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VISCOSIMETRIC INVESTIGATIONS OF H20-AcNH2-Nal TERNARY
SYSTEM WITHIN THE TEMPERATURE RANGE 25-85°C*

The viscosity of Nal solutions in mixed water-acetamide
solvents over the temperature range 25-85°C has been mea-
sured. The dependence of viscosity, relative viscosity
and the thermodynamic functions of activation for fluid
flow of Investigated solutions on the concentration and
temperature has been discussed. The conclusions about the
effect of Nal and acetamide on the structure of investi-
gated systems have been drawn.

The literature data on viscosity of electrolyte solutions
indicate that ions can increase or decrease the viscosity of
solvent relatively to their solvation and Influence on the sol-
vent structure. Weakly solvated ions decrease the viscosity of
solvent, while strongly solvated ones increase the above men-
tioned quantity.

The conclusion about the effect of electrolyte on solvent
in case of diluted solutions can be drawn from the analysis of
value of B coefficient from Jones-Dole*3 equation and its

change with temperature [1, 2].
As for the more concentrated solution the conclusion about

the effect of electrolyte on solvent can be drawn from the
dependence of relative viscosity of the solution on its concen-

tration and temperature [3].

* The present work has been carried out and supported
in the framework of research on Interdepartment Problem MR-I-

-11.
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Fig. 1. Dependence of viscosity of Nal-solutions in water-acet-
amide solvents vs. concentrations of electrolyte at 25°C «(wt
% ACNH2)

From recent works™A, 5] it follows that structural changes

taking place in the solution illustrate the temperature coef-
ficient Atj*/AT of relative wviscosity better than relative
viscosity. In case of electrolyte ordering solvent structure

ATW/AT coefficient is negative and positive for structure

breaking electrolytes.
The analysis of thermodynamical properties of electrolyte



solutions in molten acetamide [6] allowed to observe a certin

similarity of the above mentioned solutions to aqueous SO-
lutions. Thus it seemed interesting to carry out the viscosi-
metric investigations of Nal solutions in mixed water-acet-

amide solvents. Such investigations could supply certain in-
formation on interaction among water and acetamide molecu-

les.

Fig. 2. Dependence of viscosity of Nal solutions in water-acet-
araide solvents vs. concentrations of electrolyte 0 C (wt
% AcNH2)



Experimental

The mixed water-acetamide solvents were prepared from twice
distilled water and acetamide p. a. by "Xenon" - L06dZ. The
way of purifying acetamide and Nal was described earlier [7].
For the measurements of viscosity of Nal solutions In water



acetamide solvents the Ubbelohde’s viscometer by Schott - Cen
Mainz (Jena Glass) was used. ,

The viscometer was placed in liquid ther mostate allowing
to keep the required temperature with the precision to +0.05°C.
The error of viscosity measurements was ,+0.5#. The results of
viscosity measurements of Nal solutions in water-acetamide
solvents at the temp, 25°, 40°, 60°, 75° and 85°C are pre-
sented on Fig. 1-5«

Fig. A. Dependence of viscosity of Nal solutions in v*"ter-acet-
amide solvents vs. concentration of electrolyte at 75 C  \wt
% AcNH2)

The discussion of results

As it seen from Fig. 1-5" the viscosity of the investigated
H20-AcNH2-Nal ternary system grows with the increase of elec-



trolyte concentration in the solution. The increase of visco-
sity of the solution is the least in solvents with small acet-
amide contents and it grows gradually with the increase of
nonelectrolyte contents in the solution. It seems probable that
the observed increase of viscosity of the investigated ternary
system with the increasing acetamide contents in the solution



Fig. 6. Dependence of relative viscosity of Nal solutions in wa-
ter-acetamide solvents vs. concentration and acetamide contents
at 25°C (vt * AcNH2)

Fig. 7. Dependence of relative wviscosity . ~"~iS~™~d?38coi-

vater-acetamide solvents vs. acetai6ide
tents at 40°C (wt % AcNH2)



is caused by the presence of greater acetamide molecules and by
the formation of mixed associates composed of water and acet-
amide molecules with the contribution of hydrogen bonds.

