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Thermochemical studies on water-butane-l ,2-dial-NaI 
and water-butane-l ,4-diol-NaI at 298.15 K 

Abstract 

Measurements af the dissolution enthalpies of NaI in water-butane-1,2-dial and 
water-butane-1,4-dial mixtures have been carried out using an “isoperibol” type calori- 
meter at 298.15 K. The course of the standard enthalpy of solution AH:, vs. the binary 
solvent composition has been discussed. 

Polyalcohols, their mixtures with water or organic solvents and elec- 
trolytes in these mixtures have been investigated in our laboratories for 
several years [l-3]. Recently, a growing interest in aqueous solutions of 
polyhydroxy compounds can be observed, mostly due to their numerous 
uses in research into biochemical processes [4,5]. The literature on such 
systems is, however, rather incomplete. 

Our previous reports included the results of densimetric, viscosimetric 
and dielectric measurements of water-butane-1,Cdiol (BD-14) [6] and 
water-butane-1,2-diol @D-1,2) [7] systems. The ~ondu~ivi~ of NaI in 
these mixtures has also been measured and interpreted. The studies on 
isomeric butanediols were aimed at evaluating the effect of the hydroxy 
group positions in diol molecules on the mixture properties. 

It was to be expected that the longer the alkyl free radical in the diol 
molecule, the higher the probability of hydrophobic interactions in 
aqueous solutions, Considering the considerable differences in permittivity 
values between both diols (E~~_~,~ = 22.7, EBD_],* = 30.3) and water @uZO = 
78), one should expect ionic pairs to be present in diol-rich solutions. 
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The present paper describes the results of our studies on the enthalpy 
of solution of Naf in water-BD-I,2 and water-BD-1,4 systems at 
T = 298.15 K. 

EXPERIMENTAL 

Water, BD-1,2, BD-1,4, and sodium iodide were prepared as described 
previously [6,7]. Measurements of the enthalpy of NaI solution were 
carried out using an “isoperibol” type calorimeter 111. The error involved 
in the me~urements was estimated to be f&S%. 

ItESULTS AND IXSCUSSIUN 

Enthalpies of solution of NaI in water-BD-f,2 and water-BD-1,4 
systems were measured over the entire range of mixed solvent composi- 
tions at 298.15 K. The salt concentration was within the range of about 
0.002-0.02 mol kg-’ of solvent, The dissolution of NaI in all the water- 
butanediol mixtures is exothermic (Tables 1 and 2). 

The values of the enthalpy of solution (AZ&J along with those of 
density (pa) and relative permittivity (s) previously obtained for the 
water-BD-l,2 [6] and water-BD-1,4 [7] systems were used to calculate 
the standard enthalpy of solution (AH:) by the method of Criss and 
Cobble [8]. The results obtained are given in Table 3. As is seen from Fig. 
1, the function AH: = f(mol.% diol) shows an endothermic maximum at 
about 5 mol.% BD-1,2 and 10 mol.% BD-1,4 in water. 

Similar maxima have been observed previously in aqueous-alcoholic 
solutions of electrolytes [9]. Krestov et al. [lo] have reported the 
endothermic maximum of the enthalpies of solution of LiCl, NaCl and 
KC1 in mixtures of water with propane-1,2-diol and BD-1,4. These 
authors explain this fact in terms of stabilization of the solution structure 
by hydrophobic interactions between water and alkyl radicals of alcohols 
and diois. This is also our view. 

Our results, however, point to different behaviour by BD-1,2 and 
BD-1,4. In water-BD-12 solution, the maximum appears at lower diol 
content than that in water-BD-1,4 systems. It can be concluded that a 
lower BD-1,2 quantity is sufficient to bring about the maximum stabi- 
lization of the solution structure. This seems to be reasonable because 
‘“exposed” alkyl radicals (*CH,) are present in BD-1,2, facilitating 
interactions with water. 

