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ABSTRACT 
A s i m p l e  and e a s y  t o  assemble a p p a r a t u s  for  t h e  d e t e r m i n a t i o n  of 
expansion of m e t h y l c e l l u l o s e  f i l m s  is d e s c r i b e d .  The t e c h n i q u e  
involved e s s e n t i a l l y  t he  p r o j e c t i o n  of t h e  image of the f i l m  on to  

a s c r e e n  and  t h e  m e a s u r e m e n t  of t h e  e x p a n s i o n  of t h e  f i l m  w i t h  

time. From s t a t i s t i c a l  a n a l y s e s  of t h e  data o b t a i n e d  f o r  f i l m  

e x p a n s i o n ,  t h e  method was f o u n d  t o  be  re l iab le .  The s i z e ,  s h a p e  
and amount o f  m e t h y l c e l l u l o s e / a r e a  of f i l m  were cons idered  i n  t h e  

assessment  of the technique. 

INTRODUCTION 

C e l l u l o s e  d e r i v a t i v e s  are used either a l o n e  or in Combinat1011 wi th  

o t h e r  p o l y m e r i c  s u b s t a n c e s  as c o a t i n g  materials (1 -3 )  a n d  as 

b i n d e r s  a n d  d i s i n t e g r a n t s  f o r  t a b l e t  f o r m u l a t i o n s  (4-7) .  F i l m s  
made from these p o l y m e r s  h a v e  b e e n  e v a l u a t e d  f o r  m e c h a n i c a l  

p r o p e r t i e s  such as t e n s i l e  s t r e n g t h  and elongation (8-1 1). 

I n  a c u r r e n t  s t u d y  of tab le t  f o r m u l a t i o n s  i n v o l v i n g  m e t h y l c e l l u -  

lose  as a b i n d e r  i t  was n e c e s s a r y  t o  e x a m i n e  t he  e f fec t  of t h i s  

e x c i p i e n t  on t h e  g r a n u l e  and on t h e  p r o p e r t i e s  of tablets prepared  
from these  g r a n u l e s .  As a c o n s e q u e n c e ,  a s i m p l e  y e t  r e l i a b l e  
method t o  d e t e r m i n e  t h e  s w e l l i n g  of t h e  m e t h y l c e l l u l o s e  f i l m  i n  

1279 

Copyright @ 1987 by Marcel Dekker, Inc. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1280 WAN AND PRASAD 

water was d e v e l o p e d  a n d  t h i s  r e p o r t  g i v e s  t h e  f i n d i n g s  of t h e  

technique so appl ied.  

EXPERIMENTAL 
Material 
M e t h y l c e l l u l o s e  ( B r i t i s h  Drug Houses Chemicals, England) was used 
as t h e  f i l m  forming  substance.  

P r e p a r a t i o n  of Fi lm 
A s o l u t i o n  of 1% w / w  m e t h y l c e l l u l o s e  i n  d i s t i l l e d  water was 
prepared,  by d i s p e r s i n g  the  m e t h y l c e l l u l o s e  i n  water a t  a b o u t  40, 
t h e  low t e m p e r a t u r e  decreased t h e  time taken  to  d i s s o l v e  it. The 

s o l u t i o n  was placed i n  a n  u l t r a s o n i c  bath1 t o  remove en t rapped  a i r  
bubbles. A known amount of m e t h y l c e l l u l o s e  s o l u t i o n  was poured 
i n t o  a g l a s s  t r a y  ( 2 3  cm x 23 cm) a n d  a l lowed t o  s p r e a d  o v e r  t h e  

e n t i r e  s u r f a c e ,  t h i s  was e a s i l y  a c h i e v e d  a t  t h e  l a b o r a t o r y  
t e m p e r a t u r e  of 29+1OC. The g lass  t r a y  had a f l a t  s u r f a c e ,  t h i s  

was a s c e r t a i n e d  w i t h  t h e  u s e  of a s p i r i t  l e v e l  t o  check t h e  l e v e l  
of  d i f f e r e n t  p a r t s  of t h e  s u r f a c e  of t h e  t ray .  The t r a y  w i t h  its 

