
”
nm (w-i  II% h)  + tuu (Uri  viro  hb) === rnta  + h

HCI + NaOH === NaCl + H,O

‘-GO., + 2NaOH ==c Na,SO,  + H,O

“W’P, + NaOH ii== NaC,H,O,  + H,O

HCI + Na,CO, === 2NaCI + H,O + CO,



HCI + NaOH ==E= NaCl + H,O

1 ha 1 IUA

(13.3)

(13.4)
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LT  x MT

20.76 x M,

= Ls,  x MST

= 25.00 x 0.1012

M, = 0.0879

0.4119
0.02166 x M, =

204.23

M, = 0.09311



J$%Jl

H,SO, + 2NaOH === Na,SO, + H,O

H,PO, + 3KOH === VO, + 3 H,O

H,PO, + 2NaOH === Na,HPO,  + 2 H,O

+W?U H fib! E W

2 H2S04

2
3 H3PO4

3
2 H3PO4

NaH,PO,  + NaOH  === Na,HPO,  + H,O NaH2P04

HCI+ N&H  === NaCl  + H,O 1 NaOH

1
H,SO, + 2KOH === K,SO,  + 2H,O 2 Ba(W2

2HCI + Ba(OH),  === BaGI,  +  2 H,O 1

Hcl +  Na,CO, ===  2 NaCl  + H&O, 2

2
KOH

1
Na2C03

a



&I,,  x NH,,
iw%a,co,

= EWm,co,
0.5067

0.02786 x N,,,  = ~
52.995

N ICI =  0 . 3 4 3 2

(n’7ailJfi  1 3 . 4

‘lun73tn”urJu7n~;lu~aJ~~~~~l~  H,SO,  T?IU?U  25.00 mL  ~aJ’LlhlXi~alU~lnr;lu  NaOH  tu’u’h

0.1077 N ~IUXA  28.50 mL  aJfhU?f&MX4a%tU%hiaJ  H,SO,

Equivalents H,SO,  = Equivalents,,,,

LH,SO,  ’ NH,SO 4 = Lao,  x  NivaoH

mL H,SO,  ’ NH,SO 1 = mLaoH  x  NNaoI,

2 5 . 0 0  x  NHsSO, = 28.50 x 0.1077

N WO,
= 0.1228



HA + H,O ===  H,O+  + A-
&O+ lb- 1

; K,=------
[HAI

H,O  + H,O ===  H,O+  + OH-

0 + H,O ===  BH+  + OH- ; I$=
[BH+][OH-]

PI

H,O  + H,O ==ii  H,O+  + OH-

+ K
[H,O  ] = [OH-I = 1.0x  1O-7

(13.5)

(13.6)

(13.7)
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13.3.1.1.  nmhum  pH uaJ~~R=s?snmu~niolurrrrn’

hu~7  7r~Jw3rJs-nn~rHd7i~,~~n~7~~  100% lua-~xmm~torniaa  mamnfhu7zu'l&iw~n'~it

PH = - log [H,O+]

POH = - log [OH-]

PY, = - log &

= - log [H,O+J[OH-]

= - log [H,O+]  - log [OH-]

= pH - pOH

iT7milJ+i  13.5

FIJ~IU~IM  pH ‘IIOJ 0.001 M WI.W-I’IR~~-IU  HCI

HCI =z== H’ + CI-

dUnl7S=ilJ?U 0 0.001 0.001

PH = -log [H’] = - log 1 xl O-3  = 3

ihi?aei-b~+i 13.6

$J~IW?KU  pH ~am~ffltri NaOH &.~u"u  0.1 M

NaOH = = =  N a ’  +  OH-

dun-i7tuqa 0 0.1 0.1

POH = -log [OH-] = - log 1x10“ = 1

PH =14-pOH=13



lu"sriin~s~~lsru~0ri7JR~l~~~mu,sn~~~~~J~

tulil  : 2 H,O  === H,O+ + OH- : & = [ H,O+][OH-]  = 1.0x1 O-l4

1 H,O+l q [OH-] = 1.0x10“

VW’1  = C,, AI C,,  iiona~uru’uuitilu  M w4n7m

n5r;n”  (2 )  do&  tiluhh%  H,O+

[H,O+]  = ‘/ K.,, = 1.0 x lo-”
.-^

[H,O+]  =  [H,O+]Qln  H X  +  [H30+]ain&

= C,  + [OH-]
K

= c,,  + w
wp+ 1

[H30+12  - C,hO+l  - k =o

13.3.1.2.  n-tsfhamu  pH  wmmxm~n3~~~u  (HA) n%6lish  (B)

Ens~s~nn~lls:mn~~cijdinJ~ni5ttnnBij  ( Ionization constant) ruiultdu?u’o~  ns&ou

Gu~ff&m  ttw7or?hiIn’  1 0 0  4b  ocii~i~ri?urvlloatilylJrut~?~  h5nbwnfi7  K. visa  q  tbu

PK, = - log K.

