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Solvent isotope effects on the solubility of argon and pair interactions 
in aqueous solution of hexamethylenetetramine 
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The solubilities of gaseous argon in solutions of hexamethytenetetramine (hmta) in H~O 
and D20 were measured at different concentrations, at five temperatures in the range of 283--- 
318 K. and at a partial gas pressure of 101325 Pa by microvolumetry with an accuracy 
of <_0.3%, The standard Setchenov coefficients for a~on solutions and the thermodynamic 
parameters of Ar--hmta pairwise interactions were calculated from the data on the solubility. 
Interactions between hydrated Ar and hmta molecules are characterized by mutual repulsions. 
The structural states of water in the hydration sphere of hmta and in the bulk of solution are 
substantially different. Due to the difference in the mechanisms of hydration of hmta and At, 
the addition of the first component leads to a decrease in the solubility of the second 
component. 
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Dilute solutions o f  nonpolar  gases are of  considerable 
interest as model  systems whose parameters vary over a 
wide range and which can be used for quantitative 
est imation of  structural contr ibut ions to the thermody-  
namic  functions o f  hydration.  It is also well known that 
data on the effect o f  isotope substitution on the solubil- 
ity are informative from the viewpoint o f  studies o f  the 
structures o f  solvents and solutions. I - 5  

Investigations o f  solutions in which solute--solvent  
interactions substantially domina te  over  interactions be- 
tween molecules  o f  the solute are o f  particular impor-  
tance  for e lucidat ing the nature o f  pair interactions in 
liquid systems conta in ing  hydrogen bonds. This differ- 
ence  in interact ions is rather clearly manifested in aque- 
ous solution o f  hexamethylene te t ramine  (hmta).  4 The 
hmta molecule  has a perfect tetrahedral symmetry,  is 
a lmost  spherical in shape, and contains  four centers 
accessible for hydrogen bonding with water molecules  in 
the liquid state. 5 However ,  hmta molecules  cannot  form 
H bonds with each other  due to the absence of  proton-  
d o n o r  centers. 

Studies o f  the properties o f  aqueous solutions o f  
hmta are few in number,  4 -~  The majority o f  studies were 
carried out at s tandard temperature ,  which is, appar- 
ently, one o f  the reasons for contradictory interpreta- 
t ions o f  the results. Based on precision data on the 
densities of  hmta  solutions in heavy and usual water at 
different temperatures  and concentrat ions ,  the volume 
characterist ics of  h m t a - - w a t e r  systems have been calcu-  

lated. 4 Then the virial coefficients o f  the pairwise inter- 
actions of  hmta molecules  and the at tract ion and repul- 
sion contributions to the Ki rkwood- -Baf f  integrals, which 
describe the solute--solvent  and solute--dissolved c o m -  
pound interactions, were calculated.  It was found that 
the attraction contr ibut ion is positive in sign and hmta 
molecules  in solutions exper ience  mutual  repulsion. 
Hydration of  hmta molecules  increases as the tempera-  
ture increases. The use of  heavy water  instead of  usual 
water has the same effect. 

The solubility o f  nonpolar  gas and the the rmody-  
namic parameters o f  dissolution are directly related to 
the structural state o f  the solvent and of  the solution as a 
whole. Hence.  it was of  interest to measure the solubility 
of  argon in solutions o f  hmta in H20  and D20  at 
different concent ra t ions  at 283--318 K. 

