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The Laser Raman Spectrum of 
Poly(ethy1ene Glycol Dimethacrylate) 

M. B. MORAN and G. C. MARTIN 

Department of Chemical Engineering and Materials Science 
Syracuse University 
Syracuse, New York 13210 

A B S T R A C T  

The laser Raman spectrum of poly(ethy1ene glycol dimeth- 
acrylate) (PEGDMA) with depolarization data is presented. 
Qualitative vibrational assignments of the observed bands a r e  
proposed using the empirical method of characteristic group 
frequencies. 

I N T R O D U C T I O N  

The laser Raman spectrum of poly(ethy1ene glycol dimethacry- 
late) (PEGDMA) with depolarization results i s  reported. The 
vibrational assignments were accomplished by using characteristic 
group frequencies and by comparison with the infrared and Raman 
spectra of other methacrylates such as poly(methy1 methacrylate) 
(PMMA) [ 13 and other es te rs  [ 2-41. 

The laser  spectrum of PEGDMA is  shown in Fig. 1. The bands 
of the infrared [ 51 and the Raman spectra of PEGDMA are listed in 
Table 1 with the relative intensities and the perpendicular depolari- 
zation ratios ( p i )  of the Raman bands. The intensity distribution in 
the two types of spectra differ in that the most prominent bands in 
one spectrum are almost invariably weak in the other. Analysis 
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of the PEGDMA spectrum and a comparison to a similar analysis for 
PMMA [ 11 suggests that this occurs because the asymmetric stretch- 
ing modes of the e s t e r  group are strong in the infrared and weak in 
the Raman spectra while the converse is  true for the corresponding 
symmetric stretching modes. Bands which are attributed primarily 
to C-C stretching and deformation of .the polymer backbone a r e  
medium-to-weak in intensity in both the infrared and the Raman 
spectra. 

E X P E R I M E N T A L  

Polymer samples in the form of flat sheets were obtained by the 
photopolymerization of ethylene glycol dimethacrylate (EGDMA) with 
benzoin (0.1 wt%) as a photoinitiator. The polymerization was con- 
ducted by exposing the mixture to ultraviolet radiation (365 nm) for 
48 h. Unreacted monomer (less than 0.5% of the polymer sheet) was 
removed by heating the polymer in a vacuum oven. 

The Raman spectra were obtained by excitation of the polymer 
sample with a Spectra Physics 166 argon-ion laser. Frequency 
scanning was done by a Spex 1401 double monochromator equipped 
with a photon counting detection system consisting of a RCA 31035 
photomultiplier tube in connection with a Princeton Applied Research 
Corp. Model 1112 photon counter/processor and a Model 1120 ampli- 
fier/discriminator. The laser was operated a t  514.5 nm with approxi- 
mately 200 mW of power a t  the sample. In all cases the sl i t  width 
was 200 pm and the scanning rate was 1 cm-'/s with a time 
constant of 2 s. All spectra were calibrated against a spectrum of 
CClr for  wavenumber accuracy. 

Clear pellet transmissions were obtained with a focused laser 
beam. No fluorescence o r  thermal degradation was observed for  
these measurements; therefore, no sample preparation was neces- 
sary. 

the use of a quartz wedge polarization scrambler fitted on the 
entrance sli t  of the monochromator. The two components of polari- 
zation were separated with a Polaroid plate in the collimation light 
space of the input optics. 

The relative band intensities were measured a s  band a reas  by the 
use of a Keuffel & Esse r  Model 620005 Compensating Polar Planimeter. 

The perpendicular depolarization ratios (pi ) were measured by 

R E S U L T S  AND DISCUSSION 

C-H D e f o r m a t i o n s  i n  t h e  1500 t o  1300 c m - '  R e g i o n  

The Ra;man spectrum for PEGDMA has a strong feature a t  A u  = 
1451 cm- (depolarized) and weaker bands at Av = 1407 and 1380 cm-'  
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616 MOWN AND MARTIN 

The weak Raman band a t  A u = 1407 cm-' has an equivalent infra- 
red band a t  1404 cm-' . This suggests its assignment to a CH2 
wagging or  twisting mode while the Raman band at  Av = 1451 cm- '  
is equivalent to the 1449 cm-' infrared band and has been assigned 
as the asymmetric deformation 6, (Q-CH~). This is in the frequency 
range of 1470 to 1444 cm" assigned by Sheppard and Simpson [ 61 as 
typical for  deformations of an isolated methyl group on a carbon 
skeleton. 

The infrared spectrum of PMMA has bands occurring at  1438 and 
1388 cm-'which have no equivalent in the Raman spectrum of PMMA. 
These were assigned by Nagai [ 71 a s  the symmetric deformation 
6 (O-CH3) and 6 (a-CH3), respectively. It was suggested by Jones 
[ 81 that the absence of these bands in the Raman spectrum confirms 
this assignment since the symmetrical methyl deformation mode is  
usually missing or very weak in the Raman spectra of unsaturated 
hydrocarbons. In PEGDMA, there is a Raman band at  A u  = 1380 cm" 
which can be assigned to the 6s  (C-H) of (r-(CH3). 

