% = S0 |[OH ] = '00"0-0‘%;5"0-’00 = 4.76x10°° pOH = 2.32, pH = 11,68
90m = 90 |{OH ] = '00"0'0'?(';9‘9”0-’“’ = 9.17x10* pOH = 304, pH = 10.9
95 = 9.5 ||OH | = "’0"0-0'(}009';’-5"0-'00 = 4.57x107° pOH = 3.34, pH = 10.66
9% = 99 |[OH | = "‘0"0-0‘0‘%;3-9"0-'00 = 9.09x10°5 pOH = 4.04, pH = 9.96
100% = 100][H{O) = [OH | = Ix1077, pH =7 (Ryamrayn)
101% = 101 | [H,O] = ‘°-'x°-‘°?l'01:)°"°-'°°° = 9.08x10° pH = 4.04
105% = 10.5) [H30] = ""5"°~‘°‘l’i‘o]5°°"°‘°‘°° = 4.52x107 pH = 3.34
110% = 110] [H3O] = "-""0""01;1'00"0-0‘00 = 9.01x107* pH = 3.05
a’ I's
Tninsvuneid q)
14
131
lZ*-—@——_\@
11
10+
q 4+
8 o
.
6 P
5
4 3
31
21 —
1
t T T + + $ —+ ll [d
0 20 4 & 80 100 120 140 % ININITUR HCI
CH 233 (H)
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e) 50.0 AL.WY. Y8 0.200 N HC,H;0, gn'lminsadan 0.200 N NaOH

Ysuainunsud
|
0.200 N NaOH o
{em®)
0% = 0 |[HC,H:O:! = 0200 N
HC,H30;+ H,0 = HI0 +CH303; K, = 1.75x107*
0.200 - x X X )
1.75x107° = e
{0.200 - x)
x = 1.87x107°
pH = 2.73
10% = 5 | [HCH;0:] = 50-0"0'20‘5’5‘5’“-200 ~ 0.1636 N
[CiH,O:Na | = 21%0—0 ~ 0.01818 N
K - [H;O ] F[ CH30Na )
¢ F[HC;HJOZ}
. s 0.1636
HIO] = 1.7 5, 0.1636
PHIO T = 1755107 < 5 6is1s
= 1.57x10™*
pH = 3.80
50% = 25 | [HCH0:] = SO-OXO-MZ,; 2520200 _ 671072
[CHONa] = _25-—0’:;-59:399 = 6.67x107
-2
[H30] = 1.75x1075xSIx10 -y 95,197
6.67x 10
pH = pK. = 4.76
90% = 45 | [HOH .0, ) 5”-“0'20%; 45x0.200 | g5x 1072
[CHONa} = @ng(;_zoo_ = 9.47x107

CH 233 (H)




-2
[HI0] = 1.75x1075x LOX10—_ y g450107¢
9.47 x 10
pH = 571
95% = 47.5 | [HC;H,0;] = 5°'°X°-2°‘;7‘;‘7'5’<°‘2°° - 5.13x107
[C,H:0:Na] = ﬁ—59’<7—°5-39-9 = 9.74% 107
-3
[HIO] = 1.75x1073x 2 32X10 9321077
9.74% 10
pH = 6.04
99% — 49.5 | [HCH,01] = 50.0)(0.20(;9-:9.5x0.200  lox107
[C;H:0:Na] = ﬁigl‘g%-@ - 9.95x107
-a
(HIO] = 1.75><10'5><§1—-;)—55-%’F = 176107
. X
pH = 6.75
100% = 50.0[[C;H;0;Na] = Moﬁ.gi@
~ 0.100
CH;03+ H0 = HC;H,0,+ OH-
0.1 -x X X
« _ Ko _ [OH'][HCH0.)
* T K [ C:H303]
1107 _ x*
1.75x107° 0.100 - x)
x = 7.56x107°
pOH = §5.12
pH = 8.88
101% = 50.5|[OH"] = 303x0200230.0x0.20 _ 9951074

CH 233 (H) 243
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POH = 3.00
DH = 11.00

105% = $52.

5

[OH") = 52.5 x0.200 - 50.0x0.200

-3
1035 4.88x 10

POH = 231, pH = 11.69

110%

[OH™] = 35.0x0.200 - 50.0 x 0.200

- -3
105 9.52% 10

11.98

Ll

pOH = 2.02,pH

pH

Tnmsduinoiv ¢)
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f) 50.0 AU.N. YO 0.0200 N HCH;0, gnlnimsadiu 0.0200 N NaOH

Wi nunsud
|
0.0200 N NaOH pH
(cm?)
0% = 0 |[HCH;0:] = 0.0200 N
HC,;H3s0:+H:0 = HO+CH30; K. = 1L75x107°
0.0200 - x X
2
17151078 = —2
(0.0200 - x)
x = 5.92x107*
pH = 3.23
[C:H3sONa]) = 5"5"5"’2 = 1.818x10° N
-2
[HIO} = l.75x10"x~:—'%:;:—x% = 1.57x10™*
. x
pH = 3.80
50% = 25 pH = pK.
= 4.76
9% = 45 [HCZ}[JOZI = 50.0X0.02w9—545.0)<0.02m - l'osxio-l
[C:HO:Na] = QZTODQ = 9.47x107?
[HO] = l.75x10”x;‘—?’-§%%_—: = 1.94x107
pH = 5.71

CH233 (H)
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95(;70 — 47“5 [HC)HJOz} — 500)(0.020(9)‘7—547.5X002m —_ 5.]3}(10-4
| [ CoH0.Na | = 5_7-_5_9%9;‘12_02 9.74% 107
-4
[HIO] = 1.75x10“5><u———_;-_1"3‘x:g“3' 9.22% 10”7
. x
pH 6.04
99% = 49.5| [HCHO,]| = 50.0x0.026%9—:9.5><0.0200 1.0x107
[CH,0.Na] 19%)5—@9 9.95x 107
[H0] = 1.75><10‘5x-——+91~9‘;" 11?)13 1.76 x 1077
. X
pH 6.75
100% = 50.0|[ C,H,0,Na] = _5999{%93@ 0.0100
1% 107" 2 _ .
L5107~ G000 5 ¢ X = (O] = 2.39x10°¢
pOH = 5.62
pH = 8.38
1010/0 — 50‘5 [OH-—] - 50.5 )(0.020?0{‘) .;0.0X0,0ZOO 9.95)( 10"5
pOH 4.00
pH 10.00
pOH = 3.31
pH 10.69
0% = 55 |{OH"| - 55.0><0.0200](-)550.0><0.0200 9 52 10~
pOH = 3.02
pH = 1098

CH 233 (H)



Tnmssuneid 1)

l

S -0 ®w =+
4 +

pH

U BV OV - SR B R )

20 40 6 80 100 120 140 g Twunsud NaOH

¢) 200 QU.¥N. Y9I 0.0250 N NH,OH(NH,) gnlnmmnsadiu 0.250 N HCI

Wuna'lnunsud
0.250 N HCI pH
(cm’)
0% = 0 | NH;+H;0 == NH,+OH" K, = 1.76x107*
0.025 - y y y
1
1.76x10°% = — ¥ y = 6.63x107
(0.025 - y)
pOH = 3.18
pH = 10.82

2.22x107?

2.0x0.250
NH3 = LMoL
[ al 303

CH 233 (H) 247



= 247x107?
-3
176X 107 = [OH]x247x107 . -1 = -4
| ] 222x10% * [OH'] 1.58 x 10
pOH = 3.80
pH = 10.20
{ 4 - ¥
50% = 10.0] MyARINANVEINTIAAINGTA [ NH,) = [NH:)
* [OH ] = K, pOH = 4.75
= 1.76x10°® pH = 9.25
’ 218 ’
. 18.0 X 0.250 -2
= 18.0x0.250 = 2.06x1
{NH$) T 2.06% 10
-3
[OH™] = 1.76x107x2BXI0 4 o, jg-s
2.06x 10
pOH = 5.7
pH = 8.29
9% = 190/(NH,] = 20X005-19.0x0250 _ ) 1450
[NH;] = 19:0x0.250 = 2.17x107?
219
-3
[OH'] = 176x107x LL4XI0 g 5¢, 1o7
2.17x 10
pOH = 6.03
pH = 7.97
”qo - 19.8 [NHa] = 2mx0.0250-l9.8)<0.250 - 227)(]0-‘
_ 219.8 :
NH’ = 19.8)(0.250 = . -2
{ NH3) S35 2.25% 10
-4
OH™] = 1.76x10"5%2:2I1X107% o0 107
[ ] 2.25x1072
248
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pOH = 6.75
pH = 7.25
N vy _ 20.0%x0.250
100% = 20.0 [NHi) = 55
= 227x107?
NH3+H;0 #* NH3+H30
227x102-x X X
K = K _ 1xi0™
: Ko 1.76 x 1073
= 5.68x10°'°
2
5.68x107° = — X
(2.27%x1072 - x)
x = [HYO] = 3.59x10°°
pH = 544
0% = 202|[HC) = 20.2%0.250 - 200 x 0.025 - 227% 10"
220.2
[H30) = 2.27x107*
pH = 3.64
pH = 295
100 = 22.0|[HCI] = 22.0x0.25(;2—2200x0.025 - 2.25%107?
pH = 2.65

CH 233 (H)
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TnmsFunein g)

pH

— N W Bk N ) 00 O
-
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]

20 40 60

80 100 120

140

Y o
% 1NUNTUA HCI

h) 50.0 au.au. 184 0.500 N NH,OH gn'lninsaaiv 0.500 N HCL

Wsana'lnunsud
0.500 N HCI pH
(cm?)
0% = 0 |NH;OH+H,0 == NHJOH +OH" Ky = 1.07x10°®
0.50 - y y y :
(0—5{57;) = 1.07x10"® pOH = 4.14
y = 7.31x10°* pH = 9.86
10% = 5 |{NH,0OH] = 0-50(’"505‘5‘0-500"5 - 0409 N
[NHIOH] = 9%‘_2 = 455x10% N
-2 A
1.07x10° = [OH‘]%Q— pOH = 7.02
[OH ) = 962x10°® pH = 6.98

