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B n  to B3a computed by  Grenville-Wells are 3½ for 
ni trogen and almost  6 for oxygen. I f  anything,  the 
electron densi ty  sections indicate, to us a t  least, t ha t  
the anisotropy of the ni trogen a tom is greater  than  tha t  
of the oxygen. Our analysis of our own (hOl) da ta  
indicates B n  = 3.65 and Bs8 = 1.68 for oxygen (at room 
temperature) .  

Our room tempera tu re  (least squares) results for B n  
differ little from those of Worsham,  Levy & Peterson.  
The B33 results, however,  differ significantly. The 
Worsham,  Levy  & Peterson results are consistently 
lower t h a n  ours by  as much as 50%. 

Our low tempera tu re  measurements  are useful in 
this connection. The tempera ture  factors of all the  
a toms show a fair ly uniform decrease of about  50% 
between room tempera tu re  and - 1 4 0  °C. In  this 
t empera tu re  range,  the t empera tu re  factors are ap- 
proximate ly  proport ional  to the absolute temperatures .  
I t  is difficult to reconcile these findings with those 
repor ted by  Worsham,  Levy  & Peterson.  The decrease 
in our B33 terms between room tempera tu re  and 
--140 °C. was almost  as large as the total room tem- 
pera ture  values relSorted by  Worsham,  Levy  & Peter-  
son for the  ni trogen and carbon atoms, and larger 
t han  the  value reported for the  oxygen atom. The B~3 
cross te rm for the nitrogen a tom is very  small and m a y  
be ignored. 

The causes of these differences between the X - r a y  
and  the  neut ron diffraction results are not  clear. 
I t  is well known tha t  computed ' t empera ture  factors '  
are par t icular ly  sensitive to the types  of form factors 
assumed for the a tom a t  rest. I t  m a y  be t ha t  the 
differences reflect errors in the neutron,  or the X-ray ,  
atomic form factors. Possibly the three dimensional 

neutron diffraction analysis of urea reported under  
way  at  the Oak Ridge Nat ional  Laboratories  will 
clear up this point. 

Table 5. Urea 
Peak heights and central curvatures 

Peak heights Central curvatures 
(e.A-~) (e.A-4) 

Room temp. - 1 4 0  °C. Room temp. --140 °C. 

C 9.9 14-4 Ahk 130 320 
Alz 180 420 

O 12.3 18.6 Ahh 130 370 
Azl 170 430 

N (hO1) 9.6 13.6 Ahh 60 140 
Azz 120 250 

N (hk0) 8.0 12.3 AM¢ 40 130 
Ah'~ 70 185 

Peak  heights and curvatures  of the 'heavy  a tom'  
peaks have  been listed in Table 5. These were com- 
puted  from the room tempera tu re  and the  low tem- 
pera ture  electron densi ty  maps.  We have  also in- 
cluded da t a  for nitrogen obtained from (h]c0) maps.  
These are of considerably lower reliability than  the  
others because of overlap effects in this projection. 
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A three-dimensional least-squares analysis of the crystal and molecular structure of succinimide is 
reported. The ~inal discrepancy factor R = 0.091 corresponds to average e.s.d.'s of 0-011 A and 0.6 ° 
for the bond lengths and angles respectively. The principal molecular diamagnetic susceptibilities 
( -55 .1 ,  -45 .1  and -41 .6 .10  -6 c.g.s.e.m.u.), together with the inter- and intra-molecular bond 
lengths, are discussed in relation to the electron distribution in the molecule. 

T h e  r e f i n e m e n t  

A least-squares analysis of 30 (hkO), (Ok/), (hO1) and 
(hkl) spacings gave the Pbca unit  cell dimensions as, 

* Now at Department of Chemistry, Imperia] College, 
London, S.W. 7. 

a=7.537_+ 0.008, b=9.651 _+0.011, 
c = 12.938 + 0 .015 /~ .  

