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Try (5 1 7). 
1. (2 x 5 + 4 x 1 + 3 x 7) 35 = - i  modulo 6, and the 

origin may be fixed by this reflection. 
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Abstract 

A straightforward method using Legendre series enables the 
orientation distribution in a specimen with uniaxial symmetry 
to be derived from the azimuthal profile of a single arbitrary 
reflection. Moreover, the moments of the distribution 
( P 2 , ( c o s , ) )  can be obtained directly from the azimuthal 
profile without needing to calculate the complete distribution. 

Pole figures derived from X-ray diffraction measurements 
are the standard method of quantifying orientation in 
crystalline materials. Similarly, the azimuthal profiles of the 
diffuse arcs found for liquid crystals (Leadbetter & 
Wrighton, 1979) and non-crystalline polymers (Wilchinsky, 
1968) have been used to give a measure of orientation. 

In polymers and liquid crystals, it is usually the orientation 
distribution for the molecular axes which is required, but this 
is only obtained directly from a pole figure if there is a strong 
reflection from planes perpendicular to the molecular axes. 
However, Wilchinsky (1963) has shown that, provided the 
molecules are random about their axes, a single arbitrary 
reflection can give the value of (cos 2 . ) ,  w h e r e ,  is the angle 
between the molecular axis and the specimen axis. 

In this communication we show that, for a specimen with 
uniaxial symmetry, the higher moments of the orientation 
distribution can also be obtained from the azimuthal profile 
of an arbitrary reflection. Hence the full orientation distri- 
bution can be calculated without recourse to solving integral 
equations or inverting matrices. 

The scattering from a distribution of independent 
molecules is given by a convolution of the orientation 
distribution of molecular axes with the scattering for a single 
molecule (Ruland & Tompa, 1968). If both the orientation 
distribution D( , )  and the molecular scattering I ' ( - )  have 
cylindrical symmetry, then the resultant scattering I ( , )  also 
has cylindrical symmetry (Deas, 1952) and all three 
functions can be expanded in series of even-order Legendre 
polynomials (P2,), e.g. 

I((~) = ~ 12, P2 , ( cos , ) ,  
n = 0  

0567-7394/81/010135-03501.00 

where 
,r/2 

I:,  = (4n + 1) J 10t) P2, (cosr~) s in ,  d , .  
0 

Similar formulae apply to D(r~) and ImO0. 
It has been shown (Deas, 1952) that the coefficients of the 

three series are related by 

2n 
12, - - -  D2, I~,, 

4 n +  1 
which implies that 

where 
( P2,,)t = ( P2.)~)( P2.)x ,., 

,r/2 

.f I ( - )  P2,,(cos.)  s in -  d .  
o 

(P2 , ) ,  = ./2 (I) 

f I ( - )  s i n -  d .  
0 

Hence. if 1( . )  and Ira(.) are known, we can derive the 
orientation parameters of the distribution: 

(P2,,), 
( P2,,),o - ( p2,, ) - - - - -  ~ • 

Now. a sharp reflection at angle "o to the molecular axis 
gives 

(P2n)l" = P2.(c°s"0)  

and therefore the orientation parameters are given by 

(P2,,)t 
= . (2) 

(P2n)o p2,,(cOS.o ) 

For the special c a se s ,  o = 0 o r .  o -- n/2 this becomes 

Meridional reflection (% = 0): (P2 , )o  = (P2,) t :  

Equatorial reflection (, 0 = zt/2): 

( -  1)" 22"(n!) 2 
(P2. )o  -- ( P 2 . ) r  

(2n)! 
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The expression for the equatorial case is easier to use than 
the methods previously proposed (Hermans, Hermans, 
Vermaas & Weidinger, 1946; Seitsonen, 1968). The first four 
orientation parameters are given by 

<P2>t,=--2 (P2>eq 

(P,>o s = ~<Pa>eq 

<Ps>o ,zs <P.>e.. 

where the (Pz.)~q are derived from ( l ) w i t h -  measured from 
the meridian. The expression for (Pz)o  is implicit in 
Wiichinsky's (1963) formula for (cos 2 . >. 