From the dielectric investigations [8-10] it follows that
hydrogen bonds among water and acetamide molecules are slightly
?eaker than hydrogen bonds in pure water. It can be thus ex-



pocted that the observed greater effect of temperature changes
on the wviscosity of HgO-AcNHg-Nal system in comparison with
HgO-Nal binary system is caused by a partial disintegration of
mixed water-acetamide aaociates present in the solution.

75»C

[mole/dm3]

0,9 CNol



85 °C

Imole/dm3 ]

Fig. 10. Dependence of relative viscosity of Nal solutions in
vater- gcatamide solvents vs. concentration and acetamide con-
tents at 85°C (vrt % AcNH2)
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In order to verify this hypothesis the values of
tive flowing volume of Nal in water-acetamide sol-
Iculated over the temperature range 25-85°C (Table

Table 1

values of the limiting effective flowing
Nal in water acetamide

ents within the temperature range 25-85°C

% 15 wt % 30 wt %50 wt % 70 wt %85 wt %95 wt %

5 wt
T(°C)
AcNH2 AcNH2 AcNH2 AcNH2 acnh2 acnh2 AcNH2
25 16 24 32 36 - - -
40 24 28 40 44 - - -
60 28 36 48 56 76 - w
75 36 44 56 64 84 - -
85 40 48 60 68 92 132 168
The Iimiting effective flowing volume of Nal in the in-
vestigated solutions was obtained by extrapolation to ¢ * 0 of

from Einstein’s equations

affective flowing volumes calculated
concerning relative viscosity of the solutions
i)/ 0- 1 e 2.5cVe (1)



«toare:
¢ - molar concentration of the solution
V# - effective flowing volume of electrolyte 1. e. the volume
of 1 mole of ions together with solvationa shells.

As it Is seen from Table 1 the limiting effective flowing
volume M® of Nal in water-acetamide solutions increases with
the growth of acetamide contents and temperature. Greater JVQ
values of Nal in solutions with greater acetaoide contents can
be explained by growing contribution of acetamide aoleoules In
solvation of ions and the decrease of V° value of Nal with
growing temperature can be caused by breaking effect of thermal
motions of molecules on mixed solvent structure. In higher
temperature the mixed water-acetamide associates with weaker
hydrogen bonds are more susceptible to disruption than water as-
sociates. Moré free molecules which can take part in ionic sol-
vation appear then in the solution.

Using the Fig. 6-10 the values of temperature coefficient
of relative viscosity At)r/AT of the investigated solutions
were determined. The obtained values are given in Table 2.

Table 2

The values of temperature coefficient
of relative viscosity A)/ATof Nal solutions in
water-acetamide solvents within the temperature
range 25-85°C

a o o o o
<mole/kg ) 25-40°C 40-60°C 60-75°C 75-85°C
1 2 3 4 5-
5 wt # AcNH2 (1.58 mole % AcNH2)
0.1 0.1 0.1 0.1 0.1
0.2 0.3 0.2 0.2 0.1
0.3 0.4 0.3 0.4 0.1
0.4 0.5 0.5 0.5 . 0.1
0.5 0.7 0.6 0.6 0.2

0.6 0.8 0.7 0.8 0.3
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Table 2 (contd.)

