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from 0 to 95 °C 
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(D ccembcr 6, 1961) 

Seven standard solut ions ser ve to fi x t hc N BS conven tional activi ty scalc of pH (tcrmed 
pH.) from 0 to 95° C. The origina l emf data have been re-examined and t he valucs of t he 
a cidi t y funct ion p (aaYC I) , fro m which pH . is derived, have been recalculated wi th t he usc of a 
single consistent set of standard potentia ls and electrochemical constants . The convention 
proposed recently by Bates and Guggenheim for t he numerical evaluation of t he individual 
activity coefficien t of chloride ion in t he buffer solutions has been adopted, and by t his means 
pH. values t o t he t hird decimal have been assigned . Thcse "experimental" pH . valucs in 
t he temperat ure range 0 to 95 ° C have been smoothed as a fun ction of temperature by lcast
squares t reatmen t . The propert ies and uscs of t he s tandards are discussed and directions 
for t he prep aration of the solut ions are given. 

1. Introduction 

For a number of years the Nation al Bmeau of 
Standards has r ecOlmnended a standard pH scale 
defin ed in terms of six r eference points (see, for ex
ampl e, [1] 1). A seventh standard (E below) has 
recently been es tablished to aid in the aCCUl'ate 
m easurem ent of pH in the physiologically impor tan t 
range pH 7 to [2] . Th e compositions of these 
seven solutions are as follows, wh er e m is molality: 

A, potassium tetroxala te, 0.05 m , 
E, potassium hydrogen tartra te, saturated at 

25 oe, 
e, potassium hydrogen phthalate, 0.05 m, 
D, a solution 0.025 m with respect to both 

potassium dihy drogen phosphate and diso
dium hydrogen phosphate, 

E, a solution 0.008695 m with r es pect to potas
sium dihydrogen phosphate a nd 0.03043 m 
with r espect to disodium hydrogen phos
ph ate, 

F, borax, 0.01 m, 
G, calcium hydroxide, saturated a t 25 °C. 

The assignment of pH values to these standards 
has been described in detail in earlier papers (cita
t ions ar e given in [1]) . The necessity of es tima ting 
the individual activity coefficient of chloride ion in 
each r eference solution deprives the standard pH 
value (termed pHs) of exact fundamental meaning. 
The numerical value of t his activi ty coefficient must 
rest upon an arbitrary convention , chosen in part 
for i ts reasonableness bu t largely for i ts u tility [3J. 

H er etofore, th e assigned pH valu es h ave been 
made consistent with several r easonable conven tions 
for the single ionic activi ty coeffi cien t of chloride ion. 
In order to do this, pH values had to be assigned with 
only second decimal accuracy . R ecently, however , 
the adoption of a single convention has been r ecom
mended [4] . For the assignment of standard pH 
values it has thus been proposed that the activity 
coefficient of chloride ion ('Yd be defined by the 
ealla tion 

1 Figures in brackets indicate the literature references at the end of this paper. 

_ A P /2 
1 + 1.51 1/ 2' 

log 'YCI (1) 

wh er e 1 is the ionic strength and A is a parameter of 
the Debye-Huckel theory having a differen t value 
at each temperatUl' e. It was intended that this 
convention be applied when 1 is equal to, or les 
than , 0.1. 

This convention is both simple and useful. It is 
also reasonable in tha t i t makes the activity coeffi
cien t of chloride ion nearly equal to the m ean ionic 
activity coefficien t of sodium chloride in i ts pure 
aqueous solu tion of ionic strength I . Furthermore, 
the values of pH. for the four standards in the in ter
media te pH range, obtained by the use of this con
vention, agree quite well with the experimen tal pH 
values furnished by a pI-I cell wi th liquid junction 
stand ardized with the phosphate buffer at pH 6.865, 
as the followin g data illustra te [5]: 