c o n t e n t  was d r i e d  a t  60-700 i n  a n  o v e n  fo r  4 h o u r s  which  from 
p r e l i m i n a r y  e x p e r i m e n t s  was f o u n d  t o  be a n  a d e q u a t e  time t o  d r y  
t h e  f i l m .  The d r i e d  f i l m  was r e a d i l y  pee led  o f f  t h e  t r a y  and from 
a v i s u a l  examinat ion  t h e  f i l m  was s e e n  t o  be clear, homogenous and 
c o n t i n u o u s .  The f i l m  a f t e r  a g e i n g  f o r  a d a y  was c u t  v e r y  care- 
f u l l y  i n t o  s t r i p s  of r e q u i s i t e  d i m e n s i o n s  a n d  s t o r e d  i n  b e t w e e n  
cardboards. F r e s h l y  p r e p a r e d  f i l m s  were u s e d ,  a l t h o u g h  from 
p r e l i m i n a r y  i n v e s t i g a t i o n s  i t  was f o u n d  t h a t  t h e  e x p a n s i o n  of 
f i l m s  s to red  f o r  4, 7 a n d  14 d a y s  d i d  n o t  d i f f e r  from t h a t  w h i c h  

was stored for  a day. 

Apparatus for Measurement of Fi lm Expansion 
A schematic r e p r e s e n t a t i o n  of  t h e  a p p a r a t u s  u s e d  is g i v e n  i n  
F igure  1. It c o n s i s t e d  of a 1 l i t r e  c i r c u l a r  glass d i s h  measuring 

1 Burndept Ltd., E r i t h ,  Kent. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



MEASURING EXPANSION OF METHYLCELLULOSE FILMS IN WATER 1281 

screen - 

FIGURE 1 : Schematic r e p r e s e n t a t i o n  of a p p a r a t u s  for measuring 
expansion of  f i l m  i n  water 

15 cm i n  diameter and 7 cm deep, f i l l e d  w i t h  d i s t i l l e d  water up t o  
a l e v e l  of 6.5 cm. Two glass  c o i l s  m e a s u r i n g  a b o u t  1.5 cm w i d e  

and 6.5 cm long were i n t e r c o n n e c t e d  and placed i n  t h e  water i n  t h e  

d i s h .  Water was c i r c u l a t e d  t h r o u g h  t h e  c o i l s  t o  m a i n t a i n  
t e m p e r a t u r e  of t h e  d i s h  a t  37+0.5OC, t h e  t e m p e r a t u r e  c h o s e n  is 
related t o  t h a t  used for measuring d i s i n t e g r a t i o n  and d i s s o l u t i o n  
of tablets. 

The d i s h  was placed on t h e  glass plate of t h e  overhead projector. 
The f i l m  was al lowed t o  r e m a i n  o n  t h e  s u r f a c e  of water. T h e  

m a g n i f i e d  image of t h e  f i l m  was projected o n  t o  a s c r e e n .  Two 
t r a n s p a r e n t  scales graded i n  mm d i v i s i o n s  were used t o  measure t h e  

d imens ions  of t h e  f i l m  image. The scales were held on t h e  s c r e e n  
magnet ica l ly .  The d imens ions  i n c r e a s e d  wi th  time, due t o  swelling 
of the f i l m .  
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1282 WAN AND PRASAD 

Measurement of  Expansion of Film i n  Water 
The m e t h y l c e l l u l o s e  f i l m  p r e p a r e d  a s  d e s c r i b e d  i n  t h e  above  and  
c u t  v e r y  c a r e f u l l y  t o  t h e  r e q u i r e d  s i z e  and  s h a p e  was p l a c e d  on  
t h e  s u r f a c e  of t h e  water w i t h  t h e  a i d  o f  a p a i r  of f o r c e p s .  The 

f i l m  i n  con tac t  w i t h  water immediately unfurled and spread out. 
The  d i m e n s i o n s  o f  t h e  f i l m  image  p r o j e c t e d  on  t he  s c r e e n  were 
measured along one a x i s  and also a long  an  a x i s  a t  right a n g l e s  t o  
the  first axis.  By means of an audio  t i m i n g  device,  measurements 
of  t h e  expans ion  o f  t h e  f i l m  w i t h  time were made. The edges of 
the  f i l m  descr ibed a s t r a i g h t  l ine .  For each f i l m ,  5 r e p l i c a t e s  
of  measurements were carried out. 

