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Non-ideal properties of the TRIS--TRIS- HCI--NaCI--HzO buffer system 
in the 0--40 ~ temperature interval. Application of the Pitzer equations 
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The buffer solution TRIS--TRIS. HCI--NaCI--H20 was studied in the 0--40 ~ tem- 
perature region and ionic strength interval of (0. l--4)rn (m is molality) by the e.m.f, method 
using two types of cells without liquid junction composed of platinum-hydrogen, silver- 
chloride, and sodium-glass electrodes. For temperatures of 5 and 15 =C and the ( l - -4)m 
concentration region, the osmotic coefficients of the TRIS �9 HCI--H20 solutions were mea- 
sured by the isopiestie method. Ti~e results were processed in the framework of the Pitzer 
me~hod, and the parameters of interaction of the components of the buffer system were 
calculated, The associative character of the interactions in the TRIS" HCt--H~O solution was 
shown. 

Key words: acid-base equilibrium, Pitzer method, activity coefficients of TRIS--  
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The theory of  ion interaction (the Pitzer method) has 
recently been proposed I - 5  as the theoretical basis for a new 
pH scate. The Pitzer me thod  makes it possible to determine 
self-consistent pH values for buffer solutions in a wide range 
of  the ionic strength by the ion interaction parameters of  the 
components  of  the ac id-base  equilibrium. In this work, for 
the T R I S - - T R I S -  H C I - - N a C 1 - - H 2 0  buffer  system (TRIS 
is 2 - a m i n o - 2 - ( h y d r o x y m e t h y l ) p r o p a n e - l , 3 - d i o l ) ,  these 
parameters  were  o b t a i n e d  by the e.m.l:  and isopiestic 
methods  for the t e m p e r a t u r e  range o f  0 - -40  ~ 

Experimental 

A detailed description of the equipment and procedure of 
measurements has been published previouslyr; therefore, here 
we mention only some specific features. All reagents used had 
ACS .grade (Sigma). Recrystallized TRIS and TRIS �9 HCI were 
ground in an agate mortar and dried for 3--4 days at 65 ~C. 
Recrystallized NaC1 was calcined at 500 ~ prior to use. 
Solutions were prepared by weighing. The density of the solu- 
tions was additionally measured at room temperature. The 
corrections for reducing the weight to the value in a vacuum 
were applied in the calculation of concentrations_ 

The everyday monitoring of the electric zero of the measur- 
ing apparatus showed that the deviations did not exceed 0.05 
inV. Two parallel measurements were c-arried out- for each 
concentration: for the temperature variation from 0 to 40 ~ 
and, vice versa, from 40 to 0 ~ The results of the parallel 
experiments differed, as a rule, by less than 0. I inV. The 
standard deviation of  the single measurement of the e,m.f, of 
the cells (A and B) was 0.07 inV. 

The osmotic coefficients of aqueous solutions of TRIS �9 HCI 
were measured by the isopiestic method, and NaCI was used as 
the standard. An exact amount (-200 g) of a solution of NaC1 
with the known concentration was placed in a -500-mL glass 

vacuum desiccator. Three platinum crucibles with a known 
amount (-1.2 g) of a solution ofTRIS" HCI were arranged above 
the desiccator. For better thermal equilibration, the crucibles were 
immersed into a soiution of NaCI to 1/3 of the" height. The 
crucibles remained dry, at the outer side, because a 60-p.m fluoro- 
carbon film was placed between them and the NaCI solution. To 
avoid spitting, the desiccator was evacuated through a nask con- 
taining water. After evacuation, the desiccator was placed in a 
U-15 thermostat. The specified temperature was maintained with 
an accuracy of +0.01 ~ Equilibration was reached within 3--4 
days. The deviations of the concentrations of three parallel solu- 
tions relative to the average value did not exceed +0. l%, The 
isopiesfic motalities ofTRIS" HC] and NaCI at 5 and 15 ~ are 
presented in Table I along with the osmotic coefficients: in 

