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The crystal structure of the enol tautomer of 1,3-diphenyl-l,3-propanedione, C15H1202, has been deter- 
mined from three-dimensional, neutron-diffraction data. The structure was refined by full-matrix, 
least-squares methods to an R value of 0.090 (0.042 for reflexions with I_>2.3a~) and wR of 0"045 
(0.038) using 1660 reflexions. The short, intramolecular O. . .  O contact is 2.463 (4) .~. The enol H atom 
is asymmetrically placed with respect to the O atoms, the difference in O-H bond lengths being 
0.199 (17) ]~. Reasons for the asymmetry are discussed in terms of a unique enol tautomer and the 
disposition of near-neighbour atoms. The results are compared with two previous X-ray diffraction 
studies. 

1807 

Introduction 

Very short hydrogen bonds of the type -O.  • • H. • • O-, 
where O . . .  O is 2.4-2.6/~, have attracted considerable 
attention. The main interest has been in the fields of 
carboxylic acids and their salts, phosphates and salt 
hydrates. Generally, the hydrogen bond is intermolec- 
ular, symmetrical (sometimes because of the symmetry 
restraints of the space group) and in an ionic environ- 
ment. Accurate diffraction studies of systems, in which 
the bond is intramolecular, have also been undertaken. 
Recently, some work by Williams (1974) has revealed 
very short hydrogen bonds which are asymmetric. He 
concludes that the position of the H atom depends on 
its environment in the crystal. 

R CH2 R' R CH R' R CH R' 
\ /  \ , /  \ /  \ /  \ /  \ , /  

C C C C C C 
II II II I[ II II 
O O O . . . . .  HO OH . . . . .  O 

(I) (II) (III) 

(R, R'= C6H5 for this study) 

1,3-diketones (I) in the enol form (II),(III) form 
short, intramolecular hydrogen bonds. By placing dif- 
ferent groups in the 1,3-positions, an asymmetric en- 
vironment can be built into the molecule. These com- 
pounds do not have ionic character and tend to pack 
so that the minimum intermolecular distances are van 
der Waals contacts. Several of these compounds are 
being studied by neutron diffraction methods to obtain 
accurate location of the enol H atom and determine 
factors which infuence the formation of symmetric 
and asymmetric hydrogen bonds. 

Two X-ray diffraction studies have been made of 
dibenzoylmethane (Williams, 1966; Hollander, Tem- 
pleton & Zalkin, 1973). The results of Williams indicate 
an asymmetric hydrogen bond, those of Hollander et 
al. a symmetric bond. This neutron-diffraction study 

was undertaken before the work of Hollander et al. 
was reported and resolves the ambiguity which has 
arisen. 

Experimental 

Dibenzoylmethane was purified by sublimation and re- 
crystallized from cyclohexane/carbon tetrachloride so- 
lution. An approximate square prism of volume 47 
mm a was cut from a large specimen and was used for 
the analysis. X-ray photographs of a small crystal 
from the same batch indicated that the cell dimensions 
and space group were as given in the X-ray structural 
analyses. The values used in this study are a =  10.853, 
b=  24.441 and c= 8.755 ,~; space group Pbca (Hollan- 
der et al., 1973). 

Data collection 

The crystal was mounted so that the a* axis was 
slightly offset from the (o axis of the goniostat. Neutron- 
diffraction data, at room temperature, were collected 
on the Australian Institute of Nuclear Science and En- 
gineering four-circle diffractometer, 2TAN A, at the 
Australian Atomic Energy Commission's Research 
Reactor, HIFAR. Intensities were measured by a 0-20 
step-scan method (Elcombe, Cox, Pryor & Moore, 
1971), each step being 0.01 ° in 20. The scan range was 
2 ° in 20 and the neutron wavelength was 0.983 •. One 
quadrant of data was scanned, representing two equiv- 
alent sets, up to 20= 65 ° . Beyond this angle, the num- 
ber of reflexions above the general background was 
small. The reflexion 042 was measured after every 
40 reflexions and showed no significant variation in 
intensity. 

