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Table 1. Crystallographic data for the alkali salts of tetraphenyl boron 

NaB(C6H5) 4 KB (C6H5) 4 NH4B (C6H5) 4 l~bB (C6H5) 4 CsB (C6H5) 4 

a (A) 11.45±0.03 11.25±0.02 11.24±0.02 11.22±0.03 11.27±0.02 
c (A) 7.41±0.02 7.91±0.02 8.08±0.02 8.07±0.03 8.40±0.02 
U (A a) 971.5 1000.1 1020.8 1015.9 1066.9 
Z 2 2 2 2 2 
Dm (g.cm. -a) 1.15 1.192 1.093 1.315 1.400 
DX (g.cm. -a) 1.170 1.190 1.097 1.323 1.407 
M.wt. 342.2 358.3 337.3 404.7 452.2 

~2m_~11 I ~2d, and I4/mmm-D~Th. 14, I4, I4/m each require 
]F(hkl)I ~ [F(~lcl)[, which is contrary to observation. The 
diffraction conditions alone, therefore, allow the last 
five space groups in the list of eight above. Assuming the 
more than  probable tetrahedral ,  not  necessarily regular, 
distr ibution of phenyl  groups about  the boron atom, the 
space group is indeterminate  only between I4m2 and 
I42m. Both  imply the same positions for the ions in 
the  crystal and differ only in the orientat ion required of 
the  phenyl  groups with respect to the unit-cell vectors. 

Caesium te t raphenyl  boron was also recrystallized from 
methy l  ethyl  ketone, with which it forms a solvate, 
CsB(C6Hs)4.CHaCOC2H 5, belonging to the orthorhombic 
system. The lattice constants of this solvate are 

a---- 16.54±0.02, b =- 14.61±0.02, c---- 10.42±0.02 /~. 

Volume of cell ---- 2517.9 /~a, Z ---- 4, D m =  1"382 g.cm. -3, 
Dx ---- 1.382 g.cm. -a. 

l%eflexions are present in all orders except in (hO1) when 
h - - - - 2 n + l  and in (0/cl) when / c ÷ l - - - - 2 n + l .  The space 
group is hence ei ther Pnam or Pna2~. 

Attempts  at preparing single crystals of the l i th ium 
salt of te t raphenyl  boron, using several different solvents, 

were wi thout  success; powder photographs appeared to 
be more complex than  those of the other alkali salts of 
te t raphenyl  boron and were not  unambiguously indexed, 
a l though it was clear tha t  this salt was not  isomorphous 
with those in Table 1. 

Fur ther  work on these salts was suspended in 1956, 
when it was learned (private communicat ion from Mrs 
M. S. Wekster) tha t  an independent  investigation of the  
rubidium and ammonium salts had been completed else- 
where. The Fourier syntheses in this work (Webster, 
1956) resolved the space-group ambigui ty  in favour of 
I 42m-D~d . 

We thank  L. Light  and Company Limited for a gift 
of l i thium, sodium and potassium salts of te t raphenyl  
boron. The remaining salts were prepared by double 
decomposition, using the sodium salt as start ing material.  
We also thank  Prof. J.  Monteath Robertson for his 
interest. 
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The following me thod  for computing the principal axes 
of thermal  mot ion  from the anisotropic temperature-  
factor coefficients has recently been derived by Waser 
(1955). Let  the expression for the tempera ture  factor of 
an a tom be exp ( - - .~B i jh ih j )where  the hi are the 

indices of the reflection and the Btj are the  temperature-  
factor coefficients. Then the  equations to be solved are 

~,  [Bii--~(bi.bj)]qi ---- 0, j ---- 1, 2, 3 ,  (1) 
i 

where the  bi are the reciprocal-lattice vectors and the 
qi describe the  vector O =-.~ 'qibi .  Solution of the  

i 
secular de te rminant  yields three roots, 2(r), corresponding 
to the three principal-axis directions, and substi tut ion 
of each A(r) in (1) gives a vector O (r) ---- ~ qi(r)bi which 

i 

* Operated for the U.S. Atomic Energy Commission by 
Union Carbide Corporation. 

defines the direction of the r th principal axis. The mean- 
square atomic displacement along this axis is /~(r)/2x~2. 

The purpose of this note is to point  out tha t  equations 
(1) may  be recast in two ways which offer computat ional  
advantage : 

Sb b 

and 

Here the ai represent the direct-lattice vectors and the  
Pk are the components  of O in terms of these vectors:  

Q -- .~  qkb~. -~ .~  pkak. (4) 
k k 

In  the determinants  of equations (2) and (3) the  unknown 
A appears only in the  diagonal elements,  which simplifies 
the  solution of the secular equation. (Note, however,  
tha t  these de terminants  are no longer symmetric.)  
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Moreover, solution of linear equations (3) yields the  
direct-latt ice components  pk (r) of the principal-axis vec- 
tors. These will sometimes be preferred to the compo- 
nents  qk(r). 

