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Neutron diffraction measurements of the hO1 reflections from urea confirm that the hydrogen 
atoms are coplanar with the rest of the molecule. Unusually large amplitudes of thermal displace- 
ment were found. The apparent N-H distance, uncorrected for thermal effects, is 0.99 /~, and the 
C-N-H angles are close to 120 °. 

Introduction 

The crystal structure of urea is well known; studies 
by Mark & Weissenberg (1923), Hendricks (1928), 
Wyckoff (1930) and Wyckoff & Corey (1934) estab- 
lished the space g '  unit cell and approximate 
parameters. Vaughan & Donohue (1952), in a highly 
accurate study, determined precise oxygen, nitrogen 
and carbon parameters and obtained good indications 
of the hydrogen atoms in positions coplanar with the 
rest of the molecule. This indication of planarity cor- 
roborated similar findings from infra-red work (Keller, 
1948; Waldron & Badger, 1950) and is supported by 
more recent proton magnetic resonance studies 
(Andrew & Hyndman, 1953). In addition, values have 
recently been reported for N-H bond lengths and for 
H - N - H  and C--N-H bond angles (Andrew & Hynd- 
man, 1955; Kromhout & Moulton, 1955), deduced also 
from results of proton resonance experiments. 

The present work was started prior to the appear- 
ance of the proton resonance results, with the inten- 
tion of obtaining precise proton positions to corro- 
borate further the planarity of the amide grouping and 
to obtain accurate values for the distances and angles 
which involve hydrogen atoms in the amide group. 
The present results allow instructive comparisons to 
be made of neutron diffraction findings with those of 
X-ray and proton resonance work. 

Unit cell and space group 

The space group of urea has been shown to be 
D~d-P421m; the unit cell contains two molecules; 
atoms have been assigned to the following positions: 

2C in (c)" (0,½, z), (½,0,~); 
2 0  in a similar set; 
4hi  in (e)" (x, ½+x, z), (4, ½-x, z), (½+x, 4, ~), 

(½-x, x, ~) 
and 

* Based on work peforrmed under the auspices of the United 
States Atomic Energy Commission. 

8 H in two additional sets of (e) positions 

(International Tables for X-ray Crystallography, 1952). 
The lattice constants adopted are those reported by 
Vaughan & Donohue (1952): 

a = 5 . 6 6 1 ,  c = 4 . 7 1 2  A .  

Each molecule lies in a mirror plane and contains a 
twofold rotation axis; the asymmetric unit is one-half 
molecule. 

Experimental  

Urea crystals, approximately 1 cm. in each dimension, 
were grown by evaporation at 43 ° C. from a solution 
of urea, ammonium bromide, and water (Bunn, 1933). 
A cylinder 3.2 mm. in diameter weighing 41.6 mg. 
was cut from a large crystal and shaped with the b 
crystal axis coinciding with the cylinder axis. The 
cylindrical specimen was dipped several times in 
liquid nitrogen to reduce extinction. The crystal was 
then accurately oriented for collection of hO1 data, 
and complete neutron diffraction data in this zone were 
measured out to sin 0/2 = 0.77; the wave length was 
1.062 A. Data collection was carried out as previously 
described (Peterson & Levy, 1952). Automatic re- 
orientation of the crystal for the various reflections 
was accomplished by means of a crystal rotator and 
associated timing circuits. 

Preliminary measurements on a crystal oriented to 
give hk0 reflections were made in order to confirm 
the tetragonal symmetry of urea. Space-group ab- 
sences of D~  were checked and confirmed. Some ex- 
ploration was made for superlattice reflections but 
none was observed. 