Experimental 

Argon (hereinafter AI) of high-purity grade containing 
99.996 real.% of the major component was used. Water with the 
natural isotope composition (L H) was purified by deionization 
and double distillation using a Pyrex apparatus with the addition 
of KMnO4 in the course of the first distillation. The conduc- 
tivity of water purified according to this procedure was 
-2 .  10 -6 S cm -T. In the heavy water (Lo). the deuterium 
content was 99.814-0.02 at.% and the conductivity was 
-I  �9 10 -6 S cm -1. Hexamethytenetetramine (A2) of analytical 
grade was purified by repeated crystallization ethree times) from 
an aqueous solution with the use of acetone (high-purity grade) 
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as a precipitating agent. Then  A2 was dried in vacuo at 333 K 
for 24 h and stored in a vacuum desiccator over P20.~. The 
solutions were prepared from the deaerated componen t s  by the 
weight method.  In the case o f  solutions in D20,  a "dry" box was 
used. The concentra t ion of  hmta  was varied over a range o f  
0.02--2,5 sotvomolality units." The  solubility was measured by 
the saturation method on a precision microvolumetr ic  setup 
(which has been described previously in detail 9) with some 
construct ional  changes,  t0 

Processing of experimental data. The solubility o f  argon was 
expressed in terms of  coefficients of  the Bunsen absorption 
(~]AI,L) o f  AI gas in L solvent**: 

13AI.L ---- [VAl(n.c . ) /vL(T,  P)lequil, 

where vAl(n.c.  ) is the vo lume o f  the pure gas adsorbed at the 
exper imental  temperature Tand pressure p = Ptot referred to the 
partial pressure o f  101325 Pa and brought to normal  condi t ions  
(n.c.) ( T  = 273.15 K, p0 = 101325 PaL and v L is the volume of  
the deaerated solvent (or the solution) at T and Ptot. 

Previously, II it has  been demonst ra ted  that if the  measure-  
ment  error for UAi is -< 0.4%, it is necessary to apply a correction 
for the imperfect behavior  of  the gas, which can be expressed in 
terms of  the compressibility coefficient z( 7", p): 

z.(T, p) = pvn,Al( T, p ) / ( R T ) ,  (I) 

where Vn.Ai is the molar  volume of  the gas at T a n d  p. 
By multiplying both sides o f  Eq. ( I ) by n.~,l (the amoun t  of  

gas dissolved) we obtain the following equation: 

Z.al( 7", P)nAl = PVAl( 7", p) / (RT).  (2) 

Under  normal  condi t ions.  

Zai(n.c.)na I = p~176 (3) 

From Eqs. (2) and (3) it fol lows: 

p%Ax(n.c.)/[ZAI(n.c.)RTOI = pore(T, p)/[ZA~(T, p)RTI. (4) 

Taking in to account that p = p0 (according to the def in i t ion o f  
I~AI.L), the fo l lowing equat ion can be obtained: 

VAl(n.c.) = [ZAI(n.c.)/~.AI( T, P)]( TO/T)UAI(T, p). 

* In this  work.  a unitary, c o n c e n t r a t i o n  scale,  viz., the  
solvomolal i ty  csm, was used. The  solvomolali ty is a non-  
d imensional  rational parameter  that characterizes the  composi -  
tion o f  the solution and is numerically equal to the  amoun t  of  
solute contained in 55.5084 tool of  the solvent. This  value is 
expressed as (tti/nL) " 55.5084, where a i and n L are the amoun t s  
o f  the solute and the solvent, respectively. The normalizing 
factor 55.5084 (numerical ly  equal to the amoun t  o f  H 2 0  in I kg 
o f  water) was in t roduced in order that Csm and the molality cm 
in aqueous  solutions be numerical ly  equal. The use o f  different 
concent ra t ion  scales in the the rmodynamics  of  solut ions has 
been considered in de ta i l  in Ref. 2, where it has been demon-  
strated that  it is advantageous to use the csm scale for calcula- 
t ions of  the  transfer funct ion ( including isotope effects) because 
this makes  it possible to compare  the the rmodynamic  functions 
o f  dissolution and solvation in different solvents with retention 
of  the ratio between the number  of  particles o f  the solute and 
the solvent. 
** By the solvent is meant  not only LI~ and I.. D but  also the 
A2 - -  [LH(D) + A21 solut ion. 