4 = 1 .o x 1 o-* xlzln” pK, =-logl.0x10-2  =2

K, = 1.0 x IO-’ o:ld pK, = - log 1.0 x IO-’  = 9



K= [H+l =K = .-!!i
a C-[H+] a C-H

Hz + K, H - K,C = 0 (13.10)

H =
-Ka  + &a2 +4K,C)2

2

pH  =  -log  H =  -log  Iga + (Ka2  +4KaC)’  ]
2

(13.11)

(13.12)

$1  K %I% K, &iihIuinq ( nmiauuinq ) tlnn6ii?r&l~auUln  =====> [H’] < < < C

(13.13)

H =JKpc (13.14)

PH = -log H = -log (K&f’* (13.15)

BOH =z= B+ + OH- (13.16)

<~= P’IW-1
POW

$1  K,  5 l$ cm=> h = [OH-l2- -
C

(13.18)



2.H,O KaxCHA’<  K,

3. HA +H,O K,xC,  = Id.

HA + H,O

WI

K.

=== H,O++A’  ;

=== H,O+ + OH-  ;

= [OH-] +  [A-]

= [HA] + [A-]

= CM - SW’1

&O+ I2=

%A - W30+l

K = [H30+Ib-l
a

WI

Kw = [ H,O+][OH-]

[i130+JP  + K,[H,O+]  + K,C,, =O

llei  [H,O+]  =  [A- ]

[H,O+]  =
2

K = [H30+12
a ====>  [H,O+] =d

%A

KaxC,

(13.19)

(13.20)



nsnh rua~au

HA + H,O == H,O+  + A- B + H,O == BH’ + OH-

K, =
[H30+l[A-l

K, =
[BH+][OH-]

IHAl PI
[H,O+]  = [A-] [BH’] =  [ O H - ]

[ H A ]  =  C,, - [H,O+] [B] = C,  - [OH-]

K,  =
W30+12 K = W-l2

C HA -W30+l b C,-[OH-]

61  C&K,  >  1 O3 61  C,/K,  >  lo3

K = &Of  I2
a

%A
(H,O’] = d Ka x C,,

[OH-l2
&,=-----

C

aunidszipu?a [ H,O+]  = [OH-] + [A-]

P-1 = [ H,O’]  - [OH-] = [ H,O+]  - K,/ [ H,O+]

auni-iu-aaau~a C HA = [HA] + [A-] ttd [H,O+]  =  [A -  ]

LiiaJilln HA tiaWln7  [A-] &uulnlilalhIu6~  [HA] C, = [ H A ]

tm.&aJ'luauni5 K,

K
[H30+l{[H30+l--~~

Y
F$O+l

=
%A

(13.21)

= %A

= dc,,  + k (13.22)

W+12 - K,

W’l



K a
[H30+][OAc-]

=
[ HOAc]

W+l = K WAcl
a [OAc-]

(13.24)

(13.25)

+ A ; K,=
tf$O+ltA-1

WI

A -  +  H 2 0 = HA + OH-

”

WI = CHA  - [H30+]  + [OH-]

.[A-1 = cN&  + [H30+]  - [OH-]

. (13.29)

(13.30)



CHA  tLAt CN~  2 10U3 URI  K, LLR’  Kb  2 It3

niWtilu~d~lut~au’2u

Ka =
tH30+HCNaA  +[H,o+l-W-1)

Cm -[H30+]+[OH-]

ttnwdl [OH-] $iw  K,/  [H30+]  ttRi~mh.i

[H3012  + (CN~+  Ka) [H30+12 - ( KaCHA  + K,.,,)[H30+] - KaKw  = 0

403

(13.31)

(13.32)

(13.33)

WI m CHA  tta:  [ A - ]  % CN~  bh%

nixhmv.tfi  (HCI) $%tmmi  (NaOH) mh%tvb~

HCI +NaA = = =  NaCl  + H A

NaOH  + HA ===  NaA  + H20

1 .iirltvhi  dsmou&i?u  ( HA 0.20 M + NaA  0.01 M)

