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VISCOSIMETRIC INVESTIGATIONS OF WATER-ACETAMIDE SYSTEM
WITHIN THE TEMPERATURE RANGE 25-85°C*

The viacoalty of aqueous acetamide solutions over the
whole mlIscibility range at temperature 25°, 40°, 60°, 75°
and 85 C haa been measured. The relative viscosity, tempe-
rature coefficient Atp/ AT and the thermodynamic function
of activation for fluid flow have been calculated. The ef-
fect of dissolved acetamide on water structure has been
discussed.

In recent years many worka devoted to the explanationa of
interactions among water moleculea and various amides have ap-
peared. Thia problem is important due to the application of
water-amide mixtures as polar advents in many chemical proces-
aea.

One of physico-chemical properties of these solvents is vis-
cosity. In aqueoua solutions containing various types of polar
moleculea (alcohols, acetone, DMF) the occurence of viscosity
maximum is often observed, which is Interpreted in many ways by
various authors [1-7]. The maximum is not observed in case of
aqueous formamide solutions [8]. Some authors [9, 10] suggest
that this fact points to labile structure of water-formamide
mixture. Lack of data on viscosity of water-acetamide system at
several temperatures made us carry do such measurements. We have
measured viscosity of aqueous acetamide solutions over the whole
m Iscibility range at temperatures: 25°, ~0°  60°» 75° and
85*0.

*The present work has been carried out and supported within
the framework of research on Interdepartnient Problem



Experimental

All of the reagents wused in the investigations was puri-
fied by the methods described earlier [11]. The purity of acet-
amlde wa3 checked by melting point determination 81-82°C [12].
Viscosity measurements were made with calibrated Ubbelohde’s
viscometer placed in liquid thermostat preserving the required
temperature with the precision +p.05°C. Density of the investi-
gated solutions was determined by the magnetic float densimeter
[13] with the precision 2.10”™* g/cm3. The error of viscosity
measurements was +0.8%.

Results

The obtained results of dynamic viscosity measurements of
aqueous acetamide solutions are given in Table 1.

Table 1

The viscosity of aqueous acetamide solutions

wt % m (cP + 10"3 Pa*a)
AcNH2 KAcNH2 (mole/kg)
25°C  40°C  60°C  75°C  85°C
1 2 3 4 5 6 7 8
2 0.0062 0.3455 0.924 0.675 0.481 0.388 0.342
0.0158 0.8910 0.978 0.710 0.503 0.404 0.354
8 0.0258 1.4721 1.035 0.743 0.527 0.419 0.366
10 0.0328 1.8810 1.076 0.773 0.573 0.430 0.374
15 0.0510 2.9875 1.136 0.843 0.589 0.461 0.399
22 0.0791 4.7749 1.365 0.957 0.662 (0.511 0.441
30 0.1155 72553 1.614 1.122 ,0.757 0.579 0.500
40 0.1688 11.2360 2.028 1.386 0.899 0.685 0.587

50 0.2336 16.9291 2,606 1.694 1.094 0.831 0.703



Table 1 contd.

1 2 3 4 5 6 7 8
60 0.3137 25.3936 2.248 1.328 0.968 0.812
70 0.4155 39.5012 - 2.887 1.711 1.241 1.008
80 0.5493 67.7160 - - 2.221 1514 1.242
85 0.6333 95.9310 m m - 1.683 1.384
95 0.8527 321.652 m - - - 1.745
100 1. - - - - - 2.041

Table 2 contains the values of relative viscosity of the
investigated systems.

According to literature [14-16] relative viscosity of non-
electrolyte solutions can be described by the equation:

T/»Jo m 1 ¢ Be ¢ Cc2 (1)

The values of B and C coefficients of aqueous acetamide
solutions estimated graphically are shown in the Table 3.
In order to determine the influence of dissolved acetamide

on water the values of thermodynamic functions of activation
for fluid flow were calculated.
According to Eyring’s theory [17] concerning laminar flow

of liquid the dynamic viscosity of the solution can be described
by the equation

h N . AC* h N - AS* *
1 » exp ~y~ exP ft. exP '%‘Ij

where:

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

h— Planck's constant

V - molar volume of solvent

N - Avogardo number

Values of particular thermodynamic functions of activation
for fluid flow were calculated from the formulae:
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0.3449 1.0382
0.8912 1.0988
1.4753 1.1629
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0.3432 1.0337
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0.3400 1.0309
0.8732 1.0780
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2.9584 1.2623
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0.3371 1.0256
0.8705 1.0665
1.4400 1.1061
1.8415 1.1352
2.9308 1.2170
4.6982 1.3490
7.1629 1.5285
11.1843 1.8083
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25.3194 2.5554
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67.7526 3.9968
96.0068 4.4430
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11.0938
16.6948
25.1069
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319.0466

nr
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2.1016
2.4275
3.0134
3.7130
4.1375
5.2167
6.1016

2

UEPIOM  UBLIN ‘BMSIISO-BYSMAIUR]  BIURJOIS



AH « R d In T)/d(f) (3)

AG - RT In (tV/UN) (4)

As*  AH* - AG* .

