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Synopsis 

Infrared dichroic measurements have been made on a number of blown polyethylene films for 
which x-ray diffraction pole figure studies are reported in the three preceding papers; they com- 
plement them in some respects, and lead to several conclusions. Gauche chain conformations in 
loose chain folds in amorphous regions, characterized by bands a t  1303,1352, and 1368 cm-', show 
appreciable orientation in films with high-stress orientation but very little with low-stress orientation. 
Conversely, extended tie chains in amorphous regions, assessed by the band a t  1080 cm-', are ap- 
preciably orientated with the more normal type of low-stress film but not with high-stress films. 
I t  is therefore possible, rapidly and inexpensively, to distinguish between the two types of orientation. 
The method for studying the orientation of extended tie chains is capable of further development. 
There is probably an empirical correlation between the dichroic ratios a t  720 and 730 cm-I and the 
tear strengths and balances of the films with low-stress orientation. 

INTRODUCTION 

X-Ray diffraction pole figure measurements provide a valuable method for 
characterizing the orientation in blown polyethylene films. This is evident from 
the work of Lindenmeyer and Lustig' and of Desper,2 confirmed and extended 
by the results presented in the three preceding paper~.3-~ It  has proved possible 
to approximately predict relative tear strengths in the machine and transverse 
directions from the measurement of the c-axis concentrations along the machine 
direction, and to account for the variation in tear strengths, because of the change 
in the c-axis orientation, with different blowing conditions. The pole figures 
have also shown that there are two types of orientation, resulting from low- and 
high-stress crystallization; these may be present simultaneously, or one type may 
predominate. The high-stress crystallization process is the less typical. It is 
obtained over a fairly wide range of blowing conditions in the case of Hostalen 
GM 9955F but is formed much less readily with an experimental Rigidex polymer 
and Shell LPPE 040. 

As an adjunct to this work3-5 a limited number of infrared dichroic measure- 
ments were made and are presented here for two reasons. The results indicate 
that the technique can serve as a simple, cheap, and rapid screening process, prior 
to x-ray diffraction work, if a substantial number of films are to be examined. 
Secondly, they suggest that a more detailed study is warranted as there are in- 
dications that information complementary to that from pole figure measurements 
will be forthcoming. This is particularly so for the alignment of tie chains and 
loose chain folds in amorphous regions, as had been anticipated from previous 
work on cold drawn polyethylene  specimen^.^,^ 

These results must be considered in the light of the known limitations of the 
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technique. Holmes, Miller, Palmer, and Bunn8 measured polarized infrared 
spectra of films blown from low-density polyethylene. They obtained dichroic 
ratios for the 720 cm-l band and, ignoring the contribution to the total intensity 
from chains in crystalline regions, they deduced that the amorphous chains have 
their axes parallel to the machine direction (MD). In contrast, the crystalline 
chains have their c axes perpendicular to MD from dichroic results on the 730 
cm-l band. Keller and Sandemang subsequently pointed out the limitations 
of this approach and hence that the deductions of Holmes and co-workers do not 
follow as a necessary consequence of the opposite dichroism of the two bands. 

This difficulty led Aggarwal, Tilley, and SweetinglO to examine the usefulness 
of other bands and they measured dichroic ratios for the amorphous ones at 1340 
and 1355 cm-l. They concluded that the orientation in amorphous regions was 
not marked and that when it occurs the chains are perpendicular to MD, that 
is, the behavior is similar to that occurring in crystalline regions. 

More recently, Desper2 has made dichroic measurements on bands at 720,730, 
1300,1380,1468,1480,1903, and 2030 cm-l, some of which are crystalline bands, 
some amorphous and the remainder a combination of both. The examination 
of films blown from low-density polyethylene showed that in crystalline regions 
the degree of a-axis orientation increased considerably as the cooling rate was 
increased and the c-axis orientation changed from the mildly parallel to the 
mildly perpendicular type. Furthermore, the degree of orientation in amorphous 
regions is low. 

EXPERIMENTAL 

Two groups of films, all blown from high-density polyethylenes, were exam- 
ined. The first comprised five prepared on an experimental Brabender unit and 
only limited details of the machine conditions are available for these. The films 
are generally similar to but not identical with those used for the preliminary x-ray 
diffraction orientation studies already r e p ~ r t e d . ~  The tear strengths were 
measured by the method described previ~usly.~ The remaining 13 were blown 
on a Demag unit, 12 of them from Hostalen 9955F. The majority consist of films 
previously studied by x-ray d i f f ra~t ion .~ ,~  The blowing conditions are given in 
Table I. 

