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PREFERENTIAL AND TOTAL SORPTION 

POLYDlMETHYLSlLOXANElTOLUENElNlTROMETHANE SYSTEM 
IN THE AMINOPROPYL-TERMINATED 

Gabrida Grigorescua, Silvia Ioana, Crina C o j m b ,  Valeria Harabagiua and 

a “P.Poni” Institute of Macromolecuiar Chemistty, RO-6600 Jassy, Romania, 

C Department of Macromolecules, “Gh. Asachi” Technid University, 
Rod600 Jassy, Romania 

B o g b  c. simionescuc 

university, ~0-6600 JW, Romania, b “AI. I. 

ABSTRACT 
The present paper continues our previous studies on solution behaviour of 
polydimethylsdoxanes with amino end group. The total and pmfkmtial 
adsorption coefficients for aminopropyl - tetminated polydimethyisiloxanes in 
toluene (solvent)/ nitromethane (nonsolvent) ddute solutions are determined. 

INTRODUCTION 
The investigation of the physiuxhemical properhes of macromolecules m mixed 
solvents is of major importance for a number of reasons: (1) some polymers do 
not dissolve molearlarly in single solvents, but molearlar solutions can be 
obtained in mixed solvents; (2) a certain property of the solwt, a defiinite value 
of the second virid d c i e n t ,  or a particular value of the rehctive index, for 
instance, is more often found in mixed than in single solvents; (3) such 
investigations lead to a better knowledge of the respective affinity of each solvent 
with regard to the macromc!ecule and of its influence on the molecular 
dimensions of the polymer. 
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534 GRIGORESCU ET AL. 

Potymers m mixed solvents present interesting phenomena; among them, 
cosolvency and preferential adsorption are notable examples. The preferential 
adsorption coefliicient, 11, which defines the afliinity of the polymer chain toward 
one of the solvents, can present pecuhar variations with solvent composition [ 1- 
131. The simplest behaviour to be imagined for 51 is that the prefermtially 
adsorbed solvent should be the bette~ solvent of the polymer. However, the red 
situation is more complex. There are numerous examples in which the poor 
solvent or even a strong precipitant is preferemtially adsorbed [1-4, 12-15]. often, 
one of the two liqds in the solvent mixture is preferentially adsorbed m a certain 
range of solvent compositions while the other liquid is adsorbed in the rest of the 
composition range, thus giving an inversion in the Variation of 51 [ 14,151. 

The behaviour of polymers in binary solvents is considerably influenced by the 
temperature, chemical structure of the polymer chain and the thennodynamic 
nature of the solvents and of the mixture [16-181. In some previously published 
papers [ 19-21 J, polydimethylsiloxanes with amino end groups (PDMS-NHz) in 
tolumdacetone and toluendnitromethane mixtura were discwed as wncems 
the transition concentrations (diluted - semidiluted - concentrated), the idhence 
of solvent quahy and temperature on the intrinsic viscosity, the mean perturbed 
and unperturbed dimensions of the chain, the short-range interactions, the second 
virial coefficient, the interpenetration and the hydrodynamic penemition function. 
The crossover region, i.e., the region separating the oligomers fiom the polymers 
was considered in detail. Tohenelnitromethane appeared to be a interesting 
mixture for thermodynamic studies, the first component beiig one of the most 
common good solvents for polydimethylsiloxane while the second one acting as a 
nonsolvent. 

To better understand the behaviour of the amino - terminated 
polydimethylsiloxaneluend~tromethane system, the present paper is concerned 
with the investigation of total and preferential sorption by the polymer in the 
mentioned solvent mixture. 
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AMINOPROPY L-TERMIN ATED POLY DIMETHY LSILOXANES 535 

EXPERIMENTAL PART 
The investigated polymers, namely a, o-b@3-aminopropyl)- 
polydimethyldowes (PDMS-NH2) were obtained by anionic equilibration of 
octamethylcyclotetradoxane with 1,3-b@aminopropyl> 1,1,3,3-tetramethyl- 
disiloxane. Samples with number average molecular weights Mn ranging fiom 
0.23-10' to lo5 were synthesized. The Mn were determined by potentiometric 
titration of terminal amine groups. Polycllsperslties up to 1.6 were obtained by 
comparing GPC data (Mw) with Mn values IIS determined by titration. 

