
HCI(g)  Hzo + H+(aq)  + Ci (aq)

NaOH(s) Hzo + Na+(aq)  + OH‘ (as)

HNWw)- H’(aq) + NOi (aq)

NH4Waq) ------w  NH ; (aq) + OH-  (aq)

CM 111 385



W;
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il
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a

H”*“..\;  ,  H  ’

,:P

\

I
H
i

H - 6 :
I
H

-I +

tU?/ n.Fl.1923 u”n~f?‘~iijlll~L~U~l~~  : Johannes Bronsted  (1879-1947) 11&k

rnihIla~Jnr)w : Thomas M. Lowry (1874-1936) ~~~~Ua~~l~n~~LLR~LU~~ilj~l
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HCI  + H,O w H30+  +  C l . . . . . . . . . . . . . . .(12.1)

nm  1 tuB 2 nm  2 LLl6  1

HCI LLR::  Ci  th$WMJFf (Conjugate acid-base pair) $ 1 ttix

H30+  Lkx  Hz0 th@WR $ 2

NH, + Hz0 f--  NH; + OH- . . . . . . . . . . . . . . . . . . (12.2)

LYt3  1 ni@  2 t-m  1 L¶JI  2

dfji%llzMilJ  HCI fh NH, hhauCph.J~au  (transfer) -mnnm  HCI  b.hj

tm NH3  &mm15

H C I  +  NH3 + C l + NH: . . . . . . . . . . . . . . . . . . . . . . (12.3)

nm  1 tua  2 L¶Jfi 1 n-m  2
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H
I

H:$ + :N

A

-H,-:$I; + ,.. (12.4)
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H+ + :tj  - H- -----+  :ij - H
k

. . . . . . . . . . . . . . . . . . . . . . . . . . (12.9)

H+ --b  H-5-H +[ 1A
. . . . . . . . . . . . . . . . . . . . . . . . . . (12.10)

HG: +:&l-l  - [ 1H-7-H + +:$- . . .. . It H

. . . ..(12.11)

H:$:
7 ‘;’ +

+:N-H ____) [ 1H+N- H +

A k

:$ . . . . . . . . . . . . . . . . . . (12.12)

F, 7 H F
F-f3 +:N-H - H-l&-$-  F . . . . . . . . . . . . . , . . . . . . . . . (12.13)

F A A ;

t-m LlJR

Ca  :5:
8

:‘&  2-

.  . +  s - g- ca2+  e - 8 - -cc

E I
. . . .

:*$ :,Q:

. ..(12.14)

LEll nm Calcium ion Sulfate ion

Cation 6lu-wJin  th Lewis acid th  Fe3+
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HCI, HBr,  HI, HN03, H2S04,  HCIO., M-i (umm”?Icii loo %)

CH,COOH, HpSOa,  H&OX.  H& H3P04  YUY dou

CM 111



fhtl%~l~th~Jmo~  Bronsted-Lowry 2 ‘~651  rlJt&~%lhW~u  ‘IG%nidou

tfhJ~~ttrinil  tbu  Hz0 i6.1 CH3COOW  tfiaa~s?u<~~uh  CH&OO-  iii H+ m~?%~ilu

CH,COOH %Jlnn’il  Hz0  fh H+ 3XJn’utht  H30+  LLtWdl CH,COO‘  LhtY~dttfinil

Hz0

CH,COOH + Hz0 H30+  + CH,COO-

mm 1 tm  2 n-m  2 tlJi3  1

dam-h dounil ttfinil ttfinil

hhrncil  nsmdou~~d conjugate base hi

late acid

-lCIO,

HI

HBr

HzSO,

HCI

HNOS

H,O’

WQ

HSO ;

WQ

H F

HNOz

H,W

HW,Oz

W

HZPO  ;

HSO ;

HCIO

HN;

HCN

HCO ;

HP0  :-

HS’

Hz0

Conjugah

Cl0 ;

Bi

HSO ;

C l

N O ;

Hz0

HSO ;

so :-

H,PO ;

F’

N O ;

HCO ;

CA0  z

HS’

HP0  :-

so:-

CIO-

NH,

CN’

co:-

P O  :-

S
2.

