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ABSTRACT: Cellulose crystallite sizes in directions perpendicular to (101), (101), and
(002) planes, have been estimated from X-ray powder diffraction patterns. The diffrac-
tion peaks were resolved using the FIT X-ray diffraction data analysis program (written
by SOCABIM, Siemens DIFFRAC AT Software System, Siemens, Germany ). The com-
plete data for all the three equatorial planes was analyzed for 26, d values, full width
at half-maximum (FWHM), and the normalized area under the three diffraction peaks,
for seven cotton cultivars grown at four different locations in India in different crop
years. The mean crystallite sizes were determined using the Scherrer equation. The
reference standard included degummed and purified ramie fibers for relative crystallin-
ity estimation in cotton cultivars. It has been observed that, though the computed
crystallite sizes corresponding to (101), (101), and (002) planes vary within individual
varieties with location and year of growth, the combined average crystallite size corre-
sponding to (101) and (101) planes taken together for individual varieties from all
locations and crop years is close to the combined average crystallite size corresponding
to the (002) planes, irrespective of the species of cotton. The values of the average
relative crystallinity with respect to highly oriented degummed and purified ramie
fibers of individual varieties from all locations and crop years do not significantly vary
between varieties and species of cotton. It is visualized that variations in crystallite
sizes arise as a result of the differences in the amount of cellulose synthesized within
fibers of individual varieties and their disposition within the matrix of their developing
fibers. © 1998 John Wiley & Sons, Inc. J Appl Polym Sci 68: 2107—-2112, 1998
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INTRODUCTION

Native cotton fibers are composed mainly of pure
crystalline cellulose.'~® This cellulose is deposited
as long microfibrils that spiral around the axis of
fiber in diurnal secondary growth layers of devel-
oping cotton fibers.'~” Knowledge of relative vari-
ations in degree of polymerization, crystallite size,
crystallinity, and orientation of crystallites to the
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fiber axis is helpful in understanding intercotton
differences, fiber properties, and chemical reactiv-
ity.1#®° The measurements of crystallinity in na-
tive cellulosic materials have received much at-
tention in the last few decades' for reasons
of commercial applications and the importance of
cellulose as industrial raw material. Although it
is generally agreed that native cotton exhibits
variation in the value of crystallinity between cot-
ton varieties, ' ~2* a very narrow spread (67—72%)
in crystallinity values by itself is insufficient to
pinpoint intercotton differences.?***?* However, it
is now generally accepted that the estimates of
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crystallinity based on a simplified crystalline—
amorphous system is not very meaningful.?6-2®
The literature on the crystallite size of cellulose is
again conflicting on account of various techniques
used such as small- and wide-angle X-ray diffrac-
tion (WAXD), scanning and transmission elec-
tron microscopy, and electron diffraction, in addi-
tion to chemical methods.!”®?°=3! It has been
complicated further as a result of direct and indi-
rect comparisons of data on cellulosic materials
of different origins.'”®%? In recent communica-
tions,*333* it has been concluded that the mass
density of cellulose in never-dried cotton, the de-
gree of polymerization, the nature and size of crys-
tallographic units, or the supramolecular crystal-
line aggregates between cotton varieties and their
orientation to the fiber axis remain practically in-
variant, irrespective of species and varieties. The
observed differences in mechanical properties of
fibers are believed to be the result of the arrange-
ment of orientation or differences at higher levels
of structural organization.®® Sundaram et al.,*
based on their X-ray orientation studies, observed
differences in fiber strength and structure re-
sulting from change of place of growth of cotton.
Crystalline character of cotton fiber is therefore
real and indispensable for technological perfor-
mance and, therefore, the necessity for determi-
nation of crystallite sizes.??%*

In this article, data on crystallite sizes in raw
cotton fibers of seven cultivars belonging to dip-
loid Gossypium arboreum and tetraploid Gossyp-
ium hirsutum species grown at different places
during different years and crop seasons, are pre-
sented and discussed. To the best of our knowl-
edge, it is the first comprehensive study of this
kind exclusively on same cotton cultivars grown
at different locations and in different crop years.

MATERIALS AND METHODS

Seven cotton cultivars, belonging to diploid Gos-
sypium arboreum and tetraploid Gossypium hir-
sutum were grown at 4 locations, namely, Sirsa
and New Delhi (in North India), Nagpur (Central
India), and Coimbatore (South India) during the
1992, 1994, and 1995 crop years under standard
agronomic and fertilization practices specific to
these locations. Mature seed cotton was harvested
from the first picking from all locations and
ginned on CTRL-model laboratory gin. The
ginned fibers were collected and purified for re-
moval of waxes, pectic materials, and protoplas-

mic residues by soaking for 6 h each in carbon
tetrachloride and methanol and subsequent boil-
ing for 3 h in 2% sodium hydroxide solution. The
fibers were neutralized for 1 h with 0.1N HCI,
washed with distilled water, and dried at room
temperature.?® Well-parallelized bundles of puri-
fied cotton fibers were mounted on poly(methyl
methacrylate) sample holders, and their X-ray
diffractograms were recorded on Siemens D-500
X-ray diffractometer using copper K, radiation in
conjunction with scintillation counter as detector
and graphite monochromator in the diffracted
beam direction. The experimental conditions for
recording X-ray diffractograms from all cotton cul-
tivars were uniformly kept constant as follows.