Each intensity was corrected for background and ab- 
sorption. The absorption coefficient was 1.59 (6) cm- 
(measured by transmission through a crystal) and the 
variation in transmission coefficients was 0.606 to 
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0.671. For  each reflexion, the var iance was calculated 
f rom at  z = a~ + aza + (0"031) 2 where crg is due to coun t ing  
statistics, aZa is due to absorp t ion  (Elcombe et al., 1971) 
and  0.03 is de te rmined  f rom the var ia t ion  in the stan- 
dard  reflexion. The  intensit ies o f  equivalent  reflexions 
were averaged and, if the var iance  f rom the averaging 
procedure  exceeded Gza+ag, the fo rmer  var iance  was 
subst i tuted for  this sum in de te rmin ing  o -z. I f  the aver- 
age intensi ty o f  a reflexion was negative, it was set to 
a small posit ive quan t i ty  but  its var iance  was un- 
changed.  The  Lorentz  fac tor  was appl ied and  the tota l  
n u m b e r  of  un ique  reflexions was 1660. 

Structure refinement 

Structure  factors  were calculated with the ca rbon  and 
oxygen pos i t ional  parameters  of  Ho l l ande r  et al. (1973). 
A Four ie r  synthesis revealed posi t ions  for  all the H 
atoms.  Refinement ,  by b lock-d iagonal  least squares, o f  
pos i t ional  and  isotropic  the rmal  parameters ,  gave an 
R value (R=ZllFol-klFcll/YlFol) of 0.16. All da ta  
were used (Moore ,  1972), uni t  weight was assigned to 
each reflexion and  the funct ion  minimized was 
~w(IFol-klFcl)  z. Fur the r  ref inement  with an iso t rop ic  
t empera tu re  factors  reduced R to 0.11. It was obvious  
tha t  several reflexions were affected by ext inct ion.  Full- 
matr ix,  least-squares refinement,  i nco rpora t ing  an iso- 
t ropic  ext inct ion pa ramete r  (Coppens  & Hami l ton ,  
1970) and  exper imenta l  weights, w=aYo z, was carr ied 
out  to convergence.  The  final R was 0.090 (0.042 for 

reflexions with I>2"3GI)  and  wR [wR=~.(llFol- 
klFcll)2/ZlFol '] was 0.045 (0.038). The  ext inc t ion  coef- 
ficient was 1.03 (5)×  10 -4 which cor responds  to a 
mosaic  spread of  5.7 seconds or a mean  part icle size 
of  radius 1.01 × 10 -3 mm. The reflexion with the most  
severe ext inct ion was 200, the ext inct ion factor  being 
0.34. The  error-of-fi t  was 1.18. There  was no depen-  
dence of  wA 2 on Fo or (sin 0)/2. The final difference 
Four ie r  synthesis showed no unusual  features.  The  
coheren t  scat ter ing ampl i tudes  were as t abu la ted  by 
Bacon (1972). 

Results 

Final  a tomic  coord ina tes  and  thermal  paramete rs  are 
shown in Table  1. In t e ra tomic  distances and angles are 
in Table  2; the errors  in this table include cont r ibu-  
t ions f rom the va r i ance -cova r i ance  matr ix  and the er- 
rors in the cell d imensions .  The  least-squares planes 
fitted to selected a tomic  groupings  are in Table  3. A 

'-I(20 (~  H(2 6i t~,,." 

H(I8) {k~ 0 ( ~  ~j'~OflT, H'23 '  

H{29) 

Fig. i. A diagram of the molecule showing the atomic labelling. 
Atoms are represented as 50 % probability thermal ellipsoids. 

Table  1. Final fractional coordinates and anisotropic thermal parameters (/~2), x 104 

The form of the temperature factor is exp [ -  2rr2(hZa*2 U,, + . . .  +2hka*b* U,2 +.. .)].  In this table and all subsequent tables, 
estimated standard deviations in the least significant digit(s) are shown in parentheses. 

