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Abstract Three molecular weights (25k, 44k and 700k) of Poly(vinyl-pyrrolidone), PVP solutions in 
chloroform have been studied to conduct some of their rheological properties. In the temperature range of (25 
- 45°C). Density and flow time parameters have been measured and used to calculate the viscosity 
parameter. The collected viscosity data suggests the ideal behaviour in the low concentrations of PVP 
solutions, due to the reduction of the interaction forces between molecules. However, the viscosity of higher 
concentrations is strongly affected by changing the molecular weight rather than the concentration itself. In 
addition, the density, flow time and viscosity parameters of 700K are more influenced by the temperature 
change, than the other two molecular weights.  
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1. Introduction 
The polymerization can be carried out in bulks, in 
solutions, and in suspensions. In view of its 
unique chemical and physical properties, Poly-
vinyl pyrrolidone (PVP) has found significant uses 
in pharmaceuticals and cosmetics. The early use 
of PVP in medicine was as blood plasma volume 
expander during the Second World War, PVP is 
also used as blood storage. It forms complexes 
with a variety of toxic agents, thus it helps in 
eliminating toxic material in fresh plasma[1],[2]. 
In addition, PVP has been found useful in 
shampoos to improve foam stability, impart luster 
to the hair, and used as a backbone for grafting 
monomers in the production of synthetic fibers 
[3],[4]. It is employed, also in all types of paper 
manufacture [5]. 
Significantly, Poly-vinyl pyrrolidone (PVP) has 
used extensively due to its solubility in both 
aqueous and organic polar solvents [6],[7].  PVP is 
a semi-crystalline synthetic polymer that forms a 
randomly coiled and highly flexible chain in polar 
solvents. It is also nontoxic and has good 
biocompatibility. In addition, few polymers display 
a good performance as functional materials in a 
water-polymer interface [8],[9]. The mechanism of 
this process has not been known yet. It is 

expected that it is related to the dynamics of the 
polymer in aqueous systems [9]. In addition to its 
water solubility, PVP is soluble in a very wide 
range of organic materials. These materials 
include hydrocarbons such as methylene 
dichloride and chloroform [10],[11]. Moreover, 
monohydric and polyhydric alcohols such as 
methanol, ethanol and ethyl glycol are well known 
solvents for this PVP [12],[13]. This polymer is 
also compatible with a variety of synthetic 
polymers. PVP has found several applications due 
to its solubility in a wide range of solvents.  
This article is focused on the influences of 
concentration, temperature and molecular weight 
of PVP on its rheological properties in chloroform 
solutions. 

2. Experimental section 
 2.1. Material  
Three molecular weights 25k, 44k and 700k of 
poly vinylpyrrolidone (PVP) (BDH limited, England) 
are dried under vacuum at 60oC. Chloroform 
(Riedel- deHaën, with purity of 99 %) was used as 
a solvent. 
2.2. Measurements  
2.2.1. Density Measurements 
The density of solutions was measured using a 
clean dry density bottle, with the volume of 25ml, 
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at a controlled temperature. The following 
equation 1, was used to calculate the density [14] 

   D°t(liq) = (WLiq/Wwater) D°twater (1 + 2.4 ×

10−2)(twater − tliq) + (1.2 × 10−5) (1 − WLiq/Wwater)                                                    

(1)        
where; Dot(liq) is the density of PVP solution, WLiq is 
the weight of density bottle fill with PVP solution, 
Wwater is the weight of density bottle filled with 
water, Dot(water) is the density of water, t(liq) is the 
temperature in oC for the liquid, t(water) is the 
temperature of water.  
2.2.2.  Flow time Measurements    
Measuring flow time of the polymer solution is 
usually studied by comparing the flow time (t) 
required for specified volume of the polymer 
solution to flow through a capillary tube to the 
corresponding flow time (to) of the solvent. 
Usually, two types of viscometers are used for this 
purpose, Ostwald-Fenske, and Ubbelohode. For 
this project, Ostwald - Fenske viscometer has 
been used to measure the viscosity. The flow time 
is kept greater than 100 sec in order to minimize 
the kinetic energy correction during the 
measurement and the time was recorded using 
stop-watch type Hanhart-Profile-2 (made in 
Germany). The temperature was maintained 

within  0.2oC using the thermostat (CT1450/2) 
of SCHOTT GERATE, (made in Germany).  
2.2.3.  Viscosity Calculations    
The viscosity has been determined using the 
equation 2 [15]  

