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T
he changes in microstructural parameters of edible polymer films of hydroxy-

propylmethylcellulose (HPMC) with plasticizers such as glycerol (GLY) and poly-

ethylene glycol (PEG) have been studied using wide angle X-ray scattering

(WAXS) data and line profile analysis (LPA).  Exponential function for the column length

distribution has been used for the determination of microstructural parameters. The

crystal imperfection parameters such as crystal size <N>, lattice strain %(g) and orien-

tational parameters have been computed and correlated with the amount of plasticiz-

ers. Comparison of orientational parameter with increase in plasticizers suggests that

there is increase in the orientation in HPMC films. The flexibility of the films is expect-

ed to increase due to decrease in the number of weak inter- and intramolecular hydro-

gen bonds with the addition of plasticizers. From these investigations it is also observed

that there is increase in unit cell volume with increase in the plasticizers in HPMC films

indicating greater stability of the blends which are essential in packing industry.

INTRODUCTION

Hydroxypropylmethylcellulose

(HPMC) is a polysaccharide, pre-

pared from cellulose, with methyl

and hydroxyl groups that render the

cellulose molecule hydrophobic

and hence it acquires surface-active

properties. HPMC is water soluble,

tasteless non-ionic derivative of

cellulose, which has been accepted

as food additives in Europe, inac-

tive apthalmic preparations, oral

capsules, suspension syrups, and

eye drops [1-3]. Polysaccharide

films have poor water vapour barri-

er properties because of their

hydrophilic characteristic, but

these hydrophilic polymers can

form strong chain-to-chain inter-
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action that provide a good barrier to O2 and CO2

[4,5]. A plasticizer molecule inserted into a polymer

matrix and polymer-polymer bonds in matrix are

replaced by weaker plasticizer-polymer bonds. The

resulting increase in intermolecular spacing and

weaker bonds allow the chains to slide when force is

applied to the films [6,7]. Therefore the film is more

flexible while the less dense structure is less resistant

to force. The various studies were conducted in order

to investigate correlation between hydration proper-

ties of HPMC and egg albumin (EA) matrices, gel

microstructure and mobility, crystalline changes

occurring in the gel and drug release [8].

HPMC, at room temperature, in solid phase is an

entangled polymer network, with pockets of 

crystalline and amorphous regions. These regions

play an important role in determining the physical

properties of HPMC. We would like to relate some of

these properties in terms of microstructural properties

of HPMC with plasticizers (GLY, PEG). For this 

purpose we have developed a line profile analysis to

quantify these crystalline regions using WAXS data

and the results are correlated with the properties of

HPMC. The reliability of the method used here has

been established in the recently concluded IUCr

round robin test [9].

EXPERIMENTAL

Materials and Methods

HPMC samples were supplied from Loba-Chem,

Mumbai, India. Glycerol AR and polyethylene glycol

200-AR grade were obtained from S.D. Fine-Chem,

Mumbai, India, and leveled glass plate (24 × 19 cm2)

was used for preparation of the films.

Kinetic Measurements

Five gram of HPMC was dissolved in 100 mL of dis-

tilled water and stirred continuously. After being com-

pletely dissolved, HPMC solution was passed through

60 mesh sieve to remove undissolved (dust) particles.

Then the solution was degassed to remove air bubbles

and then solution was  poured onto clean, dry and lev-

eled glass plate, which was kept inside the oven. The

temperature inside the chamber was maintained at 80

± 5ºC and dried for 1 h. Later the film was peeled off

from the glass plate and stored at room temperature

and different concentrations with different plasticizers

were used and various properties were studied.

X-Ray Diffraction Measurements

X-Ray powder pattern of HPMC samples were

recorded using Philips PW 1140 diffractometer of

Bragg-Brantoto Geometry (fine focus setting) with

germanium monochromatic radiation of CuKα
(λ = 0.15420 nm) for 2θ range 5-500 at intervals of

0.0030, employing a curved position sensitive detec-

tor (CPSD) in the transmission mode. Figure 1 shows

the XRD scans for all the samples. 