Table 1. Isopiestic molalities (m) of NaC1 
and TRIS �9 HCI solutions and osmotic co- 
efficients (~) ofTRIS �9 HCI at 5 and 15 ~ 

T/oC m 
NaCI TRIS-HCI 

15 

0.9585 0.9987 0.884 I 
1.4135 1 , 4 9 8 3  0.8822 
1.8534 1.9986 0.8839 
2.2763 2.4871 0.8914 
2.6663 2,9824 0.8903 
3.0554 3.4785 0.8958 
3.4549 3.9947 0.9054 
0.9594 1 . 0 0 8 1  0.8844 
1.4121 1.5174 0.8804 
1.8335 1.9932 0.888 I 
2.2496 2.4897 0.8922 
2.6505 2.9821 0.8984 
3.0245 3.4919 0.8959 
3.3878 3.9965 0.8974 
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their calculation the thermodynamic properties of a solution of 
NaCI were used tsee Res 7). 

Measurements in cells A and B were performed in the 0--40 ~ 
temperature range with an interval of 5 ~ 

It is impossible to find all interaction parameters of the 
conjugated acid-base pairs by the e.m.f, methodS; therefore, the 
osmotic coefficients of TRIS" HCI -H20  solutions were also 
measured by the isopiestic method. Based on the experimental 
data. we obtained the interaction parameters of all components 
of the TRIS--TRIS- HCI--NaC1--H20 buffer system for the 
0--40 ~ temperature range. 

R e s u l t s  a n d  D i s c u s s i o n  

The equations |br  e.m.f,  of  cells A attd B have the 
form 

E. = E,,~ + R T  In(1 - e L o , , . . o ) +  
2F 

F mc}m~H j F ,7ct ' t 'sH .] " 
( I )  

0 R T  Jn(] ~ P~,_.oaH2 o)  + E~ = f a  ~ + - ~  

RT htl'mn..,mB.) + RT ~nf"l,N=',B ) 
+ 7 -  I I F ~ mBH } 

(2/ 

Along with the c o m m o n l y  accepted designations of  the 
Nernst equation,  we used m B and mBH, which are the 
molalities of  T R I S  and T R I S  - H*, respectively; 7B, YI~H, 
?Na, and YCI, the activity coefficients of  TRIS,  T R I S -  H +, 
Na +, and CI- ;  P~H~o, the pressure o f  water vapor at a 
specified temperatu?e;  and aH~ O, the activity of  water.  
According to the theory  o f  i6n interaction,  9 Eqs. (1) 
and (2) can be writ ten in the tbrm 

0 , in(_mclmBu i FEA _ 0.25" In( I - P~2oaH20) ~ 0.5 �9 + f,~ = 
2 R T  ~, mB J 

= , - + - ~r(o~ ~ -  FE ~ + m~(kB. B LB.BH.Cl) mBH(LB.BH.CI -VBH.C I, 
2 R T  

" ~ rnoHg ) ~mLCI- _ .mrw m.BH(2g + . . . . .  d) .  +atZv'n~laB:B.B, (3 )  

FE B ' ) 
2e l"  - 0.25.1n~I - P L o , % o )  + 0 5 .  lnl "~"  - 

- \ /'it Na t?t B 

--  / . I /c t (BNa.C I 4- I / / c I CN a ,CI  ) 4"- .e?/CI(~BH,C I + m c I C B I 4 . C I  ) + 

+ (tuNa -- mBH)0Na.B H + 0.Smcl(lnNa ~ mBH)~FNa.BH.C t + 

FE~ ' 
+ (m B - mBH)LB.BH.Cl = ~ 4~ m B (~B.8 + L~.Na.Cl) + 

+ mNaLa,Na,C I + 1.5 rn~pB.B.g, (4a) 

FEe - 0.25-1n(I - P,~ oaH.,o) + 0.5. In( mBH ! -- 
2 R T  " - ~. m,~jnu  ,' 

