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Potential of the Ag/AgCI Electrode and Dissociation 
of Protonated Tris(hydroxymethy1)aminomethane in 
EthanoVWater Solvent from 25 to -10 OC 
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Meawrwnents of electromotive force (emf) of cells of the 
type P1;H2(g, 1 atm)/HCl(m) In 50 wt % 
ethanol/waterlAgCI;Ag were carrled out at mdalltles ( m  ) 
over the range 0.05-0.005 and at temperatures from 25 to 
-10 OC in order to determine the standard potential (EO,) 
of the Ag/AgCI electrode under these condltlons. Further 
measurements of the cells Pt;H2(g, 1 
atm)(Tris(m),TrteHCl(m) In 50 wt % 
ethanol/waterlAgCI;Ag led to pK values of protonated 
trls( hydroxymethyl )amlnomethane 
[2-crmlno-2-(hydroxymethyl)-1,3-propanedlol] (Trls-H') In 
the mixed solvent over the same temperature range. The 
Eo,  data were ftlted to a second-order equatlon In 
temperature resulting In a standard error, 8 = 0.02 mV, 
over the range studled. The pK data were Wed to the 
equaUon pK = A / T  + 6 + C In T (8  = 0.0008 pK unlts). 
Pertlnent thermodynamic quantnles were calculated for 
the dleooclatlan process based on these results. 
Conventknal pH (pe,) values for the equknoiai buffer ( m  
= 0.05) In the mlxed solvent are reported at 5-deg 
intervals over the temperature range studled. 

Introduction 

Buffer solutions composed of tris(hydroxymethy1)amino- 
methane [2-amino-2-(hydroxyt"l,~opanedkl] Vrk) and 
its hydrochloride satt have been wldely used in clinical labora- 
tories as working standards of acidity in the pH range 7-9. The 
acid-base behavior of Tris has been extensively investigated 
in aqueous media ( 7 ,  2) and in certain nonaqueous and mixed 
solvents (3, 4). 

The importance of acidity control in ethanoVwater media at 
low temperatures has been pointed out by Sankar et al. (5), for 
example, pH control In the separation of blood proteins by the 
Cohn method (6). Bates and co-workers (7) have determined 
the pK values of acetic acid and primary phosphate ion in 10, 
20, and 40 wt % ethanol/water from 25 to -10 OC, results 
which suggest that these buffers could provide suitable refer- 
ence points for pH standardization below 0 OC. We have now 
determined the pK of Tris-H+ in 50 wt % ethanol/water by 
making electromotive force (emf) measurements of the cell 

Pt;H2(g, 1 atm) 
(Tris-HCl(m),Trls(m) In 50 wt %C2HsOH/H201AgCI;Ag (A) 

where m Is molality, at 5- intervals over the temperature 
range from 25 to -10 OC. 

In  order to calculate pK values, It was first necessary to 
determine the standard patential (EO) of the silver-sitver chloride 
electrode under these conditions. This was accomplished by 
making emf measurements of similar cells, but containing hy- 
drochloric acid in the mixed solvent: 

Pt;H2(g, 1 atm)(HCl(m) in 50 wt % C2H,0H/H201AgCi;Ag 
(B) 

These results are also reported here. 

Table I. Properties of 50 wt % Ethanol/Water Solvent 
from 2.5 to -10 OC 

deb ye-Hackel 
const 

T, K p,,+, mmHg e density, g/mL A B 
298.15 
293.15 
288.15 
283.15 
278.15 
273.15 
268.15 
263.15 

49.7 
36.8 
26.9 
19.6 
14.1 
9.9 
6.8 
4.6 

49.02 
50.38 
51.81 
53.26 
54.75 
56.28 
57.86 
59.48 

0.9098 
0.9138 
0.9178 
0.9216 
0.9254 
0.9292 
0.9328 
0.9365 

0.9852 
0.9720 
0.9585 
0.9460 
0.9342 
0.9230 
0.9121 
0.9019 

0.3968 
0.3956 
0.3943 
0.3931 
0.3920 
0.3910 
0.3899 
0.3890 

Experlmental Sectlon 

Anhydrous absolute ethanol was obtained from U.S. Indus- 
trial Chemicals Co. and used without further purification. Tris- 
HCI (Alfa, 99+ %) and Tris base (Sigma, 99+ %) were dried at 
80 OC Overnight and stored over anhydrous CaSO, until use. 
A stock buffer solution approximately 0.1 m was prepared by 
weighing the dried salts and diluting with 50 wt % ethandlwater 
solvent. Further dilutions were prepared by weight. Deionized 
water containing less than 0.4 ppm dissolved salts (as NaCi) 
was distilled once in an all-glass stili. Constant-boiling HCI was 
distilled twice, retaining the middle fraction each tlme; Its con- 
centration was determined by weighing silver chloride. 