0.20
PH = pKa  - log -

0.10
= pKa  - 0.30

tdathtUt?ttti ( NaOH  0.10 M) %¶rd

HA amRW&  0.20 -0.10 = 0.10 M

NaA  tfk.dutih  0.10 +O.lO = 0.20 M

PH
0.10

= pK,  - log _
0.20

= pK,  + 0.30



APH = pi,  + 0.30 -( pi,  - 0.30) = 0.60

pH  tlJhnurhJGxw7n  tdar+iouhl%ifunrn  Gaw&iu

c%milJn’  13.7

~VI~ASW&  HOAc 0.1 TJJA  UR::  NaOAc 1 ~JR  h 1 L e-u’  pH  = pKa

( K,uaJ  HOAc = 1.8 x 1 015)  &d.hu’wr~ahhn~~

Y
(n) rdal%~thaJ~d  R?1UL~~~U~aJn~~lt~::tn~a~~J’JnJt~ln’u~~a~~~ pH  ~JnJhvivb  4.74

(II) t&h%  1 M HCt  aJ\d  1 mL  ( 0.001 mol H30+)

%%I

H30+  (F]in  Ha)  9:rild$i?uv%1  OAc-  I$ HOAc <Jaunt

H30+  +  OAc-  = = = HOAc + Hz0

~6 HOAc t&h  0.001 hR  S?Uth  HOAc n”WJ@l  0.101 ‘IUR

tttx OAc- ocu’arrwJjd 0.001 ~.IR  &WI  LlrlTl:Oth&  da  OAc-  = 0.099 ~JR

pH  = pK,  - log z
sa

= 4.74-  109  s

= 4.74-0.009 =  4 . 7 3 1

(n) tdath  NaOH  tY%h  0.001 heiah  RJb  1 mL  ( dfiOH-  0.001 h=ida?ims)  OH- oin

NaOH  tW’h.@ii%llr%  HOAc tf%ltUR  OAc-

OH - (  F)ln  NaOH  )  +  HOAc ===>  OAc-  + Hz0

HOAc ?daoaJ  ttA: OAc-  w~uu’u

PH
[acid] 0.099

=  PK,  - fog [ s a l t )  =  4.74-  log  0.101

= 4.74 + 0.009

= 4.749
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tn8auowmdaw  + & ===  nmdau + OH-

”
tniauawaiau  + d? ===  tuatiau + H,O+

( 1 )  nstkn~avamsndau  (NaA =  Na’  +  A-)

A- + Ii,0 =  HA+OH-  : 16=
WWH-  1

b-1
2 H,O = H,O+  + OH- : K =[ H,O+][OH‘]

H A = H,O’ + A- : K, =
[H30+ItA-l

WI
(13.16) = (13.17) / (13.18) ==>  &= K,  /K,

Kw = [HAIW-1 P-l2

Ka P-1 = CNaA
KW

[OH-]* = KC,,
a

K
[ O H - ]  =  xC

i
K N&4

a

( 2 )  nsdhnlauaJllmiau  (NH,CI - N H , +  + cl- )

NH,+ + H,O  = H,O++  NH, :K,  =
[H30+lINH31

[NH,+1

Kh
Kw [H30+11NH31

=- =
Kb [NH,+1

= K,

Kw [H30+J2

Kb =C
NH4CI

K
[H,O+]  = AC

K
b

NH4c1

(13.34)

(13.35)

(13.36)

(13.37)

(13.38)

(13.39)

(13.40)

(13.41)

(13.42)



+
W’ + H,O === H,O + HA-

HA- + H,O ===  H,O+  +A
2-

d@d~ Ka, “’ L = 100 wil

: K
a1

= [H30+IW-l

W2Al

: K -[H30+1[A2-l
a2 -

m - 1

W30+12=
C H

2
A - [Hp+1

(13.43)

(13.44)

(13.45)

(13.46)
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&HA  === Na’  + HA

HA-
+ 2-

+ H,O ===  H,O +A : K,, =
&O+ 1[A2-  I

(13.47)

W-1

HA- +  H,O = = = O H - + H,A
: K _ [H2AI[OH-  I--~

b2
W - l

(13.48)

l-71 K a2 >>’  KS ==>  aixicaluBanlwrilwnsa

61 K a2 <<<  Kb2 ==>  mxa:aiuijanlwtilurua

[H,o+] ~~i?n~uaamld  (13.4’7) o~ti’dfj”uiu~  ?%  [OH-] i1lncwnl5c(  (13.48)

[H,O+]lMftXJ~ = [H,O+]&b  - [H,O+]&!ld@%ll~d (13.49)

utialnaun73d  (13.47)

[H,O+]Cfriin  = [A’-  1

tria~naufnzi  (13.48)

[H,O’]&d~ = [OH-] fki?n = [H,A]

U-W+1 = [A’-]  - [H,A]