- rncl(Bha.C I ~ raclCNa,Cl) 4- rnC~(gBH.C I + mcICBH.C|) 4- 

+ mB(ZB. B ~- LB.Na.CI) + mN=LB.Na.C I + 1.5 mfip.B.B, B + 

FEOn ' 
+ (roB -- mBH)LB'BH'CI = 2 R T  + (tuNa -- mBH)ONa'BH + 

"~ 0.5reel(tuNa -- mBH)k~Na.BH.CI. (4b) 

The designations accep ted  in the Pitzer  method 9 
were used in Eqs. (3 ) - - (4b) ,  except  for the descript ion 
of  the interaction of  ions with a neutral molecu le .  This 
interaction can be taken into accoun t  most  rigidly by 
electroneutral  combina t i on  o f  the  second virial coeffi-  
cients  o f  the in teract ion o f  ions  with a neutra l  mol-  
ecule:  

Ln,M.X = IZXLn M 4- ~M~.n.X. 

Equations (3)--(4b) are wr i t ten  in such a way that 
the [eft part contains the pa ramete r s  whose values are 
known from measurements  and the exper imenta l  condi-  
tions, and the right part con ta ins  the sought  constants.  
Equations (4a) and (4b) are a t t r ibuted to the first and 
second series of  exper iments  with cell B, respectively. 
The method of  de te rmina t ion  o f  the constants  from the 
results o f  measurements  o f  e .m.f ,  and osmot i c  coeffi-  
cients has been published previously,  6 N o t e  that  the 
published data on the o smo t i c  coeff ic ients  l~ were used 
along with our exper imenta l  data.  

The thermodynamic  proper t ies  o f  the T R I S  buffer 
have previously t t , lz been s tudied  by the e.m.f ,  method  
using ceil A: 

Pt, H 2 [ TRIS + T R I S . H C I  + H20  I AgCI, Ag. (A) 

For the determinat ion o f  the t h e r m o d y n a m i c  and con-  
centration constants, all exper iments  were carried out  !1,12 
under  condi t ions  where  the  so lu t ions  u n d e r  study 
conta ined  insignificant c o n c e n t r a t i o n s  o f  the acid-base 
tbrms. Since the ion in te rac t ion  parameters  o f  all c o m -  
ponen t s  c a n n o t  b e  ~ b m i n e d  -from these data,  in. our 
experiments  the concen t r a t i ons  o f  the c o m p o n e n t s  of  
the butter  system were var ied  in a b roader  interval. 
Using cell A, we s tud ied  42 solut ions  o f  T R I S - -  
T R I S  �9 H C I - - H 2 0  in which  the  molal i ty  o f  T R I S  �9 HC1 
varied from 0.0075 to 4 and the  concen t r a t i ons  o f  the 
basic form of  TRIS  ranged wi th in  (0 .0075--0 .1)m.  Cell 
A cannot  be used for s tudying  solut ions wi th  a high 
concent ra t ion  o f  T R I S ,  because  this base forms a c o m -  
plex with the silver ion T R I S - A g  + and, thus, dissolves 
the silver-chloride e lec t rode ,  t l  resulting in distorted 
e.m.f, values of  cell A. The re fo re ,  we also carr ied out 
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Table 2. Parameters of ion interaction in the TRIS--TRIS �9 HCI--NaCI--H20 system in the 0--40 ~ temperature region 

T E,~ ~ [3(O)~H.C~ Bfl)BH.Ct CBH.Ct L~.~H.Ct L~.Na.Cl ZB,B gB,B.B 0Na.BH ~N=,B~.Ct PKB ~.4 r ~Bb 
/~ /mY mV 