The infrared dichroic measurements were made on Perkin-Elmer PE457 and 
Grubb Parsons “Spectromaster” spectrometers, using a wire grid polarizer. The 
draw down direction, which was apparent from a visual inspection of the films, 
was set at an angle of 45’ to the spectrometer entrance slit to minimize any effects 
resulting from partial polarization of the radiation by the spectrometer optics.”J2 
In view of the known variation of orientation with film thickness6 specimens of 
approximately equal thickness were selected, as far as possible. Values of about 
30 pm were used and these proved ideal for the measurements on the bands at  
720 and 730 cm-l. In the case of weaker bands, such as the one at 1080 cm-l 
specific for tie chains in amorphous regions, the absorption obtained from 30 
pm films was considerably lower than optimum; nevertheless, it  was possible to 
make useful semiquantitative measurements of the dichroic ratios. Some 
variation of the measured ratios was found at different points on particular films 
and mean values were obtained. The spread of values for an individual film was 
not large and the precision of the measurements is significantly better than the 
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TABLE I 
Preparational Details for the 18 Blown Polyethylene Films Examined 

Film Blowup Draw 
No. Polymer ratio ratio 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

Shell LPPE 040 
Shell LPPE 040 
Shell LPPE 040 
Manolene 47100 
Experimental Rigidex polymer 
Hostalen 9955F 
Hostalen 9955F 
Hostalen 9955F 
Hostalen 9955F 
Hostalen 9955F 
Hostalen 9955F 
Hostalen 9955F 
Shell LPPE 040 
Hostalen 9955F 
Hostalen 9955F 
Hostalen 9955F 
Hostalen 9955F 

4.0 
5.5 
5.3 
4.7 
4.5 
2.5 
3.3 
2.9 
4.0 
4.8 
2.8 
5.0 
2.0 
6.2 
3.2 
6.3 
3.1 

? 
7.4 
? 
7.8 
7.8 
5.5 
3.4 
9.2 
6.8 
5.1 

13.7 
5.3 
8.9 
5.8 

12.1 
5.9 

13.3 
~ Hostalen 9955F 2.0 11.6 

differences between the more closely related films, except in the case of the 1080 
cm-' band. 

RESULTS 
Dichroic ratios for the 720 and 730 cm-1 bands only were measured for the five 

Brabender films. The results, together with the tear strengths along the machine 
and transverse directions, are given in Table 11. Films 1,2,  and 3, with the greater 
degree of perpendicular dichroism, are the three with the high tear strengths; 
furthermore, when the ratio of the tear strengths in the machine-transverse 
direction is greater than or equal to unity, as is the case with films 1 and 2, the 
dichroic ratios a t  730 cm-l are significantly in excess of unity. Hence, it is 
possible to discern a relation between the two dichroic ratios, the tear strength 
and the balance. If, as expected, this can be substantiated by measurements 
on a larger number of films a rapid empirical method is available for obtaining 
semiquantitative information on tear strengths. This would be useful for a first 
assessment of films obtained from work in which the various blowing parameters 
are varied appreciably. 

TABLE I1 
Infrared Dichroic Ratios a t  720 and 730 cm-' and Measured Tear Strengths for Five Films 

Blown on Experimental Brabender Unit 

Film Dichroic ratio Tear strength (mN) 
No. 720 cm-I 730 cm-' MD TD 

1 0.66 1.33 354 203 
2 0.68 1.24 345 347 
3 0.77 1.05 158 375 
4 0.89 1.11 41 50 
5 0.93 1.08 123 98 
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The dichroism of the 730 cm-1 band is a measure of the degree of a-axis or- 
ientation along MD in the plane of the film, because the radiation is incident 
along the sheet normal direction. Film 1 therefore has the greatest degree of 
a-axis orientation, followed by films 2,4,5, and 3, with very little difference be- 
tween the last three. This has been confirmed by pole figure measurements of 
the type described previ~usly.~ Film 1 has substantial a -axis orientation, films 
2 and 3 have their (200) pole maxima at  angles of 30" to 30" from sheet normal 
(SN) and films 4 and 5 are similar except there is less overall preferred orienta- 
tion. This approach, which has the merit of simplicity, should be useful in the 
case of films blown from low-density polyethylene as these have appreciable 
a-axis orientation along MD, unlike the majority of those blown from the high- 
density polymer.5 

The results for the 13 Demag films have been divided into two groups on the 
basis of the previous x-ray diffraction poly figure m e a s ~ r e m e n t s ~ , ~  namely, those 
with low-stress orientation only and those with a significant degree of high-stress 
orientation. The results, respectively, are given in Tables I11 and IV and all the 
dichroic ratios were measured in pairs, along the draw direction and at  45" to 
it. 

