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Thermodynamics of adsorption of polybutadiene on alumina and silica gel: 
effect of temperature and solvent

V. Vangam, R Joseph, S. Devi* and A. K. Rakshit*

Department of Chemistry, University of Baroda, Baroda, India

Abstract The adsorption of polybutadiene (PBR) on alumina and silica gel was 
studied at different temperatures from cyclohexane and toluene solutions It 
shows that the adsorption process was dependent on temperature and solvent 
The adsorption isotherm and the thermodynamic quantities of adsorption were 
determined and it was observed that the adsorption process from both solvents 
was similar and the amount of adsorption increased as temperature decreased 
The silica gel-cyclohexane system was more exothermic than all other systems 
and was also relatively more ordered
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Introduction

The adsorption of polymers on an adsorbent is 
an important phenomenon both from academic 
and industrial point of view. It is also different m 
many respects from the adsorption of small mole­
cules [1]. A survey of literature shows that both the 
sophistication in theoretical developments and the 
range of experimental observation have been high, 
although they have not always kept pace with one 
another [2-10]. In the present study, we used the 
fundamental thermodynamics in the adsorption 
process of the title polymer, synthetic polybuta- 
diene, on alumina and silica gel from toluene and 
cyclohexane solutions at 30, 35 and 40 °C.

Experimental

Polybutadiene (PBR) was obtained from Indian Petrochemi­
cals, Vadodara, India Its composition was cis-1,4 ( > 96%), 
trans-1,4 (1-2%), and vinyl-1,2 (1-2%) [11] This was dis­
solved in toluene, filtered and then re-precipitated by adding 
methanol The polymer so obtained was vacuum dried before 
further use It has narrow molecular weight distribution [11] 
and its viscosity molecular weight was 4 14 x 105 Methanol 
(GPR, E. Merck), toluene (synthesis grade, E Merck), and 
cyclohexane (chromatography grade, E Merck) were distilled

before use Cyclohexane was passed through a column of 
activated silica gel and alumina to remove the traces of any 
olefimc impurities present

TLC grade silica gel (with 13% CaS04, mesh size > 100) 
was obtained from Acme Synthetic Chemicals, Bombay, India 
Alumina (acidic, mesh size > 100) was obtained from BDH 
(Glaxo Laboratories), India Surface areas of silica gel and 
alumina were 192 9 m2/g and 97 1 m2/g, respectively, and 
were obtained by BET method using nitrogen gas Both were 
dried for 3 h at 125 °C before use The probability of the 
presence of surface impurities m silica gel and alumina was 
checked by X-ray photoelectron spectroscopy (Fig 1) and no 
impurity was observed The spectra were recorded on a VG 
Scientific Escalab MK II spectrometer using Mg Ka radiation 
under vacuum, which was better than 5 x 10“ 7 mbar [12] The 
SEM photographs were taken by a jeol JSM-T3 scanning 
electron microscope after gold coating by using the usual 
procedure

PBR solution at highest concentration was made by dissolv­
ing weighed amount in a known volume of solvent Other 
desired solutions were made from it by dilution The weighed 
amount of adsorbents were placed in a series of jacketed 
bottles and known amount of the desired solution was added 
to each one of them. These were then placed on a shaker for 
continuous shaking Thermostated water (±01 °C) was 
pumped through these jacketed bottles for about 3 h before the 
polybutadiene was estimated The process was repeated a few 
times until two consecutive readings were within 2% of each 
other The same procedure was used at all temperatures Time 
required to get a reproducible value varied with system as well 
as temperature In most cases, it was more than 24 h In some 
preliminary runs, we determined the adsorption values at
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Fig 1 X-ray photo 
electron spectra of a) 
alumina, b) silica gel

intervals of 3, 5, and 7 days to check on the probable quasi- 
equilibrium of the systems. We feel that such problem does not 
exist in this study

