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thermochemical investigations of agqueous acetamide
SOLUTIONS WITHIN THE TEMPERATURE RANGE 25-70°C

Heat of solution AHmof acetamide In water at 25°,
40 , 50 , 60 and 70 C over the concentration range 0-2
mole AcNH,/kg H20 was measured. Using these values the re-
lative partial molal enthalpies of both the components of
solutions, activity of water al and tip values of the ex-
cess relative partial molal entropy AS* for water of in-
vestigated solutions have been calculated.

The analysis of the mentioned thermodynamic functions
in relation to the concentration and temperature has shown
that the acetamide molecules introduced to water slightly
disturb water structure.

Thermodynamic investigations of acetamide CaCl*» KNO;j, Csl
and Nal solutions made it possible to observe certain similarity
of properties of thermodynamic solutions in molten aocetamide and
in water [13. Basing on the analysis of results of thermodyna-
mic investigations of electrolyte solutions in different sol-
vents [2-5] it may be assumed that the siruilarity of thermodyna-
mic salt solutions in molten acetamide and in water is caused
by the remainings three-dimentional hydrogen bond network In
liquid state occuring both in solid acetamide [6-8] and in ice
[93.

It seemed interesting to examine the binary water-acetamide
system in order to attempt the explanation of mutual interac-
tions among the molecules of these substances.



Experimental

Reagent»

For the heat of solution measurements twice diatilled water
and p.a. acetamide produced by Xenon-L6di crystallized from 95%
ethanol were used [10]« The melting temperature of acetamide was
81-82°C [11, 12].

Apparatus

The heat of solution of acetamide in water was measured in
the improved nonizothermic - nonadiabatic calorimeter of Vrewskl
type [131. Dewar vessel with 220 cor* capacity was used. Tempera*
ture sensitivity was 0.002°C. The error of measurements was es«
timated to be +1,5#«

Results

The obtained results of integral heat of solution AHmM of
acetamide in water within the concentration range 0-2 mole of
AcNH2/kg of water at the temp. 25°, “0° 50°, 60° and 70°C are
given in Table 1. The izotherms AHm- f(m) are described by
the equation AlI™ » a . p W, and a, p coefficient were cal-
culated by the least squares method using Odra 1305 computer.
Using the values of the obtained a and p coefficients the
integral heat of dillution AH°m and the derivative d(AH?)/
d VST were calculated.

The values of relative partial molal enthalpy of water
and acetamide were determined using the known dependencies
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Values of thermodynamic functions for AcNH,-H90
system at 25*C

m
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Values of thermodynamic functions for AcNH--H,0

system at *0#C A
m L2 AS®
(mole/kg) (cal/Bole) (cal/mole) 1 (I07~o0al/mole »deg)

0 0 0 1 0
0.0202 0.002 20*0 0.9997 0
0.0404 0.007 28.3 0.9994 0
0.0999 0.027 44.7 0.9982 0
0.1049 0.029 45.8 0.9981 0.1
0.1478 0.048 54.3 0.9973 0.2
0.2185 0.087 66.1 0.9961 0.3
0.2717 0.120 73.7 0.9951 0.5
0.3527 0.178 84.0 0.9937 0.6
0.4980 0.298 99.8 0.9911 0.9
0.6345 0.429 112.6 0.9889 1.0
0.7847 0.590 125.2 0.9864 1.2
0.9202 0.749 135.6 0.9841 1.5
1.0192 0.873 142.7 0.9326 1.5 *
1.2835 1.233 160.2 0.9783 2.1
1.5350 1.613 175.1 0.9744 2.6
1.7894 2.030 189.1 0.9704 3.2
1.9000 2.221 194.9 0.9687 3.4
2.0720 2.530 203.5 0.9661 3.8
2.100 2.581 204.9 0.9657 3.9



Table.