Standard 

B, tar t ratc __________ _ 
C, ph t halatc _________ _ 
D, phosphate ________ _ 
Ji' , borax __ __ __ __ ____ _ 

a Reference value. 

pH s at 25° C 

3. 557 
4. 008 
6. 865 
9. 180 

plI (l.j .) at 25° C 

3. 566 
4. 009 

8(6.865) 
9. 185 

The values of - log ('YH'YC1mH ) or p (aH'YCl), used to 
derive pH., ca,n be obtained with an accuracy of a 
few thousandths of a unit. With the adoption of the 
new convention it becomes possible to assign pH. 
values with an accuracy dependent only upon the 
precision of the primary data. The reproducibili ty 
of the pH of the standards justifies this move. 

It is the purpose of this paper to report a cri tical 
re-examina tion of the original emf data, a r ecalcula
tion of the values of p (aH'YCI) with the use of con
sisten t values for the natural constants involved, 
and finally an assignmen t of pH. values given to 
the third decimal place in t erms of the new conven
tion for 'YCl. The properties of the seven standard 
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solutions are summarized, and instructions for the 
preparation and use of the solutions are given. 

2 . Method 

The acidity function p (aH'YCl ) is calculated from 
the electromotive force (E) of cells containing hydro
gen and silver-silver chloride electrodes by the 
equation 

E-EO 
2.30259RT/F+log mCl, 

(2) 

where EO is the standard potential of the cell [6], 
F is the Faraday, R is the gas constant, and T is 
the temperatme in degrees Kelvin.2 The pHs of the 
chloride-free buffer solution is computed from the 
equation 

(3) 

where p (aH'YCl )O is the value of p (aH'Yd in the limit 
of zero concentration of added chloride. Similarly, 
'Y °Cl is the limit of 'YCI as the concentration of chloride 
in the buffer solution is reduced to zero. Values of 
p(aH'YCI) O are obtained readily by extrapolation of 
emf data obtained for the same buffer solution with 
two or more added small concentrations of a soluble 
chloride; 'Yo CI is computed by the conven tion set 
forth in eq (1). 

The values of E O, 2.30259RT/F, and of the Debye
Huckel slope A on the molal scale from 0 to 95 °C 
are summarized in table 1. For this calculation , R 
was taken to be 8.3147 j mole- 1 deg- I, Fwas taken to 
be 96,495.4 coulomb equiv- 1, while Tis t °C+ 273 .150 
[7]. It should be noted that the recent shift to t.he 
carbon 12 scale of atomic weights is without effect on 
the magnitude of the quantity 2.30259RT/F, inas
much as Rand F are changed in the same propor
tion. The values of A have been recalculated by 
Robinson and Stokes [8] with the use of a recent 
redetermination of the dielectric constant of water 
[9]. Their figmes, given for the volume scale of 
concentration, have been converted to the molal 
scale through multiplication by ~do, where dO is the 
density of pure water. All emf values recorded prior 
to January 1, 1948, have been corrected to absolu te 
vol ts through multiplication by the conversion factor 
1.00033 [10]. 

The r ecalculated values of p(aH'YCI)O for the seven 
standard buffer solutions from 0 to 95 °C are collected 
in table 2. The pHs values given in table 3 were 
calculated from these values of p (aH'YCI )O together 
with the convention for 'YC] given in cq (1 ). 

The relation between pHs for each buffer solution 
and the absolute temperature T was found to be 
r epresented closely by a fom-constant equation of 
the form 

, This acidity func tion wns formerly called pwII (see [3] and la ter papers). 