The concentration of the polymer m solution was deter­
mined by both UV spectroscopy and gravimetry For the 
cyclohexane solvent system, absorbance was measured at 
Ara,u (240 nm) The concentration was computed from a calib­
ration curve obtained earlier This process was followed by 
gravimetry and the difference between the gravimetric and 
spectroscopic results was less than + 1%. In the gravimetric 
procedure [13, 14], dry small-weighed beakers were taken. To 
obtain complete dryness, 2 ml of solution was pipetted out in a 
beaker and placed under low vacuum at 50 °C. The beakers 
were then weighed to determine the amount of residual poly­
mer present The process was repeated until two consecutive 
weighings gave the same result Each point was duplicated 
simultaneously to check for the reproducibility of the result 
Duplicate blank experiments were also conducted with pure 
solvents PBR concentration studied ranged from 0.05% (w/v) 
to 1 2% (w/v). As UV spectroscopy could not be used when 
toluene was solvent, only the gravimetric procedure was 
used.

Results and discussion

In Figs. 2—4, the amount of PBR adsorbed per 
gram of adsorbent are plotted against the equilib­
rium concentration of PBR (CPBR). The effects of 
solvent and temperature in both cases are similar

although the amounts adsorbed are different. The 
amount of adsorption as a function of solvent is 
similar in both cases, with adsorption from cyclo­
hexane being higher than that from toluene. These 
isotherms, which are relatively more sharp than 
rounded, show both maxima and minima and at 
higher concentration they finally become level. 
Such similarity of isotherms also was observed 
earlier [15]. It was suggested [16, 17] that as the 
polymer is adsorbed on the surface of the adsorb­
ent, a second phenomenon, polymer spreading on 
the surface of the adsorbent, starts. The rate of 
adsorption is expected to be proportional to the 
concentration of the polymer in solution, and the 
rate of spreading is expected to be proportional to 
the concentration of the adsorbed polymer on the 
surface. Hence, the more the polymer spreads on 
the surface, the less is the amount adsorbed. The 
complicated nature of polymer isotherms is prob­
ably due to these two antagonistic effects, as well as 
some others. In Figs. 5 and 6, SEM photographs of 
the polymer adsorbed surface of alumina and silica 
gel are shown respectively. In both cases, the ad­
sorbent was removed from the jacketed bottle after 
24 h, dried, divided into two parts and then a SEM 
photograph was taken of one part. The SEM of the 
second part was taken after two more days. It can
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Fig 2. Plot of adsorption per gram of silica gel 
(xjm) against equilibrium concentration of PBR in 
cyclohexane at different temperatures O 30 °C, 
A 35 °C, □ 40 °C

be concluded easily from the photographs that the 
system did change with time. One can see more 
polymer sheath on the surface and a decrease in the 
rough edges of the inorganic material. This we 
assume is a reasonably good proof of polymer 
spreading as well as of multilayer formation, as has 
been observed earlier with polystyrene [18]. More­
over, from viscosity study, voluminosity [19] was 
calculated and hence the Simha shape factor [20], 
which was 2,5 [21], thereby suggesting that the 
polybutadiene had a spherical conformation in 
solution m both solvents. It is difficult to visualize

Fig. 3 Plot of adsorption per gram of silica gel (x/m) against 
equilibrium concentration of PBR in toluene at different tem­
peratures. O 30 °C, A 35 °C, □ 40 °C

the conformational nature of the polymer at the 
solid-liquid interface, but as it is a linear polymer 
we thought that it could show the tram, loop and 
tail segments, as was first suggested by Jenkel and 
Rumbach [22], leading to a change in IR frequency 
of the adsorbed polymer. However, we did not 
observe any such change. Hence, it is suggested 
that the conformation of the polymer on the sur­
face is same as in solution [23].