Therefore,  the Bunsen absorpt ion coefficient corrected for 
the imperfect behavior (13*A~,L) can be calculated according to 
the following formula: 

[3"AI.L -- OAI(T, P)"273.15ZAI(n.c.)/[VL(T, p) TzAI( T, p)] = 

= UAI(n.c.)zAI(n.c.)/[vL(T, P)ZAI(T, P)[. 

The compressibility coefficients were calculated according to 
Lee-Kessler 's  method.  12 

To check the accuracy and reliability of  the data, we 
measured the solubility o f  argon in pure H20 and  D20  and 
compared  the results with the most  reliable values available in 
the literature. 6 Our  results and the published data 13-19 were 
summar ized  in the single selection for each system (Table I) 
and were processed by the leas t -squares  method  using the 
following model: 

[niB'AI,L = A 0 + A I / T  + A21nT. (5) 

The  data in Table 1 indicate that there is no systematic  error 
in our  measurements .  Repeated measu remen t s  o f  ~'AI.L at 
different temperatures  revealed a ra ther  high (at a level o f  about  
0 .2--0.3%) convergence o f  the values obtained.  

The results of  measurements  o f  the solubility of  argon in 
solutions o f  hmta  in H20 and D-O  are given in Table 2. The  
concentrat ions  o f  argon and hmta  are given in the solvomolati ty 

Table 1. The Bunsen absorption coeff icients  B'AI,L a tbr argon in 
H~O and D20  

T/K Ar- -H~O A r - - D 2 0  

278.15 46.812, b 47.12 c 
278.163 47.205 a 
283.15 41.655, b 41.88, e 41.80 e 46.16 I" 
283.157 42.023 a 
283.22 41.84,,g 41.82 h 45.12,g 45.94 '~ 
288.15 37.478 b 38.27 c 41.54, c 41.21 e 
288.165 37.699 a 
288.17 37.62,g 37.63 h 41.33,g 41.03 h 
288.30 - -  41.092 
293.15 34.16 e 37.28,c 36.69/ 
298.01 - -  33.78 i 
298.15 31.258. b 31.21, c 31.412 d 33.80, c 33.10/ 
298.15 31.19,g 31.30 h 33.44,g 33.61 h 
303.15 28.87 r 31.51 f 
308.15 26.912, b 26.81 c 29.13, i 30. t92 
308.159 27.075 d 
308.25 26.85,g 26.90 h 28.22,g 28.46 h 
313.15 25.20 e 26.40/- 
318.15 23.93. b 23.73, c 24.099 d 26.99 i 
318.17 24.01 ,g 24.01 h 24.97,g 24.97 h 

a uAl /cm 3 and v t / d m  3 were used. 
b See Ref. 13. 
r See Ref. 14. 
d See Ref. 15. 
�9 See Ref. 16. 
f S e e  Ref. 19, 

Determined experimentally by us. 
h Calculated according to Eq. (5). 
i See Ref. [7. 
J See Ref. 18. 
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Table 2. Solubility of argon (s at  101325 Pa and at different 
temperatures in hmta--H20(D~O) systems 

T / K  Csm.A 2 Csm.A I - ]0  3 

H20 D,O H~.O D20 

283.22 0 0 
0.057 0.032 
0.135 0.218 
0.238 0.257 
0.353 0.553 
0.628 1.034 
0.887 1.388 
1.164 1.60 I 
1.593 2.134 
2.274 2.294 

288.17 0 0 
0.059 0.075 
0.237 0.244 
0.368 0.392 
0.750 0.591 
0.983 0.928 
1.261 1.073 
1.587 1.433 
1.979 1.851 
2.239 2.282 

298.15 0 0 
0.071 0.064 
0.223 0.186 
0.328 0.321 
0.462 0.597 
0.733 0.872 
1.035 1.305 
1.446 1,536 
2,005 2.012 
2.394 2.183 

