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Resolution of the Dissociation Constants of 
d-Tartaric Acid from 0 ° to 50° C * 

Roger G . Bates and Richard G. Canham 

T he ratio of t he first t hermodynami c di1'sociation constant, K" of tartaric acid to th e 
second, K 2, is only 20 to 23 at temppratures between 0° and 50° C. The two d issociative 
steps therefore overlap to a considerable extent. The greater the amount of overlapping, 
the more di fficult it is to resolve the two equili bria and to determine each ind ividual d is
sociation constant. 

E lectromot.ive-force measurements of the cell 

P t; H~ (g. ] atm), d-tartrate solut ion, CI-, AgCl ; Ag 

were made at interval~ of fi ve degrees from 0° to .50° C. Thirty-two tart rate solutions \ye re 
studied. All but 5 of the 22 solutions of series ] wer~ composed of sodium hydrogen tartrate, 
sodium tartrate, and sodium chloride in t he molar propor tions 1: 3:1. The other 17 con
tained sod ium hyd rogcn tartrate, sod ium tartrate, and potassium chloride in t he molar 
proportions 1 : 1.3411 : 0.5853. The 10 solutions of series 2 were 1: 1 mixtures of sodium 
hydrogen tartrate and sodium chloride. 

The calculation of the second dissociation constant by the convpntional me(,hod requires 
not only a knowledge of the concentration of hydrogen ion but a lso that of t he free tartari c 
acid formed as a result of the overlapping. Neither can ordinari ly be evaluated exactly 
from the emf. However, the 1: 3 bufrer ratio of series 1 reduced the hyd rogen-ion con£'e11-
tration and at the same t ime lowered t he ratio of the concentrations of tartaric acid and 
hydrogen tartrate ion to about 0.03. Hence, an adequate correction for t he amount of 
acid could be made witl: an approximate value of the first dissociation con tanto However, 
it is impossible to lower the K2 correct ion fo r t he deter mination of K, without inc rea~ing the 
hydrogen-ion concentration. A.cco rd ingly, a method developed earl ier, util izing emf data 
for solutions of the acid salt (series 2) , was employed . Thus the h.vdrogen-ion co ncentration 
was kept relatively low, and the emf became a function of the p roduct of K, and [(2 rather 
than s ubstantially independent of K 2• 

The two dissocIat ion cons tants of tartar ic acid from 0° to 50° C a rc given by the equat ions 

-·· Iog [(, = 1525.59/T - 6.6558 + 0.015336T 

and 

- log K2= 1765.35/ T - 7.301 5+ 0.019276T, 

where T is t he temperat.ure in degrees K. 
two dissociation steps were calculated. 

The standard thermodynamic quant ities for the 

l. Introduction 

Although Lartaric acid and i ts salts have been 
widely used as consti tuents of buffer solu tions for 
the regulation of acidi ty [1, 2j,l li ttle accurate infor
mation on the strengths of the two acidic groups as 
a function of temperature is available . This neglect 
is due, in part at least, to the complex composition 
of solutions containing these substances . The ra tio 
of the fiTst thermodynamic dissociation constant, 
K 1, of tartaric acid to the second, K 2 , is only 20 to 
23 at temperatures between 0° and 50° C. Hence, 
the two dissociative steps "overlap" to such an 
exten t that appreciable amounts of molecular tartaric 
acid and both the primary and secondary tartrate 
ions exist simultaneously in tartrate buffer solutions. 
The concentrations of all three tartrate species must 
be established in order to calculate accura te values 
of either constant. 

The second dissociation constant was calculated 

• Presented before the Twelfth International Congress of Pure and Applied 
Chemistry at New York City (Sept. 11, 1951). 