The adsorption can be written in the following 
way:

A (solid) + PBR (solution) ^ APBR (solid) ,

where A is the adsorbent. The equilibrium constant 
is therefore-

f/^PBR (solution) ~ f/f-'PBR (solution) *

Therefore, the free energy of adsorption is

dGads = — RTlnK = RTIn CPBR ,
where R and T have their usual significance. To 
obtain the free energy of adsorption at infinite 
dilution A Gads, the A Gads values in the low concen­
tration region were plotted against CPBR, linearity 
was observed and the line was extrapolated to 
C = 0. We believe that A Gads values represent rela­
tive variation m the system and indicate the free 
energy change at a given temperature from an 
infinitely dilute solution (reference state) at atmo­
spheric pressure onto a solid surface. The 

Gads ~~ T plot showed linearity, the slope and 
intercept being — zlS°ds and AH°ds, respectively. In 
Table 1, we present the thermodynamic values so 
calculated. It is obvious from the data that all
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Fig. 4 Plot of adsorption per gram of 
alumina (x/m) against equilibrium 
concentration of PBR a) m cyclo­
hexane and b) m toluene at different 
temperatures O 30 °C, A 35 °C, □ 
40 °C

l) polymer-solvent, n) solvent-adsorbent and m) 
polymer-adsorbent interactions also complicate 
the systems.

We are not in a position to compute the inter­
action parameter of the polymer-solvent systems. 
However, from the intrinsic viscosity of the solu­
tion we can qualitatively characterize the two sol­
vents as good or poor [16,24]. It is well known that 
the adsorption is more from a poor solvent than 
from a good solvent [25]. We determined that the 
intrinsic viscosities of the cyclohexane-PBR and 
the toluene-PBR systems are 2.38 and 2.48 at 
30 °C, respectively [21], signifying that toluene is a 
good solvent and, hence, there will be less adsorp­
tion from this solvent system. The solubility para­
meter is another criterion used to characterize the 
solvent [26]. The solubility parameter of PBR, cyc­
lohexane and toluene were calculated to be 8.13, 
8.2 and 8.9, respectively, indicating that cyclohex­
ane should be a better solvent for PBR [27, 28], 
which is contrary to what we expected from in­
trinsic viscosity. This type of conflicting observa­
tion was also observed earlier [6].

The other complicating factor is solvent- 
adsorbent interaction. The characteristics of ad­
sorbent surfaces are important. It is a well-known 
fact that the aromatics are easily adsorbed on the 
alumina surface, and the adsorption occurs on the 
Al3+ site of the alumina [29]. Hence, qualitatively 
we expected that the toluene will be adsorbed on

Cpbr (9/9)

adsorption processes are exothermic with negative 
entropy change. Both the enthalpy and entropy 
change values of the adsorption process in the silica 
gel—cyclohexane system are highly negative in com­
parison to those of other systems.

The adsorption process from a solution, as in 
these cases, are complicated due to the presence of 
many different phenomena. We have already men­
tioned the possibility of spreading of adsorbed 
polymer on the adsorbent surface. Moreover, the

Table 1 Free energy dG*ds, the enthalpy z)F/fds and the 
entropy dSais of PBR adsorption at infinite dilution for differ­
ent systems (Concentration is expressed in g/100 g solution)

System Temp
fC)

dG°d, (kj) 4H“ds (kj) 4&.UK-1:

1 Silica gel 30 -9 36
+ 35 -9 03 -31 8 -74 0

toluene 40 -8.66

2. Alumina 30 - 10 62
+ 35 -9 79 -46 0 - 116 7

toluene 40 -949

3 Silica gel 30 - 16 48
4• 35 - 14.14 - 158 5 -468 4

cyclohexane 40 - 1179

4 Alumina 30 -8 95
4* 35 -8.61 -28 7 -65 2

cyclohexane 40 -8 32

x/
m

 (9
/9

)
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b)

Fig 5 Scanning electron micrograph of polybutadiene ad­
sorbed on alumina a) after 2 days, b) after 4 days

b)

Fig 6 Scanning electron micrograph of polybutadiene ad­
sorbed on silica gel a) after 2 days, b) after 4 days

the surface and thereby the polybutadiene will be 
less adsorbed from toluene solution than from 
cyclohexane solution. This is also true for silica gel, 
where the surface ‘OH’ groups on which the 
adsorption occurs are not all equivalent [29]. The 
experimental observation, the prediction from the 
solvent strength parameter values of eleutropic se­
ries [30] and the intrinsic viscosity data, as dis­
cussed earlier, all support the above contention, 
although the solubility parameter data belie this. 
All these different phenomena, including polymer

spreading on the surface of the adsorbent, contrib­
uted to the overall thermodynamic quantities ob­
tained.
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Viscosity Behaviour of 
Acrylonitrile-Acrylate Copolymer 
Solutions in Dimethyl Formamide
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(Received l2Scplcmbci 1990, acecpScd 16 Innuaiy 1991)

