
I ..,. 
1Jflfl 7 

(Analysis by Acid and Base) 

l.Jfiffi£J1'l::'VI'h"n'l~ LLfl::~1\111::~~1'U.1'U.L'UJ~fl (equivalent) L 'Yhrl'U. L'i£Jni1n1'l 

~::L ii'U. LLfl::tl1LiJ'U.n'lm"ll fl"m~LLriLLfl::~1\ILLri~1'lfl::fl1 £J~L~11::~~2JU~iLiJ'U.nfl1\l (pH =7) LL~ 
Ln'lfl::fl1 £.111:: Lll L il'U.n fl1\l tl1n'l~ LLfl::~1\I~U12J1 ~::L ii 'U.~~112J LLri-~ fl'U. "lll L 'Yh n 'U. fl111 ~ ~2J1J~ 
Lii'U.n'l~ (pH tt'Ewni1 7 'VI'if1~1" pH 2.11nni1 7) 

ilU13Jtlth1fl1'c;tLLa::LUU 

ilU1aJtlil" Bronsted-Lawry Theory 

m~ ~fl ~'lU'l::nfltJ~L'VILU'l~fl'U. (proton donor) 

LtJ~ ~fl ~'lU'l::nfltJ~i'tJ tu'l~fl'U. (proton acceptor) 

ilu1aJt1il" Arrhenius 

m~ ~f1~1U1::nf11JL~ ')~a::a1£JJ1LL~1LL~n.l1 (ionized) 1lt H30+ L1J~~mn1U'l::nf11JL~ ') 
~~::a1m.i'1LL~1LL~n.J1Li OH-

-----+ 
+ -

-----+ 2H + 20H 
+ 

Kw (Autolysis constant) = [H ] [OH] 
0 -14 

Kw at 25 C = 10 

+ 
pH= -log [H ] 
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"" I ..1 o o 
IR1il!.l1\1fl 7.1 ~-\lfi1'U1tu. fl1 pH "l1El-\IH11R::,:ntJ 0.1 M HCI 

+ 
pH= -log [H 1 

pH = -log [0.11 

= 1.0 

+ 
pH =-log [H 1 = -log [0.0641 = 1.19 

Gl1ilEh\1~ 7.3 ~-\1~1'U1tu.~h pOH LL~::f\1 pH "liEl-\IH11~::~1tl~YhL<XL~El~1-\1~1nn11L~h.nh 
600 iia~~~n R-\ILUH11a::a1t1 100 iiR~~~,- "liEl-\1 KOH 0.10 M 

~ ~ A ~ ~ 
1. fi112JL"ll11"li'U"lltl-\IH11a::a1tl KOH ~::a~R-\IL11Ellfi111~1"ll El-\IH11a::a1tJL Y-12J"li'U 

130 

m.mol KOH = M KOH X VKoH 

= 0.10 X 100 = 10.0 

MKOH = 

= 
= 

[ OH- 1 = [KOH1 

pOH= -log [OH-1 

pH+ pOH 

pH 

m. mol KOH 

VKOH + v H 0 , 

10.0 m. mol 

"" ...... 
700 1Jt'lt'l~Wil 

-2 
1.43 X 10 M 

-2 
= 1.43 X 10 M 

-2 
= - log ( 1 .43 x 1 0 ) 

= 1.85 

= 14 

= 14-1.85 

= 12.15 
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n,.c;mrlLLa::Gh"LLrl (Strong acid and bases) 

11::LL~n~1L~V111~ 100% L'71'1-l. HCI NaOH 

n,.c;u:iu\ULa::c;h"rim.• (Weak acid and bases) 

1l::LL~n~1LllV111~ L"li1-1. acetic acid 

Weak acids (HA) 

+ • 
KA = [H ][A] 

[HA] 

Weak bases 

-----+ + 
BH + OH 

K8 = Base dissociation constant 

+ • 
K8 = [BH 1 [OH ] 

[B) 

PKe =-log Ke 

Kw= KAKe 
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[OH"] (H+l 

10 1015 

1 10-14 

10- 1 10-l J 

10-2 10-12 

10-3 10-1 I 

10-4 1010 

10-5 10-9 

10-6 10-8 

10-7 10-7 

10-tl 10-6 

10-9 10-s 

10-10 10-4 

10-I I 10-3 

10-12 10- 2 

10-13 10-1 

10-14 

101 s 
pH 

pQH 

t 
Alkaline 

Neutral 

~ Alkaline-
.... -. 
!!!. 

