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Abstract 

The melting point depression of acetamide on addition of anhydrous sodium acetate and 
sodium acetate trihydrate was followed by DSC. Two sets of measurements were made for two 
crystalline forms in which the melts crystallized. From cryoscopic data, activity coefficients of 
acetamide were calculated in the concentration range 0 to 0.390 mole fraction of sodium acetate 
and 0 to 0.376 mole fraction of sodium acetate trihydrate. Activities of the salt components were 
calculated from the activities of the solvent using a simple analytical method. From melting point 
depression data and the known molar cryoscopic constant of acetamide, the Van't Hoff 
dissociation factor was calculated for both anhydrous and hydrated sodium acetate in the 
concentration ranges studied. 
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1. Introduction 

The cryoscopic behavior  of acetamide as a solvent for organic and inorganic 
compounds  has long been known [1-3] .  Owing to its p ronounced  cryoscopic behavior  
with water [4], it was proposed as a de-icing agent [5]. It was shown that  a large 
number  of acetamide salt mixtures with melting points below 80°C can be prepared 
[3, 6]. Recently, systematic studies of the melting point  depression of acetamide in 
mixtures with some inorganic salts showed that  fairly accurate values of the ther- 
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modynamic activity of acetamide and some of the solutes can be calculated from 
cryoscopic studies [7, 8]. A possibility that acetamide and its binary mixtures can 
crystallize in two different crystalline forms with different melting points and other 
different thermodynamic properties was shown to be an advantage in using this 
method for calculation of the activities from two independent sets of measurements. 

In this work, melting point depression of acetamide with addition of two inorganic 
salts was followed by DSC: anhydrous sodium acetate in the concentration range 0 to 
0.390 mole fraction and sodium acetate trihydrate in the concentration range 0 to 0.376 
mole fraction of the salt component. In addition, a mixture containing 0.103 mole 
fraction of acetamide in sodium acetate trihydrate, proposed for heat storage [-9], was 
also studied. The dependence of the activities of acetamide on the solute concentration 
in both mixtures was calculated from cryoscopic data. Activities of the solutes in both 
mixtures were also calculated. 

2. Experimental 

2.1. Materials 

Reagent grade acetamide (Merck product) was recrystallized and dried as described 
earlier [-7, 8]. Its purity was checked from melting point measurements by DSC for 
stable (trigonal) and metastable (orthorhombic) crystalline forms (353.9_+ 1.2 K and 
343.1 + 1.6 K, respectively). Reagent grade sodium acetate trihydrate (Merck product) 
was used without further purification, while anhydrous sodium acetate was obtained 
by careful dehydration of the hydrated salt in a vacuum dryer with gradual increase of 
temperature from 323 to 423 K, and finally dried on a vacuum line at 423 K for five 
hours. The purity of both salts was checked by melting point measurements. The values 
obtained from DSC measurements agreed with the tabulated data to within _+0.5 
K (331 K for sodium acetate trihydrate and 597 K for anhydrous sodium acetate) [10]. 

2.2. Procedure 

The mixtures of the desired composition were prepared by melting together at 363 
K appropriate quantities of components in stoppered glass vessels containing about 20 
g of acetamide-salt mixture. Samples for DSC measurements were prepared in a dry 
box from each recrystallized mixture. These samples contained 1-5 mg and were sealed 
in aluminum pans for volatile samples. At least three samples of each mixture were 
scanned in at least three thermal cycles over the temperature range 273-363 K. 

DSC measurements were carried out with a Perkin-Elmer DSC 4 calorimeter with 
a sub-ambient accessory. The temperature scale was calibrated with an indium 
standard sample to _+ 0.2 K, while the energy scale was calibrated for various energy 
settings to _+ 0.4 J. g 1, also using indium standard samples. 

The maxima of the endothermic peaks for samples with mass < 2 mg were taken as 
the melting temperatures [11]. For larger samples, extrapolations from DSC endother- 
mic peaks were made according to the recommendations reported elsewhere [12, 13]. 
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The agreement in the melting point temperature determinations for various samples of 
the same mixture was within + 0.3 K. 