Derivat ion of equations (2) and (3) is most  convenient  
in mat r ix  notat ion.  Equat ions  (1) may  be wri t ten  

(B- -~g)q  = 0, g---- [b i .b j ] .  (la) 

Taking the scalar product  of (4) wi th  b# and not ing tha t  
ai. b i ---- 6ij, yields p = ~,q. A similar product  of (4) wi th  
aj shows tha t  g-1 ---- [ai. aj], since q = g - lp .  

Premult ip lying (la) by ~-1 gives 

( g - l B - - g - 1 2 g ) q  ---- ( g - l B - - 2 l ) q  = 0 .  (2a) 

Subst i tut ing q ---- g - l p  into (la) yields 

(B--2g)g-Zp = (Bg- l - -21)p  = 0 .  (3a) 

These are the matr ix  equivalents  of equations (2) and (3). 
Criticism and suggestions from Prof. J .  Waser and  

Prof. V. Sehomaker are gratefully acknowledged. 
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Notes  and N e w s  

Announcements and other items of crystallographic interest will be published under this heading at the discretion of the 
Editorial Board. Copy should be sent direcct to the Editor (P. P. Ewald, Polytechnic Institute of Brooklyn, 333 Jay 
Street, Brooklyn 1, N. Y., U.S.A.) or to the Technical Editor (R. W. A smussen, Chemical Laboratory B of the Technical 
University of Denmark, Solvgade 83, Copenhagen K, Denmark) 

T h e  X - r a y  P o w d e r  D a t a  F i l e  errors in the published data  are always welcome and 
Upon the  resignation of Dr G . W .  Brindley, Dr J . V .  correspondence should be addressed to Dr J .  V. Smith, 
Smith has been appointed acting Edi tor  to the  X-ray Mineral Science Building, The Pcnnsylvania  State 
Powder  Data  File. New data  and information concerning Universi ty,  Univers i ty  Park, Pennsylvania,  U.S.A. 

Book Reviews 

Works intended for notice in this column should be sent direct to the Editor (P. P. Ewald, Polytechnic Institute of Brooklyn, 
333, Jay Street, Brooklyn 1, N.Y . ,  U.S.A.). As  far as practicable books will be reviewed in a country different from 
that of publication. 

S o l i d  S t a t e  P h y s i c s .  A d v a n c e s  i n  R e s e a r c h  
a n d  A p p l i c a t i o n s .  Volume  4. E d i t e d  by  F.  SEITZ 
a n d  D. TURNBULL. Pp.  x i v + 5 4 0  wi th  m a n y  figs. 
N e w  Y o r k :  Academic  Press ;  L o n d o n :  Academic  
Books.  1957. Pr ice  $12-00;  £4.16.0.  

This volume contains five articles, of which two, 'Ferro- 
electrics and antiferroelectrics'  by W. Kanzig (197 pages) 
and 'Techniques of zone mel t ing  and crystal growing' 
by W. G. Pfann (100 pages) are reviewed here. The 
others are 'Theory of mobi l i ty  of electrons in solids' 
by F. J. Blat t  (168 pages), 'The orthogonalized plane- 
wave method '  by T. O. Woodruff  (45 pages), and a 
'Bibliography of atomic wave-functions '  by R. S. Knox 
(9 pages). 

Ferroelectr ici ty is the existence of reversible spon- 
taneous polarization in a dielectric; antiferroelectricity, 
less easy to define macroscopically, has its origin in 
permanent  dipole moments  associated wi th  symmetry-  
equivalent  parts of the structure, whose resultant  momen t  
is zero. The technological importance of ferroelectrics has 
inspired a large amount  of fundamenta l  work, but  the 
results are scattered through the literature, so tha t  it is 
not  easy for anyone who wants  an up-to-date  picture to 
assemble it for himself. Dr K~inzig's monograph therefore 
meets  a real need. I t  is comprehensive,  authori ta t ive,  
and wri t ten  wi th  a sense of order and a t ten t ion  to detail  

which make  it a valuable work of reference. I t  includes 
a long and impor tan t  section on the physical properties 
of single crystals; an account (perhaps too short for 
clarity) of the phenomenological  theories; discussion of 
domain effects; descriptions of crystal structures, as 
known from X-ray and neut ron diffraction, infra-red and 
R a m a n  spectroscopy, and nuclear magnet ic  resonance; 
brief notes on solid solutions; and a summary  of the  
various model theories. New ferroelectrics discovered up 
to 1957 are included. Full references are given (though, 
regrettably,  as footnotes). The article is no mere compila- 
t ion of results and theories. Trouble has been taken  to 
sort t hem into logical order, to express t hem in forms 
which allow comparison, to assess their  reliability and  
interpret  their  significance. This of course enhances 
their  value. Indeed,  not  the least valuable parts of the  
article are some of these interpretat ions (though it is 
sometimes not  clear from the text  just  how much is due 
to Dr K~inzig rather  than  to the original author).  

The article is likely to be of most  value to those who 
already have some knowledge of ferroelectricity and want  
to extend it. I t  cannot  be recommended wi thout  reserve 
as an introduct ion to the  subject, par t ly  because ex- 
planations are kept  short, and part ly  because of limita- 
t ions inherent  in the  conventional  solid-state approach. 
Solid-state physics, generally concerned wi th  very simple 
structures where the atoms are all in special positions, 