3 4
15 vt 5 AcNH2 (5.1 mole % AcNH2)
i
0.1 0,1 0
0.2 0.2 0
0.3 . 0.3 0
0.4 0.4 0
0.6 0.5 0
0.7 0.7 0
30 vt % AcNH2 (11.55 mole % AcNHQ)
0.1 0.1 0.
0.2 0.2 0
0.4 0.3 0
0.5 0.5 0
0.6 0.6 0
0.7 0.7 0
50 wt E AcNH2 (23.36 mole % AcNH2)
0.1 0.1 0
0.3 0.2 0
0.4 _ 0.2 0
0.6 0.3 0
0.8 0.4 0
1.0 0.6 1
70 wt % AcNH2 (41 mole # AcNH,
0.1 0
- 0.3 0
- 0.6 0
- 0.9 0
- 1.1 0
. 1.3 1
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The temperature coefficient A®™A T of water-acatamide Nal
aolutiona i3 positive and it Increases with the growing salt
concentration in the solution alike in water. According to li-
terature [4, 11] It can substantiate the breaking affect of dis-
solved Nal on the structure of water-acetamlde solvents.

In order to compare acetamide with other solvents the depen-
dences of Arjr/AT coefficient' of 0.5 mNal solutions in seve-
ral water-organic solvents on the mixture composition are pre-
sented on Fig, 11.

Fig. 11. Dependence of At]x/AT coefficient of 0.5 m Nal solu-

tions is several water-organic solvents on the mixture composi-

tion within the temperature range 25-35°C. 1 - water-isopropa-

nol [12]; 2 - water-EMF [1315 3 « water-acatamide; 4 - water-
-formamide [13]

From the enclosed data it follows that AT]r/AT coefficient
of aqueous Nal solutions containing small amounts of DVF (up to
~ 5 mole %) and lIsopropanol (up to ~ 10 mole %) grows with thev
increacing organic component contents. It substantiates the
growing breaking effect of Nal on the structure of these mix-
tures. Thus a conclusion can be drawn that the mixtures are
more ordered than pure water. This conclusion s in agreement
with the results of works of Kessler et. al. [14, 15]. The
greater contents of DVF and |Isopropanol In the mixture causes
the decrease of value of the discussed coefficient which changes
Its sign into negative. Similarly, in water-formamlde system
the value of At]r/AT coefficient decreases with growing amide



contents. The negative sign of the coefficient Ar]jr/AT of Nal
solutions substantiates the ordering effect of the dissolved
electrolyte on the structure of the discussed mixtures. It can
be easily observed that from all the discussed substances for-
mamide breaks water structure most. In case of water-acetamide
system the coefficient AT)r/AT points weakly to the distur-
bing effect of Nal on the structure of water-acetamide mixtures
alike In case of pure water nad molten acetamide [4], The break-,
Ing effect of Nal slightly increases with the growing contents
of acetamide in the solution. From the carried out comparison
it follows that acetamide with three dimentlonal hydrogen bond
lattice In solid state [16-18] probably forms with water the
associates with spacial structure while flat formamide mole-
cules [193 form chain associates with water [20, 21].

Using Jones-Dole’s equation we have determined the values
of Aand B coefficients of Nal solutions in water-acetamide
mixtures. The coefficient A substantiating tne electrostatic
interactions among ions in the solutions is <close to zero and
almost doesn't change with the growing temperature. The values
of B coefficient (Table 3) being the measure of interactions

Table 3

The values of B (1/mole) coefficient of
Jones-Dole’s equation of Nal in water-acetamide

solvents
o \emmeee
5 wt % 15 wt %:30 wt % 50 wt % 70 WV % 85 wt % 95 wt #
T(°C

e AcNH2 ACNH9 i AcNI-E ACNr» AcNH2 ACNH2 AcNH2
25 0.04 0.06 0.08 0.09 - - -
40 0.06 0.07 0.10 0.11 - -
60 c.07 . 0.09 0.12 0.14 0.19 - -
75 0.09 0.11 0.14 0.16 0.21 - -
85 0.10 0.12 0.15 0.17 0.23 0.33 0.42

among ions and molecules of the solvent are positive in case of
the solutions investigated by us. The values of this coefficient
increase with the growing contents of acetamide in the mixed