X y z U11 U22 Usa U12 U13 U23 
C(1) - 569 (2) - 189 (1) 1882 (2) 488 (14) 550 (12) 442 (12) - 124 (11) - 11 (11) 16 (11) 
C(2) -1222 (3) -516  (l) 856 (3) 541 (16) 683 (17) 546 (15) -140  (14) - 1 2  (13) - 43  (13) 
C(3) -760  (3) - 1024 (1) 421 (3) 701 (19) 743 (18) 624 (17) -193 (16) - 25  (15) -155 (15) 
C(4) 344 (3) - 1208 (1) 999 (3) 778 (19) 607 (17) 645 (17) - 120 (15) 0 (15) - 140 (14) 
C(5) 1019 (3) -882 (1) 1997 (3) 759 (20) 544 (15) 705 (17) - 5  (15) - 93  (16) - 7 0  (14) 
C(6) 557 (2) -375 (1) 2437 (3) 594 (15) 509 (13) 576 (14) - 3 7  (12) -112  (12) - 5 0  (12) 
C(7) -338 (2) 1617 (1) 4702 (3) 557 (14) 459 (12) 516 (13) 37 (11) I11 (11) 12 (11) 
C(8) - 1047 (3) 2054 (1) 5243 (3) 737 (19) 530 (15) 619 (15) 128 (14) 102 (15) 21 (13) 
C(9) -525 (3) 2431 (1) 6252 (3) 995 (24) 539 (16) 704 (18) 110 (16) 118 (18) - 2 7  (15) 
C(10) 699 (3) 2386 (1) 6687 (4) 988 (23) 543 (16) 728 (19) 3 (16) 38 (18) - 108 (15) 
C(I1) 1404 (3) 1949 (1) 6151 (3) 760 (20) 609 (17) 756 (19) - 4 4  (15) 21 (17) - 146 (16) 
C(12) 891 (2) 1566 (1) 5156 (3) 557 (16) 561 (15) 642 (15) 4 (13) 49 (13) - 6 9  (13) 
C(13) -1063 (2) 353 (1) 2298 (3) 498 (14) 535 (13) 508 (13) - 83  (11) - 13  (11) 51 (11) 
C(14) -448 (2) 706 (1) 3337 (3) 522 (15) 523 (14) 538 (14) 32 (12) 4 (13) - 9  (11) 
C(15) -919  (2) 1224 (1) 3648 (3) 523 (14) 523 (13) 521 (14) 30 (11) 6J, (12) 71 (10) 
O(16) -2077 (3) 499 (1) 1691 (4) 514 (17) 716 (20) 802 (21) - 5 0  (15) - 136 (16) 32 (18) 
O(17) -1941 (3) 1388 (1) 2996 (4) 553 (19) 653 (18) 898 (2J,) 97 (16) - 4 4  (18) 51 (18) 
H(18) -2068 (6) -368 (3) 392 (7) 758 (40) 1159 (48) 935 (41) -104  (38) -232  (34) -208 (38) 
H(19) - 1270 (7) - 1271 (3) -383 (8) 1060 (48) 1139 (52) !108 (50) - 133 (40) -244  (42) -437 (44) 
H(20) 706 (7) - 1600 (3) 662 (8) 1141 (52) 802 (41) 1321 (58) 23 (39) - 33  (44) -383 (41) 
H(21) 1881 (7) - 1015 (2) 2447 (9) 1064 (49) 787 (36) 1358 (57) 167 (38) - 331 (46) - 282 (42) 
H(22) 1088 (6) - 128 (2) 3215 (8) 909 (41) 748 (34) 1051 (43) 85 (30) -405 (37) -256  (34) 
H(23) -1987 (7) 2089 (3) 4905 (8) 915 (46) 893 (40) 1018 (43) 273 (37) 99 (39) 16 (35) 
H(24) - 1077 (7) 2758 (3) 6674 (8) 1356 (56) 774 (37) 1135 (51) 294 (40) 116 (46) - 192 (39) 
H(25) 1086 (8) 2675 (3) 7459 (9) 1521 (65) 876 (42) 1124 (49) 67 (42) -108 (50) -386  (45) 
H(26) 2333 (7) 1911 (3) 6489 (9) 976 (50) 1038 (48) 1325 (58) 0 (41) -143 (47) -369 (44) 
H(27) 1436 (5) 1233 (3) 4767 (7) 621 (31) 875 (40) 1088 (47) 84 (30) 18 (31) -316  (37) 
H(28) 382 (6) 58l (2) 3887 (7) 900 (41) 718 (32) 903 (39) 149 (31) -297 (36) - 199 (30) 
H(29) -2222 (5) 1012 (3) 2267 (8) 628 (36) 1444 (67) 1005 (49) 65 (40) - 156 (33) 187 (49) 
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d i a g r a m  of  the molecule  is shown in Fig. 1.* The ther-  
mal  pa r ame te r s  of  the non -hyd rogen  a toms  were fitted 
to a r ig id-body mot ion  model  ( S c h o m a k e r  & True-  
blood,  1968). The results are in Table  4. Mos t  differ- 
ences between observed U~j and those calculated f rom 
the model  are of  the o rder  of  I-3o'. The m a j o r  axes o f  