Prel iminary treatment of data 

Observed structure factors were computed in the usual 
way and put on an absolute scale by cahbration with 
the 400 reflection of NaC1. Signs were attached to these 
structure factors on the basis of Vaughan & Donohue's 
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(1952) pa ramete r s .  F o r  th i s  purpose  the  origin was 
sh i f ted  to  (¼, 0) to  coincide wi th  a center  of s y m m e t r y  
p resen t  in  t he  hO1 projec t ion .  S t ruc tu re  fac tors  in  
Tab le  1 are r epo r t ed  on th i s  basis.  T h e  a tomic  para-  

Tab le  1. Structure factors for urea at room temperature 

001 -- 1.24 1-26 400 --0-17 0.I7 
2 --2.74 2.80 1 -- 1.06 1"09 
3 --3-34 3.33 2 1.99 2.00 
4 --2.99 2.96 3 2.74 2.77 
5 2-49 2.49 4 --0-64 0.54 
6 1.67 1-67 5 --0.42 0"35 
7 --0.83 0.84 6 --0.39 0.44 

101 2-66 2.60 501 0-16 0.16 
2 1.79 1.88 2 -- 0-40 0.49 
3 -- 1.26 1-34 3 -- 0"49 0.60 
4 0.29 0.29 4 1.09 1.12 
5 -- 1-28 1.31 5 -- 0.57 0.50 
6 0.72 0-81 6 --0.38 0.16 
7 2-68 2-69 600 -- 1.87 1.96 

200 --2.92 2-78 1 0.55 0.56 
1 1.84 1-78 2 0.86 0.89 
2 0.60 0-65 3 --0.25 0.34 
3 --2-63 2.73 4 0-58 0.65 
4 0-60 0-62 5 --0.30 0.20 
5 0.46 0.43 701 --0.84 0.83 
6 0.22 0.31 2 --0.25 0.29 

301 1-91 1.90 3 0.34 0.31 
2 2-10 2-10 4 --0.16 0.20 
3 0-46 0.51 800 0.67 0.56 
4 --2-84 2.77 1 --0.30 0.29 
5 0.40 0.40 2 -- 0.25 0.20 
6 1.45 1.37 

* Nuclear scattering amplitudes were C, 0-661; O, 0"58; 
N, 0.94; H, --0-378; all in cm. × 10 -1~. 

~f Experimental structure factors have been increased by 
2-2 % from the original absolute scale, in accordance with the 
least-squares scale factor. 

me te r s  were re f ined  b y  the  Four i e r  m e t h o d  wi th  back  
sh i f t  to  correct  for  se r i e s - t e rmina t ion  errors.  Because  
of the  large t e m p e r a t u r e  mot ions  a n d  resu l t ing  pa r t i a l  

I a 
< D  o C >  

C 

u (2) ~ (2} 

I ? __., 

Fig. 1. Fourier projection of the urea structure along the b 
axis. Half-height contours are shown. Extreme values of 
scattering density (Fermi units per /~') are numerically 
indicated. 

over lap  in  p ro jec t ion  i t  was found  advisab le  to  deter-  
mine  new back-sh i f t  correc t ions  a t  each s tage  of re- 
f inement .  The  large m a g n i t u d e s  a n d  a s y m m e t r i e s  of 
t h e  t e m p e r a t u r e  mot ions  are s t r i k ing ly  ev iden t  in the  
Four ie r  p ro jec t ion  shown  in Fig.  1. The  Four ie r  m e t h o d  
was appl ied  un t i l  no s ign i f ican t  p a r a m e t e r  changes  
were  suggested.  T h e n  add i t i ona l  r e f i nemen t  of t h e  
C, N, 0 and  H t e m p e r a t u r e  p a r a m e t e r s  was a t t e m p t e d  
b y  t r ia l  va r ia t ion .  The  measure  of a g r e e m e n t  be tween  
ca lcu la ted  and  observed  s t ruc tu re  fac tors  o b t a i n e d  
was R = ~ I ] F o [ - [ F c ] I - - ~ [ F o [ = 7 . 4  % when  unob-  
served  ref lect ions were  inc luded  a t  one-half  t he  
m i n i m u m  observed  value.  

