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Measurement of pH
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H,(g, latm)J > 2H (ag, unknown M) +2e  (anode, oxidation)
2H" (ag, 1M) + Zd1 > H (g, latm) (cathode, reduction)

2H" (ag, IM)J &> 2H (aq, unknown M)
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cel = Ecenl ~ 00592|Og|:H :qunknown

2 |: H ' ]standard

|:H+]standard: 1 M and Eell = 0, SO
_ _0.0592|og[ H*]jnknown

cell —

E

E

since log X = 2 log X,
- 0.0592

cell ~ T Xz qu: H]

E . =-0.092 x |og[ H*]

cell —

E

unknown

unknown

Because - Iog[ H] = pH, the final expressionis:

B, = 0.0592x | -lo§ H] |

cell —

E.,= 0.0592 pH

cell

Therefore, by measuring. k=, pH,.., can be suead

E

— cell
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2H" (1 M) + 2e0] - H (g,1atm) (redoct)
H,(g,latm)J - 2H (unknown M) +2e (oxidation)
2H" (1 M) O 3> 2H" (unknown M) E =0.366
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2

unknown

_ 00592 Iog[H ]

cell — 2 |:H+:|2
0.0592
0.366=—""g H]
0366 = -2 x /20§ W],

0.366 = - 0.0592 |o@ H]

unknown

0.366 = o.osgé - |o@ H]

unknown)

0.366 = 0.0592 plj_r‘known

0.366V
pHunknown:
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pHunknown= 6 18
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pH = 3.66
-log | H" | =3.66
log| H" |= - 3.66

| H*|=antilog (- 3.6}
[H*]|=2.188x 10

P shadldl ity Gaadailly
H ]’
el - _ 002592 |0g|: +:|§olution
|:H ]standard
Ece" = -002592|g|: H' :Eolution
0.0592
Ece" = Z % £|Od: I_T:|solution
E.y =-0.0592 lo§ 2.18% 10*)
E. =0.217V

cell
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E_., = 0.0592 pH
E.., = 0.0592x 3.66
E., =0.0592x 3.66
E, =0217V

cell
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:_%é’
Indicator ! Reference
electrode | electrode
Silver wire Platinum wire
coated ! Saturated solution of
with AgCl KCl and Hg,Cl,

Solid calomel (Hg,Cl,{s))

HCl{ag)(1 M} —T | { Mercury
A @\ Porous plug
Thin glass — | = »

membrane — \

Sample
solution

Fig. (9-1) : The electrodes and reactions of the pH meter. The| glass
electrode is Ag/AgCIl half-cell in a standard HCI solution that is

enclosed by a glass membrane. It is sensitive to the extetnalthi
solution relative to the Hin the internal standard HCI solution. The
saturated calomel electrode is the reference electrode.

Fig. (9-2) : A pH meter uses the voltage of a cell to measure the H
concentration in a solution. Each change of one pH unit cayses a
voltage change of 0.0592 volts.

(348)



Electrochemistry (349) Al g <) eliassl)
(ot § 3 el i il : Gl Jucadl|
S D) e s Ly das)

s e GilaS 5 568 uldy o) 8 pH (i 5 oaed) )
ol LLAY) 2l Lt A aadts 4l a5 pH ek
i€ Jony AV (zla ol cadad) caa s el sl S Tas
Dl 2y ) SIST LA oY) s g) Joe ISN Cadad Jhe pas e
8 Jaa S il ) 8 Jelis Ciumiy (Hg,Cl

Hg,Cl,(s) + 2el] [3» 2Hg(L) + 2Cl (aq) E =8.27V
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: s» (complete reaction)

H,(g) + Hg,CL (s) + O3 2H (ag) + 2Hg(L) + 2chg) Q= H][ cIf
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