* A list of structure factors has been deposited with the 
British Library Lending Division as Supplementary Publica- 
tion No. SUP 31546 (11 pp., 1 microfiche). Copies may be 
obtained through The Executive Secretary, International 
Union of Crystallography, 13 White Friars, Chester CH 1 1 NZ, 
England. 

t rans la t ion  and  ro ta t ion  o f  the r ig id-body are near ly  
coincident .  However ,  the H a toms  have  significant 
o ther  mot ion .  A ' r iding mo t ion '  correc t ion (Busing & 
Levy, 1964) was applied to bond lengths involving 
these a toms.  

Discussion 

Comparison with X-ray analyses 
C o m p a r i s o n  of  our  results, denoted  J, with those o f  

Wil l iams (1966), denoted  W, and  Ho l l ande r  et al. 
(1973), denoted  H, show no gross differences. The  co- 

Table  2. lnteratomic distances (A) and angles (°) 

Interatomic distances 
C(1)--C(2) 
C(2)--C(3) 
C(3)--C(4) 
C(4)--C(5) 
C(5)--C(6) 
C(6)--C(1) 
C(7)--C(8) 
C(8)--C(9) 
C(9)--C(10) 
C(lO)-C(l 1) 
C(I 1)-C(12) 
C(12)-C(7) 
C(1)--C(13) 
C(13)-C(14) 
C(14)-C(15) 
C(7)--C(15) 
C(13)-O(16) 

C(15)-O(17) 

O(16)-..O(17) 

1.397 (3) 
1.392 (4) 
1.376 (4) 
1.390 (4) 
1.392 (3) 
1.392 (3) 
1.397 (3) 
1.398 (4) 
1.387 (4) 
1.395 (4) 
1-395 (4) 
1.398 (3) 
1-474 (3) 
1.422 (3) 
1.391 (3) 
1.475 (3) 
1.273 (4) 
1.293* 
1-311 (4) 
1.332* 
2-459 (4) 

l'400t C(2)--H(18) 1.067 (7) 
1.394 1.111" 
1.382 C(3)--H(19) 1.079 (7) 
1.392 1.132" 
1.394 C(4)--H(20) 1.078 (7) 
1-398 1.133" 
1.399 C(5)--H(21) 1"066 (8) 
1"399 1-115" 
1"392 C(6)--H(22) 1"077 (6) 
1"396 1"121" 
1-395 C(8)--H(23) 1"066 (8) 
1 "403 1" 102* 
1"477 C(9)--H(24) 1.065 (7) 
1-425 1.110* 
1.394 C(10)-H(25) 1.065 (8) 
1-477 1.119" 
1.279 C(I 1 )-H(26) 1.054 (9) 

!. 104" 
1-318 C(12)-H(27) 1-061 (6) 

1 "097* 
2"463 C(14)-H(28) 1"066 (6) 

1"104" 
O(16)-H(29) 1"360 (9) 
O(17)-H(29) 1"161 (9) 