308.25 0 0 
0.050 0.071 
0.269 0.172 
0.270 0.392 
0,360 0,68 I 
0.501 0.996 
0.794 1.266 
1.384 1.555 
1.742 2.069 
2.412 2.394 

318.17 0 0 
0.119 0.018 
0.405 0.135 
0.711 0.194 
0.864 0.392 
1.093 0.530 
1.620 0.925 
1.678 1.184 
2.031 1.767 
2.390 2.452 

1.86884 
1.8481 
1.8299 
1.7976 
1.7683 
1.6968 
1.6524 
1.6143 
1.5580 
1.5161 
1.68135 
1.6682 
1.6335 
1.6127 
1.5484 
1.5257 
1.5007 
1.4767 
1.4611 
.4568 
.39908 
.3874 
.3685 
.3554 
.3401 
.3093 

1.2780 
1.2442 
1.2088 
1.1881 
1.20616 
1.1995 
1.1850 
1.1868 
1.1777 
1.1696 
1.1490 
1.1253 
1.1040 
1.0841 
1.08270 
1.0788 
1.0722 
1.0650 
1.0632 
1.0593 
1.0522 
1.0529 
1.0491 
1.0476 

2.02515 
2.0072 
1.9396 
1.9285 
1.8196 
1.7107 
1.6593 
1.6365 
1.6102 
1.6047 
1.85524 
1.8308 
1.7702 
1.7352 
1.6807 
1.6039 
1.9828 
1.5342 
1.5044 
.4905 
.50301 
.4887 
.4690 
.4450 
.4111 

1.3798 
1.3485 
1.3423 
1.3320 
1.3324 
t.27155 
1.2638 
1.2543 
1.2311 
1.2065 
1.1883 
1.1735 
1.1612 
1.1497 
1.1494 
1.12897 
1.1266 
1.1200 
1.1154 
1.1053 
1.0980 
1.0847 
1.0721 
1.0567 
1.0498 

scale. Calculations were carried out according to the following 
equation: 

C~m.A I = 13*AI,L(55.5084. MAI + Csm.A2MA2)/(u*a.AIPA2.L), 

where MAI and MA2 are the molecular masses of the sol- 
vents (LH or L D) and the solute (A2), respectively, v'n.Ai 

(22395 cm 3 mol -~) is the real molar volume of the gas It in 
normal conditions, and PALL is the density of the solution of A2 
in LH~D) solvent. We used the densities published previously. 4 

The dependence of Csm.At on Csm.A 2 was approximated (to 
attain the minimum rms deviation) using the following math- 
ematical model: 

tt  

S" i 
Incsm,al = ~ aicsm.a2 (6) Ine'sm,Al ~=1 

where C'srn.A] is the solubility of argon in LH(D~. The regression 
analysis demonstrated that the concentration dependences of 
C~m,A 1 are adequately reproduced at n = 2 with the rms approxi- 
mation error a095 ~ 0.002. 

The a i coefficients for Eq, (6) are given in Table 3. 
Calcnlation of parameters of pairwise interactions. A change 

in the solubility of nonelectrolyte AI upon addition of com- 
pound A2 to solvent L is generally described by the following 
equation: 

k s = [In(c'AI/CAI)] �9 Ca2-1  (7) 

which is analogous to the empirical equation proposed ini- 
tially z~ for solutions of nonetectrolytes in aqueous-salt sys- 
tems. Here, c'AI is the solubility of AI in L, CAl is the 
solubility of AI in [L + A2] solution with a concentration 
equal to CA2. and k s is the Setchenov coefficient (parameter). 
Previously, 21 the necessity of changing the sign of the left- 
hand side of Eq. (7) to the opposite has been substantiated. 
This makes it possible to put the effect of A2 on the solubility 
of A1 (a decrease or an increase in the solubility) into one-to- 
one correspondence with the sign of k s (the minus or plus sign, 
respectively). 