Abstract: The viscosities of dimethyl foimamidc solutions oraciylonitiilc-aciylale 
copolymeis were detei mined at 30, 35,40 and 45°C using an Ubbclohdc viscometer 
The viscosities of homopolymer solutions were also studied The homopolymcts of 
acrylonitrile and also of methyl, ethyl and butyl aciylates weic synthesised in the 
laboratory The random copolymers were synthesised by a solution polymci isation 
technique keeping the acrylonitrile aciylate talio as 11,12 and I 3 (w/w) The 
intrinsic viscosity for each system was computed as a function of lempctaluie The 
activation parameters of viscous Row were calculated using the Ficnkel-Eynng 
equation Volununosily for all systems was also computed Fiom lnliinsic viscosity 
and volummosity data it was concluded that the polymci molecules aicsphciical m 
the dimethyl foimamtde solutions

Key wotds acrylates, aciylonitnlc. copolymci, viscosilv, DMF. sliapc factoi

INTRODUCTION

In continuation of our studies of adsoiption of 
polymers1 on inorganic substrates, which aie used in 
the paint industry, or are used as fillets, a senes of 
hoinopolymci.s and copolymeis ofaciyloniliilc and 
diflctciU acrylates, eg methyl aciylate (MA), ethyl 
acrylate (EA) and butyl acrylate (BA), have been 
synthesised m various monomer ratios Difficulty m 
moulding of polyacrylonitrile has restricted its 
application in the homopolymer form because of its 
high glass transition temperature. Improvement in 
various properties to a large extent can be achieved 
through copolymerisation with a suitable monomei 
Acrylates have comparatively low Ts values and 
hence acrylonitrile-acrylate copolymers are ex­
pected to show better processibihty Hence these 
copolymers were chosen for our study Characteiis­
ation of these polymers is needed to understand the 
overall process of adsorption The determination of 
rheological properties of polymer solutions is an 
important tool for characterisation In this paper

* Aulhoi to whom all coticspondencc should be addicssed 
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icsulls of viscosity studies of homopolymei and 
eopolymei solutions m dimethyl lot mamide (l)MI') 
at four diilcrent tempetaUues are presented Poly­
mer solutions show both Newtonian and non- 
Newtonian flow,2 the latter at highei concentra­
tions At lowet conccnlinitons Newtonian lam- 
iiuu How is obseived I mm viscosity data at 
diffetent tempeiatuies, the activation enttopy and 
enthalpy of viscous How wete calculated The 
inltinsic viscosities of the polymci solutions at all 
tempeiatures wete also computed The polymer- 
solvent interaction is an nnpoi tant patameler and is 
a function of the placement of the monomei units in 
the copolymer 3 This will affect the confoimalion of 
the polymeis and hence the viscosity of the polymer 
solutions4,5 and thereby the intrinsic viscosity 
Hence we studied the viscosity of these polymer 
solutions m dimethyl formamide to get an insight of 
the conformational changes m these polymers

EXPERIMENTAL

Aciylonitnlc (l luka) and methyl, ethyl and butyl 
aciylates (National Chemicals, Baioda, India) wcic

9
ii Ciic.ii Uni,mi



290 310
Temperature (K)

! ^ i (Mois oi inliniML \i\com1\ (til u,) against umpuatuie 

@ S5 A SI 3 S9 □ SIO

In Table 1, the intrinsic viscosities, [/;], of all the 
systems at various temperatures are given They 
were computed by a well known procedure 6 The 
correlation coefficient was always 0 99 or better It 
can be seen that [17] decreases as the temperatuie 
increases and plots aie always lineai with
negative slope A few representative plots are shown 
m Fig 1 This indicates that the swelling of the 
polymer coils is not great in these systems and that 
there are lower critical solution temperatuics 
(LCST) for these polymer solutions A critical look 
at the mti msic viscosity data fi able 1) shows that in 
general as the weight ratio of aciylomtiile m the 
copolymers decreases, the intrinsic viscosity also 
decreases at all temperatures, the only exception 
being for the aciylomtrilc ethyl aciylatc copoly- 
meis In this case a minimum occuis as the lutio 
decieases, but at higher tempeialures the minimum

