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Table 2. Hydrogen-bond radii 
(Less-well-established values in parentheses) 

Donor 
groups Acceptor groups 

(A)" (A) (A) (h) 
NI-I n 1.55 ~ -  (1.52) O- 1.43 F-  (1"35) 
NHn + 1.41 N 1.51 O 1.40 CI- 1"79 
OHn 1"30 NI:Kn 1"59 OHn 1-48 Br- 1.98 

NI-I ~.+ (1.68) 

of oxygen was assumed to be the same as the van  der 
Waals  radius, it  m a y  be seen tha t  the other acceptor 
radi i  for a toms not a t tached  to hydrogen follow the 
van  der Waals  radi i  very  closely. This fact  m a y  be 
used to predict  the acceptor radi i  for other atoms, 
e.g. sulphur  might  be expected to have  a value of 
about  1.85 /~, or possibly less in view of shorter van  
der Waals  radi i  for sulphur  adopted by  some authors.  
Eighteen N H ~ . . - S  contacts which might  be hydro- 
gen bonds have been found in the l i terature.  They 
range in length from 3.23 to 3.51 A and  have a mean  
value of 3-40 4 ,  which is the distance expected for 
hydrogen bonds of this  type  if the  acceptor radius for 
sulphur  is 1.85 /~. F ive  of these d i s tances~3 .26  
(Penfold, 1953), 3.42 (Nardelli, Bra iban t i  & Fava ,  
1957), 3.23 (Cavalca, Nardell i  & Branchi,  1960), 3.44 
and  3.50 (Dvoryankin  & Vainshtein,  I960)~were  
described as hydrogen bonds by  the authors  who 
reported them. A distance O H . - .  S of 3.246 A for 
which a hydrogen bond is suggested (Nardelli, Fava  
& Giraldi, 1962) is also consistent with an acceptor 
radius for sulphur of approximate ly  1-85 4 .  

The short hydrogen bonds of lengths about  2.6 A 
in carboxylic acids, a l though not included in Table 1, 
m a y  nevertheless be brought  into the suggested 
scheme if they  are imagined as being formed from a 
OH + donor, with a not unreasonable hydrogen bond 
radius of about  1-2 4 ,  and  a 0 -  acceptor. 

The chief l imi ta t ion  in the predict ion of hydrogen- 
bond lengths by  the  addi t ion of hydrogen-bond radi i  
is the ra ther  large var ia t ion in length found for a n y  one 
type  of hydrogen bond. One reason for this  var ia t ion 
is the  fact  t ha t  each crystal  s tructure mus t  be the 
result  of a compromise between a number  of different  
a t t ract ive  and  repulsive intermolecular  forces which 
m a y  be of similar  magni tude,  and  the  way in which 
the compromise is reached affects the observed 
hydrogen-bond lengths. Another  reason, which the 
present  analysis  of the da ta  brings out clearly, is 
t ha t  the  lengths of hydrogen bonds are very  sensitive 
to the  electron dis t r ibut ion in the Y - H  donor groups. 
I t  is hoped tha t  the es tabl i shment  of typical  average 
hydrogen-bond distances m a y  serve as a basis for more 
detai led discussion of individual  distances in terms 
of the electron distr ibut ions wi thin  the donor groups. 

The author  wishes to t hank  Dr M. Nardell i  for 
informat ion about  hydrogen bond distances involving 
sulphur. 

References  

CAVA.LCA, L., ~ARDELLI, M. & BR~CHI,  G. (1960). Acta 
Cryst. 13, 688. 

DONOHUE, J. (1952). J. Phys. Chem. 56, 502. 
D V O R Y ~ N ,  V. F. & V~SHTEI~,  B. K. (1960). Kristal. 

lografiya, 5, 589. 
DVORY~KI~, V. F. & VAXNSHTEXN, B. K. (1961). Soviet 

Phys., Crystallography, 5, 564. 
FULLER, W. (1959). J. Phys. Chem. 53, 1705. 
NARDELLI, M., BRAIBANTI, A. & FAVA, G. (1957). Gazz. 

Chim. Ital. 87, 1209. 
NARDELLI, •., FAVA, G. & GIRALDI, G. (1962). Acta 

Cryst. 15, 227. 
PE~OLD, B. R. (1953). Acta Cryst. 6, 707. 
PIM_ENTAL, G. C. & IV~CCLELLA_N, A. L. (1960). The Hydro- 

gen Bond, pp. 260-295, 300-303. San Francisco and 
London: Freeman. 

