
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

Infrared Quantitative Study of Acetylation of Microspheres of Polystyrene
X. N. Liua; E. Bayera; G. Xueb

a Institute of Organic Chemistry University of Tübingen, Tübingen, FRG b Department of Polymer
Science and Engineering, Nanjing University, Nanjing, P. R. China

To cite this Article Liu, X. N. , Bayer, E. and Xue, G.(1997) 'Infrared Quantitative Study of Acetylation of Microspheres of
Polystyrene', Spectroscopy Letters, 30: 2, 289 — 295
To link to this Article: DOI: 10.1080/00387019708006988
URL: http://dx.doi.org/10.1080/00387019708006988

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387019708006988
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SPECTROSCOPY LETTERS, 30(2), 289-295 (1997) 

INFRARED QUANTITATIVE STUDY OF ACETYLATION OF 

MICROSPHERES OF POLYSTYRENE 

keywords: Infrared spectroscopy, acetylation, polystyrene, quantitative 

study, microsphere 

X. N. Liu and E. Bayer 

Institute of Organic Chemistry, University of Tubingen, Auf der Morgenstelle 

18,72076 Tubingen (FRG) 

G. Xue * 
Department of Polymer Science and Engineering, Nanjing University, Nanjing, 

210093, P. R. China 

ABSTRACT 

Fourier transform infrared spectroscopy has been used to study 

quantitatively the acetylation of monodisperse polystyrene microspheres 
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with diameters ranging from 7 to 9pm. The CH2 stretching infrared 

vibration mode at 2921 cm-' was used as the internal intensity standard. 

The acetylation extent could be easily measured by comparing the 

relative intensities of the bands of acetyl group ( 1  678, 14 15, 1359 cm-') 

or the bands due to the para-substituted benzene ring to the band at 292 1 

cm-' from the calibration curve. 

Introduction 

Monodispers microspheres of polystyrene has been recently found 

important applications in microscopical analysis, biochemical 

technology, and biomedicals. I The acetylation of the polystyrene 

microspheres is another important step to functionize these spheres.2* 

However, the measurement of the acetylation extent has been difficult. 

In this letter we report a method of infrared quantitative measurement 

for the acetylation study of polystyrene. Calibration curves of the 

relative intensities of the acetyl bands to the 2921 cm-' which was used 

as the internal standard band have been prepared. By measuring the 

relative intensities for the unknown sample, an accurate acetylating 

extent could be easily read from these calibration curves. 
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EXPERIMENTAL 

29 1 

Polystyrene microspheres were prepared by dispersion 

polymerization. The diameters of these spheres, measured by the use of 

electron microscopy, were in the range of 7 to 9 pm. The polystyrene 

spheres were acetylated by acetyl chloride in the presence of ALCI, and 

C12CH2. The infrared spectra were recorded using a Perkin-Elmer 

Model 28 1B Fourier transform infrared spectrometer. 

Result and Discussion 

Figure 1 illustrates the infrared spectra recorded from the 

polystyrene (Figure lA), the 99.2 wt% acetylated polystyrene (Figure 

lC), and a polystyrene with unknown extent of acetylation. 

In Figure lC, the C=O stretching band at 1678 cm", the 

asymmetric and symmetric deformations at 1415 and 1359 cm-' are 

characteristic vibration modes for acetyl group. The band at 829 cm-', 

which is due to para-disubstituted phenyl ring, is very weak in the 

spectrum of Figure lA, but is strong in Figure 1C. While the band at 

760 cm-', which is due to the vibrational mode of 5 adjacent H wag for 

the mono-substituted phebyl ring, disappeared in Figure 1C. The 

spectral changes for Figure 1A and C indicated completely acetylation 

of polystyrene. 
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Figure 1: IR spectra of (A) polystyrene, (B) partially acetylated 

polystyrene, and (C) 99.2% acetylated polystyrene. 
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During acetylation, CH2 group is not supposed to undergo any 

reaction. So the intensity of IR band for CH2 stretching remains 

unchanged after acetylation. It is reasonable to use the band at 2921 

cm-I as the internal standard for intensity measurement. Figure 1B is a 

spectrum reecorded from partially acetylated polystyrene 

microspheres. The extent for acetylation is expected to be measured 

by infrared quantitative study. We shall demonstrate the measurement 

of the unknown acetylated sample of Figure 2B by the use of 

calibration curves in Figure 2. 

Four calibration curves are shown in Figure 2A, B, C, and D. They 

were prepared by plotting the relative intensities of IR bands versus the 

extent of acetylation by mixing the 99.2% acetylated polystyrene and 

pure polystyrene in the desired ratio. 

The relative intensities used for plotting the calibration curves of 

Figure 2A, B, C, and D are the intensity ratio of 1678, 1415, 1359, and 

829 cm-' bands over 292 1 cm-' band respectively. 

Observation of the spectral intensity of corresponding bands of 

Figure 1B and the calibration curves shown in Figure 2A, B, C, and D, 

one can easily found that the extent of acetylation of the unknown 
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Figure 2: Calibration cureve of relative intensity versus the extent of 

sample is 49?!0, 47%, und 47% respectively. We can see that the 

measured results for acetylation are quite coincide with each other, and 

that the calibration curve of Figure 2C or D seems more accurate for 

quantitative study. 
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