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THEIMOCHEMICAL INVESTIGATION OF Nal SOLUTIONS
IN WATER-ACETAMIDE MIXTURES*

The enthalpies of solution of Nal in water-acetamide
mixtures have been determined colorimetrically over the
temperature range 25-85 C. The thermodynamic results
obtained are correlated with results from earlier mea-
surements on water-amide mixtures.

Amides attract considerable interest in view of their abi-
lity to dissolve various substances; for thi3 reason they are
employed in a variety of technological processes. Owing to their
high dielectric constants they are also good solvents gf elec-
trolytes, the presence of H-bond3 in unsubstituted and monosub-
stituted amides may suggest a certain similarity to water. Par-
ticularly good electrolyte-solving ability has been observed in
the case of water-acetamide mixtures [1, 2].

The results obtained in [1] and [2] suggest that the
thermodynanic similarities between water and acetamide solu-
tions of electrolytes may be related to the remainders, in the
liquid state, of the three-dimensional H-bond lattice which is
present both in solid acetamide [3-5] and in ice [5].

In view of this we found it interesting to measure the
heat of electrolyte dissolution in a mixed «solvent made up of
water and acetamide. The electrolyte chosen was Nal which is
the most thoroughly investigated salt in organic and mixed sol-
vents. The results obtained for water*aeetamiiie solutions can
thus be compared with those for other mixed solutions.

* Praca zostata nadestana na |11l polsko-radzieckie sympo2jum
"Termodynamika i elektrochemia roztworéw elektrolitéw".



Experimental

The enthalpies of solution of Mai were measured calorimet-
rically for a series of water-acetamide mixtures of different
acetam'ide content in the, temperature range 25-85°3. The  mea-
surementa were conducted in a nonisothermal non-adiabatic ca-
lorimeter. The calorimeter proper was a 220 cm" Dewar vessel
supplied with a stixvrer, calibration heater and thermistor.
Temperature changes during the measurements were determined by
means of a 0-2 mv MKT recorder (ODit). The calorimeter wa3 sen-
sitive to 5 ¢10”’7°C. The measurement error was estimated to be
about 1

The water-acetamide solvents employed in the investigation
were prepared by weight using twice-distilled water and dried
and purified acetamide p. a. produced by Xenon-Wdi [7 1 Thef
melting point of acetamide was 81-82°C [8], Nal was purified
by a procedure described in [9].

Reigihts and pgiscussion

The obtained heat of solution values Af* for Nal dissolved
in water-acetamide mixtures at 25, 40, 60, 75 and 85°C are pre-
sented in Figs. 1-5 as functions AH* m f(m).

In the case of water and mixed solutions containing less
than 20 wt % of acetamide (11.5 mole % the isoterms AH »
» f(ia) - corresponding to a temperature 25 C (for water also
40°C) may be classified as type Il Isoterras in the Mi sh-
chenko and Pronina' s classification [10],

The other isotherms are of type I, i. e. the exothejrraicity

of the heat of solution decreases as the elestrolyte concen-
tration rise3. As can be seen in Figs. 1-5, changes in the shap-
es of isotherms AH* =>f(m) for the investigated systems depend
on acetamide concentration in the mixed solvent and on the
temperature of the solution.

In the case of water solutions of Nal, the transition from
type Il to type | isotherms takes place at about 45°C, This



Fig. 1. Dependence of the heat of solution <AHm) of Nal on con-

centration in water-acetamide mixtures at 25°C. 1- water; 2-5 wt

% (1,58 mole %) AcNI—R;I\{' - 15 wt % (5.1 mole % AcNHa: 4- 30 wt #
(11,55 mole % AcNilj; 5 - 50 wt S (23,36 mole '») AcNH2

Fig. 2. Dependence of the heat of solution (AHm)of . i «¢n i~
centration In water-acetamide mixtures at 40 C. 1- wr.*r;, - v
X (1,58 mole M) ACM2* 3 - 15 wt % (5,1 mole D AcoHc;

S (11,55 mole %) AcNH2; 5 - 50 wt » (23,36 .-a%-



rfinsltion point lowers as the acetamide content in the mixed
solvent increases.

