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A new study of the structure of vitreous silica has been made under greatly improved conditions. Using pUi

Rh Ka radiation with the method of fluorescence excitation, reliable intensity values were measured to I
4r sin 6/A=20. The interpretation was in terms of pair functions, thereby eliminating the approxima- e
tions in earlier work. Each silicon is tetrahedrally surrounded by 4 oxygen atoms, with a Si-O distance :un

which is closely 1:62 A. Each oxygen atom is bonded to 2 silicon atoms. The Si-O-Si bond angle «
shows a distribution F(x) extending all the way from 120" to 180°, with a maximum at »= 144 . This of <
wide variation in « is an important distinction between the vitreous and the crystalline forms of silica, nd
and it furnishes an important criterion for any proposed model of vitreous silica. Good agreement with
the measured pair function distribution curve was obtained by assuming a random orientation about
the Si-O bond directions. The interpretation leads to the familiar randem network model, but with
the new results the model is more precise.

considerably the possibility of obtaining results of the
desired accuracy. The most serious of these difficulties
have now been overcome. so that it is well worthwhile (
to restudy the structures of simple glasses such as ‘
vitreous silica.

To obtain high resolution in the final distribution
curve, it is necessary to have very accurate intensity

Introduction

The structure of vitreous silica has been the subject of
several earlier X-ray diffraction and neutron diffrac-
tion studies (Warren, Krutter & Morningstar, 1936;
Valenkov & Porai-Koshitz, 1936; Zarzycki, 1957; Car-
raro & Domenici, 1963; Henninger. Buschert & Hea-

ton, 1967). In the early X-ray studies there were severe
experimental and theoretical difficulties which limited

* This work was supported principally by the Joint Services
Electronics Program (Contract DA 28-043-AMC-02536 E).

+ Present address: Research Division, Raytheon Co., Wal-
tham, Massachusetts 02154, U.S.A.

measurements out to the largest possible values of sin
0//. For this purpose it is desirable to use a short wave
length radiation. But for materials of low atomic
number such as SiO,, the Compton modified intensity
is as much as four or five times the intensity of un-
modified scattering &t the high sin 0/2 values that are
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" ofinterest. With the unmodified intensity buried under
'iaCompton scattering four or five times as large, it is
fquite impossible to obtain accurate values, and this
has been one of the major experimental difficulties.
~Obviously it is necessary to eliminate the Compton
‘yattering in the measuring process.

This can be done conveniently by using the method
of fluorescence excitation (Warren & Mavel, 1965). A
pprimary beam consisting of crystal monochromated
{ Rb Kx radiation falls upon the sample. The scattered
i mdiation, comprising both the unmodified and the
{modiﬁed components, enters the receiving slit and falls
tupon a sheet of Mo at 45° to the beam. The Mo
_fuorescence K radiation, which is excited, is received
fby a krypton filled counter at 90° to the diffracted

bam and close to the Mo foil. Since A (Rh Ka)=
g%lSA and 4 (Mo, K edge)=0-620 A, most of the
gCompton scattering is of too long a wavelength to be

“ible to excite fluorescence radiation. and what we
i measure is largely due to the unmodified scattering.
flhe efficiency of this process is about 0-5%, which

“means that for 200 unmodified quanta entering the

. geeiving slit, one count will be recorded in the krypton
 ounter. The efficiency is high enough, and by this
 method it is now possible largely to eliminate the
 srong Compton scattering at high values of sin /2.
In the early X-ray studies. the interpretation was
.} lased upon the approximation that the different atomic
¢ sattering factors f could be considered as proportional
to one another. In general this is a rather rough ap-
poximation. For materials containing more than one
lind of atom, the present method of interpretation is
‘bsed upon the use of pair functions, a concept first
&veloped in the Norwegian school of C. Finbak. A
ngorous treatment using the pair function has been
published (Warren, 1969).