OH-
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Hz0  + Hz0 e H30+  + OH-

H - t: + H - te [” -f  - “3’ + :g - H- . . . . . . . . . . . . (12.17)

Hz0 (1)  - H’(aq) + OH-  (aq) . . . . . . . . . . . . . . . . (12.18)

K = [H+I[OH-I
[HA

[Hz01  L&.bfilflJti  (=55.5  M) (&I 10,000,000  ^n~3llWWk~vl”  H+ 11&x  OH-  1 bra

ruil&i  [H+] = [OH-] = +’
10’&lr

= IO-’  b.a/b)

K[H*O] = p = [H+] [OH-]

Ion product constant uaJd

fl 25’c  K,=1.0x10-14

6J;Ju”u G = [H+]  [OH-] = 1 .O x IO-l4

~~~~~~~~~~~~~~~~~~~~~~~~~~~  [H+]  = [OH-] = 1.0 x lob7  M

qJ ~URI~R:Fil~n~~  [H’] > [OH-] : [H+]  ulnnii  1.0 x IO-’ M

bRfl5EJ:Al0LlJA.  [OH-] > [H+] : [H+] $aanil  1.0 x 10e7  M
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&J&IJ~  12.1 ~J~~U%U~I?IXJ~~IJ~I~J  H+ (aq) ‘lu

03 R158~AlfdJi  [OH-] = 0.010 M

w ~~RmdJi’[OHj  = 2.0 x 1O-9  M

a.  *
3mi (n) F1lf-I  [H+]  [OH-] = 1.0 x IO-l4

[H+l  = 1.0x10-‘4 = I.ox10-14
= 1.0 x IO-” M

[OH-I 1.0x  1o-2

(?I) F1V-I  [HI]  [OH-] = 1.0 x IO-l4

[H+l  = 1.0x10-‘4  J.ox10-‘4
= 5.0 x IO4  M

[OH-I 2.0 x 1o-9

PH = -log [H+] II% -log [H30+]

M%  [H+] = 10qH

A.4uuna [H+l = l.OxlOJM

PH = -log (1.0 x 10-7)

=  7 . 0 0

~J~UpH~~Jffl~acal~~litlUna75  i% 7.00

CM 111 395



?i%h (n)  h%alilJbWI  [H+] = 1.0 x lo-‘*  M

pH = -log [H+]

= -log (1.0 x 10-12)  = 12.00

(U)  h&aLilJiC(DJ (Hj = 5.0 x lOa M

pH = -log [H+]

= -log (5.0 x 105)

= (6-0.70 = 5.30)

= 5.30

pH = -log [H+]  = 3.76

M% [H+]  = ldpH

= ,()3.76

= 1.7x104
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A &OH 0.1 M (lva,ld, ___________________

Household bleach &u&nl) - - - - -- - - - -

Household ammonia ~~I~IIWI~II&WW~ - - -

Basic Lfme  water &JW~R) _ _ -_  _ _ _ _ _ _ _ _ _ _ _ _ __

Mi lk  of  magnesia  (uI~&vI~)  - - -  z- -

Borax t~nsou.&lJ~a~unoq  uo&& - -

Baking soda (t~fllouvuu%) - - - - - - - - - - - - - - - - -
Egg white,sea water (‘liul~,  &n:m) - -
Human blood,tears  (c%~nu,  &VI,)

Neutral Milk  (~JUIJ)  _  __ __ ____________ ____._______..

Saliva  (&lu) _ _ _  __ _________ _____._____.._
Rain  (&du) _ .__.____.__...____  _ _______ __ __

Black  coffee  (nlt&l) .__ ________ .____  ___.

Banana (n&u  ) _.  _.  _ _ ._. _.  _ _ _ _ _. _ _ _ _ _ _.
Tomatoes  (ur,$o,npr) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _.  -. _ _ _

Acidic Wine  (I?&)  . . . . .._........_.  ____.__.._...

Cola, vinegar (Jflrn,  &i;O?U~iq) - - - - - - - - - -
Lemon  juice f~lu-ul~)  _ _________________.__.

pH [H’-] IOH.  1
14 I 1 IO -I’ lxlOO

13 I x IO ” 1x10

I2 I x IO ‘2 Ix IO.’

II I x IO .” I I  IO.1