In the case of the low-stress orientation films (Table 111) the dichroic ratios 
at 730 cm-' are close to unity, indicating that there is very little a-axis orientation 
in the plane of the films, in agreement with the x-ray diffraction results. The 
measurements on the 720 cm-' band show that there is, in general, a reasonable 
degree of perpendicular dichroism along the draw direction and much less along 
the 45" position. Hence, the b-axis tends to lie along the blow direction. One 
interesting empirical correlation emerges from a comparison of the dichroic ratios 
a t  720 cm-l along the draw direction (DD) with the ratio of the draw to blowup 
ratios; the smaller the ratio of the two machine parameters the smaller is the 
perpendicular dichroism. For example, the values are 0.90 and 1.02 at one ex- 
treme with film 7 and 0.38 and 4.4 at  the other with film 11. 

The three bands at 1368,1352, and 1303 cm-l, all associated with gauche chain 
conformations probably in loose chain folds, give dichroic ratios which do not 
differ greatly from unity. Hence, these types of chain units show little or no 
preferred orientation. In the case of the weak 1080 cm-' band, which is asso- 
ciated with extended tie chains having the trans conformation, the dichroic ratios 
are appreciably greater than unity, showing that there is a significant degree of 
orientation of such units. No great significance attaches to the differences be- 
tween the DD and 45" values as these are often comparable to the measuring 
errors. The other interesting feature to emerge from the measurements on the 
four bands considered collectively is that, by comparison with the previous work 
on cold drawn polyethylene,7 the dichroism of the extended tie chains is realtively 
much greater than that of loose chain folds. 

In the case of the five films with high-stress crystallization orientation (Table 
IV), the dichroism of the 720 and 730 cm-l bands is not markedly different from 
that of the eight films with low-stress orientation. There is very little a-axis 
orientation in the plane of the films but there is a clear tendency for the b axis 
to lie along the blow direction. However, there is a definite difference in the case 
of the three Gauche bands, particularly the one at 1352 cm-l, and it is clear that 
the orientation of the loose chain folds is greater in the case of the high-stress 
orientation than with the low-stress form. This indicates that the crystalline 



3 
D

ic
hr

oi
c 

ra
tio

 
El 

73
0 

cm
-' 

72
0 

cm
-' 

13
68

 cm
-' 

13
52

 cm
-' 

13
03

 cm
-' 

10
80

 cm
-1

 
F2 ? 3 $ z 3 

TA
B

LE
 I

11
 

In
fr

ar
ed

 D
ic

hr
oi

c 
R

at
io

s 
fo

r S
ix

 B
an

ds
 o

f B
lo

w
n 

Po
ly

et
hy

le
ne

 F
ilm

s w
ith

 L
ow

-S
tr

es
s C

ry
st

al
liz

at
io

n 
O

ri
en

ta
tio

n 
d 0
 z 

6 
1.

10
 

1.
00

 
0.

70
 

0.
99

 
1.

07
 

0.
98

 
1

.0
~

 
0.

97
 

1.
13

 
l.
1
4
 

1.
3 

1.
5 

cd
 

8 
1.

16
 

0.
93

 
0.

54
 

1.
03

 
1.

04
 

0.
90

 
0.

96
 

0.
96

 
1 .

06
 

1
.0

~
 

1.
2 

1.
4 

cc 

10
 

1.
10

 
1.

04
 

0.
81

 
0.

90
 

0.
94

 
1.

02
 

1.
10

 
1.

02
 

0.
86

 
l.

1
7
 

1.
2 

1.
3 

X
 

11
 

0.
97

 
0.

96
 

0.
38

 
1.

20
 

1.
10

 
0.

90
 

1.
07

 
0.

91
 

0.
86

 
0.

86
 

1.
6 

1.
2 

12
 

0.
95

 
1.

02
 

0.
45

 
1.

02
 

1.
00

 
1.

08
 

0.8
9 

1.
00

 
1 .o

o 
1.