Acta Cryst. (1962). 15, 759 

The Crystal  Structure of Shel lol ic  Bromolac tone  Hydrate  
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Shellolic bromolaetone hydrate is orthorhombie (P212121, a = 7.07, b -- 14.80, c = 15.56 A and Z = 4). 
The structure was determined by the application of the 'heavy atom' technique to the three- 
dimensional data and refined by differential syntheses. The structure found is in complete agree- 
ment with that  proposed for shellolic acid b5~ Yates & Field on chemical grounds, and confirms that  
the carbon skeleton is that of cedrene. The six-membered ring is in the chair form and the Br atom 
is trans to O S, the oxygen atom of the ~-lactone ring. 

In troduct ion  Stock, 1936). Ear l ier  work on the acid (Nagel & Mer- 
Shellolic acid C15H1702 is a component  of shellac, tens, 1937, 1939) failed to establish the skeleton to 
a resin originating from the lac insect (Tschirch & which the funct ional  groups are at tached,  and  the  

present  analysis  was under taken  to assist recent  
* National Research Council Postdoctorate Fellow. chemical  work. I t  was known at the outset tha t  the  
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bromolactone (SBL) was a y-lactone with three carbo- 
cyclic rings, one ether ring and the lactone ring 
(Cookson, 1958). No use was made, however, of these 
facts in the actual structure solution. 

The first part of the work was carried out at the 
Viriamu Jones Laboratory, Cardiff and the three- 
dimensional solution and refinement of the structure 
at the National Research Council, Ottawa. 

Experimental  details 

The crystals of SBL (C15H1705Br.H~O, Fig. 1) were 
prepared by Prof. R. C. Cookson. They are long thin 
needles, approximately 0.04 × 0-04 mm. cross-section, 
and tabular on (011). The space group is determined 
uniquely by systematic absences as P212121, with cell 
dimensions (from precession photographs) 

a = 7.07, b = 14.80, c = 15.56 A .  

These values give a calculated density of 1.53 g.cm. -8, 
if Z = 4, and that  measured by flotation in a mixture 
of carbon tetrachloride and ether is 1.54 g.cm. -3. 
The corresponding chlorine derivative (SCL) was also 
prepared and examined. Its cell dimensions 

a = 7.07, b = 14.32, c = 15.60 A 

are close to those of SBL, though the structural 
isomorphism has not been established. The observed 
and calculated densities for SCL are both 1.39 g.cm. -~. 

Sr 

COON 

o / 
o 

\ 
CHs 

Fig. 1. The molecule of shellolie bromo-laetone. 

The intensities of the three sets of zero-level reflec- 
tions were collected for both substances, using the 
multiple-film Weissenberg technique. The levels lkl to 
6kl were collected on equi-inclination Weissenberg 
photographs for SBL alone. The intensities were 
measured visually and, where appropriate, correction 
was made for distortion of the spots (Phillips, 1954). 
Lorentz and polarization factors were applied 
(Cochran, 1948), but no correction was made for 

absorption, because of the small size of the crystals. 
If they are considered to be cylinders of radius 
0.03 mm.,/~R=0.13 (/~ =43 cm.-1), for which the value 
of A*, the absorption factor, does not change over 
the whole 0 range (Bond, 1959). 

The crystals decompose under the action of X-rays 
in about 80 hr. and, because of their small size, 
exposure times of the order of 50 hr. were needed to 
obtain a reasonable percentage of the data for each 
level. Hence a new crystal was required for each level 
and these were chosen to be of approximately the 
same dimensions. Errors introduced in this way are 
not thought to be serious because of the low value 
of /~R. In this way 1450 reflections were observed 
out of a possible 1927 for the 7 levels collected. No 
attempt was made to collect the 247 reflections in 
the levels 7kl to 9]cl within the Cu Kc~ sphere. The 
necessary scaling of the levels was accomplished 
initially by comparison of each level with common 
lines on the hO1 and Mc0 levels. The results obtained 
in this way agreed very closely with each other. In 
spite of this agreement, however, it was necessary to 
apply large corrections to the scaling factor during 
the analysis. The actual amount of the correction 
increased with h and in the case of the 6)~1 level the 
final scale factor was 2.1 times its initial value. 

Structure determination 

Normal projections 
The work on electron-density projections was done 

at Cardiff and the necessary calculations were per- 
formed on Ferranti Pegasus computers, with the 
programs written by Dr H. J. Milledge. 

