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ABSTRACT. Since the definition of pH, pH=-logay, is based on a single jon activity, pH values can not be
determined with measurement itself, but require an approximation methad. They are derived from EMF meas-
urement of a liquid junction free cell vsing hydrogen and Ag/AgCl electrodes. Primary standard materials with
certified pH values can be obtained with this approximation method. Standard buffer solutions are used to cali-
brate pH meters. Thus the accuracy of the pH values of standard buffer solutions limits the reliability of measur-
ed pH values of sample solutions. To certify the pH values, we have established the system for the primary stan-

dard measurement and certified the pH of buffer solutions in the range of 1.6~12.5 pH unit within uncertainty of
+0.005 pH unit.
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Fig. 1. Traceability chain of a measured pH(X) value to
a primary standard pH(PS) value.
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Fig. 2. Galvanic cell without liquid junction.
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Fig. 3. Block diagram for pH measurement system.
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Fig. 4. Result of intercomparison of the Ag/AgCl elec-
trodes made under different conditions. ® argon, C: air.
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Fig. 5. Extrapolation of acidity function to zero con-
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Fig. 6. Comparison of certified pH values of 0.025
molal potassium dihydrogen phosphate and disodium hy-
drogen phosphate solution. 7 certified in KRISS, @ cer-
tified in NIST.
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Fig. 7. Certified pH values of 0.05 molal potassium
tetroxalate solution with temperature.
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Fig. 8. Certified pH values of 0.05 molal potassium hy-
drogen phthalate solution with temperature.

12.59] Hefell sl oef hgg-odol i) pH
AFAE S AAslget. e &7, 22 $x9 ¢
FEALr 2t Ao Az, £x, lotH I
w2} oF 0.01 pH St} 7k2) 2] o] F vpepbd 5 gl
22 pH U7 ZFF49} pH k& 5UF A 8-
SRt (L0SES S AdeaddE Sl g
I ZA 8L A A8k Fig. 7o 63] 235 gh-g vie}
Wolem, e 2t Lol HFghel e gt
£ A23% 7ol Fig. 85 90 0055 Teb4F
272F 43 0025884 Qi olepatdE U
dak 2o EF SN pH AFAE el
o o] €4 &L pH 43 EEFEAUR AHEH3 pH
ETEY 712l 7 AubH o AREsoix)m 9)
o}, Fig. 10 0.0258 42| ik 2= g o v

At EF fl9] pH IS8 vehgin, of £
6.96
6.94—.‘
]
6.92
6.90 ~
T 6.88 o
a
6.86
svtu—f
b $—8
6.82
6.80 T T T T T T A
0 10 20 30 40 50 60

Temperature(°C)

Fig. 9. Certified pH values of (.05 molal potassium hy-
drogen phthalate and disodium hydrogen phosphate solu-
tion with temperature.
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Fig. 10. Certified pH values of 0.025 molal sodium bi-
carbonate and sodium carbonate solution with temperature.
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Table 1. pH values of buffer solutions certified in KRISS
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Fig. 11. Certified pH values of saturated calcium hy-
droxide solution (at 25 °C) with temperature.
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27] wFolch ko] ik AE S $L F 19 A
#H¥-2] pH g2 318l v]af < 0.02 pH 29
Fto] & Mol:, 29 Felle < 0.01 pH &9 2ol
g HolER, g3 £38A8E Aza)r) g8 o
15208 Azbe] g =lch. A Fig. 1164 ehd
AAE 63] 34 e A A} YA E o]F2
dereg gt rLdE A 2ing Egro
gg 29 Uk 4kl pH $744 fe| 59
A7t HE ML pH 25~11.5 ApolellA ¥c} pH
2.5 o]3}2} pH 12 o[Abelld T 2 wist4gg 722

buffer solution 0.05 molal 0.05 molal 0.025 molal 0.025 molal calcium hydroxide
. potassium hydrogen phosphate carbonate (saturated,
Temp. ("C) potassium tetroxalate phthalate buffer’ buffer” at 25°C)
5 1.660 3.999 6,947 10.243 13.21
10 1.661 3895 6919 16.177 13.01
15 1.663 3.994 6.896 10.119 12.82
20 1.666 3.996 6.876 10,167 12.64
25 1.671 4.001 6.860 10.015 12.47
30 1.676 4.008 6.849 9.968 12.30
35 1.681 4.017 6.840 9.937 12.14
40 1.687 4.027 6.835 9.899 11.99
45 1.695 4.039 6.830 9.876 11.86
30 1.702 4.054 6.829 9.842 11.72

*0.025 molal potassium dihydrogen phosphate +0.025 molal disoium hydrogen phosphate
*0.025 molal sodium bicarbonate +0.025 molal sodium carbonate
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