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H o d g k i n s o n i t e ,  lVInZn2(OH)2SiO4, a p n e u m a t o l y t i c  sili- 
ca t e  of t h e  no rbe rg i t e  fami ly ,  was  d i scovered  b y  H .  
H o d g k i n s o n  in  assoc ia t ion  w i t h  f rank l in i t e  a n d  wi l lemi te  
a t  F r a n k l i n  F u r n a c e ,  N e w  Je r sey ,  a n d  descr ibed  b y  
P a l a c h e  & Schal ler  (1913). I t s  crysta ls ,  p ink  in colour,  
a re  u sua l ly  p y r a m i d a l  a n d  be long  to  t he  monoc l in ic  
p r i sma t i c  class. T h e y  show a per fec t  (001) c leavage  a n d  
v e r y  eas i ly  y i e ld  t h i n  p la tes  or lamel lae ,  a fac t  t h a t  
r ende r s  the i r  m a n i p u l a t i o n  r a t h e r  diff icul t .  

T h i n  c leavage  p la tes  of hodgk inson i t e  were  e m b e d d e d  
in  plexiglass a n d  t h e  d i rec t ions  of the i r  a a n d  b axes  were  
f o u n d  b y  observ ing  the  ex t inc t ions  u n d e r  t he  polar iz ing 
microscope .  Para l l e l  to  these  d i rec t ions  were  cu t  smal l  
l a ths  of a lmos t  equ id imens iona l  cross sect ion.  Us ing  
these  l a ths  a n d  e m p l o y i n g  un f i l t e r ed  Fe  K r ad i a t i on  
r o t a t i o n  a n d  Weissenberg  zero- layer  a n d  equ i - inc l ina t ion  
p h o t o g r a p h s  were  ob ta ined .  Precess ion  d i ag rams  were  
o b t a i n e d  w i t h  Me K a  r ad ia t ion .  The  sys t ema t i c  absences  
fo tmd  were :  hO1 w h e n  h is odd  a n d  0/c0 w h e n  k is odd.  
Thence  i t  follows t h a t  t he  space g roup  of hodgk inson i t e  
is P21/a--C~h. 

M e a s u r e m e n t s  of t he  uni t -ce l l  d imens ions  f rom oscilla- 
t i on  a n d  zero- layer  Weis senberg  pho tog raphs ,  in w h i c h  
h igh -o rde r  ref lexions were  cons idered  (0 = 72°-83°), led 
to  t h e  fol lowing la t t ice  cons t an t s  ( F e K  rad ia t ion ,  
Aa 1 ---- 1"93593 /~): 

* Now at:  Mineralogisches Ins t i tu t  der Johann  Wolfgang 
Goethe-Universitat,  Frankfur t  a .M.,  Germany. 

a 0 - -  8 .17±0.02,  b 0 - -  5-31±0-005, c 0 - -  11.76±0-01 ~ ,  
fl---- 95 ° 2 8 ' ± 1 5 ' ,  V = 507.58 /~a. 

The  va lue  of t he  angle  fl f ound  f rom Weissenberg  pho to -  
g raphs  is in good  a g r e e m e n t  w i t h  t h a t  g iven  in t h e  
l i t e ra tu re ,  fl ---- 95 ° 25' (Palache ,  1914). The  axia l  ra t ios  
ca lcu la ted  f rom the  above  la t t ice  cons t an t s  a re :  

ao:bo:co/~ = 1.538: 1:1.107 

in exce l len t  a g r e e m e n t  w i th  t h a t  g iven  in t h e  l i t e r a tu r e  
(Palache ,  1914) 

a:b:c--- 1 .538 :1 :1 .1075 .  

F o r  a un i t  cell c o n t e n t  of four  molecules  M n Z n 2 ( 0 H ) 2 S i 0  4 
a dens i t y  of 4-08 g.cm. -a was  deduced ,  whereas  t h a t  g iven  
in the  l i t e r a tu re  is 3.91 g.cm. -a (Pa lache  & Schal ler ,  
1913). 

D e t e r m i n a t i o n  of t he  s t r u c t u r e  of hodgk inson i t e  is in 
progress.  

The author wishes to express his thanks to Prof. 
P. A. Kokkoros, Head of the Department, for suggesting 
the subject of this work. 
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Scale mode ls  des igned  for use in  s tudies  of mo lecu la r  
packing and configuration have been developed at the 
California Institute of Technology over a period of many 
years (Corey & Pauling, 1953). In one form, these models 
are built to the scale 1 inch ---- 2 ~ and are cast from 
colored, rubber-like vinyl plastic; they are especially 
designed for use in studies of the structures of amino 
acids, peptides, and related compounds. The models are 
in many respects similar to the Stuart-type models that 
are available commercially; atoms are held one to an- 
other by means of snap fasteners and double-ended 
brass studs. 

In crystals of amino acids and peptides and in struc- 
tures con ta in ing  p o l y p e p t i d e  a n d  po lynuc leo t ide  chains ,  
N - H  • • • O, O - H  • • • O, a n d  N - H  • • • N h y d r o g e n  bonds  
are  of f r equen t  occur rence  a n d  f u n d a m e n t a l  impor t ance .  
To p e r m i t  t h e  cons t ruc t ion  of these  h y d r o g e n  bonds ,  

* Contribution No. 2322 from the Gates and CreUin Labo- 
ratories of Chemistry. 
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t he  mode l s  m a k e  use of a special  h y d r o g e n  a t o m  des igned  
w i t h  a recess to  receive  t h e  b o n d i n g  o x y g e n  or n i t rogen  
a t o m .  The  rad ius  of c u r v a t u r e  of t h e  recess cor responds  
to  t he  v a n  der  W a a l s  r ad ius  of an  oxygen  a t o m  ; t he  d e p t h  
of the  recess is such t h a t  t h e  n i t r ogen  a n d  oxygen  a t o m s  
of an  N - H .  • • O h y d r o g e n  b o n d  are  a b o u t  2.7 /~ apa r t .  
A l t h o u g h  th is  device  for r ep re sen t ing  h y d r o g e n  bonds  
was satisfactory in many respects it had the disadvantage 
that it provided no means for holding the bonding oxygen 
or nitrogen atoms in place, so that the construction of 
complex hydrogen-bonded structures was often not 
practicable, and even simple structures of this sort were 
difficult to build and to maintain. 

A v e r y  sa t i s fac tory  solu t ion  of th is  p rob lem has  been  
f o u n d  in the  use of small  p e r m a n e n t  magne t s .  A n  a lnico  
horseshoe m a g n e t  g r o u n d  to  t h e  cor rec t  c u r v a t u r e  is cas t  
in to  t he  oxygen  or n i t rogen  a t o m  and  the  h y d r o g e n  a t o m  
is f i t t ed  w i t h  a recessed disk of s ta inless  steel.  F ig .  1 
shows a cross-sect ional  v iew of a t yp ica l  h y d r o g e n  a t o m  
(a) a n d  of an  oxygen  a t o m  (b) in w h i c h  t h e  m a g n e t  is 
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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, 