                     = 𝐊 ∗ 𝐝 ∗ 𝐭                          (2)                                               
where;  is the viscosity in c.p, K is constant, t is 
the flow time in second, and d is the density 
g/cm3.  
3. Results and Discussions 
Data analysis and results have been discussed by 
looking at the general behavior of the rheological 
properties through measuring the density and 
flow time and calculating some other rheological 
properties such as viscosity, relative viscosity, 
specific viscosity and intrinsic viscosity of PVP in 
chloroform solutions as a function of 
concentration, temperature and molecular weight 
for all systems.   
3.1. Density  
The density of different concentrations of PVP 
solutions with molecular weights of 25k, 44k and 
700k in chloroform at different temperatures were 
estimated using equation 1. The data has been 
listed in tables 3.1, 3.2 and 3.3 respectively. It is 
obvious that the density decreases with increasing 
the temperature for the individual molecular 

weight. Moreover, there is a slight increase in the 
density with increasing the molecular weight at a 
constant temperature. 
 
Table (3.1): Density (g/cm3) of PVP (Mw = 25k) in 

chloroform solutions. 

45oC 40oC 35oC 30oC 25oC Conc/ 

(w/v)% 
461.1 461.1 461.1 46570 46541 0.1 
461.1 461.0 461.1 46575 46541 0.3 

461.1 461.. 461.1 46571 46541 0.5 

461.1 461.1 461.. 46571 46544 0.8 

461.4 4610. 461.. 46571 46547 1.0 

461.7 46101 461.. 46571 4657. 2.0 

46151 46101 461.1 46574 46570 3.0 
46151 46101 461.1 4611. 46570 5.0 

46111 461.1 461.7 46111 46571 7.0 

46111 461.. 4610. 46114 46574 8.0 

46111 461.. 46100 461.1 46111 10.0 
 
Table (3.2): Density (g/cm3) of PVP (Mw = 44k) in 
chloroform solutions. 

45oC 40oC 35oC 30oC 25oC Conc 

(w/v)% 
461.5 461.1 46571 4657. 46545 0.1 

461.1 461.0 46574 46575 46545 0.3 

461.1 461.. 46574 46575 46541 0.5 

461.1 461.1 4611. 46575 46541 0.8 

461.1 46101 46110 46571 46544 1.0 

461.4 46105 46117 46571 4657. 2.0 

461.7 46101 461.1 46571 4657. 3.0 
46151 46101 461.1 4611. 46570 5.0 

46150 46104 461.4 4611. 46575 7.0 

46155 461.1 46101 46115 46571 8.0 

46151 461.. 4610. 461.1 46111 10.0 

 
Table (3.3): Density (g/cm3) of PVP (Mw = 700k) 
in chloroform solutions. 

45oC 40oC 35oC 30oC 25oC Conc 

(w/v)% 
46100 461.1 46571 4657. 46540 0.1 

46101 461.. 46571 4657. 4654. 0.3 

461.1 461.. 46574 4657. 46541 0.5 
461.1 461.1 4611. 46575 46541 0.8 

461.. 461.1 4611. 46571 46541 1.0 

461.0 461.4 46114 46571 46547 2.0 

461.. 46101 461.. 46574 46571 3.0 
461.1 46101 461.1 46110 46570 5.0 

 
3.2. Flow time  
The flow time of different concentrations of PVP 
solutions of molecular weights of 25k, 44k and 
700k in chloroform has been measured in a range 
of temperatures (25-45oC) (tables 3.4, 3.5, and 
3.6. There have been noticed that the flow time 
has increased with increasing the concentration 
for each molecular weight at constant 
temperature. Moreover, it is decreased when the 
temperature is increased for each molecular 
weight which indicates that the kinetic energy 
between molecules could be the most responsible 
factor affecting the flow time values. At higher 
temperatures molecules move faster and the 
mobility of molecules is greater thus, flow time is 
less.  
  
