
INDOLES IN STRETCHED POLYETHYLENE 

AND POLYVINYL ALCOHOL FILMS 


A. Suwaiyan* 

Chemistry Department 

King Fahd University of Petroleum & Minerals 


Dhahran 31261, Saudi Arabia 


J~J ~, J~) ;,r..:J-u ~.r:l~ ~ J 4iu::"':'" ~ W-J JJJ.i~' 4:/l':"~ ~J r 
. TEM ~.,t rl~4 (..;~, J:t\l 

.~I J J.#' J:):' )~I ~~ ~ ~,y- JJJ.i~1 ~I ~I J~I J ~\zJ1 r::!'~ 
. ~I )~I .~I J 4:/l':".,:Jli J~I J:t\l J~ J l-t . .ll.1 

. J~I J:t\l J~ J ~J)~ ~I) :J$":'~ J}ll 1.lA cJ' r JlJ 

ABSTRACT 

The orientation of indole and five of its derivatives is described in two stretched 
polymer matrices: polyethylene (PE) and polyvinyl alcohol (PVA), using the TEM 
model. Results in PE show that indole is oriented with its long molecular axis in 
the direction of stretch. In PYA, short axis orientation is found. The difference is 
explained by a hydrogen bond formation in PV A . 
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INDOLES IN STRETCHED POLYETHYLENE AND POLYVINYL ALCOHOL FILMS 

INTRODUCTION 

The stretched polymer matrix technique has been 
used for some time to study the polarized spectra of 
solute molecules [1-4]. In this technique, solute 
molecules are dissolved in a polymer matrix which 
will then be stretched in a certain direction to orient 
the solute molecules. In addition to its spectroscopic 
applications, the orientation of these solute mole
cules in the polymer matrix and, in turn, the polymer 
solute interactions can be studied [5]. Two limiting 
cases are possible in this case [1]. First: the 
introduced molecules combine with the polymer by 
means of one or several active groups, e.g. covalent 
bonds or other fairly strong bonds. Secondly: the 
introduced molecules are included mechanically in 
the polymer matrix in the form of a solid solution. In 
this paper we present new studies on indole and five 
of its derivatives in two stretched polymer matrices. 
In order to examine the effect of substitution on the 
orientation of the indole molecules in polymer 
matrices, several methyl-substituted derivatives were 
studied where the methyl group is substituted at 
different positions in the ring. Two polymer mat
rices: polyethylene (PE) and polyvinyl alcohol 
(PVA), were used to study the effect of the matrix 
polarity. 

EXPERIMENTAL 

Materials 

Indole and 3-methylindole were of sigma grade 
and were further purified by vacuum sublimation. 
2-methylindole was recrystallized from petroleum 
ether. 3-propionic acid indole, 5-methylindole, and 
7-methylindole were of sigma grade and were used 
as received. Polyethylene (PE) sheets (0.18 mm 
thickness) were kindly supplied by ICI. PYA powder 
was purchased from Aldrich Chemical Co. 

Apparatus 

A Perkin- Elmer (356) double beam spec
trophotometer was used in this work. Polarization 
measurements were made with a 50 mm aperture, 
air-spaced, ultraviolet transmitting calcite, Glan
Taylor prism. 

Procedure 

To dissolve the indoles in PE, a piece of the film 

with a uniform rectangular shape was suspended in a 
concentrated chloroform solution for 2-3 days. The 
film was then washed with chloroform and dried in 
front of a cold stream of air from a hair dryer for 30 
minutes. In the case of PV A, the indole and PV A 
powder were codissolved in water (about 100/0 hot 
PYA solution). Water was then evaporated by 
transferring the solution onto a flat surface. The 
resulting (PV A) film had a thickness of about 
0.22 mm. The polymer films are stretched to 3 times 
the original length and two polarized spectra parallel 
E" (A) and perpendicular E1. (A) to the direction of 
stretch were obtained by rotating the polarizer. The 
spectra were corrected for the absorption by the film 
itself. The linear dichroism is given by 
LD(A) = E'I (A) - E1. (A), and the reduced dichroism 
by: LDr (A) = (Ell (A)- E1. (A»/(E" (A)+2E1. (A». 

