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pH Values of Phosphate Solutions 131

amounts of these several species and by the magnitudes of the mass-
action constants,” K, for the following equilibria:

H,PO, =H*+H,PO;; K. 1)
H,PO; =H++HPO; ; K. @)
HPO; =H*+P0O; ;K, 3)
HO0 =H++0H- :K.. (4)

When a 0.1 M solution of phosphoric acid is titrated with 0.1 M
alkali solution the titration curve [6] of figure 1 is obtained. In the
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Ficure 1.—pH changes in the titration of a solution of phosphoric acid with strong
alkalz.

region of the curve corresponding to the addition of 25 to 50 ml of the
alkali to 25 ml of the acid, equilibrium 2 is the only one of significance.
The solutions studied in determining the second dissociation constant
have pH values which lie near the center of this region of the titration
curve.

2 This term may be applied correctly to any specified equilibrium. For equilibria of types 1 and 4, the
term ‘“ionization constant” may be employed. The use of this term for reactions 2 and 3, where ions are
both reactants and products, is not as fortunate. The term ‘“‘dissociation constant’” will be applied here
to all four of these equilibria. It is understood that each equilibrium should include water as a reactant:

HA+H30=H;30+4A~.
&ager has been omitted for simplicity, and hydronium ion (HsO*) will be referred to as hydrogen ion
+
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TaBLE 1.—Electromotive forces of hydrogen—silver-chloride cells containing phosphate-
chloride mixtures

SERIES A

Solution number my=ms ma Eo° Es° Ei® Eis° E2°
0.09079 0. 08961 0. 66626 0. 67011 0.67382 0. 67754 0.68131
. 07340 . 07245 . 67289 . 67680 . 68059 . 68436 . 68823
. 06507 . 05435 . 68185 . 68593 . 68987 . 69379 . 69780
. 03726 . 03678 . 69361 . 69761 . 70190 . 70612 . 71009
. 03017 . 02077 . 69960 . 70399 . 70822 . 71244 . 71676
. 010491 . 010354 . 72970 . 73447 .73923 . 74398 . 74884
. 09079 . 08915 . 66635 . 67007 . 67380 . 67751 . 68133
. 07475 . 07340 . 67240 . 67624 . 68005 . 68381 . 68775
. 05199 . 051056 . 68328 . 68758 . 69156 . 69552 . 69954
. 03592 . 03527 . 69457 . 69871 . 70289 . 70705 . 71133
. 018456 . 018122 . 71387 . 71832 . 72279 . 72725 . 73185
. 015090 . 014818 . 71954 . 72411 . 72871 . 73326 . 73795
. 010151 . 009968 . 73058 . 73536 .74013 . 74489 . 74982
. 008598 . 008442 . 73518 . 73996 . 74482 . 74967 . 75472
. 005578 . 005870 . 74507 . 75000 . 75503 . 76004 . 76525
. 004213 . 004137 . 75434 . 75952 . 76467 . 76984 . 77525

Ey° Ex® E3° Ex° Eg° E5° E5s° Ey®
0.68515 | 0.68900 | 0.69281 | 0.69672 | 0.70058 | 0.70445 | 0.70834 0.71222
. 69228 . 69616 .70012 . 70399 . 70793 . 71198 . 71595 . 71999
. 70191 . 70606 . 71016 . 71420 . 71836 . 72243 . 72657 . 73075
. 71455 . 71872 .'72303 . 72738 . 73166 . 73596 . 74030 . 74468
. 72119 . 72564 . 73014 . 73451 . 73900 . 74355 . 74808 . 756263
. 75382 . 75879 . 76383 . 76882 . 77380 . 77880 . 78385 . 78893
. 68510 . 68904 . 69281 . 69670 . 70049 .70443 . 70830 . 71211
. 69160 . 69562 . 69933 . 70343 . 70737 .71124 .71621 . 71920
. 70370 . 70813 .71219 . 71640 . 72045 . 72457 . 72885 - .73308
. 71560 . 72008 . 72443 . 72880 . 73308 . 73746 . 74175 . 74610
. 73653 . 74138 . 74604 . 76082 . 76551 . 76028 . 76494 . 76975
. 74268 . 74752 . 75228 . 75713 . 76189 . 76670 . 77154 . 77641
. 75471 . 75980 . 76475 . 76981 . 77483 L 77993 . 78494 . 79014
. 75972 . 76495 . 77005 . 77518 . 78028 . 78539 . 79052 . 79573
. 77045 . 77592 . 78118 . 78652 . 79178 .79714 . 80240 . 80782
. 78059 . 78626 . 79168 .79716 . 80265 . 80817 . 81354 . 81912

TABLE 2.— Electromotive forces of hydrogen—silver-chloride cells containing phos-
phate-chloride mixtures