Values of thermodynamio functions for AcNU9>H90
systea st 50*C
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Thermochonlcal investigations of ajueous 9

Values of thermodynamic functions for AcNH”-H-O
sy3tem at 70°C

m L1 L2 AS®
(mole/kg) (cal/mole) (cal/mole) al (I0~cal/mole ¢deg)

0 0 0 1 0
0.0202 0.002 16.6 0.9997 0
0.0405 0.006 23.5 0.9994 0
0.0553 0.009 27.6 0.9991 0
0.0888 0.019 35.0 0.9984 0
0.1181 0.029 40.3 0.9979 0.1
0.1475 0.040 45.1 0.9973 0.2
0.2223 0.074 55.3 0.9960 0.3
0.3770 0.163 72.1 0.9933 0.5
0.5089 0.256 83.7 0.9909 0.8
0.6557 0.374 95.1 0.98Q5 0.7
0.8403 0.543 107.6 0.9854 1.0
1.0022 0.707 117.5 0.9828 1.0
1.2066 0.934 128.9 0.9794 1.5
1.4667 1.251 142.2 0.9753 1.7
1.6232 1.457 149.6 0.9728 1.9
1.8472 1.768 159.5 0.9693 2.2
2.0200 2.022 166.8 0.9667 2.4
2.1000 2.143 170.1 0.9655 2.6



Table 6

Values of thermodynamic functions for AcNH?-»H.O
system at 70°C
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(2)

The values of excess of relative partial molal entropy of
water of the investigated solutions were calculated from the
equation

- mole fraction of solvent
a® - activity of solvent

Water activity (a” occurlng in equation (3) was calculated
from the equation:

(4)
293

The function L..CT) was expressed by the equation L1(T) -
ma ¢bT ¢cT and the values al corresponding to the tempera-
ture 25°C (293°K) was calculated using the data on vapour pres-
sure of acetamide solutions obtained by Kangro and Groeneveld
[1~]. AIl calculated by us values of thermodynamic functions of
aqueous acetamide solutions are presented in tables 2-6.

Discussion
The course of dependence of integral heat of solution AHmM
of acetamide in water on concentration and temperature is pre-
sented on Fig. 1. As it can be seen the e f(m) isotherms

show-monotonous course. The exotermicity of the acetamide in wa-
ter dissolution process increases with the growth of the concen-
tration of the solution and decreases with the temperature
growth. The slope of AI* - f(m) curves decreases with the so-
lution concentration and temperature growth.
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Fig. 1. Dependence of heat of solution AHm of acetamide in wa-
ter vs concentration at various temperatures

The conclusions about the influence of solute on solvent can
be drawn from the analysis-of the <course of concentration and
temperature dependence of relative partial molal enthalpies of
the solution components and esspecially from the course of the
function ASj * f(m, T). The values of the discussed thermody-
namic functions of acetamide solutions in water (Tables 2-6)
calculated by us are presented on Fig. 2-4 as curves L, «
» f(m), L2 « f(m) and ASI m f(m) corresponding to the temp.
25°, **0°, 50°, 60° and 70°C (Fig. 2-4). As it is seen from
Fig. 2 the dependence of relative partial molal enthalpy of wa-
ter the investigated solutions on concentration and tempe-
rature is similar to that in case of aqueous urea solutions
[15 3 and water structure . breaking electrolytes. Thus the con-
clusion on breaking primary water structure by acetamide molecu-
les can be drawn.



Fig. 2. Dependence of of acetamide-water system vs concen-
tration at various temperatures

It is also known, that positive L1 values point to the fact
that molal enthalpy of evaporation of solvent from solution is
smaller than molal enthalpy of evaporation of pure solvent. It
follows that in aqueous acetamide solutions water molecules are
bonded weaker than in pure water. Thus a conclusion can be
drawn about the disturbance of water structure by introducing
acetamide molecules to It. The above conclusion is also sup-
ported by the course of concentration and temperature dependen-
ce of relative partial molal enthalpy of acetamide in the
investigated solutions (Fig. 3). The decrease of the absolute
values L1 and Lg with temperature growth can be explained by
previous disturbance of primary water structure by thermal mo-
tions of its molecules, the intensity of which grows with the
temperature growth.