Var ia t ion  of Amount o f  Methylcel lulose i n  Film 
F i l m s  c o n t a i n i n g  two amoun t s  o f  m e t h y l c e l l u l o s e  were p repa red .  

They contained 0.628 mg/cm2 and 1.256 mg/crn2 of  methylcel lulose.  

Var ia t ion  o f  S ize  o f  Film 
T h r e e  s i z e s  of f i l m  were used ,  1 cm x 1 cm, 2 cm x 2 cm and 2 cm x 
1 cm. 

Var ia t ion  of  Shape of  Film 
Two shapes were employed, squares  and rectangular .  

RESULTS AND DISCUSSION 

Fi lms of  methylce l lu lose  were found to  swell when i n  con tac t  w i t h  

water. The r e s u l t s  showed t h a t  t h e  e x p a n s i o n  o f  t h e  f i l m  

increased w i t h  time, i n i t i a l l y ,  t h e  expansion was fast  and af ter  
a t t a i n i n g  a peak expans ion ,  t h e  f i l m  e i t h e r  d i d  n o t  expand any  
more o r  expanded v e r y  s l o w l y .  F i l m s ,  when a l l o w e d  t o  r e m a i n  on 
the  su r face  of water f o r  a long per iod,  2 hours,  were observed t o  
e x h i b i t  p r a c t i c a l l y  no change i n  t h e i r  dimensions. The f i l m  when 
forced t o  submerge by pushing it i n t o  t h e  water, t o  t h e  bottom of  
t h e  d i s h ,  d id  not  d i s s o l v e  even after a f u r t h e r  per iod  of  1 hour. 

Tables 1-3 show t h e  e x p a n s i o n  of m e t h y l c e l l u l o s e  f i l m s  (0.628 
mg/cm2) of two shapes, square  and r ec t angu la r  and of three s i z e s ,  
1 cm x 1 cm, 2 cm x 2 cm and 2 cm x 1 cm i n  water. S i m i l a r l y ,  t h e  
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MEASURING EXPANSION OF METHYLCELLULOSE FILMS IN WATER 1283 

TABLE 1 

Linear  Expansion o f  Square-shaped Methylce l lu lose  F i lms  (0.628 

mg/cm2) Measuring 1 cm x 1 cm i n  Water a t  370 w i t h  T ime  

Time 5 Linear  expansion along one axis  ( A )  Mean 2 SD 
(mins) Film 1 Film 2 Film 3 Film 4 Film 5 

~~ 

1 6.06 5.97 7.46 6.06 4.55 6.02 1.03 

2 10.61 10.45 11.94 12.12 9.09 10.84 1.24 

3 13.64 13.43 14.93 15.15 13.64 14.16 0.81 

4 15.15 14.93 16.42 16.67 16.67 15.97 0.86 

5 16.67 16.42 17.91 18.18 18.18 17.47 0.85 

6 18.18 17.91 17.91 18.18 19.70 18.38 0.75 

7 18.18 17.91 17.91 18.18 19.70 18.38 0.75 

Cor re l a t ion  c o e f f i c i e n t ,  r = 0.9320 

% Linear  expansion along a x i s  perpendicular  t o  ( A )  

1 6.06 7.46 7.46 

2 10.61 11.94 10.45 

3 13.64 13.42 14.93 

4 16.67 16.42 17.91 

5 18.18 17.91 17.91 

6 18.18 17.91 19.40 

7 18.18 17.91 19.40 

Corre la t ion  c o e f f i c i e n t  , 

6.06 5.97 6.60 0.78 

12.12 10.45 11.11 0.84 

15.15 14.93 14.41 0.82 

16.67 16.42 16.82 0.62 

16.67 16.42 17.42 0.81 

16.67 16.42 17.72 1.21 

16.67 16.42 17.72 1.21 

r = 0.8995 

data f o r  expansion of  f i lms  conta in ing  more methylce l lu lose ,  1.256 

mg/cm2 are g i v e n  in Tables 4-6. S t a t i s t i c a l  a n a l y s e s  of these 
data  u s i n g  t h e  t- test ,  show t h a t  t h e  o b s e r v e d  t is l e s s  t h a n  t h e  

t a b u l a t e d  t v a l u e  f o r  8 degrees of f r eedom and 5% p r o b a b i l i t y  
l e v e l  = 2.306 ( T a b l e s  7-61. Hence t h e  N u l l  H y p o t h e s i s  is n o t  
rejected and t h e r e f o r e  t h e  d i f f e r e n c e s  are not  s i g n i f i c a n t .  
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1284 WAN AND PRASAD 