L e a s t - s q u a r e s  r e f i n e m e n t  

F u r t h e r  p a r a m e t e r  r e f i n e m e n t  was s u b s e q u e n t l y  car- 
r ied ou t  b y  means  of a comple te  we igh ted  least-  
squares  t r e a t m e n t ,  v a r y i n g  all  i n d e p e n d e n t  pos i t ion  
and  t e m p e r a t u r e  p a r a m e t e r s  a n d  the  scale f ac to r  
(22 p a r a m e t e r s  in  all). The  ana lys i s  was carr ied ou t  
on a h igh-speed  compute r ,  t h e  Oracle,  in  a m a n n e r  
p rev ious ly  appl ied  (Busing & L e v y ,  1957; Pe t e r son  
& L e v y ,  1957). Genera l  a s y m m e t r i c  t e m p e r a t u r e  fac- 
tors  of t he  form 

e x p -  [~ lh  ~. + f i .k  2 + f l ~ r +  ~l~hk + ~ l +  fl~,lh] (1) 

were assumed.  F o r  t h e  a t o m  pos i t ions  occupied in  
u rea  t he  coefficients  fi are cons t r a ined  b y  s y m m e t r y  
(Levy,  1956; Trueblood,  1956) g iv ing  th ree  indepen-  
d e n t  coefficients for  C a n d  0 a n d  four  for  N and  H.  
These  re la t ionsh ips  are l i s ted in  Tab le  2. I t  is a p p a r e n t  

Tab le  2. Symmetry relations between thermal parameters 
of positions (c) and (e) of space group D~d-P-421m 

(c) 0, ½, z 
½, 0, 

(e) x, ½+x, z 

½+X, X, Z 
½--x, x, 

Positions h 2 k ~ l ~ hk kl lh 

~ ~ ~ ~ o o 
~ &~ &~ - ~  o o 

t h a t  on ly  two coefficients  for  C a n d  0 and  on ly  th ree  
coefficients  for N and  H are de t e rminab l e  f rom hO1 
d a t a  alone. Thus  a comple te  descr ip t ion  of t he  tem-  
pe ra tu re  mo t ion  in  u rea  is no t  ava i l ab le  f rom t h e  
p resen t  da ta .  

The  ref lect ions were ass igned we igh t s  equa l  to  t he  
reciprocal  of the  va r i ance  of F e s t i m a t e d  accord ing  to  
t he  f o r m u l a  

1 F 2 
W-1 = 4--n E -~  [ ( E +  2 B ) +  (0-02E)2],  

where  W is t he  weight ,  F is t h e  s t ruc tu re - f ac to r  
m a g n i t u d e ,  E t h e  i n t e g r a t e d  i n t ens i t y ,  B the  back-  
g round  in t ens i ty ,  and  n t he  n u m b e r  of t imes  t he  
ref lect ion was observed.  The  t e rm  (0.02E) 2 is i n t e n d e d  
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T a b l e  3. Parameters  of  the urea structure wi th  their s tandard  errors 

Neutron diffraction 

X-ray  result Prel iminary 
Atom Parameters  (V. & D.) refinement Least squares 

Scale factor - -  1.000 1.022 ±0.011 
C z 0.3308± 0.0032 0.334 0-3330± 0.0010 

4~n/b ~ 3.9 3-0 2-35 ±0.24 
4~83/b ~ 1.9 1.0 0.85 ±0.14 

O z 0.5987+0.0019 0.595 0.5968±0-0011 
4fln/b ~ 3.9 3-2 3.74 ± 0.34 
4~aa/b ~ 1.9 1.2 0.80 ±0-12 

N x 0.1429 ± 0.0021 0-144 0-1439 ± 0.0009 
z 0.1848:h0-0017 0-183 0-1832±0.0005 

4fln/b ~ 6-75 5.5 4-86 ±0.20  
4fl3a/b ~ 1.9 1.3 1.39 ±0-09 
4flal/bab 1 0 0 -- 0"14 :t: 0.24 