1 Figures in brackets indicate the litera ture references at the end of this pa.per. 

from data for the electromotive force of cell of Lile 
type 
Pt; H2 (g, 1 atm), d-tar trate solu tion, Cl -, AgCl ; Ag 
by what can b e termed the conventional method 
[3, 4, 5]. All bu t five of the 22 solutions of series 1 
were composed of sodium hydrogen cl-tartra te, 
sodium d-tartra te, and sodium chloride in the molar 
proportions 1: 3: 1. The rest of the solu tions of 
series 1 contained sodium hydrogen d-tartrate, 
sodium d-tartrate, aDd potassium chloride in the 
proportions 1: 1.3411 :0 .5853. The computation of 
log K2 from the data for these 22 buffer solutions 
requires, in addition to the stoichiometric molalities 
of the tbree component , a knowledge of the con
centration of h ydrogen ion and also that of the 
molecular tartaric acid formed as a result of over
lapping of the dissociative steps. Nei ther of these 
quantities ean ordinarily be evaluated exaetly from 
the emf. However , the 1: 3 buffer ratio of most of 
the solutions of series 1 kept the hydrogen-ion con
cen tration r easonably low and at the same time 
reduced the ratio of the concentrations of tar taric 

343 



acid and hydrogen tartrate ion to about 0.03. H ence, 
an adequate correction for the amount of tartaric 
acid presen t could be made with an approximate 
vaJue of the first dissociation constant. 

Unfortunately, a similar application of the con
ventional method to the d etermination of the first 
dissociation constant is not as successful. Any at
tempt to minimize th e concen tration of bivalent 
tar trate ion inevitably increases the con centration 
of hydrogen ion . Thus the advantage gained on th e 
one hand is offset by a parallel disadvantage on the 
other. In order to facilitate the separation of the 
constants for overlapping equilibria, the senior author 
suggested in 1948 [6] the use of emf data for cells 
containing aqueous mixtures of the acid salt, in this 
case sodium hydrogen tartrate, wi th a soluble chlo
rid e. The rela.tionship between the electromotive 
force of the cell and the produc t of the two over
lapping constan ts was developed . Together with 
t he data of experiments such as series 1 designed 
for the determination of K z, i t is possible to obtain 
consistent values of K IK 2 by a shor t series of approx
imations. Thus, no attempt is made to minimize 
both the K z correction and the hydrogen-ion con
centra tion. Instead , the latter is kept fairh' low in 
all of the solutions, and th e emf of the cells from 
which Kl is determined b ecomes a func tion of th e 
product of KI and K 2 rather than substantially inde
pendent of K 2, a condition the conven tional method 

seeks to achieve. On the other hand, experimental 
errors in the measurement of the emf have twice as 
large an effect upon the final value of KI determined 
in this way as upon t hat determined by the con
ventional m ethod. Nevertheless, this new approach 
is of particular advantage when the primar." object 
is t o determine K 2 and when economy of time and 
effort is a factor. Further measurements by the 
conven tional method serve to establish K l accurately 
once the value of K 2 has been fixed . 

The 10 solutions of series 2 were 1: 1 mixtures of 
sodium hydrogen tartrate and sodium chloride. By 
analysis of the data for series 1 and 2, apparent values 
of log K 2 and 1/2 log K IK 2 at intervals of 5 deg from 
00 to 500 C were calculated . The true thermo
dynamic . dissociation constants were obtained by 
extrapola tion of the apparent values to infinite dilu
t ion. The second dissociation constant and i ts tem
p erature coefficient were used to compute the changes 
of free energy, heat content, entropy, and heat capac
ity for the dissociation of hydrogen tartrate ion in the 
standard state from 10° to 40 0 C. These quantities 
were also computed for th e first dissociation step a.t 
25° C. 

2 . Experimental Procedures and Results 
Each cell contained two hydrogen electrodes and 

two silver-silver-chloride electrodes. At least two 
values of the emf, E, were therefore obtained for each 

T ABLE 1. pwH of ta1·trate-chloTide solutions from 0° to 50° C 
~ --

T cmpcratllrl\ °0 
I 

11tN a HT ar 

I I I I I I 
I 

I I I I 
0 5 10 15 20 25 30 

I 
~5 40 45 50 

----
: 