TABLE 2 

Linear  Expansion of Square-shaped M e t h y l c e l l u l o s e  F i l m s  (0.628 
mg/cm2) Measuring 2 cm x 2 cm i n  Water a t  37OC wi th  T i m e  

Time 5 L i n e a r  expansion along one a x i s  ( A )  Mean 2 SD 
(mins) Film 1 Film 2 Film 3 Film 4 Film 5 

1 9.02 9.63 6.67 

2 13.53 14.81 10.37 
3 15.79 17.04 13.33 
4 18.05 18.52 14.81 

5 18.80 18.52 15.56 
6 18.80 18.52 16.30 
7 18.80 18.52 16.30 

C o r r e l a t i o n  c o e f f i c i e n t ,  

6.06 9.92 8.26 1.77 

10.61 14.50 12.76 2.13 

12.88 16.80 15.17 1.95 

15.91 18.32 17.12 1.66 

17.42 19.85 18.03 1.63 

18.18 19.85 18.33 1.30 

18.18 19.85 18.33 1.30 
r = 0.9060 

5 L i n e a r  expansion along a x i s  p e r p e n d i c u l a r  to  ( A )  

1 7.41 9.56 6.62 

2 11.85 13.97 10.29 
3 14.81 15.44 12.50 
4 16.30 16.91 13.97 
5 17.04 17.65 14.71 
6 17.04 17.65 16.18 
7 17.04 17.65 16.18 

C o r r e l a t i o n  c o e f f i c i e n t ,  

6.92 7.52 7.61 1.15 

10.77 12.78 11.93 1.49 

13.85 15.79 14.48 1.33 
15.38 18.05 16.12 1.55 
17.69 18.80 17.18 1.52 

18.46 18.80 17.63 1.06 
18.46 18.80 17.63 1.06 

r = 0.9143 

The time taken  for m e t h y l c e l l u l o s e  f i l m s  t o  reach peak expans ion  
and  t h e  e x p a n s i o n  a t t a i n e d  a t  t h a t  p o i n t  are  g i v e n  i n  T a b l e  9. 

The data  o b t a i n e d  f o r  these two p a r a m e t e r s  were a b o u t  t h e  same 
for  f i lms c o n t a i n i n g  0.628 m g / c d  o r  1.256 mg/cm2 m e t h y l c e l l u -  
lose ,  i r r e s p e c t i v e  of s h a p e  a n d  s i ze .  However ,  for f i l m s  

c o n t a i n i n g  a greater amount of m e t h y l c e l l u l o s e  the time r e q u i r e d  
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MEASURING EXPANSION OF METHYLCELLULOSE FILMS IN WATER 1285 

TABLE 3 

L i n e a r  Expansion of Rectangular-shaped M e t h y l c e l l u l o s e  F i l m s  
(0.628 mg/cm2) Measuring 2 cm x 1 cm i n  Water a t  370 w i t h  T i m e  

T i m e  S L i n e a r  expans ion  along one a x i s  ( A )  Mean 2 SD 

(mins)  Fi lm 1 Fi lm 2 Film 3 Film 4 Film 5 

1 6.72 7.41 6.62 8.09 6.06 6.98 0.78 

2 11.19 12.59 11.03 12.50 10.61 11.58 0.90 

3 14.93 14.81 13.97 13.97 15.15 14.57 0.56 

4 15.67 16.30 16.18 14.71 18.18 16.21 1.27 

5 16.42 17.04 17.65 15.44 18.94 17.10 1.31 

6 16.42 17.78 4 ! ~ . 3 8  15.44 18.94 17.39 1.44 

7 16.42 17.78 18.38 15.44 18.94 17.39 1.44 

C o r r e l a t i o n  c o e f f i c i e n t ,  r = 0.8967 

S L i n e a r  expans ion  a l o n g  a x i s  p e r p e n d i c u l a r  t o  ( A )  