RESULTS AND DISCUSSION

purified by washing with 1% NaOH aqueous 
solution and then with distilled watei until hee of 
NaOH They were then clued over CaCh. distilled 
and Lhe middle fi action was used A solution 
polymerisation technique was used for synthesising 
the copolymers and homopolymeis The aciylo- 
niliile aeiylate uttios for the vanous copolymcis 
were varied They were i 1, i 2 and i 3 (w/w) 
symbolised as ANXAn, ANXA12 and ANXAU 
where X stands for methyl, ethyl or butyl The 
monomers were dissolved m the required weight 
ratios in four times the quantity of dimethyl 
fotmamide (DMF) Benzoyl peroxide (1% w/w) was 
used as initiator, and the mixtuie was kept at 85°C 
with continuous stirring foi 6h The product was 
precipitated in an excess quantity of methanol and 
dried over vacuum The product was then Soxhlet 
extracted with toluene to remove homopolymers of 
the acrylates, dried thoroughly and dissolved in 
acetone The copolymers were soluble in acetone but 
polyacrylonitrile (PAN) was not and hence the 
copolymers could be separated from this homo­
polymer The copolymers were then precipitated out 
m methanol, and dried in vacuum to a constant 
weight The experimental mole ratios of aciylomtiile 
and acrylates were then calculated from the ob­
served mtiogcn concentrations,

The viscosity, i/, of these homopolymet and 
copolymer solutions in dimethyl formamide was 
determined using an Ubbelohde viscometer kept 
vertically in a thermostatted bath at the lequired 
temperatuie (±0 ()5'’C) The tange of concentration 
of polymer solutions was fiom 0 2 to 0 8g/dl The 
efflux flow tunc for all solutions was more than 100 s 
The density of the polymei solutions was taken to be 
that of the solvent.

TABLE 1 Intrinsic viscosity of various copolymers 
and homopolymers at different temperatures m 

dimethyl formonnde solution

Sample Polymers Expt Inlimsic viscosity
no (feed ratio) mole [1/] (dl/q)

y/ u
(AN XA) (AN XA) 30 C 35 C 40"C 45' C

S1 ANMA„ 1 0 86 0 294 0 283 0 274 0 266
S2 ANMA,2 1 1 40 0 258 0 251 0 242 0 237
S3 ANMA„ 1 2 27 0 249 0 240 0 229 0 221
S4 ANEA„ 1 0 58 0 385 0 381 0 375 0 372
S5 ANEA)2 1 0 98 0 336 0 331 0 328 0 320
S6 anea,3 1 1 36 0 365 0 353 0 342 0 327
S7 ANBA„ 1 0 52 0 296 0 289 0 281 0 275
S8 ANBA,3 1 0 82 0 288 0 282 0 275 0 270
S9 AN BA,3 1 0 96 0 267 0 255 0 250 0 245
S10 PMA 0 255 0 251 0 248 0 245
S11 PEA 0 347 0 343 0 339 0 335
S12 PBA 0 256 0 252 0 249 0 245
S13 PAN 0 727 0 721 0 712 0 704

3 AN = acrylonitrile, MA = methyl acrylate, EA = ethyl acry­
late, BA = butyl acrylate Subscripts 11,12 and 13 signify 1 g 
of AN and 1,2 or 3 g of second component in the copolymer

becomes less pionuncnl The intrinsic viscosity 
change with tcmpeiature lot homopolymei so­
lutions is similar to that foi copolymer solutions. 
The higher the intrinsic viscosity, the better the 
solvent at that temperature.7 DMF is a better 
solvent foi the ethyl aciylatc systems and PAN than 
fortheolhc! systems It is also seen 11 om 1 able 1 that

90 Rom hen Joseph. Smekha Den Annuesh Kuuhh Rahshn

C
O

04

In
tri

ns
ic

 vis
co

si
ty

 xlO
z(

dl
g'

