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Introduction 
 Films are one of the most popular dosage forms that are used in many routes of drug administration 
due to the many advantages such as flexibility, softness, small size, and accurate drug dosing. An important 
factor in film formulation for drug delivery systems is the selected film-forming agent. Semi-synthetic polymers 
such as cellulose derivatives have been used widely in many fields of pharmaceutical applications, particularly 
hydroxypropyl methylcellulose (HPMC). HPMC is a superior film-forming agent and initiates rapid swelling due 
to its high water absorbing ability.(1) The molecular structure of HPMC consists of methoxy (-OCH3) and 
hydroxypropoxy groups (-OCH2CH (OH)CH3).(2) However, when HPMC is used for film-forming, it cracks and 
becomes brittle during handling and storage.(3) To reduce or eradicate these problems, plasticizers are a 
choice to use for improving physical and mechanical properties of films.(4) Glycerol and polyethylene glycol 
(PEG) are mainly used as plasticizers during the film-forming process.(5) They can increase the mobility of 
polymer structure chains and diminish intermolecular forces resulting in increased flexibility and workability of 
the polymer films.(4, 6) The molecular structure, size, number of oxygen atoms, and ability to bind water 
influences the effects of plasticizers on the physical and mechanical properties of polymer films.(3) Hence, 
different types of plasticizers lead to altered morphological and physicochemical characteristics of polymer 
films.  

The objective of this study was to examine the morphological and physicochemical characteristics of 
HPMC films using different types of plasticizers (glycerol, PEG 200 and PEG 400). The characteristics of 
HPMC films with respect to thermal properties, physicochemical properties, and film morphology were 
investigated. 

Methods 

Preparation of HPMC films 

HPMC (K15M) films were prepared by solvent casting technique.(1) Briefly, HPMC solution (1.0% w/v) 
was prepared by dissolving HPMC powder in distilled water with constant stirring until a clear solution was 
obtained. Then, 2 g of PEG 200 (Film-PEG200) was added to the HPMC solution and mixed until the mixture 
was homogeneous. The mixture solution was poured onto a glass plate and dried at 50οC for 10 h in a hot air 
oven. Dried films were peeled off and kept in a vacuum desiccator prior to use in experiments. Film-Gly, Film-
PEG400, and Film-mix containing glycerol, PEG400, and a mixture of each plasticizer in equal ratios, 
respectively, were prepared as described above. Film-HPMC without plasticizer was prepared and used as a 
control to investigate various properties of the films. 

Differential scanning calorimetry 

 Differential scanning calorimetry (DSC) thermograms of HPMC films were examined by using a DSC 
(DSC 7, Perkin-Elmer, USA). Two to five mg of sample was accurately weighed onto a solid aluminum pan, 
and sealed. The measurement was performed between 25 and 250°C under the purging of nitrogen gas at a 
heating rate of 10°C/min. 
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Fourier Transform Infrared (FTIR) Spectroscopy  

FTIR spectra of HPMC films were investigated with a FTIR spectrophotometer (Nicolet, Magna 750, 
U.S.A.) using the KBr disc method. Each film was pulverized, blended with KBr powder, and then compressed 
using a hydraulic press at a pressure of 5 ton. The sample disc was placed in the sample holder and scanned 
from 4000 to 400 cm−1 at a resolution of 4 cm−1. 

X-Ray Powder Diffractometry   

X-Ray powder diffraction (XRD) patterns of the films were measured on a MiniFlex II (Rigaku, Japan) 
at 30 kV and 15 mA. The relative intensities were studied within the range of 5–40° 2θ using a CuKα radiation 
wavelength of 1.5406 Å. 

Scanning Electron Microscope (SEM) 

 The morphological examination of HPMC films was carried out by SEM (model JSM-5410LV, Jeol, 
Japan) with an accelerating voltage of 10 keV. The samples were mounted on metal stubs with double-sided 
adhesive tape and coated with a fine gold layer under vacuum before obtaining the micrographs. 

