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ABSTRACT

The viscosities of Poly (ethylene) glycols haviraierular weight 200, 400, 2000 and 4000 have bestarthined
with different composition in water at %5 The experimental results of viscosity have keeetyzed using Jone —
Dole’s equation. The viscosity coefficients haverbebtained to through the light on the interacti@sent in
aqueous solutions of Poly ethylene glycols. The Rethylene) glycols behave of structure maker &tew The
value of Viscositp coefficient increases with the increases in théemdar mass / chain length of ethylene glycols
molecule. The structure making character of Pothiylene) Glycols follows the sequence PEG 4000 & RPB00>
PEG 400 > PEG 200.
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INTRODUCTION

Solvents play an important role in the preparatibohemicals and in their processing with applimadi Most of the
reactions to produce an intermediate or a chenaoal generally carried out in solutions. In receaarg the
measurements of viscosity of liquids, liquids miet@nd solutions have been used to study in PhysiCbemical
behaviour. Physical properties of the liquids systare play a momentous role in development of fitation and
analysis of the different component [1]. The ag@esalutions of poly (ethylene) glycols have beeanfb wide
spared applications like separation of bimolecatéxtures [2] and Pharmaceuticals formulations B]chemical
and pharmaceutical application of PEG includes Ipaaterials of ointments, as anti — freezing agsmplasticizer,
as a releasing agents for rubber, as a softeramtiseptic agent, scouring agent, sizing agenhglguuxiliary, etc.,
in textile industries as well as in metal, wood grgpesin, paint [4].

Poly (ethylene) glycol is a condensation polymeretifylene oxide and water. It is soluble in wated & many
organic solvents. The structural formula for n grée of polymerization can be given as HO-(&HH,0)-H. PEG
and its derivative can be formed in linear or brarshape with different molecular mass having sigaift
complexity and diversity. PEG compounds are alsowkmas PEO / (Poly ethylene oxide) and POE (Poly ox
ethylene). Generally poly ethylene glycols molecutgess runs up to 20,000. In PEG both type of dyeln
bonding intra as well as inter molecular hydrogends formation take place which enhance its satybit water
and main organic solvents [5].

There have been many recent studies on viscositiPsly (ethylene) glycol in water and other solgef6-15]. In
acetonitrile and water PEG of molecular mess 8002600 the Jone — Dole’s viscosity A and B coeffits have
been obtained and the presence of solute — salvenactions have been investigated [9]. The dgngiscosity and
ultrasonic velocity have been measured for agueolugion of PEG of molecular mass 200 [16]. In safmstudies
it has been suggested that the formation of heligeBEG in water generates aggregates with hydimpldomain
[17-19]. However, these reports do not provideugioinformation on how different molecular massictures of
PEG form aggregates in water.
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Therefore, the aim of resent studies was to meabergiscosity of aqueous solutions of two liqurRisG 200, 400
and two solid PEG 2000, 4000 in order to provideetier understanding towards the interactions afdbiour of
PEGs in aqueous solutions.

MATERIALS AND METHODS

(A) Materials

All the polyethylene glycols namely PEG 200 (CDREG 400 (CDH), PEG 2000 (MERCK), PEG 4000 (CDH),
were used as received without further purificatibhe aqueous solutions were obtained by dissolthiegdesired
amount of the sample in conductivity water (contligt< 1.uS cm® at 25C).

(B)Methods

Viscosity Measurements

The Viscosities of the solutions were obtained withbelohde viscometer (No. Z / 1645, Infosil makwm)
measuring flow time of fixed volume of the solutithrough capillary. The viscometer with the expenal liquid
was immersed in a temperature controlled water. Bdth Racer stop watch with accuracy of 0.1 secusasl. The
viscosity of each solution was determined usingré&tion as given below.

L2 P2
M =M1 —— e ee v e (1)
Pty

Where,

11, 1S the Viscosity of water

75, is the viscosity of experimental liquid

t;, is the time of flow of water

t,, is the time of flow of experimental water

p1, is the density of water

D5, is the density of the experimental liquid

The process was repeated for constant value absiigcfor each solution.

RESULTS AND DISCUSSION

For all the poly ethylene glycols namely PEG — 20800, 2000 and 4000 and the valuesnbf, at different
concentration in aqueous solutions were observée. viariation ofn/n, values of aqueous solutions of varying
amount of PEGs of different molecular masses haentsummarized ifiable 1 The viscosity data for all the
solutes at different concentration has been utllifer the determination of interaction parameteraiueous
solution. The interaction parameters were obtaimigld the help of Jone — Dole’s equation givenHguation 2.

