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er-bridge atoms from 600 to 400 cm-'. Also interference in the 
area of the free symmetry and asymmetric valence oscillations 
of the SO, (1345 and 1335 cm-', respectively) can be ob- 
served. The average deviation of the experimental partial 
pressures from the calculated values (eq 6) and parameters of 
Table V I )  is *0.4%. 

Solublllty of Hydrogen Sulflde and Carbonyl Sulflde 

The solution properties of the investigated solvents for H,S 
and COS, both less polar than SO, (dipole moments (debyes): 
SO,, 1.63; H,S, 0.97; and COS, 0.71), show only gradual dif- 
ferences and differ only slightly in temperature behavior. The 
experimental data for the partial pressure of the dissolved gas 
p i  as a function of the mole fraction in the solution x ,  fR Henry's 
law according to eq 1 within the investigated concentration 
range (q: = 0.16 and e$ = 0.10), with correlation coeffi- 
cients better than 0.99. 

Reglstry No. H,S, 7783-08-4; SO2, 7446-09-5; COS, 463-58-1; HO- 
(C2H,0)3:i, 1 12-27-6; HO(C,H,O), H, 25322-68-3; CH,(OCH&H,),OCH,, 
1 12-49-2; O((CH2CH20)2CH3)2, 143-24-8; CH30(CH2CH20)xCHCH3CH3, 
7 1495-18-6; O:P(OC,H&, 78-40-0; 0:P(OC3H7)ar 5 13-02-0; O:P(O(CH2)3- 
CH3)3, 126-73-8; O:P(OCH&H(CH& 126-71-6; O:P(O(CH2)&H2CH&OH, 
298-07-7; O:P(O(CH,)&H&H,),, 78-42-2; O:P(OC,H&H&, 1330-78-5; 
(C,H,CO,)(C,H,C,Hg), 85-68-7; (C,H,CO2)(C,Hg),, 84-74-2; (C,H,CO&O(- 

H&H(CH3)2),, 84-69-5; (CEH,CO&Ci,H, 1)2, 26761-40-0; (C,H,CO2)(C,H,- 
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Thermodynamics of Nucleoside-Solvent Interactions. Uridine and 
Cytidine in Pure Water and in 3 m Ethanol between 17 and 37 OC 
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Enthalples of solutlon of the nucieosldes urldlne and 
cytldlne In water and In 3 m ethanol were measured 
between 17 and 37 'C. From these were calculated 
posltlve enthalples of transfer from water to 3 m ethanol. 
Heat capacltles of solution obtalned from the temperature 
varlatlon of the enthalples of solutlon and comblned wlth 
estlmated heat capacltles of the soilds ylelded partlal 
molal heat capaclties of the nucleosides. I n  pure water 
these are 96 and 93 cal/(moi deg) for uridine and 
cytidine, respectively. The small difference between the 
values lndlcates that the partlal molal heat capaclties in 
pure water are almost Independent of the Interchange of 
the base groups uracll and cytosine. I n  3 m ethanol the 
values are 98 and 84 cai/(mol deg) and show that ethanol 
tends to reduce the leveling effect observed In water. 

Introduction 

The structural stabilities of DNA and RNA depend in part on 
the interaction of their repeating nucleoside components with 
the solvent, and thermodynamic studies may provide useful 
information on these poorly understood systems. This is the 
second contribution on the thermodynamics of nucleoside- 
solvent interactions in aqueous solutions and follows a study of 
enthalpies and heat capacities of solution of inosine and 
adenosine in pure water, AH', and in 1 m ethanol, AH, from 
25 to 35 ' C  ( I ) .  The present work is concerned with the 
enthalpies of solution of the major pyrimidine nucleosides uridine 
and cytidine in water and in 3 m ethanol between 17 and 37 
OC. The results allow calculation of enthalpies of transfer from 

0021-956818511730-0061$01.50/0 

OH OH 

uridine cytidine 

water to the mixed aqueous solvent, A n ,  from A n  = AH - 

Enthalpies of transfer to aqueous ethanol reflect the com- 
plicated disturbing effects of ethanol on the solvent properties 
of water (2). I t  may be noted that the presence of alcohol also 
has a profound effect on the double-helical structure of DNA, 
since one form is favored in water, transforming to another 
form in aqueous alcohol (3). 

The temperature variation of the enthalpies of solution yields 
the heat capacity of solution in pure water, ACpolin 3 m eth- 
anol, AC,,, and the heat capacity of transfer AC,, = AC,, - 
AC,', where Ac,, in part reflects the difference in the ordering 
or structuring of solvent molecules around the solutes upon 
transfer. 

AH'. 