TABLE 1. Values of EO, 2.30259RT(F, and the Debye-Hiicki 
slope A (molal scale) f rom a to 95 ° C 

t EO 2. 30259RT/ F A 
--------------

° C v v 
0 0. 23655 0. 054195 0. 4918 
5 . 23413 . 055187 . 4952 

10 . 23142 . 056183 . 4988 
15 . 22857 . 057J 71 .5026 
20 .22557 . 058163 . 5066 

25 . 22234 . 05t>155 . 5108 
30 . 21904 . 060147 . 5150 
35 .21565 . 061139 . 5196 
40 .21208 .062131 . 5242 
45 . 20835 . 063123 . 5291 

50 . 20449 . 064115 . 5341 
55 . 20056 . 065107 .5393 
60 . 19649 . 066099 . 5448 
70 . 18782 . 068083 . 5562 
80 .17873 . 070067 .5685 

90 . 16952 .072051 . 5817 
95 . 16511 .073043 . 5886 

pHB=~+B+OT+Drz. (4) 

The constants A, B , C, and D of this empirical equa
tion were obtained for each of the buffer solutions 
with the aid of the IBM 704 computer. They are 
summarized in table 4, the last column of which 
gives the standard deviation of a single value of pHs 
based on the deviations from the l east-squares line. 
The " recommended" values of pHs are those calcu
lated by eq (4) and, hence, smoothed temperatme
wise. 'rhe summary given in table 5 includes pH. 
for 38° C, in view of the frequent use of this tem
peratme in biolog ical studies. 

A consideration of the standard deviations of the 
values of p(aH'YC I) ° given in table 2 (where available) 
together with the fit of pHs to eq (4) as represented 
by the standard deviations given in table 4, leads to 
the following estilnated limits to the effects of random 
errors in the recommended standard pHs values: 
0.003 for the range 0 to 60 DC and 0.005 for the range 
60 to 95 °C. If, in addition, 0.002 is allowed for the 
maximum uncertainty in the constants of eq (2) 
below 60 °C and 0.003 above 60 °C, the total uncer
tainties in pHs (table 5) become 0.005 unit (0 to 
60 DC) and 0.008 unit (60 to 95 °C). 

3. Properties of the Standards 

Compositions on the molal scale of the solutions 
to which pHs values have been assigned are given 
above. Furthermore, the pHs represents - log aH, 
where aH is an activity in molal units. It is none
theless usually convenient to prepare buffer solutions 
by volume methods rather than ·weigh t methods, 
and it. has been noted in earlier publications that the 
error in pHs that results frOl~1 use of an x mola~ soh!-
tion in place of the prescnbed x molal solutlOn ~s 
negligible, in view of the tolerance of ± 0.01 umt 
placed on the values of pHs.. If, however, third
decimal accuracy is to be ascnbed to the values of 
pHs, the compositions of the solutions must be 
adjusted somewhat more carefully. 
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TABLE 2. Values of p eal[ 'Yel)O for seven standard bujJer solutions .from 0 to 95 °C 

A R C D E P a 
t 

Tetroxalutc Tartra te Phthalate Phospbate Pbosphate Borax Ca lcium 
hydroxide 

°C 

0 1. 765 --------- - ---- 4.090 7.091 7. 640 9.522 13.510 
5 1.764 ---._--------- 4.084 7.057 7.605 9.453 13.29[ 

10 1. 76.1 --_.----- - ---- 4.082 7.029 7.579 9.390 J3. 088 
15 1. 769 -----.--- - ---. 4. 083 7.006 7.555 9.336 J2.893 
20 1. 773 ---------.-.-. 4.087 6.988 7.537 9.287 J2. 7J2 

25 1. 780 3.637 4.096 6.974 7.523 9.240 12.537 
30 1. 785 3. 63[ 4.104 6.965 7.511 9. 200 12. 381 
35 1. 792 3. 628 4. J 13 6.956 7. 498 9. 162 12. 219 
40 1. 797 3.627 4. ]25 6.95[ 7.493 9.130 12. 070 
45 1. 803 3. 628 4. 138 6.949 7. 486 9.100 1l . 926 

50 1.811 3.63[ 4. J55 6.9'18 7.482 9.072 11. 790 
55 1. 819 3.639 4.172 6.950 -. - --------- 9.044 11. 66[ 
60 1. 824 (1. 827) 3. 647 (3. 643) 'I. 188(4. 175) 6.954 (6.948) -------- - - - - 9.021 (9. 026) 11. 540 
70 1. 849 3.664 4.2 19 6.962 ------- -- --- 8. 990 -- -- ------ .-
80 1. 87i 3. 698 4.259 6.979 --- - -.------ 8. 953 --------- - -. 