It is convenient to introduce the term unit of com-
position (uc), where for vitreous silica, the obvious
{ it would be 1 silicon and 2 oxygen atoms. The kinds
of atoms in the unit of composition are denoted by the
index j. We now summarize the necessary relations.

e

Io/N— 512
ith)y= —— 2 (N
Py(r)= So /:(/li) e=**? sin kry sin krdk 2)
1 ¢km fif; —a2k2 :
04(0)= SO iy € cos xkk 3)
Py(r)=Qu(r — rij) — Qijtr +ryg) C))
Aig= \ Pi(r)dr=(x[2)Z:Z) ®)

L i - P{j(r) 2ntrge & Z;

k we i Tij uc -
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where
k=4n sin6/A .

Ieo/N is the intensity of unmodified scattering in
electron units per unit of composition.

g(k) is a sharpening factor which decreases with k,
it is chosen to be approximately unity at k=0. In this
study we use for g(k) the scattering factor per electron
Je= 2 fi) £ Z;. Because of the dispersion terms,

uc uc
gH0)=f0)f.(0) is a little greater than unity at k=0,
ri is the distance from an atom j to an atom in the
ith shell of surrounding atoms.

Piy(r) is the pair function for two atoms / and ;.

km is the cut off value of k, the maximum value to
which it was possible to make measurements.

exp [—a2k?] is a convergence factor, introduced to
minimize termination satellites, and weight down the
inaccurate measurements at high values of k.

Q;ij(x) is an auxiliary function which is readily cal-
culated, and in terms of which Pi;(r) is conveniently
expressed In equation (4), the second term Qis(r+ry)
is usually negligible.

Ay is the area under the Py;(r) pair function curve.

Z; is the number of electrons in the atom or ion.

Nij is the number of neighbors in the ith shell about
an atom j. .

Qe s the average electron density.

In equation (6) the first term on the right is evaluated
from the density and composition of the sample. The
second term on the right is evaluated for a series of
values of r using the experimental intensity curve Jey/N,
the experimental cut off value k,, a convergence coef-
ficient « chosen for convenience, and a sharpening fac-
tor g(k) which in this case was.taken as f,. The quantity
on the left of equation (6) is called the pair function
distribution (P.F.D.). The sum of the two quantities
on the right gives an experimentally measured pair
function distribution curve. Interatomic distances are
given by the positions of the peaks in the experimental
curve. The number of neighbors is obtained by finding
the numbers Ni; which must be used to make the cal-
culated P.F.D. on the left of equation (6) match the
measured curve obtained from the right hand side. The
treatment is rigorous and completely free from approx-
imations, because whatever values of kn,, o and a(k)
are used on the right hand side of equation (6), the
same values are used in evaluating the pair functions
by means of equation (3).

For vitreous SiO, there are three combinations to
consider: Si-O, O-O and Si-Si. Using tabulated values
of the atomic scattering factors and dispersion correc-
tions (Cromer & Waber, 1965; Cromer, 1965) and
with k=211, «=0-056 and g(k)=fe, the three pair
functions Qij(.x)=Pi;(r—ry;) were evaluated by means
of equation (3). The curves are shown on Fig.1. Each
pair function is symmetrical about x =0 and peaks at
x=r-ry=0. The ripples represent the termination
satellites, in general they cause no harm since exactly
the same ripples will be present in the experimental
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curve. In addition to the central peak, there are pro-
nounced wings, which on the average are positive for
0-0 and negative for Si-Si.

Experimental

The sample of vitreous silica was a plate 4-0x4-0x 0-3
cm cut from optical quality fused quartz supplied by
Engelhard Industries Inc. under the trade name
Amersil. The measured density was 2-:20 g.cm=3. The
experimental intensity curve was obtained by com-
bining measurements made with Cu Ka (A=1-542 A)
and Rh Ka (A=0-6147 A).