Interatomic angles 
C(2)--C(1)--C(6) 
C(2)--C(1 )--C(l 3) 
C(6)--C(1)--C(13) 
C(1)--C(2)--C(3) 
C(2)--C(3)--C(4) 
C(3)--C(4)--C(5) 
C(4)--C(5)--C(6) 
C(5)--C(6)--C(1) 
C(8)--C(7)--C(12) 
C(8)--C(7)--C(15) 
C(12)-C(7)--C(15) 
C(7)--C(8)--C(9) 
C(8)--C(9)--C(10) 
C(9)--C( 10)-C( 11 ) 
C( 10)-C( 11)-C(12) 
C(I 1 )-C(I 2)-C(7) 
C(1)--C(l 3)-C(14) 
C(1)--C(I 3)-O(16) 
C(l 4)-C(13)-O(16) 
C( 13)-C(14)-C(15) 
C(7)--C( 15)-C(14) 
C(7)--C(15)-O(17) 
C(14)-C(15)-O(17) 

118.9 (2) C(I)--C(2)--H(I 8) 
119.3 (2) C(3)--C(2)--H(18) 
121.8 (2) C(2)--C(3)--H(19) 
120.3 (2) C(4)--C(3)--H(19) 
120.2 (2) C(3)--C(4)--H(20) 
120.3 (2) C(5)--C(4)--H(20) 
119.6 (3) C(4)--C(5)--H(21 ) 
120.7 (2) C(6)--C(5)--H(21) 
119.9 (2) C(5)--C(6)--H(22) 
118.3 (2) C(1)--C(6)--H(22) 
121.8 (2) C(7)--C(8)--H(23) 
119.7 (3) C(9)--C(8)--H(23) 
120-6 (3) C(8)--C(9)--H(24) 
119.7 (3) C(10)-C(9)--H(24) 
120.3 (3) C(9)--C(10)-H(25) 
119.9 (2) C(11)-C(10)-H(25) 
122.2 (2) C(10)-C(11)-H(26) 
117.6 (2) C(12)-C(11)-H(26) 
120.1 (2) C(I 1)-C(12)-H(27) 
120.4 (2) C(7)--C(12)-H(27) 
124.0 (2) C(13)-C(14)-H(28) 
115.7 (2) C(15)-C(14)-H(28) 
120.3 (2) C(13)-O(16)-H(29) 

C(15)-O(17)-H(29) 
O(16)-H(29)-O(17) 

* Distance corrected for 'riding motion'. 
t Distances in this column have been corrected for rigid-body motion. 

1"069]" 

1 "083 

1 "082 

1 "073 

1 "080 

1.072 

1 "070 

1 "065 

1 "064 

1-064 

1 "072 

1 "362 
1"163 

119.0 (4) 
120.6 (4) 
119.5 (5) 
120.3 (5) 
120.4 (4) 
119"3 (4) 
121"4 (4) 
119.0 (4) 
118.8 (4) 
120"5 (3) 
119"7 (4) 
120"6 (4) 
119"1 (5) 
120"3 (5) 
119"9 (5) 
120"4 (5) 
119.8 (4) 
119.9 (4) 
119-5 (4) 
120.6 (4) 
120.7 (3) 
118.9 (3) 
101"8 (3) 
102.6 (3) 
154"7 (5) 
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Table 3. Equations of  planes through selected atomic 
groupings 

Planes are of the form IX+mY+nZ+D=O, where l, m and n 
are the direction cosines of the plane normal relative to orthog- 
onal axes X, Y and Z, in ~, along a, b and c. D is the distance 
of the plane from the origin in A. Deviations (,~), of relevant 
atoms, from the planes are shown in square brackets 

Plane (1): C(13), C(14), C(15), O(16), O(17) 
0.5195X+O.3776Y-O.7665Z+ 1.832=0 

[C(13) 0.017, C(14)-0.008, C(15)-0.004, O(16)-0.013, 
O(17) 0.008, H(29)-0.008, H(28)0.025, C(I)0.074, C(7) 
--0-021] 

Plane (2): C(1), C(2), C(3), C(4), C(5), C(6) 
0.4741X+ 0.4281 Y- 0.7694Z+ 1.750=0 