The three-dimensional  leas t - squares  ref inement,  
based on the two-dimensional analysis (Mason, 1956) 
and an isotropic t empera tu re  factor  B = 2.6 A 2, reduced 
the residual factor  
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Rh=,= 211Fol- IFclIIZIFol 
for 705 reflexions from 0.26 to 0.091 in seven cycles. 
The observed structure factors, representing ap- 
proximately  75% of these available within the Cu K a  
reflecting sphere, were based on visually est imated 
reflexion intensities on equi-inclination Weissenberg 
photographs. Four b ipyramidal  crystals of size ranging 
from 0.05 x 0.07 x 0.07 mm. to 0.2 × 0.25 × 0.25 mm. 
were subjected to shock heat  t rea tment  to minimize 
extinction effects; the crystal size and uniformity  
allow absorption effects to be ignored. McWeeny 
(1951) valence-state atomic scattering factors were 
used throughout a ref inement  scheme (Rollett, 1959) 
which simultaneously adjusts atomic co-ordinates and 
anisotropic vibrat ion factors; the co-ordinates of the 
hydrogen atoms were refined in the last two cycles 
only, their thermal  parameters  being given values 
identical to those of the carbon and nitrogen atoms to 
which they  are respectively bonded. 

Four  'strong' reflexions apparent ly  suffering from 
ext inct ion (IFo] ~-, 0.75 .Fc) and interfering with the 
proper ad jus tment  of the scale and  tempera ture  fac- 
tors were given zero weight after the second cycle, 
the remaining reflexions being assigned uni t  weights. 
The just if icat ion of uni t  weighting is not  so obvious 
as in a number  of two-dimensional  analyses tha t  have 
been carried out in this laboratory.  In  those instances, 
ev.idence tha t  the errors were random,  independent  of 
IFol, came from extensive comparisons of da ta  col- 
lected from a number  of crystals in addi t ion to the 
usual  correlation of indiv idual  Fo and Fc's. I t  is 
possible tha t  the present  analysis  is based on da ta  
which contain some systemat ic  errors due to the 
inadequate  integrat ion of a number  of reflexion 
intensit ies on equi- incl inat ion Weissenberg photo- 
graphs. I t  is unl ikely  tha t  such errors, if present, 
would much  affect the atomic co-ordinates, and there- 
fore the bond lengths, or indeed would lead to serious 
underest imates  of the s tandard  deviat ions of these 
results. Rather ,  they  would be assimilated by the 
v ibra t ion  analysis  so tha t  the results of Table 2 m a y  
not be as significant as the usual  stat ist ical  analysis  
would indicate. The main  evidence for this a rgument  
comes from a comparison of the bond lengths and 
Debye factors in anthracene (Cruickshank, 1956; 
Sparks, 1958; Mason unpubl ished) ;  the r.m.s, de- 
viat ion in the bond lengths from these investiga- 
tions is less t han  0.01 A whereas the Debye 
factors show systemat ic  differences corresponding to 
changes in the average isotropic tempera ture  factors 
of up to 1 ~2. Whi le  these differences appear  to be 
traceable to inadequate  corrections of ext inct ion 
effects, a similar  result  has been obtained in a three- 
dimensional  analysis  of 1.2:6.7 dibenzacridine (Mason, 
unpublished) through an ini t ia l  systematic  under- 
es t imate  of a number  of intensities, as a result  of shape 
deformation,  on upper- layer  photographs of the Weis- 
senberg type.  

The tendency for oscillation in successive cycles of 
the least-squares was controlled by applying fractional 
shifts which varied from cycle to cycle in a way 
dependent  upon the ampli tude of the oscillation and 
the general progress of the refinement.  Fractional  
shifts of the hydrogen co-ordinates were also used in 
a way tha t  has been discussed elsewhere (Mason, 1960). 

Resul t s  

The final  atomic co-ordinates are l isted in Table 1. 