For the measurements with Cu Ko, a bent and ground
LiF crystal diffracted monochromatic Cu Ka to an
entrance slit. The entrance slit and the receiving slit
were each 14 cm from the sample. The diffracted inten-
sity entered an argon filled counter situated immedi-
ately behind the receiving slit, and the intensities were
registered by a chart recorder. A correction was made
for air scattering, which was found to be negligible
except at small angles. The chart recording included
both the unmodified and the Compton modified inten-
sities. The curve was divided by a polarization factor,
and normalized to electron units per unit of composi-
tion by a modification of the Norman method (Nor-
man, 1957). After making a small correction for mul-
tiple scattering (Warren & Mozzi, 1966), the modified
component was subtracted using tabulated values of the
modified intensity per atom (International Tables for
X-ray Crystallography, 1962). Using Cu Ku it is not
too bad to include both the unmodified and the modi-
fied components in the measured intensity, since at the
worst the modified intensity is about one third of the
total for silica. The measurements with Cu Ka covered
the range k=00 to k=7-5.

The measurements with Rh Ko covered the range § factor |
k=7-0 to k=20-0, and the Compton scattering was ¥-.curve o
largely eliminated by the method of fluorescence exch "'fpenden
tation. Between A=7 and k=12, there was a smad §%
contribution by Compton scattering owing to the faq § o mu
that in this angular range a non-negligible fraction ~method
the modified scattering is of wavelength less thas ;{.rectlonf
A (Mo, K edge). A correction was made by measuring §= _The
at several values of & the fraction of modified scattering |

*

..of com

of wavelength less than A (Mo, K edge)=0-620 A. The and "
correction for air scattering was found to be negligible §- :’}lle?g
':t U T

Dividing by the appropriate polarization factor, the §
curve was changed to absolute units by choosing a f?}
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Fig.1. Computed pair functions for SiO,, with a=005%
km=21-1, and g(k)=re.
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Fig.2. Measured intensity curves for SiO;, (@) with Cu Kz, (b) with Rh Ka. Curve A4, the unmodified intensity leu/N. Curve l. ‘;§
the independent unmodified intensity X f;2. Curve C, the Compton modified intensity which had been subtracted. -
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4§ fctor for the ordinate scale, such that at high &, the
aurve oscillated positive and negative about the inde-
i pendent unmodified curve X f7. A correction was made

for multiple scattering. A detailed description of the

[T T . .
N ;{ methods used for making the various experimental cor-
han rctions will be presented in a separate contribution.

"~

The intensity curves feu/N in electron units per unit

of composition which were obtained from the Cu K«
§ ud Rh Ko measurements are shown by Fig.2. Com-
§ bining the two curves and using g(k)=f., we obtain
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coefficient a=0-056, produces the curve ki(k)
exp [ —a2k?] which is shown by Fig.3. The right hand
side of equation (6) was then evaluated for a series of
values of r, and the resulting pair function distribu-
tion curve is shown by Fig.4. In general there will be
small errors in the experimental curve. If in the
ki(k) exp [—a2k?] curve there is a small excess d(k) in
the vicinity of k=k,, it follows from equation (6) that

there will be a corresponding error 4(r) in the measured
distribution curve

A(r)=[§ d(k)dk] sin kor .

the function ki(k). Adding a convergence factor with a
800 -
ki(k) exp. (~a242)
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Fig.3. The experimental ki(k) exp (— a2k2)
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Fig.4. The pair function distribution curves for SiO;. A is the measured curve. The computed contributions are given by: B,
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The error is sinusoidal in r, and most easily recognized
in the small r region between r=0 and the first peak.
Since the error is sinusoidal, it does not change the
total area if k, is not too small. The measured pair
function distribution curve, which was first obtained,
showed such a sinusoidal error term of the form
—100sin 5-2r, and the curve of Fig.4 has been corrected
by this amount.

