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Powder diffraction patterns from microsamples. By L. K. F~EVET. and  H. C. A_~rDERS0~, The Dow Chemical 
Company, Midland, Michigan, U.S.A. 

(Received 20 November 1950) 

The conventional  powder-diffraction techniques usually 
require about  1 rag. of sample for sat istactory diffraction 
pat terns.  Although microcameras have been described 
(Kratlry, 1930a, b; Fankuchen  & Mark, 1943; Kreger, 
1946 a, b) which can be employed for samples available 
only in microgram amounts,  the mount ing  of such powder 
specimens on the axis of a 0.01-0.02 ram. pinhole colli- 
mator  becomes difficult and almost precludes the ro ta t ion  
of the sample in the X-ray  beam in order to reduce the 
spottiness of the micropattern.  Glass fibers and thin- 
walled pyrex capillaries have been used successfully by 
Zachariasen (1949) to obtain  satisfactory X-ray  dif- 
fraction pat terns  with a few micrograms of heavy-metal  
compounds. However, the presence of a relat ively large 
amount  of glass (as compared wi th  the weight of the micro- 
sample) has two disadvant.ages: (1) for soft radiat ion such 
as Cu K~, or Cr K~  the scattering from the glass raises 
mater ia l ly  the background ' fogging' ,  and  (2) the spreading 
of the sample over the inside wall of the capillary reduces 
the potent ia l  sharpness of the powder reflections and can 
produce ' absorpt ion doublets '  for low values of the Bragg 
angle. 

A simple and  effective mount ing  has been developed 
which is capable of handl ing powder samples weighing 
0.001 rag. This technique consists in coating the 2 mm. 
kmffe edge of a microwedge of lead wi th  a th in  film of 
mineral  off which permits one ~o pick up very t iny  specks 
and  have them ba thed  in a very narrow beam of X-rays.  
Fig. 1 depicts the design of the lead microwedge and 
holder. A 20 ° oscillation of the wedge provides random 
orientat ion to the t iny  crystallites and thus reduces the 
spottiness of . the  powder pat tern .  The sharp diffraction 
lines from the lead of the wedge are useful for an  accurate 
calibration of the effective camera radius and  cause no 
serious complication in the phase identification of un- 

known mixtures.  Any corrosion-resistant mater ia l  wi th  
a high absorption coefficient may  be substi tuted for lead; 
e.g. t an ta lum,  pla t inum, gold, lead glass, etc. To reduce 
the air scatter for prolonged exposures i t  has been found 
expedient to displace the air in the camera and  slit system 
with helium. Fig. 2 reproduces two cliff-faction pa t te rns  of 
NH4H~PO 4 taken with an equatorial  shut ter  (Frevel, 
1935), and illustrates the reduction of background scat ter  
for a helium atmosphere.  
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A circular slide rule for structure-factor calculations. By G. M. J.  SCHMIDT, Department of X-ray Crystallo- 
graphy, The Weizmann Institute of Science, Rehovoth, Israel 

(Received 9 October 1950) 

We wish to describe a simple mecha~_ical device for the rapid 
computat ion of the function cos (sin) 21r(hx + ky +!z) 
directly from a given set of x, y, z for positive or negative 
values of h, k, I. 

The device is basically a circular slide rule with two 
concentric scales A and B:  A is the scale of x (y, z), i.e. 
2~r radlans divided into 1000 intervals;  B is a cosine (sine) 
scale graduated over 2~r in intervals of 0.05, except in the 
region of 0.95-1-00 where the intervals are in units of 0.01. 
The two scales have a common origin at  the points  0.000 
and 1-00 respectively. 

Above the fixed plate carrying these two scales, and  
mounted  concentrically, runs a cursor consisting of a plate 
of 'perspex ' ,  which has engraved on it  two mutua l ly  
perpendicular diameters. I t  is thus possible to read off, 
a t  one sett ing of the  cursor, _+ cos (sin)27r0 for a given 

angle ~, from the appropriate one of the fore" radius 
vectors. 

The innovat ion of ~he slide rule consists in the move- 
ment  of the cursor: the radius vector can be advanced 
repet i t ively through a given angle x. Once this angle x 
has been set, the function cos (sin) 2nhx can be read off 
without  the necessity of first compubing hx. 

In  practice, this angle x is set on the movable stop X 
which runs along another  scale C, also graduated in 
millicycles. Scale C can be turned about  the centre of the 
slide rule unt i l  the angle stop X hits  the fixed zero stop O, 
which is a t tached to the base of the ins t rument  and does 
not  move wi th  G. A ra tchet  movement  takes the perspex 
cursor along through the angle x on the forward journey 
of scale C, but  disengages on the re turn  of G' to O. A 
second mot ion  of C through x now advances the cursor 



to 2x, and  so on. A simple clutch enables the operator to 
reverse the  direction of mot ion of the cursor so t h a t  
cos 27r(-h) x can be obtained from the same angle setting. 
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The ro, tehet  mechanism for moving ~he cursor consists 
of a hardened polished C-shaped steel double pawl pivoted 
in a recess in the operat ing and  stop-carrying ring, and  is 
sprung wi th  two leaf springs. E i ther  of the directionally 
opposed pawl faces can be brought, into posit ion to engage 
wi th  the ra tche t  tee th  of the cursor, to t ranspor t  i t  in 

either direction, by  shif t ing the pressure of the leaf 
springs on the pawl by  means of two knurled knobs which 
control the spring positions. 

