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Abstract

Enthalpies of dilution of formamide in aqueous n-propanol, 1,2-propanediol and glycerol solutions have been determined by isothermal calorime-
try at 298.15 K. The values of dilution enthalpy were used to determine homogeneous enthalpic interaction coefficients which characterize the
interactions of formamide in alcohol solutions. The variations of the enthalpic pairwise interaction coefficients with the mass fraction of alcohol
in mixtures are interpreted in terms of solute—solute and solute—solvent interactions.
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1. Introduction

Protein hydration is responsible for stabilizing the native
structure of globular proteins in aqueous solutions [1,2]. One
useful approach that assists in our understanding of these inter-
actions is to study small molecule-water interactions [3]. Amide
solutions in water and in mixed solvents are useful for model-
ing the fragments of biological molecules [4,5]. Alcohol water
mixtures as solvents are important because of their mixed
hydrophobic-hydrophilic character.

The enthalpic interaction coefficients, derived from the virial
expansion of an excess thermodynamic property [6], are mea-
sures of intermolecular interactions in solution and depend
significantly on variation in solvent. As a continuation of
our work [7,8], the present study examines the homogenous
enthalpic interaction coefficients of formamide in aqueous n-
propanol, 1,2-propanediol and glycerol solutions.

2. Experimental
2.1. Materials and sample preparation

Formamide (AR) was kept over CaCOj3 overnight and then
distilled twice at reduced pressure. n-Propanol (AR), 1,2-
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propanediol (AR) and glycerol (AR) were distilled, respectively,
under atmospheric pressure with middle fraction collected. All
of the purified products were stored over P,Os in a desicca-
tor before use. The water used for the preparation of solutions
was deionized and distilled using a quartz sub-boiling puri-
fier.

Both the aqueous solutions, which were used as mixed
solvents (water +alcohol), and the formamide solutions (for-
mamide + alcohol + water) were prepared by mass with a Mettler
AE 200 balance. All the solutions were degassed and used within
12 h after preparation.

2.2. Calorimetric procedure

The enthalpies of dilution were measured with an isothermal
calorimeter (model 4400 IMC, Calorimeter Science Corpora-
tion, USA) at 298.15 K. The flow-mixing system is comprised of
two CSC 4442 flow-mixing cells [9,10] and two syringe pumps
(model: 260D, ISCO Inc., USA). The IMC data acquisition
software was provided by Calorimetry Sciences Corporation.
The scheduler/monitor program of pumps was developed by
our group. The variation in flow rates of the syringe pumps is
less than 0.2%. The flow rates were determined by weighing
the masses of liquids through the pump with 5min. The rela-
tive mean deviation of thermal powers determined was 0.3%.
Details of testing of the calorimeter were reported elsewhere
[11].


mailto:yanweidong@zju.edu.cn
dx.doi.org/10.1016/j.tca.2007.10.006

36 R. Zhang et al. / Thermochimica Acta 466 (2007) 35-37

The enthalpies of dilution AgjiHm can be obtained by the
following equation [12]
AgitHyy = P& A miM2) 1)

mi f2

where P is the dilution thermal power in watts, m; is the concen-
tration of the initial solution (mol kg—1), M5 is the molar mass
of formamide (kg mol~1), f> is the flow rate of formamide solu-
tion (kgs~1). The uncertainties of all AgjjHm values owing to
duplicate runs at each initial molality and the slight variations of
flow rates are within 1%. The concentration of the final solution,
mg was calculated from the equation

_ mi f2
fimiM1 + 1)+ f2

where f1 is the flow rate of diluent (aqueous alcohol solution),
My is the molar mass of diluent (kg mol—1).

o)

3. Results and discussion

The thermodynamic formalism for the treatment of the
enthalpies of dilution is based on the excess enthalpy concept
[13,14]. If agueous alcohol solution is regarded as solvent, the
excess enthalpy per kg of solvent (HF) of a solution containing
formamide at molality m is given by

E = hom? + ham® + hgm* + - .. ®)

where hy, h3, ha, etc. are enthalpic pairwise, triplet and quadru-
plet interaction coefficients, respectively. The molar enthalpy of
dilution (AgiiHm) of the solution from an initial molality (m;) to
a final molality (), is therefore given by

AgitHn = Hy(mg) — Hy(mi)

= ho(ms — mi)+ha(m2—m?)+ha(md—mP)+- .. (4)

The experimental values of AgjHy of formamide in aque-
ous n-propanol, 1,2-propanediol and glycerol solutions together
with the initial and final molalities are listed in Tables 1-3 in sup-
plementary data. This data were fitted to Eg. (4) by a
least-squares procedure to obtain the & coefficients (Tables 1-3).
As there are some difficulties in the interpretation of higher coef-
ficients [15], only the pairwise coefficient 45 is considered. The
hy values of formamide in pure water is —104.68 J kg mol—2,

Table 1
Enthalpic interaction coefficients of formamide in aqueous n-propanol solutions
at 298.15k

w (n-propanol) ho? (Jkg mol—2) mi (molkg~1) r

0.0000 —104.68 (9.88) 2.9581 0.9998
0.0500 —158.75 (16.60) 3.0118 0.9999
0.1000 —297.48 (18.95) 3.0037 0.9999
0.1500 —396.30 (45.18) 2.9948 0.9998
0.2000 —471.06 (39.76) 3.0010 0.9998
0.2500 —408.97 (44.72) 3.0044 0.9997
0.3000 —303.04 (10.88) 2.9893 0.9999

@ The values in parentheses are the uncertainties of ;.