250
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50% = 25 |[NH,OH] = [NH$OH] [OH"] = K, = 1.07x10°®
pOH = 7.97
pH = 6.03
9% = 45 |[NH;OH] = 0‘500"509'50'500"45 = 2.63x107* N
[NHOH | = &5_(13_55& = 0.236 N
1.07x10°® = [OH™ ) —2238 _ (ol = 119x10™
2.63x10
pOH = 8.92
pH = 5.08
95% = 47.5|[NH;OH] = 0'500"509'_’“5'5"0"47'5 = 1.28x107 N
[NHIOH] = 47.5x0.500 = 0.244 N
97.5
s . [OH ][0.244] i i}
1.07x10 = [OH 110.244] -5 1o
T [OH"] = 5.61x10
pOH = 9.25
99% = 49.5|[NH,OH] = °-5°°>‘5°9“9°5'5°°>‘49'5 = 2.51x10? N
(NHIOH | = 0:500x49.5 - 0249 N
99.5
) OH" ] 0.249 i
1.07x 107 = 1[OH 10.249 - 10
T [OH] = 1.08x10
pOH = 9.97
pH = 4.03
100% = S0.0|[NHIOH] = 9% = 0025 N
' -14
o NHIOH +H,0 = NH;,0H+H!0 K, = -E'-“ = T%Lm"‘
ro 0.025 - x % x s e
LS ]
AW )
=
[mad
o }
=»_
= CH 233 (H) 251
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‘ k3
9.35x1077 = —X = 9.35%10"7
(0.025 - x)
x = 1.83%x10™* pH = 3.82
0.500 % 0.5 -2
101% = $50.5{ [HCl}) = 9:300x0.3 = 2.49% 10
’ (HCL) 100.5
pH = 2.60
- = O.SmXZ.S = -2
s = s52.5| [HCl] = L500x2.3 1.22% 10
pH = 191
1o% = 5 |[HCl) = 9'-570&& = 2.38x10°2
pH = 1.62
Tnimsdunes n)
14
13¢
12
TR
10 |
pH 9
8
7
6
5
4
3
2
|+
O] 20 40 60 8 100 120 140 lnunsus HCI

20
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) 100 AU.BY. Y03 0.100 N HBO; gn'lnininde 0.200 N NaOH

USina'lnunsud
0.200 N NaOH pH
(cm®)
0% = 0 |HBO;+H,0 = H30+BO; K. = 5.83x107%°
0.100 - x X X
xZ
5.83x 107" = NI x = 7.64x107°
B -X
pH = S.12
10% = 5 [HBO;] = 0'100’“0?0"50-200"5 = 8.57x10?
(BO3] = %‘i = 9.52x 107
_ 9.52x 107*
5.83x107"° = [HIO }x==222
[H:0) 8.57x 1072
[HIO] = 5.25x107°
pH = B8.28
0% = 25 [[HBO;] = [BO;] ~ [HIO] = 5.83x107'°
= Ka
pH = 9.23
%% = 45 |[HBO,] = 2100x100-0.300x45 = 6.9%107
[BO3) = 200X43 - 6.2x107?
ST
[H}O] = 5.83><10'"’><f’5-—925‘——-—‘1‘(’r2 = 6.49%107"
LXK
pH = 10.19
95t = 47.5 |[HBO,] = LMOXIN-DHOXALS - 545107

CH 233 (H) _ 253



[BO3] = 0—-—'20&;“;7'5 = 6.4x107?
-3
[HiO] = 5.83x10"°x%‘%’)‘(—‘l%_—1 = 3.10x107"
pH = 10.51
(BO3] = ‘LZ%%;_?’-.S_ = 6.6x102
K = K _ a0
® K. 5.83x% 107
= 1.72%x10°%
_ ¥(6.7x107%+y)
(6.6x 1072 - y)
y = [OH™] = 7.75x10°*
pOH = 3.1
pH = 10.89
100% = 50 |[BO3] = 0—-”%2—")9 = 6.67x 107
BO3+H,0 = HBO,+OH- K, ~ Ke _ _1x107™*
K. 583x10°'0
6.67x1072 -y y y .
- L72%10°
2
172x107% = ——X
(6.67x 1077 y)
y = 1.06x107?
pOH = 2.97
pH = 1[1.03
101% = 50.5|[NaOH ] = 9;2_;'%’;5 = 6.64x10™
[BO3] = 6.64x 102

254 ‘ CH233(H)



172x10 = QrOEXIY g0
6.64x1077-3)
5 [OH"] = (6.64+7.81)10™* ; pOH = 2.84
pH = 1L.16
B _ 0.200x2.5 _ _3
105% = 52.5[NaOH] = 220X23 3.3 10
pOH = 2.48
pH = 11.52
110% = 55 |[{NaOH] = 0—-2%’5—5 = 645x107%
pOH = 2.18
pH = 11.82
Tnmstnein i)
14 -
13
12 «
1
10
pPH 9
8
7
6
5
4
3
2
1

0 20 40 60 80 100 1§20 140 % lNUNSUH NaOH
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) 40.0 DUV, Y82 0.100 N KCN gnlnmsndlu 0.100 N HCl

Wnalnunsud
0.100 N HCI pH
(em?)
0% = 0 [CN"+H,O = HCN+OH- K, = K» . 1x107*
| T K. 2.1x10°
0.100 -y y y
4.76%10°¢ = (o_m}%_ﬁ = 4.76x10°
y = [OH"] pOH = 3.16
= 6.90x10™4 pH = 10.84
0% = 4 | [CNT) = H0XL-9x0] = 8.18x10
[HCN] = 4’:2-’ = 9.1x10"
-3
[H30] = 2"“0-9"% = 2.34x1071°
pH = 9.63
504 = 20 [[HCN] = [CN7] K. = 2.1x10°?
= [H30]
pH = 8.68
90% = 36 | [CN"] = 4""0-‘_"635"0-' = 526x10° M
[HCN] = .36__”537_‘ = 4.74x102 M
-2
[HIO] = 2.1x10'°x‘-;-—;%ﬁx-‘i%-_-3 = 1.89%x10°*
pH = .72
95% = 38 | [CN-] = 40xO.1-38x0.1 = 2.56x107° M

78

256
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’ _ 38x0.1
[HCN] = == = 4.87x107?
ue _ —a_4.87%1072
[ 0} 2.1x10 x_2.5—6;—]6;—3 = 3.99)(10-8
pH = 7.40
99070 = 39.6 - = 40)(0.1—39.6)(0.1
[CN7] Y = 5.02x10™*
_39.6x0.1
[HCN] = Y = 497x107?
H - inee L 4.97 %1071 _
[H30 ] 2.1x10 Xm = 2.08)(10-1
pH = 6.68
100% = 40.0| [HCN} = &4
5 = 0.05
2. . X
1% 10 005D x = [H¥I0] = 1.02x107°
pH = 4.99
10107“ = 40.4 = 0.4x0.1
{HC1] 504 = 4.98x107*
pH = 3.30
105% = 42 = 2x0.1
{ HCl} 5 = 2.43%x107°
pH = 2.6l
110% = 44 - 4x0.1
[HCl] = =g = 4.76x107?
pH = 2.32
CH 233 (H)
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Tnmssunedv j)

0O 20 40 60 8 100 120 140 % Inunsus HCl

k) 40.0 QU.BU. Y91 0.0200 N C,H,NH,Cl 90 lnmInde 0.0200 N NaOH

USuna'lnunsud
0.0200 N NaOH pH
(cm?)
—-14
0% = 0 |CeHsNH3 == CgHyNH,+H30 K, = ]—'é-? = ﬁ‘i"__l_ﬁ
0.0200 - x X X 5 94 x 10
2
254x107% = X = 2.54x107°
(0.0200 - x)
x = T.12x107* pH = 3.15
10% = 4 |[CeHNH3| = Mxo.gi-o.ozm = 1.64x10°2
[CeHsNH; | = 9-:0_::_4 = 1.82%107

258 CH 233 (H)



- 1.82x107* . -
2.54x107% = [HIO | x=—===—_ H = 2.29%x10
X [H30] T 64 x 102 [H30]
pH = 3.64
S0% = 20 |[CeHsNH3] = [CsHsNH2])
pH = 4.60
[HIO] = 2.54x107%
0% = 36 [CsHsNH;] - 40)(0.02-;60.02)(36 = 1.05%x1073
[CeHsNH,) = @?I—;”—Q = 9.47x1073
-3
HIO] = 2.54x10"5x 10310 = 2.82x107
[H30] 9.47x107°
pH = 5.55
95% = 38 |[CeHsNH3}] = 40"0'027"80'02"38‘ = 5.13%x107
[CHNH,;) = 202x38 = 9.74% 107
-4
HIO) = 2.54x 10" 3x3:13%107 = 1.34x107¢
[H30] 9.74% 107
pH = 5.87
99T = 39.6|[ CHNH3] = wxo.oz;goéozxns - 1.00x10°
[CﬁHsNHz] = 0.02)(39.6 = 9.95X’0_J
| 79.6
. -5 1.00%10"* -1
H = 2.54%x 107 3x0 X0 _ = 2.55x10
{HO] 9.95% 10
pH = 6.59
100% = 40 |[CeHsNH;] = 0-0%__'_3__40 = 0.01
CeHsNH, + H0 = CeHNH$+OH"™ Ky, = 3.94x10°'°
0.01 -y y y
2
3.94%x10™° = X y = [OH ] = 1.98x10™*
.01 - y)
pOH = 5.70
CH 233 (H)
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pH = 8.30
101% = 40.4|[NaOH) = °-—°:.ﬁ9£ = 9.95=10""

pOH = 4.00

PH = 10.00
105% = 42 [[NaOH] = °-°:2"2 = 4.88x10"*

pOH = 3.31

pH = 10.69
110% = 44 |[NaOH] = 2024 = 9.5x10™

pOH = 3.02

pH = 10.98

pH

260

TnmsFunoiv k)
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[) 50.0 .. Y83 0.200 N NaBO, gn'nmsaday 0.400 N HCI