It has been demonstrated z2-z4 that the differential form of 
Eq. (7) is thermodynamically reasonable and, hence, is more 
suited for calculations: 

k s = (81ncAz/dCA2)t,A I ,  

where P'AI is the chemical potential of Al. 
It was of substantial interest to determine the standard 

values of the Setchenov parameter ks ~. An interpolation-ex- 
trapolation procedure has been proposed zl for these ealcula- 
tions. In this case, the transfer of one mole of AI from a 
s tandard* solution in pure L to a [ L  + A2] solution standard 
relative to the state of each of the components is considered: 

ks~ -- lira lira (OlnCAI/#e~2),AI~, 
({'AI-'~r =l, h.vp} (C.x2 "-~'qA2 =l, hyp) 

where laAl~ is the chemical potential of AI in the standard 
solution. 

The ks ~ values calculated under these conditions do not 
contain contributions of the interactions between the solute, 
due to which these values are convenient to use in studies of the 
effect of changes in the structural state of L, induced by the 
presence of A2, on the solubility of AI. 

To study the interactions between dissolved AI and A2 
particles, it is necessary to change the conditions of standardiza- 
tion and to consider the transfer of one mole of AI from a 

* The hypothetical solution with a unit concentration possess- 
ing the properties of an infinitely dilute (ideal) solution is taken 
to mean the standard solution, zs 
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Table 3. Coefficients of the approximate equation (6) and rms errors of approximation (c) 

T/K - a  I a~ 

H~O D,O H~O D~O 

e.103 

H20 D~O 

283.22 0 .1681(0 .005)  0 . 2 1 2 4 ( 0 . 0 0 6 )  0 . 0 3 3 6 ( 0 . 0 0 3 )  0.0488(0.003) 
288.17 0 .1269(0 .004)  0 . 1 9 4 4 ( 0 . 0 0 4 )  0 . 0 2 8 2 ( 0 . 0 0 2 )  0.0433(0.002) 
298.15 0.1009(0.002) 0 . 1 2 5 0 ( 0 . 0 0 5 )  0 . 0 1 3 7 ( 0 . 0 0 1 )  0.0323(0.002) 
308.25 0 .0654(0 .005)  0 . 0 8 8 1 ( 0 . 0 0 2 )  0 . 0 0 8 8 ( 0 . 0 0 2 )  0.0191(0.001) 
318.17  0 .0256(0 .001)  0 . 0 5 6 2 ( 0 . 0 0 3 )  0 . 0 0 5 0 ( 0 . 0 0 1 )  0.0108(0.002) 

2 2 

I 2 
2 I 
I 1 

Note. The numerical confidence intervals are given in parentheses. 

standard solution in pure L to a[L + A2] solution standard with 
respect to the state of Al: 

ks~ = l i m  (3InCAI/~'CA2)~,AI ~. 
(t'A[ --*CAI =[, hyJ3) 

The major thermodynamic relationships for calculations of 
the thermodynamic parameters of pairwise interactions in a 
ternary nonelectrolyte--binary solution system have been ana- 
lyzed in detail previously. 2~ In particular, it has been demon- 
strated that in the case of transfer of one mole of nonetectrolyte 
AI from standard (ideally dilute) solution in pure L to standard 
(with respect to the state of A I) solution of A2 in L (the amount 
of compound L remains the same) with tile concentration 
csrn.al, the change in the Gibbs energy is described by the 
following equation: 

AtrG~(AI,L~L+A2) = --RTIn(cAI/C'AI) = -RTksZCsm.A2. 