S S 

T h e  C a r b o x y l  G r o u p  

One or more very strong infrared adsorption bands between 1600 
and 1800 cm-' can be used to identify carboxyl compounds. These 
bands a re  somewhat less strong in the Raman effect and may appear 
a t  different positions from the infrared if more than one carboxyl 
group is present [ 91. The type of carboxyl present may be indicated 
by the position and contours of the C=O stretchjng bands, Aldehydes 
usually have weak infrared bands near 2700 cm- while s a p a t e d  
open chain ketones have bands between 1700 and 1725 cm- . Car-  
boxylic acids have strong, multiple infrared and Raman bands in the 
1600-1800 cm-'  region which tend to coincide in the two spectra but 
with different intensity patt5rns [ 91. In esters ,  one o r  two strong 
bands in the 1720-1800 cm- region and a pair of medium-to-strong 
bands, one at  1000-1100 cm-' and the other a t  1100-1300 cm-', 
appear. Tobin [ 91 indicated that the bands near 1700 cm-' and between 
1100-1300 cm-'  a r e  strong in the infrared spectrum and the band 
between 1000-1100 cm-' is strong in the Raman spectrum. Cornish 
and Davison [ 101 showed that the C=O frequencies of methyl e s t e r s  
a r e  higher than other es te rs  for even-numbered dicarboxylic es ters .  
All compounds with a saturatedlcarbon atom adjacent to the carboxyl 
group absorb a t  1720-1730 cm-  with the exception of methyl acetate 
which absorbs a t  a higher position. Davison and Bates [ 31 suggested 
that, whereas acrylates absorb at  1717 * 3 cm-', a- o r  /3-Methyl sub- 
stitution of the double band, as in crotonates and methyacrylates, 
lowers the frequency to 1708-1710 cm-' .  

With PMMA, Haverillak and Roman [ 111 assigned the strong pair  
of infrared bands( 1190 and 1150 cm-' ) as ester  bands and Willis [ 11 
assigned the corresponding Raman bands at  u, (C-), the asym- 
metric carboxyl stretch. In PEGDMA, s imilar  infrared bands a t  
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POLY(ETHYLENE GLYCOL DIMETHACRYLATE) 617 

1149 and 1186 cm-' are observed; the la t ter  band corresponds to  a 
Raman band at  A u = 1190 cm- I. 

The symmetrical stretch us (C-O-C), appearing as a strong, 
polarized band of PMMA at Au = 818 cm-' and at Au = 830 cm-'  in 
methyl methacrylate monomer [ 31, suggests that the Raman band 
occurring at  A u  = 816 cm'l  in PEGDMA is due to this mode. 

T h e  C = C  S t r e t c h i n g  B a n d  

Values for  the positions and intensities of the C=C stretching 
bands given by Dayison and Bates [ 31 for  acrylates are 16318 f 2 
and 1622 f 2 cm- and for  methacrylates as 1637 f 3 cm- . 
Further examples are presented by KatTitzky et  al. [ 23. Hence the 
polarized Raman band at  A u  = 1641 cm- for  PEGDMA and its  
corresponding infrared band at 1645 cm-' can be assigned to the 
C=C stretching mode. This Raman band i s  particularly significant 
since it can be related to  the efficiency of cross-linking in the poly- 
mer  network [ 121. 

O t h e r  B a n d s  i n  P E G D M A  

Bands occurrinq in the Raman spectrum of PEGDMA at  A u  = 
1042 and 1199 cm have been assigned to thel (C-C) skeletal mode. 
The corresponding infrared band a t  1042 cm- is observed. However, 
a very broad band due to the ( C 4 )  stretch occurs in the infrared 
spectrum between 1100-1200 cm- . Willis [ 11, by means of com- 
puter analysis, was able to resolve the 1300 to  1050 cm-' region 
for  PMMA into a series of Lorenzian bands. This revealed a band 
a t  1125 cm-' which was assigned as a skeletal mode, either a pure 

band for  
o r  a combination of CHJ (rock), CH2 (Tag), and . This suggests that the A u  = 1119 cm-  

PEGDMA is  also due to this mode. 
Nagai [ 71 and Haveriliak and Roman [ 113 have assigned the 1063 

cm-'  band of PMMA as a backbone mode. This indicates that the 
Raman band for  PEGDMA at A u  = 1042 cm- is also a backbone mode. 
Katritzky et  al. [ 21 proposed t p  assignment for  the 970 cm-'  infra- 
red band and the A u  = 967 cm- Raman band fo r  PMMA as the (a-CH3) 
rocking mode. This corresponds to the depolarized Raman band at 
Av = 962 cm-' and the 970 cm-' infrared band in PEGDMA. 
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