Experlmental Section 

The calorimeter and calorimetric procedure have been de- 
scribed elsewhere (4). Uridine and cytidine were obtained from 
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Table I. Enthalpies of Solution 
t ,  AH" and AH, t ,  AHo and AH, 
"C runs cal/mol "C runs cal/mol 

Uridine-H20 Cytidine-HzO 
17 7 4980 f 39 18 7 4991 f 46 
25 5 5197 f 24 25 6 5296 f 26 
30 10 5414 f 23 30 6 5320 f 50 
37 13 5625 f 42 37 6 5525 * 36 

Uridine-3 m Ethanol Cytidine-3 m Ethanol 
17 7 6600 f 19 18 5 6538 f 22 
25 7 6795 f 13 25 9 6733 f 27 
30 12 7037 f 47 30 8 6828 f 34 
37 13 7384 f 70 37 6 6908 f 34 

Table 11. Enthalpies of Transfer at 25 "C and Heat 
Capacities of Solution and Transfer at 17-35 "C 
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Flgure 2. Enthalpies of solution of cytidine: (a) in H,O, (b) in 3 m 
ethanol. 

&: ACp: cal/ 
solute kcal/mol AC," AC,* (mol den) 

uridine 1.60 35 37 2 
cytidine 1.46 28 22 -6 

'Overall experimental error is f0.05 kcal/mol, based on the 
rounded-off value of the square root of the sums of the squares of 
the standard deviations of the means of AHo and AH. bOverall 
experimental error is f8 cal/(mol deg), based on the average dif- 
ference between worst and chosen slopes of Figures 1 and 2. 
Values are almost negligible, based on overall experimental er- 
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Flgure 1. Enthalples of solutlon of uridine: (a) in H,O (b) in 3 m 
ethanol. 

Sigma. Ethanol was AR grade and the water was distilled and 
deionized. The overall range was 0.4-0.9 mmol of nucleoside 
dissolved in 180 g of solvent. The average of four or more 
measurements is reported as the enthalpy of solution at infinite 
dilution, with uncertainties equal to the standard deviation of the 
means. 

Results and Discusston 

Table I and Figures 1 and 2 show the means of the en- 
thalpies of solution for both nucleosides in pure water and in 
3 m ethanol. Table I1 reports enthalpies of transfer at 25 OC, 
AH, together with heat capacities of solution AC, O ,  AC, , and 
transfer, ACp, based on the slopes of the hear enthalpies of 
solution from Figures 1 and 2. 

I t  is of interest to compare the separate enthalpies of 
transfer of the appropriate free base and rlbose with the total 
AH of the nucleoside. Preliminary measurements show that the 
enthalpies of transfer of cytosine and ribose (5) are 0.7 and 1.0 
kcal/mol, respectively, with their sum 0.2 kcal/mol higher than 
that of cytldine. The positive dmerence may be due to changes 
in size, conformation, and solvation of the two constituents 
relative to the single nucleoside. The large positive values of 
AH may reflect in part the energy difference of solute cavity 
formation in pure water and in the more structured aqueous 
ethanol (6). 

The heat capacities of transfer AC, of each nucleoside are 
almost negligible, within the limits of the overall experimental 
error. I f  the ordering of the solvents around the nucleosides 
contributes to their partial molal heat capacities Cp O in water 
or C, in 3 m ethanol (AC, = e, - e, O ) ,  this result indicates that 
the difference is very small, whatever the detailed nature of 
ordering in the two solvent media may be. Heat capacities of 
the solid nucleosides, C(s), are needed in order to calculate the 
partial molal heat capacities, where Cpo = AC, + C(s), and 
C, = AC, + C(s). In the absence of reported values, C(s) was 
estimated by Benson's method of group additivities (7). Since 
these group contributions at 25 O C  are for the ideal gas, the 
following estimates include corrections for loss of translationai 
and rotatlonal degrees of freedom of the gas offset by the gain 
of vibrational degrees of freedom of the solids. When a group 
value was not available, a tabulated one for a similar group was 
substituted. The method was tested on solid uracil, one of the 
very few related substances for which the experimental C(s) 
is available ( B ) ,  with estimated and experimental values of 29 
and 28 cal/(mol deg), respectively. Kopp's law, which was used 
previously with inosine and adenosine (7 ) ,  gives 34 cal/(mol 
deg). The estimated values of C(s) are 61 and 65 cal/(mol deg) 
for uridine and cytidine, yielding 96 and 93 cal/(mol deg) for their 
partial molal heat capacities in pure water, respectively. This 
difference between values of e,, is negligible, and thus partial 
molal heat capacities in pure water seem to be almost inde- 
pendent of the bonding and functional group differences of the 
two nucleosides. In  3 m ethanol the partial molal heat ca- 
pacities for uridine and cytidine are 98 and 87 cal/(mol deg). 
The somewhat larger difference shows that ethanol appears to 
reduce the leveling effect on the heat capacities in pure water, 
with similar behavior observed earlier with inosine and adeno- 
sine ( 1) .  
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