Taking into account Eq. (6), it can be written: 
n 

-- R T ~  aicsm,A2 . :~r G~(A I, L~L+A2) = 
i=1 

At small Csm.A2, 

AtrCr'~(AI,L-~L+A2) = -RTalCism,A2. (8) 

According to the results reported previously, 26-28 the con- 
centration dependence of AtrG can be expressed as an expansion 
in terms of Csm.A2: 

AtrG = 2Csm,A2gAlA2 + 6Csm,AlCsm.a2gAiAia2 + . . . .  (9) 

where gAlA2, gAIAtA2 . . . .  are parameters of pair, three-particle, 
and higher-order interactions between the solutes. For the 
standard state, the higher terms of expansion (9) approach zero; 
hence, 

Atr Gx3 = 2Csm.A2galA2. (10) 

Equations which allow one to calculate gAlA2 and ks ~ directly 
from the data on solubility can be obtained from Eqs. (8) and 
(I0) if the concentration dependences of these values are ap- 
proximated by a model of type (6): 

gAlA2 = - R T a l / 2  and ks e' = al/2. 

By approximating the dependence of gAJA2 on T by the 
equation 

2 
= E b ( r -  298.~5y gAlA2 j=0 1 

and using the known thermodynamic relations, the entbalpy 
(hala2) and entropy (SA:A> TSAIA2) coefficients of interactions 
can be readily calculated. 

Results  and Discuss ion  

The temperature dependences of the coefficients of 
AI--A2 pairwise interactions for hmta - -Ar - -H20(D20)  
systems are given in Fig. 1. The corresponding values at 
298.15 K are given below. 

gAtA2 hAIA2 

J mol -j 
H20 125 1480 
D20 155 1800 

SAIA2 TSAIA2 

/ j  mol -~ K-J /J mol -j 
4.5 1340 
4.5 1640 

It can be seen that the gAlA2 values are positive 
throughout the temperature range under study. This 
indicates that mutual repulsions between the hydrated Ar 
atoms and hmta molecules prevail and the transfer of Ar 
from LH(D) to [L + A2] is thermodynamically unfavor- 
able. The gAlA2 values decrease as the temperature in- 
creases. The use of D20 instead of H20 leads to an 
increase in gAJA2, i.e., the effect of a decrease in the 
solubility under the effect of hmta additives is enhanced 
in D20. 

The systems under consideration have a number of 
characteristic features. First, the concentrations of A1 
both in pure L and in a solution of A2 in L are very low, 
which allows one to ignore change in the interaction 

gA tA 2 /J  tool -n 

250 " ~ 2  

200 .- ...... ,1 

150 . ~  

100 

50 ...... . .... 

I I I I 

290 300 310 320 T/K 

Fig. I. Temperature dependence of the coefficients of Ar--hmta 
pairwise interactions gAlA2 in H20 (/) and D20 (2). 
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between A2 and the solvent under the effect of  A1. This 
fact makes it possible to use the thermodynamic param- 
eters of the solubility for identification and qualitative 
interpretation of the structural rearrangements of the 
solvent upon changes in the temperature and the com- 
position of the solution. 2,z9 Second, the Ar atoms and 
hmta molecules are hydrated according to the hydropho- 
bic and hydrophilic mechanisms, respectively. This gave 
grounds to interpret the results with predominant allow- 
ance for the structural orientation. 

Based on the data on self-diffusion coefficients for 
molecules in hmta solutions, it has been demonstrated 5 
that of two possible types of  arrangement of  hmta mol- 
ecules in the tetrahedral water structure, giving rise to a 
closed (clathrate) or "open" structure, the second type, 
which is associated with the tbrmation of four hydrogen 
bonds between water molecules and nitrogen atoms of  
hmta molecules in the framework, is realized. This leads 
to the rearrangement of the water structure such that it is 
equal to structure destruction, i.e., to a decrease in the 
overall ordering of  the system. Based on the analysis of  
the volume properties of hmta solutions in H20 and 
D?O, we also found 4 that hmta molecules destroy the 
inherent water structure, thus forming new, highly or- 
dered (lace-like) structures_ When D30 is used instead 
of H20, the hydration spheres about hmta become more 
compact due to strengthening of the hydrogen bonds. 
This is also evidenced by data 7 on the enthalpy charac- 
teristics of  the isotope effects of dissolution of hmta. 
These conclusions do not contradict  the inference 6 that 
hmta is a structure-forming compound because the struc- 
tural states of  water in the hydrate sphere of  hmta and in 
the bulk of  solution are substantially different. Hence, 
according to the classification reported previously, I hmta 
should be classified as a hydrophilically hydrated com- 
pound, viz., a compound destroying the water structure. 