LINE PROFILE ANALYSIS THEORY

Microstructural parameters such as crystal size (<N>)

and lattice strain (%(g)) are usually determined by

employing Fourier method of Warren and Averbach

[10]. The intensity of a profile in the direction joining

the origin to the centre of the reflection can be

expanded in terms of Fourier cosine series;

(1)

where the coefficients of the harmonics, A(n), are

functions of the size of crystallite and the disorder of

the lattice. Here, s is sin (θ)/(λ), so being the value of

s at the peak of a profile, n is the harmonic order of

coefficient, and d is the lattice spacing. The Fourier

coefficients can be expressed as;

(2)

For a paracrystalline material, Ad(n) can be obtained

with Gaussian strain distribution [11],

(3)

Here, m is the order of the reflection and g = (Δd/d) is

the lattice strain. Normally one also defines mean

square strain <ε2>, which is given by g2/n. This mean

square strain is dependent on ‘n’, whereas not on ‘g’

[12,13]. For a probability distribution of column

lengths P(i), we have;

(4)
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where D = <N>dhkl is the crystallite size and ‘i’ is the

number of unit cells in a column. In the presence of

two orders of reflections from the same set of Bragg

planes, Warren [14] has shown a method of obtaining

the crystal size (<N>) and lattice strain (g in %). But

in polymer it is very rare to find multiple reflections.

So, to determine the finer details of microstructure,

we approximate the size profile by simple analytical

function for P(i) by considering exponential func-

tions. Another advantage of this method is that the

distribution function differs along different direc-

tions. Whereas, a single size distribution function that

is used for the whole pattern fitting, which we feel,

may be inadequate to describe polymer diffraction

patterns [13,15]. Here it is emphasized that the

Fourier method of profile analysis (single order

method used here) is quite reliable one as per the

recent survey and results of round robin test 

conducted by IUCr [9]. In fact, for refinement, we

have also considered the effect of background by

introducing a parameter, for which ref 16 gives all the

details on the effect of background on the microcrys-

talline parameters.

Exponential Distribution

It is assumed that there are no columns containing

fewer than p unit cells and those with more decay

exponentially. Thus, we have [17]:

(5)

where, α =1/ (N - p). Substituting this in eqn (4), we

obtain;

(6)

Here, α is the width of the distribution function, ‘i’ is

the number of unit cells in a column, n is the harmon-

ic number,  p is the smallest number of unit cells in a

column, and <N> is the number of unit cells counted

in a direction perpendicular to the (hkl) Bragg plane.

The procedure adopted for the computation of the

parameters is as follows. Initial values of g and N

were obtained using the method of Nandi et al. [18].

With these values in the equations the corresponding

values for the width of distribution are obtained.

These are only rough estimates, so the refinement

procedure must be sufficiently robust to start with

such values. Here we compute; 

(7)

where, BG represents the error in the background

estimation, npt is number of data points in a profile,

Ical is intensity calculated using eqns (1) to (6) and

Iexp is the experimental intensity.  The values of Δ
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Figure 1. XRD scans of HPMC polymer samples with plasticizers. (a) HPMC, (b) 17% PEG in HPMC, (c) 37.5% PEG in HPMC,

(d) 45% PEG in HPMC, (e) 17% GLY in HPMC, (f) 28.6% GLY in HPMC, (g) 37.5% GLY in HPMC, and (h) 45% GLY in HPMC.
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were divided by half the maximum value of intensity

so that it is expressed relative to the mean value of

intensities, which are then minimized.

Computation of Microstructural Parameters

For the analysis, we have used X-ray diffraction data

in the above equations to simulate the intensity profile

by varying the necessary parameters until one obtains

a good fit with the experimental profile. For this pur-

pose, a multidimensional algorithm SIMPLEX is used

for minimization [19]. We have used pure and plasti-

cizers added HPMC polymer samples. The computed

crystal imperfection parameters with reported physi-

cal parameters are given in Table 1 for exponential

distribution function for each of the samples.

Orientation and Lateral Strain

Orientation of the HPMC crystallites was monitored

using the azimuthal width ‘w’ of equatorial d1 peak

[20]. ‘w’ is related to the commonly used full-width at

half-maximum by:

(8)

εlat is the lateral strain of HPMC defined as:

(9)

where d1 and d1´ are unstressed and stressed d1-

spacing, respectively [21].

RESULTS AND DISCUSSION

Figures 2a-2h show the credibility of the fit between

simulated and experimental profiles of HPMC with

and without plasticizers. Computed microstructural

parameters are given in Table 1. It is evident from

Figure 2 that there is a good agreement between sim-

ulated and experimental profiles with standard devia-

tion being less than 5%. With addition of PEG and

GLY in HPMC films we observe that the crystallite
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Samples 2θ (º) g (%) α N Δ w d1/d2 εlat