Table 1. Succinimide 
Atomic co-ordinates 

Atom xla y/b z]c 
N 1 0.0468~ 0 . 1 1 3 1 9  0.10539 
01 0.19671 0 . 1 2 0 5 1  0.26095 
O 2 - - 0 - 1 3 2 2 5  0 . 1 6 0 3 9  --0.03442 
C 1 0.1028~ 0 . 1 7 7 2 6  0.19420 
C~ - 0"06561 0" 1967~ 0.0463~ 
C a 0"02697 0"32251 0" 19725 
C t -- 0.0776 s 0 . 3 3 4 9 ~  0.09861 
I-I x 0.057 0.015 0.101 
I-I 2 0.122 0.416 0.197 
H a -- 0.028 0.343 0.251 
Ha --0.208 0.376 0.118 
H 5 -- 0.035 0.429 0.050 

Bond lengths and angles are shown in Fig. 1. 

@ 

:.1 I 

: .~ 6 ~ 2  
: ~ ~ ~ ~ :o 

a-%\ t ) 

Fig. 1. Succinimide. Bond lengths and angles. 

The thermal  coefficients in the usual expression for 
the tempera ture  factor, 

T = exp - {bllh 2 + b22k 2 + b3312 + b12hk + blshl + b28kl} 

are listed in Table 2. 
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Table 2. Succinimide 
Atomic thermal parameters 

Atom bll b~ baa bl~ bla b2a 
N 1 0.0058 0.0031 0.0028 0.0047 --0.0021 --0-0002 
O 1 0.0141 0.0059 0.0050 0.0044 --0-0100 -- 0.0006 
O 2 0.0204 0.0063 0.0028 0.0112 --0.0065 -- 0.0028 
C I 0"0065 0.0048 0"0021 --0.0042 -- 0"0011 -- 0"0008 
C 2 0.0080 0.0041 0.0022 0.0034 -- 0"0001 0"0030 
C a 0.0077 0"0031 0"0030 0"0000 -- 0.0024 -- 0"0014 
C 4 0-0153 0"0037 0"0024 0.0082 -- 0.0013 -- 0"0009 

D i s c u s s i o n  
The magnetic susceptibilities 

The direction cosines of the principal molecular 
susceptibilities K1, K2 and Ks (Mason, 1956) are now 
respectively 

0.8096, 0.3090, -0 .4991  
0.5469, -0 .0830 ,  0.8331 
-0 .2169 ,  0.9470, 0.2370.  

The calculated molecular susceptibilities are 

K1 = - 5 5 - 1 . 1 0  .6 c.g.s.e.m.u. 
K g =  - 4 1 . 6 . 1 0  .6 c.g.s.e.m.u. 
Ks = - 45.1.10 -6 c.g.s.e.m.u. 

and  
A K = K 1 -  ½(K2 + Ks) = - 11.7.10 -6 c.g.s.e.m.u. 

The explanat ion of zJK in conjugated ~ electron 
systems is usual ly given in terms of the peripheral  
ring currents,  the magnetic  effects of which can be 
calculated by the well-known London expression. The 
adequacy  of this explanat ion is now doubtful ,  how- 
ever, Hoa rau  (1956) suggesting tha t  the magnetic  
anisotropy of a series of aromat ic  hydrocarbons  could 
be bet ter  represented by the expression, 

A Ko = A Knon~on + -~A ko + nA k~. (1) 

A k, is now the anlsotropy due to a bond format ion 
and nAk= the sum of the anisotropies due to the 
localised ~ electrons. The effect of this last t e rm is to 
increase the anisotropy,  not  through the usual en- 
hancement  of the out-of-plane susceptibili ty but  by 
a decrease of the in-plane values. I t s  importance  is 
made  clear by  an examinat ion  of the magnetic sus- 
ceptibilities of anthracene and phenazine (Leela, 1958) 
which are listed in Table 3. 