3. Results and discussion 

The dependence of the melting temperatures on the composition of the mixtures 
acetamide-sodium acetate and acetamide sodium acetate trihydrate, in the studied 
concentration ranges, is shown in Figs. 1 and 2, respectively. 

From Fig. 1, it can be seen that eutectic mixtures are formed in both crystalline forms: 
at 0.2258 mole fraction of sodium acetate in the stable form with a melting temperature 
of 318.9 _+ 1.1 K, and at 0.2157 mole fraction of sodium acetate in the metastable form 
with a melting temperature of 310.1_+0.9 K. The mixtures exhibit a significant 
supercooling effect (more than 10 K in the samples of _< 1 g). The mixtures with 
compositions containing higher concentrations of sodium acetate are very viscous and 
they are not suitable for studies by DSC. 

From Fig. 2, it can be concluded that eutectic formation also occurs in the mixtures 
of acetamide with sodium acetate trihydrate in both crystalline forms. Furthermore, 
the mixtures containing higher concentrations of the solute component  crystallized in 
the stable form only. These mixtures showed significant supercooling without seeding 
agents, but the melting temperature of the eutectics and high values of the enthalpy of 
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Fig. 1. The dependence of melting temperatures on the composition of acetamide sodium acetate (anhyd- 
rous); O © © - stable form; *** - metastable form. 
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Fig. 2. The dependence of melting temperatures on the composition of acetamide-sodium acetate trihyd- 
rate; O © O - stable form, *** - metastable form. 

fusion make these mixtures very promising as latent heat or solar energy storage media. 
The study of the properties relevant to energy storage for various acetamide-salt  
acetate mixtures will be the subject of another paper. 

Similarly to earlier studies [8], melting point depression (AT) was calculated for both 
acetamide-salt mixtures studied and in both crystalline forms. The conditions for appear- 
ance of the two forms in pure acetamide and in acetamide-salt  mixtures were described 
elsewhere [6, 7]. The following values of melting points of pure acetamide were taken in 
the calculations [14]: stable form, 353.9_+ 1.2 K; metastable form, 343.1 _+ 1.6 K. 

The melting temperatures of each mixture of the defined composition were subtrac- 
ted from the melting points of pure acetamide in the corresponding crystalline form. 
From the calculated ATvalues and the literature values of the cryoscopic constant K of 
acetamide in the two crystalline forms [7], the Van't Hoffdissociation factor i express- 
ing the number of solute ions in the solvent was calculated from the relation 

A T  
i = K .  m (1) 

where m is the molality of the solute. 
The following values of the cryoscopic constant K were taken in the calculations of i: 

stable form, K=3 .99  K mol 1; metastable form, K =4.45 K mol 1. 
In Tables 1 and 2, variations of the melting point depression AT and dissociation 

factor i with the molality of the solutes m are presented for the mixtures of acetamide-  
sodium acetate and acetamide sodium acetate trihydrate, respectively. 
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Table 1 
Variation of melting point depression and dissociation factor with molality of sodium acetate (anhydrous) 

m A T/K (stable) i (stable) A T/K (metastable) i (metastable) 

0.2755 2.4 2.18 2.5 2.04 
0.4852 3.6 1.86 4.2 1.94 
1.0411 11.0 2.65 12.9 2.78 
1.4653 15.3 2.62 15.5 2.38 
1.6981 15.7 2.32 
1.7152 15.8 2.31 16.0 2.10 
1.7603 16.4 2.33 16.1 2.06 
1.7835 16.5 2.32 16.4 2.07 
1.8286 17.7 2.42 
1.9176 18.2 2.38 
2.1980 18.3 2.09 18.7 1.91 
2.4698 19.9 2.02 21.0 1.91 
2.7308 20.8 1.91 22.4 1.84 
3.0964 25.6 2.07 28.0 2.03 
3.3695 31.9 2.37 33.0 2.20 
3.5146 35.0 2.50 
4.0936 33.9 2.08 - - 