Having the conductometric data of water-BD-1,2-NaI and water-BD- 
1,4-NaI systems previously obtained [6,7], we could “correct’” the values 
of AH:. One can expect that the ionic association will take place in 
dial-rich solutions, especially in BD-1,2. The ionic association constant in 
pure BD-1,4 is about 12 and in BD-1,2 about 50. 
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TABLE 1 

Enthalpies of solution of NaI in water-BD-1,4 mixtures at 298.15 K 

ear 
(mol kg-‘) 

-AH,,, 
(kJmol_‘) 

mNal 

(moi kg-‘) 
-AH,,, 
(kJmol-‘) 

mNal 
(mol kg-‘) 

-AH,,, 
(kJmol-‘) 

Water 20mol% BD-1,4 80mol. % BD-l,4 

0.00345 7.50 0.00480 6.61 0.00108 22.76 
0.00660 7.52 0.08702 6.57 0.00191 22.59 
0.00932 7.52 0.01164 6.54 0.00349 22.43 
0.01274 7.53 0.01173 6.54 0.00415 22.34 
0.01728 7.54 0.02260 6.53 0.01030 21.84 
0.02040 7.57 0.02532 6.51 0.01525 21.51 

2mol. % BD-I,4 30mol. % BD-1,4 90mol. % BD-l,4 

0.00492 6.86 0.00433 9.67 0.00118 24.98 
0.00493 6.86 0.00886 9.50 0.00195 24.81 
0.01042 6.88 0.00984 9.50 0.00460 24.48 
0.01164 6.88 0.01445 9.41 0.00899 24.06 
0.01351 6.88 0.01909 9.37 0.01573 23.56 
0.01697 6.90 0.02718 9.25 0.02201 23.14 

Smol. % BD-1,4 SOmol. % BD-1,4 95 mol. BD-1,4 

0.00599 6.37 0.00155 15.31 0.00202 25.71 
0.00626 6.38 0.00478 15.10 0.00349 25.44 
0.01070 6.36 0.00565 15.02 0.00619 25.08 
0.01110 6.33 0.01251 14.73 0.00933 24.77 
0.01823 6.34 0.01772 14.64 0.01251 24.56 
0.02679 6.32 0.02271 14.48 0.01557 24.31 

10 mol. % BD-1,4 70 mol. BD-1,4 100 mol. % BD-1,4 

0.00538 6.20 0.00280 20.17 0.00479 25.98 
0.00898 6.15 0.00571 19.87 0.00522 25.90 
0.00975 6.14 0.00645 19.79 0.00886 25.48 
0.01218 6.11 0.01129 19.54 0.01051 25.27 
0.01692 6.07 0.01553 19.41 0.01607 24.64 
0.01707 6.07 0.01982 19.20 0.02376 24.10 

To correct the value of AH: we used the method of calculation in the 
model presented in ref. 11 by Bar-the1 et al. According to this method the 
relative apparent molal content of solution containing “free ions” (FIs) 
and ion pairs is presented as a sum 

QL = a@,(FI) + (1 - a) AH: (1) 

where @,(FI) is the relative apparent molal heat content of the solution 
with the “free ions”, AHF denotes the enthalpy of ion pair formation and 



mNar -AH, lllNal 

(mol kg-‘) (kJmol-‘) (molkg-‘) 
-AH, mNaI 

(kJmol_“) (molkg-‘) 
-AI& 
(kJmol_“) 

Water 

0.00345 7,5O 
0.00660 7.52 
0.00932 7.52 
0.01274 7.53 
0.01728 7.54 
0.@204~ 7.57 

2 md % B&1,2 

0.00246 6.32 
0.00530 6.30 
0.00722 6.28 
0.00998 (se28 
0.01325 6.26 
0.01632 6.27 