According to the London model, A K of Table 3 
now results from the increase of Ks with respect to 

Table 3. Molecular susceptibilities of anthracene 
and phenazine 

(units of - 10 -6 c.g.s.e.m.u.) 
(i) (ii) 

~ ~ ~ ,  K1 77.2 55.9 
(i) l ' |  ~ / K2 74.7 54.7 

~ . ~ f l  / ~ ~ K a 250.7 222.4 
Z]K 174.7 167"1 

- - - -  - -  / ~ /N%/- .~  ~(K~+K~) 76.0 55.3 
(ii) | |  | / \ / .. / ~Y'Zat. 123.6 122.8 

~ ~ N / ~ / "  K s -XZat" 127.1 99"6 

K~ and K2; these last  values should then  be equal, 
within experimental  error, to the sum of the atomic 
susceptibilities, Z'Zat,, which m a y  be calculated from 
the magnetic  constants  based on simple sa tu ra ted  
molecules. Wi th  Z~ = - 2 . 0 ,  Zc = - 7 . 4  and g~ = 
- 9 " 0 ( .  10 -6 c.g.s.e.m.u.), we would also expect  the  K1 
and K2's for anthracene and phenazine to be near- 
identical. In  fact  the equation, 

½(Kl+K2)o-~Zat .  = n a ( a  ~ +3-8 .10  -6 c.g.s.e.m.u.) 

(2) 
represents the observed susceptibilities not  only in 
anthracene but  in a considerable range of a romat ic  
hydrocarbons  (Hoarau,  1956). n is the number  of trig- 
onally hybridized carbon a toms and a a consti tut ive 
correction, expressing quant i ta t ive ly  the  effect of 
Zlk= of equat ion (1) on the in-plane susceptibilities. 
I t  is therefore a measure of the change in magnet ic  
properties accompanying a change in the s y m m e t r y  
of the atomic electron distribution. The differences 
between the in-plane susceptibilities of an thracene  
and phenazine indicate the increased electron localiza- 
tion in phenazine which is again reflected in the  de- 
crease of the effective delocalization term, K s -  ~V'~at. 
While an inspection of the AK ' s  alone of anthracene 
and phenazine would therefore suggest similar electron 
distributions in these molecules, the actual  suscep- 
tibilities point  out the considerable per turba t ion  of the 
electronic densi ty on aza-substitution. 

In  succinimide, then, the average in-plane suscep- 
t ibi l i ty m a y  be wri t ten as, 

½(K1 + K2)o = 2 Zc(sp2 ) + 2 Xc(~3 ) + 5ZE + Z~" + 2Z~, 

where the pr imed Z's refer to the modified atomic 
susceptibilities due to changes in the electron distribu- 
tion on bond formation.  The ~itrogen of succinimide 
can reasonably  be expected to have  an atomic suscep- 
t ibil i~y nearer  the  va lue  0f - 9 , 0 . 1 0  -6 c.g.s.e.m.u, t h a n  
t ha t  which can be calculated for phenazine (~N(tertiary) 
= + 2 . 0 .  l0 -6 c.g.s.e.m.u.). We then have,  

! 

Zo = - 1.7.10 -6 c.g.s.e.m.u. 

Some check of the value of this calculation can be 
obtained from the da ta  on p-benzoquinone (Lonsdale 
& Krishnan,  1936) where 

K1 = - 24.3, K 2 -  - 28-7 and 
Ka = - 67.1.10 -6 c.g.s.e.m.u. 

½(K1 + K2)o = - 26-5.10 -6-- 6 ZC(sp.~ ) + 4Zn + 2Z~,  
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when 
Zo = + 1.4.10 -6 c.g.s.e.m.u. 

Small changes in a would improve the agreement 
between these results which are based on the assump- 
tion that  the anisotropy due to a bonds is small. 
They both demonstrate, however, the large difference 
between Z~) and Zo ( -5 .3 .10  -6 c.g.s.e.m.u.). 

