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o r i en ted  a long the  axis  of t he  m o d e l ;  (c) r ep resen t s  the  shown in Fig.  2, i t  m a y  be des i rable  to  cas t  a n  o x y g e n  
surface of the  oxygen  a tom,  showing  the  poles of t he  a t o m  in w h i c h  t h e  m a g n e t  is g iven  special  o r i en ta t ion .  

F 

Fig. 1. A cross-sectional view of a typical hydrogen atom (a) 
and oxygen atom (b). Covalent bonds are made by means 
of the snap fasteners, F ;  hydrogen bonds by means of the 
steel insert S and the cylindrical permanent  horseshoe 
magnet  M. The appearance of the poles of the magnet  on 
the surface of the oxygen atom is shown in (c). 

m a g n e t .  Fig.  2 shows the  cons t ruc t i on  of t he  h y d r o g e n  
bonds  in an  a d e n i n e - t h y m i n e  pa i r  co r respond ing  to  t he  
W a t s o n - C r i c k  s t r u c t u r e  for nucle ic  ac id  (Wat son  & Crick, 
1953; Crick & W a t s o n ,  1954). The  f o r m a t i o n  of t he  
N - H .  • • O h y d r o g e n  bonds  in th is  mode l  requi res  t h a t  
the  m a g n e t  be inc l ined  a t  a b o u t  60 ° to  t he  axis  of t h e  
oxygen  a t o m .  

One va luab le  f ea tu re  of these  m a g n e t i c  mode l s  is t h a t  
t he  angle  of t h e  h y d r o g e n  b o n d  ( the angle  b e t w e e n  the  
N - H  a n d  H ' ' ' O  vec tors  in N - H ' ' ' O  bonds ,  for 
example)  can  be va r i ed  c o n t i n u o u s l y  over  a wide  range .  
H y d r o g e n  and  oxygen  a t o m s  of the  genera l  t y p e  shown 
in Fig .  1 are he ld  f i rmly  t o g e t h e r  even  w h e n  the  H • • • O 
vec to r  m a k e s  an  angle  of as m u c h  as 30 ° w i t h  t h e  axis  
of t he  oxygen  a tom.  Fo r  special  s t ruc tu res ,  such  as t h a t  

Fig. 2. A drawing showing the use of magnetic N - H . . .  O 
and N - H  • • • N hydrogen bonds in a model of the adenine-  
thymine pair of the Watson-Crick nucleic acid structure.  
Note tha t  in the N - H . . .  O bond the magnet  is inclined 
at about 60 ° from the axis of the oxygen atom. 

These  m a g n e t i c  h y d r o g e n  bonds  p e r m i t  t h e  cons t ruc-  
t ion  of t h r e e - d i m e n s i o n a l  mode l s  of t h e  c rys ta l  s t r uc tu r e s  
of amino  acids  a n d  pep t ides  a n d  of t yp i ca l  conf igura t ions  
of t h e  p o l y p e p t i d e  a n d  po lynuc l eo t i de  cha ins  in p ro te ins  
a n d  nucle ic  acids.  

The  d e v e l o p m e n t  of these  mode l s  was  s u p p o r t e d  b y  
g r a n t  No.  G-1265 f rom the  N a t i o n a l  Science F o u n d a t i o n .  
W e  are  i n d e b t e d  to  Mr Wi l l i am W.  Schue lke  a n d  Mr 
D e l m e r  D.  Dil l  for  he lp  w i t h  p rob l ems  of des ign a n d  for  
exce l len t  w o r k m a n s h i p  in t h e  cons t ruc t i on  of t h e  models .  
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The  solubi l i ty  b e h a v i o u r  of t h e  a lkal i  salts of t e t r a p h e n y l  
boron  exhib i t s  an  in te res t ing  d i scon t inu i ty .  The  l i t h i u m  
a n d  sod ium salts  are  ve ry  wate r - so lub le ,  whe rea s  t he  
po ta s s ium,  a m m o n i u m ,  r u b i d i u m  a n d  caes ium salts are  
ve ry  insoluble.  Ge i lman  & G e b a u h r  (1953) r epo r t  t he  
so lubi l i ty  p r o d u c t  of KB(C6Hj)  4 in w a t e r  a t  20 ° C. to  be 
2 .25×  l0  -s. The  p resen t  inves t iga t ion  was  t m d e r t a k e n  
p a r t l y  to d e t e r m i n e  w h e t h e r  a co r r e spond ing  change  in 
c rys ta l  s y m m e t r y  accompan ie s  t he  a b r u p t  change  in 
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solubi l i ty ,  a n d  p a r t l y  in an  effor t  to  d e t e r m i n e  t h e  
de t a i l ed  s t r u c t u r e  of t h e  [B(C~Hj)4]- ion. 

Sod ium,  po ta s s ium,  a m m o n i u m ,  r u b i d i u m ,  a n d  caes ium 
t e t r a p h e n y l  bo ron  all c rys ta l l ize  f rom ace tone  (in t he  case 
of sod ium w a t e r  was  used)  as p r i sma t i c  needles ,  in  t h e  
t e t r a g o n a l  sys tem.  F o r  each  sal t  p recess ion  p h o t o g r a p h s  
w i t h  Me Ka r a d i a t i o n  (;t = 0.7107 _~) were  used  to  ob ta in  
t he  c rys t a l log raph ic  d a t a  p r e s e n t e d  in  Tab le  1. I n  all  
cases (hkl) was  p re sen t  on ly  for  h~-k  + l  ---- 2n : hence  
also (hkO) only  w h e n  h + k  = 2n, etc.  These  s y s t e m a t i c  
absences  are  compa t ib l e  w i t h  all of t h e  space g roups  
I4-C~, 14---S~4, 14/m-C~h, I422-D~,  I4mm-C~v, 1-4m2-D]d, 
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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 
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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.)  