The derivative d In tj/d(”~-) was determined numerically using

the equation:

(6)

The obtained AH*,  AG* and AS* values of aqueoua acet-
amide solutions are given in Table 4.

T a b | e 3

The values of B and C coefficients
(equation [1]) of aqueoua acetamide solutions

T B ¢ AB/AT -« 105
(°C) (1/mole) (I2/mole2)
25 0.111 -0.0003 -0.7
40 0.100 -0.0004 -0.7
60 0.087 -0.0004 -0.7
75 0.077 -0.0004 -0.9

85 0.068 -0.0004
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Discussion

On Fig. 1 and 2 the dependences of dynamic viscosity of
aqueous acetamide solutions on concentration and temperature are
presented. As it is seen from Fig. 1 viscosity of water-acet-
amide mixtures increases monotonously with the growth of non-
electrolyte contents in water over the whole Investigated tem-
perature range (25-85°C). At the temp. 85°C the dependence of

viscosity of AcNH2-H20 mixture on the composition is almost
linear. The growth of temperature causes the decrease of
viscosity of the solution, but the <character of t] @a"f

(mole #) function remains unchanged. From Fig. 2 it can be

Fig. 1. Dependence of viscosity of agueous acetamide solutions
vs. composition of mixture



seen that the effect of temperature on the viscosity of in-
vestigated solutions increases with the growth of acetamide con-
tents in water. It Is connected with the fact that the viscosity
of pure acetamide decreases with the growth of temperature much
quicker than wviscosity of water. The occurance of hydrogen bonds
in mixed associates weaker than hydrogen bonds In pure water is
an additional factor.

Fig. 2. Dependence of viscosity of aqueous acetamide solutions
vs. temperature

In order to compare acetamide with other amides the course
of relation between viscosities of water-amide mixtures and the
mixed solvents composition is presented on Fig. 3.

As it is seen from the Fig. 3 in case of simple amides (F



and AcNH2) monotonous increase of viscosity of the mixture with
the growth of amide contents can be observed.

Fig. 3. Dependence of viscosity of aqueous amides solutions vs.

composition of mixture at 2?°C: A - acetamide, F - formamide,

NKF-,N-methylformamide, DMF-N,N-dimethylformamide, DEF-N,N-die-

thylformamide, DXA-N,N-dimethylacetamide, DEA-N,N-diethylaceta-
mide, NMA-N-methylacetamide, N£A-N-ethylacetamlde

Viscosity of water-formamide mixed solvent is smaller than
viscosity of aqueous acetamide solution at the temperature 25°C.
It is probably connected with greater volume of acetamide mole-
cule in comparison with formamide moleciile. A greater number of
spacial hydrogen bonds in pure acetamide can also be the ad-
ditional factor. Viscosity of pure amides N,N-disubstituted is
auch lower than that of monosubstituted (Fig. 3). It probably
follows from the fact that in monosubstituted amides'intermole-

bonding occurs (chain associates) while in N,N-
It«"i amides it does not.



In case of system of N-monosubstituted amides with water the
occurance of small maximum on the curve i) * f (x) of the visco-
sity of solution near a mole ratio 1!'1 can be observed, while in
aqueous solutions of N,N-disubstituted amides a pronounced maxi-
mum of viscosity of the mixture in mole relation of components
3:1 occurs. The presence of viscosity maximum of aqueous solu-
tions of N-mono- and N ,N-disubstituted amides can be explained
by formation of mixed associates with precisely determined com-
position [3, 4] or by greater density of hydrogen bonds [19 3.

The lack of extremum on curve 9 » f (x) of water-formamide
systems aubstanciates probably the labile structure of the abov'e
mentioned mixtures [9, 10]. According to Nomoto and Endo [20]

in F-HgO system hydrates of clathrate type occur, in which
amide molecules are built in water structure. It can be sup-
posed, that a similar phenomenon occurs in case of water-acet-
amide mixtures. The above statement is in agreement with the
results of measurements of dielectric permittivity of aqueous
acetamide mixtures [21-23]. Goncharov et al. [23] suggest that

acetamide molecule can built in water structure forming hydrogen
bonds with water molecules. These bonds are slightly weaker than

hydrogen bonds in pure water.
Using the data from Table 2 the temperature coefficient*

Arj /AT of aqueous acetamide solutions were calculated (Table
5).r
Table 5

The values of temperature coefficient
A} /AT of aqueous acetamide solutions

X 25-40°C 40-60°C 60-75°C 75-85°C
0.05 -0.002 -0.002 -0.002 -0.002
0.10 -0.006 -0.005 -0.004 -0.003
0;15 -0.010 -0.009 -0.007 -0.005
0.20 -0.017 -0.012 -0.010 -0.009
0.30 ” -0.029 -0.019 -0.012
0.40 « -0.032 -0.025 -0.022
0.50 . -0.044 -0.025

0.60 ; - -0.029
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For the sake of comparison the
sign of coefficient Atr/AT of some
nonelectrolyte solutions in water was
given in Table 6.