)
Ve

Where, A and B are the coefficients for the ioron and ion — solvent interaction respectively anis e molar
concentration. The values of B were obtained fromlinear plots betweeriC andn/no— 1 /VC. These plots are
given inFigure 1. The values of ‘A’ and ‘B’ coefficients calculatécbm the intercepts and slop for all the PEGs
liquids and solids are given irable 2

=A+BVC......(2)

Appraisal of the values of coefficients ‘B’ for dle PEGs are positive in aqueous solutions thesuggesting the
presence of strong solute — solvent interactiorsolntion. Further the values of ‘B’ tend to becolaye with the
molecular mass of solute which indicates that tliength of solute — solvent interactions increaséth the

molecular mass / chain length of the polymers. Bievalues for all the ethylene glycols indicatdsat these
polymer acts as structure — maker in water. Theegire making character of polymers follows theusege-

PEG 4000 > PEG 2000> PEG 400 > PEG 200

The structure making character of polymers in watepbserved in the study is in good agreement tvéthearlier
report on polyethylene glycol 20,000 [9]. In thiport measurements of the viscosity have been takeliute
solution up to the concentration 1.5%1Mol dm?® (3% weight) at 2%C. In this concentration region ‘B’ coefficient
value was found to be lower than the values obtbfoe polymers (PEG’s) of lower molecular massesthperature
15°C in higher concentration region used in the study.
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The value of ‘A’, obtained from all the polymersaregative. However no significance could be aitat to these
results since such negative values are expectetdorelectrolytes as solute which is a measureonf- ion

interactions. The coefficient ‘A’ is expected to pesitive for strong electrolytes and zero for mbectrolytes [20].
Hence A/C term in Equation 1 can be reducedEuation 3

T _1-BC...03

No

A plot n/np verses concentration should be linear having slalpe equals to B coefficient. In case of non
electrolytes the applicability diquation 3 has been considered [21]. The Experimental date weed to examine
how far the experimental results of the viscosiyea withEquation 3 applicable for non electrolyte / polymer
molecules. Thereforey/n, — 1 were plotted against different concentratidrpoly (ethylene) glycols given in
Figure 2. It is evident fromFigure 2 that all these plots show the linearity > 0.9. Madues of gradient ‘B’
obtained for different polymers are givenTable 2 with values of ‘B’ coefficients obtained from JoreDole
equation. The linearity of the plots is in confotynivith the assumption that the value of/@ can be taken
negligible for non electrolytes.

The viscosity values ofi/n, of a polymer solutions at constant temperaturedinectly proportional to the molar
concentration (C) and given by Straundingquation 4 [22, 24, 25].

n—"No _
No

k, is a constant for a given solute in a given eotyC, is the molar concentration of monomer, miiglthe number
of monomers in the polymer. The relative viscosajues are given iable 1 The values of gradient ‘kn’ obtained
for all the PEGs are given ifable 2. FromEquation 3 and 4it is clear that the ‘kn’ values are equal to oty
‘B’ coefficient. Poly (ethylene) glycols are thelpmer of monomeric unit of ethylene oxide havinglewular mass
44. If we consider these molecular masses for tatlog the number of monomer units present in PEGs,
numbers of monomers have been calculated. Therobdiies of ‘n’ are also given ifiable 2 for each PEG. The
characteristic constant ‘k’ has been determinedsigg the value of ‘n’ and experimental value of. ‘Bhe values
of 'k’ are different for liquid PEGs and solid PE@sereas the ‘k’ values are equal for liquids amiitls separately.
The values of ‘B’ coefficient obtained from bothetiplots as recorded ihable 2 have same magnitude, which
satisfies our experimental results for all the PEG® experimental values obtained are also inesgest with the
applicability of all theEquation 2, 3 and 4