   Table (4.3   ): Flow time (sec) of PVP (Mw = 25k) 
in chloroform solutions. 

45oC 40oC 35oC 30oC 25oC Conc. 

(w/v)% 
47760 47465 47161 47561 44.64 0.1 

4746. 47161 44165 44.61 4416. 0.3 

44161 44161 44561 4416. 4176. 0.5 

4456. 44.61 44061 124.3 41.61 0.8 

44.61 44.61 4416. 4106. 142.1 1.0 

4116. 4116. 41461 45.64 4.561 2.0 

4.561 4..67 4016. 4.165 14765 3.0 
11464 1.761 1.165 1.167 11161 5.0 

11461 11.64 15161 15.6. 1.461 7.0 

10461 1..6. 11461 17064 14765 8.0 

5116. 51.60 .1.61 01167 .4164 10.0 
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Table (4.3): Flow time (sec) of PVP (Mw = 44k) in 
chloroform solutions. 

45oC 40oC 35oC 30oC 25oC Conc 

(w/v)% 
4416. 44161 44561 41167 41.6. 0.1 

44567 44.67 44060 4156. 41165 0.3 

44060 44167 41.6. 133.7 41167 0.5 

4176. 41161 41161 4106. 41561 0.8 

41165 41161 41764 4116. 41.61 1.0 

4.164 41467 41561 17461 17561 2.0 

4116. 41.60 41160 1716. 14164 3.0 
15161 1.061 1.160 11161 11761 5.0 

55765 55160 51561 .1761 .0767 7.0 

51761 51.64 .7067 .156. .0161 8.0 

01.6. .7567 .1.65 11161 1.16. 10.0 

 
Table (3.6): Flow time (sec) of PVP (Mw = 700k) in 

chloroform solutions. 
45 oC 40 oC 35 oC 30 oC 25 oC Conc 

(w/v)% 

41161 41160 41161 41064 41764 0.1 

41761 40164 4.160 17164 14467 0.3 

1546. 15161 15.61 1.460 1076. 0.5 

11165 11.65 15161 1.161 10460 0.8 

11461 11767 1.167 51161 51165 1.0 

5156. 55761 5.567 51164 ...60 2.0 

50065 .7765 .1464 .1.65 ..167 3.0 
05.. .0.1 1.71 47141 47117 5.0 

 
3.3. Viscosity 
The viscosity of different concentrations of PVP 
solutions with molecular weights of 25k, 44k and 
700k in chloroform at different temperatures were 
calculated using equation 2. The influences of 
concentration, temperature and molecular weight 
on the viscosity have been extensively studied in 
this part of the article.  
3.3.1. Concentration effects on viscosity  
Figure 3.1, 3.2, 3.3 show the relationship between 
the viscosity and the concentration of           the 
25K, 44K and 700K PVP solutions respectively. It 
is obvious that the viscosity rapidly increases as 
the concentration is increased above 3.0% 
solution for 25K and 44K. However, the increase 
of the viscosity of 700K solutions is consistent 
through all concentrations. The result reflects the 
magnitude of the interaction forces between the 
polymer molecules in the lower molecular weights 
solutions. The steady relationship at low 
concentrations below the 3.0% solution suggests 
an ideal behaviour, due to the reduction in the 
interaction forces between the molecules 
comparing to that in the high concentrations[16]. 

 

Figure (3.1): The variation of viscosity with    
concentration of PVP (Mw = 25k) in chloroform 

solutions at 25ºC (blue), 35ºC (red), 45ºC (green). 

Figure (3.2): The variation of viscosity with 
concentration of PVP (Mw = 44 k) in chloroform 

solutions at 25ºC (blue), 35ºC (red), 45ºC (green). 

Figure (3.3): The variation of viscosity with 
concentration of PVP (Mw = 700 k) in chloroform 
solutions at 25ºC (blue), 35ºC (red), 45ºC (green). 