solvent and with the temperature growth. From thla It follows
that the effect of the addition of acetamide on electrolyte-
-water interactions is similar to the effect of temperature. It
is known that temperature growth has breaking effect on the
solvent structure, so acetamide molecules also cause the dis-
turbance of structure of aqueous Nal solutions. It seems pro-
bable that this fact is connected .with the affinity of- acat-
amide molecules (hydrophilic character) to water. The formation
of mixed associates from water and acetamide molecules bound by
hydrogen bonds disturbs the structure of aqueous Nal solution.
A similar course of relation of B coefficient of NagSO” and
MgSO" to acetamide <contents in mixed H?0-AcNH2 solvent was
observed by D. Singh, N, P. Singh and L. Bahadur [22].

The investigations of viscosity of HgO-AcNt*-Nal system in
five temperatures carried out by wus allowed to calculate the
values of thermodynamic functions of activation for fluid flow
from iEyring’s equation:

Y w AG Am AH ao* .
Tm-y- exp—pH6m ~y- exp— exp —§ (2)

where:
h - Planck’s constant
N - Avogardo's number
V - molar volume of solvent
R - gass constant

AG*, AH* and AS* - free energy, enthalpy and entropy of
activation for fluid flow.

It follows from the literature [23-25] that in case of water
structure ordering electrolytes both AH* and AS* increase
with the growing salt concentration, while solvent structure
breaking electrolyte causes the decrease of the values of these
functions. Discussing the values from Tables 4-7 it can be no-
tived that enthalpy of activation for fluid flow of Nal solu-
tion in water-acetamide mixtures decreases with the growth of
salt concentration and temperature, similarly to water [24],
Tne growth of acetamide contents in mixed solvent on the other
hand, causes the increase of the wvalue enthalpy of activation.



mole

0.02
0.05
0.08
0.10
0.15
0,20
0.30
0.40
0.50
0.60

AH*

kJ
mole

16.86
16.85
16.85
16.85
16.83
16.81
16.76
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25°
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kJ
mole

9.47
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AS* AH*

J kJ
mole*K mole

24 .a 15.76
-24.8 15.75
24.7 15.73
24.7 15.71
24.7 15.68
24.6 15.64
24.4 1557
24,1 15.48
23.7 15.39
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mole
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AS* AH*

J kJ
mole*K mole

21.2 14.46
21.1  14.42
21.0 14.39
21.0 14.36
20.9 14.30
20.7 14.25
20.4 14,14
20.1 14.05
19.8 13.97
19.4  13.90

60°
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kJ
mole

8.79
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8.80
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8.85
8.87
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J

AH*

kJ

mole *K mole

17.0
16.9
16.8
16.7
16.5
16.3
16.0
15.6
15.3
15.0

13.58
13.53
13.48
13.45
13.37
13.30
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13.09
13.02
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kJ
mole

.57
.58
.59
.60
.61
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.66
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AS* AH*

J kJ
mole*K mole

14.4 13.04
14.2 12.98
14.0 12.92
13.9 12.88
13.7 12.80
13.4 12.72
13.0 12.59
12.7 12.49
12.4  12.43
12.2 12.39

Table 4

85°
AG*

kJ
mole

8.45
8.46
8.47
8.48
8.49
8.51
8.54
8.56
8.59
8.62

AS*

mole-K

12.8
12.6
12.4
12.3
12.0
11.8
11.3
11.0
10.7
10.5
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AH*

kJ
mole

17.38
17.35
17.32
17.30
17.25
17.21
17.14
17.08
17.04
17.02

25°

AG*

kJ
mole

10.12
10.12
10.13

10.13.

