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Abstract The aim of our research was to investigate the

effect of the length of the polymer chain and the concen-

tration of triethyl citrate used as a plasticizer on the thermal

stability of the film structure in the case of two ethyl cel-

lulose films (EC 10 and EC 45) used for preparing MR

dosage forms. The influence of storage time was studied by

monitoring the changes in the thermoanalytical parameters

and by performing TG–MS examinations. It was found that

the decomposition of the plasticizer from the arising film

structure is retarded and a more homogeneous sample,

therefore a better film can be prepared from EC 45. Mass

spectrography performed as a coupled technique also

proved that the films stayed stable until approximately

200 �C. Based on the above results, the composition pre-

pared from EC 45 polymer with 5% triethyl citrate as

plasticizer is recommended for making MR dosage forms.
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Introduction

With the continuous development of biopharmacy and

technology, the possibility arose to make controlled-release

oral-modified release systems and thus to control the rate,

place, or duration of drug release. Accordingly, modified,

sustained, retarded, and periodic drug release can be

achieved, and one possible way to realize this is to use a

properly formed coat (pH-dependent dissolution, diffusion

film, etc.). These solutions require film coats to meet higher

expectations [1].

For this reason, it is indispensable to study the physico-

chemical and thermal behaviour of free films as part of the

preformulation studies for developing a film coat compo-

sition, which is particularly important for the investigation

of the stability of the preparations. Thermoanalysis is a

very well used method in the preformulation tests of solid

dosage forms [2–7].

There are some publications in literature on the ther-

moanalytical examination of free films or film-coated

preparations, e.g. on the study of Eudragit containing

polymethacrylate films [8–11], chitosan films [12], gelatin

and poly(vinyl alcohol) containing films [13], biodegrad-

able films [14–16] or cellulose-based films [9, 10, 17–19].

From amongst cellulose derivatives, EC is an ideal

polymer for coating modified release (MR) preparations,

yet few authors have studied its thermal properties in spite

of the fact that more up-to-date preparations to be admin-

istered once/twice a day are of outstanding importance in

choosing the therapy for reasons of patient compliance.

The aim of our experiments was to perform the prefor-

mulation tests of two EC film forming polymers with dif-

ferent chain lengths and different molecular weights

(Ethocel Standard Premium 10�, Ethocel Standard Pre-

mium 45�, Colorcon Ltd.), and to study the thermal

properties of the free films made from them. As polymer

does not dissolve in water only in an organic solvent, 96%

alcohol was used as a solvent. Polymers are best charac-

terized by the viscosity of their solutions, the viscosity of

Ethocel Standard Premium 10� and Ethocel Standard

Premium 45� is 9–11 and 41–49 cP, respectively.
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Viscosities are for 5% solutions measured at 25 �C in an

Ubbelohde viscosimeter, and the solvent is 80% toluene

and 20% alcohol [20]. We studied the effect of the length

of the polymer molecule and the plasticizer used on

important thermal properties such as, e.g. glass transition

temperature, mass loss due to decomposition or thermal

stability.

The polymer film has to form a uniform and continuous

coat on the surface of the core to be coated; therefore, it has

to have proper elasticity. In most of the cases films pre-

pared only from a film forming polymer are rigid and break

easily, so the use of plasticizers is indispensable to increase

the elasticity of the coat. The quantity and quality of

plasticizers can be checked with various physical–chemical

investigations.

It is especially important to know the effect of the

concentration of the plasticizer on the properties of the film

structure, e.g. minimal film forming temperature (MFT),

Tg [21] and the influence of storage time on the physical–

chemical properties so that the polymer film can form an

intact, properly elastic and uniform coat on the surface of

the core. Plasticizers have to be used to ensure the proper

elasticity of the coating. Plasticizers reduce the rigidity of

the film. The molecules of the plasticizer are built in

amongst the polymer chains, thereby preventing their

interaction. Therefore, the polymer chains may shift along

each other and the elasticity of the polymer film will

increase.

With the examination of free films, we aimed to inves-

tigate the effect exerted not only by the chain length of the

film forming polymer used and by the viscosity of its

solution but also by the concentration of the plasticizer

used on the thermal properties of the arising film structure

to find the composition necessary for making films with

optimal physical–chemical properties.

Materials

Ethyl cellulose is a water insoluble cellulose ether which is

prepared from cellulose, it is a partly O-ethylated cellulose,

its ethoxy content (–OC2H5) is between 44 and 51%. Two

different products of Colorcon Ltd. were used for the

experiments, namely, EC labelled Ethocel Standard Pre-

mium 10� and Ethocel Standard Premium 45� (Colorcon

Ltd, Dartford, England), which differed in the viscosity of

their solutions and also in the length of the polymer chains.

As polymer does not dissolve in water only in an organic

solvent, 96% alcohol was used as a solvent.

Plasticizers have the capacity to alter the physical

properties of a polymer film. Triethyl citrate, which was

used as a plasticizer (Ph. Eur.), is the ethyl ester of citric

acid, and it belongs in the group of organic esters.