Table 2 
Variation of melting point depression and disssociation factor with molality of sodium acetate trihydrate 

tn A T/K (stable) i (stable) A T/K (metastable) i (metastable) 

0.3865 5.7 3.67 5.0 2.91 
0.5813 7.9 3.26 8.4 3.25 
0.8392 10.6 3.16 11.3 2.54 
1.2463 14.1 2.83 15.6 2.81 
1.6483 20.3 3.09 22.9 3.12 
1.8570 21.4 2.89 23.1 2.79 
2.3846 29.9 3.14 31.1 2.93 
2.5272 33.7 3.34 
2.7263 34.9 3.21 
2.9938 37.2 3.11 43.3 3.25 
3.0262 38.7 3.20 
3.3620 42.3 3.15 45.9 3.07 
3.3862 42.4 3.14 
3.8859 49.3 3.18 

T h e  r e su l t s  o b t a i n e d  for  t h e  t w o  sets  of  m e a s u r e m e n t s  in  b o t h  s y s t e m s  a re  in ve ry  

g o o d  a g r e e m e n t .  T h e  v a l u e s  of  t h e  d i s s o c i a t i o n  f a c t o r  i a re  ~ 2 for  t he  s y s t e m  

a c e t a m i d e - s o d i u m  a c e t a t e  a n d  ~ 3 for  t he  s y s t e m  a c e t a m i d e  s o d i u m  a c e t a t e  t r i h y d -  

ra te .  In  c o n t r a s t  to  the  b e h a v i o r  o b s e r v e d  in t h e  s y s t e m s  a c e t a m i d e - c a l c i u m  n i t r a t e  [7 ]  

a n d  a c e t a m i d e  z inc  a c e t a t e  d i h y d r a t e  [8] ,  t he  v a l u e s  of  i a re  n o t  c h a n g e d  s ign i f i can t ly  

in t he  c o n c e n t r a t i o n  r a n g e  s tud ied .  T h e  v a l u e s  of  i i n d i c a t e  t h a t  o n l y  t he  sa l t  
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components are dissociated into sodium cations and acetate anions and that the 
hydrated water acts as a polarized ion. 

The calculation of the activity of acetamide from melting point depression data was 
made using the relation 

= 1) ,2, 

where a I is the activity of acetamide, AfusH and Tf,, are the enthalpy of fusion and the 
melting temperature of pure acetamide, and T is the melting temperature of the 
mixture. The difference between the molar heat capacity of acetamide in the liquid and 
solid state, A Cp, was taken from earlier measurements of heat capacity variation with 
temperature for both crystalline forms of pure acetamide, using a sapphire sample as 
a standard [7, 15]. From two sets of parameters, required by Eq. (2), two sets of activity 
data were obtained for each mixture in both systems studied. 

The following values of the thermodynamic parameters of pure acetamide were used 
for the calculation of the activity ofacetamide [7, 14]: stable form, AfusH = 15535 _+ 600 
J tool 1, Tfus = 353.9 4-1.2 K, ACp= 53.76_+0.70 J tool 1 K 1; metastable form, 
AfusH = 13113 _+ 500 J mol-  1, Tf,~ = 343.1 4- 1.6 K, ACp = 50.71 _+ 0.70 J mol 1 K 1 

Variation of the activity and the activity coefficients of acetamide in the mixtures of 
acetamide-sodium acetate (anhydrous) and acetamide-sodium acetate trihydrate with 
mole fraction of acetamide, xl,  are given in Tables 3 and 4, respectively, for both 
crystalline forms. 