 
 
3.3.2. Temperature effects on viscosity 
 In order to compare the dependence of the 
viscosity of 25K, 44K and 700K solutions on the 
temperature, figures 3.4 and 3.5 were plotted for 
two concentrations 0.3% and 3%. As can be seen 
from these figures, data fall in straight-line 

relaxation i.e.  is linearly decreases with 

increasing temperature. This is more pronounced 
in the higher molecular weight than the lower 
ones, where the viscosity has not highly affected 
by changing the temperature. This is consistent 
with flow time outcomes and may be due to the 
fact that increasing temperature causes a 
decreases in the density of the solution, which 
reduces the number of the polar solute molecules 
per unit volume. Thus, that influences the 
interaction between molecules to be reduced too, 
and reflects a decrease in the viscosity [16].  
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Figure (3.4) The variation of viscosity with the 
temperature for 0.3% of 25K (blue), 44K (red) 

700K (green) PVP in chloroform solution. 
 

 
   Figure (3.5): The variation of viscosity with the 
temperature for 3.0% of 25K (blue), 44K (red) 
700K (green) PVP in chloroform solution. 
 
3.3.2. Molecular weight effects on viscosity 
In , the highest molecular weight (700K) is the one 
that more changeable and that is compatible to 
the results in figures 3.1, 3.2 and 3.3.  A linear 
relationship can be observed in figure 3.6 which 
explains that the dependence on molecular weight 
is more pronounced in the high concentration 
region than in the low concentrations one.  
 
 

 
Figure (3.6): The variation of viscosity with 
molecular weight of 0.3% (red), 1%(blue) and 3% 
(green) PVP in chloroform solutions at 35 oC. 
Conclusion  
The density, flow time and viscosity parameters 
have been estimated for different concentrations 
of three molecular weights of PVP including 25K, 
44K and 700K in chloroform solutions. The study 
shows a strong relationship between the 

intermolecular forces of PVP molecules and their 
rheological properties which is compatible to the 
literature [17],[18],[19]. These properties have also 
been studied in terms of changing the 
temperature and the solution concentration. The 
collected data could be used further in order to 
estimate more related parameters, such as the 
relative, and intrinsic viscosities. The outcomes 
will provide a complemented overview of the 
behaviour of PVP molecules in chloroform 
solutions.  
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PVP Poly(vinyl-pyrrolidone), 
Acknowledgment 
The authors acknowledge professor Musa M. 
Omar, University of Tripoli, Faculty of Science, 

Department of Chemistry for providing 
experimental facilities for this work and valuable 
assistance. 
References  
[1]- Teodorescu, M. and Bercea, M., (2015). Poly 

(vinylpyrrolidone)–a versatile polymer for 
biomedical and beyond medical 
applications. Polymer-Plastics Technology and 
Engineering, 54(9), pp.923-943. 

[2]- Park, I.K., Ihm, J.E., Park, Y.H., Choi, Y.J., 
Kim, S.I., Kim, W.J., Akaike, T. and Cho, C.S., 
(2003). Galactosylated chitosan (GC)-graft-
poly (vinyl pyrrolidone)(PVP) as hepatocyte-
targeting DNA carrier: Preparation and 
physicochemical characterization of GC-graft-
PVP/DNA complex (1). Journal of controlled 
release, 86(2-3), pp.349-359. 

[3]- Raghunath, K., Rao, K.P., Nagarajan, B. and 
Joseph, K.T., (1985). Grafting of poly (vinyl 
pyrrolidone) onto gelatin and its application 
as synthetic plasma expander. European 
polymer journal, 21(2), pp.195-199. 

[4]- Menshikova, A.Y., Evseeva, T.G., Skurkis, 
Y.O., Tennikova, T.B. and Ivanchev, S.S., 
(2005). Monodisperse carboxylated 
polystyrene particles: synthesis, electrokinetic 
and adsorptive properties. Polymer, 46(4), 
pp.1417-1425. 

[5]- Wang, D., Dimonie, V.L., Sudol, E.D. and El‐
Aasser, M.S., (2002). Effect of PVP in 
dispersion and seeded dispersion 
polymerizations. Journal of applied polymer 
science, 84(14), pp.2721-2732. 

