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Research Papers 

The in-situ chemical analysis of polymer film coatings using static 
secondary ion mass spectrometry (SSIMS) 
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The SSIMS (static secondary ion mass spectrometry) analysis of a range of cellulose ethers, esters md po~~metba~~late) 
copolymers used as fitm coating agents in the pharmace~t~&~ industry is described, Certain ions generated in the positive and/or 
negative SSIMS spectra appear to be characteristic of the particuiar polymer investigated, refiecting both the ~ome~c c~rn~s~tion 
of the backbone chain and in particular the side-group substituents that are present. As a result, it appears that SSIMS is capable of 
positively identifying different film coating polymers when cast as films. 

Introduction 

Film coating technology is well established as 
an integral part of solid dosage form manufacture. 
An understanding of the fundamental principles 
of film formation coupled with a knowledge of 
solid state interactions has solved specific coating 
problems and enabled guidelines for formulation 
and process development to be established (Rowe, 
1984). Standard techniques for the bulk analysis 
of polymers are inappropriate for the provision of 
in-situ surface chemical information. 

Over the last decade, a number of sophisticated 
surface analysis techniques have emerged, includ- 
ing static secondary ion mass spectroscopy 
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(SSIMS), which allow the in-situ solid-state chem- 
ical analysis of materials. In the SSIMS process, 
the polymer surface is bombarded with primary 
ions causing the spluttering of secondary ions 
from the uppermost 1 nm of the surface. These 
ions may be elemental or molecular and are de- 
tected using a mass spectrometer. SSIMS analyses 
have successfully been shown to provide detailed 
information from the positive and negative ion 
mass spectra of a range of the standard and bio- 
medical polymer surfaces which have been inter- 
preted using conventional mass spectrometry rules 
(Briggs, 1986; Hearn et al., 1987, 1989; Davies et 
al., 1989a, b). 

In this paper, we illustrate the potential of 
SSTMS for the chemical identification and analysis 
of both cellulose derivatives and metfiacrylate es- 
ter copolymers commonly employed in film coat- 
ing technology. 
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Materials and Methods TABLE 1 

Slruclure of methnctylate copolymers (Eudragit E and RS) 

All materials were used as received without 
further extraction or purification. Eudragit E and 
RS, and methacrylate copolymers, were supplied 
by Rohm-Pharma (Darmstadt, F.R.G.) and are 
listed in Table 1. 

The cellulose ethers were supplied as follows: 
ethylcellulose (EC) (Ethocel E grade) and hy- 
droxypropylmethylcellulose (HPMC) (Methocel 
E50 grade), Colorcon Ltd (Orpington, U.K.); hy- 
droxypropylcellulose (HPC) (Klucel E5), Hercules 
B.V. (Rijswijk, The Netherlands); HPMC acetate 
succinate (HPMCAS) and hydroxypropylmethyl- 
cellulose phthalate (HPMCP) (HP-55F), Shin-Etsu 
Ltd (Tokyo, Japan); and methylcellulose (MC) 
(Methocel A50), Dow Chemical Co. (MI, U.S.A.). 
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Fig. 1. Positive-ion SSIMS spectra for (a) Eudragit E and (b) RS. 



The polymers were studied as thin films, ap- 
prox. 5-10 pm in thickness, spin cast once from a 
1% solution in double-distilled methanol onto a 
clean aluminium substrate. Samples were analysed 
within 1 h of casting. 

The SSIMS spectra were obtained with a mod- 
ified Vacuum Generators SIMSLAB which has 
been described elsewhere (Brown and Vickerman, 
1984) using 2 keV argon atoms in a manner out- 
lined in detail previously (Brown and Vickerman, 
1986). The total dose for the acquisition of the 
individual SSIMS spectra fell within the accepted 
limits for SSIMS analysis of ‘undamaged’ polymer 
surfaces (Briggs and Heam, 1986). 

Results and Discussion 

For clarity, the methacrylate copolymers 
(Eudragit E and RS) and the cellulose ether SSIMS 
spectra will be discussed separately. 
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The positive and negative SSIMS spectra of 
Eudragit E and RS are shown in Figs 1 and 2, 
respectively. Previous studies (Wilding et al., 1990) 
have shown that the fragmentation patterns ob- 
served for these copolymers may be interpreted in 
terms of a general fragmentation model proposed 
by Heam and Briggs (1988) for the SSIMS analy- 
sis of poly(alkylmethacrylate) homopolymers. Di- 
agnostic ions for each monomer unit of the copo- 
lymer are assigned where possible after reference 
to the SSIMS spectra for the corresponding homo- 
polymer. 