B lnunsud
0.400 N HCl pH
(cm®)
-14
0% = 0 |BO3+H;0 = HBO;+OH" - Ko 1x1070
K. 5.83x 107
2
1.72x10—5 = m = 1.72)(10—5
y = [OH"] pOH = 2.72
- 1.85x 107 pH = 11.28
10% = 2.5 | [BO3] = 50"0-522'52-5x°-4 = 0.171 M
{HBO;] = —25—33‘50—'4 = 19%107 M
. \ - !
Ky = [OH ]x12X10° _ 72107
0.171
[OH"] = 1.55x10™*
pOH = 3.8
pH = 10.19
50% = 12.5| [BO3] = [HBO;]
[OH™] K, pOH = 4.76
1.72% 1073 pH = 9.24
9% = 22.5| [BO3] = 50"0-22‘2’;0-4"22-5 = 1.38x 1072
[HBO;] = 9—'.?7"5%2'—5 - 0124
-2
[OR"] = 1.72x10‘5xl'3g+213 = 1.91x10°®
pOH = 5.72
pH = 8.28
CH 233 (H) 261



95% = 23.75 {BQ3} 5°X°-2°°7‘3°_}‘5‘0°’<23-75 = 6.78x10™°
[ HBO, | Wﬂ;;%f’—i = 0.129
[OH"] = 1.72x107%x 8:78x107 = 9.04x107
0.129 JOH = 6.04
pH = 7.96
9% = 2475 (B0} = 0X0200-0.800x24.73 = 1.34x107
[ HBO; | 0.40;):7254,75 = 0.132
. s 1.34x 107 -
H 2% 1073x 134 x 1077 = L75x1
[OH™) = 1723107 L34xKS 1.75% 10
pOH = 6.76
pH = 7.24
100% = 25.0 | HBO;] 5’-5%@ = 0.133
K, 5.83x 1071 N
_x
©.133 - %)
X [H30]
8,80 x 10~
rH 5.06
101% = 25.25| [HCl] szf;‘-_gé@ = 1.33x1073
pH = 2.88
105% = 26.25 [HCI] 9&%’;5‘& = 6.56x107°
pH = 2.18
0% = 27.5| [HCI] = 9:‘?}’%’;2-_5 = 1.29x107?
pH = 1.89

282
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Tnmstuneid 1)

12 1

4 L

0 20 40 60 80 100 120 140 %% Inmumsud HCl

7) RVINTAWMENLEY HC U CH,COOH 37u7% 25 Au.my. gniwninimiady
0.10 N NaOH \ésil |
§U.T. 89 NaOH Lén : 11.35 20.00 32.00 40.00
pH URIRTIRZANY 2.0 4.27 5.50 11.88
AUITMIANTNTULEY HCI URE HC,H,0, lusr1acomsui

Ao
pH 2.0 [HIO] = 1x107?
pH 4.27 [H3O] = 5.37x10°
pH 5.50 [H3O] = 3.16x107¢
pH 11.88 [H3O0] = 132x107?
wuydine (e ) Aeg - » Nadlun
[ HOAc] ﬁﬁatj =y Jodlua

CH 233 (H) 263



HCl+NaOH -» NaCl+H;0
HOAc +NaOH — NaOAc+H;0
5 * L) 1 1 A °
nnm3binsans 4 ga wWeRnsand pH sziun yausnitugainiimslnmsa

Jv (7] a l: [} AJ ﬂ J
Taondalitagaauyaveansa HO ns1s pH dedey  uazyan 4 dugahns

- z . X
ITnmsafiugaauyarony HCl uay HOAc MsMuIneInga 2 yailey luazain

o @ ¥l w Wt ' 4 1Y a : P
mszezi ANA hinswdnaiu  sadunRinsannnms inmsagadi 2 uas 3

r ¥ =‘ o ' Vo 1
sz dudureinsinmsafugaauyaves Ha uddaINGagaauyaves HOAC

o [ o o t | Y g
msarawszipaiumsazasivides mwsofmuiumen x uay y ladail

i .
10IAN NaOH
UAAITUAN NaOH

SIA NaOAc

-l -~ 1

1 HOAc IMdBBY
Ysuwsiruvesdsasans

20.00 DU,
20.00x0.1
2.0

20-x

3
v

pH = 4.27

adlua
adlua

y-(2.00-x Nadlua

= 25.00+20.00
= 45.00
Frnapac = 2.00 - x
45.00
= !2.00 - "2
Fuose 45.00
HOAc + H:0 # H30 + QA¢”

K. = LHIOJ[OAC]

1.75 x 1073 =

1.75 x lO'sy «35x 107%+ 175 x 10™® x
1.75% 107y +7.12%x 1075 x
1.75 y+7.12x

o1y NaOH

UAYAITUAN NaOH

204

=

=

{HOAc ]

(5.37 x 10°% (2.00 = x)/45.00

[y = (2.00 « x) }/45.00

1074 x 107% ~ 537 x 107% x

14.24 x 107
14.24

32,00 dU.aUW.; pH = 5.50

32.00x0.100
3.200

adlua

CH 233 (H)



wifin NaQOAc
1 HoAc (mdooy
Snassruvesasazan

F NaOAc

Froac
K.
1.75 x 1078

1.L75% 1072y - 5.6 X107+ 1.75 x 10”5 x
1.75x 10"y +2.066x 107%x

1.75 y+2.066 x
M) - Q) 5.054 x
X
| HCl )
1
unum x adlu ()
1.75 y+3.098
Y
[ HOAc ]

L - ¥ 9

wufe anududuves Ha

ANMTNTUVDINTAUDFAN
4 4 ¥ -
mailumisasvaeuatifounila

CH 233 (H)

1 4

v
<

u

9

3.200 - X vadlva
Nad

y = 320 ) Nadlua
25432 ALY,
57.0 vadlua
(3.200 = %)

57.0
[y = (3.200 - x) ]

57.0

[H30][OAc]

| HOAc )

3.16 X 107 (3.200 - x)/ 57.0

{y-@.200-%1]/57.0
10.112x107% - 3,16 x 10™® x

6.661 x 107°

6.661
7.579

1.4996

1.4996
25

0.060 F

6.661

6.661 = 3.098
1.75

2.036

2.036
25

0.081 F
0.060 Tua/av.au.
0.081 Tua/av.Au.
3 L) [}
nADIvIe

265



adlua

]

' <u ¥
Mx NA = 1.4996
o 4 o
NYAINIIBIAN NaOH 11.35 av.ay, §i pH = 2.0

Q-

da 1w
UAD NaOH Tudumfy

11.35%0.10 = 1.135 Todlua
¥ : - ' o 0w 14 o o -4 ¥
HYAII Ol IALUSMIAN NaOH m"hJuq"lquﬂrmynvsa HC1 033 HCI IMapey

A =

1.4996 - 1.135
0.3646 Nadlua

i

[HCI ] = 0.3646
(25 + 11.35)

= 0.01 Tua/av.an.

! o ' o a ¥ vy Y <4 ¥ - o
1UB39IN HOAc 1TUNIABOUUANAIIN Hi0 1aYBunIMIAIN HCI MIAARIMTY
Tuved pio A windalasnin o Musediud)

(HIO] = 0.01
pH = 2
W ¥ o v 4 . 3 Ly
wirtulahdwmeuhisunlenduenin uaashmsfunaigndes

8) IninTasiarauniageu HA (K, = 1.0x10%) 39U 50.0 §U.T. Usingan
[ .7 [ o A' ] Vet nl‘ [ -l
POIMTIUS NaOH 37474 50.0 §LU.94. 2y Lwamlﬂmﬁgmqmw'lfﬂuaawmau
I -3 - A A .y ] A L4 1
Wndudiaeas T8 pH fiyag@niny 9.00 R MImMWIAIMTUTUTBINTABER
HA

AL

o a & P a aaa ¥ H y
NYIAYACINAINAD NaA 'ﬂﬁ']lﬂiﬂlﬂﬂl]gﬂiﬂ']ﬂ'lillﬂﬂ?Tﬂ'lﬂﬂ']ﬂu'lllﬂ

A- + H,O = HA + OH

Ky _ [HA][OH] "
K; W
-4
9nland pH = 9.00
pOH = 14.00—-9.00
= 5.00

[OH-] = 1x107°

[HA] = [oH-]
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\ A
unusa luaumsn (1)

K, _ Lox 10" _ (1 x 1073y
K,  1.0x10°

[A]
_6
Al = o 1.0x10
[A-] 1x10 XW
= 1x10?
= 0.01 M

y ¥ P - 1 Aa a ¥
Andutuves [a-1 figagh = S[HA] Alieglunouiudy

[HA] = 2x0.01
= 0.02 M

9) §1TA78LNIUTINELAIL Na,CO, W8T NaHCO, witn 0.500 nfu lleazsuluin
50.0 SU.0Y. RARII8LAE pH = 9.70 wdwImwnlasifuduay Na,co,

lus11dreeng
AABY
g Y A o 1 o
@i § Naco, lumidiedie = x  nfu
ﬁ NaHCO, fumsdroda = 0.500-x a5y
1,000
Na,CO.] = X oD M
[N&,CO] 106 50
_(0.500—x) _ 1,000
[ NaHCO,| = s X5 M

A1502UHAUTZHINN Na,CO, LU NaHCO, fiemsarmatiined

HCO; + H,0 = H;0 + CO;

_ [mwojfcesy )
% [HCOj]
pH = 9.70
[H;0] = 2.0x10"°
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unumadlu (1)

2.0x10710( - x 1’000)
4.7 x 101 = 106 30
' ( O.SOO—x) _1:000
84 50
(0.500-x) _ 2.0x 107 X
84 = 27x 107 * 106
0.500-x = 3.37x
437x = 0500
x = 0114 nsu
[Na,CO,] = 0114 a5
[NaHCO;] = 0.386 asy
0.114
9 = 100 = 228
0 N32C03 0.500 X
0.3%.
= L %100 = 77.2
% NaHCO, = —o5mx1

A R0 ; ° > r-]
10) s1Iasapflddaluil gribhanlminiaty NaoH wie HC eummanzEy
I - de wa [V Ve o o o
aufl NaOH U8Z HCl AlFUanudutuyniusnsazsonlvan 391w
a e P ]
PH 1838138z BlaNIM T IninTafigadn 9 fa
LT

4 14
2) gﬂnonmwaemﬂﬂmwgﬂam&amamn (first equivalence point)
W
) IAFNYRATILIN
)