The electrodes were prepared as described elsewhere (8). 
The Sihrer-silver chbrii electrodes were stored in 0.01 m NaCi 
(50 wt % ethanollwater solvent) for at least 24 h before use. 
Blas potentials among the electrodes never exceeded 0.02 mV. 
The cells were of all-glass construction with a triple saturator 
for the entering hydrogen gas. Hydrogen was purified with a 
Deoxo (Engehard) catalytic purifier. Constant temperature was 
maintained by immersion of the cells in an insulated bath 
equipped with a refrigerated circulatlng unit and a proportlonal 
heaterkontroller. The bath solution was a 50% mixture of 
ethylene glycol-water. All emf measurements were run in 
duplicate and the results averaged. Measurements were made 
inltially at 25 OC. The cells were then allowed to attaln -10 OC 
overnight, after which readings were taken at 5deg intervals, 
returning to 25 OC. The cells displayed excellent stability, the 
initial and final values at 25 OC differlng by no more than 0.05 
mV on the average. 

Resuns 

The emf values obtained were corrected to 1 atm (101.325 
kPa, 760 mmHg) partial pressure of hydrogen by adding the 
quantity AE 

where bp and ph are the corrected barometric pressure and 
vapor pressure of the solvent, respectively (in mmHg). At 25 
OC we chose to use the value of 49.7 mmHg (9) for ps&. 
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Table 11. Corrected EMF Values for the Cell Pt;H2(g. 1 atm)lHCl(m ) in 50 wt % C2HKOH/H201AgC1;Ag from 25 to -10 OC 

m 25 O C  

0.0049 95 0.465 04 
0.011 90 0.423 69 
0.016 97 0.407 10 
0.023 01 0.392 92 
0.031 99 0.377 68 
0.040 88 0.366 48 
0.050 14 0.357 21 

20 o c  

0.464 20 
0.423 83 
0.407 55 
0.39361 
0.378 58 
0.367 54 
0.358 30 

15 OC 10 o c  5 o c  0 O C  -5 "C -10 o c  

0.463 89 0.462 96 0.461 83 0.460 44 0.458 83 0.457 08 
0.420 22 0.423 78 0.423 48 0.422 98 

0.407 72 0.407 68 0.407 42 0.406 95 0.406 26 0.405 42 
0.393 99 0.394 15 0.394 10 0.393 80 0.393 34 0.392 70 
0.379 21 0.379 60 0.379 78 0.379 73 0.379 48 0.379 04 
0.368 31 0.368 86 0.369 19 0.369 31 0.369 24 0.368 95 

0.360 58 0.359 21 0.359 90 0.360 36 0.360 63 

0.422 22 0.421 32 

0.360 70 

Table 111. Standard Potential (E",) of the Ag;AgCl 
Electrode in 50 wt % Ethanol/Water from 25 to -10 OC 

T, O C  Eom, V a: A s , ~  mV 
25 
20 
15 
10 
5 
0 

-5 
-10 

0.185 50 (0.185 
0.189 77 
0.193 86 
0.197 73 
0.201 38 
0.204 78 
0.207 95 
0.21098 

4.2 
3.5 
3.6 
3.9 
4.1 
4.5 
4.5 
4.8 

0.02 
0.04 
0.02 
0.03 
0.02 
0.03 
0.02 
0.03 

OBest-fit ion-size parameter from eq 3. *Standard deviation of 
the intercept. cHarned's data for A = 4.3 A, ref 9. 