Methods

Investigation of solutions

For the experiments, alcoholic solutions with 10% polymer

content were prepared without plasticizer and with 1–3–5%

triethyl citrate concentration. An MFT bar apparatus

(Rhopoint Instrumentation Ltd.) was applied to determine

the MFT and the film forming time of a 75-lm thick layer

of solution at different temperatures. We had already

worked out a method for determining film formation time

earlier [19]. Six parallel measurements were performed.

Preparation of free films

The solutions were sprayed on glass and Teflon surfaces

placed in a rotating vessel, the conditions of spraying are

presented in Table 1. The temperature of the drying air was

set according to the MFT values presented in Table 2.

During spraying, we continuously checked the temperature

of the drying air, which was controlled with a laser tem-

perature controller. The properties of the prepared free

films were determined after preparation (fresh) and also

after 2 and 4 weeks of storage (40 �C/50RH%) to monitor

changes.

Thermoanalytical measurements

The thermoanalytical examinations of the materials were

carried out with a Mettler Toledo DSC 821e and TG/DSC1

instrument. During the DSC measurements, the start tem-

perature was -40 �C, the end temperature was 300 �C and

the applied heating rate was 10 �C min-1. Argon atmo-

sphere was used, and nitrogen was used as drying gas.

10 ± 1 mg of sample was measured into aluminium pans

(40 ll). The data were calculated from the average of three

parallel measurements and were evaluated with STARe

Software.

For the TG measurements, the start temperature was

?25 �C, the end temperature was 400 �C, and the applied

heating rate was 10 �C min-1. Nitrogen atmosphere was

used. 10 ± 1 mg of sample was measured into aluminium

pans (100 ll). The data were calculated from the average

Table 1 Parameters of the preparation of free films

Parameter Value

Rotation rate of vessel 22/min

Rate of liquid feeding 5 ml/min

Pressure of spraying air 1.5 bar

Diameter of nozzle 0.8 mm

Temperature of drying air According to MFT
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of three parallel measurements and were evaluated with

STARe Software.

Mass spectrometric examinations

The stability examination of the films was supplemented

with gas analysis. The TG instrument was coupled to a

Thermo Star (Pfeiffer) quadruple mass spectrometer

(maximum 500 amu) for gas analysis. The measurements

were carried out in nitrogen atmosphere. Ions with various

mass numbers were determined with the SEM MID mea-

surement module of the Quadera software. The obtained

results were exported and then plotted in one coordinate

system with the TG curves using the Mettler Toledo Star

software.

Results and discussion

Before the preparation of free films, the minimum film

forming temperature of EC films of various compositions

were determined (see Table 2), so that the temperature of

the drying air during spraying could be set accordingly.

After the evaluation of the data shown in the table, it was

found that the use of plasticizer decreased the value of the

MFT in each case. The increase of triethyl citrate con-

centration decreased the MFT value proportionally to

concentration in the case of EC 10 films and according

to the minimum curve in the case of EC 45 films. The

possible physical–chemical structural changes in the

background of this phenomenon were already reported in

another article [22].

The condition of the formation of a proper film struc-

ture is to know the glass transition temperature of the

film forming polymer, which was determined with a DSC

instrument. Both the structure and the glass transition tem-

perature of the film are influenced greatly by the properties

and concentration of the plasticizers used, therefore their

role was studied.

The DSC curves of EC 10 fresh films containing various

quantities of triethyl citrate are shown in Fig. 1. The glass

transitions are indicated on the curve, and it is clear that the

Tg value decreases with the increase of the plasticizer

concentration.

The numerical data of glass transition are summarized in

Table 3. The data clearly reveal that the Tg value in fresh

films is not yet decreased by 1% of plasticizer but is def-

initely decreased by 3 and 5% of plasticizer.

Table 2 MFT values of EC 10 and EC 45 films

Concentration of plasticizers

0% 1% 3% 5%

EC 10 films MFT (�C) 26.1 20.7 20.3 17.7

EC 45 films MFT (�C) 24.4 13.1 16.8 18.8
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Fig. 1 DSC curves of EC 10

fresh films

Table 3 Changes in the Tg values of EC 10 fresh films as a function

of plasticizer concentration

Triethyl citrate concentration

0% 1% 3% 5%

Glass transition temperature

(Tg)/�C (SD)

126.4

(±2.22)

126.9

(±2.74)

118.6

(±7.89)

105.1

(±8.95)
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Figure 2 shows the DSC curves of EC 45 fresh films

containing various quantities of triethyl citrate. The

numerical data of glass transition are summarized in

Table 4. It is clear from the data that the Tg value in fresh

films is increased by 3% plasticizer, but is decreased by 5%

of plasticizer in the case of EC 45 films, which is again due

to structural changes.

The comparison of the glass transition temperature

values of the two film forming polymers shows that the

glass transition temperature of films prepared from the

shorter-chain EC 10 polymer is slightly lower than for

longer-chain EC 45 films. The reason for this is that in the

‘‘looser’’ structure transition can take place at a lower

temperature than in the ‘‘more compact’’ structure formed

by longer-chain polymers. The numerical data also show

that in fresh films containing plasticizer the Tg value could

be decreased by 3% plasticizer in the case of ‘‘looser’’ EC

10 films prepared from shorter-chain polymers, whilst 5%

plasticizer was needed for ‘‘stronger’’ EC 45 films made

from longer-chain polymers.