0 716.182 0.03789 0.14537 -0.001567 -0.03830 0.01933 0.01054-0.001706 0.01696 --0,008723 8.8491 0. I8 0,1)8 0.14 
5 713.215 0.03909 0.15350 -0.001545 -0.03546 0.01984 0.01440--0.002103 0.01635 --0,008487 8.6818 0.17 0.08 0.14 
10 710.062 0,04029 0.16052 -0,001547 -0,03321 0.01979 0.01842-0.002508 0.01381 -0,006797 8,5201 0.16 0. I0 0.15 
15 706.809 0.04149 0.16688 -0.001515 -0.03001 0.02010 0.02242-0.002919 0.00826 -0.004510 8.3650 0.17 0.11 0.14 
20 703.465 0,04260 0,17156 -0.001468 -0.02656 0.02063 0.02551-0.003204 0.00481 -0.003810 8.2164 0,18 0. II 0.11 
25 700.034 0.04389 0.17395 -0.001501 -0.02445 0.02106 0.02707-0.003433 -0.00017 -0.001455 8.0739 0.19 0.12 0.09 
30 696.474 0.04509 0.17516 --0.001527 -0.02229 0,02062 0.02927-0,003541 -0.00421 -0.000952 7.9365 0.18 0.13 0.09 
35 692.826 0.04629 0.17586 -0.001594 -0.02035 0.02042 0.03079--0.003655 -0.00575 -0.000100 7.8044 0.19 0.13 0.10 
40 689.119 0.04749 0.17831 -0.001668 -0.01821 0.01983 0.03304--0.003762 -0.00824 0.001092 7.6779 0.20 0.13 0.10 

two series of  measurements o f  the e.m.f, of cell B in 
solutions of  T R I S - - T R I S -  HCI--NaCI--H~O:  

Pt, H 2 t TRIS +TRIS.HCI  + NaCI + H20 I Na*-GE (B) 

(GE is the glass electrode). 

In the first series, we studied 30 solutions with 
equimolar ratios of  TRIS-  HCI to NaCI. The concen- 
trations of  these salts were varied in the (0.05--2)m 
range, and the concentrations of  TRIS were (0.025-- 
4)m. These concentration ratios allow one to determine 
the interaction parameters that take into account the 
non-ideal behavior of TRIS molecules. In the second 
series of  measurements with cell B, we studied 28 
solutions with unchanged concentrations of TRIS and 
T R I S - H C t  equal to 0.04m and the concentration of 
NaCI varying from 0.05m to 4m. The parameters taking 
into account the interaction o f  the TRIS �9 H + and Na + 
cations were found. 

The parameters of  the ion interaction of the TRIS- -  
TRIS .  HCI - -NaCI - -H20  system are presented in Table 
2 along with the standard deviations cr of the measured 
e.m.f, values from those calculated by Eqs. (3)--(4b). It 
follows from Table 2 that the r values noticeably 
exceed the root-mean-square deviation of  the single 
measurement (0.07 mV). It can be assumed that the 
origin of  these deviations is due to the associative 
properties of  the system under study. In the Pitzer 
method, association is taken into account by the intro- 
duction of  the additional fitting parameter I3~2)I3H.Cl. In 
fact, the introduction of  this parameter results in a 
better agreement between the theoretical estimation and 

experiment  for cz 1 = 2 and 42 = 12. The t3(2~BH,C ~ value 
was found to depend slightly on the temperature and 
change from - I . 8 7  (20 "~C) to -2.18 (40 ~ It was 
accepted for the whole temperature region that ~(2)BH,C t 
= --1.93. Taking into account the !ai2)BH.C I parameter in 
the processing of the experimental data, we obtained a 
new set of  parameters presented in Table 3. The stan- 
dard deviation of the experimental e.m.f, values of  cells 
A and B from the theoretical estimations with the new 
set o f  constants is 40.15 inV. Good agreement with the 
isopiestic measurements was also obtained: cr 5 = 0.0010, 
ch5 = 0.0016, and ~25 = 0,0026 

The fact that the additional parameter 13~2~8H.c I is 
negative and its introduction noticeably enhances the 
consis tence of the e.m.f, measurement o f  cell A with 
t h e  theoretical est imation indicates association in a 
solut ion of  T R I S ' H C l ~ H 2 0 .  The Debye--Hfickel  
theory, with the fitting parameter of  the maximum 
approach of  ions (equal to zero) was used t~ in the 
processing of the e,m.f, measurements of  cell A, which 
also indicates association in the solution. However,  
further  studies by both the isopiestic I~ and e.m.f. 
method  t3 did not conf i rm this assumption, in our 
opinion,  this is only a seeming contradiction. First. 
based on the Ia(2)BH.CI value, the associative effect is small. 
Second, the association is pronounced only at low con- 
centrations and strongly depends on the ionic strength; 
therefore, it cannot be found by the isopiestic method, 
When the e.m.f, method was used, the indifferent electro- 
lyre KCI was additionally introduced, t3 if we accept that 
NaCI and KCI similarly affect the non-ideal betaavior of  