H (1) x - -  0.259 0.2522 ± 0" 0026 
z - -  0-284 0.2839± 0.0021 

4f111/b ~ - -  6"0 6"33 ±0"64 
4flaa/ba 2 - -  3-5 3.54 ±0.43 
4fla1/bab I - -  0 --0-68 ±0.92 

H(2) x - -  0.141 0.1365±0.0019 
z - -  0.975 0.9724± 0.0014 

4fln/b ~ - -  6.5 6-72 ±0-53 
4f13a/b2 a - -  2.0 1.82 ±0.18 
4flal/b3b 1 - -  0 --0-45 ±0"69 

C-O 1.262±0.016 A 1.243±0.006 A 
C-N 1.335±0.(k13 1.351 ±0-007 
N-O 2.989 2.994=t= 0.006 
N-O'  3.035 3-034± 0.005 
N-H(1) - -  0.988± 0.020 
N - H  (2) - -  0"995 ± 0.007 
H(1)-O'  - -  2-062±0-021 
H(2)-O - -  2.080±0-011 

T a b l e  4. A p p a r e n t  interatomic distances and  angles and  their s tandard  errors 

Distances Angles 

V. & D. This work V. & D. This w o r k  

N-C-O 121-0°4-27" 121 ° 30"+ 15" 
N-C-N 118.0°±5¥ 117 ° O" +21 '  
H (1)-N-C - -  119 ° 49'=t= 50' 
H(2)-N-C - -  118 ° 5' ± 5 5 '  
H - N - H  - -  122 ° 8" 
N-H(1)  • • • O' - -  167 ° 27' 
N-H(2)  • • • O - -  151 ° 43' 
C-O • • • H(1) - -  105 ° 50' 
C-O . .  • H ( 2 )  - -  148 ° 25' 
H(1) • • • O-  • • H(1)'  - -  148 ° 20' 
H ( 2 ) - - - O . - . H ( 2 ) '  - -  63 ° 10' 
H(1) .  • • O- • • H(2)" - -  76 ° 44' 

t o  a l low fo r  n o n - s t a t i s t i c a l  e r ro r s ,  l ike  i n c o n s t a n c y  of 
t h e  p r i m a r y  b e a m  a n d  a b s o r p t i o n  e r ro rs .  

T h e  l e a s t - s q u a r e s  r e f i n e m e n t  w a s  c a r r i e d  t h r o u g h  
t h r e e  s t ages  to  c o n v e r g e n c e ,  u t i l i z ing  53 o b s e r v a t i o n s  
a n d  22 v a r i a b l e  p a r a m e t e r s .  F o l l o w i n g  t h e  f ina l  cyc le ,  
t h e  m a t r i x  of t h e  n o r m a l  e q u a t i o n s  was  i n v e r t e d  fo r  
t h e  p u r p o s e  of e r r o r  e s t i m a t i o n .  C h a n g e s  in  p o s i t i o n  
p a r a m e t e r s  as a r e s u l t  of  t h e  r e f i n e m e n t  w e r e  s m a l l  
e x c e p t  fo r  h y d r o g e n ,  fo r  w h i c h  t h e  sh i f t s  w e r e  l a rge  

e n o u g h  to  cause  t h e  t w o  d i s t i n c t  N - H  d i s t a n c e s  to  
c h a n g e  f r o m  1.04 a n d  0.98 A to  0.988 a n d  0.995 A 
r e s p e c t i v e l y .  T h u s  t w o  d i s t a n c e s  w h i c h  a p p e a r e d  t o  be  
d i f f e r e n t  w e r e  s h o w n  to  be e s s e n t i a l l y  equa l .  Th i s  e r r o r  

in  t h e  F o u r i e r  r e s u l t  m u s t  be a t t r i b u t e d  to  o v e r l a p  

e r r o r s  in  p r o j e c t i o n  w h i c h  w e r e  n o t  c o m p l e t e l y  cor-  
r e c t e d  b y  t h e  b a c k s h i f t .  