ﬁlﬂﬁ‘dﬂ ﬂﬂd'ﬂﬂdn’l51ﬂkﬂ5ﬂﬁ;ﬂﬁ&l§.‘l‘ﬂﬂ‘iﬂﬁ 2 (second equivalence point)
5) qwaugﬂﬂ%ﬁ 2

a) 0.0300 M oxalic acid

b) 0.200 M tartaric acid

¢) 0.0600 M sulfurous acid

d) 0.333 M phthalic acid

¢) 0.0500 M hydrosulfuric acid (H,S)

. A4 t
f) 1.50 M phosphoric acid (AWM pH NIANINANUALFARUYIATIN 3
CR1)
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g) 0.210 M sodium carbonate
h) 0.180 M sodium sulfide
i) 0.240 M sodium sulfite

. o a4 o ¥ A4 ¥
j) 1.00 M Na,PO, (mmm pH Yli]ﬂﬂdna’lmﬂ:?‘ﬂﬁu&dﬁﬂﬂﬂ 3 ﬂ'JU)

Moy
& 0.0300 M oxalic acid (HzC,04)

figadud
H1C;0+ H10 = H30 + HC,0; K., =536 x 1072
HC,03+H,0 = H30+C,03% Ko, = 5.42x 107

K, < < K,, Bhhnda

k, - LHiO][HC0i)

[ HiCa04]
2
-12 _ X
5.36x 10 © -

1.608 x 1072 - 5.36x 107 x = x?
x?+53x1072x - 1.608x 107 = O
X = 2.14x107?
pH= 1.68

4 L4
figaianmevegamyaniuen
H1C504+ NaOH — NaHC104+ H10

o o & : 4 1o = ‘
Twmluaves H,G0, taz HGo; suillundmilwesnilogiuuazlSunsieinman

2 3 s
ﬁaqﬁﬁwwniué‘ﬂ% v Winarimue = I

[ HiC304] 0.03

H
X
NS

[HC,0;] = 0:0300
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Msazawetiintiuasazaroinivied

K., = 5.36x107*

_ [ H30 ] 0.0300/3V
0.0300/3V

[ HIO | = 5.36x 1072
PH = pK.,
= 127
ﬁqaﬁuqnnfqum
H;C:0.4+NaOH — NaHC;04+H;0
Tumsazaovzudinde NaHc,0, FuflumsuouiTnsdn

\/ K., K, [BC:0:]+ K, K.
K, + [HC;0% 1

[HIO] =

figathlfinasvesmisavawessmadudniia

5 [HC103) = o.o;oo
= 0.0150 M
[HI0] =  3:36X107x5.42x107°%0.0150+5.36 x 107 x 1 x 107
5.36x107240.0150
=197 x107*
. pH = 3.10

4 4
Hypianmsvsagamuynndaitins

NaHC;0:+NaOH — Na,C;0.+H:0

e T ;
Meadesd Na,c,0. 1RVUNMAY NarC,0, vindesy misarmwsuiumisavmo
Uidedsevdhauc,o; uar c,0;

k. = LH01{C03]
{HC,04 |

[HiO 1 = K
5.42 x 1073

a
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pH = pK .,
=4.21

H & o
ﬁQﬂmeﬁﬂ‘N‘n 2
NaHC,0,+ NaOH —» Na,C,04+ H,O

C, 04+ H,0 = HC,0; + OH"

'K, 5.42% 1078
= 1.85x 107

HC,03+ H,0 = H,C,0,+ OH"

Ky = K__i _ 1x107
2 T K.,  536x107
= 1.87 x j0~*?

Kb'1 >> Kb;.

fAamainalelas ladannaunisusn
- Y 4 <4 |- o 1 44 1 - ¥
Neauyansmi 2 willinentu 3 mvsmilegeow’ udu

L1 COs ] = o.c;aoo
= 00100 M

» _ OH 11HC051
K, = s
[C:03 1

xl

1.8sx107° =—__*
(00100 x)

x* = 1.85 x|0™"2
x = 1.36x1078
pOH = 5.87
pH = 14 - 587
= 8.13

b) 0.200 M tartaric acid HOOC(CHOH),COOH | H,Ta |

- 9
WiFudy
H,Ta+H;0 = H30t HTa
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K, = [HTa][H§0|

! [H,Ta |
9.2x10°* ()

HTa™+ H,0=H30 + Ta”
K, - LTa"][H3O]

* T T [HTa]
=431 x 1078 )
2H,0 = H3;O0 + OH~
K., = [H30][OH"|
= Ix 107 L .0)
aunmbzyarqga y L s
[HIO] = {HTa |+2 [Ta=]+5m>1’m’"”m”ﬂ”ﬂﬁ
()
AUNIIIAT UG D
Fr.. = [H,Ta]+[HTa )+[Ta"} L .0)
N (1) [ HiTa) = [HT&][H3O e
OB (2)‘ [ HTa ] _ w )
- o
inu (7 adlu )
Ta*} [ H:O |2 8
( H,Ta) = LTA1LHO ) - 8)
? K, K.,
wu ) uaz @ adlu )
= M 12 = +
0.200 = lTaK] [KHJO] + | Ta |K[H30 1+[Ta’]
a;trag %
0.200K, K
S [ Ta® a, *ay ..(9)
[(Ta® ] _ [ HIO)*+[ H3O1 K, +K. K.,
LU (9) adly (7)
H“'
[ HTa"] = 0.200 K, [ HIO |

| H3O '+ {H30 |K,, + K, K,,
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NN () UDT (10 D9l @)

(H!O] = 0.0200 K,, [H3O ] ) 2 %0200 K, K,,

’ (HIO ) +[H3O1K,, +K, K., [HiO ) +[H3O]K,, +K, K.,
(0] = 020 Key [HIO]+ 0400 K, K,,

3 -

[HSO ]z+[H;O]Kﬂ| +K.1K.2
[H301°+K,, [ HIOP+ K, K,, [ HiO] = 0.200 K,,[H30 | +0.400 K, K,,
[HIO1P+9.2x107*[HIO 12+3.97x107"°[ H{O] = 1.84x107*[H3O ]+1.59% 107®
[H30 1P+9.2x10*[ H}O 1>~ 1.84 x 107*[H30 ] - 1.59x10™® = O
1*- ¥y a )
F¥IAITWHOIVIWUNVONAWRIA  (Trial and error)
umlfh [ H{0 ] = 0.100
1x10°4+9.2%1075-1.84%x 107~ 1.59%10™* = 9.08x10*

UNUAY [ HI0 ] = 1.0x 107
1x107%+9.2x10°%-1.84%107°-1.59x 10" = -0.76x107¢
UNUA [H30 1 = 1.5 x 1072
5.1 10754+20.7x 10" -2.76 x 1076~ 1.59% 10" = 2.53x 107
UNUM [ HIO0 | = 1.21 x 1072
2.144x 107%+13.469 x 107®-2.226x 107°- 1.59x 107® ¥ 0
L[ HiO0] =121 x 1072
pH = 1.92
Qﬂﬁﬂﬂiﬂﬂ‘“ﬂﬂﬂ]‘iﬂﬂ!“ﬂ‘iﬂ?ﬂiﬂﬂdﬂﬂ%ﬂ!ﬁﬂ
H,Ta+ NaQOH - NaHTa+ H,0

Ayananaaeid [H,Ta) = [NaHTa) uazmsazmosaumsazmwivivos

K, = 9.20x10™*

_[H30 1l HTa" ]
| H;Ta]

[ H{O } = 9.20x 1074
pH = 3.04

CH 233 (H)
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i'lgauuqnnfaum
1130092 HUA NaHTa c‘:?asﬂumsasmuﬂmmmaummﬁn
[Hi0] = VKX,

1.99x10™*

pPH = 3.70

o o ¥ d
ﬂ?ﬂﬂiﬂa1\"]0\""71“!"59]?5'37”’#@ﬂﬁ\“’l 2
NaHTa + NaOH % Na,Ta + H,0
mrazmwsiursozmedieds) [HTa ] = [Ta"]
K., = 431x107%

= [HIO)[Ta")
[HTa")

[H;O] = 4.31x10-5
pH = 4.37

Apemnngandadl 2

a13nzawetssnouAIr Na,Ta

, K, Ta + HyO == HTa™ + OH"
K‘: = i—-
a3

= 1% 1074
4.3x10-5

2.32 x 1070

"

HTa" + H,O= H,;Ta + OH-

F
]
ol L’c

- _Ix1074
9.2x 107"

1.09x 1074
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2H;0 = H3}0 + OH"
K, = [ H30 ][ OH-

=1x 10~14
4
aummbzaawega
{HIO]+[Na*] = [HTa ]J+2[Ta"]+[OH"] e
[T;fil = 020y (msrwvamruyavzifiinandiu 3 whveah ﬁ
oyiAx)
[Na'] = 2X0200
3
= 0.1333 M
UM [ HI0 1 = —_ addu
H [OH ] ©)
K
= OH-
o ]+01333 [ HTa" J+2[ Ta®]+[ OH] ()
auMINIAANA
FNu;Tn = 6.67x 107
= [H,Tal+[ HTa ] +[ Ta") )
“) -9
K, .
6.67 2 - = - 1- R ()
roneT X 10" [Ta*}+[OH }-[H,Ta} )
. [HTa][OH-] _ -10
VW) ey T 232X 10
=y _ 232 x107"°[Ta)
[HTa"] = [OH |
2.23 X107 x1.09x 107" [ Ta]
NN 2 H,Ta| =
‘]ﬂ( ) ( 2 a I [OH- ]2
UM ) 23y ()
Ko . _ . - 2.43 X107 [ Ta |
10-* = =
ot + 667 [Ta®]+[OH"] [OH- T’

1x 107" [OH- | + 667 x 1072 {OH- |* = [Ta J[OH-J*+[OH- *- 2.43 x10?'[ Ta"]
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& - =\ = 1 by IR 3 a ! Ly
tesonialelas lage U k Yoonn Aaiuee v (H,Ta) 102 [HTa] IRAYUBY

MnNIMyURY [ Ta" |

n

[Ta™]
unumallu 8)
1x 10" [ OH- ]+ 667 x 1072 [ OH- |2

X 6.67 x 1072

[OH-?-1x107"[OH-]-162x1072 = 0

Fragra 2 6.67% 1072

6.67 X 1072 [ OH- ]2+ [ OH- ]~ 2.43 x 107!

ad VY = . J lly (Y
Tau I ENEIDINLNYDRANDIA (trial and error) WA [OH-] AINIANY 2.2 x 107