Eeries 1a. NaHTar : NazTal :K~C l = I: 3: 1 

0.05200 4. " 184 4.5961 4.5765 4.5621 4.5513 4.54 16 4.5367 4.5343 4.5375 4. 5403 4.5464 
.04983 4.6218 4.5991 4.5795 4.5649 4.5528 .1. 5461 4.5403 4.5392 4. 5397 4.5449 4.5503 
. 04502 4.627i 4.6000 4.5812 4.5676 4.5591 4.5514 4.5436 4.5408 4.5456 4.5520 4.5588 
.041 61 4.6327 4.6101 4.5915 4.5771 4.5662 4.5581 4.5533 4.5527 4. 5537 4.5585 4. 5640 
. 03976 4.6367 4.6144 4.5955 4.5809 4.5695 4.5637 4 .. 1061 4.5564 4. 5569 4.5619 4.5664 
. 03605 4.64li 4.6195 4.6013 4.5874 4.5763 4.5671 4.5642 4.5629 4.5641 4.5683 4.5740 
.03105 4. 6491 4.6294 4.6120 4.5983 4.5875 4.5762 4. 5746 4.5739 4. 5735 4.5792 4.5879 
. 03010 4.6546 4.6331 4.6143 4. 6004 4.5895 4.5834 4.5776 4. 5773 4. 5787 4.5844 4. 5910 
.02986 4.6548 4.6323 4.6138 4.5997 4. 5878 4.5819 4.5758 4.5735 4.5751 4.5822 4.5868 
. 02700 4.6620 4.6397 4.6221 4.6084 4. 5974 4.5899 4.5846 4.5828 4.5855 4.5910 4. 5975 
. 02058 4. 6768 4.6555 4.6381 4.6254 4.6166 4.6086 4.6034 4.6016 4.60li 4.6087 4.6165 
.02012 4.6796 4.6585 4. 6404 4.6277 4.6165 4.6102 4.6048 4.6021 4.6065 4.6103 4.6178 
. 019977 4.6821 4.6607 4. 6427 4. 6295 4.6192 4. 6127 4.6078 4. 6075 4. 6092 4.6152 4.6233 
. 011993 4.7116 4. 6924 4.6753 4.6629 4. 6524 4.6448 4.6408 4. 6393 4.6418 4.6474 4.6566 
. 010218 4.7228 4. 7031 4.6858 4.6728 4.6628 4.6547 4. 6523 4.6516 4. 6534 4.6596 4. 6701 
.010183 4. 7263 4. 7059 4.6880 4.6753 4.6653 4.6576 4.6533 4.6531 4. 6550 4.fJ631 4.6721 
.009016 4.7319 4.7113 4. 6944 4.6817 4.6712 4.6638 4.6604 4.6602 4. 6625 4.6699 4.6773 

Series lb. NaH'l'a r:Na,1'at' :KCl = I :1.3411 :0 .5853 

0.03276 4.3773 4.3587 4. 3406 4.3287 4.3136 4.3075 4. 3022 4.3020 4.3039 4.3093 4.3162 
. 02732 4. 3866 4.3664 4.3478 4.3362 4.3253 4.3195 4.3144 4.3 144 4.3 160 4.3208 4.3287 
. 02175 4.4022 4.3799 4.3617 4.3495 4.3381 4.3338 4. 3267 4.3258 4.3276 4.3327 4.3396 
. 016300 4. 4191 4. 3985 4.3799 4.3683 4.3575 4.3515 4.3478 4.3476 4.3492 4.3541 4.3620 
. 010582 4. 4448 4. 4229 4.4052 4.3938 4.3835 4.3769 4.3 724 4.3739 4.3755 4.3809 4.3897 

Series 2. NaHTar:NaCl = I:1 

0.06000 3.6517 3.6311 3.6134 I 3.6002 3.5889 3.5794 3.5739 3. 5724 3.5717 3.5751 3.5804 
. 05000 ------ ------ --- - -- ------ 3.5976 3.5908 3.5849 3.5829 3.5815 3.5854 3. 5896 
. 04488 3.6654 3.6452 3.627i 3.6149 3.6038 3.5955 3.5901 3.5878 3.5872 3.5909 3.5953 
. 04000 3.6710 3.6505 3.6324 3.6198 3.6066 3. 6014 3.5955 3. 5928 3. 5927 3.5975 3.6022 
. 03485 3.6816 3.6600 3.6428 3.6290 3. 6168 3.6098 3.6040 3.6014 3.6014 3.6051 3.6110 
. 03026 3.6856 3.6650 3.6475 3.634 1 3.6222 3.6153 3.6078 3.6063 3.6066 3.6106 3.6155 
. 02543 3.6923 3.6742 3.6570 3.6434 3. 6323 3.624 1 3.6181 3. f 161 3.6155 3.6191 3.6239 
. 02011 3.7079 3.6867 3.6698 3.6561 3.644 7 3.6369 3.6303 3.6287 3.6285 3. 6332 3.6376 
. 0l50n 3. 7205 3.6996 3. 6823 3.6694 3.6586 3.6520 3. 6475 3.6464 3.6465 3.6506 3.6564 