I O I x lo-'0 IrIO’

9 Ixlo-9 1x10’

8 I x10-' IXW"

7 Ix IO.' 1x10.'

6 Ix 10.6 Ix IO.’

5 Ix w5 lx10 9

4 IXIO' 1 x IO '"

3 I x10-1 lx IO."

2 Ix 10-1 lx lo-"

I Ix 10-I Ix 10-Q

0 Ix IO0 Ix IO '4
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Methyl violet YCllOW

Thymol blue

Methyl orange

Methyl red

Rromthymol blue

Phenolphthalein

Alizarin yellow R
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HCI(g) H20  F H+(aq)  + Ci(aq) . . . . . . . . . . . . . . . . . . . .(12.19)

NaOH(s)

niwhum  :

H20 b Na+(aq)  + OH-(aq) . . . . . . . . . . . . . . . . (12.20)

4. eam7 tdDJOln  HCI thn%Wi &!-I  HCI iJtt~nhtuu’laaaur~n~~

:. [H+]  = 0.010 M ( = 1.00 x IO-*  M)

PH = -log (1.00 x 1o-z)

= 2.00

kuh’\r~  12.6 pH llaJRl3R~Alu 0.010 M Ba(OH), tiflut~l~r

I I .aani Lhmn Ba(OH),) tilutlJcrttfi
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:. [OH-] = 0.020 M.

IH+l  = 1.00x10 -14

= 5.0 x IO-l3  M
[OH-  1

PH = -log(5.0  x 10-‘3) = 12.30

HGW2W + H+(aq) + C2H30;  (aq) . . . . . . . . . . . . . . . (12.21)

K = [H+I[W@;la
FGH@,l

= 1.8 x IO5

NWHW e NH: (aq) + OH-(aq) . . . . . . . . . .._...  (12.22)

K, = W;IWH-1
P&OH1

= 1.8 x 1O‘5

NH3W  + I-kW ,- NHt  (a$ + OHe(aq)

Kb =  WH;lPH-1
[NH,1

= 1.8 x 1O-5  ([H,O]  LiluFimJ~

H2SO3  1%~ diprotic acid
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H,SO,(aq)eH’(aq)  + HSOT  (aq) : K,  V&J  = K,,  = ‘~~[,“,“~”
2 3

= 1.7 x 1o-2

HSO;  (aq) t--  H’(aq) + SO:-  (aq) :K2 I& = Ka2 =  W+lW-1
PO;  1

= 6.4 x lOa

d~~Ul3?U  : HpSOB(aq) d PH+(aq)  + SO :- (aq) : K, = K,  x K2

Ka = W+lWSO;I  x  W+IW:-1
W,SO,  1 WSO; 1

:= [H[;12;;l-l = 1.09 x 10-9

2 3

K, = WI[CHO;I
WHO,  1

illnnl3%  pH mJlTnFhUam  [H+]  :

pH = -log[H+]  = 2.38

log[H+]  = -2.38

[H+]  = 4.2 x 1O-3  M
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HCHWq)  e H’(w) + CHO; (aq)

&J&M 0.10 M 0 0

rlliuurnlaa -4.2 X 1O9M +4.2  X 10e3M +4.2  X 108M

k%J?ti (0.10 - 4.2 X ld3)M 4.2 X 10-3M 4.2 X 1OQM I

K, =
(4.2 x IO-‘)(4.2 x 10-3)

0.10

= 1.8 x IO'

iaoaruaJniTusln~3i?uaJnsn  = W+l x 100
WHO,  1

= 4.2 %
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Hydrofluoric HF

Nitrous HN02

Benzoic HVW,

Acetic HWW,

Hypochlorous HCIO

Acid

Hydrocyanic HCN

Phenol HO&H,

H - F F- 6.8 x IO4

H - O - N - O NO; 4.5 x IO4

0

C4-60  5 8.5 X 1O’5

r:?H-o-C-?-H W,O; 1.8 X IO+

H

H - O - C l ao- 3.0 x 1oa

H-C=N C s N- 4.9 x 1o-‘O

H - O -  00 C,H,O- 1.3 x 1o-'O

K = W+I[W,OiI  _a
[HC,HAl

- 1.8 x IO5  ._............  (12.24)
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HW3Waq)  @H+(w) + C2H30  i (ad