1 6.06 5.97 4.55 

2 10.61 10.45 10.61 

3 13.64 13.43 15.15 

4 16.67 16.42 18.18 

5 18.18 17.91 19.70 

6 18.18 19.40 21.21 

7 18.18 19.40 21.21 

C o r r e l a t i o n  c o e f f i c i e n t ,  

7.46 5.97 6.00 1.03 

8.96 10.51 1.06 11.94 

14.93 11.94 13-82 1-30 

17.91 14.93 16-62 1-30 

17.91 16.42 17.42 1-33 

17.91 17.91 18.92 1-42 

17.91 17.91 18.92 1.42 

r = 0.9402 

t o  a c h i e v e  peak expans ion  was l o n g e r  and t h e  e x t e n t  of expans ion  
s l i g h t l y  smaller, i n d i c a t i n g  t h a t  s w e l l i n g  was s l o w e r  w i t h  a 
t h i c k e r  f i l m .  

The a n a l y s i s  of v a r i a n c e  of t h e  da ta  for  e x p a n s i o n  of f i l m  of 

v a r y i n g  s i z e  is s e e n  i n  Tables 10-11. The c o m p u t e d  v a r i a n c e  
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1286 WAN AND PRASAD 

TABLE 4 

Linear Exapansion of Square-shaped Methylcellulose Films ( 1.256 
mg/cm2) Measuring 1 cm x 1 cm i n  Water a t  370 w i t h  Time 

Time 5 Linear expansion along one axis  ( A )  Mean 5 SD 

(mins) F i l m  1 F i l m  2 F i l m  3 F i l m  4 F i l m  5 

1 

2 

3 
4 
5 
6 
7 
8 
9 

10 

11 

4.62 4.69 3.08 2.99 3.03 

7.69 9.38 6.15 5.97 6.06 

10.77 12.50 7.69 8.96 9.09 
12.31 14.06 9.23 10.45 10.61 

13.85 15.63 10.77 11.94 12.12 

15.38 17.19 12.31 11.94 13.64 
13.85 17.19 10.77 11.94 13.64 

16.92 18.75 12.31 13.43 15.15 
16.92 18.75 13.85 14-93 15-15 
18.46 18.75 13.85 14-93 15.15 
18.46 18.75 13.85 14.93 15.15 
Correlation coefficient,  r = 0.9372 

3.68 
7.05 
9.80 

11-33 
12.86 
13.48 
14.09 
15.31 
15.92 
16.23 
16.23 

0.89 
1.48 

1.86 
1.88 
1.90 
2.43 
2.19 
2.60 
1-93 
2.22 
2.22 

Z Linear expansion along axis perpendicular to ( A )  

1 

2 

3 
4 

5 
6 
7 
8 

9 
10 

11 

6.06 4.55 4.48 4.41 

9.09 9.09 7.46 7.35 
13.64 12.12 8.96 10.29 
13.64 13.64 10.45 11.76 
15.15 15.15 10.45 13.24 
16.67 16.67 11.94 13.24 

18.18 18.18 11.94 14.71 
18.18 18.18 13.43 16.18 
19.70 19.70 16.42 16.18 
19.70 19.70 16.42 16.18 
19.70 19.70 16.42 16.18 
Correlation coefficient, r = 0.9487 

4.48 

5.97 
10.45 
11.94 
13.43 
13.43 
14.93 
14.93 
16.42 
16.42 
16.42 

4.80 

7.79 
11.09 
12.29 
13.48 
14.39 
15.59 
16.18 
17.68 
17.68 
17.68 

0.71 
1.32 
1.81 

1.36 
1.92 
2.16 
2.64 
2.07 
1.84 
1.84 

1.84 
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TABLE 5 
Linear Expansion of Square-shaped Methylcellulose F i l m s  (1.256 

mg/cm2) Measuring 2 cm x 2 cm i n  Water a t  370 w i t h  Time 

Time 5 Linear expansion along one axis  ( A )  Mean 2 SD 

(mins) F i l m  1 F i l m  2 F i l m  3 F i l m  4 F i l m  5 

1 4.69 1.54 3.85 5.38 3.10 

2 10.16 3.85 7.b9 6.92 5.43 
3 12.50 6.15 8.46 9.23 7.75 
4 13.28 6.92 10.77 1.54 10.08 