T h e  s t r u c t u r e - f a c t o r  a g r e e m e n t  i m p r o v e d  cons ide r -  
a b l y  as a r e s u l t  of  t h e  l e a s t - s q u a r e s  r e f i n e m e n t ,  t h e  
R f a c t o r  be ing  r e d u c e d  t o  4.34 % i n c l u d i n g  u n o b s e r v e d  
r e f l e c t i o n s  a t  h a l f  m i n i m u m  v a l u e ,  or  t o  3-94 % o m i t -  
t i n g  u n o b s e r v e d  r e f l ec t ions .  T a b l e  1 d e m o n s t r a t e s  t h e  
e x c e l l e n c e  of t h i s  a g r e e m e n t .  I n  T a b l e  3, i n p u t  a n d  

o u t p u t  l e a s t - s q u a r e s  p a r a m e t e r s  a r e  l i s t ed  a n d  com-  
p a r e d  w i t h  t h e  X - r a y  v a l u e s  of V a u g h a n  & D o n o h u e .  
T h e  t e m p e r a t u r e - f a c t o r  coe f f i c i en t s  a r e  l i s t ed  in  t h e  
f o r m  4flij/bib# w h e r e  flij is a coe f f i c i en t  in  e x p r e s s i o n  
(1) a n d  b i is t h e  c o r r e s p o n d i n g  r e c i p r o c a l - a x i s  l e n g t h .  

I n  t h i s  f o r m  t h e y  b e a r  a close a n a l o g y  t o  t h e  c o n v e n -  



322 T H E  P O S I T I O N S  OF H Y D R O G E N  ATOMS IN U R E A  BY N E U T R O N  D I F F R A C T I O N  

tional Debye-Waller B. I t  can be seen that  the X-ray 
and neutron values for the position parameters are 
in agreement within the combined standard errors of 
the two experiments and that  the thermal parameters* 
are in, at least, rough agreement. 

D i s c u s s i o n  
The urea molecule 

Hydrogen atoms were found to occupy two sets of 
(e) positions of the space group, which places them 
in a mirror plane along with C, O, and N. Thus the 
neutron diffraction results confirm the earlier findings 
that  the urea molecule, as well as the amide group it 
contains, is planar. 

Interatomic distances and bond angles resulting 
from the least-squares analysis are listed in Table 4 
along with their standard-error estimates. The agree- 
ment with the comparable values determined by 
Vaughan & Donohue is again excellent. The two crys- 
tallographically distinct types of hydrogen are iden- 
tified in the urea molecule sketched in Fig. 2 as 

Z 

0 

.~~~ H (I) 1t. 

t22"~8' 

I I 

_ !  0 
2 

f ~  ,2¢.3°' ,c, 2o62..-~, ~-- 

~'" ~M'-'~:2~2"~ I ;~,,~ ~.,2,. 

1 1 3 
2 

x+y  

Fig. 2. Structural relationships in urea. 

H(1) and H(2), where H(2) is the one trans to the 
carbonyl oxygen. The two N-H distances are seen to 
be equal, within the precision of the measurement, 
with an apparent value of 0.99 A. This is compared 
in Table 5 with proton resonance estimates of this 

Table 5. Comparison of distances and angles with 
proton resonance values 

Andrew & Kromhout & 
This work Hyndman Moulton 

0"99+0.02/l_ 1.046:J=0.01 A 1"036~0.009 A 

Distance 

N-H 

Angle 
H-N-H 
C--N-H 

122 ° 8' 119.1°±2 ° 
118 ° 5'-t-55' } 
119 ° 49"-4-5o" 120"5°+2° 

* Vaughan & Donohue's temperature-factor expression 
assumes cylindrical symmetry about the z direction for C and 
O, and that principal axes for N are parallel and perpendicular 
t o  C. 