The data for the three zero levels of both SBL and 
SCL were brought to an approximately absolute scale 
(Wilson, 1942), and Patterson syntheses were com- 
puted using F~B r and FoB r 2  _ Fool2 (Kartha & Rama- 
chandran, 1955) as coefficients. These gave the halogen 
position unambiguously and, with the coordinates 
obtained, Br and C1 structure factors were computed 
for the three zones. Signs were given to about 70% 
of the terms of each zone using isomorphous replace- 
ment, and the three Fourier syntheses were computed 
with these terms for the SCL data. Numerous attempts 
were made to fit a tentative model to these maps but 
it was impossible to reduce the R value below about 
0.30. 

Three-dimensional refinement 
Because of the failure of the projection methods, 

the three-dimensional data for SBL were collected 
and measured, with the intention of using the con- 
ventional 'heavy-atom' technique for the structure 
determination. The levels were scaled as described 
above and the coefficientsAFo~Br were sharpened by 
applying the function l / ( f )  2 exp ( -4z t  2 sin 2 0/7-5~ 2) 
(Lipson & Cochran, 1953). A Patterson synthesis was 
computed with these sharpened coefficients, at 
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in t e rva l s  u/16, v/32, w/32 over  t he  un ique  volume,  
i.e., 0 to  ½ in  each direct ion.  Th is  conf i rmed t h e  
Br  pos i t ion  as 0.144, 0.152, a n d  0.238. The  maps  were 
used  to  cons t ruc t  a vec to r -convergence  map ,  us ing  
on ly  the  pos i t ive  regions.  As the  B r  a t o m  was  a s s u m e d  
to  lie a t  z =  ¼ for t he  purposes  of th i s  cons t ruc t ion ,  
a mi r ro r  p l ane  was  p roduced  a t  z = ¼ in  t he  r e su l t ing  
map .  The  reso lu t ion  of th i s  m a p  was poor, a n d  i t  
could no t  be i n t e r p r e t e d  in  a n y  de ta i l  b e y o n d  the  
genera l  molecu la r  posi t ion.  

The  work  a t  Cardiff  was  conc luded  a t  th i s  s tage  a n d  
r e s u m e d  l a t e r  in  O t t a w a .  All t he  s u b s e q u e n t  calcula- 
t ions  were pe r fo rmed  e i the r  on T R A N S F E I ~  or on 
an  I B M  650, w i t h  t he  p rog rams  descr ibed  b y  A h m e d  
(1957, 1961). 

A set  of Br  s t r u c t u r e  fac tors  was ca lcu la ted  us ing 
the  pos i t ion  quo ted  above  a n d  B - - 2 - 5  _~2; a n  ana lys i s  
of t he  resu l t s  i n d i c a t e d  a correc t ion  L I B =  + 2 . 0  A 2. 
Te rms  for wh ich  the  ra t io  IIFo[-]FcBrll/]Fo] <_ 0.50 
were inc luded  in  a Four i e r  s u m m a t i o n ,  w i t h  t he  phase  
of FcBr, c o m p u t e d  a t  i n t e rva l s  x/15, y/30, z/30 over  
t he  ranges  0 _< x _< 1 a n d  0 _< {y/z} <_ ½. 

I n  spi te  of the  fac t  t h a t  t he  Br  a t o m  is nea r  a special  
posi t ion,  the re  was v e r y  l i t t l e  evidence  of the  ar t i f ic ia l  
mi r ro r  p lane  in  t he  r e su l t ing  syn thes i s  a n d  13 of t he  
21 l igh t  a toms  could be seen qui te  clearly,  a n d  these  
were inc luded  in  t he  n e x t  r o u n d  of calculat ions .  
A n o t h e r  Four ie r  syn thes i s  was  ca lcu la ted  w i t h  t he  
new phases  a n d  al l  l i gh t  a t oms  were ident i f ied.  The  
i n t e r p r e t a t i o n  of these  Four ie r  syn theses  was g r e a t l y  
f ac i l i t a t ed  b y  d rawing  the  con tours  on pe r spex  sheets  
( P r z y b y l s k a  & Ahmed ,  1958). Of t h e  13 l igh t  a t oms  
iden t i f i ed  in the  f i rs t  map ,  3 were inc luded  in  t he  
subsequen t  s t ruc tu re - f ac to r  ca lcu la t ion  as o x y g e n  
a t o m s ;  t he  choice, wh ich  was based  on p e a k  he igh t ,  
p roved  to  be correct .  Molecular  g e o m e t r y  was cal- 
cu la ted  w i t h  t he  22 pos i t ions  f rom the  second map ,  
a n d  was suf f ic ien t ly  good to  enable  the  two doubly-  
bonded  o x y g e n  a t o m s  to be d i s t inguished .  The  a toms  
m a d e  up a molecule  close to  t h a t  shown  in  t he  per- 
spect ive  d rawing  Fig.  2, in  which  the  f ina l  p a r a m e t e r s  
were used,  a n d  the  molecule  is v iewed  down  a l ine 
para l le l  to  the  xy p lane  a n d  - -30 ° f rom the  x-axis.  
R = 0 . 2 2  for t he  f i rs t  set  of s t r u c t u r e  fac tors  w i t h  all  
a toms .  