From the data in Table 6 it fol-
lows that temperature coefficient
Ar]r/AT is positive in case of aqueo-
us solutions of formamide, urea and
thiourea and negative for acetamide,
DMF and ethyl-urea derivative solu-
tions. If we conclude in the same way
as in case of electrolyte solutions,
we can suppose that DMF, ethyl - and
diethylurea order water structure,
while formamide, urea and thiourea
have breaking effect.

The values of B coefficient of
equation (1) (Table 3) of acetamide
in water are positive and they decre-
ase with the temperature growth. Thus,
AB/AT coefficient is negative, alike
A»}r/AT. As it is seen from Table 7
the values of B coefficient of ami-
des increase with the growth of am-
mount of hydrophobic methyl groups,
which is connected with the growth
of volume of their molecules and pro-
bably with the growth of interactions
between amide and water (hydrophobic
hydration). Similar changes can be
observed in case of C coefficient of
equation (1) (Table 7) relating to
interactions among dissolved amide
molecules. The decrease of value of
B coefficient of acetamide in water
with temperature growth is probably
caused by smaller contribution of hy-
drophobic hydration.



From the work« of Good [25] and Nightingale [26] it follows
that in case of water structure ordering substances both ent-
halpy and entropy of activation for fluid flow grow  with the
increase of solution concentration. The growth of temperature of
the solution causes the decrease of values of these functions,
because the structure of solution is more and more disturbed by

thermal motions of molecules.
Table 7

The values of B and C coefficients
(equation 1) of amides in water at 25°C

Amides B c
Formamide 0.019 -0.001
Acetamide 0.111 -0.0003
Propionamide 0. 1cJ3 0.004
n-Butyramide 0.264 0.013
N,N-Dimethylformamide 0.171 0.001
N, N-Dimethylacetami de 0.267 0.007
As it is seen from Table 4 in case of aqueous acetamide

solutions both enthalpy and entropy of activation for fluid flow
grow with the Increase of acetamide concentration in water. From
this fact it follows that viscous flow of aqueous acetamide so-

lution deserves more energy in comparison to water. It seems
probable that it is connected with greater packing of molecules
in water-AcNH” system than in pure water. Intermolecular distan-

ces grow with the increase of temperature, which fascilitates
mthe viscous flow of the solution. Enthalpy and entropy of acti-
vation for fluid flow of the discussed system decrease and the
effect of the solution concentration on their values also dec-

reases.
Alike in water-acetamide system enthalpy of activation for
fluid flow of water-DMF system grows within the range 0 ~ 20

mole % of DMF, while in case of aqueous formamide solutions the
discussed function decreases within the range 0 ~ 30 mole > of
formamide (Fig. 4). From the comparison of the discussed amides



it can be supposed that forraamide breaks water structure, DVF
orders it forming mixed associates of precisely determined com-
position while acetamide forms network of hydrogen bonds with
watsr molecules, slightly disturbing primary water structure.

mole % amide

Fig. 4. The enthalpy of activation for fluid flow of H,0-AcNH,,
H20-F and H20-DMF systems at 25°C

It can be, thus supposed, that in case of nonelectrolyte solu-
tions it is impossible to draw any conclusions about the effect
of dissolved nonelectrolyte on water structure on the base of
the sign of temperature coefficients AB/AT or Anr/AT. Dif-
ferent signs of these coefficients of the discussed water-form-



amide, water-acetamide and water-DMP systems substantiate only
the different structure of aqueous amide solutions.
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BADANIA WISKOZYMETRYCZNE UKEADU WODA-ACETAMID f ZAKRESIE
TEMPERATURY 25-80°C

Zmierzono lepko$¢ mieszanin woda-acetamid w calym zakresie
mleszalnosci w temperaturze 25°, 40°, 60°, 75°, 85°C. Obli-
czono lepko$¢ wzgledng, wspoOtczynnik temperaturowy Adr/AT oraz
funkcje termodynamiczne aktywacji lepkiego przeptywu. Przedys-
kutowano wptyw rozpuszczonego acetamidu na strukture wody.



OreiliaHHH TaHeaoKa-OcHHbCKa, MapHH Bojilask

BHCCKO3HVETPHHECKHE HCCIIEUOBAHHH CHCTEMS BOfIA-AUETAICHH
B HHTEPBAJIE TEMIIEPATYPIi 25-85°G

Onpe”eldiena BflaxooTb cncreua bOA&-aner&UKA b miTepBajte rewnepa-
Typu 25-85°C. PaccvuraHO otHocHTeafcHy» bhskoctt, TeMneparypHufl
KO3QIJMIHCHT  Ai) /S1T H TepMOAHHaUHUeCKHe (fyHKUHH aKTKBailHH BA3KO-
ro_TeMeHHHs Altamia noutyueHHHX jarnoix b 3aBucHMOCTH ot KOHueHTpauHH
h Texnepatypu n03B0Jtiu c”ediaTi. emboa o bjjhhhhh aueianHua na cTpyx-

*ypy boau.



