
462 S H O R T  C O M M U N I C A T I O N S  

Acta Cryst. (1954). 7, 462 

Cylindrically symmetr ica l  distribution functions and their application in the structure in-  
vest igation of cel lulose.  By N. N o ~ * ,  Department of Physics, University of Oslo, No~way 

(Received 10 October 1953 and in revised form 8 January 1954) 

Wrinch (1946) and  Vineyard  (1951) have  shown tha t  if 
the  Pa t te rson  dis t r ibut ion funct ion 

= I 0 ( u ) q * ( u + r ) d u  ---- I I ( r * ) e x p  [ - -2 :~i r r*]dr*  (1) D(r )  

of the  densi ty  dis t r ibut ion q(r) has cylindrical symmet ry ,  
it can be wri t ten  

D(x, z) 

= 4~t x*I(x*,  z*)Jo(2Xtxx* ) cos (2ztzz*)dx*dz* . (2) 
0 0 

I(x*, z*) is the  coherent ly  scat tered radia t ion at  the  poin t  
r*  of reciprocal space which has cylindrical coordinates 
(x*, z*, ~*) and  polar coordinates (r*, 0", ¢*). The point  
r, of physical space, has similar coordinates,  but  wi thout  
an asterisk. Bo th  I ( r* )  and  D(r)  have therefore  cylindrical 
s y m m e t r y  and  a centre of inversion at  the  origin, so tha t  
each m a y  be expanded  as a series of even Legendre  
polynomials ;  thus,  

CO 

I ( r * )  = I (r*, 0") = ~ Ian(r*)Psn (cos 0") (3) 
n - - - - 0  

and 
OO 

D(r)  = D(r, O) = ~ D2n(r)Pan (cos 0) , (4) 
n ~ 0  

where, for example,  

4n+l  I(r*, O*)P~n (cos 0") sin O'dO*. (5) I~n(r*) = ~ o 

Fur ther  (of. Deas, 1952, equat ion  (7)), it  can be shown 
tha t  

Dan(r) ~ 2ztr-~/'(--1)n I~  (r*)a/'I'n(r*)Jan+~/~(2ztrr*)dr* " 
(6) 

The expansion (4) is part icularly suitable if the  s y m m e t r y  
is not  too far f rom spherical, as the  series then  converges 
rapidly. Do(r ) is equal  to the  radial dis t r ibut ion funct ion 
for liquids (Debye & Pirenne,  1938). 

If  q(r) is periodic in z, the  in tens i ty  can be wr i t ten  

I'(x*, z*) sins (N~gcz*) • 
sin~ (~tcz*~ 

I'(x*, z*) is the  scat ter ing from the a toms wi thin  the  
repeat ing unit ,  zV~ the  number  of periods and  c the  length  
of the uni t  of repeat.  For  large N~, the  subst i tu t ion of the  
above expression .in equat ion  (2) results in 

D(x, z) 

!) = 2~t N~ ~ cos 2zd x*, Jo(2Ztxx*)dx* (7) 

Formula  (7) was first given by MacGillavry & Bruins 
(1948). 