[OH- ] = 2.2x 10
POH = 6.66
pH = 7.34

¢) 0.0600 M sulfurous acid

1.72x 107
6.43 x 1078

a3
ﬁqﬂﬁuﬁu
v ¥ Ty 4 4 o |
K., < <K,, a3u s atanisuandansn 2
H,S0; +H;0 = H3}O0+HSO;
0.0600 - x X X
2
. 1('_)'2 = X—
1.72x 00600-%
x2+1.72x1073x-1.03%x1072 = 0
X 2.46x 1072
pH = 1.6]

d 4 ¥
‘ﬂQﬂ?Nﬂn N'uaann"lnmmqmuqamaum

89U [HSO,] = [HSO3] = 0.020
K., = 1.72x107?
_ X (002 +%)
T 002 =%

276 ,
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x = 1.53x107?
pH = 1.82

A . = a
nyAauYaYANIn 1iAMIYSEN0Y Na,HSO, (asuenWInsdn)

VK. K, [HSO; 1 +K.X,,
K., +[ HSO3)

[H0] =

[Hs0;) = 200

= 0.0300
[H0] = / 1-72X1072x6.43% 104x0.0300+ | x 10-14x 1,72 x 10°%
1.72x 1072 +0.0300
= 2.65 x 1078
pH = 458

4 4 & o
ﬂ?ﬂfNﬂﬂ1@1‘83?1111‘“!7”“?9]?{”3&31?”3" 2
W yAU [HSO3] = [SO%]

{SO5]
[HSO;3 )
. [ H{O 1 = 6.43%x 107°

pH = 7.19

K., = [H3O]

wanyandsdl o
SOj+H,0 w HSO;+OH"
Ky, = %
- l X IQ‘-!‘
6.43x 10
= 1.56x 1077
HSOj; + H,0 - H,S0, + OH"

K.

K, = Z
3
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- _x 1074
1.72x 1072

5.81x 10713
, . e B - - <
Ky, > >K,, Aniulidosiamuiia lelasladandadl 2

1.56x 1077 = LHSO M OH-|

[SO5]
s d d o
(so3 | = 2060 Winarisaauyandad 2 sy
3 1MYDIROUIT uAY)
X _1g6x10-
©0200.x) 20X
x = 558 107
pOH = 425
pH = 9.75

d) 0.333 M phthalic acid

Ke, = 1.12x 10-3

1
Ke; = 3.91x
. - o 8 o
iwidud Aaudmsumndanfan 1°-
&P + H,0 = Hjo+ HP

0.333 -x X X
-3 Xa
1.I12x 10 -(—0333 o

x+1.12x10%x-3.73x10™* = O
x =178 x 10"

pH = 1.75

4 4 ¥ 4
mgﬂmﬂmwaam:"lmmmqﬂanyaﬂﬂusn

[HoP ] = [HP-I

LK., =[HO]

{ H}O] = 1.12x107?
pH = 295
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- &
ﬂQﬂﬁuyﬁﬂiilﬁﬂ

V KGIKGI

J1.12%x1073%x3.91 x10°¢

=6.62 x 1073

4.18

4 o & o
wqﬂmnaNwams'lmmnqﬂauynmw 2

< & 4
ﬂ?ﬂﬂu)’ﬂﬂiiﬂ 2

AT - o
Ky, > > Ky, anduAammzmndalalaslodandan 1

CH 233 (H)

[HP"] =

[HiO] =

i

il

[P]
fH3O |
3.91x10°®
5.41

HP~+OH"

K.,

K.,
1x10™

3.91x107¢

2.56x 10~

H,P+ OH"

le&‘

x 10714
1.12x 1073
8.93x10™12

0333
3

0.111

xl
©.111-x)
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x = 1.69x107%
[OH-] = 1.69%x10°
pOH = 4.77
pH = 9.23
€) 0.0500 M hydrosulfuric acid (H,S) K,, = 5.7 x 107®

Key = 1.2% 10713

43 » v ¥4
gadudu K, > > K., Tufantsuandangan 2
HiS + H,0 ® H{O + &

0.0500 -~ x X X
1
57x 1008 = __ X
(0.0500 -x)
X = 5.34x 1078
pH = 427

4 4
ﬂﬂﬂﬂﬂﬂﬁ'lw!‘lli]wlﬂ'l'ilhll‘ﬂﬁﬂizﬂﬂ“uﬁﬂ%’I!liﬂ

[HS]) = [HS)
[HO 1= K, = 5.7x 107
pH = 7.24
qﬂauqagnum
[HS"] = 0.0500
2
= 0.02500
[H-;O] - K¢|Kﬂz[Hs ltxwl(al
Ka,+{ HS™}
L.71 x 10724+ 5.7x107%
57 x 1078 +0.025
= 1.51x107'°
pH = 988

4 & 4
izﬂﬂiﬂaN'llﬂ»iﬂ'li1‘ﬂ&ﬂ19’l§ﬂﬂﬂiiﬁﬂ?@ﬂ 2
[HS"] = {S"] = 0.0]
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$*+H,0 = HS +OH"

11074

Ks, 1.2x 10718

= 8.33

8.33 = ©ol+x)x
i (0.0t -x)

X = 1.98x107?

= [OH-]
pOH = 1.70
pH = 12.30

P -
pmngandait 2 szfam1I)Izney Nags =

= 1.67x 1072
$"+ H,0 = HS"+OH"~

Kb; = K_.
1x 10-"
1.2x 107'*

= 8.33
HS- + H;O =& H,S+OH"

. K,
Ky = %

1x107'*
5.7%x107%

= 1.75 x 1077

0.0500
3

- v ¥ d
Withsduundutuve b Ngaduauesla

[OH }*+8.33 [OH- 12-0.139 [ OH- ]1-4.87x 107* = 0

Vi VY o
Ty snorsuuNvoRANAR

[OH-] = 1.63x107*

CH 233 (H)
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POH = 179
pH = 1221
wisfnulavfndl K, < < K, fwan [ OH- | NINK, athadnd

8.33 m
y34+8.33 y-0.1391 = 0
y = [OH-]
= 0.166
pOH = 1.78
pH = 1222

f) 1.50 M phosphoric acid K, =711 x 107

Koy =6.34x 107
Ko, =4.2x10™
woui Ansnmiauandandausniiosethaie
HyPO,+ H,0 # H,PO;+ H30 K, = 7.11 x 107

150 « x X X
ﬁ'_x) = 7.11%10™
X2+T11x10%x- 1.07x1072 = 0
X = 0.100
pH = 1

-
?ﬂﬂﬂﬂiﬂQ‘ll94ﬂ1_§1ﬂlﬂ§ﬂ?ﬂﬁ”3¢ﬂﬂgﬂlliﬂ
[H,PO,] = [H.PO;)

msazmuiaiuasazawiiines

_ ~ 1. [ HPOS]
TA1x107® = {H}O | x—2—=2=
L0 >0,
[H0] = 7.11x107?
pH = 2.15

282

CH 233 (H)



yrouyaniann :

[H,PO;) = 130
= 075 M
H,PO; + Hi0 = H;PO,+OH" K, = %.
1x10°4
= 7.11x107°
= 1.41 x 10712
H;PO;+H,0 = HPO3+HIO K,, = 6.34x 10°
HPO;+H,0 # PO; + HIO K, = 4.2x 107
K., WO K, < < <K,,
2
Ko =6.34x10° (0_7;)‘—_)()
X = 2.18x107*
pH = 3.66
qaﬁennNﬂaams'lnmmigﬂamgaﬂ?qﬁ 2
[ HPOY 1 = [ HPO; |
Key = [H30)
= 6.34x 107
pH = 7.20
Qnauqanfaﬁ 2
| HpO3] = L%
= 0.50
HPOZ +H;0 == H,PO;+OH™ K, = :w,
1x10-1
= 6.34 x10°®
= 1.58x 1077
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H,PO; + H;0 == H,PO,+OH" K, = ‘-éa

a9
1x10°4
7.11 x 10-J

e 1.41 x 10712
HPO;+H,0 == PO; +H{0 K., = 42x 107
Ky, > > K, IO K
L AR K,

a3

2

1.58x 1077 = (0_._5%735
y = [OH-]
= 2.81 x 10
pOH = 355
pH = 10.45

4 & d
?ﬂﬁ@ﬂiﬂﬂ‘ﬂﬂ\‘m“l‘lﬂlﬂiﬂqﬂﬁ”i&ﬁﬂﬁ@'ﬂ 3

[HPOL ]

[PO3 ]
0.214 M

PO+ H,O® HPO + OH" K, = o=
a3

_1x107
T 42%x10°%3

= 2,38x 1072

2.38% 1072 = y (0.214 + y)
(0.214 - y)

y'+0238 y - 5.09%x 1073 =0

y = [ OH-]
= 1.97x10"?
pOH = 1.71
pH = 12.29
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&
amyaniaf [PO: | = 0375 M
a 1 - = &
fAauamanalalaslasaniasn
PO; + H,0 == HPO; + OH~ K, = 2.38x I0-

2

2.38x10-1 =_¥
(0.375 = y)

Yy +2.38x 107y - 8.92x107 = 0

y = [OH-]
= 8.31x 107
pOH = 1.08
pH = 12.92

g) 0210 M sodium carbonate

K., H,CO, = 4.45 x 1077
K,, H,CO; = 4.7 x 107!