I . 010043 3. 7447 3.7244 3. 7074 3.6948 3.6840 3. 6749 I 3.6714 3.6700 3.6706 3.6753 3.6802 
I 
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cell solution. These were averaged, and the corre
sponding values of the quantity pwH were computed 
by the equation 2 

pwH = - log (fHiCl1n H)= 

(E- EO)F/ (2.3 026 RT)+log mel, (1) 

where m is molality;fis the activity coefficient on the 
cale of molality; EO is the standard potential 3 of the 

cell ; F is the faraday, 96,496 abs coulombs equiv- 1 

[9J ; R is the gas constant, 8 .3144 abs i deg- 1 mole- 1 

[9); and T is the absolute temperature, T= t (OC) + 
273.16. The values of pwH are summarized in table 
1. As eq 1 shows, pwH is a physically defined prop
erty of each buffered chloride solution. 

Fifteen of the aqueous tartrate-chloride mixtures 
that made up series 1a and Ib were prepared by the 
addition of the appropriate weights of sodium hydro
gen tarLrate and bromide-free sodium chloride (or 
potassium chloride) to a carbonate-free solution of 
sodium hydroxide. The remaining seven were pre
pared from sodium chloride and the anhydrous 
primary and econdary sodium tartrate. These two 
tartrate salts were purifi ed by two crystallizations 
from water. The sodillm hydrogen tartrate was 
dried at 50° in a vacuum oven and was found to assay 
99.98 percent by t itraLion with standard alkali to the 
endpoint of phenolphthalein. The same solu t ion of 
alkali was used for the titration and for the prepara
tion of the cell solu tions. The secondary sodium 
tartrate was dried to Lhe anhydrous condition in air 
at 150°. Till·ee samples of tlle dry salt were ashed in 
platinum in a muffle furnace at temperatures ncar 
800°. The weight of residue, assumed 1,0 be sodium 
carbonate, was 99.94 percent of the theoretical. 

Solu tions of the purified sodium hydrogen tartra te 
and sodium tar trate were st rongl)' dextrorotatory. 
The dissociation constants of the d extro , levo, and 
dl forms of Lartaric acid appear to be identical, bu t 
the m eso acid is somewhat weaker than the other 
three forms [10] . 

The solu tions were freed of dissolved air by passage 
of nitrogen. D etails of the procedure followed in 
making the hydrogen electrodes, in filling the cells, 
and in measuring the emf have been set forth in an 
earlier article [ll]. The design of the cells [5] and 
the method of preparing the silver-silver-chloride 
electrodes [12] have also b een described elsf'where. 

3. Calculation of the Dissociation Constants 

As indicated in an earlier section, neither dissocia
tion constant of an overlapping pair can be obtained 
independently of the other. However , to resolve the 
two constants it is sufficient that equations for KIK2 
and for K 2 in terms of the same unknowns be se t up 
and solved simultaneously or by successive approxi
mations. This approach has been used to determine 
the second dissociation constant of succinic acid 

2 In the eqnations of the fo llowing sections. Lhc rh arges of the bydrogen and 
chloride ions will not be ind icated. FurthermoJ'f'. the ter lTI "hydrogen ion " wiII 
he understood to embracp. all forms of this iOll. hydrated or unh ydrated . 

3 .W' is obtained from the experimental data of Harned and Rhlers [7] . Values 
of E O and 2.3026 RTIF in absolute volts arc listed in reference IR]. 

accuraLelyand the first constant approximately [11] . 
ILs applicn,tion was described in some detail and 
will not be re.peated in its en tirety for tar taric acid. 