Table 3. Parameters of ion interaction in the TRIS--TRIS " HC1--NaCI--H20 system obtained taking into account the association of 
the TRIS" HCI--H~O electrolyte (13~2~13H,C~ = --I.93) in the 0--40 ~ temperature region 

T E.,I IF 13 ~ ['}(I)BH.CI CBH,C 1 LB.IIH.Ci LB.No.CI ~'B.B I, tB.B.B P)NmBH gtNa.BH,CI PKB ~A crBa ~ 
/~ /mY mV 

0 715.494 0.03244 0.18660 -0.000754 -0.03574 0.01922 0.01492--0.002011 0.01353 -0.007666 8.8364 0.13 0.08 0.13 
5 712.520 0.03310 0.19443 -0.000738 -0.03409 0.01974 0.01758--0.002405 0.01352 -0.007440 8.6692 0.12 0.09 0.13 
t0 709.354.0.03376 0.20145 --0.000740 -0.03292 0.01969 0.02051--0.002809 0.01152-0.005749 8.5075 0.12 0.11 0.13 
t5 706,089 0_03442 0,20780 -0.000708 -0.03080 0.02000 0.02343--0,003221 0.00651 --0.003461 8.3524 0. I2 0. t2 0.12 
20 702.733 0.03508 0.21249 --0.000661 -0.02843 0.02054 0.02543-0.003506 0.00363 --0.002759 8.2038 0.14 0, i3 0. t0 
25 699,288 0.03574 0,21488 -0.000695 -0.02741 0.02097 0.02591 -0.003734-0.00086 --0.000405 8.0613 0.15 0.14 0.09 
30 695.7t6 0.03640 0.21608 -0,000721 -0.02632 0.02051 0.02705-0.003842 -0.00432 0.000100 7.9239 0.13 0.15 0.08 
35 692.056 0.03706 0.21679 -0.000788 -0.02545 0.02031 0.02749-0.003954 -0.00530 0.000954 7.7918 0.15 0.16 0.09 
40 688.336 0.03772 021920 -0.000863 -0.02441 0.01977 0.02856-0.004059 -0.00724 0.002145 7.6653 0.14 0.16 0.10 
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Table 4. Empirical coefficients of Eq. (5) for the calculation of 
the temperature dependence of PKbh and interaction parameters 
in the TRIS--TRIS - HCI--NaCI--H20 system 

Parameter a o a I a, a 3 

130))nH.C I 0.03574 0 
I~tl)BH.C I 0.21452 --5875.10 
CBH.C 1 --0.000693 251.30 
LB. B 0.02617 --1692.47 
~-t8.I3. B --0.003707 --95.29 
OXa.BH --0.00055 -- 17353.52 
~gNa,BH.CI -0.00095 3920.10 
LB,BH,C t --0.02747 2899.40 
Lt3.Na,Cl 0 .02067 2475.34 
pK 8 8.0610 998.20 

0 0.00013 0.00017 
-36_29l 0.05613 0.00063 

1.775 -0.00313 0.000013 
-10.151 0.01524 0.00036 
-0.854 0.00175 0.000031 

-118.9707 0.20310 0.00057 
27.114 -0.04657 0.00040 
20.379 -0.03546 0.00028 
17.384 -0.03045 0.00016 

-13.308 0.02785 0.00022 

the b u f f e r  system, f o r  the described experimental con- 
ditions 13 the association effect should appear in the 
product gmBH~I2)BH.Cl, whose contribution to e.m.f, is 
insignificant because the g value rapidly tends to zero 
with an increase in the overall ionic strength of the 
solution, i.e., the KCI concentration.  Thus, our con- 
clusion about the associative character of interaction 
in the solution of T R I S .  HCI--H20 agrees with the 
published data It attd does not contradict the results 
obtained later_ 1o, 13 