[A*-1 = [H,O+]  - [H,A]

rtnudi  [H,A]  lu;d  K,, a~buiuni5Gf  (  13.50)

(13.50)
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[AZ-l = [H,O+] -
[H$‘+IW-I

K

a l

unufii  [A’-]  amaun7Td  (13.47) ‘Lu;d K,,  aJh=wn’d  (13.5 1)

&O+l[HA-1
W30+IW30+l+ K 1

K
a l

a2=
WA-1

[H30+f  =
KaIKa2W-l

Kal  +W4-1

K a, <<  W-1

GYdu K a, + [HA-] % [HA-] ffunm!  ( 1 3 . 5 3 )  atna-iorilu

[H30+]*  =
Ka1Ka2[=4-l

m-1
= ‘L Ka,

~xhzm6-w  ttou?&htn  2 &fin  H,PO,-  UA: HPO,-

H,PO,- ==>  [H,O+]  = K,, K,,4

HPO; ==>  [H,O+] = K,,  K,,d

(13.52)

(13.53)

(13.54)

(13.55)



&I =
W-IV-1

tA2-1

4s =
[H2WH-l

[HA-1

(13 .56 )

(13 .57 )

V o l u m e  T Volume T



fmufi  + tuw-i === tnija  + Ii,

H30+  + OH- === 2 H20

[H2012 1 1
Kt

= &O+][OH-] =  [H30+][OH-]  =  G
(13.58)

nmdau+  rum-i === tnTda  + lil

HA + OH- === A- + H20

Kt
r-4-1 K,

=  [HAJ[OH-] =  K,
(13.59)
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1 2 -

( A ) 2 5 . 0  mL UOJ 0 . 1 0 0  M CH,COOH  ri?U 0 . 1 0 0 M NaOH

10 - (8) 2 5 . 0  mLuoJ  0 . 1 0 0  M <-XI  0 . 1 0 0  M NaOH

I, a-

01 I I 1 I I
0 10 2 0 30 40 5 0

Volume NaOH,  mL



HCI + NaOH === NaCl + H,O (13.61)

‘-60 + H,O === H,O+ t OH‘ (13.62)

(13.63)
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CA

= [Na’]  = ,““;y
A B

= [cl-] =
‘AovA

vA +vB

(13.64)

(13.65)

unudl (13.64),  (13.65) RJ(~U  (13.63) ~):bi

cs  + [H,O+]  = C, + [OH-] (13.66)

‘B -‘A

CA

CA cont.  titrant
-= =

CB cont.  sample

n77uij,,R7nuoJni5min3BI

[OH-] - [H30+]
=

CA
(13.67)

5

CS

- 1  )x100 (13.68)

[OH-]-[H30+]
= (

CA
)x 100

CH,COONa + CH,COO- + Na’ (uvmhI&am)

CH,COO‘  + H,O + CH,COOH +  O H -  (riiW@%da~sl~~R~~)



CH,COOH + NaOH === CH,COONa  + H,O

‘-40 + H,O cc= ,,,O+ + OH‘

(13.69)

(13.70)

2 .  n?iuij~waimvoJnisrnrnsm  = (
[OH-I-[H30+l

CA
- cL,)xlOO (13.71)

.

NH&I + N H , ’  +  CI- (ttan&Vimm)

NH,’ + H,O + NH,OH + H’ (riinll~~Lll~a~m~laQa)



Cl- + H,O + HCI + OH- (li7nll~iiiullalR~'LR'ii8)

r,

4-

2-
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14 -

12 -

10 -

I,

01 I I I 1 I
0 10 2 0 30 4 0 5 0

Vobms ritnnt.  mL



HCI + NH,OH ===  NH&I + H,O (13.72)

‘-60 + H,O ===  H,(-J+ + OH- (13.73)

yltkl& NH,OH

liau?mau~a NH,OH+ NH&I

Ct?WW)?R NH&I

n&ymauya NH&I  +HCI

I. 61  APH  uarnm’ianMitntaoi

2 .  n?iuij,,,inuaJni¶~ntn~~  = (
[OH-] - [H30+]

CB

- 01,)x  1 0 0 (13.74)

@i-l5  9

I 3.5.4.7 lunsriiu’  2 rdrflou
tdu  mrhtnm  H,A &u~I~~:~iuu~rn~~u  NaOH

yxfu$Ja?mttTI hd?U  mmol NaOH  = %ilU?U  mmol H,A

~mfiuz$gn&aJ  ilU1U  mmol NaOH  = 2 x ThXJU mmol H,A
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H,PO,-  +  H,O = = =  H,O+  +  HPO,*- Ka2  = 6.3 x 10-O (13.75)