90 1. 904 3. 738 4. 30[ 7. 00 1 -- --- ------- 8.920 - - .---------
95 1. 919 3.767 '1. 33[ 7.014 -----.------ 8.899 --------- - --

R cferencc, 
OtoOO ° C [J 1] [12J [13J [[4J [2J [1 5J [16J 

R efere ncc, 
60 to 95°C 
(value at 60 ° C 

[ IJ [IJ [IJ [IJ [IJ 

en closed in 
paren theses) 

TA.RLE 3. " Experimental" values oj 7JH , Jor seven standard bulfer solutions Jrom 0 to 95 °C 

A B C 
t 

rretroxalUlc Tartrate Pbthala te 

°c 
0 1. 669 -----------.-- 4. 006 
5 1. 667 -------~- - ---- 3.999 

10 1. 667 ------- ------- 3. 996 
15 1. 671 ----- . -------- 3. 997 
20 L 674 - ------------- 4. 000 

25 1. 680 3.558 4. 008 
30 1. 685 3.552 4. 0[6 
35 1. 69 1 3.548 4. 024 
40 1. 695 ;J. 546 4. 035 
45 1.700 ;J.5H 4. 047 

50 1. 707 3. 549 4. 063 
55 1. 714 3.550 4. 080 
60 1. 719 ( 1. 722) 3. 5('13 (3. 559) 4. 095 (4. 082) 
70 1. 742 3. 578 'I. 124 
80 1. 767 3. 610 '1.lG2 

90 1. 792 3.648 4.202 
95 1. 806 3. 676 4. 23[ 

The density of each of the seven sLandard solu
tions at 25°C is listed in table 6, together with the 
corresponding molarity of each of the buffer com po
nen ts. The fifth column of the table gives the dilu
tion value [17] 01' change of pHs resulLing from dilution 
of the buffer with an equal volume of pure water. 
The diflel'ence of pHs between L,,-o solutions of 
nUJ110J'ically equal molaliLy and molarity can there
fore be derived, and it is given in the sixLh column 
of the ta ble. The Van Slyke buffer value, {3 = db/ 
dpH (wh ere db is an increment of sLrong acid or 
strong base, in equivrrlents, added to 1 li ter of buffer 
solution ) [18], is given in the seventh column and the 
tempel'll lure coeffi cient of Lhe pHs value in the last 
colum l1 . 
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D E P a 

Pbos phate Phos phate Borax Ca lcium 
hydroxide 
----

6.986 7.534 9. 465 13. 425 
6.951 7. 499 9. 392 13.206 
6. 922 7. 472 9. 332 J3. 003 
0.898 7. 447 9. 277 12.808 
6.879 7.429 9.228 12. 627 

6. 864 7. 414 9. 180 12. 452 
6. 8,,5 7. 400 9. 140 12. 290 
6. 845 7.387 9. 101 12. 1;J3 
6. 839 7. ;J81 9. 069 11. 9 'I 
6.836 7.373 9. 038 11. 839 

6.833 7.367 9.010 11. 703 
6.834 ------------ 8. 981 11. 573 
6. 8;J7 (6.831 ) -----._--- -- 8. 957 (8.962) 11. 451 
6.843 ---- - - - ----- 8. 925 -._- ------ --
6.857 ----------.- 8. 887 ------- - ----

6. 876 --- - ----- --- 8. 852 ------------
6. 888 ---------- - - 8. 8;J0 --- - --------

It is evident from the resul ts given in table 6 that 
only the tetroxalate solution and the calcium hy
droxide solution (solutions A and G) have suffi ciently 
large d ilu tion values to require that a distinction 
b etween m.olal (m) and molar (M) scales be m.ade, 
Indeed, this difference is of only academic interest 
as it applies to the standard solution of calcium 
hydroxide, which is a satmated solu tion prepared 
without the necessity of weighing the calcium 
hydroxide itself. On the other hand, the pHs of 
a 0.05 M solu tion of potassium tetroxalate is lower 
b:r about 0.003 unit t han that of the standard 0.05 m 
solution, and allowance should be made for this 
difference. 