It is seen in Tables 2 and 3 that the interaction 
parameters of the T R I S ~ T R I S .  HCI- -NaCI- -H20 sys- 
tem are monotonic functions of the temperature. Their 
temperature dependence was approximated by equations 
in the form 

y = a 0 + a i ( I / T -  I /T 0 + a21n(T/Tr) + a 3 ( T -  Tr), (5) 

where T r = 298.15. The character of Eq. (5) is based on 
the assumption that the temperature dependence of the 
heat capacity of the solution is linear. The coefficients 

aPKbh 

0.003 

01 

-0.003 

--0.006 

-0.009 

-0.012 

10 20 "1r 30 T/~ 

Fig. 1. Divergences between the pKbh values obtained ignoring 
the association of TRIS" HC1 (I) and using the additional 
fitting parameter ]3(2)BH.O that takes into account the associa- 
tion oFTRIS �9 HCI (2). It 

Table 5. Thermodynamic constants of dissociation ofTRIS �9 H + 
at 25 ~ 

Method of ~G ~ aH~ ~,5" ~Cp ~ 

determination J tool -] J tool -I deg -I 

E.m.f. method tl 46075 47601) 5.1 -64 
E.m.f. method 14 46058 47400 4.5 91 
Calorimetry 16 - -  47480 4.7 -- 
Pitzer method 46011 47675 5_6 -63 
(this work) 

of Eq. (5) obtained by the least-squares method are 
presented in Table 4 as well as the root-mean-square 
deviations of the experimentally found parameters from 
the values calculated by Eq. (5). The EA ~ values pre- 
sented in Tables 2 and 3 make it possible to directly 
determine the dissociation constant of TRIS .  H + 

TRIS.H t ~ TRIS + H ' .  (6) 

Using the empirical equation t4 for the temperature 
dependence of the standard potential of the silver- 
chloride electrode and the obtained EA ~ values, we 
calculated PKt, h (--IogK~h) (see Tables 2 and 3). The 
results of our calculations and the published data 11 
agree well when association is not taken into account 
(Fig. I). The maximum divergence is ~0.004 at 5 ~ and 
almost disappears at 40 ~ However, the introduction 
of the additional parameter 13(2)BH,C I results in a notice- 
able systematic divergence of ~0.01 pK units. 

The temperature dependence of pKbh was also ap- 
proximated by Eq. (5) (the coefficients are presented in 
Table 4). The thermodynamic prope~ies (the Gibbs 
enemy, enthalpy, entropy, and heat capacity) for the 
dissociation of T R I S - H *  can be calculated by this 
equation. The results of  these calculations for 25 ~ and 
the published data are presented in Table 5. Our results 
better agree with the data obtained using the Debye-- 
Hfickel theo~ aj than with the results obtained by the 
e.m.f, method 13 and calorimetry. Is 

The concentration constant K* is determined by the 
expression 

X* = Kbh'mH/(':HrU), (7) 

where 7H is the activity coefficient of the hydrogen ion. 
The concentration constants of equilibrium (6) were 
measured t6 bY potentiometric t i i~fiOn at 25~ For the 
experimental conditions 16 (at the point of equivalence 
rnBH = 0.01), we calculated the pK* values using the 
parameters of interaction of the components of the 
buffer system (see Table 3) and the parameters of the 
hydrogen ion. 9 The calculated pK* values are excel- 
lently consistent with the results of titration (Fig. 2). It 
has been mentioned previously 17 that the pK* value 
extrapolated to the zero molality of NaCI is higher than 
the thermodynamic pK value by 0.027 pK units. For 
moderate and high concentrations, the dependence of 
pK* on the NaCI molality is primarily determined by 
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p/(  