The effective delocalization term in p-benzoqui- 
none, as measured by K 3 - - Z Z a t .  , is only --4.1.10 -6 
c.g.s.e.m.u, as compared with the value of - 4 0 . 1 0  -6 
c.g.s.e.m.u, in benzene (one third of the anisotropy of 
benzene, AK = - 60.10 -6 c.g.s.e.m.u., originates from 
the /lk~ term). In succinimide, Kmax.- 2:Zat. = 
+4"1.10 -6 c.g.s.e.m.u.; the contribution of the ring 
currents is opposite in sign to that  of benzene which 
is also the case for a number of other hetero-atom 
systems such as cyanuric trichloride (Kmax.- ZZ~t. = 
+5"2.10 -6 c.g.s.e.m.u., Lonsdale, 1936) and phospho- 
nitrilic chloride where A K ' =  +12.8.10 .6 c.g.s.e.m.u. 
(Craig, Heffernan, Mason & Paddock, 1961). The 
explanation for this last result comes from an analysis 
of the symmetries and energies of the orbitals for 
which the quantum number 1 =0. In the absence of 
a magnetic field these orbitals do not interact whereas 
a magnetic perturbation induces a mutual interaction 
of these orbitals, the net magnetic result of which is 
an overall paramagnetic contribution perpendicular to 
the ring plane. 

In p-benzoquinone, the in-plane anisotropy is 
- 4 .4 .10  -6 c.g.s.e.m.u., the susceptibility along the 
direction C = O ( -  24.3.10 -6 c.g.s.e.m.u.) being greater 
than K~.(-28.7.10 -6 c.g.s.e.m.u.). In succinimide, 
K2(-41"6.10 -6 c.g.s.e.m.u.) is nearer to the axis C- -0  
than K a ( -  45.1.10 -6 c.g.s.e.m.u.). Using benzoquinone 
as a reference, an in-plane anisotropy of - 4.4 cos 230 °, 
that  is - 3 .3 .10  -6 c.g.s.e.m.u., is expected for suc- 
cinimide; the observed anisotropy is - 3 . 5 . 1 0  -6 
c.g.s.e.m.u. 

I t  certainly seems clear that  the interpretation of 
molecular susceptibilities of heteroatomic systems 
requires some care. An observed molecular anisotropy 
of the same sign as in benzene must not be taken as 
offering a priori evidence for delocalization phe- 
nomena. Nevertheless, the individual molecular sus- 
ceptibilities may be more sensitive than bond lengths 
in giving details of the a electron distribution in the 
molecule. 

Bond lengths 
The average estimated standard deviation for the 

carbon-carbon, carbon-nitrogen and carbon-oxygen 
bond lengths of Fig. 1 is 0.011 /~; it is 0.11 /~ for the 
C-H and N-H lengths. The e.s.d, for the bond angles 
is 0.6 ° for those angles involving carbon, nitrogen and 
oxygen and 5.0 ° for those involving the hydrogens. 

The bond lengths C2-C4 (1-498 /~, e.s.d. 0.011 A) 
and C1-Ca (1.515 A, e.s.d. 0.012 A) measure the 
separation between trigonally- and tetrahedrally- 

hybridized carbon atoms. The average observed bond 
length of 1.506 • does not, contrary to suggestions 
contained in a number of recent analyses, indicate 
conjugative or hyperconjugative effects in the five- 
membered ring. The carbon-carbon single- bond 
length of 1.542 A refers to the interatomic distance 
C(sp3)-C(spS). The atomic radius of carbon depends on 
the state of hybridization (Coulson, 1948); that  of a 
trigonally hybridized carbon has been estimated at 
0.735 A (Craig & Mason, unpublished) so that  the 
C(spa)-C(sp ~) single-bond distance can be calculated, 
from the simple addition of radii, as 1.506 /~. The 
agreement with the observed average bond length is 
fortuitously good. On the other hand, the bond length 
of 1.505 _~ for Ca-C4 (e.s.d. 0.014 A) is difficult to 
understand. Statistically, it appears significantly dif- 
ferent from the normal single-bond length and the 
difference is too large to be accounted for by the 
effects of thermal vibrations in apparent bond shorten- 
ing (Cox, Cruickshank & Smith, 1955) which a rough 
calculation suggests would be 0.007 ~. The result may 
possibly imply the presence of further unsuspected 
systematic errors in the X-ray data since alternative 
explanations involving hyperconjugative effects of the 
-CH2 groups seem both improbable and unlikely to 
contribute a shortening of 0-03/~. 