5 16.41 8.46 11.54 3.08 12.40 
6 17.97 10.00 12.31 13.08 13.18 

7 17.97 10.77 13.08 13.85 13.95 
8 18.75 11.54 13.85 14.62 14.73 

9 19.53 11.54 14.62 15.38 15.50 
10 20.31 12.31 15.38 15.38 16.28 
11 20.31 12.31 15.38 15.38 16.28 

Correlation coefficient,  r = 0.9492 

3.71 
6.81 
8.82 

10.52 
12.38 

13.31 
13.92 
14.70 
15.31 
15.93 
15.93 

1.49 
2.38 
2.35 
2.34 
2.86 
2.90 
2.60 
2.60 
2.85 
2.87 
2.87 

5 Linear expansion along axis  perpendicular to ( A )  

1 

2 
3 
4 

5 
6 
7 
8 

9 
10 

11 

4.58 3-03 2.27 6.87 3.85 
9.16 6.06 7.58 7.63 6.92 

11.45 9.09 9.85 9.92 10.00 

13.74 10.61 11.36 12.21 12.31 
16.03 12.12 12.88 13.74 14.62 
17.56 12.88 14.39 15.27 16.15 
18.32 13.64 15.15 16.03 16.92 
19.08 14.39 15.91 16.79 17.69 
19.85 15.15 16.67 17.56 18.46 
20.61 15.91 17.42 18.32 19.23 
20.61 15.91 17.42 18.32 19.23 
Correlation coefficient,  r = 0.9513 

4.12 1.76 
7.47 1.14 

10.06 0.86 
12.05 1.17 
13.88 1.52 
15.25 1.77 
16.01 1.77 
16.77 1.77 
17.54 1.71) 
18.30 1.78 
18.30 1.78 
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TABLE 6 

Linear Expansion of Rectangular-shaped Methylcellulose Films 
(1.256 mg/cm2) Measuring 2 om x 1 cm i n  Water at 370 with Time 

Time X Linear expansion along one axis ( A )  Mean 2 SD 

(mins) F i l m  1 Film 2 F i l m  3 F i l m  4 F i l m  5 

1 

2 
3 
4 

5 
6 
7 
8 
9 

10 

11 

4.72 4.69 3.15 
10.24 -I.t31 6.30 
11.81 10.94 7.87 
14.96 12.50 8.66 
16.54 14.84 11.02 

16.54 15.63 12.60 
18.90 17.19 14.96 
18.90 17.97 17.32 
19.69 18.75 18.90 
20.47 19.53 19.69 
20.47 19.53 19.69 
Correlation coefficient, 

3.88 3.15 
6.98 6.30 
8.53 9.45 

10.08 11.02 
11.63 11.81 

13.95 13-39 
14.73 14.17 
14.73 14.17 
15.50 14.96 
16.28 15.75 
16.28 15.75 

r = 0.9643 

3.92 
7.53 
9.72 

11.44 

13.17 
14.42 

15.99 
16.62 
17.56 
18.34 
18.34 

0.78 
1.64 
1.64 
2.41 
2.40 
1.62 
1.99 
2.07 
2.17 
2.16 
2.16 

1 

2 

3 
4 

5 
6 

7 
8 
9 

10 
11 

4.69 3.13 4.69 6.25 

9.38 6.25 7.81 6.25 

10.94 9.38 7.81 9.38 
12.50 10.94 9.38 10.94 
14.06 12.50 10.94 12.50 
14.06 14.06 10.94 12.50 
15.63 14.00 12.50 14.06 

17.19 15.63 12.50 15.63 
17.19 15.63 14.06 15.63 
18.75 17.19 14.06 15.63 
18.75 17.19 14.06 15.63 
Correlation coefficient, r = 0.9627 