K a = [H+I[C,H,O;l
W,H,O,l

= (x)(x)  = 1.8  x ,0‘5
(0.10-x)

0.10 -x = 610 - 0.0013; 0.10

K, = @$ = 1.8  x  1O-5
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x2 = (0.10)(1.8  x 10d)

= 1.8 x lOa

X = J1.8xlO”

= 1.3 x 1O9M

(100) = 3.2%

6h.h~ 12.8 ~~fhum  pH  1IaJmSntFJlf.l  0.20M  HCN da K,  2105  HCN = 4.9 IO-”

HCN(aq)  e H+(aq)  + CN-(aq)

K,  f [H[+;rN;-l  = 4.9  x lo-lo
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ltlh 0.20 - x a 0.20

<J&4 rtf. = 4 g x l(g”
0.2 .

X2 = (0.20)(4.9  x lo-lo)

= 0.98 x 1o“O

x =Jo.98x;o-10

= 9.9 x lo8

:. [H+]  = 9.9 x 1O8M

PH = -log[H+]

= -lcg(9.9  x IO”)

= 5.00
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ruqa

K.  = W+IF-1
WI

--
1% X

= -6.8~10~  +/(6.8~109~  -4(6.8xW5)
2
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= -6.8~10~  *1.65~10-~

2

wwhlnd  12.4 filRJdnlxLmn~~lloJ  Polyprotic acid ~l~'IIikl

Ascorbic

Carbonic

Citric

Oxalic

Phosphoric

Sulfurous

SUlfUiiC

Tartaric

8 . 0 x lo’J

4 . 3 x 1 0 ”

7 . 4 x lo4

5 . 9 X IO4

7 . 5 x loJ

1 . 7 x 1o‘2

L a r g e

1 . 0 x IO8

1.6 X lo-”

5.6 X IO-”

1.7 x.1o-5 4 . 0 x 10.'

6.4 X 1O-5

6.2X108 X4 . 2 lo-

6.4 X IO'

1.2 x 1o.2

4.6 X 10s5
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COdaq)  + MY)  v===  H&W@

F)JMI  pH  ‘II~JF~I~R~~I~  0.0037 M H&O3 r&Y  K.  = 4.3 x IO-’

UR:  Ka2 = 5.6 x 10-l’

H&03Pq) F--”  H+@q)  + HCO ;

K = W+IWO;I
al

W,CO,I

4.3 x lo-’ = (XXX)
0.0037 -x

<J&i o(x) = 4.3 x 10-7
0.0037

X2 = (0.0037)(4.3  x IO”)

= 1.6 x IO-’
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x  =  ~h.6x10-~

= 4.0 x 10J  M

(H+]=[HCO;]  =4.0x  i0-5M

PH = -log[lj+]

= -log(4.0  x 10-j

= 4.40

Ka2  =
W+IW:-I

WO; 1

4kO
CM 111



W-6)

Pyridine

W-N

Hydroxylamine

WWW

Methylamine

W-W%)

Nicotine

GJWb)

Hydrosulfide ion

Ws-)

Carbonate ion

(CO :- )

Hypochlorite

(CU)

H-i-H NH; NH,+H,O+  N H ;  +OH’ l.8X10b

H

C,H,NH’ C,H,N + H,O + C,H,NH+ + OH’ 1.7XlO~

H+$H H,NOH+ H,NOH + H,O G+ H,NOH’  + OH. l.lXIOd

H

H+CH, NH&H ; NH&H,  + H,O + NH&H ; + OH- 4.4x IO”

H

H2yrl-b

Q
0 CH* HC’oH’4N2

JC\,/
+ C,OH,,N,  + H,O G+ C,,H,,N,H+  + OH- 7x109

1.4x16”
l  .

-4

[H  - 3: ]- H,S Hd +- H,O + H,S + OH- 1.8xloJ

HCO ; CO;-+H,O+HCO;+OH- 1.8~10~

[$l-:d]’ HCIO CIO- + H,O G+ HCIO + OH. 3.3x1o-7

Kb  _ INKilPH-1  = 1.8 x IO5
[NH,1
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Kb  = tM-Gl[OH-1
[NH,1

= (x)(x) = 1.8 x 1O‘5
(0.15-x)

x=
- = 1.8 x 1O-5
0.15

X2 = (0.15)(1.8  x 10-5)

= 0.27 x 1O-5

X = J0.27~  IO-’