H,PO; +  H,O = = =  O H -  +  H,PO, y3;F = 1.41 x lo-‘* (13.76)
a l

Kb3 ((( Ka2 ~xcwdhyiii~un~a

1%  NaOH  thalx+r@wuln~;w

HPO,” +H,O===  H&l+  + lX$ K,,  = 4.2 x 1 O-l3 (13.77)

HPO,’ + H,O === OH- + H,PO,- = 1.5 x 10.‘(13.78)

K a3 <<<  4762 i=f-na~wiuijqn~~ilu~u~

‘I+ HCI ~~WW.FWUWI~~~

tunls~nlnsns~~i7JRlla-R7omm  HCI ru’uuir 0.1000 M hr~u  50.00 mL  n’umra:aiorua  NaOH

ru’uh  0.1000 M i)~6lu11uv11fil  pH  i+nhnxvTiw  yilun’ii

1) d?“daJnir

2) ~~~&JNI~R~RIU  NaOH  AJ!~  25.00 mL

3) ~~~&JRIXCRIU  NaOH  ~3rd 49.90 mL

4) 6%l&~a13~%i1~ NaOH  w!d 50.00 mL

5) ~~CI&JRI~R%~IU  NaOH  a~b! 50.10 mL
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Nlla:alunlR  HCI t+~ui  0.1000 M ii [HI’  ~Y+I&I  0.1000 M

mgm pH  = - log [H’] = - log [O.lOOO]  = 1

2) tddiUiTll%~~f~  NaOH  tdd  25.00 mL

W+l,+u,-u  =
50.0ox0.1000

1000

[OH-h  =
25.0Ox0.1000

1000

(Hi] h&~ind@iki  =
50.0Ox0.1000  25.0Ox0.1000

1000 -
= 2.5 x 1O-3 M

1000

l.%Jloll~W?lUh  50.00 + 25.00 = 75.00 mL

f~?~a~&.~u'uuo~  H’  rrhnir
25 x 10-3

75.00
xl000 = 0.033 = 3.3 x lo-*  M

Qln~m pH  = - log [H’] = - log [3.3  x 1 O-*1  = 1.48

3) lijOLhlR75RZW170  NaOH  dd  49.90 mL

W’h,, =
50.0Ox0.1000

1000

[OH-h  =
49.90 x 0.1ooo

1000

[H+]  ~tk%&wd~n^so~  =
50.oOx0.1000 49.90 x O.looo

1000 -
= 1.0x  10-5M

1000

Lkm~nniUd~  50.00 + 49.90 = 99.90 mL

n?~u&x~uiruoJ  H’  rvi~rh
1.0 x 1o-5

99.90
xl000 = 1.0 x 1O-4 M

tm~nl pH  = - log [H’] = - log [l.O  x 10-j  = 4.0



4 2 1

5 )  tdat~um~~ra~~~  NaOH  fdd 5 0 . 1 0  mL

[H+la+, = 50.00 x 0.1000

1000

[OH-k:,,
50.10 x 0.1000

=
1000

[OH-] Ct~~ta~~f~d$%Jl  =
50.10x0.1000

1000 -

50.00 x 0.1000 = , ox  1o-5  M

1000 .

fiuinsyaniuto  5 0 . 1 0  +  5 0 . 0 0  =  1 0 0 . 1 0  mL

n71utbuiruaJ  O H -  ttilfk
1.0 x 1o-5

xl000 = 1.0 x lo-4 M
100.10

Qlng~s  pH = 1 4  -log[OH-]  =-log[1.0x10-4] =14-4.0=10.0

6 )  rdotbumsa:a~o  NaOH  RJrd  6 0 . 0 0  mL

[H+l,‘,su = 5 0 . 0 0 x 0.1000

1000

[OH-IA:,,  =
60.00 x 0.1000

1000

[OH‘] drkhl~$i%‘l  =
60.00 x 0.1000 50.00 x 0.1000

- = l.0x10-3M
1000 1000

fisuim$&lniuflo  6 0 . 0 0  + 5 0 . 0 0  =  1 1 0 . 0 0 mL

f17WLu’uu’uuEIJ  O H -  lYilf%
1.0x 1o-5

xl000 = 9.1 x 1O-3  M
110.00

wngas  pH = 14 - log [ O H - ]  = - l o g  [9.1  x  lO-3]  =  1 4  - 2 . 0 4  =  1 1 . 9 6



