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The spherulites exhibited by polyethylene samples have an associated ring structure which gives rise 
to diffraction and other optical effects which are attributed to a periodic variation of the refractive 
index of the spherulites for light polarized transverse to the radial direction. The periodic and continuous 
variation of the refractive index is confirmed from sensitive interference experiments. The optical 
phenomena are illustrated with striking photographs. 
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1. INTRODUCTION 

It has been known for a long time that many polymers like Polyethylene, Polytri- 
methylene glutarate and others exhibit spherulite textures with a ring structure.'-' 
The optical behaviour of ringed spherulites in the case of cholesteric liquid crystals 
has been discussed by The ring structure is usually attributed to a periodic 
variation of the refractive index which in effect involves periodic variation of optical 
thickness. On the basis of the observed low angle light scattering patterns in the 
case of ringed spherulites of polyethylene, Stein and Rhodes2 have inferred that 
there is a periodicity in the tangential component of the polarizability of the ringed 
spherulites, the radial component of which is constant. Presently, using the inter- 
ference techniques we have not only been able to confirm the results of Stein and 
Rhodes but also estimated the birefringence. 

2. EXPERIMENTAL RESULTS AND DISCUSSION 

Commercially available samples of polyethylene (low density, linear low density 
and high density) have been used by us in our studies. The samples used for optical 
observations were prepared on a microscope glass side, and had a thickness of 
about 50 pm. The thin regions of solidified film near the periphery often exhibited 
striking optical textures characteristic of the spherulites, when observed with a 
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polarising microscope. Figure 1 exhibits the texture typical of ringed spherulites. 
Unlike in cholesteric compounds where the rings are of uniform spacing, in the 
case of linear low density polyethylene (LLDPE) and high density polyethylene 
(HDPE) samples the spacing of the rings is large near the centre of the spherulites 
and away from the centre a uniform spacing of ring structure is observed. This is 
due to the fact that initially when the specimen is suddenly brought to the crys- 
tallization temperature from the molten phase, it takes some time to attain this 
temperature. Further the spacing of the ring structure is observed to be a function 
of the crystallization temperature. This is confirmed by growing the spherulites at 
different crystallization temperatures. It was found that the rings spacing changes 
from 2 pm to 15 pm for a change of crystallization temperature from 25" to 125°C. 
It may be mentioned here that the low density polyethylene sample exhibits the 
spherulite texture with ring structure of very small ring spacing and hence we have 
not carried out any detailed investigation on this sample. 

If the principal optical direction transverse to the radial direction rotates in a 
helicoidal fashion, the periodic variation of the refractive index (for propagation 

(b) 
FIGURE 1 Microphotograph of the ringed spherulite texture of high density polyethylene; ring spac- 
ing 6 pm, (a) using unpolarized white light and (b) using plane polarized white light, the vibration 
direction being along the horizontal. 
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of light normal to the spherulite film) arises only for light polarised with its electric 
vector transverse to the radial direction. Per contra, for light polarised with its 
vibration direction along the radius there should be no periodic variation of the 
refractive index and hence there will be no lense like focusing effect. Therefore, 
when the incident light is polarised with its vibration direction along any radial 
direction, the ringed structure is absent along that particular radial direction (see 
Figure l(b)). 

Assuming that the ringed spherulites behave as phase gratings Keith and Padded 
have discussed the theory of optical behaviour of the rings in polyethylene to 
account for their experimental observations. Such phase gratings give rise to optical 
diffraction which is a consequence of the periodic variation of the refractive index 
for light polarised transverse to the radial direction. Since the periodic variation 
of the refractive index is absent for light polarised along any radial direction, the 
diffraction effect should be absent at points corresponding to the radius along which 
the incident light is polarised. Figure 2(a) exhibits the diffraction ring photographed 

(b) 
FIGURE 2 Diffraction pattern obtained with the ringed spherulite texture of high density polyeth- 
ylene using light of wavelength 5461 A, (a) with unpolarized light and (b) with plane polarized light, 
the vibration direction being along the horizontal. 
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with unpolarised light. Figure 2(b) was photographed with the incident light vi- 
bration along the horizontal direction and it may be noticed that the diffraction 
effect is absent along the horizontal direction. It may also be pointed out that the 
phase gratings here are not perfect in the sense that the dark rings are not narrow 
and the fibrils encroach irregularly upon the edges of these dark rings to some 
extent. Hence, this irregular phase grating gives only the diffused first order dif- 
fraction ring. 

Stein and Rhodes,2 using low angle light scattering technique, have shown that 
the principal optical directions in the case of spherulites of polyethylene correspond 
to the radial direction and the direction transverse to the radial direction. We have 
reconfirmed this result with the aid of an interference experiment, the details of 
which are given in an earlier paper.9 Here, we reproduce the observed interference 
pattern using ringed spherulites in Figure 3. 

From the measurements of the observed shift shown in Figure 3(b) the bire- 
fringence associated with polyethylene spherulites, crystallized at room tempera- 
ture, is estimated and is found to be positive and has a value of 0.014 in the case 
of HDPE and 0.011 in the case of LLDPE, for A 5893 A. These values are of the 
same order of magnitude as what one would expect from considerations of the 
anisotropy of the bond polarizabilities associated with the C-C bonds in polyeth- 
ylene chains. Measurements were also made with the spherulites crystallized at 
higher temperatures i.e., with the spherulites of larger ring spacing. The measured 
value of An, both in the case of LLDPE and HDPE samples, is found to decrease 
with crystallization temperature. Using the Babinet compensator9 it is also observed 
that the spherulites of polyethylene and other polymeric materials give rise to 
interference fringes which exhibit the periodic shift. 

All the above facts confirm that the refractive index is indeed variable contin- 
uously and in a periodic fashion. The observed periodic variation of the refractive 

(b) 
FIGURE 3 (a) Banded spectrum obtained with a crystal of BaSO, ( t  = 0.1 cm) kept between crossed 
polars. The left end corresponds to the red region of the spectrum. (b) Banded spectrum showing the 
periodic shift of the extinctions observed wth a ringed spherulite of high density polyethylene. 
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index in polymer spherulites is generally due to the periodic twist of the crystalline 
lamellae and this has been confirmed using electron microscope  technique^.^ Since 
there are various factors like chemical bonding, molecular weight, density, thermal 
effects etc., which are responsible for this twisting, the particular cause is still not 
known. 
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