30
 

1.
0 

1.
0 

Fi
lm

 
C"

 
C 

+ A
b

s
c

 
A

(G
)d

 
A

(G
) 

A
(G

) 
A

(T
)'

 
no

. 
D

D
f 

45
Og

 
D

D
 

45
" 

D
D

 
45

" 
D

D
 

45
" 

D
D

 
45

O 
D

D
 

45
' 

7 
1.

07
 

1 .o
o 

0.
90

 
1.

01
 

1.
03

 
0.

97
 

0.
94

 
0.

99
 

1.
07

 
0.

98
 

1.
2 

1.
4 

9 
1.

08
 

0.
89

 
0.

74
 

1.
20

 
0.

88
 

1.
07

 
1.

00
 

0.
98

 
1.

07
 

0.
86

 
1.

4 
1.

3 

M
 

13
 

1.
30

 
0.

95
 

0.
54

 
1.

15
 

1.
08

 
1.

06
 

1.
02

 
1.

04
 

0.
95

 
0.

90
 

1.
4 

1.
5 

a 
C 

de
no

te
s c

ry
st

al
lin

e.
 

e 
T 

ar
e 

ex
te

nd
ed

 tr
an

s-
se

qu
en

ce
s.

 
f
 
D

D
 a

re
 m

ea
su

re
m

en
ts

 m
ad

e 
al

on
g 

th
e 

dr
aw

 d
ir

ec
tio

n.
 

A 
de

no
te

s a
m

or
ph

ou
s.

 
C 
t 

A 
re

pr
es

en
ts

 th
e 

cr
ys

ta
lli

ne
 a

nd
 a

m
or

ph
ou

s c
om

po
ne

nt
s.

 
G 

ar
e 

th
e 

G
au

ch
e 

se
qu

en
ce

s.
 

g
 45

O 
is 

th
e 

m
ea

su
re

m
en

t m
ad

e 
at

 45
 d

eg
 to

 th
e 

dr
aw

 d
ir

ec
tio

n.
 

K cn 



TA
B

LE
 I

V
 

In
fr

ar
ed

 D
ic

hr
oi

c 
R

at
io

s 
fo

r S
ix

 B
an

ds
 o

f B
lo

w
n 

Po
ly

et
hy

le
ne

 F
ilm

s 
ha

vi
ng

 s
om

e 
H

ig
h-

St
re

ss
 C

ry
st

al
liz

at
io

n 
O

ri
en

ta
tio

n 

z 0 
73

0 
cm

-' 
72

0 
cm

-' 
13

68
 cm

-' 
13

52
 cm

-' 
13

03
 cm

-' 
10

80
 cm

-' 
z > 

A
(T

)e
 

M
 

Fi
lm

 
Ca

 
C

 + 
Ab

sc
 

A
(G

ld
 

A
(G

) 
A

(G
) 

no
. 

D
D

' 
45

og
 

D
D

 
45

O 
D

D
 

45
O 

D
D

 
45

O 
D

D
 

45
" 

D
D

 
45

" 
P

 z U
 

14
 

0.
97

 
1.

04
 

0.
69

 
1.

16
 

1.
14

 
1
 .oo

 
0.

88
 

1.
11

 
~2

~ 
is

6
 

1 .o
 

1.
0 

15
 

0.
94

 
1.

03
 

0.
72

 
1.

06
 

1.
17

 
1.

05
 

0.
74

 
1.

i6
 

1.
31

 
1.

20
 

1.
1 

1.
0 

16
 

0.
90

 
0.

99
 

0.
61

 
1.

11
 

1.
09

 
0.

92
 

0.
91

 
1.

00
 

1.
26

 
1

.0
~

 
1.

1 
1.

0 
z P

 
13
 

17
 

1.
03

 
0.

81
 

0.
53

 
1.

50
 

1.
10

 
0.

98
 

1 .
og

 
1 .o

o 
1.

10
 

0.
96

 
1.

3 
1.

4 
18

 
0.

83
 

1.
00

 
0.

56
 

1.
02

 
1.

10
 

1.
13

 
1.

05
 

1.
00

 
1.

09
 

1.
22

 
1.

0 
1.

1 
U

 

A
 d

en
ot

es
 a

m
or

ph
ou

s.
 

G
 a

re
 th

e 
G

au
ch

e 
se

qu
en

ce
s.

 

D
ic

hr
oi

c 
ra

tio
 

a 
C

 d
en

ot
es

 cr
ys

ta
lli

ne
. 

T 
ar

e 
ex

te
nd

ed
 tr

an
s-

se
qu

en
ce

s.
 