[6]- Yan, N., Zhang, J.G., Tong, Y., Yao, S., Xiao, 
C., Li, Z. and Kou, Y., (2009). Solubility 
adjustable nanoparticles stabilized by a novel 
PVP based family: synthesis, characterization 
and catalytic properties. Chemical 
communications, (29), pp.4423-4425. 

[7]- Sethia, S. and Squillante, E., (2004). Solid 
dispersion of carbamazepine in PVP K30 by 
conventional solvent evaporation and 
supercritical methods. International journal of 
pharmaceutics, 272(1-2), pp.1-10. 

[8]- Hickner, M.A., (2010). Ion-containing 
polymers: new energy & clean 
water. Materials Today, 13(5), pp.34-41. 

[9]- Hickner, M.A., (2012). Water‐mediated 
transport in ion‐containing polymers. Journal 

0

0.5

1

1.5

2

2.5

3

4540353025

V
is

co
si

ty
 η

(c
.p

)

Temperature (C)

0

1

2

3

4

5

6

7

8

4540353025

V
is

co
si

ty
 η

(c
.p

)

Temperature (oC)

0

1

2

3

4

5

6

7

4.3979 4.6434 5.845

V
is

co
si

ty
 η

(c
.p

)

Log Mw



Studying the rheological properties of poly(vinyl pyrrolidone) in chloroform solutions                  Ettarhouni et  al.  

JOPAS Vol.19 No.  2 2022                                                                                                                                                   5 

of Polymer Science Part B: Polymer 
Physics, 50(1), pp.9-20. 

[10]- Takada, H. and Matsubayashi, K., 
(2010). Method of producing pvp/fullerene 
complex and aqueous solution thereof. U.S. 
Patent Application 11/919,218. 

[11]- Paudel, A. and Van den Mooter, G., (2012). 
Influence of solvent composition on the 
miscibility and physical stability of 
naproxen/PVP K 25 solid dispersions 
prepared by cosolvent spray-
drying. Pharmaceutical research, 29(1), 
pp.251-270. 

[12]- Kabiri, K., Azizi, A., ZOHURIAAN, M.M.J., 

BAGHERI, M.G., Bouhendi, H. and Jamshidi, 
A.,. Super-alcogels based on 2-acrylamido-2-
methylpropane sulphonic acid and poly 
(ethylene glycol) macromer. 2011 

[13]- Ozawa, Y., Koyama, I. and Shimano, K., 
Taisho Pharmaceutical Co Ltd, (1991). Method 
of producing fine coated pharmaceutical 
preparation. U.S. Patent 5,017,383. 

[14]- W. Billmeyer, T.R. "TextBook of  polymer 
science", second Edition, by john Wiley&Sons. 
Inc.(1962). 

[15]- W.Wilson, R.J.new comb, A.R.Denaru, 
R.M.Rickett, experiments in physical 
Chemistry,Program Press. 1962 

[16]- Subramanian, R. and Natarajan, P., 1984. 
Interaction between poly (N‐vinylpyrrolidone) 
and poly (acrylic acid) s: influence of hydrogen 
and cupric ions on the adduct 
formation. Journal of Polymer Science: 
Polymer Chemistry Edition, 22(2), pp.437-
451. 

[17]- Lugão, A.B., Rogero, S.O. and Malmonge, 
S.M., 2002. Rheological behaviour of 
irradiated wound dressing poly (vinyl 
pyrrolidone) hydrogels. Radiation Physics and 
Chemistry, 63(3-6), pp.543-546. 

[18]- Tan, Y.T., Peh, K.K. and Al-Hanbali, O., 
(2000). Effect of Carbopol and 
polyvinylpyrrolidone on the mechanical, 
rheological, and release properties of 
bioadhesive polyethylene glycol gels. AAPS 
PharmSciTech, 1(3), pp.69-78. 

[19]- Yang, H., Yan, Y., Zhu, P., Li, H., Zhu, Q. 
and Fan, C., 2005. Studies on the viscosity 
behavior of polymer solutions at low 
concentrations. European polymer 
journal, 41(2), pp.329-340. 

 
 
 
 
 
 
 
 
 
 