The values of the activity of acetamide (al) and the activity coefficients (71) for the 
two sets of calculations in each mixture agreed within _+ 3% in the low concentration 

Table 3 
Activity and activity coefficients of  acetamide in acetamide sodium acetate (anhydrous)  

x~ a I (stable) )'l (stable) a 1 (metastable) 71 (metastable) 

0.984 0.9640 0.979 0.9670 0.983 
0.970 0.9475 0.977 0.9451 0.974 
0.937 0.8469 0.904 0.8394 0.896 
0.910 0.7928 0.871 0.8099 0.890 
0.896 0.7879 0.879 
0.895 0.7855 0.878 0.8043 0.899 
0.892 0.7795 0.874 0.8032 0.900 
0.890 0.7782 0.874 0.7998 0.900 
0.887 0.7639 0.861 
0.881 0.7580 0.860 
0.863 0.7568 0.877 0.7747 0.898 
0.845 0.7382 0.873 0.7515 0.889 
0.828 0.7279 0.879 0.7357 0.888 
0.803 0.6750 0.841 0.6799 0.846 
0.784 0.6106 0.779 0.6333 0.807 
0.774 0.5809 0.751 
0.733 0.5913 0.807 
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Table 4 
Activity and activity coefficients of acetamide in acetamide-sodium acetate trihydrate 

23 

x I a 1 (stable) 71 (stable) al (metastable) 71 (metastable) 

0.976 0.9180 0.941 0.9087 
0.964 0.8879 0,921 0.8854 
0.947 0.8521 0,900 0.8580 
0.919 0.8076 0.879 0.8087 
0.889 0.7336 0.825 0.7306 
0.872 0.7211 0.827 0.7286 
0.827 0.6305 0.762 
0.815 0.5932 0.728 
0.796 0.5818 0.731 
0.770 0.5606 0.728 0.5456 
0,767 0.5471 0,713 
0.729 0.4828 0.662 0.5252 
0.720 0.4593 0.638 
0.672 0.4593 0.683 
0.624 0.5040 0.808 

0.931 
0.918 
0.906 
0.880 
0,822 
0.835 

0.709 

0.720 

range of  the solutes. It is observed that the deviat ion from ideality is more  pronounced  
in the mixture containing  the hydrated salt. 

The activities of  the solutes were calculated from the activity values of  acetamide and 
the o s m ot i c  coefficient (qS), obtained from the relation 

q5 - lna l  (3) 
?, 

where r is the ratio of  mole  fractions of solute (X2) and solvent (xl). The o smot i c  
coefficient (~b) is related to the activity of  solute through the equat ion  

lnr a2 - ~blr) - 1 + f l  q5 -r 1 dr (4) 

The so lut ion  of  Eq. (4) was made  in two  steps. In the first step, regression with 
a second-order  po lynomia l  of  the relation r/(d~- 1) versus r, the l imiting value of  the 
osmot i c  coefficient ~b at zero  concentrat ion  of  the solute, was obtained for both 
crystalline forms. In the second step, the integration was performed using a numerical  
program for integration based on  the trapezoidal  rule. The fol lowing coefficients of  the 
po lynomia l  for the mixture a c e t a m i d e - s o d i u m  acetate (anhydrous)  were obtained: 
b (0 )=  1.7589 x 10 2, b (1 )=  3.0022 x 10 1, b (2 )=4 .5633 ,  for the stable form; and 
b(0) = 2.8749 x 10 2, b(1) = - 5.1324 x 10- 1, b(2) = 11.8310, for the metastable  form. 
For  the mixture acetamide sod ium acetate trihydrate, the coefficients of  the poly-  
nomial  were: b(0) = 1.2897 x 10 - 2 ,  b(1) = 1.7487 x 10 i, b(2) = 2.7787 for the stable 
form; and b(0) = 1.0529 x 10 2, b(1) = 2.6759 x 10 1, b(2) = 2.6069 for the metastable  
form. 
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V a r i a t i o n s  in  t h e  o s m o t i c  c o e f f i c i e n t  a n d  t h e  a c t i v i t y  o f  t h e  s o l u t e s  in  t h e  m i x t u r e s  

a c e t a m i d e  s o d i u m  a c e t a t e  ( a n h y d r o u s )  a n d  a c e t a m i d e  s o d i u m  a c e t a t e  t r i h y d r a t e  a r e  

p r e s e n t e d  in  T a b l e s  5 a n d  6, r e s p e c t i v e l y .  T h e  a g r e e m e n t  o f  t h e  r e s u l t s  f o r  a c t i v i t y  d a t a  

in  t w o  i n d e p e n d e n t  s e t s  o f  m e a s u r e m e n t s  in  b o t h  t h e  s y s t e m s  s t u d i e d  w a s  w i t h i n  __% 6 % .  