Fig. 3. Dependence of L2 of acetamide-water system vs. concen-
tration at various temperatures

According to many authors [16-20] the best measure of either
destructive or ordering influence of the solute on solvent are
the values AS“ of the excess of relative partial molal entro*
py gi the solvent. This value is negative in case of substances
ordering the structure of solvent and positive for those distur-
bing it. .

The course of dependence of the values of the excess rela-
tive partial molal entropy of water A§E for aqueous acetamide
solutions on the concentration and the temperature are presen-
ted on Fig. A,

For the sake of comparison the discussed relation for
aqueous urea solutions at the temp. 25°C has also been showed
[26]. As it 4s seen from Fig. 4 the values AS* of aqueous
acetamide solutions are positive and they decrease with the
growth of concentration of the solution. So it is possible to
draw a conclusion about distructing the water structure by ace-
tamide.



With the temperature growth the values ASE decrease and
approach to zero. This implies that the disordering influence of
acetamide on water decreases with the temperature growth which
seems obvious if consider the growing disturbance of water stru-
cture by more intensive thermal motions of molecules in higher
temperature.

Fig. A. The excess of relative partial molal entropy A5F of wa-
ter-acetamide system

£

Very small AS* values of aqueous acetamide solutions allow

to suppose that acetamide molecules introduced to water while
building in the ice-like water structure slightly disturb it

and probably form mixed agregates of molecules bound with hy-
drogen bonds. The conclusion drawn from the course of dependence
of AS” of the solutions investigated by us is confirmed by den-
simetric [21], viscosimetric [22] and dielectric [23-25] inve-
stigations of aqueous acetamide solutions.

As it is seen from plot U the values AS™ of aqueous wurea
solutions are also positive [26] but they are bigger in compa-
risonto those obtained for aqueous acetamide solutions. It
points to a stronger disturbance of primary water structure by
urea than by acetamide.
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TERMOCHEMICZNE BADANIA WODNYCH ROZTWOROW ACETAMIDU
W ZAKRESIE TEMP. 25-70°C

Przeprowadzono pomiary ciepta rozpuszczania AHm acetamidu
w wodzie w temperaturze 25°, 40°, 50°, 60° i 70°C w zakresie
stezen 0-2 moll AcNH2/kg wody. Korzystajgc z otrzymanych wartg-
§ci  AHm obliczono wzgledng czastkowg molowg entalpie wody Lj
i acetamidu Lo oraz aktywno$¢ wody al i wartosci nadmiaru
wzglednej czastkowej molowej entropii wody ASt badanych roz-
tworow. Na podstawie analizy zaleznos$ci wymienionych funkcji te-
rmodynamicznych od stezenia i temperatury roztworu wysnuto wnio-
sek, ze acetamid wprowadzony do wody powoduje nieznaczne zakio-
cenie jej struktury.



Map/tH Bo™tauk, CteiaHHH TaHeBCKa-OcnHbCKa

TE? MOXHMHMECIGIE tf CCJIEHOBAHHH
BOHHHX PACTBOPOB AUETAIMUA IIPH 25-7 0°C

ripoBe”eHO H3MepeHHH Xxenuioru pacTBopemi*  AHm aueTaMiua b bohb
npH 25°, 40°, 50°, 60° h 70®@C b HHTepBane KOHuenipauHu 0-2 m
Ac-<H2/Kr ~9. HO.Kb3y.scb aHaHeHHHMH AHmM pao¢HHTano: OTHOcsiTejib-
nyio napanaj!bayx) MOJiHJibHyw DHTajitrmio ofionx komhohchtob pacTBopa,
aKTUBHOOTL BOAal KEH36UT OHHyiO OTHOCHTeJIbHyiO liapuHajlbHy»  MCWIfUlbHyiO
aHTponuK) BOAa AsS, HcanenoBaHMx paoTBopoB. Ha ocHOBe aHajiH3a 3a-
BHCHMOCTH ynOMHHYTNX  TepMOj;HKaMM>teCKHX #tyHKIIHH OT KOHgeHTpaUHH H
TeMnepayyptj paoTBopa caejiaH bhboa, sto a«eTaMH.n cjia6o paapysoaeT

Crpyxrypy bojju.