I 
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TABLE 4. Values of the constants of the equation: pI-I.= A /T + B + CT+ DT2, for seven standard bltffer sohttions from 0 to 95 °C 

Solution rpompcraiure A B C 1O;D Standard 
range deviation 

---
° C 

.A t 'r ctroxalaie o to 95 -362.76 6.1765 - 0.018710 2.5847 0.0019 
E, Tartrate 25 to 95 - 1727.96 23.7406 -.075947 9.2873 . 0016 
C, P hthalate o to 95 1678.30 - 9.8357 0.034946 - 2.4804 . 0027 
D , P hosp hate o to 95 3459.39 - 21. 0574 .073301 - 6.2266 . 0017 
E, P hosphate o to 50 5706.61 - 43.9428 . 154785 - 15.6745 . 00ll 
F, Borax o to 95 5259.02 - 33. 1064 . 114826 - 10.7860 . 0025 
G, Calcinm 

h ydroxide o to 60 7613.65 - 38. 5892 . 119217 - 11.2918 . 0028 

T ABLE 5. Recommended standard values of pH ., calwlated by eq (4) 

A E C D E F G 

----
Tetroxalate Tartrate P h th alate Phosphate Phosphate Borax Calcium 

Ilydroxide 

°C 
0 I. 666 ----- --- - --- 4.003 6.984 7.534 9.464 13.423 
5 1. 668 --- --- -- --- - 3.999 6.951 7.500 9.395 13.207 

10 1. 670 -- -- -- --- - -- 3.998 6.923 7. 472 9.332 13. 003 
15 1. 672 ------------ 3.999 6.900 7. 448 9. 276 12.810 
20 1. G75 --- --- -- --- - 4.002 6.881 7. 429 9. 225 12.627 

25 1. 679 3.557 4.008 6.865 7.413 9. 180 12. 454 
30 1. 683 3.552 4.015 6.853 7. 400 9. 139 12.289 
35 1. 688 3.549 4.024 6.844 7.389 9. 102 12. 133 
38 1. 691 3.548 4.030 6.840 7.384 9.081 12.043 
40 1. 694 3. 547 4.035 6.838 7.380 9.068 11. 984 

45 1. 700 3.547 4.047 6.834 7.373 9.038 11. 84 1 
50 1. 707 3.549 4.060 6.833 7.367 9.011 11. 705 
55 1. 715 3.554 4.075 6.834 ------------ 8. 985 11.574 
60 1. 723 3.560 4. 091 6. 836 ------- -- --- 8. 962 11. 449 
70 1. 743 3.580 4. 126 6.845 --- --- --- - -- 8.921 - - - - - --- -- --

80 1. 766 3.609 4. 164 6.859 --- -- - --- -- - 8.885 - --- ----- - --
90 1. 792 3.650 4.205 6.877 - - - - -- - - - - - - 8.850 - - - - - - - - - ---
95 I. 806 3.674 4.227 6.886 - - -- - - --- --- 8.833 - - ------ -- --

TAB ]~E 6. Properties of seven standard buffer solutions at 25 0 C 

Solution D ensity Molarity 

a/ml 
A, Tctroxalate ______ _____ 0.05 1.0032 0. 04962 
R, T artmte __ __ __________ . 0341 1.0036 .034 
C, Ph thalate __ __ _________ .05 1.0017 . 04958 
D , Phosphatc ____________ b. 025 1.0028 b. 02490 
E, Phosphate_. __________ '.008695 1.0020 ' . 008665 

d. 03043 d.03032 
P, Borax._._ . ___ __ __ _____ . 01 0.9996 . 009971 
G, Caleiu lll h yclroxidc ___ . 0203 0. 9991 .0202.1 

• LlpH. = pHs (M Molar solution ) -pH , (m molal solution) . 
b Con centration of each phosphate salt. 
' KH, PO •. 
dNn,HPO •. 
a Calculated v alue. 