RESULTS AND DISCUSSION 

The absorption spectra of these indoles in PE and 
PV A resemble those in n-hexane (a non-polar 
medium) and water (a polar medium), respectively. 
Figures 1 and 2 present the LD spectra in PE and the 
LDr (A). in PYA, respectively. In PE, the LD 
spectrum shows a clear resolution of the peaks. This 
is not the case in PYA so the LDr is chosen for this 
purpose. The Thulstrup, Eggers, and Michl (TEM) 
model [2, 6, 7] is used to interpret the results 
obtained. In the TEM model the dimensionless 
reduction parameters d" and d1. are obtained using 
the reduction procedure [2]. Linear combinations of 
the polarized absorption spectra E" (A) and E1. (A) 
such as E" (A)-d" E1. (A) and E1. (A)-d1.E" (A) are 
plotted as a function of the wavelength. By computer 
stepwise reduction of these functions, dll and d1. are 
determined such that some spectral feature would 
just disappear from the spectrum. In the case of the 
indoles studied in this work, d" is chosen so that the 
0-0 1Lb disappears and d 1. is chosen at the other 
end of the absorption band (at about 245 mm) 
where it is believed to have minimum 1Lb contribu
tion. The orientation parameters KJ and K2 are given 
by: Kl = 1I(2d1. +1), K2 = d,(d,,+2). 

Saupe orientation parameters [5] are given by: 
Szz = (3Kl-1)/2, Syy = (3K2-1)/2, and Sxx = Szz -SyY' 
The orienting power (O.P.) of a polymer [5] is given 
by: O.P. = ISzzl+ISyyl+ISxxl. 

The orientation parameters Szz and Syy and the 
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Figure 1. The LD spectra in PE. (1) Indole; 
(2) 2-Methylindole; (3) 3-Methylindole; 
(4) 5-Methylindole; (5) 7-Methylindole. 

orienting power (O.P.) in PE and PYA are pre
sented in Table 1. 3-propionic acid indole was used in 
PV A because the solubility of the 3-methylindole in 
PYA was very low (less than 0.001 mole/liter). The 
solubility of 3-propionic acid indole in PE is also very 
low. The a.p. is a measure of the degree of 
orientation of the solute molecules in the polymer 
matrix. The unsubstituted solute molecule will be 
oriented with a certain molecular axis parallel to the 
direction of stretch. If, upon substitution, the a.p. 
decreases then this means the orientation is becom
ing more effective in the perpendicular direction. 
When the a.p. increases upon substitution then this 
means that the orientation in the same direction is 
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Figure 2. The LDr spectra in PYA. (1) Indole; 
(2) 2-Methylindole; (3) 3-Propionic Acid Indole; 

(4) 5-Methylindole; (5) 7-Methylindole. 

enhanced. The orienting power in PE shows that 
maximum orientation is obtained in the case of the 
5-methylindole and minimum for the 7-methylindole 
with a gradual change. as the position of the 
substituent is moved. This is a clear indication that 
these indoles are oriented with the longest molecular 
axis in the direction of stretch. In contrast, the 
orienting power in PV A is maximum for the 
7-methylindole with the mmlmum for the 
2-methylindole; an indication for a short axis orienta
tion. The fact that indole is oriented with its longest 
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Table 1. Orientation Parameters and Orienting Power in PE and PVA 

PE PYA 
SOLUTE 

Szz Syy O.P. Szz Syy O.P. 

Indole 0.133 0.112 0.492 0.100 0.065 0.331 
2-Methylindole 0.196 0.032 0.455 0.115 0.020 0.269 

3-Methylindole 0.215 0.007 0.443 
3-Propionic acid indole 0.250 0.032 0.565 
5-Methylindole 0.228 0.130 0.717 0.152 0.020 0.344 
7 -Methylindole 0.091 0.064 0.310 0.449 0.017 0.899 

axis parallel to the direction of stretch is the normal 
behavior [8]. However, the result of short axis 
orientation in PV A is unexpected because solute 
molecules are usually oriented with their longest axis 
parallel to the direction of stretch. Our results which 
show anamolous orientation behavior of indole in 
PV A are in agreement with the findings of other 
research groups [9, 10]. 

The difference in behavior between the two 
polymers might be due to the existence of hydrogen 
bonding between the indoles and the PV A chains. 

This result shows very clearly that the shape of the 
solute molecule cannot be used alone to describe the 
orientation in different polymers. It also shows that 
the nature of the solvent polymer matrix plays an 
important role in determining the orientation of the 
solute molecules. Interactions between the polymer 
matrix and the solute molecules such as hydrogen 
bonding or the polymer chain conformation [5] might 
alter the orientation behavior from that otherwise 
expected. 
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