Interpretation

In crystalline silicates, each silicon atom is tetra-
hedrally surrounded by 4 oxygen atoms with a Si-O
distance of about 1-62 A, and an O-O distance of
about 2-65 A. With this information, the first peak on
the distribution curve of Fig.4, occurring at r=162 A,
is readily identified as a Si~O peak. Similarly the sec-
ond peak at r=2-65 A can be identified as an 0-O

peak. The ratio of the two distances 2:65/1-62 = |/8/3 is
exactly what would be expected for tetrahedral bonding

In principle the number of neighbors about an atom
can be obtained by comparing the peak area on the
experimental curve to the area of the pair function as
given by equation (5). In practice, however, there are
serious difficulties in this direct approach. There are
wings on the pair functions and corresponding wings
on the experimental peaks, and except for the first
peak, there is serious overlapping of the peaks. It is
better to find by trial the values of N;; and the distribu-
tions of ry which must be assumed to bring the sum
of the computed pair functions into agreement with
the experimental curve of Fig.4.

We start by assuming that each silicon is bonded to
4 oxygen atoms, and each oxygen is bonded to 2 sili-
con atoms. The first peak is due to oxygen atoms about
a silicon and silicon atoms about an oxygen atom, and
in the unit of composition there are 1 silicon and 2
oxygen atoms. For the first peak

2 X Nyyfriy=(1x4+2x2)/1-62=8/1-62 .

uc i R
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If the computed silicon—oxygen pair function Py(r) is
multiplied by 8/1-62 and plotted on the first peak of
Fig.4, it is found that the areas of the two peaks are
closely the same, but that the measured peak is a little
lower and broader than the computed peak. This indi-
cates that there is a small variation in the silicon-
oxygen distance about the mean value 1-62 A. Part of
this variation is, of course, due to temperature vibra-
tion. To represent the variation in neighbor distance,
we introduce a distance distribution function G(ry).
The effective pair function Pj(r) is then given by a
convolution with G(ry).

P i(r)=§ G(rip)Q(r — ri)drs; . M

In principle G(ri;) could be obtained by a deconvolu-
tion of the terms in equation (7), but since the variation
in distance is small, it is better to use trial functions
G(ri). The selected function will, of course, be far
from unique, but it will represent the magnitude of the
distance variation. A satisfactory fit was obtained by

using for G(ri) values proportional to 1-00 for rij=

162, 0-50 for riyy=1-62+005, and 0-15 for ry=
162+ 0-10. The calculated pair function distribution
curve for silicon—-oxygen neighbors is represented on
Fig.4 by the dashed curve centered at r=162A.
There is satisfactory agreement for both the main peak
and the termination satellite ripples.

There are 2 oxygen atoms in the unit of composition
and each oxygen should have 6 nearest oxygen neigh-
bors, so that for the oxygen-oxygen peak

PN ij/l‘jj=2 X 6/2'65 .
In this case there is a larger distance variation, and a
satisfactory G(ri;) was obtained by using values pro-
portional to 1-00 for ry;=2-65, 1-00 for r;;=2-65 + 005,
1-00 for ri;=2-65+0-10 and 0:50 for ri;=2-65+0-15.
The calculated pair function distribution curve for
oxygen—oxygen neighbors is shown on Fig.4 by the
dashed curve centered at r=2:65 A. Beginning with
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~ ak. it is no longer possible to judge the quality of
fit, peak bv peak. because of the strong overlapping
seaks. It is necessary to wait until several peaks have
.n ca'culated and then compare the sum of the cal-
ated peaks with the measured distribution curve.
The third peak on Fig.4 is at r=3-12 A and thisis a
consilicon contribution. Since 312<2x1-62, it is
dent that the Si-O-Si bond angle « is less than 180°,
d that there is an appreciable variation in this angle
ce the third peak is much broader than the Si-Si
ir function. The angle « is represented by Fig.5(a)
d the rij(Si-Si) distance is related to a by '

ri(Si-Si)=2x 162 sin /2 .