[C(1)-0.008, C(2)0.005, C(3)0.004, C(4)-0.009, C(5) 
0.006, C(6) 0.003, H(18)0.037, H(19) 0.025, H(20)-0.007, 
H(21) 0"007, H(22) 0"010] 

Plane (3): C(7), C(8), C(9), C(10), C(I 1), C(12) 
0.2838X+O.5566Y-O.7808Z+ 1.118 =0 

[C(7) 0-000, C(8) 0.005, C(9) -0.009, C(10) 0-008, C(II) 
-0.003, C(12) -0.001, H(23) -0.004, H(24) -0.023, 
H(25) -0.007, H(26) 0.000, H(27) -0-020] 

Angles between planes (°) 
(1)-(2) (1)-(3) (2)-(3) 
3.9 17"0 13.2 

Table 4. Rigid-body tensors derived from the U u values 
of the non-hydrogen atoms 

T× 104 454 (16) 27 (11) 25 (15) 
(A 2) 505 (11) 50 (12) 

469 (17) 
L× 10 4 10 (1) 3 (2) - 1 (1) 
(rad. 2) 67 (6) 32 (4) 

35 (3) 
S x 10' - 5  (4) 12 (2) 7 (2) 
(rad. A) 16 (6) 17 (7) 18 (5) 

- 3  (4) - 1 6 ( 4 )  - 1 2 "  

R.m.s. amplitudes (A) along principal axes of T 
0.233 0 - 2 1 9  0.202 

R.m.s. amplitudes (°) along principal axes of L 
5-3 2.3 1.7 

R.m.s. A U u = 0.0036 (40) 

* Fixed at this value so that trace S = 0. 

ordinates of  the non-hydrogen atoms of  J and H were 
subjected to a half-normal  probabil i ty plot analysis 
(Abrahams & Keve, 1971; Hamil ton & Abrahams,  
1972). This plot passes through the origin and has a 
slope of 2 which suggests the pooled estimated stan- 
dard deviations of the coordinates are about one-half  
of  the correct values. For individual values, differences 
of up to 5a were observed, 2 2 2 a = 0"5 + an. If bond lengths 
are compared,  there is reasonably good agreement be- 
tween the uncorrected values of W and H and between 
the values of W, corrected for rigid-body motion, and 
similarly corrected values of J, but poor agreement be- 
tween the values of H and the corrected distances of 
both J and W. Such variations surely suggest that com- 
parison of coordinates, especially of coordinates de- 
rived from both X-ray and neutron methods, should 
only be undertaken after suitable correction for ther- 
mal motion. 

The molecule is not planar.  Dihedral  angles between 
the various planar  groups are the same as reported by 
W. Plane (2) is tilted upwards from plane (1) whereas 
plane (3) is twisted with respect to plane (1) and makes 
the larger dihedral angle with it. 

The hydrogen bond O(16). • • O(17) is 2.463 (4) A, of. 
the values of W, 2.468 (7), and H, 2.460 (2) A. The 
hydrogen bond is asymmetric,  consistent with the re- 
sults of  W but not H. The difference between O(16)- 
H(29) and O(17)-H(29) is 0.199 (17) A. Short hydro- 
gen bonds have often been discussed in terms of  the 
thermal motion of the H atom after allowance for con- 
tributions from other atoms (Sequeira, Berkebile & 
Hamilton,  1967; Schlemper, Hamil ton & La Placa, 
1971; Finholt  & Williams, 1973). In Table 5, the re- 
sults of  subtracting the thermal motion, calculated 
from the rigid-body parameters,  from that derived 
from the least-squares refinement are shown for H(29). 
The root mean square ampli tude of vibration along 
the O(16) . . .  O(17) vector is 0.27 A, a value larger than 
the above difference of 0-199 A. However, the hydro- 
gen bond can still be described as asymmetric.  Whether  
this is a result of  a unique enol tautomer or a large, 
shallow, asymmetric  potential well caused by an asym- 
metric environment  at the hydrogen bond (MacDonald  
& Speakman, 1972; Schlemper et al., 1971) is un- 
certain. 