bond length. These apparent interatomic distances are 
the distances between the centroids of the distribu- 
tions of the atomic nuclei which are represented by 
the temperature factors. When one or both of these 
distributions are extended in the plane normal to the 
internuclear distance, as in urea, the true mean inter- 
nuclear distance may be significantly greater, as has 
been recognized in other recent studies (Cox, Cruick- 
shank & Smith, 1955; Busing & Levy, 1957; Peterson 
& Levy, 1957). A rigorous estimate of the actual 
distance requires knowledge of the joint distribution 
of the nuclei. In the corrections applied in the studies 
cited, either the motion of one atom has been neglected, 
or the relative displacement of the two has been 
reasonably assumed to be distributed independently 
of the position of either individually. These simplifying 
circumstances do not hold in the present structure, 
where the various temperature factors suggest that  
the molecule undergoes librational motion in which the 
displacements of the atoms are strongly correlated. 
In addition, of course, complete descriptions of the 
individual distributions have not been obtained. All 
interatomic distances reported must therefore be 
regarded as lower limits. 

The bond angles of approximately 120 ° found for 
H(1)-N-C, H(2)-N-C and H(1)-N-tI(2) are in fair 
agreement with the proton resonance results, as can 
be seen in Table 5. These angles and the planar 
structure of urea are consistent with the assignment 
of sp" hybridization to the bonds about C and N. 
This amide group configuration seems to be of rather 
general occurrence, as is indicated by such diverse 
studies as electric dipole moments of unsubstituted 
and N-monosubstituted amides (Bates & Hobbs, 
1952; Worsham & Hobbs, 1954), the proton resonance 
and infra-red work already referred to and many X-ray 
studies (Donohue, 1952). 

The hydrogen bonds 

H(1) lies more nearly on a straight line between 
N and 0 of adjacent molecules than does H(2) and 
might thus be expected to participate to a greater 
extent in hydrogen bonding. The near equality of the 
H(1)-O and H(2)-O distances as well as the N-H(1) 
and N-H(2) distances does not seem to bear out this 
expectation, however. I t  is noteworthy that  the 
N-H(1)-O'  angle (see Fig. 2) is observed to be 167027 ', 
rather than 180 °, which would minimize the electro- 
static energy of the N-H+-O - grouping. Reference to 
the figure shows that  this angle could be enlarged to 
180 ° without affecting the symmetry of the structure 
by a simple translation of the array of molecules lying 
in the (110) plane with respect to those in the (110) 
plane. The H1-O' distance could be held constant by 
a slight compression of the structure and there does 
not appear to be any close contact to oppose either 
adjustment strongly. The closest contact, that  be- 
tween H(1) and H(2)', a distance of 2.57/1,, is actually 
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slightly greater than the expected van der Waals 
separation. A clue to this problem may be furnished 
by the coordination angles about oxygen. If the urea 
structure were altered as described above, the 
C-0-H(1)  angle would be about 118°; actually it is 
105 ° 50'. This smaller C-0-H(1)  angle is suggestive 
of a directive influence of the oxygen atom, which in 
turn may imply an exchange contribution to the 
hydrogen bond. The C-0-H(1)  angle, which lies in the 
plane normal to that  of the recipient molecule, would 
then result as a compromise between 118 ° favored by 
a simple electrostatic interaction, and a smaller value, 
in the extreme 90 ° , favored by maximum overlap 
with the g electrons of oxygen. Resonance with struc- 
tures having a double C-N bond, as discussed, for 
example, by Vaughan & Donohue (1952), would con- 
tribute further to the stabili ty of the interaction. 

The C-0-H(2)  angle lies in the plane of the urea 
molecule and is observed to be 148 ° . Here, it is Clear 
that  the structure cannot accommodate a value to 
optimize overlap with the unshared pairs of oxygen. 
Neither, of course, is an angle of 180 ° permitted by 
the arrangement. 