9.0 

8.8 

8.6 

8.4 

8.2 

8.0 �9 I i I 

1 2 3 4 mNacl 

Fig. 2. Comparison of the measured tn pK* values of dissocia- 
tion of TRIS- H + in a solution of NaCI (points) with those 
calculated by the Pitzer method using the parameters in Table 3 
(solid lineL 

the ion interaction parameters LB.Na.C i and 0Na,B H, 
which are the coefficients at the linear term. In the low- 
concentration region, the Oebye--H~ckel equation plays 
a noticeable role in the non-ideal behavior of the acid- 
base forms. As follows from correlation (7), this equa- 
tion does not contribute to the pK* value. In other 
words, retention of the linearity at low concentrations 
for the dependence of pK* on mNacl should be ex- 
pected, but this does not occur. Moreover, an additional 
empirical term that takes into account the dependence 
of pl(* on mN,aC I in the region of low concentrations has 

been introduced in Ref. 16. This indicates the exist- 
ence of an addit ional interaction named by us as ion 
association, which becomes noticeable only in dilute 
solutions. 

The influence of the components of the T R I S - -  
TRIS �9 HCI- -NaCI- -H20  buffer system on their activity 
coefficients is illustrated in Fig. 3. The activity coeffi- 
cients of NaCI in solutions of TRIS and those of TRIS 
in solutions of NaCI are higher than unity (see Fig. 3, a, 
c), which indicates a "salting out" effect of  NaC1 on 
TRIS. The opposite character of the interact ion of 
TRIS.  HCI with TRIS molecules appears in mixed so- 
lutions, where their activity coefficients become < 1. The 
activity coefficients of the T R I S - H C I  electrolyte in 
neat solutions decrease in the whole concentrat ion range, 
which confirms the assumption about association m 
these solutions. 

Presently, three types of ion associat ion in solu- 
tions are known. Association due to the C o u l o m b  
interact ion of mult icharged ions, for example ,  in 
solutions of MgSO4, is most abundant .  Polya tomic  
ions exhibit ing donor -accep tor  propert ies with re- 
spect to a proton are capable of associat ion due to 
hydrogen bonds. 6 In a solut ion of T R I S -  H C I - - H 2 0 .  
this ion is TRIS �9 H*. If these cations are associated 
with each other, the virial coefficient k~2)aH,B H should 
have a greater negative value. According to the cor- 
relations 

BBH,CI = ~ ' - B H . C I  + 0-5kBH,BH -r 0.57,.Ci,Cl, 

a 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  j . . . . . . . . . . . . . . . . .  

0.9 k 

0.5 / "-i , J . 
/_ 

~ = o . s ~  

0.6 ....................... ~ ........... 2 

0 . 4  , , ,  T ,. , 

c 

1.2 3 ............... 

0.8 2 

0.6 .... ' ' ' 
0 1 2 3 m 

Fig. 3. Activity coefficients of the components of the TRIS-- 
TRIS" HCI--NaCI--H20 system "fNacl (a), 7TRIS' HCI (b), and 
7TRIS (c) in solutions of NaCl (/), TRIS- HCl (21. and TRIS (3). 

0Na.BH = ~-Na.BH -- 0-5~'BH.BH -- 0"5~'Na.Na, 

this effect appears simultaneously in two experimentally 
measured parameters [~(2)BH.C t a n d  0(2)Na.B H. | n  f a c t ,  w e  
obtained a negative vaJue (13(2)BH,C l = --I .93),  but the 
introduction of 0(2)Na,B H tO the processing of the sec- 
ond series of experiments with ceil B gave a 0(2)Na.B H 
value close to zero and did not improve the agreement 
between the experimental and theoretical results. It is 
most likely that the structure of the T R I S - H  + ion 
contains intramolecular hydrogen bonds, as assumed 
previously, t7 and no intermolecular bonds. Therefore, 
we attribute the observed weak association in solutions 
of TRIS �9 HCI- -H20 to "localized hydrolysis." 18,t9 In 
this case, association between the cations and anions 
occurs through the intermediate H20 molecule. This 
association appears ontir as a change in the ~3(2)BH.CI 
parameter due to changing the virial interaction coeffi- 
cient ~-BH,C~- 
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