This communica t ion  is to report  t ha t  cylindrically 
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symmetr ical  dis tr ibut ion functions have been used in the  
s tructure de te rmina t ion  of nat ive  and  regenerated cellu- 
lose. The X-ray  scat ter ing from oriented ramie fibers 
(native cellulose) showed great  diffuseness, whereas the  
diffracted in tens i ty  from Fort isan (regenerated cellulose) 
to a fair degree of approximat ion  was on layer lines in a 
rota t ion photograph.  Calculations in accordance wi th  (2) 
for ramie and  (7) for Fort isan were therefore performed, 
and  in addi t ion the first three terms in (4) for ramie were 
de te rmined  in order to compare the  two methods  • (2) 
and  (4). The intensities for ramie were obtained through 
a combinat ion of normal-beam rota t ion photographs and  
Weissenberg photographs where the  fibers were oscillated 
± 60 ° from their  initial position normal  to the  incident  
beam. Copper Kot radiat ion was used. In  the  rota t ion 
photographs  the  radiat ion was monochromat ized  by 
reflexion from a plane rocksalt  crystal, and  the camera 
could be ei ther  evacuated  or filled wi th  hydrogen.  The 
Weissenberg camera was equipped wi th  an addi t ional  
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Fig. 1. Weissenberg photograph of ramie fibers oscillated 
about an axis normal to the fiber axis. Divergence of 
monochromatic incident beam 2.5 °, height of irradiated 
sample 2 ram. and thickness 0.15 ram. Distance between 
layer-line screens 1.3 ram. Cu K0t radiation, 40 kV~P. and 
20 mA. Exposure 120 hr. 
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vacuum-t igh t  cyl inder  inside the layer-line screens, and  
a bent  rocksalt  crystal  focused the incident  beam on the 
sample, which consisted of parallel fibers moun ted  in a 
frame. Each  spot on the film therefore corresponds to the 
average intensi ty  in a small volume in reciprocal space, 
the size of the volume element  depending on the diver- 
gence of the incident  beam, the height  of the i r radia ted  
sample and  the  distance between the layer-line screens. 
Fig. 1 is a Weissenber~ photograph for which IAr*l is 
of the order of 0.03 A -1. For  Fort isan the  diffracted 
intensities were recorded on normal- and  incl ined-beam 
rotat ion photographs.  The observed intensities were 
normalized, and  the  incoherent  and  the s t ructure  inde- 
pendent  scat ter ing Iinc. and  2:.f~ were subtracted.  Tabu- 
lated values for /inc. and  fj were used. 

Figs. 2 and  3 show the results of these calculations for 
ramie, using equat ions (2) and (4) respectively;  only the 
first three terms in (4) were used. The contour  plots have 
been compared wi th  vector  maps  of different models,  but  
so far it has been impossible to make  any  final decision. 
The chain s t ructure  proposed by Meyer & Misch (1937) 
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Fig. 2. Ramie. Cylindrical distribution. Negative regions are 
shaded. (Equation (2).) 
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Fig. 3. Ramie. Cylindrical distribution. Negative regions are 
shaded. (First three terms of equation (4).) 

did not  fit the  exper imental  da ta  too well. A bet ter  
agreement  between model  and contour  plots was obtained 
when every  other  pyranose ring in the above s t ructure  
was rota ted,  bu t  when  the twofold screw axis of the 
molecular  chain is abandoned  a large number  of pos- 
sibilities has to be tried. Fu r the r  work on the interpreta-  
t ion of the  dis t r ibut ion funct ion is now in progress. 
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Nucleotides and  alkyl  diesters of phosphoric acid are 
being invest igated in these laboratories to provide da ta  
on the dimensions of groupings in the s t ructures  of nucleic 
acids, nucleoproteins and  viruses. Pre l iminary  investi- 
gations of two such compounds  are here reported.  

Deoxycytidine 5'-phosphate, CgHIsOTNaP 

A specimen was kindly  supplied by Prof. A. R. Todd 
and his co-workers. F la t  needle crystals were obta ined 
by slow evaporat ion of aqueous solution. The s y m m e t r y  
is monoclinic wi th  

a = 21.5, b = 11-2, c ---- 7.0/~, fl = 93 ° 15'. 

* This work was aided by a grant from the National Foun- 
dation for Infantile Paralysis. Contribution No. 1891 from 
the Gates and Crellin Laboratories. 

Systematic  absences determine  the space group as P21 or 
P21/m, but  the la t ter  is impossible because the molecule 
is asymmetr ic .  

Potassium dtethyl thiono-phosphate, 
(C2HsO)2POSK 

A specimen was made  available by  Dr  Francis  Gunther  
of the Citrus Exper imenta l  Station,  Riverside,  California. 
La th-shaped  needles were obta ined by evaporat ion of 
solutions in acetone at  room tempera ture .  The s y m m e t r y  
is monoclinic wi th  

a ---- 21.8, b = 6.6, c ---- 13.4 A, fl ---- 90 ° 40', 

and  the crystals are twinned  on (100). Systematic  absences 
determine the space group as P21/n. 

No fur ther  work on these two compounds  is contem- 
plated.  