For many non-crystalline polymers and perhaps also for 
some liquid crystals, it is unjustified to approximate the 
molecular scattering I " ( , 0  by a sharp reflection. In these 
cases, particularly for liquid crystals and rigid-chain 
molecules, it may be possible to calculate the cylindrically 
averaged scattering from a molecule and thus derive a tbrm 
for 1"(.) .  When this is not possible, however, an approxi- 
mate correction factor for (P2> can be estimated (Pick. 
Lovell & Windle, 1980) but no reliable values of (P4>, <P6> 
etc. can be obtained. 

When the molecular scattering can be taken to be a sharp 
reflection, the values of (P2, )o  derived from (2) may be used 
to give the coefficients in the Legendre series for D(-):  

4 n + l  
Dz. -- - -  ( P2n>o" 

2zr 

Thus the full orientation distribution function can be 
obtained: 

l oo 
DOt) = ~ Z (an + 1) <P2n>D P2n( cOS tl) 

n = 0  

oo p2~(co s . )  
1 (4n + 1) (Pz.)~ pz.(co s %) (3) 

2rr 
n = 0  

For the special cases this becomes 

Meridional reflection: 

'2 D(,,) = ~ (4n + 1) <Pz.) tP2.  ( c o s . )  

n = 0  

I(,,) 

, t /2 

2zr I I ( - )  sin st d,, 
0 

as expected. 

Equatorial reflection" 

1 ~ (--1) n 22n(n!)2 
D 0 0  =~-~ (4n + 1) x (2n)! 

n = 0  

(Pz,,)t Pz.( c°s ")  

1 
= 2---~ [1 - lO(P2>,P2(cos,t)  + 2~-<P4>lP4(cosa ) 

2 0 8  - -r- < P~>, P~(cos ,,) + .. "l" 

The number of terms needed in these series depends on the 
sharpness of D(-).  It is unlikely that more than about seven 
terms will be needed to describe the D(a)  usually found. 

No general method of deriving D(~t) from I 0 0  seems to 
have been given previously. However, for an equatorial 
reflection. Hermans et al. (1946) have shown that Kratky's 
(1933) expression 

, , /2 

f D0t ' )  sin - '  d - '  
leq (") = (sin2,,  _ cos 2 , ) v z  

(4) 

, , /2 - 

can be inverted to obtain 

1 d ( .Vleq(y) dv 
D(z) = - -  - -  j " (5) 

2rt dz (z 2 _ yZ)~-/2 
0 

where z = cos ~' and .v = sin ~. 
Seitsonen (1968, 1973) has given numerical methods for 

evaluating this, using points equally spaced in either y o r , .  
For N equal intervals in , ,  the formulae are (after correction) 

1 N 
D0'm+ ,n) - I S ( m ) -  S(m + 1)] (6) 

7r2 sintt,n+ 1/2 

(a) 

/ 

1 

I I I 

rd2 

Fig. !. Comparison of D(a) derived from an equatorial arc I(a) by 
two methods. (a) Azimuthal profile of equatorial arc of quenched 
i-PS (Lovell & Windle, 1976). (b) - -  D(a) from equation (1) 
with N 1 = 20 intervals and summing the first seven terms (n = 
0-6) of equation (3). - - -  D(a) from Seitsonen's (1973) formulae 
[equations (6) and (7)1 with N = 100 intervals. 
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where 0 _< m _< (N - 1). 

N -  I 

S(m) : ~ I(,~. . . . .  i/2)[(cos2,,, - -  C O S 2 ( I . f  i )1/2 
tt=rn 

- (COS2nm-- COS2..)l/21 

and 

(7) 

( I  : 

This method uses a histogram approximation to I ( , )  in 
evaluating the integral of (5) and a linear approximation in 
calculating the derivative. Moreover, the value of D(-)  at the 
end points (- -- 0 or 7r/2) cannot be calculated. For both 
these reasons, the value of N needs to be carefully chosen for 
accurate results. 