Fig. 3. Dependence of the heat of solution (AHm) of Nal oncon-
centration in water-acetamide mixtures at 60°C. 1 - water; 2 -
- 5wt %(1,58 mole % AcNH j 3-15w tj6 (5.1 mole Jt) AcNH»: 4 -
- 70 wt % (11,55 mole Si) AcNH,; 5 - 50 wt % (23,36 mole % AcNH,;

6 - 70 wt % (41,55 mole Ji) AcNH2 e

When the mixed solvent contained 50 wt # of acetamide, the

shape of the isotherms - f(m) changes already at about 25°C.
As is well known, type | isotherms are characteristic of stron-
gly solvated -electrolytes, for which the energetic effect re-
lated to ion desolvation grows with increasing concentration
and predominates over the exothermic process of ion approach-
ing. On the other hand, in type Il isotherms AHfl ¢ f(m) de-

cisive role is played by processes of ion approaching and de-
struction of the solvent structure by those ions which leads
to increased exotheriuicity of the dissolution process as the
concentration of the solution increases. Addition of acetamide
to water evokes a similar effect as the growth of temperature.
Thus, possibly, acetamide molecules partialy disrupt the ori-



ginal structure of water but, aa can be seen in Figs. 1-5 the

effect is not very significant.
i

Fig. 4. Dependence of the heat of solution (AHm) of Nal on con-

centration in vater-acetamide mixtures at 75°C. 1 - water; 2 -

- 5wvrt % (1,58 mole %) AcNH*; 3 - 15 wt % (5.1 mole % AcNHZ2 ;

4 - 30 wt % (11,55 mole % AcNII2: 5 - 50 wt (23,36  mole %)
cNH2; 6 - 70 wt 51 (41,55 mole %) AcNH*

Thermochemical investigations of Nal solutions in mixed wa-
ter-formamide solvents [11] have shown that the isotherrtis AH* *
» f(m) have a very small slope A(AHM/Am which may be related
to the high dielectric constant. In the case of water-Nal-DMF
system [11] the shape of the isoterm changes much faster; al-
ready in the solutions containing 20 mole % of E=F the exother-
micity of the heat of solution decreases distinctly depending
on the ~concentration (type | isotherm). This may be related to
the presence of two methyl groups in a DVF molecule (lower dj(>
lectric constant, larger molecule, absence of three-dimensional
H-bond lattice).



A comparison of the thermochemical properties of water mix-
tures with formamido, acetamlde and DMVF shows that the aceta-
mnide investigated in this study has Intermediate properties.

Fig. 5. Dependence of heat of solution (AH,») of Nal on con-

centration in warer-acetamide mixtures at .85° C.- 1 - water; 2-

- 5wt % (1,58 mole A) AcNHz; 3 - 15 wt A (5,1 mole % AcCNH,;

4 - 30 wt % (11,55 mole A) AcNH,; 5 - 50 wt % (23,36 mole %

AcHH2; 6 - 70 wt A (41,55 mole %9 AcHH2; 7 - 85 wt * (63,3 mo-
le. A) AcNH2; 8 - 95 wt A (85,3 mole A) AcNH2



Figure 6 shows the dependence AHYal * f(x) for water-ace-
tamide solutions. The .»eat of solution of Nal in an infinitely
dilute solution were obtained by linear extrapolation of the de-
pendence AHjj m tilftn) because we did not have the data necess-

ary to extrapolate the function <m- f{m) by the method of
Criss and Cobble [12, 13],
As can be seen in Fig. 6 the dependence in  water-

-acetaraide solutions on the mole fraction of acetamide is linear
suggesting that interactions between water and acetamide mole-
cules are very weak and that the heat of solution of Nal in an
infinitely dilute solution is additive.

Fig. 6. Standard solution enthalpy of Nal (AHO) in  water-aceta-
mide mixtures as a function of solvent composition

The dependence on the temperature in water-acetas:ide
mixtures is presented on Fig.,7. As we can see from FI*, 7
the course of the function AH?7j] « i(T) for invent “"0i-



vents elraost does not depend on the contents of acQtamide in
the mix;d solvent.

Fig. 7. Standard solution enthalpy of Nal (AHO) in water-ace-'

taraide mixtures as a function of temperature. 1 - water; 2 - P

wt * AcNH2; 3 - 15 wt % AcNH,; 4 - 30 wt %AcNH2, 5-50 wt %
AcNH2; 6 - 70 wt % AcNHj

In order to compare water-acetamide mixtures with other mix-
ed solvents the dependence of function AH%*l - f(x) of Nal in
some mixed solvents is presented on Fig. 8 (X-the molar frac-
tion of the organic component in the mixture). It can be seen
that the function for alcohol-water mixtures is distinctly diff-
erent from those for other mixtures in that there appears a
minimum of heat of solution exothermicity. at x » 0.2 for me-
thanol and at x & 0.09 for isopropanol.