Kb  = [NH4+lPH-l x2
cNH40Hl = co.l  += 1.76x  lO-5

P-1 = x = 1.33 x lo-J

wnE$aT  pH = -log[H+]  =14-log[l.33x10-3]  =11.12

2) LdaL~Um3AtRlu HCI i3Jb.j  10.00 mL

(l.kJl@l~7XJlVhfh  50.00+10.00  = 60.00 mL)

~TI~~%RIu  HCI t+$jiiitl-~~~t~  pi-a NH,OH  hhdiaa$um~ara~fl

hf13a~aiuii NH,OH  ttar  NH,CI  rih&imr%mu&itdai

[NH,OH]  =
(50.0x0.1)-(10.0x0.1)

= 0.067
50.0+ 10.0
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V-WI
(10.0x0.1)

= 50,0+10,0  = 0.02

D-1
0.067=K+-= 1.67xlO-5xO.O67  =5.89~10-~
0.02 0.02

illngns  pH  = - log [H’] = 14 - log (5.  89 x 1 O-5] = 9.77

3) tda~~l~nsa:al~  HCI RJ~/ 50.00 mL

+Wt$ShJaJd@%ll  NH,OH ~JWJ~~?lLd&IuL%4  NH&I

[NH,OH ] = =
(50.0x0.1)-(50.0x0.1)=  o

50.0+ 50.0

[NH&I  ] = = 0.05

NH,+  + H,O ===== N H ,  +  H,O+

0.05 - x X X

w ;W31P30+lK 1.0x  lo-l4  x2
K, =

Kb W4+  1 = 1.76 x 10.’
=-

0.05-x

x = [H,O+]  = 5.33 x 1O-6

ainljws  pH  = - log [H’] = -log 5.33 x 1O-6  = 5.27

4) LdaL~U115R~8lU  HCI WJb  55.00 mL

IH+ld,~uum~uwo  =
5.00 x 0.1000

= 4.76 x 1O-3
105.00

oinc$as  pH  = - log [l-l+]=  - log [4.76  x 1O‘3  ] =  2.32
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$4  13.5. WI%J~sb4nl5TIfMdU  Kjeklahl  Titration
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2%  2 rYm-&WI5(Ru1oti75  ( Distlllatlon)

&J& 11~:  NaOH  r&~ui, rlja~~a~lJ,~a~~~aral~~qn~~~un~~J ( N lu frm?mhJ~n

LI.&I~L%&  NH, ) NH, o:pnn~UAJ~u?l7n~aJ%I  85; nsn  H,SO, &J’I?u O.lN (hn% back

titration) v?a boric acid (~!IM?¶J  indirect titration)

(3.1) %fllT~T7lnTmUtJLI~aun~tI  (Back tltratlon  Method)

nSR  H,SO, ~~ln~~uwalle~n~~n?lu~u”uuiruwc~ulni~uu?m~aJs’Y

H,SO, + NH, === (NH&  SO, + H,O  + H,SO, ( excess) (13.79)

~~u?n~aJ~aanillnVtiltFl?iaJiia  tthrilnl-ilntnmR”I~~r17unT~  H,SO, &Jinriiuwa  &~IRITA~VJ

uwnyu  NaOH  ‘Lud<msdau~il~a  N hi a75&atilJ’LU$  NH,

% N =  =
CL,  x NT) - (L,, x N,,)  x 14.00  xloo

sample weight
(13.80)



NH, + H,BO, ==== H,BO,-  + NH&I (13.81)

‘lu~iiii^suluoJnl5mrnsR~a H,BO;  + H’ .===  H,BO, (13.82)

cn’?ohd 1 3 . 1 2

‘Lu  Kjeldahl  analysis, fi’vm’7atiiw&MU’nn 0.9857 n?aJ  vilnlTdaU~iURlsRrRiUn~~  H,SO,t~u~u

rihraa~ulu  45 ulci lh~~sa~alu NaOH  tu’uuira~~d  N, gnrdiuurilu NH, elnu"u  NH, orp-mh

~~hhwa~~U53~ Rln31JXilUns&I  H,SO, lbh 0.1011 N tiluxb  50.00 mL I.t%Jlfunsn~tn~oatvt~

d$iiuircodf%I  0.1260 N NaOH  diuw 5.12 mL 9~Ffl~1lllt~0it’ll~Bill0~~~~~310~~~~75~~7~1~