5 treat the broadening of the Si-Si peak it is best to
« a distance distribution function G(ry, Si-Si), but
r the following peaks, Si-2nd O, O0-2nd O, and
"Ind Si it is more convenient to have an angular
iribution function V(x). The distribution functions
ce related by

‘ G(ri;)drij= V{e)da

ad since dri ‘dox=1-62 cos a/2
V(x) = Grij)1-62 cos of2 . (8)

e two distribution functions G(ri;) and V(@) which
wre shown by Fig.5(b) and (c) are related by equation
8), and chosen by trial to give the best agreement for
e third, fourth and fifth peaks of Fig.4.

There is 1 Si in the unit of composition and each Si
sexpected to have 4 Si neighbors, so that for the third
peak
. X Nij/rijz(l x4)/3-12.

f‘ uc i

The G(rij) of Fig.5(b) allows for a distance variation
due to change in the angle a. In addition there is a
variation due to change in the Si-O distance, and this
was allowed for by another distance distribution func-
tion G'(r;;) which was taken proportional to 1-00 for
ry=rij, 1-00 for ry;=rij= 005, and 0-50 for ry=rit

£
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L Fig.6. The relations between distances rij and the angular variables g, B.;

0-10. The effective pair function was obtained from
these two distance distributions by means of equation
(7). Multiplying by 4/3-12 we obtain the Si-Si pair
function distribution curve which is shown on Fig.4
at r=312A.

The next peak occurs at about r=4-15A. This is a
Si—2nd O contribution, and the separation rij(Si-2nd O)
which is shown by Fig.6(a), is given by

3 =965— 7.00 cos a —4-96 sin & cos f . 9)

This time there are two angular variables, « and §. For
a we have the distribution function V(a) of Fig.5(c),
but there is no first hand information concerning the
angle B. Since there are three oxygen atoms at 120°
intervals on the circle of Fig.6(a), a variation in f§ of
+ 60° is equivalent to a variation from 0° to 360°. It is
necessary to-introduce various trial distributions for f
and see which one gives the best agreement. The as-
sumption that f takes with equal probability all values
from 0° to 360° appeared to give satisfactory agree-
ment. For all other assumptions which were tried, the
agreement was definitely inferior.
The method used to compute G(rij) is illustrated by
Fig.7. Values of ri; are computed from equation (C)]
for a series of values of o and B. These are plotted on
Fig.7 with a linear scale for §, and intervals propor-
tional to V(x) for the variable . Contours of constant
ry are drawn, and the areas between contours measured
with a planimeter. These areas are proportional to
G(ry). In addition to this variation in distance due to
« and f, there is also a variation due to changes in the
Si—O distance. To allow for this we introduce a G'(r})),
which is taken constant for values of r;; between
ri;—0-10 and rij+0-10, and zero elsewhere. The effec-
tive pair function was then obtained by a double con-
volution. For this peak 2 X Nyfrip=(1 x 12+2x6)/

uc 1
4-15. Multiplying the effective pair function by this
factor gives the pair function distribution curve due to
the Si-2nd O contribution. It is shown on Fig.4 by the
dashed peak at about r=41 A.

(6) ()

v. () Si-2nd O. (b) O-2nd O. (¢ Si-2nd Si. T=109"28".
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The fifth peak on Fig.4 occurs at about r=5-1 A, and zero elsewhere. The effective pair functions wer § to the
and this is a superposition of the two contributions then obtained by double convolutions. For O-2nd 0§ w0 px
0-2nd O and Si-2nd Si. The two distances r;;(O-2nd O) about
and’ ry4(Si-2nd Si) are shown by Fig.6(b) and (c). To 2 X Nyfrig=2x18/510 ; The
compute a G(ri;), we assume that « follows the distribu- For Si-2nd Si vt closel
tion V(«) of Fig.5(c), and that § and y independently or Si=2nd 51 curve
take with equal probability all values from 0° to 360°. < 2 Nyfrip=1x12/510 . 1s nev
An additional variation as a result of change in the e tions.
Si—O distance was represented by a G'(r;;) which was  Multiplying the effective pair functions by these two § 0.0
taken constant between rj; =ri;—0-10and rj; =ry+0-10  factors gave the pair function distribution curves due ;UFYC
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Fig.8. The pair function distribution curve for SiO. 4 is the measured curve. B is