The contr ibut ion of an  a tom i to the geometrical 
s t ructure  factor of the form cos 27r(hx i +_ lzi) is computed 
along lines in the reciprocal lattice, say for constant  l, by  
set t ing the angle stop to x, advancing the cursor to lz, 
and  successively determining cos 27r(hx~ + lz~) from 0 to h, 
and from 0 to - h .  

An obvious improvement  is the  inclusion of a second 
and  th i rd  angle stop to hold the values of y and z. I f  
such stops Y and  Z are to be added, then  X,  Y and  Z 
must  be capable of being sw~mg out  so as not  to interfere 
wi th  one another.  

i ts present  form the device has been found fully 
accurate and reliable in the summa%ion of (hx+lz). I t  
has been most  useful in the (three-dimensional) analysis  of 
phenazine and  the (two-dimensional) analysis  of tetra-  
benznaphthalene (7 and  26 atoms in the asymmetr ic  uni t  
respectively), which are now being carried out  in this  
laboratory.  Two hundred  F ' s  of the form cos 27r(hxi + lzi) 
of 26 atoms have been computed in 16 working hours. 

I t  is a pleasure to t h a n k  the chief ins t rument  maker  of 
the Weizmann Ins t i tu te ,  Mr B. Feldmann,  for designing 
and  cor,,~tructing this  ins t rument .  
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An orthorhombic variety of chrysotile. B y  E. J .  W. WHITTAKER, Research Division, Ferodo Ltd., Chapel-en-le. 
Frith, Stoclcport, England 

(Received 29 November 1950) 

The s t ructure  of chrysotile asbestos has been studied by  
Warren  & Bragg (1930), Gruner (1937) and  Aruja  (1943). 
Al though the detailed s tructural  conclusions of these 
workers have  differed, t hey  have all agreed t h a t  the 
s t ructure  is based on a monoclinic cell having  the approxi- 
mate  parameters  

a - 1 4 . 6 ,  5=9 .2 ,  c=5-32A. ,  / ?=93 ° 12', 

or simple multiples or submultiples of these a and b 
axial  lengths.  

I t  appears from the l i terature t ha t  these results were 
all obtained nsing specimens from Thetford, Quebec. 
More recent ly  Padurow (1950) has claimed tha t  the 
s t ructure  is only pseudo-monoclinic and  is real ly triclinic 
wi th  cell parameters  

a=7 .36 ,  b=9.26,  c = 5 . 3 3 A . ,  

a=92  °50', /?=93 °11', 7 = 8 9  °50 ' .  

The chrysotfle used in this  work was also from Quebec. 
As a result  of a survey of specimens from a var ie ty  of 

sources in Canada, Rhodesia,  Swaziland, India  and 
AtL~tralia the au thor  has found t h a t  the diffraction 
pat terns  obtained differ quite extensively.  Certain of 
these differences have already been reported (Whit taker ,  
1949), bu t  a t  the t ime the nature  of the corresponding 
s t ructural  differences had  not  been ascertained. I t  has 
now been found tha t  the photographs m a y  be explained 
on the assumption t ha t  the specimens consist of mixtures,  
in different proportions, of the normal monoclinic var ie ty  

(or p seudo-monoc l~e  according to Padurow) and a new 
orthorhombic var ie ty  with  subs tant ia l ly  identical unit-  
cell dimensions. Chrysotile from Canadian sources does 
not  appear  to contain a n y  of the orthorhombie variety,  
which accounts for this  not  having been observed by  
previous workers. The other sources ment ioned yield 
mater ial  of vary ing  ortho content  both as between sources 
and as between different specimens from the same source. 
This content  varies from zero up to a value which is still 
uncertain,  bu t  is probably  more than  50 %. No evidence 
has been found of f luctuation in this proport ion when a 
specimen is repeatedly halved in cross-section down to a 
diameter  of about  0.05 ram., so t ha t  the two varieties are 
very  finely dispersed, quite probably  as individual  fibrils. 

The diffraction phenomena given by  ortho-chrysotile 
closely resemble those given by  the clino variety.  Similar 
restrictions exist on the indices of the observed reflexions, 
and similar diffuse streaks are obtained. Owing to the 
restrictions on the indices of the observed reflexions, the 
relationship between the unit-cell dimensions, and the 
diffuse scat ter ing on the odd-order layer lines, the zero- 
and odd-order layer lines of the two varieties are pract ical ly 
identical;  bu t  the difference is seen clearly on the even- 
order layer lines, owing to the different positions of the 
hO1 reflexions of the two varieties. There are also notable 
differences between the varieties in other respects. 
Whereas in elino-chrysotile hO1 reflexions are very  weak 
for h odd, in ortho-chrysotile there is no restriction on h 
for s trong reflexions with  l even. Also, the proportion of 