10.14
10.14
10.16
10.17
10.18
10.20

AS* AH*

J okJ
mole-K mole

244 16.63
24.3 16.60
24.2 16.57
24.1  16.55
23.9 16.50
23.7 16.46
23.4 16.37
23.2 16.30
23.0 16.23
22.9 16.17
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AS* AH*

J kJ
mole-K mole

21.9 15.73
21.8 15.70
21.7 15.67
21.6 15.65
21.4 1561
21.3 15.56
20.9 15.46
20.6 15.36
20.4 15.26
20.1 15.15

.......... B A..
60°
AG*  AS* AH*
kJ J kJ
mole mole*K mole
9.42 189 15.12
9.43 18.8 15.09
9.43 18.7 15.06
9.44 18.6 15.05
9.45 18.5 15.00
9.47 18.3 14.95
9.49 17.9 14.85
9.51 17.6 14.73
9.54 17.2 14.60
9.56 16.8 14.47

75°

AG*

kJ
mole

9.16
9.17
9.18
9.18
9.20
9.21
9.25
9.28
9.31
9.34

AS* AH*

J kJ
mole*K mole

17.1  14.74
17.0 14.72
16.9 14.69
16.8 14.67
16.7 14.63
16.5 14.58
16.1  14.47
15.7 14.34
15.2 14.20
14.7 14.04

T able 5

85°

AG*

kJ

mole

9.01
9.02

9.07

9.21

— —ij
AS*

mole"K
16,0
15.9
15.8
15.7
15.6
15.4
15.0
14.5
14.0
13.5



mole
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0.02
0.05
0.08
0.10
0.15
0.20
0.20
0.40
;0.50
10.6Q

AH*

kJ
mole

19.00
18.96
18.93
18.91
18.85
18.79
18.68

18 .47

18.37

25°

AG*

kJ
mole

11.16
11.17
11.17
11.18
11.19
11.20
11.22
11.24
11.26
11.28

AS* AH*

J kJ
mole*K mole

26.3 18.03
26.1 18.00
26.0 17.96
25.9 17.94
25.7 17.89
25,5 17.83
25.1 17.72
246 17.62
24.2 17.52
23.8 17.42

40°

AG*

kJ
molo

10.80
10.81

10.31

10.82
10.83
10.84
10.87
10.89
10.91
10.93

AS* AH*

J kJ
mole*K mole

23.1 16.87
23.0 16.84
22.8 16.81
22.7 16.79
225 16.74
223 16.68
21.9 16.58
215 16.48
21.1  16.39
20.7  16.29

60°

AG*

kJ
mole

10.44
10.45
10.46
10.47
10.48
10.50
10.53
10.57
10.60
10.67?

AS*
J

AX

kJ

mole*K mole

19.3
19.2
19.1
19.0
18.8
18.6
18.2
17.8
17.4
17.0

16.09
16.06
16.03
16.01
15.96
15.91
15.81
15.71
15.62

15.53

75°

AG*

kJ
mole

10.16
10.17
10.18

10.19
10.21

10.23
10.27
10.31
10.36
10.40

AS* AH*

J kJ
molesK mole

17.0 15.61
16.9 15.58
16.8 15.55
16.7 15.53
16.5 15.48
16.3 15.43
159 15.33
15.4 15.24
151 15.15
14.7 15.05
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00
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AG*

kJ
mole

10.04
10.05
10.07
10.07
10.10
10.12
10.16
10.20
10.24
10.28

AS*

mole*K

15.6
15.4
15.3
15.2
15.0
14.8
14.4
14.1

13.7

13.3




mole
Kg

0.02

0.05
0.03
0.10
0.15

0.30
0.40

AH*

kJ
mole

22.57
22.54
22.52
22.50
22.44
22.37
22.22
22.02
21.80
21.55

25°

AG*

kJ
mole

12.80
12.80
12.81
12.81
12.82
12.84
12.86
12.88
12.90
12.93

AS*  AH*

J kJ
molesK mole

32.8 20.65
32.7 >0.62
32.6 20.59
32.5 20.57
32.3 20.52
32.0 20.45
31.4 20.31
30.7 20.16
29.8 +19.99
28.9 19.80