The intrinsic viscosities [q] ( d g )  reported here relate to a temperature of 25+ 
0.01"C in toluene (l)/nitromethane (2) mixtures of different compositions; the 
values were obtained by using an Ubbelohde suspended-level viscometer and 
were treated by the Huggins plot. Flow times for the reagent-grade solvent 
mixtures were in the 90-127 s range. Kinetic energy corrections were found to be 
neghgible. The flow volume of the viscometer was greater than 5 ml, malung 
drainage errors unimportant [22]. The [q] values were accurate to wdun & 2%. 

The concentration range was fiom 0.16 to 0.01 g/ml for PDMS-NH2 (3) of 
different molecular w e t s  at hfferent compositions of toluene/nitromethane 
mixture. Since the Huggins coefficients were less than 0.5, chain associations are 
to be excluded. 

A Z e k  interferometer (wavelength of 436 nm) was used for the determination of 
rehctive index increments. The solutions were dialyzed against the pure solvents 
using regenerated cellulose membranes. A kinetic study of the dialysis process 
was performed to find out when equilibrium was reached. 

RESULTS AND DISCUSSION 
Figure 1 shows the Viscomeaic results obtained for the PDMSNH2 samples with 
different molecular weights, at 25OC, as a hc t ion  of nitromethane volume 
hction (b) in the toluendnitromethane mixture. The dependence of [q] vs. 

composition of mixed solvent presents a slight decrease of the slope with 
increasing nitromethane content in the mixture. 
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536 GRIGORESCU ET AL. 

Figure 1. Plots of intrinsic viscosity against binary mixture composition at 25OC 
for the toluendnitromethand PDMS-NH2 system. (1) &= 0.53.10 ; (2) &= 4 

4 4 4 4 5 1.27-10 ; (3) Mn= 1.66.10 ; (4) M1132.42-10 ; ( 5 )  Mn=5.10 ; (6) Mn=l-lO . 

To know the proportion of both liquids in the macromolecular coil as a hct ion 
of binary solvent composition, the experimental values of the preferential and 
total sorption coeflicients were calculated. The preferential adsorption COefEcient, 
hl, was directly accesible fiom experiments, through interferometry and dialysis 

where ( d d d q h ,  is the &active index increment of the polymer h the mixed 
solvent at hed concentration of the two low molecular weight components in 
both the polymer sohtion and solvent mixture, (dn/dc3),, is the refkactive index 
increment under conditions when all the low molecular weight components have 
the same chemical potentials in both the polymer solution and solvent mixture, 
and dn/el represents the refi.active index increment of the solvent component 1 
with respect to the binary solvent mixture of a given composition. 

Figure 2 shows thevariation of the preferential adsorption coefficient for 
PDMS-NI-I* in toluendnitromedrane mixture at 25"C, (IS obtained by difkentid 
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0 
92 

Figure 2. Experimental values of the preferential adsorption coefficient in the 
toluendnitromethane binary mixture as a hction of the volume fraction of 
nitromethane (b) at 25OC, for PDMS-NHZ of different molecular weights: 

4 4 4 (1) Mn4.2-10 ; (2) Mn'1.27.10 ; (3) Mn=1.66*10 ; (4) &=2.42404; 
4 5 (5) Mn=5*10 (6) Mn=l*lO . 

