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Introduction 

W i t h  the extension of X - r a y  s t ructure  analysis  and  the  
accumulat ion of exper imenta l  data ,  several methods  have 
been proposed for making  a unique choice of the para-  
meters  for triclinic crystals  (Bar th  & Tune]], 1933; 
Buerger,  1937, 1942, chap. 19; Crowfoot, 1935; D o n n a y  
& Melon, 1933; Donnay,  Tunell  & Bar th ,  1934; Donnay ,  
1943a, b; Peacock, 1937; Tuneil,  1933). In  a recent  
publicat ion (Donnay & Nowacki,  1954, pp. 161-178), 
which included all publ ished crystal  da ta  (up to 1951) 
for substances belonging to the triclinic system, the  
authors  under took the considerable labour  of calculat ing 
all parameters  according to one general system, namely  
t h a t  of the  Russ ian  ma themat i c i an  De launay  (1933), 
which was brought  to the a t t en t ion  of crystal lographers  
b y  I to  (1950, p. 189). 

Applicat ion of the De launay  reduct ion (International 
Tables, 1952, p. 530) gives the  ceil which has the  three  
interaxial  angles (~, fl, ?) all non-acute,  i.e. ___ 90 °, and, 
wi th in  the l imits imposed by  this  condition, the  three 
t ranslat ions,  a, b, c the shortest  possible. Unfor tuna te ly ,  
in m a n y  cases (more t han  20% of those presented by  
D o n n a y  & Nowacki) the reduct ion causes some inter-  
axial  angles to deviate from 90 ° by  more t han  30 ° and  
sometimes by  as much  as 60 ° . Consequently,  the  axial  
t rans la t ions  are often much  greater  t han  the  m i n i m u m  
possible and  are therefore inconvenient  to use in X- r ay  
s t ructure  analysis.  

In  seeking improved rules for the choice of the un i t  cell, 
we take  the following features of the  triclinic sys tem into 
account :  

1. The triclinic sys tem is the only  one where the choice 
of cell is not  imposed by  the  symmet ry .  

2. Any  uni t  cell will in general have  two solid angles in 
which all three plane angles are 'homogeneous' ,  i.e. e i ther  
(a) all acute (the uni t  cell is an  acute parallelepiped) or 
(b) all obtuse (the uni t  cell is an  obtuse parallelepiped). 

3. No parallelepiped can be obtuse and acute a t  the  
same time. (A parallelepiped having  a solid angle in 
which one or two plane angles are equal to 90 ° can be 
described as non-obtuse (~, fl, ? ~ 90°), or non-acute 
(a, fl, ~, >__ 90 °) parallelepiped. Following the crystallo- 
graphic convention,  this  parallelepiped would be de- 
scribed as non-acute (~, fl, ? >_ 90 °) parallelepiped.) 

4. In  a parallelepiped (obtuse or acute) formed by  
three shortest  t ransla t ions  each edge mus t  be shorter  t han  
the diagonals of the  faces bordering it. 

5. The De launay  reduction au tomat ica l ly  gives the  
three shortest  non-coplanar  t ransla t ions  of the lat t ice 
if these form an obtuse parallelepiped. 

6. The De launay  reduction cannot  give the  three 
shortest  non-coplanar  t rans la t ions  of the lat t ice if t h e y  
form an acute parallelepiped. 

7. The reciprocal of an  obtuse parallelepiped is an  
acute one, and,  usually,  vice versa. 
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8. The shortest  possible a*, b* and  c* of the triclinic 
reciprocal lat t ice do not  necessari ly correspond to the  
shortest  possible a, b and  c of the corresponding direct 
lattice, as is the  case in all other  crystal lographic sys tems 
(Buerger, 1942, p. 365). 

9. I n  the absence of requirements  imposed by  the sym- 
m e t r y  there is no preference for the choice of a, b or v 
in a n y  par t icular  direction, bu t  the convention a < b < c 
proposed by  Buerger (1942, p. 366) seems more con- 
venient  for tabula t ion  purposes than  the  labelling 
c < a < b used b y  D o n n a y  & Nowacki  (1954, p. 138). 

F rom the  structl l ral  point  of view it  is more convenient  
(for graphical  representat ion of the unit-cell contents) 
to have  the shortest  of the three axes towards the observer 
(this axis will thus,  by  convention,  be labelled a). I n  
the ma jo r i ty  of te t ragonal  and  hexagonal  crystals,  where 
(in contras t  to the  or thorhombic system) the  c and  a 
axes are fixed b y  convention,  the  rat io c/a is greater  t han  
uni ty .  These considerations suppor t  Buerger 's  conven- 
t ion. 

W i t h  these points  in view the following rules are 
proposed:  

Rules for choice and evaluation of the unit cell  
i n  t h e  t r i c l i n i c  sys t em 

1. The un i t  cell should be pr imit ive  (i.e. i t  should have  
the smallest  volume). 

2. The cell edges should be labelled in the  following 
order:  

a < b < c .  

3. The interaxia l  angles c~, fl and  ? should be 'homo- 
geneous'  ( that  is ei ther  all acute or all obtuse). 

4. The De launay  reduct ion is applied in direct  space to 
a n y  pr imit ive  ceil obta ined exper imental ly .  

5. The edges a, b and  c of the  cell obtained af ter  opera- 
t ion (4) are tes ted to determine whether  t h e y  are shorter  
t han  the diagonals of the  faces bordering the  cell. 