T uen
CO3+H,0 = HCO3;+OH™ K, = ==

|
s
%

HCO; + Hy0 = H,C0;+OH™ K, = ==

I
N
N
X
3
o

K, >>K, fAlani K,
xl
2.1 x107=

(0.210 - x)
x2+21X107%x =-441x 1075 = 0
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x = 2.1x10™
pOH = 2.68
pPH = 11.32

4 &
gmﬁanaN'ummi"lnmmqﬂamgnﬂmnn
[HCO;] = [CO:]

K¢1 = [H;O ]
= 4.7 x107**
pH = 10.33
wuuqunﬁum
[HCO;) = .___0-2210
=0.105M
[H0]1 = JK.K.,
=457 x107*°
pH = 8.34

< &
qﬂmnmwams"lnmmgﬂnmgamm 2

[H,CO, | = [ HCO;3 |
[H30] = K,
= 4.45 x 1077
pH = 6.35
qnauqnnf«ﬁ 2
[H,C0,) = 220
= 007 M

fialan K,

H,CO; + H,0 = H3O+HCO; K, = 4.45 x 10”7
_xr
(007 = x)

X = 1.76x10™*

K., =4.45 x 107 =

pH = 3.75

286
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h) 0.180 M sadinnm sulfide Na,S

K., = 5.7x10°
K, = 1.2x107*

o2

a ¥ oA - = ¥
el Aamwizmiiialelaslaganiaun

. K.
$7+ Hy0 = HS™ 4 OH" K, = =
K,,
_ 1x10-14
1.2x 1071$
= 8.33
2
8.3 = — ~
(0.180 = y)

y?+8.33y- 1.50 = 0

y = 0.176
pOH = 0.75
pH = 1325

ananasveIms Inmsngaauyaniausn

[HS"] = [57)
= 0.06
S*+H,0 &= HS +OH" K¢, = 8.33
X X
g.33 = (0.06+X X
(0.06 - X)

X = 5.9x10-2

pOH = 1.23
pH = 12.71
amsyaniai 2
(usT] = 28
= 0.09
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HS™ 1+ K., K,
[H30] = »/K"'K“’[ L

K. +[HS']
6.16x 10734+ 5.7 x 10-22
5.7%107+0.09
= £.00x 1072
= 11.10
Qﬂﬁeﬂmwmms‘lmmmqﬂauqnn%’e# 2
[HS"] = [H,S8)
K., = [HC] = 5.7x10°®

pH = 7.4
o
wauyanian 2

- Q4 &
AALAMIUANAINTANT
[H)S] = ‘% = 06 M
K, = 57x 10°®

x]

= (0.06 - x)
X = 5.84x 1078
pH = 4.23

|i) 0.240 M sodium sulfite |
K,, H;80; = 1.72 x 1072
K., H;80; = 6.43 x 1078

DRI,
S0+ H;0 = HSO3+OH K, = léx
o
- 1% 10714
6.43 x 10-°
= 1.56x 1077
_ K.
HSO; + H;O = H;SO;"‘OH- Kb. - E"

ay
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_ _ix1ot

1.72%x 102
- 5.81x107?
fimwIz K,
156 7 = ¥ __
(0.240 - y)
y = 1.93x107*
- OH"]
pOH = 3.7t
pH = 10.29
qﬂﬁqnmwams"lnmmﬂfmsn
{HSO3] = [S03]
K., = 6.43x10°*
= [H30]
pH = 7.19
qatmqnni’qusn
HSO;] = 9:240
: 3
= 0.120
o =/ KaKn (HSO31+K, K,
K,,+[ HSO; |
= 3.08x 10"
pH = 4.5
4 2 4
qﬂmna1wmm~;‘lmquﬂauynmm 2
[H,S05] = [HSO;) = 0.048
K, = 1.72x107?
- x (0.048 + x)
(0.048 — x)
x = 1.09x10? pH = 1.96

CH233(H)
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wouyondad o

[H,80,] = ‘-’-3@ = 0.080 M

¥
falanizmsuandinswisn

H,SO, + H,0 =& HSO; + H3O0

X
2
1.72x102 =X
(0.080 = x)
2+ 172x107% - 1.38x103= 0
X = 2.98x 1072

pH = 1.%3

: : 4
) 1.00M Na,PO, (MUY pH ﬂqnmnmmazqmmqnn'fﬁ‘r 3 At)

K., HsPO, = 7.11 x 10”®

K,, = 6.34x 107

. K., = 4.2x10"

Qamn&u daawizmuialalastadandausn

POT+H,0 == HPOj+OH" K, = lé.:

*3

_ _1lx107
T 42x 10713

2.38 x 1072

238% 102 = - ¥
(1.00-y)

Y +238x 107y 2238 X107 = ¢

Y = [OH-]
= 0.143
pOH = 0.84
pH = 13.16

Qﬂﬁanmwmmﬁ“lmmnqmugnqﬂmn
[PO%]-= [HPO;]

290
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= 1

3
= 0.33
P():+ H,0 = HPO: + OH- Kh’ =238 X 1072

238 x 107 = Y@33+9)
(0.33-¥)
y = 2.09x 107

pOH = 1.68

pH = 12.32

Qﬂﬁﬂl‘iﬂ’ﬂqﬂilﬁﬂ
[HPO;] = 1_'-‘2’2

= 050 M
HPO; + H,0 == H,PO;+OH™ K, = 1.58x107’
H,PO; + HHO® HsPO,+ OH™ K, = 141 x107%2
HPO; + H;O & PO: + H;() Key = 4.2 x 10-
&, > > Ky uae K,
. AR K,

1.58x107 = Eﬁh
y = [OH-]
=281 x 1074
pOH = 3.55
pH = 10.45
Qﬂﬁﬂﬂﬁ]ﬂﬂﬂﬂﬂ]i‘lﬂlﬂiﬂﬂgﬂﬁ 2
| [H,POY] = [HPOL]
K., = [H{O]
T 634x107
pH = 7.20

CH 233 (H)
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Qﬂiﬂli‘ﬂﬂi‘l# 2

[H,PO;] = %
= 0.33
H;PO; + H,0 = Hi0+HPO; K., = 6.34x 107°

HPO; + H,0 = H}O+ PO: K, = 4.2 X 10-”
H,PO; + H,0 = HyPO,+ OH- K, = 1.41 x 107"
Ko, > > K, O X,

AN K,

-8 _, x’
6.34x 108 = EEE

X = 1.45x107*
pH = 3.84
< & d
il‘ﬂﬂdﬂnN‘Ilﬂiﬂ‘lillﬂlﬂiﬂiaﬂﬁﬂigﬂﬂ‘mﬂ 3
[H,POR] = [H3PO4)
K., = 711x107?

= [H30]
pH = 2.15
&
WIMyanim 3
{ HPO, ]| = 0.25
fiaiAne K,
2
7.11x100 = __ X
025 = x)
X2+7.11x107¥%x-1.78x 1072 = 0
x = 3.88x 107?
pH = 141
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1) erdranesasmsinnsa 50.00 su.T. 289 0.1000 F 483813 A 638 0.2000 F

o A X [~ 1 Q.
PBIRNT B Iﬂr_lmmmﬂgmﬂammmi B 1NNy 0.00, 12.50, 20.00, 24.00, 25.00,

26.00, 37.50, 45.00, 49.00, 50.00, 51.00 W& 60.00
A B
a) Na,CO, HCl
b) ethylenediamine HCl
c) HZSO4 NaOH
d) H2C204 NaOH
AnoU
a) Na;CO; K, H;CO; = 4.45x1077
K., H,CO; = 4.7x107"
Wsna'lnumsua
0.2000 F HCl pH
(em’)
- - - 1% 10"
0.00 CO3+H,0 = HCO;+OH K, = %: = Ty
1
2.1 4 __L__ = , -4
3x10 AT 2.13x 10
y = 4.62x1073 pOH = 2.34
= [OH"] pH = 11.66
A g [
12.50 9ALADANINAIVDINT MNINTATAAUYAATILGA
{HCO3] = [CO5) pOH = 3.67
{OH"] = 2.13x10™ pH = 10.33
20.00 (HCO;] = zf%zo_o = S7IX10* M
(CO%) = 50x0.1007—020x0.200 e 143x10° M
CH 233 (H)
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: ~2
[OH™] = 2.13x10™4x 1:43x107 = 5.33x10°°
5.71x 107
pOH = 4.27
pH = 9.73
24.00 (HCO;] = 2—4-"7“"& = 6.49x 1072
[CO;, = 50x0.1007—424><0.200 = 2.70%103
-3
[OH"] = 2.13x10™*x 270X 10" = 8.86x10°
6.49x 10°2
pOH = 5.05 ; pH = 8.95
25.00 [HCO3] = 25x0.200 = 6.67x10~2
75
[Hi0] = /K.K., = J445x107 x4.7x 101
= 4.57%10™°
pH = 8.34
26.00 (HCO3] = 25"“-20?’;“‘0-200 = 6.32x 1072
[H,CO;] = %‘1’ = 2.63x10°
H,CO, ] 1 2.63% 107
H+ = K [ 2 3 = ] l 7
[H30] = THCO; | 445 X107 X e X107
[HIO] = 1.85x10°° pH = 7.73
X ; 4
37.50 wiifeganinmevaamsInmanauyandad 2
[H30) = [H,CO,)
[HO} = K, = 4.45x1077
pPH = 6.35

204 , CH 233 (H)



45.00 (HCO3] = 25x0.2009—520x0.200 — 1.05%10°2
_ 20x0.200
[HCOs) = o5
-2
(HIO] = 4.45x107x32LXI0 -y 78, 507
1.05% 10
pH = 5.75
49.00 [HCO3] = 25"0-2009“924"0'200 = 2.02x107
[H,CO5] = %‘%?"—0 = 4.85%107?
-2
{HIO] = 4.45x107"x2B3X100 4 g7510°
2.02x10°°
pH = 4.97
v <
50.00 AT UYDATIN 2
_25x0.200 _
[H,CO;] = 2X32% 0.05
AMANIE K,, H,CO,+H,0 = HCO3 +H30
K 4.45x1077 X
o T AAX = 0.05_x
x = 1.49%10°* pH = 3.83
51.00 [HCl} = 1x0:200 = 1.98x10°
101
pH = 2.70
60.00 [HCl] = ‘0—"1‘1%2@ = 1.82x107?
pH = 1.74

CH 233 (H)
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Tnmssuinein a)

14 4
13 ¢
12 &
11-\

pH
10 1

o

/

—~ 2w AN g oo
N . .