40°

AG*

kJ
mole

12.35
12.36
12.36
12.37
12.38
12.39
12.42
12.45
12.48
12.52

AS*

J

AH*

kJ

molesK mole

26.5
>.26.4
26.3
26.2
26.0
25.8
25.2
24.6
24.0
23.3

18.37
18.33
18.30
18.28
»8.22
18.16
18.05
17.94
17.82
17.71

60°

AG*

kJ
mole

11.97
11.98
11.99
11.99
12.01
12.03
12.07
12.12
12.16
12.21

AS* AH*

J kJ
mole-K mole

19.2 16.83
19.1 16.79
19.0 16.75
18.9 16.73
18.6  16.67
18.4 16.62
17.9 16.52
17.5 16.43
17.0 16.37
16.5 16.31

75°

AG*

kJ
mole

11.75
11.76
11.77
11.78
11.80
11.83
11.87
11.93
11.98
12.04

AS* AH*

J kJ
mole-K mole

146 15.87
145 15.83
14.3 15.79
14.2 15.77
140 15.71
13.8 15.66
13.3 15.57
12.9 15.50
12.6 15.46
12.3 15.44

85°

AG*

kJ
mole

11.61
11.62
11.64
11.65
11.67
11.69
11.74
11.79
11.84
11.90

T able 7

AS*

]
mole*K

11.9
11.7
11.6
11.5
11.3
11.1
10.7
10.4"
10.1
9.9



From this It follows that Nal Introduced to water-acetamide sol-
vent acts similarly to the growth of temperature i. e. breaks
solvent structure. Fluid flow of the solvent with disturbed
structure requires smaller input of energy. The addition of acet-
amide causes opposite effect. The increase of acetamide con-
tents in aqueous Nal solution cause, as it was mentioned above,
the formation of greater and greater ammounts of mixed associa-
tes, which makes the fluid flow of the solution more difficult.
Thus the enthalpy of activation for fluid flow grows with the
increasing acetanide contents in the solution. Similar conclu-
sions about the effect of Nal and acetamide on the structure of
investigated systems can be drawn from the analysis the depen-
dence of activation entropy for fluid flow of the discussed
systems on the solution concentration, acetamide contents in the
mixed solvent and on temperature.
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Stefania Tanlewska-Osinska, Marian Woldan

BADANIA WISKOZYMETRYCZNE
UKEADU TROJSKEADNIKOWEGO HjO-AcNHj-Nal
W ZAKRESIE TEMPERATURY 25-85 C

Zmierzono lepko$é roztworéw Nal w mieszanych rozpuszczalni-
kach wodnoacetamldowych w zakresie temperatury 25-85 C, Przedy-

skutowano zalezno$¢ lepkosci, lepkosci wzglednej oraz funkcji
termodynamicznych aktywacji lepkiego przeplywu badanych roztwo-
row w zaleznos$ci od stezenia roztworu i temperatury. Wyfcnuto
uktadow.

C?e$aHH.R TiHeBCKa-OcHHfccica, MapflH BolJiMaw

BHCCKOaHSIEPPHMIS"ME HOCJIEHOBAHHfl CHCTEMU HoO-iteNH2-Nal
B ¢(HrEPBAHE TEiISPATYPJ 25-85 w

Oape*e/s*Ha wiskoctb cacT eiH20-AcHH2-Nal b HHTeP®N®DaTVPHUf
parypu 20 «3*0. PaccwHTaHO OTHOCHTejibHyw &H3KOcrb, TexnepaTypHJH

KO3W»HueHT ~ Abr /AT A TepuonHHawaMecKHe tj)yhkumh

t eneHhji. AHaji«3 rio;iy«ieHKbix *aHHHx b» saBHCHWOoCTH o't

TeunepaTypu ho3Boaiw cs.ejta.Tb buboa, hto utai pa3pymae py-  ypy
pacTBopMTeaa BOna-ai;eTaMHa.