The average C=O and C-N distances of 1.227 /~ 
and 1.385 A respectively indicate the usual contribu- 

! 

tion of the O - - C = N  + structure to the ground-state 
configuration of the molecule. This contribution is not, 
however, sufficient to ensure complete planarity of the 
molecule; the least-squares equation to the normal of 
the plane continuing the carbon, nitrogen and oxygen 
atoms is 

0.8096x + 0.3090y- 0.4991z + 0.1142 -- 0 

the atomic deviations from this plane being 

N1 +0.057 A C1 +0.017/~ H1 -0 .15  A 
O1 -0.011 C2 +0.002 He +0-83 
O2 + 0.008 Ca - 0.033 H3 - 0.65 

Ca +0.003 H4 -0 .77  
H5 + 0.85 

The e.s.d.'s of the bond lengths C2-O2 and C1-O1 are 
0.009 A and 0.010 ~, those for C2-N and N-C1 0.009 J~ 
and 0.010 A respectively, so that  while the two C= O 
and C-N distances are not significantly different, the 
results are of interest when related to other investiga- 
tions of the dependence of intra-moIecular bond 
lengths on the hydrogen-bonding environment of the 
molecule in the crystal. In succinimide, only one 
oxygen atom, 02, is involved in hydrogen bonding and 
the C2-02 bond length indicates a higher bond order 
than is the case for C1-01. In L-glutamine (Cochran 
& Penfold, 1952) and L-leucyl-L-prolylglycine (Leung 
& Marsh, 1958) the C = O  group to which the larger 
number of hydrogen bonds are directed also appears 
shorter than the remaining groups in the molecule. 
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Atoms in 
reference molecule 

C 1 (x, y, z) 

C 2 (x, y, z) 

C S (x, y, z) 

Atoms in 
neighbouring molecules 

C 3 (--x, --½+y, ½--z) 
C 3 (½+x, y, ½-z) 
C a (½+x, y, ½-z) 
O 1 ( - ½ + x ,  y, ½-z) 
O 2 (½+x,  ½ - y ,  - z )  
O~ ( - x , - - y , - z )  

01 (--½+x, y, ½--z) 
03 (½+x, ½--y, --z) 
02 (--x,--y,--z) 
N 1 (--x, --y, --z) 
N 1 (--½+x, ½--y, --z) 

C a (½+x, y, ½-z) 
O 1 (--½+x, y, ½--z) 
0~. (½+x, ½--y, --z) 
O 1 (--x, ½+y, ½--z) 
O 1 (½--x, ½+y, z) 
O 2 (x, ½--y, ½+z) 
N 1 (--x, ½+y, ½-z) 

Table  4. Succinimide  
Intermolecular bond lengths < 4 

Intermolecular 
bond lengths 

3.828 k 
3.762 
3.912 
3.163 
3.273 
3.865 :N 1 (x, y, z) 

3.157 
3.549 
3.759 O 1 (x, y, z) 
3.581 
3.968 

3.984 
3.208 O 3 (x, y, z) 
3.326 H I (x, y, z) 
3"377 
3"645 
3"677 
3"834 

Atoms in Atoms in Intermolecular 
reference molecule neighbouring molecules bond lengths 

C a (x,y,z)  01 ( - ½ + x , y ,  ½--z) 3.237 ,4_ 
O 1 (--x, ½+y, ½--z) 3-421 
O 2 (½+x, ½--y, --z) 3.459 
N 1 (--½+x, ½--y, --z) 3.902 

O 1 ( - ½ + x , y ,  ½--z) 3-156 
O 3 (½+x,  ½--y, --z) 3.386 
~N 1 (--x, --y, --z) 3.565 