)

POLYMER INTERNATIONAL VOL 26, NO 2,1991



Viscosity of actylomtrtle-acrylate copolymeisolutions in DMF 91

as the composition of the copolymers changes, with 
increasing acrylaLc concentration DMF is a little 
worse solvent. This is true For all the copolymer 
systems,

'The viscosities of the polymei solutions wcic 
determined at different temperatures for different 
concentrations. The viscosity is affected by the 
vaiiation in the icmpctalutc. The well known 
Frenkel-Eyrmg equation8 for viscous (low is

)? = (yV/!/t/)exp(AG+Ji?r) (1)

where V is the molar volume of solution, N is 
Avogadro’s number, h is Planck’s constant, R is the 
gas constant, T is temperature and AG*S is the 
activation free energy for the viscous flow. Equation 
(1) can be rewritten as

In (i? V/Nh) — {AG*JRT)
= (AHV\JRT)-(&S!JR) (2)

where AH*s and AS*h are the activation enthalpy 
and entropy change for the viscous flow In (i/F/A'/i) 
was plotted against T~ 1 and the plot was linear with 
correlation coefficient 0-99 or better foi all systems 
The AH*, and AS*, quantities were thus computed 
for all systems Some representative plots aic shown 
in Fig. 2

The values of AG*s, AH*s and AS*, are presented 
in Table 2. V is the molar volume of the solution, but 
the molar volume of a polymer solution is an enigma 
and hence the molar volume of the solvent was used 
in the calculations because the density of the 
polymer solution and that of the solvent are 
generally the same 9 In ail these systems Aand

O, S9

TABLE 2. Free energy AGjls. enthalpy AWj„ and 
entropy AS/, of activation for the viscous flow of the 
copolymers in dimethyl formamids (0 8g/dl) solution

Sample AG]„ (kj/mol) AHj,s AS/,,
■------------------------------—----------- (kJ/mol) (J/mol

30c'C 35' C 40c C 45' C deg)

S1 13 1 13 2 13 2 13 3 9 4 — 1 2 3
S2 13 1 13 1 13 2 13 3 9 2 -12 9
S3 13 0 13 1 13 2 13 3 8 9 -13 6
S4 13 3 13 4 13 4 13 5 9 4 -13 0
S5 13 2 13 3 13 3 13 4 9 1 -13' 6
S6 13 2 13 3 13 4 13 4 9 6 -12' 1
S7 13 1 13 2 13 3 13 3 9 0 -13 7
S8 13 1 13 2 13 2 13 3 9 1 -13 3
S9 13 1 13 1 13 2 13 2 9 0 -13 3
S10 13 0 13 1 13 2 13 3 8 9 -13 8
S11 13 2 13 3 13 3 13 4 8 9 -14 0
S12 13 1 13 1 13 2 13 3 9 0 -13 5
S13 13 9' 13 9 14 0 14 1 10 4 -11 4

AS*, are constant quantities, independent of 
tempeiatuic, which signifies that the systems are not 
cross-linked It is also obseivcd that the heats of 
activation of viscous flow aie gencially positive and 
decrease as the conccntiatiou of the polymei m 
solution dccieascs (Table 3) The values aic not 
huge, the highest value obseivcd was around 
10 kJ/mol foi PAN at 0 8 g/dl concentration The 
entropies of activation of the viscous flow process 
aie also low and negative, indicating that the 
polymei sti uctuics aie pooily oulcicd m this solvent 
system Although theie seems to be a decrease m 
AS*, values foralmosl all the systems as a function 
of polymer concentration with the exception of 
PAN, we believe that the changes arc not significant 
and that at least in these copolymer systems it can be 
safely assumed that AG,1,, is constant independent of 
composition and cunceutiulion '1 he (ice encigy of 
activation of .viscous flow, AG’/,,. has also been 
calculated for all the conditions From Table 2 it can 
be seen that AG,*,, is independent of lempeiature and 
is similat foi .all ihc systems