R e f i n e m e n t  was  car r ied  ou t  in  th ree  cycles of dif- 
f e ren t ia l  synthes is .  The  f i rs t  cycle used  the  Fo d a t a  
on ly  a n d  1.6 t imes  t he  i n d i c a t e d  shif ts  were appl ied  
to  give t he  coord ina tes  for t h e  n e x t  set  of s t ruc tu re  
factors ,  w i t h  a n  overal l  B - - 4 . 7  /~e. The  n e x t  cycle of 
d i f fe ren t ia l  syn thes i s  was pe r fo rmed  w i t h  bo th  Fo a n d  
Fc values .  B y  compar ing  the  resul ts ,  i nd iv idua l  iso- 
t rop ic  t e m p e r a t u r e  fac tors  were ass igned to  the  l igh t  
a t oms  a n d  a n  an i so t rop ic  t e m p e r a t u r e  fac tor  was 
g iven  to  t he  Br  a tom.  The  d i rec t ion  of m i n i m u m  
t h e r m a l  mo t ion  for t he  Br  a t o m  was found  to be 
a long  the  bond  jo in ing  i t  to  t he  molecule,  as would  be 
expected .  W i t h  these  t e m p e r a t u r e  fac tors  a n d  1.6 
t imes  t he  i n d i c a t e d  shif ts  the  n e x t  set  of s t ruc tu re  

fac tors  gave  R = 0 . 1 5 7 .  The  ca lcu la t ions  necess i t a t ed  
b y  the  an i so t rop ic  mo t ion  of t he  B r  a t o m  were per- 
fo rmed us ing t h e  a p p r o x i m a t i o n  of K a r t h a  & A h m e d  
(1960). I n  th i s  set  of s t ruc tu re  factors ,  t e rms  w i t h  
h igh  1 i ndcx  gave  F c >  Fo, a n d  the  n e x t  d i f fe ren t ia l  
cycle showed t h a t  Bz for t he  Br  a tom needed  to  be 
increased  s u b s t a n t i a l l y .  The  va lue  of Bz used  was 
5.5 A 2, a n d  in order  to  f ind  ou t  how m u c h  to  increase  
Bz, the  65 t e r m s  w i t h  l _> 12, in  t he  ref lec t ion group  
h + k- -  2n, k + 1 = 2n, were ca lcu la ted  w i t h  Bz = 6-0, 
6.5, 7.0 ~2. W i t h  B~-=5.5 A 2 t he  R va lue  for these  
t e r m s  was  0.276, a n d  the  new va lues  were 0.19, 0.15, 
a n d  0.14, respec t ive ly .  

The  ave rage  shif ts  shown  in th i s  cycle of Fc dif- 
fe ren t ia l  syn thes i s  were 0.0073, 0.0069, a n d  0.0070 J~ 

Table  1. Final atomic coordinates 

x/a y/b z/c 
Br 0"1498 0-1498 0"2350 
C 1 0.1925 0.2722 0.1941 
C 2 0.0576 0.2941 0-1208 
C 3 0.0856 0.3928 0.0926 
C 4 --0.0137 0.4494 0.1611 
C 5 0-1347 0.4434 0.2323 
C 6 0.1841 0.3452 0.2640 
C 7 0.4748 0.4151 0.2391 
C s 0.3288 0.4647 0.1881 
C 9 0.2956 0"4300 0.0957 
C10 0.2935 0.4966 0.0197 
C n 0-1665 0.4593 -- 0.0491 
C12 0.0353 0.3905 --0.0015 
Cla 0.0887 0.2939 - 0.0258 
C14 0.0549 0.3195 0.3390 
Cls 0.3684 0-5700 0.1885 
O 1 -- 0.1262 0.3171 0.3162 
03 0.1098 0.2995 0.4104 
O a 0.3637 0.3588 0.2988 
04 0.1126 0-2433 0.0430 
05 0.1084 0.2629 -- 0.0978 
H20 0.6115 0.2956 0.4330 