$2 
D

D
 a

re
 m

ea
su

re
m

en
ts

 m
ad

e 
al

on
g 

th
e 

dr
aw

 d
ir

ec
tio

n.
 

U
I 

c 
C

 + 
A 

re
pr

es
en

ts
 c

ry
st

al
lin

e 
an

d 
am

or
ph

ou
s 

co
m

po
ne

nt
s.

 
g 

45
" 

is 
th

e 
m

ea
su

re
m

en
t m

ad
e 

at
 45

' 
to

 th
e 

dr
aw

 d
ir

ec
tio

n.
 



STUDIES ON POLYETHYLENE FILMS 2767 

lamellae in the high-stress films are aligned in a more regular fashion, in agree- 
ment with the results of preliminary small-angle x-ray diffraction measure- 
ments.13 

The normally weak 1080 cm-' band is even less intense in the case of the five 
high-stress orientation films, indicating that the concentrations of the extended 
tie chains are low. There is no significant orientation and this is the result of 
two opposing effects. All the films contain a significant amount of the low-stress 
type or orientation, as shown by their pole figures, and this has a dichroic ratio 
in excess of unity. Dichroic ratios as low as 0.4 were obtained from heavily 
cold-drawn linear polyethylene7 showing that the value is less than unity in 
high-stress conditions. 

DISCUSSION 

The present results confirm what is evident from the earlier ~ o r k , ~ , ~  that the 
dichroic ratios at 720 and 730 cm-l are of limited value for orientation studies. 
Hence, it is unnecessary to consider in detail the various problems,14 including 
overlap of the two peaks one of which is a ~ y m r n e t r i c a l l ~ , ~ ~  and the occurrence 
of transcrystalline surface layers,17 which would have to be taken into account 
if a quantitative interpretation were attempted. Nevertheless, the practical 
value of the empirical correlation between the two dichroic ratios, the tear 
strength and the balance should not be overlooked. 

The infrared technique is of greater value for the assessment of orientation 
in amorphous regions and there are clear indications of its merit as a simple di- 
agnostic method and as a complement to x-ray pole figure studies. It is possible 
to distinguish unambiguously between high- and low-stress orientation, from 
the orientational behavior of both the extended tie chains and the loose chain 
folds. This represents a significant step forward from the results of Desper2 who, 
because he was working with films from low-density polyethylene which had very 
low-stress orientation and also because he examined bands characteristic for 
Gauche conformations in amorphous regions, observed no significant orientation. 
The present results show that these bands, particularly the one at  1303 cm-l, 
are more useful in the case of films with high-stress orientation. 

On the other hand the 1080 cm-l band, characteristic for the trans sequence 
in extended tie chains, is useful for the study of amorphous orientation in the 
more normal type of low-stress orientation. This conclusion is in line with the 
findings of Read and Stein,14 who studied uniaxially cold drawn low-density 
polyethylene specimens. Although the present results for the 1080 cm-l band 
are no more than semiquantitative, because of its weakness, there is considerable 
scope for improving the precision of the measurements. Scale expansion facil- 
ities are now often available with medium performance infrared spectrometers 
and, at a rather more sophisticated level, the data smoothing and signal accu- 
mulation methods already applied to the estimation of low levels of chain 
branching in polyethylene18 should be valuable. An improvement in the pre- 
cision of the dichroic ratio measurements at 1080 cm-l by an order of magnitude 
is feasible and this should lead to a fuller interpretation of the orientation of tie 
chains as a function of the blowing parameters used in film production. 

To summarize, the present measurements, the most detailed yet reported on 
films blown from high-density polyethylene, lead to several conclusions. (1) 
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Gauche chain conformations, in loose chain folds in amorphous regions, show 
appreciable orientation in the case of films with high-stress orientation but very 
little with low-stress orientation. (2) Extended tie chains in amorphous regions 
are appreciably orientated with the more normal low-stress type of orientation 
but not with the high-stress films. (3) Hence, it is possible, rapidly and inex- 
pensively, to distinguish between the two types of orientation. (4) The method 
for studying the orientation of extended tie chains is capable of further devel- 
opment and exploitation. (5) There is probably an empirical correlation between 
the dichroic ratios at  720 and 730 cm-l and the tear strengths and balances of 
the films with low-stress orientation. 

The authors are indebted to Dr. J. E. Preedy for helpful discussions and to Dr. G. W. Downs, D. 
K. Howell, and P. Jones, BP Chemicals Ltd., for supplying the various films examined. Permission 
to publish this paper has been given by The British Petroleum Company Ltd. 
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