In the case of Eudragit E (a copolymer of 
methyl [25%]-, butyl [25%]-, and dimethyl- 
aminoethyl [50%]-methacrylate), the positive ion 
spectrum in Fig. la shows a number of prominent 
even-mass ions, which are distinctive of the di- 
methylaminoethyl-methacrylate monomer unit. In 
particular, ions diagnostic of the side-chain are 
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Fig. 2. Negative-ion SSIMS spectra of {a) Eudragit E and (b) RS. 
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observed at 72, 58, 44 and 42 m/z formed by 
chain cleavage of the ester linkage and its subse- 
quent fragmentation: 

+CH,CH,N(CH,), +CH,N(CH,), 

72 m/z 58 m/z 

+N(CH,), N+ X 
44m/z . 

42 m/z 

The 69 M/Z ion is typical of all metha~~late 
copolymers corresponding to CH,C(=CH2)C+= 
0. At higher mass, a number of even-numbered 
cations are detected at 158/156 m/z which are 
assigned to the dimethylaminoethyl-methacrylate 
monomer unit and on the loss of the terminal 
-N(CH,),, the 113 m/z is formed, i.e. 

+CH\i /CH9 

C 
II 

/“\ 
HO OCH,CH,N(CH,), 

158 m/z 

II 

/“\/ 
HO OCH=CHN(CH,), 

156 m/z 

CH, CH, 
NC/ 

0’ ‘OCH CH’ 2 2 

113 m/z 

The negative ion spectrum in Fig. 2a displays a 
number of ions diagnostic of both the backbone 
and the alkyl side-chain species. The ions at 85 
and 55 m/z have been shown to be characteristic 

of the methacrylate backbone (Heam and Briggs, 
1988) and ions at 31 and 73/71 m/z arise from 
the methoxyl and butoxyl ions, respectively, and 
are formed by side-chain cleavage. 

No OR- anion was detected from the dimeth- 
ylaminoethyl-methacrylate monomer unit al- 
though nitrile ions, CN-, present at 26 m/z, con- 
firm the presence of a nitrogen-containing species 
within the polymer structure. 

The positive-ion SSIMS spectrum of Eudragit 
RS (a copolymer of methyl [50%&l- and trimethyl- 
ammonioethyl [O-l %]-methac~late and ethyl 
[49.9%]-acrylate) is dominated by the 172 m/z ion 
in the higher mass range. This is attributed to the 
molecular ion of the trimethylammonioethyl- 
methacrylate unit which, with the subsequent loss 
of the terminal -N(CH,),, forms the 113 m/z 
cation as observed for Eudragit E. 

CH, CH, 
\C/ 

0 OCH~CH*N+(CH~)~ 

172 m/t 

The 69 m/z ion again indicates the presence of 
methacrylate structures (Hearn and Briggs, 1988) 
and the 55 m/z ion may in part arise from the 
corresponding loss of oxygen from the acrylate 

monomer unit forming the ion, CH,=CHC+=O 
(Wilding et al., 1989a). 

The negative ion SSIMS spectrum in Fig. 2b is 
do~nated by ions arising from methyl-rnetha~~l~ 
ate and ethyl-acrylate monomer units. The 85 and 
55 m/z anions again indicate the presence of 
methacrylate units whilst the 71 and 69 m/z ions 
arise from acrylate backbone species. 