%N =
CL H,SO, x NH,SO,  ) - tLNaOH  x %,oH)  x 14.00

sample weight
xl00

%N
= (0.05000x 0.1011) - (0.00512 x 0.1266) x 14.00 xloo

0.9857

= 6.259 %



%N = um x N,c,)  x 14.00 xloo
sample weight

%N =
(0.02461 X 0.1011) x 14.00

1.1033
xl00

= 3.157



13.1. lun7rr~o~uin3~uuaJR75A’,8iU  HCI & CaCO, u?t$Jl  0.2970 g Litb=cmu1(un3m

30 mL vtln~s~nln~~~ulnm~~~ulnriiwwo~~uLIR75ARlu  NaOH  +w~w 3.36 mL w-ii

NaOH  20.25 mL tXJ@kln~n  HCI 25.00 mL oSh4?fU~lU&J~&l&l  HCI

o\au N,=0.2296  meq/mL

1 3 . 2 . tms~-milJuoJn~ndou  ( H,A  ) ncn 0.5700 g eia~nl5&IxcxwI  NaOH  h?u 23.04

mL r~otiinll8niulniJ~~t~uauysni  ~‘~LUR  21.20 mL rU~fin’Ymr~:Riuns61  HCI

lu’rJ$U  0.1260 N hk1U 20.00 mL TIS~X!.~

n) uohlr~h~~  NaOH

u) riinw’nruyvuo~nsn

n) tzloit~uoiuoJramnou~gnlnrn7olrnrunsn

WCIY n) 0.1189 meq/mL II) EW = 208.1 v-i) 0.484 %



9hmidniWu 8.0-9.8

Lumni’iu 9.3-l 0.5

-FlUElFWl 6.8-8.2

lJmJbuoau~ 6.0-7.6



n) 1 0 . 0 %  u)QQ%  n) 1 0 1  96

wa l l n) 1.46 7l) 3.54 n) 10.45

1 3 . 9 . oJAlU1IULna~?lDJnlf~nm~~~~iirn~75~nm~~~~nilJR72A~Rlu  NaA  lu’uui

0 . 1 0 0 0  M d~u?U  5 0 . 0 0  mL n’?f~fflIa:a  H C I  t%h  0 . 1 0 0 0 M

(FilnJdn75~mn~~-7uaJn~~  HA = 2.00X1  0” )

mu 10.00 mL HCI, pH = 11.30

25.00 mL HCI, pH = 10.70

49.90 mL HCI, pH = 8.00

5 0 . 0 0  mL HCI.  pH =  6 . 0 0

50.10 mL HCI, pH = 4.00

55.00 mL HCI, pH = 2.32

1 3 . 1 0 .  ~ijorl~fl7rmrnrn~TArRiLIYaJnl&ldOu’llii&lrR~~5Wn  (  H,A  )  ~J&iinJG(niw+m&

K,=l.00X10-4, K, = 1 . 0 0  X  lo-’ di7u~13Rz~iu  NaOH  &.Ju”u  0 . 1 0 0 0  M  O~fhU7fu

pH ~oJ~~~‘alU~~J~lnnl~l~~~~~ll~~U~

n) 25.00 mL a) 50.00 mL CI)  75.00 mL J) 1 0 0 . 0 0 mL

o)ou n) 4.00 9) 6.00 FI)  8.00 J) 10.26

1 3 . 1 1 .  iTl5A:5310  N H ,  &Juir 0 . 1 0 0 0  M  +~uau  5 0 . 0 0  mL Yhn7~~nm~~~~  H C I  r&h

0 . 1 0 0 0  M n?iuiinw17R91aJni5~ntnSBlFlZ.LEIuaLiiJrS  rdorn’l&Gim~diif~hl~

n )  ibawn7Wu  (  iiMdll~  pH 8 . 0  )

7J)  NJimXd(  ‘ird&~~~  pH 4 . 0  )
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tu^aRaatd  ( Vm ) hot%hilu  ( Vp)

n 19.12 49.45

II 37.35 37.35

n 0.00 39.16

J 16.92 28.77

0 22.46 44.92

olou n) H,PO, = 0.0765 M,  NaH,PO, = 0.0440 M Y)  HCI =  0.1494 M

n) NaH,PO,=  0.1566 M J) H3PO,  = 0.0474 M.  HCI  = 0.0203 h4

9) H,PO, = 0.0898 M

13.20. twwiluv%aliiJ~at7wh kIsata7onsnuloIs_nu 11.22 mL LdohIs~ho~a’