-

L] L] T 14 M

0 020 30 4 50 60 70 nunsud HClEem)

b} ethylene diamine NH,-CH,-CH,NH,

K,, = 8.5x10°8
Ky, = 7.1x10°®
s lnumsud
0.200 F HCI pH
(cm’)
0.00 NH; - C;H,NH, + H;0 == NH3 - C;H, - NH, + OH™ AQIRNIE K,, |
8.5x10°% = 0.10(2)—y iy = 2.92x107°
pOH = 2.53 ; pH = 11.47
12.50 qﬂﬁﬁﬂi;ﬂﬁ'aﬂmwaaﬂﬁ"lmmmqﬂﬁu;gaqﬂuiﬂ
{ NH,-C,H,NH; ] = [NH}-C,H,-NH; |
{OH] = K,, = 8.5x10°
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pOH = 4.07 ; pH = 993
20.00 [NH,-C,H,NH,] = 1.43x107;
[NH}-C,H,NH,] = 5.71x 102
[OH"] = s.mo-%%%’ = 2.13% 1078
POH = 467 ; pH = 9.33
24.00 [ NH,C;H,NH,;] = 2.70x10°%;
[ NH{-C,H,NH;] = 6.49x 1072
{OH"] = a.smo-u% = 3.33%10°
pOH = 548 ; pH = 8.52
25.00 [ NHIC,H,NH,] = 6.67x 10"
[OH"] = /K, K, = JBS5X10°x7.1x10°%
= 2.46x107°
pOH = 5.61 ; pH = 8.39
26.00 [ NH{C,H,NH,] = 6.32x1072
[ NHIC,H,NH}] = 2.63x10°
(OH-] = KeXINHICH.NH, ]
| NH3C,H,NH} |
 7.1x10°® x 8:32x1072
2.63x 10°
= L71x10°¢
pOH = 577 ; pH = 8.23
37.50 qﬂﬁﬁﬂqﬂﬁmmwaamﬁ"lwmmqmnn“aﬂ%aﬁam
[ NH{C;H,NH;] = [ NH3C,HNH} |
[OH™] = K,, = 7.1x10°®
pOH = 7.15 ; pH = 6.85
45.00 [ NH{C,H,NH;] = 1.05x10°?
[ NHC;H.NH}] = 4.21x10"?
CH 233 (H)
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298

[OH"] = 7.1x1070x LOXI0Z ) 49y 158
- 420x10° .
pOH = 7.75 ; PH = 6.25
49.00 [NH$C;H,NH;] = 2.02x10-
[ NHIC,H,NH3] = 4.85x10°?
[OH"] = 7.1x10°8x202X107  _ 5 gc 100
4.85% 1072
pOH = 8.53 ; pH = 5.47
50.00 [ NHJC,H.NH3] = 0.05
daavizmisiia leTasladandausn
NH3C,H.NH3 + H,0 == NHIC,H,NH, + H30
Ky, = Ko o X104 g
Ka,  7.1x107®
2
(0.05 - x)
X = [HiO] = 8.40x10°°
PH = 4.08
51.00 [HCI] = 1.98x 107
pH = 2.70
60.00 [HCI] = 1.82x10°
pH = 1.74
CH 233 (H)



WV Wewre st

Tninsgunes b

-+

Pl ekt i
=Sl SRR TN
. s

N S N Y - R

e X R

70 Inunsud HCI (cm?)

=}

10 20 30 40 50 60

¢) H,80, K, = swong ; K,, = 1.20x107?

YSune Inunsud
0.200 F NaOH  pH
(cm’)
0.00 HSO; + H,0 == H30 + SO;
1.20x 107 = 9(‘—01%01_"1—)" = 0.018
[H}O] = 0.018+0.100 = 0.118 M
pH = 0.93
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12.50 [HSO;] = [H,;S0,] = &5%05'3@ = 0.04
wioenn 1,50, nand21dnun
~ [HSO3] = 0.04+0.04 = 0.08
[H30] = 0.04+x
120x 1072 = (Q04+x)x
(0.08-x)
X = 1.64x1072
[H30] = 0.04+0.0164 = 5.64x 102
pH = 1.25
20.0 [HSO;] = 5.71x 1072
[H,80,] = 1.43x102 uanddlavus
S LHSO3] = 5.71x10724+1.43%x1072 = 7.14% 1072
120x 1072 = UAXI0TF4enx 0
. (7.14x 1072 -x)
[H3O] = 143x10°241.87x102 = 3.3x107?
pH = 1.48
24.00 [HSO:] = 6.49%x 1072
[HyS0.] = 2.70% 10} uand2lavun
S {HSO) = 6.49x107%+2.70% 1073 = 6.76 % 1072
120x 1072 = ZT9x107+xx X = 2.21%107
(6.76 x 1072 - x)
[HIO] = 221%102+2.70% 107 = 2.48x 1072
pH = 1.61
25.00 [HSOZ;] = 6.67x10‘2'
1.20x 1072 = X2
{(6.67 x 107 - x)
X2+1.20x 1072 x - 8.0x107%, «x [H30] = 2.29x10°2
pH = 1.64
300 CH 233 (H)



26.00 [HSO;] = 6.32x1072
[SO5] = 2.63x1073
1.20% 1072 = X (2.63x107%+x)
(6.32x 102 - x)
x = 2.12x107?
pH = 1.67
37.50 [HSO;] = [SO3] = 2.86x1072
| 20x 102 = X(2.86%107+x)
(2.86x 1072 - x)
x = 7.18x107
pH = 2.14
45,00 [HSO;] = 1.05%102
[SO3] = 4.21x 1072
120107 = X@21X1074+%) x = 2.23%x10
(1.05x 1072 - x)
pH = 2.65
49.00 [HSO;] = 2.02x10%
[SO5] = 4.85x1072
1.20x 107 = X@85x107+x) x = 3.98x107
(2.02x 1072 - x)
pH = 3.40
v d
50.00 RAUYPANTIN 2
[SO3] = 0.05
SO5+H,0 = HSO;+OH"
K, = 1]2:1 = u}’ﬁ% = 8.33x1071?
8.33x 107" = Y y = 2.04x1077
0.05-v
pOH = 6.69 ; pH = 7.31
51.00 [NaOH | = 1.98x10°?

CH 233 (H)

301



pOH = 270 : pH = 11.30
60.00 [NaOH] = 1.82x10°'°
pOH = 1.74
pH = 12.26
Tnmstunesd o
14 +
}3‘ll
12 -
1t}
10 . »
pH 91
8' T
7] ?
6
5 -
4 ¢
3
2
1
10 20 30 40 50 60 70 lyunsud NaOH (cm’)
d) H,C;04K,, = 5.36x10 , K, = 5.42x10°
(USalnunsud
0.200 F NaOH pH
(cm?)
0.00 APIRNIE K,,
2
5.36x107* = X x = 7.32x107?
(0.100 - x)
pH = 1.14
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12.50 JATNINA1NBINS IMNIAYATNYATALID
[ HyC2041 = [HC,03] = 0.04
s36x 1072 = X004+%) x = 1.90x 107
(0.04 - x)
pH = 1.71
20.00 [H,C,04)] = 1.43x 1072
[HC,03] = 5.71x107?
-2
5.36x 102 = 2O TIX1074%) X = 6.53x107
(1.43 %1072 - x)
pH = 2.19
24.00 [H,C;04] = 2.70x1073
[HC,031] = 6.49x 1072
-2
5.36x 102 = X(6:49x10774%) x = 1.20x107
(2.70 % 1073 - x)
pH = 2.92
25.00 WAUYAYALLIN
[HC,0;] = 6.67x1072
K. K., [HC,031+K, K.,
s =/ KeKalHCOI K,y
K, +[ HC,07]
_ /5.36x10“2><5.42><10‘5x6.67><10’2+5‘36><10‘2><1x10"”
5361072+ 6.67x 102
= 1.27x1073
pH = 2.90
26.00 (C, 053] = 2.63x107°  , [HC,03] = 6.32x1072
K, = 5.42x10°5 g X {2.63 x 1077+ x)
: (6.32x 1072 - x)
x = 9.44x10°*
pH = 3.02
a4 Y 4
37.50 Qﬂuﬂ’t)‘i]ﬂﬂflﬂE\”N‘UENfHillﬂmiﬂi)'ﬂﬁlly,aﬂﬂﬂ 2
[ HC,051 = [C03]
K, = [H0] = 5.42x10°°

CH 233 (H)
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pH = 427

45,00 [HC,03] = 1.05x1072
[C05] = 4.21x107?
5.42% 1075 = x{4.21 X102+ %)
3 (1.05x 1072 - x) )
X = 1.65x107° , pH = 4.72
49.00 [HC,03] = 2.02x107% |, [C,05] = 4.85x1072
5.42%10°5 = X (4.85x 1072+ x)
(2.02x1073 - x)
x = 9.98x10°® , pH = 5.00
50.00 [C,05] = 0.05
"C,05+H,0 = HC,0;+ OH"
' K. 1x10° -10
" K.,  5.42%10°8
' 2
Ix107 = X .y = 224%x10°®
(0.05 - y)
pOH = 5.65 pH = 8.35
51.00 [NaOH] = 1.98x107°
pOH = 2.70 ; pH = 11.30
60.00 [NaOH] = 1.82x107%*
pOH = 1.74 ; pH = 12.26
Tminstunedd g)
14}
13
12
11t
10
9
pH ;
gl )
.
6 S
5 9
4
3
2
1
304 0 20 30 40 S0 60 70 Inunsud NaOH (cm®) CH233(H)



4 o 0O o
12) Hnwanianoanied

a o ° P
13) wigadigeshlilumadanm pH 18 IRzeiasuyRIaLTnIBINTS INnsa
FITRCAUNRNTBINTASaY 2 T0a (HA way HB) nya HA idunsafiusanind
msugarasmInananiu K, uazawdudu ¢ nya HB unsafideundis
= 1 a6 L & kg
JamugapaImIananiu K, uazanasnsuiu ¢ az1é

&

pH = - ‘
G

[

(K, + pKaz) - %log

Anay
ﬁqﬂﬁngaﬁmﬂm HA Tumsazrmvsniaiflumsnauves Naa (U HB
Fuml§aseae i
A +HO = HA+OH (1)
HB + H,0 = H;O + B : (@)
aumsIaaNga (MBE)
C, = [A] + [HA (3 )
G = |Bl+ |ug (4 )
aumM3szeaaga (CBE)
[Na'| + | H30] = [A] + [B] + |OH] e (5)

s ¥ .
ANUNUTUVBI [Na

welimumfuanududuves [HA| msziRuua
NaOH adldvilffsumeddunsa HA

C, = [Na
Vude
C, + |10 = (A +|B] + |OH]| . (6 )
aumsh (3)-6) ‘
~{H;0| = [HA| - B - [OH]
[H;0| -{oH| = |B] -[HA L (7

te Y o -
dliRssnnnaunsueaugaiusumslizgauaa AmmsaRaanld
ninaunislilsreuanqa (PBE) Feuz imasuinoafiu
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oy a 'w 1 r a’ 4
ﬁumﬂﬂmauauqn (PBE)  wWuisanannmsatnsullsaeuse dauvdudanld