6. I f  this  test  reveals a diagonal shorter  t han  an  edge, 
i t  mus t  be concluded t h a t  the  shortest  t rans la t ion a0, b 0 
and  c o form the acute paral lelepiped:  the  De launay  
reduction should be applied in reciprocal space to the 
values a*, b*, . . .  etc. 

7. F rom the reduced parameters  ao* , b* . . . .  etc. ob- 
ta ined after  operation (6), the  corresponding values 
ao, be . . . .  etc. are calculated and  accepted as para .  
meters  of the direct lat t ice.  

8. W h e n  one or two interaxia l  angles are equal to 90 °, 
under  the conditions of the  experiment ,  the  un i t  cell 
should be presented as the non-acute  (a, fl, ? ~ 90 o) 
parallelepiped. For  the sake of completeness i t  m a y  be 
classed as an  obtuse parallelepiped. 

B y  the applicat ion of the  above rules, all triclinic lat- 
tices (direct space) will therefore be divided into two 
groups, for one of which the un i t  cell is an obtuse parallel- 
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epiped and for the  other  of which the uni t  cell is an acute 
parallelepiped. 

I n  the  former case the  translations a 0, b o and  c o of 
the  uni t  cell are the  shortest  possible. In  the  lat ter  case, 
the  translations a 0, b o and c o are not  necessarily the shortest  
possible, but  they  will usually be so, and  the interaxial  
angles will usually be not  great ly different from 90 ° . 
Moreover, they  have a unique definit ion and  are automat-  
ically derived by  the  applicat ion of the  Delaunay reduc- 
t ion in reciprocal space. 

The application of the  above rules thus avoids the  in- 
convenient  values of latt ice parameters  obtained in 
m a n y  cases when  the  Delaunay reduct ion is carried out 
in one (direct or reciprocal) space only. 

T h e  writer wishes to thank  Prof. E. G. Cox, H . M .  
Hayward  and especially Dr J .  H. Rober tson for their  
criticism and assistance in the  preparat ion of this paper. 
He  also wishes to t hank  Prof. J.  D. H. Donnay  for his 
comments ,  and Prof. M. J.  Buerger for comments  and 
for le t t ing him see the  proofs of his for thcoming book, 
in which the  possibility of dividing all triclinic crystals 
into two types  depending on the interaxial  angles is 
discussed in detail. 
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The Laue goniometer  has long been used for the  s tudy of 
symmet ry  and  lat t ice distortion, principally by metal-  
lurgists. Exac t  analysis is rendered difficult because two 
variables (wavelength and  lattice spacing) are associated 
wi th  each diffraction spot, and  est imates of unit-cell size 
are generally only approximate.  If  the  diffracted image 
were to be invest igated by a proport ional  counter  and 
mul t ichannel  pulse-height analyser then  direct knowl- 
edge of the  wavelengths and  relative intensities associated 
wi th  each spot could be obtained.  

As the  rate of arrival of X-ray  quanta  is governed by 
the  Poisson distribution, and  the  effective in tegrated 
intensi ty  (N) is a differential count between background 
(B) and 2/~-B, then  the  variance associated wi th  a count 
2/ is 2/-~2B. 

The coefficient of variat ion is { 100 V(N ~- 2B) }/2/, and 
if N is greater  t han  B (as is usual except for very  weak 
spots) we must  have 2/ > 104 if this coefficient is to be 
less than  1%. 

C0chran (1950) reports a standard deviation of only 
1-2% in Ihkz values for Geiger-counter measurements ,  
cgmpared wi th  12-18% for photographic recording. 

Channel-selection considerations l imit  the  m a x i m u m  
rate of arrival of quanta  to 1600 per see. (Hutchinson & 
Scarrott, 1951), which means tha t  an intensi ty measure- 
m e n t  wi th  a coefficient of variat ion of 1% may  be ob- 
ta ined  in about  6 see. 

The pulse-height  variance (ap) ~ for mono-energetic 
radiat ion absorbed in an argon-filled proport ional  counter 
can be expressed (Curran, Angus & Cockroft, 1949) by 

~ =  ~(~+~)/N, 

in revised form 30 January 1956) 

where 

---- mean  pulse height,  
N = E/Wk = number  of ion pairs initially produced,  
E ---- energy of incident quanta,  
Wk ---- energy required to produce one ion pair = 27 

e.V. for argon (Valentine, 1952), 
= ~  =-~. 

Thus in the  region of ~t ----- 1 /~, E ---- 12340 e.V. and  the  
coefficient of variat ion is 5.35%. 

Lang (1952) assumes a Gaussian pulse-height  distribu- 
t ion so t ha t  the  s tandard error of the  mean,  expressed 
as a percentage of the  mean,  is 

ll5/V(2/N). 

Thus if 2 = 1 /k, and 2/ ---- 104 the s tandard error of the  
mean  is 0.05 %. 

The performance is l imited by the  stabil i ty of the  grid 
potential in the amplitude analyser, which restricts the 
number  of available channels to 120 and the  m a x i m u m  
counting rate to 1600 counts per see. (Titterton, 1953). 

The preceding shows tha t  a typical measurement  of 
intensi ty  and wavelength  could be made  in less t han  10 
sec. wi th  the  following degrees of accuracy: 

In tens i ty :  coefficient of variat ion 1% ; 
Wavelength :  s tandard error 0.05% (expressed as a 

percentage fraction of the  mean).  

Fur thermore,  the harmonic  content  of the  radiat ion 
may  also be quant i ta t ive ly  measured if the  pulse-height 