= 1.6 x 10-3M

. V-f-1 = 1.6 x 103M
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NaC2H302(aq) ___+ Na+(aq) + C2H30 ; (aq) . . . . . . . . . . . . (12.26)

HzW  KF H’(w)  + OHM(w)

C2H30  i W+H+(aq) e HC,H,O,(aq) . . . . . . . . . . . . . . . . . . . . . . . (12.27)

~@%llS?J.J  : C2H30;(aq)+H20(I) sm HC2H302(aq)  + OH-(aq)  . . . . . . ..(12.28)

ri’uao~~n”Tclirsl[sl~~~~~Jtta~~aaa~  C2H3O;  ( a q )  tAFlkllWSI~~It?lY  Ifi

HC2H302(aq)  fiil OH-(aq) ~Jrh~hlmrnlutilutULlw

6n~o~6n’~,Q7nna~,do~~~~6~~66~  6~~a,oa7U~~l(a”aln^~,~~~*alsd  if-I3

a~a7~16&46u~  (i pH mnnil  7)

3. rnQo~riice7nns~rrriLLRttURiDH  tdu NH&I  h.tnX?td  td9nzn-IfJ~~tt~~

URf7hW  ‘?iJtih  conjugate acid dtth  tfhkf~~~~~~~~  H+(aq) GJif  :

NH4CW)  ----+

H2W  \B

l@?%ll3aaJ  : NH;  (aq)+H,O(I)  e

CM 111

NH;  (aq) + Ci(aq) . . . . . . . . . . . . . . . . . . . (12.29)

H+(aq)  + Cl‘(aq)

NH,OH(aq) + H+(aq) . . . . . . . . . . . . . . . (12.30)
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Kh =  iHW-W,IPH-  IW+  1
LH,O;IW+l

. . . . . . . . . . . . . . . . . . . . . . . . . (12.32)

rti [H+][OHj  = K,,,

ttnr [H+ItC,H,O;l
WV,02  1

= K, ‘UOJ  HC2H30,

l~uUaaJnl5  (12.32) bdk&yif

K= + . . . . . .  . . .  . . . . . .  . . .  . . .
a

NH; (aq) + H,O(I) # NH,OH(aq) + H+(aq)

Kh  = PJWW[H+ 1
[NH;1

. . . . . . . . . . . . . . . . . . . . . . . . (12.34)

Kh  = [NH,OH][H+][OH-]

W-GIPH-1
. . . . . . . . . . . . . . . . . . . . . . . (12.35)

LfkkKtln  [H+][OH-]  = K, LLRE ‘;;&‘[~;;’  = Kb  ‘UOJ  NH40H
4
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W,H,0~1INHJW
[NH;I[C,H,Oil

. . . . . . . . . . . . . . . . . . . . . . . ..(12.37)

tH+IPH-I
[H+IPH-I

Kw
Ka .K,

. . . . . . . . . . . . . . . . . . .
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CIO-(aq) + Hz0 #HClO(aq)  + OH-(aq)

0

+x M

X M

Kb  = [HCIOJ[OH- ]

tcio-]

3.3 x lo-’  = -em)
0.010

X2 = (0.010)(3.3  x lo-‘)

= 3.3 x IOQ

x = [OH-] =XhZP

= 5.7 x lo5  M

[H+] t-mWfnMl~m”l~~nl5~~  ion-product constant, & YE&

[H+I  = 1.0x10-‘4

[OH-I

‘= 1.0x10-‘4

5.7x 1o-5

= 1.8 x 10-l’

pH = -log[H+]

= -log(1.8  x IO-“)

= 9.75
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obo$ld 12.13 ilJH'1 pH -LIUOJR~~R~~IU  0.10 M NH&I K,,  ‘U&I  NH40H = 1.8 x 10d

1.0x 10-14
1.8x10-'

= 5.56 x 10-l'

NH; + Hz0 \-  NH40H + H+

lvi  0.10 M NH; ‘ldm’lnfl&  x M

:. [NH,OH] = [H+] = x hah%n

LLA:: NH; = 0.10 - x = 0.10 b.JRfi~7

Kh = PWW[H+l
[NH;1

=x2
0.10

x2
0.10

= 5.56 x 19-l'

X2 = 5.56 x IO-"

X = 7.46~10~

[H+]  = 7.64 x IO6

PH = -log[H+]

= -log(7.46  x lo+-)