3.13 
4.69 
7.81 
7.81 
9.38 

10.94 
10.94 

10.94 
12.50 
12.50 
12.50 

4.38 
6.88 
9.06 

10.31 
11.88 
12.50 
13.44 
14.38 
15.00 
15.63 
15.63 

1.31 
1.78 
1.31 
1.78 
1.78 
1.56 
1.78 
2.57 
1.78 
2.47 
2.47 
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TABLE 7 
T-test for Data Obtained f o r  Expansion Along Two Axes of  Hethyl- 

c e l l u o s e  F i lms  (0.628 mg/cm2) of Different Size 1 x 1 cm (t-11, 2 

x 2 cm (t-21, and 2 x 1 cm ( t -3)  f o r  Different Pe r iods  of  Contact  

wi th  Water a t  370 

T i m e  (mins) 1 2 3 4 5 

t-1 

t-2 

t -3  

1 .oo 0.40 0.48 1.80 0.10 

0.69 0.71 0.65 0.98 0.85 

1.70 1.72 1.19 0.75 0.38 

TABLE 8 

T-test for Data Obtained f o r  Expansion Along Two Axes of Methyl- 

cellulose Fi lms  (1.256 mg/cm2) of Different Size 1 x 1 cm (t-11, 

2 x 2 cm ( t - 2 )  and  2 x 1 cm ( t - 3 )  f o r  Different P e r i o d s  of 
Contact w i th  Water a t  370 

T i m e  (mins) 1 2 3 4 5 6 7 

t-1 2.20 0.83 1.11 0.93 0.51 0.63 0.98 

t-2 0.40 0.56 1.11 1.31 1.04 1.28 1.49 

t-3 0.67 0.60 0.70 0.84 0.97 1.91 2.14 

r a t i o ,  F is less  t h a n  F (2 ,27)  for 5% s ign i f i cance  l eve l ,  wh ich  

is 3.35. Thus, t h e  d i f f e r e n c e s  among f i lms  of  va ry ing  s ize ,  1 cm 
x 1 cm, 2 cm x 2 cm and 2 cm x 1 cm and w i t h i n  t h e  same size  f i l m  

are not  s i g n i f i c a n t .  Jt  can t h e r e f o r e  be s a i d  t h a t  expansion is 
not dependent on t h e  dimensions of t h e  f i l m  and not on whether i t  
is square  o r  rectangulap for a f i l m  containing a given amount of 
methylce l lu lose /a rea ,  or i n  a broad sense, th i ckness  of t h e  f i l m .  
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TABLE 9 

Peak Expansion of M e t h y l c e l l u l o s e  F i l m s  i n  Water a t  370 and T i m e  
Taken to  A t t a i n  It 

- 

Amount of S i z e  of Shape Peak Time  taken  t o  
methyl- f i l m  of expansion reach peak 
c e l l u l o s e /  (cm) f i l m  ( % I  expansion 
area of f i l m  (mins ) 

0.628 mg/cm2 1 x 1 Square 18.052 1.01 5.2020.79 

2 x 2  Square 17.98+1.18 5.3020.67 

2 x 1  Rectangular  18.1621.57 5.4020.70 

1.256 mg/cm2 1 x 1 Square 16.6522.09 8.6020.52 

2 x 2  Square 17.12+2.58 - 9.9020.32 

2 x 1  Rectangular  16.9922.62 9.6020.70 

TABLE 10 
1 

Analys is  of Variance for  Data Obtained from Peak Expansion of 
Methylce l lu lose  F i l m s  (0.628 mg/cm*) of Varying Size, 1 x 1 cm, 

2 x 2 cm a n d  2 x 1 cm 
~ ~~ ~ ~~~~ 

Source of DF ss Hs = SS/DF F - r a t i o  
v a r i a t i o n  
Among films 2 0.17 0.09 0.05 

Within f i lms  27 44.50 1.65 

T o t a l  29 44.75 

TABLE 11 

Analys is  o f  Variance for  Data Obtained from Peak Expansion of 
Methylce l lu lose  F i l m s  (1.256 mg/cm2) of Varying S i z e ,  1 x 1 cm, 

2 x 2 cm a n d  2 x 1 cm 

Source of DF ss Hs = ss/DF F - r a t i o  
v a r i a t i o n  
Among fi lms 2 0.14 0.07 0.01 

Within films 27 160.06 5.93 

Total 29 160.20 
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I n  conclus ion ,  t h e  d a t a  p r e s e n t e d  h e r e  i n d i c a t e  t h a t  t h e  

technique  adopted to  measure expansion of f i lms  is r e l i a b l e  and 

produces results which when ana lysed  s t a t i s t i c a l l y  show t h a t  t h e  

d i f f e r e n c e s  i n  f i l m  expansion along two axes is not significant. 
The method is a p p l i c a b l e  t o  f i lms  of d i f f e r e n t  s ize  and shape. 
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