CH=CH, C=CH 

C 
oJ ‘o- $1 

0 o- 

71 m/z 69 m,/z 

Again, do~nant ions arise from the ester 
cleavage of the alkoxyl ions at 31 and 43/45 m/r 
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for the methyl-methacrylate and ethyl-acrylate 
units (but not for the nitrogen-containing trimeth- 

ylammonioethylmethacrylate side-chain). 
A number of the higher mass negative ions (87, 

107,109,111,127,139,141 and 185 m/z) are also 
observed in homopolymers of methyl methacrylate 
(MMA) and to a lesser extent ethyl acrylate (EA). 
In particular, the prominent 113 m/z probably 

arises from the ethyl-acrylate monomer unit as 
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Fig. 3. Positive-ion SSIMS spectrum of HPC. 
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Cellulose ethers 
For cellulose ethers, the low mass range (O-100 

m/z) is dominated by hydrocarbon fragments of 
the type C,,Hz. This is similar for all cellulose 
ethers examined. The exceptions are the base peaks 
attributable to ions formed from cellulose ether 
side-chain, e.g. the 59 m/z ion (+CH,CHOH- 
CH,), in HPC, at 15 and 45 m/z (Fig. 3) as (CH: 
and +CH,OCH,), respectively, for MC, and 45 
m/z (+CH,CH,OH) in EC. 

However, the negative ion spectra reveal many 
diagnostic peaks which may be ascribed to the 
substituted ether side-chain. The negative-ion 
SIMS spectra of MC, HPC and HPMC are shown 
in Fig. 4a-c, respectively. The intense peaks at 
m/z 12-14, 16, 17, 24-25 and 41 correspond to 
C-, CH-, CH;, O-, OH-, C;, C,H- and 
&HO-, respectively. In the MC spectrum (Fig. 
4a), an additional prominent peak is observed for 
the methoxyl ion CH,O- at 31 m/z. In Fig. 4b, 
there are a number of diagnostic fragments of the 
hydroxypropyl unit at 57, 73 and 75 m/z attribu- 
table to CH,=CO-- CH,, -OCH=COHCH, and 
-OCH,CHOHCH,, respectively. As one would 
expect all these ions are present in the HPMC 
negative-ion spectrum (Fig. 4~). 

Where the cellulose ether substitution is ex- 
tended to include acetate, succinate and phthalate 
groups as with HPMCP and HPMCAS, ions 
specific to these groups may also be detected. In 

IT.107 - 16 71 73 99 
@,) HPMCAS 

25 

(a) HPMCP 

Fig. 5. Negative-ion SSIMS spectra of (a) HPMCP and (b) 
HPMCAS. 

Fig. 5a, the negative-ion HPMCP spectrum, ions 
at 121 and 165 m/z are thought to be diagnostic 
of the phthalate substituent. Additionally, a char- 
acteristic 149 m/z ion in the corresponding posi- 
tive-ion spectrum (not shown) is known to be 
diagnostic of the phthalate species generally and 
corresponds to the stable phthalate anhydride ion, 
i.e. 

121 m/z 165 m/z 

II 
0 

149 m/z 

With reference to cellulose acetate SSIMS spectra, 
we are able to identify peaks attributable to the 
acetate substituent in HPMCAS. In the HPMCAS 
negative-ion SIMS spectrum (Fig. 5b), the major 
acetate peak is observed at 59 m/z. The ions at 99 
and 117 m/z are fragments of the succinate sub- 
stituent. Possible structures for these ions are pro- 
posed below: 

- OCCH,CH,COH 

99 m/z 117 m/z 

The ions specific to methoxyl and hydroxypro- 
poxyl substituent noted above are also observed in 
the HPMCP and HPMCAS negative spectra in 
Fig. 5. 

General Conclusions 

In this work, SSIMS has provided detailed 
chemical structural information from the surfaces 
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of film-coating polymers. The identification of the 
different monomer units within the Eudragit 
copolymers and also the substituents on single and 
multi-derivatised cellulose ethers demonstrates the 
power of the technique for the in-situ solid-state 
characterisation and identification of polymer 
films. 

The data presented in the SSIMS spectra are 
essentially qualitative. The influence of ‘matrix 
effects’ on relative ion yields within the mass 
spectrum prevents a quantitative analysis of the 
monomer composition in the Eudragit series or 
the level of substitution for the cellulose ether 
derivatives. However, it is clearly possible to iden- 
tify and distinguish between the different film 
coating polymers using the ‘fingerprint’ spectra 
obtained from SSIMS. A further advantage is the 
possible detection of low molecular weight excipi- 
ents within the polymer films by the presence of 
their molecular ion and/or diagnostic fragments, 
e.g. plasticizers (Wilding et al., 1989), drugs 
(Davies et al., 1988), lubricants (Davies et al., 
1987) and pigments. 
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