HPMC 20.74 1.0 ± 0.02 0.78 ± 0.00 4.30 ± 0.11 0.026 1.41 1.79 0.443

17% PEG in 

HPMC

07.76

11.78

20.60

1.2 ± 0.05

1.2 ± 0.06

1.0 ± 0.02

1.36 ± 0.05

2.61 ± 0.13

0.84 ± 0.02

2.99 ± 0.12

2.10 ± 0.10

4.15 ± 0.10

0.041

0.050

0.025

0.97

1.45

1.71

2.55 0.437

37.5% PEG in 

HPMC

08.05

11.53

20.56

1.0 ± 0.04

1.0 ± 0.05

1.0 ± 0.02

1.09 ± 0.04

2.32 ± 0.06

0.99 ± 0.02

3.90 ± 0.14

2.18 ± 0.05

3.96 ± 0.09

0.036

0.026

0.023

0.68

1.33

2.41

2.58 0.450

45% PEG in 

HPMC
20.34 0.2 ± 0.00 0.83 ± 0.02 5.26 ± 0.11 0.022 1.65 1.98 0.101

17% GLY in 

HPMC
20.32 0.2 ± 0.00 0.67 ± 0.01 4.40 ± 0.12 0.028 1.63 1.65 0.066

28.6% GLY in 

HPMC
20.50 1.2 ± 0.03 0.90 ± 0.02 4.40  ± 0.10 0.024 1.38 1.72 0.032

37.5% GLY in 

HPMC

08.04

20.03

1.0 ± 0.03

0.6 ± 0.01

1.62 ± 0.05

0.92 ± 0.02

2.45 ± 0.08

3.84 ± 0.09

0.033

0.024

0.79

2.70
2.59 0.494

45% GLY in 

HPMC

07.65

20.00

0.8 ± 0.03

0.2 ± 0.00

1.26 ± 0.05

1.04 ± 0.02

2.25 ± 0.10

3.86 ± 0.08

0.044

0.022

0.67

2.16
2.64 0.517

Table 1. Microstructural parameters of HPMC with plasticizers (polyethylene glycol and glycerine) by

using exponential distribution function.
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size decreases. This indicates that the polymers net-

works presented in HPMC have reasonably higher

crystallite size and shape which change with addition

of plasticizers. HPMC without the presence of plasti-

cizers is brittle in nature because of the presence of

weak inter- and intramolecular hydrogen bonds. With

the addition of plasticizers, the crystallite size is

decreased. This implies essentially that there is a

decrease in the number of weak hydrogen bonds.

Indexing the observed reflections is difficult because

of the limited number of reflections. Under these cir-

cumstances, we thought that a comparison of d1 and

d2, the lattice spacings of the first two reflections,

which are commonly indexed as 110+200 and

200+310, respectively will give appropriate informa-

tion on the changes in the unit cell. These values of

the ratio d1 and d2 are given in Table 1. It is evident

from Table 1 that d1/d2 increases with the addition of

plasticizers, which essentially indicates that the unit

cell volume also increases. Beyond 37.5% this

decrease shows that there is a critical value associated

with d1/d2 which is due to the critical number of for-

mation of weak hydrogen bonds. However, the pres-

ence of a maximum in the values of d1/d2 was not

observed in the case of GLY plasticizer. Further a

comparison of full width at half maximum (FWHM)

computed from the well separated Bragg reflections

using peak-fit method which is related to orientation-

al parameter; do suggest that there is an increase in the

orientation of the films with plasticizers in both cases.

In the case of PEG plasticizer, there is a marked max-

imum value at 36% beyond which the orientation

decreases. It is to be emphasized that these two

aspects which are totally independent wherein in one

case we look at the peak position and in another we

look at the width of the profile. In this sense, two

independent approaches have given a similar result. It

is also observed that with addition of plasticizers,

there is an inducement of the lateral strains in the sam-

ple and we have quantified this by calculating  εlat

given by eqn (9) using X-ray lattice spacing. An

induced strain (εlat) also increases with increase in

plasticizers. All these results justify the fact that with

the addition of plasticizers, there is an increase in the

amount of flexibility property of the HPMC films

[22].

CONCLUSION

We have synthesized films of HPMC with addition of

plasticizers like PEG and GEL using simple methods.
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Figure 2. Experimental and simulated intensity profiles of X-ray reflection of HPMC polymer samples with plasticizers

obtained with exponential column length distribution function. (a) HPMC, (b) 17% PEG in HPMC, (c) 37.5% PEG in HPMC,

(d) 45% PEG in HPMC, (e) 17% GLY in HPMC, (f) 28.6% GLY in HPMC, (g) 37.5% GLY in HPMC, and (h) 45% GLY in HPMC.

 



Further, we have quantified some of the changes in

microcrystalline parameters, unit cell parameters, 

orientational parameters and induced lattice strains in

these samples.  These results indicate that with addi-

tion of plasticizers, there is a decrease in the number

of weak inter- and intramolecular hydrogen bonds and

hence an increase in the flexibility of the films which

is essential in packing, coating and food industry.

These changes in number of hydrogen bonds can be

correlated by neutron scattering studies and IR

recordings. 
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