0-0, Si-Si, Si-2nd O, 0-2nd O, Si-2nd Si. C is the difference A-B.
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the sum of the first six contributions: Si-0,



wthe O-2nd O and the Si-2nd Si contributions. The
o peaks are shown by the dashed curves on Fig.4 at
dabovt r=51A.

& The computed peaks on Fig.4 have all occurred at
dosely the positions of the peaks on the measured
,}émrve. To see how closely the areas are reproduced, it

“¥ Bnecessary to take the sum of the computed contribu-

$ ions. For the first six pairs: Si-O, O-O, Si-Si, Si-2nd
.0,0-2nd O, and Si-2nd Si, the sum is shown on Fig.8,
€ arve B, along with the measured pair function distri-
bution curve, 4. The agreement is very satisfactory
through the third peak, but beyond r=3-4 A there is a
§ difference which is not predicted by the first six contri-
butions. It is doubtful if the fluctuations in the rising
£part of the difference curve have much significance,
snce they would be greatly changed by small variations
4 inthe calculated contributions. The difference curve, C,
fises to @ maximum at about r=6-4 A. This is the last
$ wak in the measured distribution curve, beyond r=
1A there are no further peaks and dips.

A large part of the difference curve and the maxi-
mum at r- 6-4 A are probably due to the Si-3rd O
eontribution. Since we have been assuming a random
_mtwork in which there is complete randomness in

-gight unlikely that the Si-3rdO contribution could pro-
ducean observable peak. However, the fact that the most
-probable value of « is around 144° leads to a geometri-
“al relation which suggests that a peak in the Si-3rd O
contribution at around 6-4 A is at least possible. With
'144° as the most probable value of «, the geometrical
-relation is shown by Fig.9. The Si(1) atom takes with
‘equal probability all positions on the upper left hand
drcle. The O(3) atom takes all orientations about the
, 0(2)-5i(3) bond. giving a high oxygen density on the
dgrcle O(3)-A. But since the O(2)-Si(3) bond takes all
? orientations about the Si(2)-O(2) direction, the circle
%0(3)—A takes all orientations about the Si(2)-O(2)
: direction, and this results in a high oxygen density in

o

":' O0(3)

£ Fig.9. The special geometry which applies to the Si-3rd O
s distance, using for the Si-O-Si angle the most probable
. value a=144",

.orientation about each Si-O bond, it seems at first
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the vicinity of position 4. Independent of the orienta-
tion of the O(1)-Si(2) bond around the Si(2)-O(2)
direction, the distance /[Si(1)-A] is given by

12=35-T7+7-60 cos f .

The values of £ in the range between +90° give a
G(ris) for Si(1)-4, which when convoluted with the
Si-O pair function, produces a peak at about r=6-4 A.
This seems to be the last peak which could be produced
in the random type of network which we have been
considering, and in fact no further peaks are observed
on the measured pair function distribution curve.

Discussion

It should be emphasized that a measured pair function
distribution curve such as that of Fig.4 represents a
structure which is averaged over the whole sample. If
in a few small regions there is a higher degree of order
such as that of the cristobalite and quartz structures,
this could not be recognized as such, and the contribu-
tions of these regions would show up only as part of
the general average. An X-ray study of a sample of
low cristobalite gave a pair function distribution curve
which was very similar to that of vitreous silica for the
first two peaks, but appreciably narrower for the third
peak. Beyond the third peak the differences became
progressively greater, and whereas the vitreous silica
curve showed no detail beyond about r=7-0 A, the
cristobalite curve continued to show strong peaks and
dips out to the largest value (r=12 A) to which the
curve was evaluated.