Table 5 
Variation of osmotic coefficients of acetamide and activity of sodium acetate with mole fraction of sodium 
acetate 

x 2 ~b (stable) q~ (metastable) In a z (stable) In a 2 (metastable) 

0.0164 2.24 2.01 0.0345 
0.0300 1.74 1.82 0.0649 0.0278 
0.0630 2.48 2.61 0.2467 0.0650 
0.0896 2.36 2.15 0.3711 0.2689 
0.1044 2.04 0.4498 0.3962 
0.1055 2.04 1.85 0.4545 
0.1084 2.04 1.88 0.4733 0.4605 
0.1089 2.03 1.81 0.4812 0.4815 
0.1128 2.12 - 0.5108 0.4816 
0.1194 2.04 - 0.5432 
0.1367 1.76 1.61 0.6118 - 
0.1547 1.66 1.57 0.7113 0.6162 
0.1721 1.53 1.48 0.8016 0.7210 
0.1969 1.60 0.9925 0.8128 
0.2157 1.79 1.1860 
0.2258 1.86 1.2881 
0.2669 1.44 - 1.4995 

Table 6 
Variation of osmotic coefficients of acetamide and activity of sodium acetate trihydrate with mole fraction of 
sodium acetate trihydrate 

xz 0 (stable) 0 (metastable) In a 2 (stable) In a 2 (metastable) 

0.0235 3.55 2.80 0.1186 0.0852 
0.0360 3.19 3.04 0.1970 0.1642 
0.0530 2.86 2.73 0.2667 0.2663 
0.0814 2.41 2.40 0.4551 0.4595 
0.1115 2.47 2.52 0.7261 0.7339 
0.1280 2.23 2.16 0.8497 0.8385 
0.1726 2.21 - 1.3029 
0.1854 2.29 1.4635 
0.2038 2.12 1.6362 - 
0.2298 1.94 1.79 1.8998 1.8391 
0.2331 1.98 1.9523 
0.2680 1.81 1.77 2.3496 2.3137 
0.2706 1.80 - 2.4408 - 
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4. Conclusion 

In the present  work,  it is shown tha t  bo th  sod ium acetate  and  sodium acetate  
t r ihydra te  cause significant mel t ing po in t  depress ion of  acetamide.  In both  systems 
eutectic mixtures  are formed and  the compos i t ions  of the eutectics were defined for 
bo th  crystal l ine forms in which the melts crystall ized.  F r o m  the mel t ing poin t  depress-  
ion values, three pa ramete r s  were calculated:  (a) The Van ' t  Hoff  d issocia t ion  factor  
i which was ~ 2 for a c e t a m i d e - s o d i u m  acetate  and  ~ 3 for ace tamide  sod ium acetate  
t r ihydra te  and did not  change significantly in the concen t ra t ion  range s tudied (Tables 
1 and 2). The  effect is oppos i te  to the results ob ta ined  for ace tamide  mixtures  with salts 
con ta in ing  metal  ions with high charge  densi ty  (Ca 2 +, Zn 2 +) [7, 8]. (b) The  act ivi ty of 

ace tamide  in bo th  mixtures  showed g radua l  decrease with increasing concen t ra t ion  of 
the solutes until  the eutectic compos i t ions  were reached.  The  change in the solvent  
act ivi ty was more  p r o n o u n c e d  in the melt  with the hydra t ed  salt as solute (Tables 3 and 
4). (c) The  act ivi ty of the solutes was ca lcula ted  from the known  values of the solvent  
act ivi ty in the both  mixtures  studied. The act ivi ty  of the solutes g radua l ly  increased 
with increasing concen t ra t ion  of the solutes. The effect is more  p ronounc e d  in the melt  
with sodium acetate  t r ihydra te  (Tables 5 and 6). 
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