Table 2
Enthalpic interaction coefficients of formamide inaqueous 1,2-propanediol solu-
tions at 298.15k

w (1,2-propanediol) ho? (Jkg mol—2) mi (molkg~1) r

0.0000 —104.68 (9.88) 2.9581 0.9998
0.0500 —129.10 (21.30) 3.0016 0.9997
0.1000 —253.37 (13.15) 2.9986 0.9999
0.1500 —283.71 (27.53) 2.9921 0.9997
0.2000 —351.24 (26.02) 2.9940 0.9998
0.2500 —272.41 (26.02) 3.0006 0.9998
0.3000 —237.85 (22.93) 2.9913 0.9999

2 The values in parentheses are the uncertainties of /.

Table 3
Enthalpic interaction coefficients of formamide in agueous glycerol solutions at
298.15K

w (glycerol) ho? (Jkg mol—2) mi (mol kg™1) r

0.0000 —104.68 (9.88) 2.9581 0.9998
0.0500 —121.02 (16.58) 2.9567 0.9997
0.1000 —193.11 (13.44) 2.9829 0.9998
0.1500 —154.03 (19.82) 2.9946 0.9997
0.2000 —149.55 (21.28) 2.9705 0.9997
0.2500 —133.58 (20.50) 2.9891 0.9997
0.3000 —144.46 (24.17) 3.0038 0.9997

2 The values in parentheses are the uncertainties of h;.

which is in good agreement with the literature value [16]. The
difference from the literature [17] results from a different exper-
imental approach and concentration range.

From Fig. 1, the enthalpic pairwise interaction coefficients
of formamide are all negative in aqueous alcohol solutions
and pass through a minimum at different concentrations.
The hy coefficients of formamide increase in the sequence:
n-propanol < 1,2-propanediol < glycerol. With the increase in
hydroxyl groups, the minimum shifts to lower concentrations.

For formamide, which has no alkyl groups, dipole-dipole
interactions dominate the pair-wise interaction of formamide
in pure water and these interactions are expected to result in a
negative contribution to #; [17,18].

Since the hy coefficient relates closely to the solvent-
mediated interactions between two solvated molecules [19], the
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Fig. 1. The variations in i, of formamide with the mass fractions of alcohol in
mixed solvents at 298.15 K.
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energetic effect arising from changes in the solvent structure in
the vicinity of the dissolved particles leads to the variations in
hy coefficients in the mixed solvents. In the ternary solutions
under investigation (formamide + alcohol + water), the overall
effect on A, reflects the equilibrium among the following super-
imposed processes: The dipole—dipole interaction between two
formamides is exothermic effect, which leads to a negative con-
tribution to 4. Interaction between formamide and the alcohol
is exothermic effect, which lead to a negative contribution to 45.
Anendothermic process between formamide and the alky groups
of alcohol is counteracted by an exothermic process between
formamide and the hydroxyl groups of alcohol. A partial dehy-
dration of the hydration shell of formamide and alcohol molecule
is an endothermic process, which lead to a positive contribution
to hy. The positive values of the &y coefficients were interpreted
as due to the prevailing release of structured water from the
hydration cospheres to the bulk.

In alcohol solutions, the exothermic process predominates
over endothermic processes, resulting in negative values of
hy for formamide. The predominance increases gradually with
the increasing concentration of alcohol in the mixtures. The
effect is the most prevailing at different concentrations of the
cosolutes, leading to a minimum of 4, coefficients. With intro-
duction of second or third hydroxyl group on the monohydric
alcohol, their interactions with formamide increase, giving a
more negative contribution to /,. The influence of alcohols on
water depends mainly on number of hydroxyl group in an alco-
hol molecule [20]. The polyhydric alcohol-water interactions
are stronger than the monohydric alcohol-water interactions.
This causes an increase in the endothermic effect of the partial
dehydration of alcohol, which give a more positive contribu-
tion to Ay in polyhydric alcohol solutions than in n-propanol
solutions. Desonyers and co-workers [21] gave a general dis-
cussion for structural interactions, and thought that structural
interactions make quite a large contribution to the enthalpic
function, and sometimes surpass the effect of other interactions
[22,23].

Appendix A. Supplementary data

Supplementary data associated with this article can be found,
in the online version, at doi:10.1016/j.tca.2007.10.006.
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