= 5.13

vii0

&~u'ld 12.14 iw17 pH vflJK13EJ:RiLI  0.10 NaC2H302  K, II&I  HC2H302  = 1.8 x 10s

%I = 5.56 x 10-l'

C2H30; h.JlOlnln~O  NaC2H302  kd6nihd  &if

C,H,O;  + H20  \-  HCzH302  + OH-
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I$ 0.10 M C2H30;  bh-j’laflnrcii  x  M

D-W-W21 = [OH-] = x h&h5

K2H305  1 = 0 . 1 0 - x  = 0.10 lua/fm5

6 = WC2H,%IW-1
K,H,O;I

x2=-
0.10

x2
~ = 5.56 x 10-l’
0.10

X = 7.46 x IO4

W-1 = 7.46 x IO8

POH = -iog[OH-]

= -log[7.46  x IO"]

= 5.13

PH = 14-pOH = 8.87

(1) HC2H302 - NaC2H302 O-W-W2  - C2H30;  )

(2) H2C03 - NaHCO, (H2CO3  - HCO ; )

(3) NH3  - NH&I (NH3  - NH;)

mxWiu~u$a  (1) LLBZ  (2) il::L~Um5AtRlU~dbda+t~  pH tiaunii  7 h.m5

a:aioIuGa  (3) cxhm5ataiuGh~aG%  pH uinnil  7
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Waq) e H+(aq)  + X<as) . . . . . . . . . . . . . . . . . . . . . . . . . . . . (12.39)

K, = W+I[X-1 . . . . . . . . . . . . . . . . . . . . . . . .
WV

. . ..(12.40)

[H+l = K# . . . . . . . . . . . . . . . . . . . . .. . . . . . (12.41)

vmx’0~n?a  (12.41) take log -log[H’] = -log KaE
t 1

= -log K,  - log E

adDJOIn  -log[H+] = pH LL~E  -log K,  = pK, a:!~%
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pH = pK  -log[Hxla
ix  1

pH =pK, +log;

aufmd~~nn’wd’luiio  Henderson-Hasselbalch equation

cR’?ofhd  12.15 o~fhu?m pH uaJ~~a=n7o~~l~a~aJW~~~~~~lJ  0.12 M lactic acid

U-WW3~  Ka = 1.4 x 104)  n’y  0.10 M sodium lactate
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X = !g (1.4 x 10-j
( 1

= 1.7~10~  M

pH = Aog(1.7 x 1O4)  = 3.77

111010~~ Henderson-Hasselbalch equation +ilU?fk pH llilJRl7’jEEXTlflkl061LI

pH = pK, + log

= 3.85 + (0.08)

HWWUaq)  -- H+(aq)  + C2H30;  (a@

HW&W e H+(aq) + C2H30 i (a@
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K. = ,,8  x ,o-5  = [H+I[C,H,O;l
tWW&l

K* = 1.8  x IO5  = “by;;;’

X =  1 . 8  x  lo+

. . W+l =  1 . 8  x  IO5

PH = -log[H+]

=  -log(1.8  x  105)

=  4 . 7 4

.  . PH = pK, (nXihl~lu'u~ut'7n"u)

lmole~a' Henderson-Hasselbalch equation silU3fu  pH uoJmns~:alu~~mu

tmJ6Jti

PH =pKa+Iogs

61 [base] = [acid]
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HW-Wka)  + OH  (aq)e H20(I)  + C2H30;  (aq)

K, = PG%O;I[H+l
VWW,l

= (0.120+x)(x)
0.080 -x

k (0. W(x)
0.080
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= (0.67)(1.8  x IO*)

= 1.2 x lo.5  M

pH = -log(1.2  x 10-5)

= 4.92

C2H30; (ilJ(i1131~

C2H30;  (aq)  + H’(w)  T-- HGJ-h02(aq)

Ka  = PV,O;I[H+l
W,H,O,l

= (:O.OSO+  x)(x)
0.120-x

= !W’W(x)
0.120

x = [,,+I = J’3.WKa
(0.080)