Smd. % BD-I,2 

0.00298 5.73 
0.00618 5.69 
0.01222 5.61 
0.02156 5.52 
~~~90~ 5.48 
0.03724 5.40 

1Omd % B&&2 

0.00599 6.99 
0.01186 6.95 
0.01875 6.94 
0.02448 6.90 
0.03046 6.89 
0.03851 6.86 

20moi. % BD-1,2 

0.00656 10.84 
0.01123 10.75 
0.01751 10.71 
0.02464 10.67 
0.03061 10.63 
0.03763 10.58 

30 md. % BD-I,2 

0.~~ 24.27 
0.00937 13.93 
0.01439 13.85 
0.02007 13.72 
0.02668 13.64 
0.03140 13.56 

SOmoL % BD-1,Z 

0.00281 19.79 
0.00638 19.41 
0.~ 19.2s 
0.01149 18.91 
0.01365 18.79 
0.01756 18.58 

70mol. % BD-J,2 

0.00469 22.38 
0.00883 21.80 
0.01231 21.38 
0.01716 20.84 
0.01962 20.59 
0.02198 20.38 

80mol. % BD-1,2 

0.00370 23.43 
0.00662 22.93 
0.00993 22.47 
0.01220 22.18 
0.01557 21.80 
0.02103 21.21 

9omd % BD-f,Z 

0.00347 24.14 
0.00428 23.93 
0.00653 23.51 
0.00830 23.18 
0.01271 22.42 
0.01762 21.92 

9Smol. % BD-1,2 

0.00191 25.10 
0.~~7 24.56 
0.00413 24.39 
0.~7 23.81 
0.~97 23.39 
0.01028 23.22 

lOOmoE. % BD-1,2 

0.00250 24.94 
0.00499 24.43 
0.00781 23.72 
0.01006 23.39 
0.01245 23.05 
0.01713 22.30 

a is the degree of dissociation. Because 

‘& = -AH$ = AH,,, - AH: 

eqn. (1) can be rewritten as 

(2) 

AH,,, - ar@,(FI) = AH: + (I- a) AHE (3) 

where AH, is the e~perimc~tal~~ determined molal enthafpy of efectrolyte 
dissotution at given mofatity nz and AH: is the standard enthalpy of 
sohltion . 



TABLE 3 

Standard enthaIpies of-sohtion of NaX in water-BI3-1,4 and water-BD-l,Z mixtures at 
298.15 K, and the ionic-a~ociatio~ constants in these systems 

Mol.% Water-BD-1,4 
diol 

-AH2 KA -ACL, 
(kJmof*‘) (dm3 mof-‘) (Mmol-‘) 

Water-BD-1,2 

-AH: -AK&w 
(kJ mol-‘) k3 mol-‘) {kJ mof-‘) 

0 7.58 7.58 
2 6.96 6.43 
5 6.53 5.93 

10 6.46 7.31 

20 6.95 11.33 

30 IO.12 2.4” t0.10 14.66 4hb 14.64 
50 15.76 4xsa 15.76 20.55 12.3 b 20.68 

70 20.82 7.0 a 20.84 23.90 28.8b 24.39 

80 23.24 9.0 =*< 23.27 24.96 34.0 b,c 25.43 
90 25.50 10.8 = 25.58 25.87 48.5 b 26.41 
95 26.37 11.5 a.c 26.47 26.43 .51.0b.C 26.77 

100 27.15 12.3 = 27.46 26.57 55.8 b 27.03 

a Values taken from ref. 6. 
b Values taken from ref. 7. 
’ Interpolated value. 

20 A0 60 80 la, 20 40 60 80 1C 
md % BD-1.2 md%BD-I.4 

Fig. I. “Corrected” (a) and “uncorrected” (0) sanded solution ~~t~a~~~es, hH;f: of Naf 
in (a) water-BD-1,2 and (b) water-BD-I,4 mixtures at 298.15 K, 
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The &(FI) values were calculated using the equation proposed by 
Bartbel et al. [II]. The necessary values of the degree of the electrolyte 
dissociation were obtained from conductometric measurements. There- 
fore, the left-hand side of eqn. (3) can be calculated using the experimen- 
tal data 

6 = AH, - azcf>,(FI) (4) 

Plotting S as a function of (1 - a), we obtain for each examined mixture a 
straight line dependence 

(5) 
that extrapolated until (1 - a) equals zero gives the standard enthalpy of 
solution AH:. The slope of the function is equal to the enthalpy of ionic 
association AH:. 

The redetermined standard enthalpies of NaI solution AH;ft,,,, are 
given in Table 3. moreover, in Fig. 1 the corrected values of AH;‘t: are 
plotted as a function of the mixed solvent composition and compared with 
those extrapolated by using the previously mentioned Criss and Cobble 
method 181. 

It follows from the data shown that the effect of ionic association in 
water-BD-1,4 solutions can be practically neglected. In contrast, in 
water-BD-l,:! systems starting from about 70 mol.% BD-1,2, the 
differences in both “corrected” and “uncorrected” values of the standard 
enthalpy of solution are visible, though no change in the curve shape is 
observed. One can assume that such changes in AH: are brought about by 
different structures of the investigated mixtures of water with BD-1,2 and 
water with BD-1,4. Our observations are confirmed by the results of 
Borghesani et al. [12], who have considered the coefficients of interactions 
of pairs in mixtures of water with all isomeric butandiols and concluded 
that in water-BD-1,2 systems the hydrophobic interactions play a 
considerable part. 

In order to obtain a clearer idea about the phenomena occurring in the 
investigated systems it would be useful to supplement the studies by 
potentiometric measurements. 
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