Dilution 
value, 
LlpHI" 

+ 0. 180 
+ .049 
+. 052 
+. 080 

' +. 07 

+. 01 
- .28 

- 0. 0028 
-. 0003 
-.0009 
-. 0006 
-. 0005 

-.0001 
+. 0014 

BufTer 
value, {3 

eqlt;v./p H 
0.0;0 

. 027 

. 016 

. 029 

. 016 

. 020 

. 09 

Tempera· 
tnre cocff. , 

dpH .!dl 

units/o C 
+0.001 
-. 0014 
+, 00]2 
-. 0028 
- . 0028 

- . 0082 
-.033 

Accordingly, from the molari ties given in table 6 
have been calculated the weigh ts of buffer substance 
that should be tak en in order to prepar e (by volume 
methods) 1 liter of buffer solution of t he prescribed 
molality at 25 cC. Th e weigh ts (in air near sea 
level) are given in table 7. The preparation of 
a sam ple of calcium hydroxide suitabl e Jor use as a 
standard buffer substance has been described in an 
earlier paper [1 6]. The other buffer substan ces are 
available as cer tified standard samples front the 
N ational Bmeau of Standards. Carbon dioxide
free water should be used to prepare the standards 
composed of phosphate salts or borax. 

T AB LE 7. Compositions of seven standard buffer solutions 

W right of buHer substance (in air) per liter of buiIer solution at 25 °C 
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Solu tion 

A, T etroxalate, 0.05 m 
B, Tartrate, about 0.034 'In 

C, Phthalate, 
D , P hosphate, 

E , P hosphate 

F, Borax, 
a, Calcium hydroxide. 

0.05 'In 
0.025 In 
0.025 In 
0.008695 7" 
0.03043 'In 
0.01 m 
0.0203 'In 

B uHer substance 

K H 3(C,O,),·2H, O 
KHC,H , O, 

K H CsH,O, 
KH,PO, 
Na,H PO, 
K H ,PO, 
Na,H PO, 
Na,B, O,· lOH,O 
Ca(OH), 

W eight in air 

g 
12.61 

Saturated a t 
25 °C 
10. 12 
3. 39 
3.53 
1. 179 
4.30 
3.80 

(Saturated at 
25 °C) 
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4. Discussion 

It is evident from the fOl'egoillg sections that Lhe 
NBS standard pH scale can be characterized as a 
scale of conventional hydrogen ion activity (on the 
molal scale), defined in terms of certain specified 
standard solutions. The special natme of these 
standard values is indicated by use of the symbol 
pHs or pH(S) to avoid confusion with the pH, a 
quantity that is determined operationally, usually 
by a pH cell witli a liquid junction and a glass elec
trode. Although the precise meaning of pHs is set 
forth in eqs (1) and (2), it cannot be said that ex
perimental pH values possess this same significance 
in the same degree. The unavoidable variations in 
the liquid-junction potential are largely responsible 
for the indeterminate natme of operational pH 
values. Only under certain very restricted experi
mental conditions is it wise to attempt an interpre
tation of pH values in terms of the conven tiollal 
scale of pHs. 