= (1.5)(1.8  x 10-5)
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= 2.7 x IO-’  M

pH  = Aog(2.7  x 105)

tl
Add  2.”  mL Add 2.0 m‘
l”“,HCl 1”  A,  HC,

l--i

0.080M NaC,H,02
pH  = 4.56 h
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Ki,  = W’ID-1
Wnl

. . . . . . . . . . . . . . . . . . . . . . x.(12.45)

[H+] = 1O-5  x: = lOA  M

fil [In-]  > [Hln] 10 lyil llYwil~UFWnl~  (12.46)
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Thymol blue (acid)

Bromophenol blue

Congo red

Methyl orange

Bromocresol green

Methyl red

Azolitmin (litmus)

Bromocresol purple

Bromothymol blue

Phenol red

Thymol blue (base)

Phenolphthalein

Thymolphthalein
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II 11

10 LO
9 9

8 8
PH  7 7

6 6
5 5
4 4

3 3
2 2
I 1
0 II

lhJ1R10.100 MNaOH dth14h 50.0 ml, 0.100

PH

M HCI
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&ohd  1 2 . 1 8  oJfh’~fu  pH 210JR73fwr1f1  L&AIM~FI  0 . 1 0 0  M  NaOH  RJbw~rntRiu

0.100 M HCI 50.00 mL (1) 49.00 mL (2) 49.90 mL (3) 50.10 mL (4) 51.00 mL

aa  0ami (1) h.b?uhiuoJ OH-h  49.00 mL llaJ  0.100 M NaOH  #a

= 1 . 0 0  x  IO4 lrvn

LTwmaJmm:nicrtfJvdm = 49.00 + 50.00 = 99.00 mL

= 0.0990 L

WIlutu’uuiruaJ  H+(aq) = l.OOxlOamol.
0.0990 L sohl

= 1.0 x 1O-3 M

PH = -log[Hj

=  -log(l.O  x  103)
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wmd 12.7 nlTbFwl3G1llaJm3Rt5JlU  HCI L‘kJui  0.100 M 50 mL n”Ytvmrw~r~  NaOH

r%~vi  0.100 M

50.00 0.00 / 50.00 I 5.00Xl0d  / 0.00 I 0.100 j 1.00
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~iraraiuslaJtn~a~d~rJajaut0u’laaauav  (yTaafhJ+ 12.12)

NaC,H,02  rlhui  0.050 M ?ia  8.71

PH

lkJlWsUOJ

0.100 M NaOH

daGhaJb.llu

5O.OmL0.100M

HQ-‘,O,
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PH

gai?u  R (Equiv  lence  pal  )

6.0

4.0

2.0

0.10 M NaOH

cn’?ou’7~nd  12.19 OJ~~M’XU  pH ~~nl3’l~IcjlTcjlllaJnT(ilLLa~~n~~ NaOH  M~Jsh.I  0.100 M

NaOH  -h.&-m  30 mL a~ll.4  50.0 mL  YaJ 0.100 M n-m  tla%in
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5.00X10’‘ha

-3.00X10”Iam

2.OOXlO~‘Tbla

2.00 x 1o-3  ha
WGHdhI  = o,0800  L = 0 .0250 M

K,  = [H+I&H$Xl  =  , 8  x ,o-5
W,H,O,I

[,,+I  = K W2H,%I  = c,,8.x  &I
a [C,H,O;I

= 1.2 x 1O-5  M

pH = -log(l.2  x 10‘5)  = 4.92

4 3 4 CM 111



PH

13

12

1 1

10

9

8

7 PH
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&7atilJ~Jmmlr 4%)d Ag’(aq) + Ci(aq) . . . . . . .._....... (12.47)

llOJU?iJ  AgCl  kX$WJ?~f%  Ag+ LLR::  Ci  ‘LMl5i3~Wi%u?a

dElJi)7rl”--WhJuiruOJ  AgCl  ~JLhVi3JLL~JLih.Hi~~J~