SERIES B
Solution number mi=ms ma E° Ee Ex® Ey° En®
0. 09079 0. 05789 0. 65677 0. 66023 0. 66365 0. 66701 0. 67077
. 07410 . 04725 . 66341 . 66712 . 67076 . 67440 . 67809
. 05264 . 03375 . 67355 . 67740 . 68123 . 68499 . 68884
. 03459 . 02205 . 68629 . 69027 . 69431 . 69826 . 70237
. 02343 . 014937 . 69757 . 70190 . 70608 . 71028 . 71456
. 014911 . 009507 . 71039 . 71480 . 71923 . 72362 . 72812
. 009764 . 006226 . 72237 . 72696 . 73159 . 73625 . 74101
. 007546 . 004811 . 72924 . 73388 . 73857 . 74328 . 74812
. 005365 . 003420 . 73851 . 74335 . 74825 . 75319 . 75819
SERIES B*
Solution number mi=ms ma E® Ep° Eye Ey° Ey°
0. 09077 0. 05787 0. 65774 0.66132 0. 66493 0. 66851 0. 67211
. 05151 . 03284 . 67499 . 67884 . 68271 . 68652 . 65040
. 04604 . 02935 . 67831 . 68226 . 68622 . 69602 . 69394
. 02877 . 018341 . 69206 . 69619 . 70032 . 70434 . 70850
. 009373 . 005976 . 72335 . 72806 . 73277 . 73739 . 74216
. 006059 . 003863 . 73499 . 73950 . 74481 . 74969 . 75468
. 004099 . 002614 . 74543 . 75056 . 75565 . 76071 . 76590
. 002835 . 0018073 . 75509 . 76034 . 76561 . 77080 . 77612
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TABLE 4.— Numerical values of k, 34, a;, Ba;, and 8 at temperatures from 0° to 60° C
for series A, B, B*, and C solutions

. . B B B B
¢ k 54 Gs Ba; (series A) | (series B) | (series B*) | (series C)
e Int. v A
0. 05418 1.4670 3.5 1.1386 0. 098 0.160 0.103 0. 046
. 05517 1.4784 3.6 1.1740 . 091 .153 .104 .043
. 05616 1. 4901 3.7 1. 2099 . 095 . 157 .101 . 046
. 05715 1. 5027 3.8 1. 2460 . 091 .158 . 097 . 046
. 05814 1. 5159 3.8 1.2498 . 087 . 149 . 096 . 044
. 05914 1. 5264 3.8 1. 2532 . 081 . 140 . 093 . 040
. 06013 1. 5441 3.8 1.2574 .077 .137 . 093 . 036
. 06112 1. 5501 3.8 1.2616 . 081 . 136 . 081 . 043
. 06211 1. 5750 3.8 1.2654 .073 L 131 .079 . 037
. 06311 1. 5909 4.0 1. 3368 . 093 .152 . 098 . 050
. 06410 1. 6074 4.0 1. 3412 . 087 .150 . 095 . 056
. 06509 1. 6251 4.0 1.3464 . 081 137 . 091 . 049
. 06608 1.6434 4.0 1.3512 . 084 .144 . 094 . 051

The effect of various a; values on the course of the extrapolation is
evident in figure 5, where pK, from the measurements of solutions A7
to A16 is plotted as a function of ionic strength. Curve A was com-
puted with the use of the Debye-Hiickel limiting-law expression for the
activity coefficients of the phosphate and chloride ions (eq 10). The
four lower curves were derived from eq 12; pK, represents the
quantity in brackets.' An @; parameter of 3.04 A was used for
curve B, 3.5 A for curve C, 4.0 A for curve D, and 4.5 A for curve £.
Careful examination shows that curves A, B, and C are concave down-
ward, D is very nearly straight, and £ is concave upward. Actually,
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Ficure 5.—Extrapolation plots for the second dissociation constant,

Curve A was computed from eq 10; curves B, C, D, and E were obtained with the use of eq 12 with a;
values of 3.04, 3.5, 4.0, and 4.5, respectively.

11 Curve A likewise may be considered to be calculated from eq 12 with a;=0, as is easily seen from com=
parison of eq 10 and 12.
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TaBLE 10.—pH values of miztures of sodium dihydrogen phosphate (my), disodium
hydrogen phosphate (ms), and sodium chloride (mg): series C

pH
Solution number my=ms ma
g 5° 10° 15° 20°
] e e 0.09079 0. 13882 6. 895 6. 864 6.841 6.821 6. 800
> . 06661 . 10185 6. 945 6.915 6. 890 6. 869 6. 848
. 04820 .07371 6. 996 6. 965 6. 940 6.918 6.897
. 02578 . 03943 7.088 7.056 7.029 7.006 6. 986
. 011957 . 018283 7.185 7.153 7.125 7.102 7.082
. 007914 . 012102 7.232 7.199 7.171 7.147 7.127
. 004944 20075001 |- st o 7.242 7.215 7.193 7.173
.002943 . 004501 7.323 7.290 7.261 7.239 7.218
. 0019314 . 002953 7.350 7.318 7.290 7.267 7.248
pH
Solution number
‘ 25° 30° 35° 40° 45° 50° 55° 60°
6.779 6.767 6. 757 6. 751 6.760 6.758 6.756 6. 759
6. 830 6.817 6. 809 6.799 6. 808 6. 807 6. 805 6. 809
6.878 6. 866 6.855 6. 846 6.853 6. 851 6.850 6. 856
6. 966 6.957 6.947 6.939 6. 944 6. 944 6.944 6. 949
7.064 7.054 7.046 7.040 7.040 7.040 7.043 7.050
¢ B TOR TR T e i I ST SR G| T S SRS | " SARIRELNR, O el Mo R 01l
7.154 7.148 dp & TR | 0 TSR B SRR IR SN £ IS
7.202 7.195 7.186 7.182 7.181 7.181 7.185 7.190
7.229 7.224 7.217 7.213 7.212 7.214 7.216 7.220
|

The change of pH of 18 representative solutions with change in
temperature is shown graphically in figures 9, 10, and 11.
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Ficure 9.—pH values of series A solutions as a function of temperature.
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Curves A to F represent pH values of solutions A16, A14, A13, A10, A9, and A7, respectively.
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