~wo~~n7lutilu~ultnrPloi  nilntnsoll~utaiu^a~6at~u~t~u~u~t~t~a~  (RIO41tkmcmu

nmlduh  33.66 mL 9JdlU?fU  pH l!aJRI’IAZAlU A

mlu 11.7

13.21. hl&r&%JlfU~aJ  SO, hJIXll?llPrllOJ~SJJlU  h.ld~li~~Jijur  dlUfWlldlh

&&h H,O,  k%hiil571%  10 L/min LhlfUrl~~  H.$O,  hp4%lh  30 min

( S0,+H20,  =  2H++SOd2-  ) yibwIs~~~uA75A:,a7u  NaOH  lhh 0.01000 M +WJU

5.62 mL  oJdlu?~~l~?lulu’u~u~irvoJ  SO, hilrll9lhniXl  ppm ( mLS0, / 10’  mL air )

ri~nunb%n~unu~uriu~U  SO, n’a  2.86 mg / mL )
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RDU n) V,  = 0, V,  = 14.2 mL ?I) V,  = V,  = 23.1 mL

n) VP=  21.5 mL, V,  = 43.0 mL 4) V,  = 14.8 mL, V,  = 39.6 mL

il) V,  = 24.8 mL, V,  = 39.6 mL a) V,  = 14.8 ml, V,  = 29.6 mL

a) V,  = 11.9 mL. V,  = 32.1 mL ?I) VP = 35.6 mL, V,  = 45.6 mL

13.23. ~~~ralouoJR7~'?oLilJns~~iin'lu~u~~s~n  HA (MW 60.0) &~b~saam~  NaOH

ru'uh 0.1000 M dw-~u 15.00 mL tunlrhmI u'o'ltiloior~~~nul~oil~uboJnsn  HA

1ueiaodlJ ( w/w ) ?

n) 10.0 II)  2 5 . 0 FI)  2 . 5 0 J) 5.00

( ~?111nUlLL~U'UOJR75A:R7LI HA = 1 .OO  g/ mL )

mou J) 5.00

'h&au 250.0 mL



&IOU M = 0.01662 mol / L; N = 6 M = 0.0997 eq/L

13.26. rdad~rn~ara~u  A waJnsmaan%'k%-iui  25.00 mL  r?lnl5~nln~Pl~~u~lrA-R7o  NaOH

ru'u!hO.l800 N ~KJU  30.00 mL lrxxhlnilR?s~:a?O  Ashwu  20.50mL

rhdfp?olrrat~LI~lsfi:al~  KMnO,  xiiu~u  44.28 mL  bMw-ww~LiJun3m

(MnO,-  + Mn*+) ~J(~IU?IW~I~~?IU~~U~U~~JUU~~~RUR~~~AI~V~JKITR~RIU  KMnO,

m u N = 0.1000 meq/mL;  M = 0.02 mmol/mL

13.27. ~uni~~ninl&lm3a~RlouaJVaJWuUn~n 0.1875g  &Lir~nau&u NaHC,O, . Na,C,O,

lla::~~lbau~whn~lJdlilun~a  m”aJ’l&IxwmJ KMnO,  i&h  0.1200 N xhu?u

20.10 mL  (MnO-,  + Mn2+)  hnJ”Y~uni-ilnin~~KllRrR~i(IG(~5~naU~~u~~~~a~rj7J~ii

lhJlrulih  2 lri7 WLI’h6aJ’l%Efl3AIR7u  NaOH  l6Jui 0.0999 N hrJu  12.50 mL  F1J

fiwxu%mdaiiaun’uaJ  NaHC,O,  111:  Na,C,O,  h?~ath~

O)DlJ NaHC,O,  = 37.30 %;  Na,C,O,  = 41.57 %

13.28. 'Lunlt~nin~~insn'?a~lJ~~n  1.0580 g 6vJa7~axilu~lv1~~u  AgNO,  aIJi'daiL%um'

llaJ NaCl  ~Wh’?odlJlilU  200 lvil~aJn’lUa~U~t~~~J~~~ll~~U~  ~JfilU?tUVdkJln~~

( h%m  ) vaJmmtmu  AgNO,  +kdi

LWJU 36.21 mL

13.29. oJFilu?nnlirliulcilsuaJ~~~~~lU  H,SO,  ~Jih?llJMullltiU  1.835 g/mL llatii  H,SO,

93.1 % h&v&  ~n’FJJ~~7U7l~a,,J,-,~~~~~~l~~  1 “Rml~abi%kiTae870  H,SO,

tu"uh 1 .OO N

RDU 17.06 mL

13.30. En3titiacilJtti’ZwTs~~~~n~~  0.2105 g ~i~i~i~~niulnirmIRCR7LIUaJ  Fe” tu’uh

0.1 OOOM h41u  50.00 mL  45  MnO,  ay%X%h4  Mn” t4tT~~inni~~^sZldva.xfx

XWUJ Mn(lV)  afi&ualrtjsd~r~~  ~i~~RtRlu~~~~nlWiilUn361LLlj~~1n15~nLnT~  Fe”





____________-_-___------