 
 

 
 
 

Results and discussion 
 
 DSC thermograms of HPMC films with and without plasticizers are shown in Fig.1. The endothermic 

peaks of all films were displayed between 40-130C attributed to the removal of water from the HPMC films.(7) 

The Film-Gly showed endothermic peaks between 160 to 190C, suggesting that glycerol is incorporated into 
HPMC films when used as a plasticizer.(8) However, no other endothermic or exothermic peaks were shown in 
HPMC films that used PEG as a plasticizer, perhaps since the decomposition temperatures of PEG are higher 
than the testing temperature.(9) To confirm the incorporation of plasticizers in HPMC films, FTIR and XRD 
techniques were used in this experiment. The FTIR spectra of HPMC films with and without plasticizers are 
shown in Fig. 2. HPMC film spectrum in Fig. 2A shows characteristic peaks at 3460 cm−1, 2931 cm−1, 1455 
cm−1, and 1066 cm−1 attributed to –OH stretching vibrations, –CH stretching, –CH3 asymmetric bending 
vibrations, and –CO stretching vibrations, respectively.(1) The spectrum of HPMC films with plasticizers shown 
in Fig. 2B-E did not appear to differ significantly. However, the peak at 3460 cm−1 was broadened in HPMC 
films with plasticizers, implying that a hydrogen bond between HPMC and plasticizers had formed.(1) The XRD 
patterns of HPMC films with and without plasticizers are shown in Fig. 3. All patterns displayed an amorphous 
structure. The HPMC film without plasticizers showed a characteristic diffraction peak at 2θ= 10.9 and 20.8°, 
as shown in Fig. 3A. The intensity peak at 20.8° of HPMC films with plasticizers was enhanced, suggesting an 
increase in the crystallinity of films due to the addition of plasticizers and implying that the hydrogen bonds 
formed between HPMC and plasticizers,(1) as shown in Fig. 3B-E. In addition, the intensity bands of HPMC 
films using PEG were higher than glycerol, indicating that PEG caused an increase in crystallinity that was 
increased compared to glycerol, and this result was in accordance with previous studies.(7, 9) SEM images 
were used to study the surface morphology of HPMC films with and without plasticizers, as shown in Fig. 4. 
No marked differences were observed in these films. They displayed relatively smooth and homogeneous 
surface morphologies indicating good film-forming. However, some SEM images showed lines on the film 
surface, which was probably be due to physical wrinkled within the film. Therefore, it could be concluded that 
plasticizers homogeneously incorporated with HPMC films making the films soft and flexible, and decreasing 
brittleness.  

 

 
Figure 1 DSC thermograms of Film-HPMC (A), Film-Gly (B), Film-PEG200 (C), Film-PEG400 (D) and Film-MIX (E) 
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Figure 2 FT-IR spectra of Film-HPMC (A), Film-Gly (B), Film-PEG200 (C), Film-PEG400 (D) and Film-MIX (E) 

 

 

Figure 3 XRD patterns of Film-HPMC (A), Film-Gly (B), Film-PEG200 (C), Film-PEG400 (D) and Film-MIX (E) 

 

 
Figure 4 SEM images of Film-HPMC (A), Film-Gly (B), Film-PEG200 (C), Film-PEG400 (D) and Film-MIX (E) 
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Conclusion 

 Different plasticizers such as glycerol and PEG were used in this study to examine the effects on the 
physicochemical and morphological properties of HPMC films. The endothermic peaks of all films were 

displayed between 40-130C, due to the removal of moisture from the HPMC films. FTIR and XRD were used 
to confirm the incorporation of plasticizers into HPMC films and interactions between them. No significant 
difference occurred in the spectra of HPMC film with plasticizers. However, the peak at 3460 cm−1 of HPMC 
films was broadened in HPMC films with plasticizers, indicating that the formation of a hydrogen bond 
between HPMC and plasticizers had occurred. The XRD patterns of HPMC films without plasticizers showed 
characteristic peaks at 2θ= 10.9 and 20.8. The characteristic peak at 20.8° in the HPMC film with plasticizers 
was increased, suggesting an increase in the crystallinity of films due to the addition of plasticizers and 
implying that hydrogen bonds formed between HPMC and plasticizers. SEM images were used to study 
surface morphology and no marked differences were observed between these films. They displayed relatively 
smooth and homogeneous surface morphologies indicating good film-forming. In summary, these finding will 
be useful for selecting plasticizers to develop polymer films applied for various routes of drug administration. 
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