Values used at the other temperatures were "ideal" values 
derived from the partial pressure contributions, xlPl and x2P2, 
for water and ethanol, respectively, 

The mole fractions x1 and x, take the values 0.719 and 0.281 
for 50 wt % ethanoVwater. The pure solvent vapor pressures 
P ,  and P ,  are available in the literature (70) for temperatures 
above 0 OC. Values for temperatures below 0 OC were ob- 
tained by extrapolation of the pressure/temperature curves at 
the higher temperatures. The values of @Solv)t calculated from 
eq 2 are given in Table I .  The correction to the measured emf 
ranged from 0.03 mV at -10 OC to 0.80 mV at 25 'C. 

7. Standard Potentia/$. The resutts of emf measurements 
leading to the standard potential of the silver-silver chloride 
electrode are given in Table 11. Seven cell solutions containing 
HCI at molalities ranging from 0.05 to 0.005 m were tested. 
The standard potential on the molality scale, EO,,  was obtained 
by extrapolation of the function (E") of the emf, E, to m = 0: 

2kAm 
Eo' Eo,  - bm = E + 2k log m - (3) 

1 + BAml" 

This function Is derlved from the Nernst equation, where a 
Debye-Hkkel expression has been included to approximate the 
mean activity coefficient of HCI. The term k is wrltten for RT 
In 1O/F and the Debye-Huckel constants A and B (molality 
scale) were calculated by the usual equations ( 7  7 )  from the 
densities and dielectric constants of the solvent, and the ther- 
modynamic temperature. The density of the solvent below 0 
OC was obtained by extrapolatlon of the data at higher tem- 
peratures (70). The dielectric constants, E ,  at the various 
temperatures were approximated by using the equation and 
constants given by Akerlof (72) for 50 wt % ethanol/water 

0.71 *da; ref.,5 , 

0 this work 

0.01 0.02 0.03 0.04 0.05 
m(mol kg-I) 

Figure 1. Mean activity coefficient of HCI vs molality In 10, 20, 40, 
and 50 w i  % ethanol/water solvents at 25 'C. 

mixtures. These physical data are tabulated in Table I at each 
temperature. 

The Ion-size parameter, A, in eq 3 was treated as an ad- 
justable term and allowed to vary successively until the function 
Eo' vs m yielded the best straight line. A value of 8 was 
chosen such that the standard deviation of regression was at 
a minimum. The E O ,  values obtained in this manner are listed 
in Table 111, along with the values of A and the standard de- 
viations (s) of the Intercept. Also included in Table 111 for 
comparison is the value at 25 OC obtained by Harned and co- 
workers (S), who used A = 4.3 A. Our value for Eo,  at 25 OC 
is in reasonable agreement with Harned's at the same tem- 
perature, atthough 0.38 mV lower. Over the temperature range 
studied, the A value leading to the best fit of the data averaged 
4.1 A and ranged from 3.5 to 4.8 A.  his is in accord with what 
has been found earlier in 40 wt % ethanol/water solvent (5) 
and In pure water (73). 

2.  Mssociatlon Constant of Trls-H'. The Eo values in 
Table 111 were used in the determination of pK values for 
Tris-H'. Table I V  lists the corrected emf values obtained from 
cell A containing equimolal TrisITrls-HCI solutions spanning the 
molality range 0.1-0.01 m and from 25 to -10 OC. The pK 
values at each temperature were obtained by plotting the 
function, pK'vs m and extrapolating to m = 0 

( E -  E O )  2Am ' I 2  
(4) pK' I pK - bm = - + log m - 

k 1 + BAm1I2 

where k = RT In 10/F and m is the molality of chlortde ion (= 
mThw,). This function is derived from the Nernst equation 

Table IV. Corrected EMF Values for the Cell Pt;Hz(g, 1 atm)lTris-HCl(m),Tris(m) in 50 wt % CzH50H/Hz01AgC1;Ag from 25 
to -10 "C 

m 25 O C  20 o c  15 O C  10 "C 5 o c  0 o c  -5 "C -10 "C 
0.098 92 0.724 32 0.727 00 0.729 72 0.732 15 0.734 58 0.739 09 0.741 34 0.736 92 
0.075 00 0.728 98 0.731 66 0.73442 0.736 68 0.739 03 0.741 32 0.743 46 0.745 56 
0.050 00 0.735 85 0.738 47 0.74091 0.743 28 0.745 57 0.747 79 0.749 91 0.751 77 
0.02500 0.74862 0.751 05 0.753 36 0.755 59 0.757 70 0.759 74 0.761 66 0.763 33 

0.779 41 0.01000 0.766 32 0.768 57 0.77064 0.772 69 0.774 54 0.776 32 0.777 97 
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Table V. pK of Tris-H+ in 50 wt % Ethanol/Water from 25 
to -10 oc 

T, o c  p~ 4 ~ 1 0 3 ) a  T, o c  PK 4x103)' 
25 7.640 2.7 5 8.216 2.3 
20 7.776 2.5 0 8.379 2.3 
15 7.914 2.8 -5 8.549 2.6 
10 8.063 2.2 -10 8.723 2.1 

Standard deviation of the intercept. 