O 1 (½+x, y, ½--z) 3.779 
01 (--½+x, y, ½--z) 3.779 
09 (½+x, y, ½--z) 3.785 
O~. (½+x, ½--y, --z) 3.837 

O 3 ( - -x , - -y , - - z )  3.788 

H a ( - x ,  --½+y, ½-z) 2-54 
H 1 ( - x ,  --y, --z) 2.77 
H~ (½-x, --½+y, z) 2.88 
H a (--½--x, --½+y,z) 2-99 

H 2 (x, y, z) H a (½+x, y, ½--z) 2"76 
H a (½+x, y, ½--z) 2"82 

H a (x, y, z) H 4 (½+x, y, ½-z) 2"99 

H 5 (x, y, z) H 5 ( - -x ,  l - - y ,  --z) 1-97 

I n  a n u m b e r  of o ther  ana lyses  (see for example  
P a s t e r n a k  et al., 1954) th i s  a s y m m e t r y  dependence  is 
reversed.  As Leung  & Marsh  (1958) po in t  out,  t he  
a s y m m e t r y  m a y  be, in  par t ,  an  a p p a r e n t  one due to 
the  d i f fe rent  t h e r m a l  v ib ra t i ons  of the  oxygen  a toms ;  
in  th i s  respect ,  a p roper  correct ion would  poss ib ly  
need  to  consider  the  effects of i n t r amolecu l a r  v ibra-  
t ions  as well as the  l ib ra t iona l  v ibra t ions .  I t  seems 
more useful  a t  the  m o m e n t  to i nves t iga t e  the  s t ruc tu re  
of some h y d r o g e n - b o n d e d  c rys ta l s  a t  low t e m p e r a t u r e  
before discuss ing possible mechan i sms  of in t ra -  
molecular  bond- l eng th  changes  due  to in t e rmolecu la r  
forces. 

The  reference molecule  a t  (x, y, z) is su r rounded  
b y  four teen  ne ighbours .  A p a r t  f rom the  N - H . . - 0  
bond,  whose g e o m e t r y  is shown in Fig.  1, the  inter-  
molecu la r  forces are of the  V a n  der  Waa l s  kind.  
Nea re s t  ne ighbour  d i s tances  are shown in Table  4. 

The h y d r o g e n - h y d r o g e n  separa t ions  are t y p i c a l  of 
the  V a n  der  W a a l s  separa t ions  for a n u m b e r  of 
molecu la r  c rys ta l s  w i th  the  excep t ion  of H s - H s  
( - x ,  l - y ,  - z ) ;  the  in t e rmolecu la r  bond  l eng th  here  
of 2 A u n d o u b t e d l y  reflects  the  u n c e r t a i n t y  in  the  
locat ion  of th i s  a tom.  C a r b o n - o x y g e n  a n d  n i t r o g e n -  

oxygen  in te rac t ions  obv ious ly  p l ay  the  ma jo r  role in 
es tab l i sh ing  the  molecular  o r i en ta t ion  in the  c rys t a l ;  
t he  c a r b o n - o x y g e n  d is tances  r ange  from a b o u t  3.2 /~, 
a n o n - h y d r o g e n  bonded  N .  • • 0 i n t e rac t ion  of 3-156 A 
p r o b a b l y  i nd i ca t ing  some e lec t ros ta t ic  i n t e rac t ion  
N +- ' '  0 -  over  and  above  the  usual  d ispers ion forces 
and  so on. 

These  inves t iga t ions  are suppor t ed  b y  g r an t s  f rom 
the  Br i t i sh  E m p i r e  Cancer  Campaign .  

Drs  J .  S. Ro l l e t t  and  R. A. Sparks  have  generous ly  
p rov ided  copies of t he i r  p r o g r a m m e s  for the  F e r r a n t i  
'Mercury '  computer .  Tape -ed i t ing  e q u i p m e n t  suppl ied  
b y  a U n i v e r s i t y  of L o n d o n  Cent ra l  Research  F u n d  
g r a n t  was also used. 
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