The pH response of glass electrodes (tha t is, Lhe 
change in the surface potential with change of pH) is 
often somewh at less t han the theoretical N ernst slope. 
Fortunately, however, the voltage response is usually 
linear with pH over considerable ranges. For these 
reasons, two or more standards are needed to furnish 
a useful calibration of the glass electrode function. 
The pH values of " unknowns" X then arc deter
mined, in effect, by interpolation between two 
electromotive forces (El and E 2 ) fmnished by two 
standard solutions, Sj and S2 [4] : 

pH (X)-pH (SI) 
pH(S2)-pH(SI ) 

(5) 

This procedm e serves admirably for the standard
ization of pH cells with a glass electrode between a 
lower lirn.it of about pH 2.5 and an upp er limi t of 
about pH 11.5, eorrecLions for t he alkalin e er1'O)" of 
the glass electrode being applied where necessary . 
With tbe availabili ty of the tetroxalate stand ard and 
the calcium hydroxide standard, it seemed possible 
to extend this standardization procedme to pH 1.7 
at the low end and to pH 12.4 at the high end [19] . 

If this proccdme were followed, however , the 
calibration of the assembly would con ect not only 
for deficiencies in tbe response of the glass electrode 
but also for the variability of the liquid-junction 
potential when a standard of intermediate pH is 
replaced by the tetroxalate solution or by the calcium 
hydroxide solution. It may be anticipated that the 
response of the glass electrod e will be nearly the same 
in all solu tions of pH 1.7 or ill all solutions of pH 
12.4, but it is a well-known facL that the liquid
junction potential does )lot necessarily show tbis 
regularity and canno t, therefore, be effectively 
"calibrated ou t." 

For the standardization of glass electrode assem
blies with a liquid junction, therefore, a distinction 
bas been made between " primary standards" and 
"seco ndary standards." The five solutions of pH 
3.5 to 9.5 are consider ed Lo he primary standards 

intended for establishing the 1"e ponse of glass 
electrode pH cells. On the other hand, the tetroxa
late solution and the calcium bydToxide solution are 
consid ered to be secondary standards, for confu·ma
tory pm-poses, only when the usual pH cell is used. 
Experiments have shown that a pH a sembly with 
liquid junction, standardized in the approved fasbion 
in the intermediate range of pH, will indicate a pH 
value for the tetroxalate solution that is about 0.03 
unit lower than the value of pHs given in table 5 [20]. 

Similarly, tbe calcium bydroxide solution will also 
have a pH value about 0.03 unit lower than pHs [16]. 
(The equality of these two figures is, of course, fortui
tous.) In spite of these deviations, it should be 
realized that the pHs values of these two solutions 
are as accm-ate as tbose for the othp,r five, and all 
seven may be used witb equal confidence Whflll the 
variability of the liquid-junction potential is not a 
factor. 

Inasmuch as pHs is assigned independen tly for each 
buffer solution, tbe possibility of the existence of in
consistencies in tbe standardization of practical pH 
assemblies, !lven in the intermediate pH range, must 
be recognized. These inconsistencies, if they exist, 
would be attribu table to one or both of the following 
causes: The first is the unavoidable oversimplifica
tion inheren t in eq (1), wbich recognizes a single 
formula for the variation of 'YCI with I in seven solu
tions of differen t compositions. The second is that 
the concentrations and mobilities of Lbe ions in the 
several buffer solu tions are different. Jo effor t has 
been made to match tbe bufi"er solutions carefully in 
these respects, since the "unkno~1s" canno t in any 
cn,se be expected to match the standards. 

At any rate, tbe concen trated solution of potassium 
chlorid e used as a bridge solu tion, together wi.th a 
properly designed jun ction, can be depended upon 
to smooth out vn,rin,tions in the liquid-junction po
tential raLher successfully betwec n pH 3.5 and 10.5. 
The data reproduced in section 1 of tbis paper incli
catc thn,t the inconsistency is not large for one par
ticuhn design of liquid junction of the free-diffusion 
type. Further studies arc, however, desirable at 
other temperatures and for olher jUllctions, including 
those of tbe commercial types most commonly used. 
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