We also investigated whether the glass transition tem-

perature, which is the most typical feature of the film

structure, changed as a function of storage time for the free

films we prepared.
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Fig. 2 DSC curves of EC 45

fresh films

Table 4 Changes in the Tg values of EC 45 fresh films as a function

of plasticizer concentration

Triethyl citrate concentration

0% 1% 3% 5%

Glass transition

temperature (Tg)/�C

(SD)

133.4

(±0.56)

135.9

(±0.23)

141.5

(±0.43)

128.7

(±0.91)

Table 5 Changes in the Tg values of EC 10 and EC 45 films as a function of storage time

Triethyl citrate

concentration

Tg/�C

Storage time

Fresh 2 weeks 4 weeks

EC 10 films 0% (SD) 121.9 (±6.4) 126.9 (±1.58) 107.1 (±2.08)

5% (SD) 108.3 (±7.11) 104.2 (±6.16) 101.1 (±11.1)

EC 45 films 0% (SD) 131.9 (±1.16) 135.7 (±4.85) 132.7 (±1.47)

5% (SD) 127.5 (±0.74) 127.9 (±2.16) 128.5 (±0.16)

Table 6 Mass change of EC 10 and EC 45 films as a function of

plasticizer concentration

Triethyl citrate concentration

0% 1% 3% 5%

Mass decrease/% EC 10 films 1.12 8.94 21.23 30.16

EC 45 films 1.22 10.56 20.48 31.70

Table 7 Mass change of EC 10 and EC 45 films as a function of

plasticizer concentration after 4 weeks of storage

Triethyl citrate concentration

0% 1% 3% 5%

Mass decrease/% EC 10 films 2.59 1.16 21.00 27.03

EC 45 films 0.53 11.51 20.25 28.14
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The time course of the glass transition values is pre-

sented for the films without plasticizer and with the highest

concentration in the case of both film forming polymers

(see Table 5). The data show that EC 10 films underwent

greater change during storage and they were less stable

than EC 45 films, so EC 10 films are less suitable for

forming MR dosage forms.

The thermal stability values of the fresh films were

examined, and the results are summarized in Table 6. The

analysis of the TG curves (Fig. 3) revealed that the two

different film forming polymers are thermally stable, a

mass decrease of only 0.5 and 1.2% could be detected until

100 and 300 �C, respectively. The decomposition process

starts only later and a mass loss of about 10–20–30% can

be detected, depending on the concentration of the plasti-

cizer. There is practically no difference between the ther-

mal stabilities of the two polymers, so mass change

depends only on the plasticizer concentration.

The thermal behaviour of triethyl citrate and of films

containing 5% plasticizer is shown in Fig. 3. The TG

curves show that the decomposition of triethyl citrate starts

as early as over 120 �C and becomes more intensive over

200 �C, and the material is fully decomposed before

reaching 300 �C. The shape of the curves is a proof for

triethyl citrate probably being built in the structure of the

EC film, because its decomposition from the film starts

only later, at about 180–200 �C.

Similarly, the results of the MS examinations are shown

in Fig. 3, based on the analysis of the gases which evolve

from the EC 10 film. Carbon dioxide gas (m/z = 44) starts

to evolve at 200 �C and reaches its highest concentration at

260–270 �C.

The films were also examined after 4 weeks of storage

(see Table 7), and the results were practically the same as

those for the fresh film. The only exception was the EC 10

film containing 1% plasticizer, which is probably due to the

inhomogeneity of the sample.

As a summary of the thermal investigations, it can be

stated that the decomposition of the plasticizer from the

arising film structure is retarded, and the polymer molecule

itself stays stable until 300 �C. A more homogeneous

sample, therefore a better film can be prepared from EC 45,

but mass change depends basically on the material quality

of the plasticizer. Mass spectrography performed as a

coupled technique also proved that the films stayed stable

until approximately 200 �C.

Conclusions

It was found that the glass transition temperature of films

prepared from the shorter-chain EC 10 polymer with a

‘‘looser’’ structure is slightly lower than for longer-chain,

more ‘‘compact’’ EC 45 films. In fresh films containing

plasticizer, the Tg value could be decreased by 3% plasti-

cizer in the case of ‘‘looser’’ EC 10 films prepared from

shorter-chain polymers, while 5% plasticizer was needed

for ‘‘stronger’’ EC 45 films made from longer-chain poly-

mers. EC 45 films were more stable during storage. The

thermal stabilities of the two polymers are approximately

the same.

The thermal investigations revealed that the decompo-

sition of the plasticizer from the arising film structure is

retarded. A more homogeneous sample, therefore a film of

better quality (pore-free, properly elastic) can be prepared

from EC 45. Mass spectrography performed as a coupled

technique also proved that the films stayed stable until

approximately 200 �C. Based on the above results, the

composition prepared from EC 45 polymer with 5% tri-

ethyl citrate as plasticizer is recommended for making MR

coats.
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