3.1. Calculation of K 2 from pwH (series 1) 

If ml represents the stoichiomeLric molali ty of 
sodium hydrogen tartrate and m2 Lhat of sod ium 
tartrate, the formal expression for Lhe relaLion 
between the pwH of the mixtures of eric 1 and the 
se.eond dissociation constan t, ](2. of tar tari c acid is 

(2) 

where K ; is the "apparent" value of ](2, fJ. is the 
ionic strength, f3 and a * a rc adi ustable parameters, 
A and B are constan t of the D eb, e-Huckel theory 
[13], and H2 Tar is written for tartaric acid (COOH
CHOH-CHOIl-COOH). If fHin Tnr- mn/fH2Tar is 
taken equal to iniclmH, that is, to l /(anti log pwH), 
a reasonable assumpt ion for diluLe solutions , the 
concentration of free (molec ular ) tartaric ac id is 
given by 

and the ionic strength by 

UnfortunaLely, Lhe hydrogen-iolt eoncenLraLion, 
mn, can only be esLabl ished approximately, as the 
acLivity eoefficienLs needed to compute it from pwH 
(compare eq 1) are not kllown. The apparenL or 
inexact concentration of h vdrogen ion, m;I, is ob
tained by use of the D ebye-Huckcl equation with a 
reasonable value of Lhe ion-size parameLer, a *: .l 

- log m~[=pwH-2A fJ. /(l + Ba* /ji) . (5) 

The uncertainty in a* (and hence in m~[ ) is of lit tle 
importance when the hydrogen-ion concen Lrationis 
much smaller than ml or m2 bu t limits the accuracy 
with which the dissociation cons tant of moderately 
strong acids such as the first step of phosphoric acid 
can be obtained [14]. Evidently m;r approaches the 
true mH at low values of the ionic strength. Inas
much as the thermodynamic dissociation constants 
ar e obtained by an extrapolation procedure, m;{ 
can be used for rna when the dissociation constan t 
is 10- 3 or smaller without perceptible effect on Lhe 
result. 

3 .2. K IK 2 from pwH (series 2) 

The formal relationship between (K IK 2)" the 
apparent value of K IK 2 calculated with estimated 

• As inA is so small, the cboice of n* has little influence on the result. Values 
of 5.5 and r. were chos~n , for these fur nished the best stra ight· line plots of log 
1(~ with respect to ionic strength when llsed in eq 2. 
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activity coefficients, and pwH for the solutions of 
series 2 is written [6] 

mH Tar + mH 
- 1/ 2 log (K IK 2)' = pwH- l /2 log 2 + 

mH2Tur 

A-fii 
I + Ba*-fii 

(6) 

If ml is the molality of sodium hydrogen tartrate 
and also that of sodium chloride, the ionic strength 
of the solu tions of series 2 is 

1L = 2ml + 2mH + mH2Tar (7) 

The concentration of molecular tartaric acid, mH2Ta" 

is given by eq 3. The apparent hydrogen-ion con
centration, m~, was computed by eq 5 with a*= 4 
and used for mH in eq 6 and 7. A value of 4 was 
also used for a* in eq 6. A choice of 6 instead of 
4 for a * (eq 5) altered the second term on the right 
of eq 6 by only 0.0003. 

3 .3. Resolution o(KI~and K 2 

The two constants were resolved as follows : The 
ionic strength of the solutions of series 1 was first 
estimated, m~ computed (eq 5), and - log K~ 
obtained (eq 2) neglecting mrr2Tar. Extrapolation of 
the results to zero ionic strength then furnished a 
fu'st approximation to K2• Next, an estimated 
value of I<I was employed in eq 3 to compute the 
approximate mH2Tar and, from this, the approximate 
ionic strength and m~ in the solutions of series 2. 
A value of KJK2 was obtained by use of eq 6 and 
subsequent extrapola tion to zero ionic strength, and 
KIK2 was divided by the fu·st value of K 2 to obtain 
a first measure of K I • The latter was then used in 
eq 3 to obtain mH2Tar and, hence, the ionic strength 
of series 1 solutions needed for the second approxi
mation. After the dissociation constants at 0°, 25°, 
and 50° had been established, interpolation furnished 
reasonably accurate estimates of the various quan
tities at the intermediate temperatures and simplified 
the computations considerably. 

The extrapolation of log K~ for the 22 solutions 
of series 1 to zero ionic strength at 0°, 25°, and 50 0 

is shown in figure 1. The circles represent data for 
series la and the dots for series lb. Figure 2 shows 
the determination of log K1K2 at the same temper
atures. In both cases, the lines were drawn by 
inspection. The final values of log K l , log K 2, and 
] /2 log KIKz are summarized in tables 2 and 3. The 
accuracy of log K2 is thought to be about ± 0.003 
and that of log Kl about ± 0.006. 