From the values reported irable 1, it is observed that the viscosity of the aquesalstions of PEGs increases in
the concentration of solute. Appraisal of tigure 1 reveal that the values of ‘A’ are 0.03, 0.068,20ahd 0.65 for
PEGs 200, 400, 2000 and 4000 respectively with thegaign. All these values are negligible or ngadro which
supports the conclusion drawn in the study thawtiee of A/C is negligible for non — electrolytes as also regb
in literature [20]. This is also supported by tlaues of ‘A’ obtained which is measure of ion — interactions, are
absent in agueous polymer solutions. The positadeer of ‘B’ for all the PEGs indicates that the ek have
structure maker effect on water in concentratiomgeaused in the study. The values of ‘B’ indicatiest the
presence of solute — solvent interactions. Theract®ons increased with the molecular mass of Hetiylene)
glycol molecule. In aqueous solutions the Polyylethe) glycol molecules can self associated ingregates due to
their amphiphilic nature. Generally such charastari can exist in dilute solutions because the Isipu
hydrophobic interactions between —CHroups and the water molecules are more effedvdow molecular
masses at low concentration. The experimental agike for Poly (ethylene) glycol aggregates in whtare been
reported in literature [17]. In our study such aggtions have not observed in the concentratioiomelgut the
aggregation can be assumed in the lower concemiragigion. The higher concentration region it faadale for
hydrogen bonding of PEGs which leads to the poartrifution to the hydrophobic interactions. Theustare
maker character also supports the hydrogen bondafiwn between the solute and water. The hydrodimam
volumes have also calculated using the relatioerglwEquation 5 [21].

B =0.0025V,........(5)

Where, ‘' is hydrodynamic volume. The values of,/\have been calculated for each PEG and listeTainle 2

It is clear that the hydrodynamic volume also iases with increase in molecular mass. A plot betwaolecular
mass of PEG and {\/values is given irFigure 3. It indicates that variation of ¥/ at lower molecular masses have
more linear nature in comparison to higher molecofasses. These observations justify the phasegehiom
liquid to solid as taken in study.
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Table 1: Variation of n/ne and densities of agueous solutions of PEGs with @centration at 288K

Table 2: Parameters of Staurding and Jon — Dole’sgeiation for the PEGs at 288K in aqueous solutions

. n
"G oo, | LN, | orsy | e | e | )
1 0.0496 0.9922 0.2227 0.0595 0.26717
2 0.2501 1.0006 0.5001 0.2471  0.49420
200 3 0.5043 1.0086 0.7101 0.5669  0.79833
4 0.7596 1.0128 0.8715 0.9098  1.0439%4
5 1.0246 1.0246 1.0122 1.2687 1.25340
6 1.2927 1.0342 1.1369 1.8366 1.61544
1 0.0254 1.0174 0.1593 0.0637 0.3998
2 0.128 1.0242 0.3578 0.2802 0.783B
400 3 0.258 1.0322 0.5079 0.6405 1.260[7
4 0.3902 1.0404 0.6245 1.12b 1.8013
5 0.5249 1.0498 0.7244 1.534 2.118B
6 0.6612 1.058 0.8131 1.9095 2.3484
1 0.0050 1.0068 0.0707 0.200 2.828B
2 0.02524 1.0096 0.1519 0.838 5.5168
2000 3 0.0510 1.0200 0.2258 1.81b 8.03§
4 0.0770 1.0272 0.2774 2.998 10.8074
5 0.1032 1.0318 0.3212 4.453 13.8593
6 0.1303 1.0424 0.3609 6.981 19.3433
1 0.025 1.0116 0.05 0.3 6
2 0.127 1.0156 0.1126 1 8.881]
4000 3 0.256 1.0248 0.16 2.36 14.75]
4 0.385 1.0264 0.1962 4.25 21.6616
5 0.517 1.0346 0.2273 7.42 32.6441

n
S.No | Plot> | n/ne-1verses C (Tlo versesvC Vi x 16°
e Ve n K (dm*mol)
S B/kn B/kn
| (dm°mol™?) (dm®mol?)
1. 2% 1.40 1.43 4] 0.35(*0.31) 0.56
2. 400 2.99 3.14 9 0.33 1.20
3. 2000 52.13 52.69 4 1.16 2.08
4. 6000 141.9 143.0 9 1.56 56.4

B = kn, in all the PEGs, * For n = 4.54
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Figure 1
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Figure 2
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Figure 3
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CONCLUSION

In the study from analysis of experimental obseovatit is concluded that there is association leefv Poly
(ethylene) glycol and water molecules because dfdgen bonding. It also shows that the moleculassva the
polymer and the concentration can influence themtade and nature of inter molecular interactiolsthe PEGs
act as structure maker in aqueous solutions andtsegre in agreement for both the classes of Plie@gls and
solids. The study is useful for production and usiegolymers in different industries like pharmatieals, textile,
cosmetics, surfactants etc. The aqueous solutib®ly (ethylene) glycols have application as grselvents to
develop compounds of biological or medicinal ing¢re® synthetic Chemists [23] and hence the restlitained in
the study are useful in the preparation of gredwesids for particular reactants as a model.
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