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X-ray measurement of the thermal expansion of ammonium chloride. By D. B. SIRDESHMUKH* and V. T. DESHPANDE, 
Physics Department, Osmania University, Hyderabad-7, India 

(Received 15 August 1969) 

The lattice parameters of ammonium chloride have been measured at 31.5 and 54"0°C. The coefficient 
of linear expansion is found to be 58-5 × 10-6°C -1. 

The thermal expansion of ammonium chloride (CsC1 
structure) has been measured by Fizeau (1867) and Sharma 
(1950). The values reported by them for the coefficient of 
linear expansion near room temperature are 62.5 and 59"9 
(in units of 10-6°C -I) respectively. HaussiJhl (1960) has 
quoted a very much lower value of 48 x 10-6°C -1. In view 
of these differences, an accurate X-ray determination of the 
coefficient of thermal expansion was undertaken. 

A flat-faced powder sample was prepared with Analar 
grade B . D . H .  material. X-ray powder photographs were 
taken with a flat-film back-reflexion camera. With filtered 
copper radiation, the camera could record three ~:t2 
doublets at high angles. Photographs were taken at 31.5 and 
at 54"0°C. The procedure for the precision determination 
of the lattice parameter was the same as in our earlier work 
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on ammonium bromide (Deshpande & Sirdeshmukh, 1961). 
The main results are given below. 

a31.5 = 3.8771 + 0.0002/~ 
a54.o = 3.8822 + 0"0002/~ 

:58"5  X 10-6°C -1 

It can be seen that the value of the coefficient of expansion 
obtained in this investigation by the X-ray method agrees 
very well with the value obtained by Sharma (1950) by the 
optical interferometric method. 
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A least-squares method for the determination of the orientation matrix in single-crystal ditfractometry. 
By K. TICHq,* Physics Department, University College, Cardiff', Wales 

(Received 6 October 1969) 

An appropriate choice of the function minimized permits linearization of the least-squares determination 
of the matrix which transforms the diffraction indices into the components of the reciprocal vector in the 
diffractometer ~0-axis system of coordinates. The coefficients of the least-squares equations are based on 
diffraction indices and measured diffractometer angles of three or more non-coplanar setting reflexions. 

In order to bring a reciprocal lattice vector into a reflexion 
position on the Ewald sphere, it is necessary to know its 
components in the ~0-axis system of coordinates. The com- 
ponents can be calculated from the equation (Busing & 
Levy, 1967) 

X = UBh = Q h .  (1) 

In this matrix equation X represents the column vector 
of components of a reciprocal lattice vector r~,kt in the ~0- 
axis system of coordinates and h is the column vector for 
the diffraction indices hkl. The B matrix transforms h into 
the reciprocal crystal cartesian system of axes and U is the 
unitary orientation matrix, which transforms the vector 
components in the crystal system into the ~0-axis system of 
coordinates. 

Several methods for determining the orientation matrix 
U have been published. Busing & Levy (1967) describe 
methods using two or three setting reflexions and mention 
an iterative numerical method for the least-squares deter- 
mination of the orientation matrix and the unit-cell par- 
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ameters. Their approach enables one to refine the unit-cell 
parameters both with and without the constraints imposed 
by the symmetry of the crystal to three axial lengths and 
three interaxial angles. Shoemaker (1969) proposed an al- 
ternative to the unit-cell determination from the Q = U B  
matrix. 

In this paper a straightforward non-iterative least-squares 
method is given which enables one to calculate nine matrix 
elements Q~j directly from linear equations, the coefficients 
of which are evaluated according to the analytical formula 
(4) given below. The orientation matrix U and the lattice 
parameters can then be derived according to the method 
of Shoemaker (1969) based on a knowledge of the matrix 
elements Q~j only. 