T ABLE 2. Log J(, and J(, fr om 0° to 50° C 

------------1--- ----------
0............. 4.426 
5............. 4.407 
10............ 4.391 
15. ........... 4.381 
20. ........... 4.372 

3. 75 
3.92 
4.06 
4. 16 
4.25 

25............ 4.366 
30 . . .. ........ 4.365 
35............ 4.367 
40............ 4.372 
45............ 4.380 
50 . ........... 4.391 

4.31 
4.32 
4.30 
4.25 
4.li 
4.06 

~r empcra-

turc -H log [(,[(, -log [(, 
(oG) 

1-- - - ------- -----1----1----
0 ....... . . 3.772 3. 118 25 ........ 3.701 3.036 
5 ......... 3. i 51 3. 095 30 . . . . .... 3.695 3. 025 
10 ...... . . 3. i33 3.075 35 ........ 3.693 3.019 
15 ........ 3.719 3.057 40 ........ 3.695 3.018 
20 .. . ... . . 3. iD8 3.044 45 ........ 3.700 3.020 

50 .... .... 3.706 3.021 

Some of the more recent determinations of the 
dissociation onstants of d-tartaric acid are sum
marized in table 4. As a result, no doubt, of the 
difficulty of resolving equilibria that overlap so 
extensively, these values show very little uniformity. 
Several of the emf determinations were based upon 
the analysis of pH-titratio .1 curves plotted from 
data for cells with the hydrogen or quinhydrone 
electrode and the calomel reference electrode. 
Jones and Soper [10] used the same cell as was used 
io this investigation. They computed mH by an 
equation similar to eq 5 and uSild the values thus 

4 .41.--------r-----~----~ 

,N 

" 4.37 

'" 0 
..J 
I 

4.35 

'''1 • 0 0 -,a • V o · IQi 4.42 

o· 
o 9 

o y OcGJ °0 

0 0.2 0 .4 0.6 
I ONIC STRENGTH 

FIG LJ R E 1. Extmpolalion of log J(~ to zero ionic strength 
at 0°, 25°, and 50°. 

Circles represent data of series l ao dots represent those of seri e~ lb. 

3'78~OOOO· 
° ° ° 3 . 76 L.. _________ .-J 

r"L 
.J 3.69LL _________ ---.J 

25" 
oo o~ 

.. , , 

:] ° 50· 

~o 0 
° o 0 

J 
0 0.05 0.10 0 .15 

IONIC STRENGTH 

FIGURE 2. Extrapolation of - 1/2 log (K JK 2)' to zero ionic 
strength at 0°, 25°, and 50°. 

Data of s('ries 2. 
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T A BLE 4. Summary oj deter minations oj log [(I and log ](2 
for d-tartaric acid 

Reference 
ITempera. 

- log J(, -log J(, M ethod ture 
(DC) 

-------------
[15] .. .. ............ 20 3.05 4. 13 emf 
[16] ................ 18 3. 01 4. 55 Conductance, suo 

crose inversion . 
18 2.90 4. 02 emf 
25 4. 29 Solubili ty. 

i17J .... ....... ..... 
18] ................ 
19] ................ 25 4. 40 Rate of c1ccom posi· 

t ion of diazo.ce· 
t ic estcr. 

[2OJ ................ { 1,6.8 2,93 }emr, KCl addcd. 17.6 4,23 

f~~l ::: ::::::::: :::: 18 3. 02 4. 55 emf 
20 3. 04 4.40 Do. 

[IOJ ................ { 
25 2.98 4,34 } 50 2. 94 4. 39 Do, 
74 3. 01 4. 51 

[23] ................ 20 2.98 4.39 Do. 

T his ill\'cstigMion { 
0 3 J2 4. ,120 } 25 3. 04 4.366 Do. 

.50 3.02 4, 391 

obtained to calculate the dissociation con tants in 
much the same ma nner as pH measurements bad 
been used by earlier investigators. 