Table VI. Thermodynamic Functions for the Dissociation 
of Trie-H+ in 50 wt % Ethanol/Water at 298.15 K 

AGO, kcal mol-' 10.42 

AHo, kcal mol-' 10.77 
A 3610.48 
B -28.4918 
C 4.21610 
S 0.0008 

ASo, cal mol-' K-' 1.2 

combined with the massgctiin expression for the dissociation 
of Tris-H'. The Debye-Hiickel term is used to approximate the 
mean activity coefficient of Tris-HCI. The activity coefficient 
of neutral Tris is taken to be unity, referred to its standard state 
in the mixed solvent. 

The value of A was varied until the best fit of the data was 
obtained. At aH temperatures, the best value for A was zero, 
as has been found previously (4) for other weak acids of this 
charge type. The values for pKobtained are listed in Table V 
at each temperature, along with the standard deviations of fit, 
S. 

Dlscusslon 

The values of the standard potential E o m  (Table III), are 
given by the equation 

E o m  = 0.20478 - (6.621 1 X IO-')t - (4.3786 X 10-')t2 (5) 

where t is in Celsius. The standard deviation of the polynomial 
is 0.02 mV. One can readily calculate the mean ionic activity 
coefficient of hydrochloric acid in the ethanol/water mixture at 
any mdality within the range of the Wed data by rearrangement 
of the Nernst equation: 

E -  E o  
-109 Y i  = 7 + log m 

The variation in T~ with molality at 25 OC is shown graphically 
in Figure 1, along wlth results obtained in IO, 20, and 40 wt % 
ethanol/water (5) where comparison can be made. 

The pKvalues summarized in Table V were fltted to the 
equatlon 

p K = A / T + B + C I n T  ( 7 )  

where T is the thermodynamic temperature. The method of 
Ives and Mseley (74), coded for a microcomputer, was used. 
From the first and second derivatives of pK with respect to 
temperature, the changes in Gibbs free energy, enthalpy, and 
entropy for the dissociation process were obtained. Table V I  
lists the thermodynamic quantities at 298.15 K, along with the 
numerical values of A ,  B,  and C, and the standard deviation 
fit. 

The dissociation of Tris-H+ is an isoelectric process and 
therefore the pK would not be expected to change dramatically 

Table VII. Conventional paa Values of the Buffer 
Tris(0.05 m):Tris-HCl(0.05 m )  in 50 wt % Ethanol/Water 
from 25 to -10 "C 

T. O C  Dau T. " C  Dan 

25 7.845 (8.173)' 5 8.411 (8.774) 
20 7.977 (8.313) 0 8.571 (8.946) 
15 8.114 (8.461) -5 8.739 
10 8.258 (8.614) -10 8.912 

paH values in water, ref 1, are enclosed in parentheses. 

with changes in the dblectrii constant of solvent. The pK value 
at 298.15 K In the mixed solvent (7.640) is only about 0.4 units 
lower than the value in water (8.075), corresponding to a 
transfer free energy (AG,) of about -0.593 kcal/mol. 

The activity pH (pa,,) can be estimated from pKat any of the 
molalities studied here through the relation 

E-  E o  Am ' I 2  
pa, = 7 + log m - (8 )  

1 + 4.57Bm1'2 

where A = 4.57 A was chosen for consistency with the 
Bates-Gug~~hekn convention for aqueous solutions (15). The 
other terms have their usual meaning. Table VI1 lists pa, 
values for 0.05 m Tris, Tris-HCI in 50 wt % ethanoVwater, 
along with the corresponding values in water ( 1 ). The change 
in pH with temperature is not significantly different from that in 
water, 6pH/6T = -0.030, over the 25 to 0 OC range. 
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