The nine elements Q~j must meet the condition that  the 
components of the vectors Xcq> based on them, according 
to the equation (1), are the closest to those observed. The 
function minimized is chosen to be of the form 

S = r. ZwCq)[X(7) (calc) - XC~ ) (obs)] 2 (2) 
• 

where the superscript q denotes the summation over all 
setting reflexions considered and the index i-- 1, 2, 3 ranges 
over x, y and z components. The values of X~q)(obs) are 
calculated from measured diffractometer angles. 
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Using equation (1) re-written in the index notation 

Xi(~) = Z, Q i#he (~) ( I a) 
k 

we introduce the required elements Q~j into equation (2) 

s = Iz 12,w(q~[ZQiehk<q) - Xd~)(obs)]2 (2a) 
q i  k 

and from the conditions 

~S 
= 0 ,  m, l=1 ,2 ,  3, (3) 

OQmz 
we obtain three systems of three linear normal equations 
for the nine matrix elements Qm~ 

12,w~q)~,{ Qm~h~(q) } hz(q> = 12,w(~) Xm (q)(obs)h~ (q) , 
q k q 

1=1 ,2 ,3  for m = 1 , 2 , 3 .  (4) 

The estimated standard deviations can be calculated in 
the usual way (International Tables for X-ray Crystallog- 
raphy, 1959) 

s2(Qmt) = aUNw(~)(dm<q))2/(Nq- N) (5) 
q 

where 
s(Qm~) is the estimated standard deviation of the matrix 

element Qmt, 

a u is the diagonal matrix element of the matrix a inverse 
to the matrix of the normal equations in (4), 

d m (q) = X~ (a>(calc) - X,,~ (q)(obs) = Z;Q,,, ~hk (~) - X,,, cq>(obs) 
k 

is the difference between the observed and the calculated 
value of the mth component of the vector X(q) of the qth 
setting reflexion, 

Nq is the number of setting reflexions used, 
N= 3 is the number of parameters determined (N is not 

equal to 9 as there are three systems of three normal equa- 
tions, each of them for the determination of three par- 
ameters Qmz, l= 1, 2, 3). 

The whole problem of accuracy and in particular the 
assignment of correct weights clearly requires further at- 
tention. 

My thanks to Dr J. P. G. Richards for valuable discussion. 
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International Union of Crystallography 

Opening of new Union office 

The President of the Union, Professor A. Guinier, together 
with the Chairman of the Commission on Journals, the 
General Secretary, the Treasurer, employees of the Union 
and guests, attended a luncheon in Chester on 7 January to 
mark the opening of the new Union office. This office, 

incorporating the office of the Technical Editor and the 
office of the Executive Secretary, is at 13 White Friars, 
Chester CH1 1NZ, England. All correspondence for the 
Technical Editor, Mr S.A.Bryant, and the Executive Sec- 
retary, Dr J.N.King, should be sent to this address. Dr 
King has now taken over the day-to-day business of the 
Union from the General Secretary and the Treasurer. 

Notes and News 

Announcement~ and other items o f  crystallographic interest will be published under this heading at the discretion o f  the Editorial 
Board. The notes (in duplicate) should be sent to the Executive Secretary o f  the International Union o f  Crystallography 
(J. N. King, 13 White Friars, Chester CH1 1NZ, England). Publication o f  an item in a particular issue cannot be guar- 
anteed unless the draft is received 8 weeks before the date of  publication. 

Thi rd  International Conference of Crystal Growth  
( L C . C . G . - 3 )  

Marseille, France, 5-9 July 1971 
The programme planned for the Conference includes the 
theory of crystal growth; the characterization of crystals 
in relation to their way of growing; fundamental experi- 
mental work dealing with growth from the vapour phase, 
from the melt and from aqueous solution, growth at high 
pressures or temperatures, transformations in the solid 
phase and recrystallization, crystallization of big polymers 
and biological crystals. Sessions will also be held on new 
techniques for the production of single crystals and on 
crystallization on an industrial basis. 

Parallel sessions are planned and a film show and an 
exhibition will be held. 

For further information apply to: 
General Secretary of the I. C. C. G.-3 
B. Mutaftschiev 

Laboratoire de M6canismes de la Croissance Cristalline 
Facult6 des Sciences de Marseille 
Saint-J6r6me 13, Marseille 13e, France 

Second International Conference on 
Small-Angle X-ray Scattering 

Graz, Austria, 26-29 August 1970 
The Second International Conference on Small-Angle X-ray 
Scattering will be held on 26-29 August, 1970 at Graz, 
Austria. Further information may be obtained from: 

Professor O. Kratky 
Institute for Physical Chemistry 
University of Graz 
Heinrichstrasse 28 
A-8010 Graz 
Austria 