The values of log I·e and log ]{2 at the 11 Lemper
atures we re fitted Lo the following eq uaLion by th e 
me thod of lra st squares: 

- log ]{= A /T + B +CT , (8) 

wh ere T is th e temperature in degrees K . The 
constanls of eq 8 foJ' thr first and second steps arc 

ABC 

First (lissoriol io n. ..... 1525.59 -6.6558 0. 015336 
Second dissociation..... 1i65. 35 -i. 301.\ .0192i6 

The average difference between the "observed" 
log ]{ and that caleulat rd by eq 8 is 0.0008 for 
log ]{l and 0.0005 for log ]{2. 

In figure 3, - log ]{] , - log ]{2, and -?~ log ]{J{2 
are plotted as a flU1ction of temperatme, and each 
of these quantities is seen to pass through a minimum 
in tlJe experimental tempe!'atm ('. range. It was 
show11. in an earlier paper [24] tha t the absolute 
temperature, TOl in , at whi ch the minimum is reached 
can be readily calculated from t.he const,ants of 
eq 8:5 

T min = -V A /C . 

H ence, Tlllin is found to be 42.2° C for - log K l 
and 29 .5° C for - log ]{2. 

4 . Thermodynamic Quantities 

By application of familial' thermodynamic for
mulas, the dissociation constan ts and tbeir changes 
with temperatme yield values of the change of free 
energy, heat content, entropy , and hea t capaeity 
that ,,,ould talm place if 1 mole of tartaric acid or 
hydrogen tartrate ion were 1.0 dissoGiate completely 

' The square·root sign has been omitted from the right side of f q 20, r~ference 
[24]. 

3 .79.------------------~ 

N 

"'_3 ,75 

'" 
" o 
...J 

~ 3,71 

I 

3,67L-_________________ -J 

3 ,121')-------------------, 

3,08 
£ 

" o 
...J 
, 3.04 

3,00L----liO---~2-0------3LO------~----~50 
TEMPERATURE - 'C 

FW U IH,} 3. Log K 1, log Kz, and ~~ log K I K z plotted as a 
Junction oj tempera/ m·e. 

under condition obtaining in the standard state 
for aqueo us olutions. These (l Uan titics, whi ch 
arc designated f},,F°, t:.H.0, t:.so , and t:.C~, r cspecti voly, 
cOlTespond to the processes 

and 
H 2Tar = H ++ HTar 

I-ITar-=H++ Ta r-

(1 0) 

(i 1) 

when lmit act ivity of botl) reactants and products 
is maintained at all times. Inasmuch as overlapping 
of the two stcps preven ts either process f1'0m achiev
ing completion without involvement of the other, 
these thermodynamic functions can only be used 
in practice when a detailed analvsis of the solution 
has been made. They are, ne;"ertheless, of some 
theoretical interest. . 

In terms of the constants A, B, and C of eq 8, the 
formulas for the four thermod~rnamic quanti Lies are 

t:.Fo=-2.3026 RT log]{, 

6..H.°= 2.3026 R (A - CT2) , 

6..so= 2.3026 R ( - B- 20T), 

t:.C; = 2.3026R ( - 2CT). 

(12) 

(13) 

(14) 

(15) 

With the use of R = 8.3144 j cleg- 1 mole-I, these quanti
ties were obtained in joules. The accmacy of the 
quantities derived from the first or second derivatives 
of log ]{ with respect to temperature is greater near 
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the middle of the experimental tempera ture range 
than at the ends. Hence, 6.Ho, !;;.So , and 6.0; were 
computed only for the range 100 te 40° C. In view 
of the lower accuracy of log K " th e thermodynamic 
quantities were computed for the first dissociation 
step only at 25 0 C. The results are summarized in 
table 5. 

r ABLE 5. Thennodynamic quantities /01' the dissociation oj 
tartaric acid and hydTogen tartmte ion 

25 

0 
5 

10 
15 
20 

25 
30 
35 
40 
45 
50 

T artar ic acid (rq 10) 

j moie- I 

1i,330 

j molc- 1 

3. 100 

j deg- J 

molp-I 
- ,17.7 

H yd rogen tart ra te io n (cQ 11 ) 

23 , 150 
23,4 70 
23 , 800 4.210 -69. 2 
24 , 170 :1. 150 - iZ,9 
24 , 540 2,080 - 7fi,fi 

24,920 990 -80.:; 
25,330 - 120 -84. 0 
25. 760 - 1, 250 -87.7 
2fi,210 -2.390 -91.4 
26,680 
27, 170 
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