Tab le  2. Final observed and calculated peak heights 
and mean principal curvatures 

Qo ~e "' " B 
(o.A- I Io.%°) / - /  

Br 52-7 53.3 412.0 423.0 - -  
C 1 7-1 6-8 61-9 57-7 3-8 
C 2 6-8 6-5 54-6 53.4 4.1 
C a 7.0 6.5 55.8 50.1 4-1 
C 4 7.0 6.5 56.6 52.2 4.1 
C 5 8.0 7.2 65.4 64.6 3.5 
C 6 7.5 7.2 62.2 62.2 4.1 
Cv 6.6 6.3 49.7 50-1 4-1 
C s 6.9 6-3 52.7 49.6 4.1 
C 9 6-2 6.0 47-7 46.0 4.4 
C10 5.8 5.7 43-3 43-7 4.7 
C n 5.8 6.0 41.5 46.9 5.0 
C19 " 6-1 6.2 47.6 48.2 4.7 
ClS 6.8 6-7 54-4 54-6 4-4 
C14 6.9 6"6 54"7 53"9 4-4 
Cls 6.0 6"0 47.8 50.2 4.7 
01 9-6 9"8 67.6 74.2 4"7 
O 3 9-1 9"8 68.3 75"5 4-7 
03 10"8 10-9 82-5 86"9 4"1 
0 a 9.4 9.7 68-7 70.9 4.7 
O 5 8.8 9.1 62.7 67.8 4.7 
H20 8.0 9.0 55.1 65.9 5.3 
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Table 3. Agreement  s u m m a r y  

1450 observed reflections JFolmin. _~ 3"0 

No. of 
Category reflections 

1. IAFI _< 3 or IAFI < 0"21Fol 1231 
2. IAFI < 6 or IAFI < 0-41Fol 185 
3. IAFI < 9 or IZ12' I < 0"6lEol 29 
4. [/IFI _< 12 or IzlFI _< 0.8lFol 5 

102 unobserved reflections (sin S 0 _~ 0.6) 

No. of 
Category reflections 

1. 3 > IFcl 37 
2. 6 > IFcl ~_3 41 
3. 9 > IFcl _~ 6 20 
4. ]Fc[ ~_ 9 4 

in the three directions, and  it seems tha t  the  x-direc- 
t ion is not  significantly more affected by  finite 
summat ion  errors t h a n  the  other  two directions. 
The Fo shifts were corrected for finite summat ion  
and the  geometry  was calculated using coordinates 
given by  applying 1 t imes the shift and 1.6 t imes the 
shift. The la t ter  set of coordinates, shown in Table 1, 
gave a small but  distinct improvement  of bond lengths 
and angles and these were used to calculate a final 
set of s t ructure  factors, for which R=0.129.  The 
tempera ture  factors adopted for the  Br  a tom were 
B x = 5 . 5 ,  B y = 4 - 8  and B ~ = 7 . 0  A e. A list of observed 
and calculated peak heights, mean  principal curvatures  
and t empera tu re  factors is given in Table 2. The peak 
heights and  curvatures  have been t aken  from the 

l~IKg \ _3 

@ 6(H20) C 

0 o  

ref inement  cycle preceding the  final set of s t ruc ture  
factors,  and the agreement  would have  been improved  
if another  cycle had  been calculated. The list of struc- 
ture  factors is not  presented (it m a y  be obtained f rom 
the author) ,  but  a s u m m a r y  of agreement  is given 
in Table 3, similar to t ha t  of Hanson  & Ahmed  (1958). 
Of the 34 observed reflections in categories 3 and  4 
(Table 3) ,  none has [Fo [  > 20 and  18 have  
[Fo[ < 12 ([Fo[max. = 180). 373 possible reflections were 
not  observed in the  pa r t  of the  Cu Kc~ sphere in- 
vestigated,  and  of these 102 have  sin e 0 _< 0.6. These 
were calculated and  the results are summar ized  in 
the second pa r t  of Table 3. The disagreement  in 
categories 3 and 4 of both par t s  of Table 3 mus t  be 
due in some measure to the  76 hydrogen a toms in 
the  cell, for which no allowance was made  in the  
calculations. 