Rating: 35 kV, 14 mA
Scanning speed: 0.02°/s
Slit system: 1°, 1°, 1°, 0.15°, 0.15°
Range (26): 10-40°

The 3 broad diffraction peaks in the X-ray dif-
fraction (XRD) patterns, corresponding to d val-
ues of 5.89, 5.31, and 3.85 A, representing (101),
(101), and (002) reflections, were resolved by the
XRD-FIT data analysis program (Written by SO-
CABIM, Siemens DIFFRAC AT Software System,
Siemens, Germany) for full width at half-maxi-
mum (FWHM) and normalized area under the
peaks for all samples. Degummed and purified
ramie fibers were used as the reference standard,
and a normalized area under the (002) peak was
measured. Considering this to be 100% crystal-
line, the normalized area enclosed by the (002)
peaks of individual cotton varieties were com-
pared. The relative crystallinity index with re-
spect to ramie were thus computed, and the data
are presented in Table I, along with the data on
average crystallite sizes corresponding to (101),
(101), and (002) individual planes, within indi-
vidual varieties and combined average of all varie-
ties taken together.

RESULTS AND DISCUSSION

It is observed from Table I, columns 4(a) and
4(b), that the crystallite sizes perpendicular to
(101) and (1071) planes, as measured, show maxi-
mum variation within individual cotton varieties
grown at different locations and in different crop
years. This variation in crystallite sizes perpen-
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Table II Latitude and Longitude of the
Locations of Growth of Cotton in India

Name of the Location Latitude Longitude
Sirsa (North India) 29°10'N 75°44'E
New Delhi (North India) 28°39'N 77°13'E
Nagpur (Central India) 21°10'N 79°12'E
Coimbatore (South India) 11°00’'N 76°58'E

dicular to (002) plane is, however, the least within
individual varieties, as seen from column 4(d).
It is known that (101), (101), and (002) planes
contribute to the intense equatorial diffraction
of X-ray intensity, although interferences from
(200), (201), (102), (201), and (102) planes,
which also diffract in the region, are generally
attributed to (002).*? In columns 4(c) and 4(e)
of Table I are given the average crystallite sizes
corresponding to (101) and (101) planes taken
together and (101),(101), and (002) planes taken
together, respectively. Whereas both these aver-
age values of crystallite sizes still vary within the
same cultivars grown at different locations in dif-
ferent crop years, in a narrow range, their com-
bined averages, as given at serial numbers 5, 13,
20, 27, 35, 41, and 51, columns 4(c) and 4(e),
correspond almost exactly with the average crys-
tallite sizes of (002) planes given in column 4(d)
at the same serial numbers as above, irrespective
of the species, crop year, and location of growth
of cotton. This result and observation is parallel
to the observation of Dobb et al.?' that there are
no basic differences in the size of supramolecular
crystalline aggregates or crystallographic units of
cellulose within different varieties and species of
cotton. Crystallite sizes have been measured by
several workers in cotton of different varieties and
species,?>~2* but the present study is perhaps the
first to report variations in the same cotton culti-
vars grown at different locations and crop years.
In Table II are given the latitude and longitude
positions of the locations of growth of cotton culti-
vars. And it may be clearly observed from Tables
I and II that differences in the latitudinal posi-
tions of the place of cultivation of same cotton
varieties do not result in the changes in the aver-
age cellulose crystallographic units synthesized in
them.

The relative orientation/crystallinity with re-
spect to ramie fibers in cotton varieties are given
in Table I, column 5. It may again be observed
that values of this relative crystallinity vary
within individual varieties when grown in differ-

ent crop years and at different locations. The aver-
age values of relative crystallinity, of individual
varieties from all locations and crop years, as
given in column 5 of Table I, serial numbers 5,
13, 20, 27, 35, and 41, do not appreciably differ
from the combined average values of relative crys-
tallinity of all varieties of both species of cotton
grown at different locations and in different crop
years, given in column 5, Table I, serial number
51. Perhaps this may be the reason why the small
spread of values of crystallinity within cotton va-
rieties reported earlier?>=?* has not led to any
meaningful conclusions and for the proposition of
the concept of paracrystallinity and disorder func-
tion by Hosemann and others.?¢~2®

In conclusion, it may be stated that the same
cotton varieties, grown at different locations and
in different crop years, show variations in their
crystallite sizes corresponding to (101), (101),
and (002) planes, but the combined average crys-
tallite size corresponding to (101) and (101)
planes taken together is always equal to the aver-
age crystallite size of (002) plane.

It is visualized that minor variations observed
in individual varieties from different locations
and crop years might be arising as a result of the
variations in rate of cellulose synthesis observed
within the same cotton variety®®3” with location
of growth. Since cellulose synthesis, its deposi-
tion, and aggregation into crystalline units is a
complex of genotype, environment, and metabolic
interactions, the reason for differences between
varieties of cotton must be seen in the differences
in the rates of cellulose synthesis with location of
growth of cotton.?” This also holds a clue to the
explanation of the evident specificity of some cot-
ton cultivars to specific locations of their growth.®

The authors thank the commission of the European
Communities Brussels, Belgium, for a financial project
grant that enabled this investigation to be made. They
also thank Dr. Krishan Lal, Dy. Director National
Physical Laboratory, New Delhi, for his help in XRD
work and Prof. Dr. V. B. Gupta for helpful discussions.
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