Thermal motion 

The large anisotropy of the temperature motion in 
urea is of considerable interest and should be explored 
further. A correlation between the quantities 4fli//b~ 
and the distance of the atom from the center of gravity 
of the urea molecule can be noticed upon reference to 
Table 3. This indication of librational motion about 
one or more axes in urea agrees generally speaking 
with the X-ray findings (Vaughan & Donohue, 1952). 

In a recent paper, Grenville-Wells (1956) has given 
positional and thermal parameters resulting from a 
partial  least-squares refinement of Vaughan & 
Donohue's X-ray data with form factors given by 
McWeeny (1951), rather than the older ones of James 
& Brindley used by Vaughan & Donohue. The result- 
ing thermal parameters are in rather satisfactory 
agreement with those of the present study. 

Precision of the determination 

The standard deviation of an observation of unit 
weight as estimated from the residuals, 

for this investigation turned out to be 2.2. For ap- 
propriately weighted data and normally distributed 
errors the expected value of this function is unity, 
but experience has shown (Paterson & Levy, 1957; 
Busing & Levy, 1957) that  such a value is seldom 
attained. The deviation from unity is most likely due 
to under-estimation of observational errors, but might 
well be due part ly or wholly to failure of the con- 
ventional temperature factor to describe the tem- 
perature motion in this case where displacements are 
so unusually large. 

We have benefitted from stimulating discussions of 
this structure with Professors C.A. Coulson and 
V. Schomaker. 

R e f e r e n c e s  

ANDREW, M. R. ~5 H:ZNDMAN, D. (1953). Proc. Phys. Soc. 
A, 66, 1187. 

ANDREW, M.R .  • HYNDMAN, D. (1955). Disc. Faraday 
Soc. 19, 195. 

BATES, W.W. & HOBBS, M.E. (1952). J. Amer. Chem. 
Soc. 74, 746. 

BUNN, C.W. (1933). Proc. Roy. Soc. A, 141, 567. 
BUSING, W.R.  & LEVY, H.A.  (1957). J. Chem. Phys. 

In the Press. 
COX, E . J . ,  CRUICKNHANK, D. W.J .  & SMITH, J. A. S. 

(1955). Nature, Lond. 175, 766. 
DONOHUE, J. (1952). J. Phys. Chem. 56, 502. 
GRENVILLE-WELLS, H . J .  (1956). Acta Cryst. 9, 709. 
tIENDRICKS, S. B. (1928). J. Amer. Chem. Soc. 50, 2455. 
International Tables for X-ray Crystallography (1952), 

vol. 1. Birmingham: Kynoch Press. 
KELLER, W.E.  (1948). J. Chem. Phys. 16, 1003. 
KROMHOUT, R.A. & MOULTON, W.G. (1955). J. Chem. 

Phys. 23, 1673. 
LEV:Z, H.A.  (1956). Acta Cryst. 9, 679. 
LEVY, H.A.  & PETERSON, S.W. (1952). Phys. Rev. 80, 

766. 
MCWEENY, t~. (1951). Acta Cryst. 4, 513. 
MARK, H. & WEISSENBERG, K. (1923). Z. Phys. 16, 1. 
PETERSON, S.W. & LEVY, H.A. (1952). J. Chem. Phys. 

20, 704. 
PETERSON, S .W.  & LEVY, H . A .  (!957). Acta Cryst. 10, 

70. 
TRUEBLOOD, K. N. (1956). Acta Cryst. 9, 359. 
VAUGHAN, P. & DONOHUE, J. (1952). Acta Cryst. 5, 530. 
WALDRON, R.D.  & BADGER, R.M. (1950). J. Chem. 

Phys. 18, 566. 
WORSHAM, J. E. & HOBBS, M. E. (1954). J. Amer. Chem. 

Soc. 76, 206. 
W:ZCKOFF, R. (1930). Z. Kristallogr. 75, 529. 
W:ZCKOFF, R. & CORE:Z, R. B. (1934). Z. Kristallogr. 89, 

462. 

A C I0 22 