3 4 5 6 7 8 9 10 11 12 13 14 15 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 -1 

"" . ll1vtYI 7.1 m pH LL~:: pOH scales 

""" I ~ 0 1 .d I ._, 

IJI1DU1"YI 7.4 ~.:J~1\1.1tlUl1 hydrogen ion "1JEl.:lffl1'~::~1£J L1l£l pH "1JEl.:Jffl1'~::~1£JLtnnu 

9.67 

+ 
-log [H ] = 9.67 

[H+] = 10·9.67 = 10-10 X 100.33 

[H+] = 2.1X 10-
10 

M 

+ -
K8 = [NH4 1 [OH ] 

[NH3l 

132 
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Ka = ~ 

[0.05 -X] 
4 

X = 9.27 X 10 

pOH = -log [OH ] 
4 

pOH = -log [9.27 x 10 ] 

= 3.03 

pH = pKw- pOH 

= 14- 3.03 

= 10.97 

if1~~::~1uirvh~o.f (Buffer solutions) 

LUl-I.H'l'l~::~n tr~th::n tlU~1 trLn'l~::~1 m·HUJ"ll tJ\Jn'l~ei tJULL~::fiLua-
~ 

(conjugate 

base) 'VI~t1~1\JBt1ULL~::~n'l~"lltl\JLUH (conjugate acid) ~tu.H111J~"lltl\Ja'11~::~1tl buffer ';1:: 
~ ~ 

LU~tiULLU~\Jll'El tl111n L~ t1 L~11n1~ LLri'VI~mUHLLfi~\J'U H11~::~1 ti1J~L ~ tJfl "li'LUUH11~::~1 tl~ 
~t1\Jn11 'l ~~1~1111LUUn'l~~1\J~\J~ 

H11~::~1trU~L~tJf-;i1LLun,~tltJmilu 2 u1::LJl'Yl fit1 

1. U~L~t~.ffiih•n1TtLiJ"n1'~ (acidic buffer) 

H11~::~1 tllJ~L ~Elf"lfil~ii'th::nt11J~1tln'l~eiEJUnULnaEl"lltl\Jn'l~BElU L "Jiu HOAc nu 

pH<7 

ethanoic acid LL~:: sodium ethanoate ';1::~~1 pH fi\J~ 4. 76 

""-·· -·· ... ..1 .. c:il • 2. tJnLnil1'fiiU(111T4L "L1Jft (baSIC buffer) 

H11~::~1 tiU~L ~ Elf"lfil~ii'th::n t11J~1 mua-ei ElUrlULna El"ll El\JLtJHB ElU L "Jiu NH3 nu 

LnaEl NH4CI H11~::~1tiU~L~Elfi{';J::~HJl1YlLUULlJH 1~t~ii pH> 7 L"JiU H11~::~1tl"lJEl\J 
ammonia LL~:: ammonium chloride 'Iii::~ pH = 9.25 

Henderson-Hasselbalch Equation 

___________ .,.. 

+ -
HA H +A 
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• + 
KA = [A] [H 1 

[HAI 

• + 
log KA = [AJ [H I 

[HAI 
• + 

= log ~ + log [H I 

[HAI 

+ 
-log [H I = -log KA + log I8l 

[HAI 

pH = pKA + log ~ 

[HAI 

Bases 

pH = pK6+ log rnJ 
+ 

[BH I 

IR'1mh" 7.6 L~1rnJ 1 ~~1"1.1El~ Ln1fl::fl1t.l 50 mM acetic acid buffer, pH 5.5 1~dli 

acetic acid LLfl:: sodium hydroxide 

CH3COOH+OH. ----------------- CH3C06 +H20 

0.050- X X X 

pH = pKA+ log ~ 

[HA] 

X 

5.5 = 4.76 +log 
0.05- X 

X 

log = 0.74 
0.05- X 
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X 

0.05- X 

X 

6.495 (X) 

X 

NaOH 

ml acetic 

= 5.495 

= 0.275 - 5.495 (X) 

= 0.275 

= 0.0423 M NaOH 

= 1.69 n1'11 

= 2.86 ml (density = 1.0490 g/ml) 

t1'1mh"if 7.7 ';1..1~1\1.1tll.m111tll."lla..1n7~1.hi11 (acetic acid) ~-~~ij~1 pKA = 4.75 
-5 • ...,...... ... ... .,., 

Ka = 1.6X10 LL~: sod1um acetate 'IJ-II~"lfL~1£J11~11~::~1£J Buffer 'II..111~1111L"ll1l"ll'\.l. 0.2 M 

m111n~. 1 ~~1 pH 4.5 

LUJllii HA ~a acetic acid 
~ 

A ~a Ln~a acetate L'\.1.~11~::~1£1 buffer 

[HA]+[A-] = 0.2 M 

[A-] =X 

[HA]= 0.2 

~111~11m1 Henderson- Hasselbalch pH = pKA+ log [A-1 

[HA] 