GYJifU ~As+I[cI‘l = WcGI(s)l  = Ks, . . . . . . . . . . . . . . . . (12.48)

FilflJfbVl.d~6  t~unildlnJ~Hc3F?nauoJnlTnra7u  (solubilty  product constant)

M~al%mh~  ‘h UA~mlaJnl5Rt8lU  (solubility product)

K,  vi%! BaSO, = [Ba4’][S0  j-  ]
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AgCl

AgBr

Ad

BaCO,

CaCO,

MdW,

WW2

WOW2

BaSO,

PbSO,

CdS

COS

cus

FeS

PbS

ZnS

2 x 1o“O

5  x lo-l3

8 x IO-”

1 .6  x IO-’

7 x  1o-g

9 x IO-”

6 x lo-

5  x lo-l7

1.5x IO4

1.3  x IO4

6 x  1O-27

5 x 1o-22

4 x lo-

4 x 1 0
17

4 x 1o-2o

1  x 1oe20
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&-m$7~~  12.20 Fe(OH),  ax3ldl~~  7.18 x lOA  n%J”uciio^ncilT

QJdlUXkMl  Ksp WIJ Fe(OH)2  Fe = 55.85

.*. Fe(OH)2  n:a?f~~~~~ = 7’1~9~~~~  h&j,,

= 8 x  IO4 -iua/&ls

WOW2  -- Fe*+ + 20H-

[Fe*+]  = 8 x IO6 h&n

[OH-] = 2 x 8 x IO’ lush

K SP = [Fe*+][CH*]

= (8 x 104)(1.8  x 10w5)

= 2 x lo-l5

&adlJnd  12.21 RtmLI AgNOB  5 mg. 11~1::  NaCl  2 mg. RJbhd’~  250 mL.  wih

Rtnau  AgCl  ~iobi  K,, WJJ AgCl  = 2 x IO-”  (Ag = 108 N = 14 Na =

23 Cl = 35.5)

94 e
36n7 ~um3n~nlLIi  AgNO,  5 mg./250  mL.

= -I-xEx,o-~ =
170 250

1.18 x lOA  b.~n/%n

CM 111

AgNOS  lilurn’jodauraoou’lu~~ucjl

[Ag+]  = 1.18 x lo4 lunKh3

trlJR~nlUd  NaCI  = 2 mg/250  mL.

439



2 1000= - - x-x1o-3 = 1.4 x IO4 -ha/h
58.5 250

[Ci]  = 1.4 x IO4 h&m

PQ+1w-1 = (1.18 x 10A)(l.4  x 104)

= 1.65 x IO8

K,,  YaJ  Agl = 8 x IO-l7 K = 39, I = 127

Il-l  = 8x10-”  = “;;“r” = 8 x 1o-15

Ag+
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6.

7.

8.

ilJfhU?W  pH  21OJNl975kXEilWlK1J  Niacin O.OlOM  (&I  K,  llOJ  Niacin = 1.5 x IO-‘)

olau  3.41

mati 11.5% .

CM111 441



9 . Pm1  pH llOJA73W:RlU  O.lM NH&I  (do Kb  -1105  NH, = 1.8 x IO*)

glalJ  5.13

10. w~luanr  pH llaJal3atal~  0.050M  NaBrC (da K, WIJ H&C = 2 x 108)

6lau 10.70

11. OJ’dlU?fU  pH uaJA7ra~alu~r~~~lnn?swau  0.6OL  'IlaJ  O.lOM  NH&l %I 0.4OL

ltaJ  O.lOM  NaOH  (da b l!aJ NH3  = 1.8 x 1O5)

(Roll 9.55

12. e~Riua~41u?uluta?~lvn~  ~ti.gI fhGia~~a~%u  i.oLuaJ  0.10~ ~~,t~aIWki13

~:alu~~l~tli~i  pH 9.00 (&I  & ‘UaJ  NH3  = 1.8 x IO-‘)

QlolJ  9.55

Acid-Base Titration

13. BJh.&1t~  pH YaJm3R~RlLlldaHfJ~  O.lOOM  NaOH  ~J~UFIIXWW  O.lOOM  HCI

50.00 mL

(n) 49.00 mL (3) 49.90 mL (+I) 50.10 mL (J) 51.00 mL

mu (n) 3.00 (ll) 4.00 (Fl) 10.00 (J) 11.00

14. oJfhuanr  pH VaJtTm~RlU  l%aMLlm  O.lOOM  HCI nJ~I.Kmaralu  O.lOOM  NaOH

25.00 mL

(n) 24.90 mL (?I) 25.00 mL (F-I) 25.10 mL

mu (n) 10.30 (?I) 7.00 (Fl) 3.70
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