A slightly different method of inverting (4) has recently 
been given by Biangardi (1980). This uses Fourier series and 
may be more accurate than Seitsonen's (1968) 
approximation. 

For the Legendre-series method, the (P2n)t were cal- 
culated from (1) with Simpson's rule with N~ intervals and 
the distribution D( . )  was obtained by summing the first few 
terms in (3). 

The result of using (3) is compared with that of Seitsonen's 
formulae in Fig. 1. The methods were applied to the 
equatorial arc (at 20 = 9" for Cu K.  radiation) of quenched 
isotactic polystyrene (i-PS) oriented by extrusion (Lovell & 
Windle, 1976). It can be seen that the two methods are in 

good agreement and in fact the shape of D(.)  is quite similar 
to 1(,). 

We conclude that the method based on Legendre series is 
easier to use if the (P2n) are all that are required, and even 
when the full orientation distribution is wanted this method is 
more straightforward than those used previously. No other 
method appears to have been proposed for a general 
reflection. 

References 

BIANGARDI, H. J. (1980).  J. Polym. Sci. Polyra. Phys. Ecl. 18, 
903-905. 

DEAS, H. D. (1952). Acta Cryst. 5, 542-546. 
HERMANS, J. J., HERMANS, P. H., VERMAAS, D. & 

WEIDINGER, A. (1946). Recl Tray. Chim. Pays-Bas, 65, 
427-447. 

KRATKY, O. (1933). Kolloid Z. 64, 213-222. 
LEADBETTER, A. J. ~ WRIGHTON, P. G. (1979). J. Phys. 

(Paris) Colloq. 37, C3 234-C3-242. 
LOVELL, R. & WINDLE, A. H. (1976). Polymer, 17, 488-494. 
PICK, M., LOVELL, R. & WINDLE, A. H. (1980). Polymer. In 

the press. 
RULAND, W. & TOMPA, H. (1968). Acta Cryst. A24, 93-99. 
SEITSONEN, S. (1968). J. Appl. Crvst. 1, 82-84. 
SEITSONEN, S. (1973). J. Appl. Cryst. 6, 44. 
WILCHINSKY, Z. W. (1963). Adv. X-rayAnnal. 6, 231-241. 
WILCHINSKY, Z. W. (1968). J. Polym. Sci. Part A-2, 6, 

281-288. 

Acta Crvst. (1981). A37. 137 
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Abstract 

In the two papers by Fumi & Ripamonti IActa Cryst. (1980), 
A36, 535-551; 551-5581 three errors have been printed. In 
paper 1 on page 543 in the last block of equations for Rank 
6. the second term on the right-hand side of the fourth 
equation should read -~(.vxv.W)x rather than ~(x.{.-/'xy).,c 

and the second term on the right-hand side of the fifth 
t' 6 

equation should read ~(vf'xy.y)x rather than ~0'yx)_'x)x. In 
paper II on page 553, Table 1, part (b), the sixth line on the 
right-hand side should read c - - ( - l ) "xp~c  rather than 
c - (- 1)'"pie. 

All information is given in the Abstract. 
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Treatment of  diffraction data from protein crystals twinned by merohedry: Erratum. By RICHARD G. 
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Abstract 

A printer's error has occurred in Fisher & Sweet IActa 
Crvst. (1980), A36, 755-7801. Seven lines from the bottom 
of the left-hand column of page 755 a bar has been omitted 
from khi-I. The sentence should read: 

Although distinct twin domains can sometimes be distin- 
guished in the polarizing microscope, the twinning is of the 
twin-lattice-symmetry type (Donnay & Donnay, 1974)in 
which reflection hkil of crystal I is superimposed onto 
reflection khi-I of crystal I i. 

All information is given in the Abstract. 
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