TABLE 3. Free energy AG/,,, enthalpy AWV/S and 
entropy AS,ts for the viscous flow at 30"C with various 

concentration of polymer ANIVIA,, (Sample S1)

Concentration AG/S AH/, ASvl,
of Polymer soln (kj/mol) (kJ/mol) (J/mol deg) 

(g/di)

13 11 9 4 12 32
12 95 9 2 12 48
12 89 9 0 12 88
12 81 8 9 12 90
12 71 8 8 12 96

0 8 
0 6 
0 48 
0 40 
0 20
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Concentration x1Cf3(g/mO

Fig 3 Plot of Y vcimis com.cnti.Uion (g/ml) whctc

r = (t/?5-i)/[C(i35i,r-oi)]
©, S5, £3, S7, Y. S2

Tlic Ficnkcl-Eyi ing equation oT viscous flow hits 
also been written as10

/? = /lexp(AGl//?r) 0)

wheic the pie-exponential lactoi A was dilhcull to 
detennine. It has been suggested though that A is 
appioximatcly equal to 10 ’ poise11 Computing 
this telation with cqn (1) it is clcai that A ~(Nh/V) 
Using appropriate units it is observed that (Nh) itself 
is approximately equal to 10“3 signifying that the 
molar volume is 1 ml This seems to be unlikely and 
hence we suggest that cqn (2) should always be used 
to compute the activation parameteis of the viscous 
flow with V as the molar volume of the solvent The 
relative viscosity data at any concentration, i;r. helps 
us m calculating the volurmnosity VF of polymer 
solutions Recently it has been used12 to detennine 
the shape of protein molecules m a solution VL was 
calculated by plotting Y against C vvheie C is 
concentration m g/ml and

y = (,,°5-l)/[C(l 35,,° *-0 1)]

The plot was lincai and was exit apol.tied to ( 0
(Pig 3) and Vt was obtained from the mtetccpl The 
intrinsic viscosity [17] = vVF where v is the shape 
factor 13 The shape factor is a quantity which gives 
an idea of the shape of the particles m the solution If 
it is 2-5, the paitides aie sphencal m natuic If the 
particles in solution arc oblate, oi piolatc, the v 
values are different 14'15 For all systems studied at 
all lemperatui es v was found to be equal to 2 5 
(Table 4) indicating that in dilute solutions the 
copolymers of acrylonitrile and the acrylates aie 
spherical m nature The volummosity (ml/g at 
infinite dilution) is a function of temperature and is a 
measure of the volume of the solvated polymer 
molecules As the temperature increases the solv­
ation decreases and hence VE decreases. This 
decrease is linear in nature though the rates of 
change are different This indicates that the effects of 
temperature on the polymer-solvent mtei action are

Royehen Joseph, Stueklia Devi, Amntesh Kumcu Rakshu

TABLE 4 Volurmnosity VE at different tempera­
tures and the shape factor v at 40°C

amplo !/, (ml/si) AtO L.

30 C 35°C 40'C 45'C

S1 11 68 11 29 10 92 10 62 2 51
S2 10 32 9 97 9 70 9 46 2 49
S3 9 95 9 58 9 30 8 99 2 46
S4 15 35 14 99 14 62 14 48 2 56
S5 13 39 13 31 13 00 12 97 2 51
S6 14 45 14 16 13 61 12 99 2 51
S7 11 74 11 54 11 22 11 04 2 51
S8 11 46 11 18 10 91 10 78 2 52
S9 10 30 10 16 9 95 9 69 2 51
S10 28 27 27 72 27 05 20 85 2 55
S11 10 19 9 95 9 90 9 69 2 50
S12 13 64 13 51 13 40 13 25 2 53
S13 10 18 10 01 9 90 9 78 2 51

difTcicnl Motcovci, in genetal. the highei the 
amount ol aeiylate m the eopolymci the less the 
solvation Hence wc can conclude that the polymer- 
solvent snlei action is affected by the copolymer 
composition. temperatuie, etc, although the con- 
foimalion of the polymer molecules m dimethyl 
foimamidc solution is spherical at all tempcialuies 
legaldless ol the amount ol acrylate and type of 
aciylatc piescnt
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