Tsaou
[HA] + [H;0] = [on-] + [B]
[H;0] -[on-] = [B] -[HA]
1N
LY |1
“ 7 [nHA]
(HA] = [A']IE:SOJ
I8l
% [HB]
. _ K, [HB
Bl = o
U @) naz @) adlu @
ol . Ko K JHB  [Al{HO]
[10) [H50] — [H30] K,

W1 K, [Hi0] AuAaen
[H;O]zKal - KWKa, = Ka,Kazl HB] [Hgo]z [A-]
9/ ¥
010914
[H;0]’K,, + [H;0]” [2-

it

KaZ[HB] + KK,

(H;0* = Ko Ka|HB[ + KK,
K, +[A7]
Tasin@ K, << [A] uaz
K.K,, << K, K, [HB|
v A
Uufo
(HO = K, K, [HB]
]

w51z HB delignTnmsa
[HB] = G,

306

4 4 o =
FAUNMAVAUNITN 7

9
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] ai 9N d‘ o e d‘ = 1
naz HA gnlnmsauiiagaeuya wonlane A~ Faeziiffananiiaium
o d‘d [ - i
fiu HA Nioyluneuudiu
[A‘J =
UNUM (12) uae (13) adlu (1)

[H30]" = K, K, =

o
W —log laluaumsnaaeatng

—2logH;0] = -logK, —logK, —log %
1
<
2pH = pK, + pKaz —log C.
1
1 1 G
pH = ) (I:'Kal + pKa;) 2 log a

14) A MUIUNT pH ﬁg@augamaanﬁ‘lﬂmmdﬂ"lﬂﬁ
a) 50.0 FLL9Y. U89 0.200 M CH;COOH (pK, = 4.76) $28 0.100 M NaOH
b) 25.0 SU.TY. UDI 0.100 M NH, (pk, = 4.74) @8 0.250 M HCI
¢) 30.0 RU.TY. V84 050 M _CICH,COOH (pK, = 2.85) ¢3¢ 0.150 M NaOH
d) 50.0 §U.UN. LBI 2.50% 10° M HOCL (pK, = 7.55) @78 0.100 M NaOH

MmAaL  (IAWIEYD 2)
CH,COOH + NaOH - CH,COONa + H,0

| - o &
nyaauyaszApaldiS1Asves NaOH el

v 500 X 0.200
NaOH = 7 o100
= 100 QU
USmmssaufigaauya = 100450 = 150 QUL
! - J
mmududuves CH,COONa fifiaty - ZLX220
= 0.067 M.

CH,COONa MmAnvummsaRalfAsemsuonaatgdanirla
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CH;COO™ + H,O0 == CH;COOH + OH

K, [ CH;COOH][ OH]
K. ~ ~ [CH,CO0]
1x107" [OH-T
1077 = (0.067)
[OH]" = 0.067 x 1072
|OH] = 5.87x10*
[H;0] = % = 1.70% 10"
pH = 10.77

15) WAUIBMA U LTUAMNARNEIRU8IN T LINTA (% titration error) UBINNT
. o
Tninsaluda 14 ilafanaqay@dn

a) pH = 4.50
b) pH = 7.00
¢) pH = 8.50

o 9
Maey  (IAWILYo a))

mﬁ"lmmmniﬂaaummummﬂ unJmmsuem’nnwﬂwmmmmﬂwmsm
AU 9.22) Tumiad@eniiiins s 1 (CH 233) wily 389 il

- |oH] -[H;0]
0/ =
/o titration error ( Ci ))(100
a = & =
AUNAYAYABY  pH = 4.50
[HiO] = 10%% = 3.16x10°
[OH-] = 10%% = 3.16x 10°
- 50.0x0.200 _ 0,067
Ca 150 - M
O §
6 = - (H0] 3.16 10 _ o6

(10| + &, 36X 107 +1.74% 107
BAUMIAN 9 daluaums % titration error 9218

= (3.16x 10" -3.16x 107
0.067

% titration error

—0.645) % 100
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-5
= (_ 3167x 107 5 645y x 100
0.067

(-4.73x 10-'-0.645)x 100

- 64.6%

R

¥ =1 ' o s 1 o 1
11nY0 14(a) 919U lAN pH fAgaeruyaveams Inmsalauindy 10.77 ud

Y o Y o o ad aqy Ay~
dims nmsaudrdunamugagdn pH = 4.50 sxmbinisnmsaiidedianan

a -
WD 64.6% agiHugagAneutegaauya
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A lution of Formic acid is titrated with NaOH. Caculae the pH when the following percentages
of the acid have been neutralized: (a) 25%; (b) 33%; (c) 50%; (d) 75%; (€) 99%; (f) 99.9%;
(g) 99.99%.
A solution of formic acid is titrated with HCI. Calculate the percentage of base neutralized
of the following pH vdues: (a) 9.86; (b) 9.56; (c) 9.26; (d) 8.96; (€) 6.26.
50.00 ml of 0.100-M HOAc is titrated with 0.10-M NaQH. Calculate the hydroxide ion
concentration produced by the reaction

OAc + H:0 = HOAc + OH-
after the addition of (a) 49.90, (b) 50.00, (c) 50.10, and (d) 51.00 ml of NaOH.
A student is to titrate a sample containing the weak acid HA, pKa = 5.00 by mistake he
stops the titration at pH 7.00. If his sample contains 30.0% HA, what percentage will he find?
A 0.50-g sample containing 20% HOAc is titrated with 0.100-M NaOH. The volume of
solution at the equivalence point is 100 ml. The titration is stopped at a pH 0.50 units
higher than the pH at the equivalence point. How much excess base is added?
40.00 ml of 0.0900-M HCl is diluted to 100 ml and titrated with 0.1000-M NaQOH. Calculate
the pH after the addition of the following volumes of titrant: (&) 0.00; (b) 10.00; (c) 18.00;
(d) 30.00; {e) 35.95; (f) 36.00; (g) 36.05; {(h) 40.00 ml.
Repeat Problem 6 for the titration of 40.00 ml of 0.0900-M NH; with 0.1000-M HCI.
3.0 mmol of Na;CO; are dissolved in 90 ml of water and titrated with 0.10-M HCI. The
reaction is

CO} +2H* — H,CO;
Calculate the pH (&) at the equivalence point, and (bj two drops (0.10) ml beyond the
eguivalence point (c)choose a suitable indicator. (d) Would you expect the end point to be
very sharp?
30 ml of 0.10-M NaOAc is diluted to 70 ml and titrated with 0.10-M HCI. Calculate the
pH at the equivalence point and two drobs (0.10 ml) beyond. Is the titration feasible?
A 0.900-g sample containing a weak acid HX (M.W. = 75.00) is dissolved in 60.00 ml of
solution and titrated with 0.1000-M NaOH. When half of the acid is neutralized, the pH
is5.00; at the equivalence point the pH is 8.85. Calculate the percentage of HX in the sample.
Calculate the pH of the following solutions. Assume the volumes are additive.
(@ 50 ml of 0.12-M H;3PO4 + 60 ml of 0.20-M NaOH.
(b) 50 ml of 0.10-M Na;PO4 + 50 ml of 0.20-M HCI.
(c) 3.00 mmol of NazCO3 + 40 ml H,O + 60 ml of 0.10-M HCI,
(d) 40 ml of 0.020-M H:CO; + 20 ml of 0.080-M NaOH.
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12)

13)

14)

15)

16)

() 50 ml of 0.10-M Na3;PO4 + 50 ml of 0.30-M HCI.
{f) 40 ml of 0.10-M NaH,PO. + 50 ml of 0.080-M NaQH.

50.00 ml of 0.100-M Hj3POs. is titrated with 0.100-M NaOH.

(a) Calculate the pH after the addition of the following volume of titrant:

(& 0.00; (b) 10.00; (c) 25.00; {d) 50.00; (e) 65.00; (f) 75.00; (g) 100.00; (h) 110.00 ml. Plot
the titration cure.

(b) Sdect uitable indicators for dopping the ftitration & the firs and second eguivalence points.
A sample that may be Na;CO,y, NaOH, NaHCQ;, or mixtures thereof uses 40 ml of 0.10-M
HCI For titration to the phenolphthalein end point. (a) If the sample contains an equal
number of millimoles of NaxCO; and NaOH, how many milliliters will be required to go
from the phenolphthalein to the methyl orange end point? (b) If the sample contains an
equal number of moles of Na;COy and NaHCQ;, how many milliliters will be required to
go from the phenolphtalein to the methyl orange end point?

A sample that may be a sodium carbonate-bicarbonate or sodium carbonate-sodium
hydroxide mixture is titrated using the two-indicator method. A 1.000 g sample required
32.24 ml of 0.2000-M HCI to reach the phenolphtalein end point and an additional 12.84 mi
of 0.200-M HCI to reach the methyl orange end point. Identify the mixture and calculate
the percentage of each component.

A sample of pure NaHCQ; weighing 0.840 g is dissolved in water, and 0.240 g of pure
NaOH is added to the solution. The solution is then diluted to 200 ml in a volumetric flask.
A 50 ml aliquot is titrated with 0.1000-M HCI using phenolphtalein indicator. How many
milliliters are required? What volume will he required if methyl orangeis used as the indicator?
Carbonate mixtures are sometimes analyzed by titrating two sample of the same size, one
using phenolphthalein, the second using methyl orange as the indicator. If v, is the volume
of acid used with phenolphthalein and V, that with methyl orange, answer the following:
(a) What is the relation between v, and V,, if the mixture contains and equal number of
moles of NaOH and Na,CO3? (b) What is the relation between Vp and Vm if the mixture
contains twice as many moles of NaHCQOj; as Na,C0O,?
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