refhidometry and dialysis equilibrium (eq. (1)). The determination of 51 was 
possible in the composition range %<0.18 [26]; for w . 1 8  polymer 
precipitation took place. For molecular weights higher than 1.27-10 a 
p r e k r d  a d m p o n  of nitromethane for the whole studied composition range 
is observed. The absolute value of the preferential adsorption of nitromethane 
with solvent composition increases with increasing the molecular weight; for the 
0.240~ molecular weight sample the variation of preferential adsorption 
d c i e n t  is insignificant (MI). The observed behaviour may be interpreted as 
being caused by the combined action of toluene and non-8ssociBtcd nitromethane 
molecules. For the toluendnitromethane binary solvent mixture, nitromethane 
clustering breaks down with increasing the toluene content. Also, hydrogen bonds 
between the amino end groups of PDMSNH2 and nitromethane can occur, their 
importance increasing with decreasing polymer molecular @t. The variation 
of the p reken td  admptmn cdic ien t  with the moiecular weight for diffkent 
compositions of the toluendnitromethane mixture is shown in Figure 3. For high 
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Figure 3. Experimental values of the preferential adsorption coefficient in the 
toluene/n.itromethane binary mixture as a fbnction of polymer molecular weight at 
different volume fiactions of nitromethane (+2) at 25"C, for PDMS-NH2: 
(1) 42= 0.82; (2) b= 0.85; (3) b= 0.9. 

molecular weight polymer samples, the dependence of the preferential adsorption 
cdlicient on the molecular weight is evident, while for low molecular weights, 
hl is aproximatively independent on the molecular weight. 

The total sorption parameta Y was calculated using equation (2). The interaction 
parameter B, which is related to $he total sorption function Y by the expression 
proposed by Kurata and Stockmayer [27], can be obtmed ffom viscomecric data. 

In eq. (2), B characterizes the polymer - solvent interaction, v3 is the partial 
specific volume of the polymer, NA is Avogadro's number and VO is the molar 
volume of the mixed solvent. For each composition, the parameter B was 
calculated using the moddied Stockmayer-Fixman plot [28, 291 for ternary 
solventhlvent/polymer systems (eq. (3)) [28], the condition 
1 < [q] / ke M'' -c 1.6 being valid: 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
3
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



AMINOPROPYL-TERMINATED POLYDIMETHYLSILOXANES 539 

y.lol-- X 

2 t  

1 
0 0.05 0.10 0.15 a20 

0 2  

Figure 4. Total adsorption coefficient Y vs. nitromethane volume fraction 
toluendnitromethand PDMS-NH2 system at 25°C. 

for 

where is the constant fiom the Mark-Houwink equation in the theta solvent, 
proportional to unpertuhed dimensions; k is the Flory constant, ie., 2.5 1 10 23 

[301. 

Figure 4 presents the variation of experimental Y values with solvent mixture 
composition. As known, the total adsorption coefficient is a measure of the 
excluded volume effect and its behaviour is Simrtar to that of the intrinsic viscosity 
vs. solvent mixture composition. 

CONCLUSIONS 
The preferential and total sorption co&cients for PDMS-NH2 in 
toluendnitromethane mixture have been measured by refractive index increments 
and viscometry over the composition range 0-+<0.18. The prefmential 
adsorption Coefficient for the investigated system was observed to be relatively 
independent on the molecular weight for low molecular weight samples. The 
oligodimethylsiloxane presents the same low affinity for both components of the 
solvent mixture. Our previous studies [20,21] demonstrated that an unperturbed 
state is charrsderistic %r polymeric chains with rnoIecuIar weights up to lo', i. e., 

onlythehmacthsbetween soham areiqortmt. 
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540 GRIGORESCU ET AL. 

Increasing the molecular weight determines a pretimntial adsorption of 
nitromehane for all studied compositions, as a result of increasing excluded 
volume effect with the m o l d a r  weight and also the combined action of toluene 
and non-associated nitromethane molecules. Also, hydrogen bonds between the 
amino end groups of PDMS-NHz and nitrornethane could act in the same 
direction. For the investigated molecular weight domain, once polymer chain 
length reaches a certain dimension, a dependence between the preferential 
adsorption of nitromethane and the molecular weight was observed. 

A minor influence of the solvent mixture on the the intrinsic viscosity and on the 
total -on coefficient was observed, the values of these parameters are a 

consequence of the independence of the excluded volume effect in this ternary 
system on the thermodynamic quality of the solvent mixture. 
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