X 
LLY1'\.l.~1L'\.1.~1lm7 4.5 = 4.75 + log 

0.2-X 

0.2-X 
0.25 =log 

X 

0.2-X 
1.78 = --

X 

X = 0.07 

~-11tfu~a..1Li sodium acetate ~1111L"li'1l-ll'\.l. 0.07 M 

acetic acid ~1111L"li'11-ll'\.lo 0.13 M .. ... -~ ... 
LV'laL~7£J1JGfl7~::~1£J buffer u7111tl4 1 ~~1 
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El1~1~ 

LLEJll 

"!IUllU-3 

n::~~1tl~ 
LLU-3 (flour) 

tlfl1 

.I ..., --fUJ1 : fln"!lm1LLfl::UtiEJ1 (2533) 

..1 I I 

Gl1"'S1"YI 7.2 LL~~h1fl1 pKa "lJEl-3 buffers i11-3 ') 

Buffer 

Phosphate 

Citrate 

Formate 

Succinate 

Citrate 

Acetate 

Succinate 

Glycine amide 

Borate 

Phosphate 

136 

I ... ... 
"li"Elf11-3Lfl1l 

2.1-2.2 

2.4-3.4 

3.3-3.5 

5.0-6.0 

5.2-5.4 

6.0-6.5 

6.0-6.3 

6.4-6.8 

pKa1 = 2.12 

pKa1 = 3.06 

3.75 

pKa = 4.19 

pKa3 = 4.74 

4.75 

pKa2 = 5.57 

8.20 

9.24 

PKa3 = 12.32 
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pH mi0.2M ml 0.1 M ml 0.1 M ml 0.05 M 

25°C KCI potassium potassium disodium 

hydrogen dihydrogen ml 0.2 M ml o.1 M ml 0.1 N ml 0.025 M hydrogen ml 0.2 

N 

phthalate phosphate HCI HCI NaOH borax phosphate NaOH 

1.0 25 67 

1.5 25 20.7 

2.0 25 6.5 

2.5 50 38.8 

3.0 50 22.3 

3.5 50 8.2 

4.0 50 0.1 

4.5 50 8.7 

5.0 50 22.6 

5.5 50 36.6 

6.0 50 5.6 

6.5 50 13.9 

7.0 50 29.1 

7.5 50 40.9 

8.0 50 46.1 

8.5 15.2 50 

9.0 4.6 50 

9.5 8.8 50 

10.0 8.3 50 

10.5 22.7 50 

11.0 4.1 50 

11.5 11.1 50 

12.0 26.9 50 

12.5 25 20.4 

13.0 25 66.0 

FDT 2301 (FT 331) 137 



... ... ~ 

014fiLf\LGlil1 

Thymol blue 

Methyl yellow 

(Butter yellow) 

Methyl orange 

Bromphenol blue 

Bromcresol green 

Methyl red 

Bromcresol purple 

Bromthymol blue 

Natural red 

Phenolpthalein 

Thymolphthalein 

Alizarin yellow 

138 

pH range 

(n1fl-Ltnl) 

1.2-2.8 

LL~~ - L~aEl~ 

2.9 - 4.0 .. 
LL~~- L~aEl~ 

3.1-4.4 .. 
LL~.,'I- L~aEl..1 

3.0-4.6 
.. "' 

L~aEl~ -1l1L~\4 

3.8-5.4 .. "' L~aEl~ -1l1L~\4 

4.2 -6.2 

5.2-6.8 .. ' 
L~REl..1 - 3.11..1 

6.0-7.6 

L~aEl~- J1L~\4 
6.8-8.4 

L~aEl~ - LL~~ 

8.2- 10.0 

L3-iiii - LL~.,'I 

9.3- 10.5 

L3-iiii- ,r,L~\4 
10.1-12.0 

L~aEl~LU\4LL~~ 

... ... 
f\111JLtiiJtl14 

""· Lfl,..n1aJ Gi£Jt.I~IJ1Gt1 
100 au. 'lfaJ. 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.05-0.1 

0.1 

0.1 - 1.0 

0.04 

0.1 

20% 

ethanol 

90% 

ethanol 
"' 

1l1 

20% 

· ethanol 

20% 

ethanol 

60% 

ethanol 

20% 

ethanol 

20% 

ethanol 

60% 

ethanol 

60% 

ethanol 

50% 

ethanol 

90% 

ethanol 
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