02 

0 4 ~  c9 Clo 

//~, Cll Os 

z 

Fig. 2. Perspective view of the molecule of 
shellolic bromo-lactone hydrate. 

123.1 124.6 

Fig. 3. Intramoleeular bond lengths and angles. 
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"Y o0 [/  
+ ' /4 +1/4 0 Br + 1/4 

(a) 

+1, \ 

Y 

(b) (c) 

Fig. 4(a), (b), (c). Projections of the structure along the three axes, showing the hydrogen bond scheme. 
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Resu l t s  and d i s cus s ion  

The structure found in the analysis is in complete 
agreement with tha t  found by Yates & Field (1960), 
on chemical evidence alone. 

The final bond lengths and angles within the 
molecule are shown in Fig. 3. The following angles 
were also calculated" C1-C~-03=110.0 °, C5-C6-C14= 
109"6 °, CT-Cs-C9 = 115.8 °, C5-C8-C15 = 110.6 °, C2-C8-C9 
=116.2 ° and Cd-Ca-Cle= 125"6 °. Standard deviations 
were calculated by Cruickshank's method (Lipson & 
Cochran, 1953), the r.m.s, values being 0-0153 /~ for 
the carbon atoms, 0.0120 J~ for the oxygen atoms, 
and 0.0019 A for the bromine atom. The mean standard 
deviations of bond lengths and angles, therefore, 
are 0.02 ~ and 1.3 °, respectively. Using Cruickshank's 
significance criterion (Lipson & Cochran, 1953), dif- 
ferences between observed and accepted values greater 
than 0.047 A in bond lengths, and 3.0 ° in angles, 
are to be considered significant. On this basis, however, 
there are no significant differences of C-C bonds from 
normal, and the C-O distances, although varied, are 
all close to the expected values for particular bonds. 
I t  is interesting, for example, to note the inequality 
of bond lengths about both the cyclic oxygen atoms, 
which has been observed in other structures (Przybyl- 
ska & Ahmed, 1958; Kartha,  Ahmed & Barnes, 1960; 
Kartha,  Ahmed & Barnes, 1961). I t  seems probable 
tha t  the double bond C18=O5 appreciably shortens 
the bond C13-04, and the shortening of this bond to 
1.317 /~ must be considered significant. 

Many of the tetrahedral angles are very different 
from the theoretical value of 109.5 °, and no a t tempt  
is made to explain these distortions in detail. The 
molecule is rather strained, however, and it would 
appear that these strains are compensated to some 
extent by a distortion of the angles. The angles around 
C~8 and CIa are of interest because, although the sum 
of the three angles is 360 ° , one angle is significantly 
different from the other two, and for both this is 
the angle which does not contain the double bond. 
The effect has also been observed previously (see 
latter references above). 

A complete scan of all the distances between one 
molecule and its 8 nearest neighbours showed three 
O-H20 distances less than 2.9 J~. The oxygen atoms 
involved are O1, O2 and 03 in different adjacent 
molecules. The distances are H~O-01=2.616, H20-02 

=2"814, and H~0-03=2.88~ i. Projections of the 
structure down the three axes are shown in Fig. 

4(a), (b), and (c). Two flat chains of molecules, roughly 
perpendicular to the b axis, are formed. Unfortunately 
the angle Os • • • H - O - H  • • • 02, as shown in Fig. 4(b), 
is 142.9 °, which is rather a high value for the H - O - H  
angle necessary if the two distances involved are 
hydrogen bonds. The distances are also rather  long 
for hydrogen bonds, though not unreasonably so, 
and probably they are weak hydrogen bonds which 
have been distorted in the structure. The angle 
C14-O1 • • • H20 is 119.6 °, which is nearer the accepted 
value of 105 ° , between the two bonds from an oxygen 
atom. In this case the H-bond distance is 2.616 /~, 
and it seems probable that  this is a normal H-bond. 

I wish to thank Prof. R. C. Cookson for suggesting 
the problem and supplying the crystals, Dr D . F .  
Grant of Cardiff for much helpful advice during the 
early stages of the work, Dr W. H. Barnes of this 
laboratory for permission to continue the work, and 
Dr F. R. Ahmed and Mrs M. E. Pippy for considerable 
help with the computations. 
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