According to Samoilov [21, 22] the appearance of
a oinicuai is connected with filling the gaps in water structure
by alcohol molecules. This interpretation, probable as it is, is
not nrsAversal and cannot be applied to other non-electrolytes
even though the size of tneir molecules is such that they could



Fig. 8. Dependence AHftl of Nal in some mixed solvents as a
function of mixtures composition [mNd « 0,1 mole/kgJ at 25 0.

1 - water-EMF [14]; 1 - water- acetone 415]5 3 - water- acetonit-
rile [16]; 4 - water-formamide [14] - water-acetainide [8;rCj ;
6 - water-urea [17] ; 7 - water- acetamlde 8 - water-propiona-vi-
de [18]; 9 - water-methanol [19]) 10 - water-isopropanol [20]



fill the gaps in water structure. In the case of water-acetone
and water-acetonitrile systems the functions AII%*1 « F(X) ex-
hibit a distinct maximum in the range of high concentration of
the organic component which explains the formation of complexes
[23]. Such a maximum does not appear in water-formamide, water-
-acetami.de (Q5°C) and water-DMF systems. In these systems  the
exothermicity of the heat of solution of Nal constantly rises
with increasing non-electrolyte content in the mixed solvent.

This may be due to decreasing endothermic component of the
heat of solution which is connected with the distruction of wa-
ter structure. Quite likely the non-electrolyte molecules in-
troduced to water gradually destroy the three-dimensional H-bond
lattice in water forming mixed associates.

In the water-formamide system the structure of the mixed
solvent changes gradually and is labile [23-25], while in case
of water-DMF mixtures associates of definite composition can be'
discerned [26-23]. Possibly in the water-acetamide system mi-
xed associates with H-bonds are formed. Similar phenomena may
take place in water-propionamide and W ater-urea systems.

Some information concerning the interaction between water
and non-electrolyte can also be derived from an analysis of the
temperature coefficient  A(AH°)/AT. As can be seen in Fig. 9
this coefficient rises most quickly in the case of wator-for-
raamide mixture' attaining the zero level at 14 mole % of for-
raamide and changes its sign to positive. In water-DMF mixtures,
it attains the zero level and changes its sign to positive at
30 mole ¥»of DMF, while in the case of water-acetamide mixtures
it has negative values over the entire range of compositions
investigated and changes only little.

As is well known, the temperature coefficient has negative
values in the cape of water solution and positive values . for
most organic solutions [10].

Assuming that negative values of the coefficient are cha-
racteristic of water-like solutions, then the zero value would
correspond to solutions in which the original structure of wa-
ter was destroyed. . )

9 snows that formamide has a stronger destructive eff-
on tv:- original structure of water than DMF, while in the



case of ocetamide this effect is very small. This may be relat-
ed to the possibility of formation of a mixed three-dimensional
lattice of H-bonda with both water and acetamide molecules par-

ticipating.

Fig. 9. The temperature coefficient of the Nal dissolution heat
in water-amide mixtures at 25°C

The above conclusion is in agreement with opinion arising
from densimetric [29], viscosimetric [30] and dielectric [23]
studies of water-acetamide mixtures.
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Stefania Taniew3ka-0sinska, Marian Woldan

TEHMOCHEMICZNE BADANIA ROZIWOROW Nal
W MIESZANINIE ACETAMIDU Z WODs

Przeprowadzono pomiary ciepta rozpuszczania Nal w mieszani-
nach woda-acetamid w zakresie temperatur 25-85°C. Przedyskuto-
wano zaleznosé od sktadu mieszaniny i jej temperatury O-
raz porownano z innytni rozpuszczalnikami wodno-organicznymi.
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OTeMatma TalieBCKa-OoiiHbCKa, Map«« BojtbjiaH

TEPMO tUHAMMWECKHE MOCIIESOBAHHH PACTBOPOB Nal

b omech boh-auetamhh;

ripoBeneHO H3MepeHMH TeiDiOTU pacTBopeiiHH AHmM Nal | CM6CH 80 -
ga-aneTaMag b HHTepBane TerniepaTypu 25-85°C. flpoBefleH aHajiH3 sa-
BHCHMOCtfH OoT COCTaBa OM6CH U TeMliepaTypu. npOB646HO0 OpaBHOHHe
cmsch Bona-aueiaMHfl K3 upyrxun BonKo-opraHtmeoKHMH  paOTBOp«-

TeJIHVM