The parameters ratA2 ( f  = g, h, and s) represent 
contributions to the corresponding thermodynamic func- 
tions F ( F  = G, H, and 53 associated with the fact that 
the solvated AI and A2 molecules are brought closer 
together from an infinitely large distance to a particular 
critical distance. These parameters take into account 
new sources of  imperfections that appear in the ternary 
system due to weakening of  the L--AI  and L--A2 
interactions under the effect of newly formed interac- 
tions between A I and A2. 

Impressive progress in the qualitative interpretation 
of  the effects of  changes in the solubility of  nonelectro- 
lytes under the influence of  the third component  of  the 
system was achieved by employing notions based on the 
concepts of  structural sal t ing-in--sal t ing-out and over- 
lapping of  the Gurney hydration cospheres. 3~ As men- 
tioned above, Ar atoms are hydrated according to the 
hydrophobic mechanism, resulting in stabilization of  the 
water structure. In this case, the more ordered the initial 
structure of  the solvent, the more noticeable the stabili- 
zation effect, The hydrophilic hydration of  hmta is 
associated with the rearrangement of the water structure; 

as a result of which this structure in the nearest environ- 
ment of hmta molecules becomes "inconvenient" for 
participation in hydrophobic hydration of argon. This 
competition leads to weakening of  hydrophobic hydra- 
tion of Ar atoms, and their stabilizing action is attended 
by the additional expenditure of  energy. Hence, the plus 
signs of the gAlA2 contributions may be associated with 
the changes in the solvent--solvent interactions under 
the influence of hmta. As a result, argon is forced out of 
the solution. An analogous conclusion follows from the 
results of  the study 31 in which it was demonstrated that 
overlapping of  the hydration cospheres of hydrophobic 
and hydrophilic species leads to a decrease in the solu- 
bility of the nonelectrolyte (ks ~ < 0). 

The replacement of  H_~O by the more structured D20 
and an increase in the temperature lead to strengthening 
of hydration of  hmta molecules. 4,7 At first glance, this 
should lead to an increase in gAJa2 (a decrease in ks~). It 
can be seen from Fig. I that gAxA2(D20) < gAtA2(H_~O), 
but gAlA2 decreases rather rapidly (approaching zero) as 
the temperature increases. We believe that in this case 
two effects, viz., strengthening of hydration of  hmta and 
thermal predestruction of the water structure, are in 
competition, resulting in weakening of hydrophobic hy- 
dration of argon and, as a consequence, in a decrease in 
its solubility. Apparently, the second effect prevails. 
Hence, c a ~ ( T ) ~ c ' a l ( T ) ,  whereas gAlA2 and ks ~ ap- 
proach zero as the temperature increases. 

The portion of a more destroyed (than in the bulk of 
solution) water structure increases also, due to overlap- 
ping of  the hydration spheres of  argon and hmta of 
differing nature. The validity of  this suggestion is sup- 
ported by the plus signs of  the entropy coefficient TSAIA2 
and the isotope effect involved in this parameter. A 
comparison of the coefficients of pairwise interactions 
(see above) demonstrated that, as in the pure solvent. 
dissolution of  argon in hmta solutions is controlled by 
the entropy and enthalpy effects. 

The results obtained in this work provide rather 
strong evidence that the use of  tile isotope substitution 
method has considerable utility in improving the reli- 
ability of  interpretation of  data on structure-thermody- 
namic characteristics of  dissolution and hydration of 
compounds. 
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