In recent years there has been considerable interest
in studying the random network model of vitreous
silica by making a model out of tetrahedral units
joined in a random fashion (Ordway, 1964; Evans &
King, 1966; Bell & Dean, 1966). From such a model it
is possible to tabulate average numbers of neighbors
and distances. With the data of Evans & King, which
were kindly supplied by Dr Evans, a histogram was
constructed and found to be in very satisfactory agree-
ment with the measured curve of Fig.4.

From the pair function distribution curve it is pos-
sible to draw a number of definite conclusions about .
the structure of vitreous silica. Practically all of the
silicon atoms are tetrahedrally bonded to 4 oxygen
atoms, with an average Si-O distance of 1-62 A. Prac-
tically all of the oxygen atoms are bonded to 2 silicon
atoms. The Si—O-Si bond angle « follows the distribu-
tion curve V(a), and it varies all the way from 120° to
180° with a maximum at about a=144°. This wide
variation in the Si-O-Si bond angle is the first distinc-
tion between the vitreous and the crystalline forms of
silica, and it is a very important criterion for any pro-
posed model of vitreous silica. On the average there
appears to be a random orientation about the Si-O
bond directions, except where prevented by the close
approach of neighbors. The only justification for this
conclusion comes from the fact that pair function cal-
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culations were in better agreement for random orienta-
tions than for any of the special orientations which

suggested themselves. It would be of great interest to
know the fraction of five, six and seven membered

rings in the structure, but unfortunately it does not
appear possible to get this information directly from

the X-ray results. The structure which has developed
in this analysis is, of course, that of the familiar random

network, but with the new results we can now give a

much more precise description of the structure.

This work was done in part at the Computation
Center at the Massachusetts Institute of Technology,
Cambridge. One of us (RLM) was a Raytheon Grad-
uate Program Member at M.I.T.
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Measurement of X-ray Orientation Factor in Cellulose II Fibres

By V. VENKATAKRISHNAN

The South India Textile Research Association, Coimbatore-14, India

(Received 16 May 1969)

For the measurement of crystallite orientation in regenerated cellulosic fibers, Hermans and co-workers
defined a parameter K in terms of the intensity distribution in the (101, 021) sickle. Their theory is
extended in the present study to mercerized fibers. It is found from the experimental observations that
K is itself dependent on the X-ray orientation factor, and possible reasons for this are advanced. The
dependence of K on the ratio of the number and diffractive powers of (021) and (10T) planes is, however,
confirmed. A regression equation based on the correlation of K with the readily observed relative peak
height of 021 is found to be of practical interest in estimating the crystallite orientation.

Symbols used
fx  X-ray orientation factor.

B diatropic interference arising from the planes
(020).

i inclination of the fiber axis to the crystallogra-
phic b axis.

J(B) intensity distribution in the arc of B.

Ag,As and A, interferences arising from X-ray scatter-
ing by the paratropic planes (101), (101) and
(002) respectively.

ag.ay,and ay azimuthal angles along the arcs Ay, 43 and
A, respectively, measured from the equator.

F(a) intensity distribution in the paratropic reflexions
in general.

F,.F;, F, intensity distributions in the paratropic re-
flexions A4y, A; and A, respectively.

! azimuthal angle along the _z_{rc due to the un-
resolved reflexions from (101) and (021) planes.

y azimuthal angle of the resolved part of the curve
due to reflexion 021.

F(y) intensity distribution in the resolved reflexion

(021).

Introduction

All fibrous materials exhibit a preferred orientation
varying only in degree. The extent of preferred orienta--
tion has an important bearing on many physical char-
acteristics of these materials. especially their tensile
behaviour. Hermans, Hermans, Vermaas & Weidinger
(1946) have done extensive work on the technique of
measuring orientation both in cellulose 1 (native cotton,
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