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ABSTRACT 

A method to determine most ester substituents in cellulose esters has been developed. The cellulose ester is first dissolved in dimethyl 
sulfoxide. The esters are rapidly hydrolyzed at room temperature by adding a mixture of methanol and sodium hydroxide. Acids in the 
resulting sample can be determined by gas chromatography, ion chromatography or capillary zone electrophoresis. Capillary zone 
electrophoresis provides a nearly universal way to determine the hydrolyzed acids and it is the preferred method. 

INTRODUCTION 

Cellulose esters are an important class of poly- 
mers used for the manufacture of fibers, films, plas- 
tics, paints and drug delivery systems. The proper- 
ties of the polymer depend on the degree of sub- 
stitution of the cellulose hydroxyls as well as the 
properties of the ester substituents. There are nu- 
merous methods to determine the degree of sub- 
stitution. Most of these methods are specific to one 
type of ester [l]. For example, phthalate is deter- 
mined in cellulose acetate phthalate by titration [2]. 
Acetate in cellulose acetate is determined by a sa- 
ponification procedure [3]. A method applicable to 
all, or at least most, cellulose esters and mixed esters 
would be desirable. 

A reagent was recently described that is partic- 
ularly effective for the hydrolysis of esters for ana- 
lytical purposes [4]. It consists of a mixture of a 
polar aprotic solvent, methanol and a strong base, 
for example sodium hydroxide. It can hydrolyze es- 
ters at extraordinary rates. For example, solid poly- 
esters are routinely hydrolyzed in min. A major 
component of this reagent can be dimethyl sulfox- 
ide (DMSO). DMSO is a solvent for most cellulose 
esters. A possible analytical scheme employing this 
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reagent would involve dissolving the cellulose ester 
in DMSO followed by addition of base in methanol. 
Since the cellulose ester is in solution, the esters 
would be expected to hydrolyze very rapidly. The 
hydrolyzed acids could then be analyzed by various 
chromatographic procedures. This scheme was in- 
vestigated for the analysis of some commercial cel- 
lulose esters. Several approaches for determining 
the acids in the hydrolysis mixture were investigat- 
ed. Capillary zone electrophoresis (CZE) was the 
most versatile approach. 

EXPERIMENTAL 

Sample preparation 
Approximately 0.1 g of cellulose ester was placed 

in a 50-ml culture tube. An 8-ml volume (4 ml for 
GC analysis) of dry DMSO (Burdick & Jackson) 
were added to the tube. The tube was capped and 
the contents mixed to dissolve the ester. After the 
ester dissolved, 2 ml (1 ml for GC analysis) of 5 M 
sodium hydroxide in dry methanol (Burdick & 
Jackson) was added. During addition, the contents 
were swirled on a vortex mixer at medium speed. 
After the addition, the tube was capped and mixed 
at high speed for 2 min. After mixing, 15 ml of wa- 
ter (20 ml for GC analysis) was added and the tube 
capped. The contents were swirled at high speed for 
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TABLE I 
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WEIGHT % SUBSTITUENTS IN VARIOUS CELLULOSE ESTERS 

CAB-38 I-20 

CAP-482-0.5 

CAB-500-5 

Cellulose 
ester 

Method Substituent (%, w/w) 

Acetyl Propionyl Butryl Succinyl 

CAB-171-15s GC 28.7 18.3 
NMRb 28.1 19.1 
GC 31.3 19.6 
ICY 30.0 19.3 
CZE’ 29.4 19.1 

GC 
NMRb 
GC 
1c* 
CZE’ 

GC 
NMR” 
GC 
I@ 
CZE’ 

13.6 
12.9 
16.4 
15.1 
13.8 

1.3 
0.7 

36.8 
38.2 
38.3 
37.5 
37.5 

1.3 
1.6 

3.3 
2.8 
3.7 
3.7 
4.2 

1.9 

44.6 
45.8 
42.0 
43.0 
45.8 

GC” 
NMR* 
GC’ 
ICd 
CZE’ 

50.9 
53.4 
51.6 
52.5 
49.5 

CABSU 160 GC” 
ICd 
CZE’ 1.9 

40.8 10.5’ 
10.1 

40.7 9.8 

a Internal method. Sample is hydrolyzed in pyridine-methanol-KOH and hydrolyzed acids determined by GC. 
b Internal method. Substituents determined by integration of proton NMR spectrum. 
c Hydrolysis as described in Experimental section. Acid determination by GC. 
d Hydrolysis as described in Experimental section. Acid determination by ion chromatography. 
’ Hydrolysis as described in Experimental section. Acid determination by CZE. 
/ Determined by titration with base. 

drolysis. Reflux times are typically 30 min or more 
and sample sizes are large. The proposed hydrolysis 
is nearly instantaneous and it can be done in a test 
tube. We have performed the analysis on as little as 
one milligram of material. 
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