Table 5. R.m.s. component of  thermal displacement along 
principal axes for H(29) after correction for rigid-body 

motion contributions 
Displace- Angle (°) made 
ment (A) with O(16)...O(17) 

Minimum 0-083 81 
Intermediate 0.109 97 
Maximum 0.275 11 

Inspection of Fig. 4(a) of  Wil l iam's  (1966) paper 
shows that the enol ring and a phenyl ring, with C 
atoms C(1)-C(6), pack such that both these rings are 

Table 6. Non-bonded contacts (~) of O(16) and O(17) 
with other non-hydrogen atoms 

O(16)...C(14)* 2 . 3 3 6  O(17)...C(14) 2.344 
C(I) 2.352 C(7) 2.361 
C(2) 2.749 C(8) 2.730 
C(15) 2.766 C(13) 2-733 
C(6 i) 3.427 C(3 iti) 3.394 
C(4") 3.475 C(9 iv) 3.608 
C(5 it) 3.553 C(12) 3-635 
C(6) 3.628 C(12 ~) 3.652 
C(6") 3.985? 

* Superscripts to the atomic labels denote the following 
transformations with respect to the coordinates in Table 1 : 

None x, y, z i -½+x,  y, ½--z 
ii - x ,  - y ,  - z  iii - ½ - x ,  - y ,  ½ + z  
iv x, ½-y, - ½ + z  

? There are other contacts with O(16) between 3-628 and 
3.985. 
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approximately parallel in adjacent molecules. The other 
phenyl ring has near-neighbour phenyl rings which are 
roughly perpendicular to it. Table 6 contains the 
shorter non-bonded contacts of O(16) and O(17). The 
outstanding feature is that O(16) has contacts with 
C(4), C(5) and C(6) of an adjacent molecule which are 
just greater than van der Waals contacts. Hence the 
environment in the vicinity of the hydrogen bond is 
asymmetric. 

This 1,3-diketone is symmetrically substituted in the 
1- and 3-positions. It might be expected that an equi- 
librium mixture of the two possible enol tautomers 
would result. The inequality in the bond lengths of the 
pairs C(13)-C(14), C(14)-C(15) and C(13)-O(16), 
C(15)-O(17) is not consistent with such a description. 
For a unique enol, the values of these bond lengths 
would be approximately 1.47, 1.33 and 1.2, 1.4/~. If 
the final atomic positions obtained represented an 
average of the two enol tautomers, and any other com- 
binations which might arise due to packing in the crys- 
tal, large thermal motion would be expected along the 
bond directions. This was not evident before or after 
correction for rigid-body motion. Our evidence, there- 
fore, suggests a unique enol form which has been dis- 
torted by an asymmetric environment. 

For the duration of this work, the author had tenure 
of an Australian Institute of Nuclear Science and En- 
gineering Research Fellowship. 
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Dipalmitoyl lecithin and dipalmitoyl lecithin-cholesterol bilayers are capable of binding about the same 
number of uranyl ions as lecithin molecules. Dispersions of the uranyl-decorated bilayers give very 
distinct continuous X-ray diffraction peaks up to the seventh order. Electron density projection onto 
the normal to the membrane is obtained with a resolution of about 6.5 ~. It gives two high peaks 
separated by 48/~, indicating that uranyl ions are bound at the surfaces of membranes in both lecithin 
and lecithin--cholesterol bilayers. 

Introduction 

Uranyl acetate has been widely used as a stain in elec- 
tron microscopy to investigate the structure of bio- 
membranes. Shah (1969) studied the interaction of 
uranyl ions with phospholipid monolayers, and con- 

* Present address: Institute of Basic Medicine, University 
of Tsukuba, Niihari-gun, Ibaragi 300-31, Japan. 

cluded that uranyl acetate does not cause degradation 
of phospholipids and stabilizes the monolayer films. 
Recently we have shown that adding a very small 
amount of uranyl acetate to the dipalmitoyl lecithin- 
water system destroys the lamellar phase and results 
in dispersion of lecithin membranes (Inoko, Yama- 
guchi, Furuya & Mitsui, 1975). During the experiments 
we found that the dispersions of lecithin and lecithin- 
cholesterol membranes decorated by about equimolar 


