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The hydrate of biuret, NH2CONHCONH2, has a unit cell with space-group C~h-P21/c and 

a=3.63 ,  b=17.78, c=9 .18 /~ ;  f l= l19  ° 30' 

and n = 4. The planar amide groups in biuret have normal dimensions and are slightly inclined and 
trans to each other, with an internal hydrogen-bond. The biuret molecules lie in buckled sheets 
parallel to (100), one molecule being joined to each of three neighbours by N - H .  • • O hydrogen- 
bonds. 

Tunnels run through the structure parallel to the y-axis. Water  molecules form zig-zag chains 
along these tunnels, alternate sites lying across apparent  centres of symmetry.  Under the conditions 
of the present experiments, only three-fifths of the available water-sites are filled. The water- 
molecules are loosely hydrogen-bonded to amide oxygen atoms of the biuret structure, but the distan- 
ces between adjacent water sites are remarkably short (2.48/~). 

Introduction 

Biu~et, NH2CONHCONH2,  can be crystall ized from 
alcohol in white, rec tangular  plates whose preparat ion,  
properties and reactions have  recent ly  been reviewed 
by  Kurzer  (1956). H a w o r t h  & Mann (1943) have  
published some crystal  da t a  obtained by  Hargreaves  
& Taylor.  Wi th  8 molecules per unit  cell, the  low 
s y m m e t r y  of the space-group (C6~h-A2/a or C~-Aa) 
deterred these authors  from a crystal  s t ructure  anal- 
ysis. 

Anhydrous  biuret  is hygroscopic (Wiedemann,  1848) 
and,  when the  substance is crystall ized from water ,  
a hyd ra t e  is formed. This was formerly  believed to 
be a monohydra te ,  though it was known t h a t  the 
water  of crystall ization might  be pa r t ly  lost on 
storage a t  room tempera tu re  (Behrend & Schultz, 
1909) and  completely a t  110 °C. (Hofmann,  1871). 
More recently,  Rollet  & Cohen-Adad (1951) have  
found t h a t  a t  room tempera tu re  the  composition 
of the  freshly formed hydra t e  is 5 b i u r e t : 4 H 2 0  (or 
biuret .  0.8 H20).  

The s t ructure  of biuret  hyd ra t e  has now been 
examined pa r t ly  as a contr ibut ion to the small list 
of s t ructure-determinat ions  of compounds with ter- 
minal  amide groups, pa r t ly  out of an interest  in the 
hydrogen-bond systems of amides, and pa r t ly  because 
this substance is the simplest compound which under- 
goes the  characterist ic  polypeptide 'biuret-reaction' .  

* Contribution No. 2449 from the Gates and Crellin Labora- 
tories of Chemistry. 

t Present address: Oak Ridge National Laboratory, P.O. 
Box X., Oak Ridge, Tennessee. U.S.A. 

Experimental  

Biuret  hyd ra t e  crystals  were obtained as white, lath- 
like needles by  slow evaporat ion from aqueous solu- 
tion. They showed marked  cleavage only in the (100) 
plane, and effloresced before melt ing (indicating t h a t  
they  were hydrated) .  No chemical analysis was car- 
ried out. Two crystals  were finally selected for sys- 
temat ic  examinat ion.  Their  physical  dimensions 
(a×bxc,  a<c) were 1 . 4 3 x 0 . 0 5 × 0 . 3  ram., 118 ° , and 
0-243 × 0.033 × 0-153 mm.,  118 °, respectively. The first  
crystal  was used for rotat ion,  oscillation and Weissen- 
berg zero-, first- and second-layer photographs  about  
the  a-axis, and was then reset for recording the (hO1)- 
zone. The second crystal  was used to obta in  c-axis 
d a t a  for l = 0  to 5. All photographs  were t aken  on 
K o d a k  (No Screen (Medical)) film, using nickel-filtered 
Cu K~  radiat ion.  

The intensities were measured on multiple-film 
Weissenberg photographs  by  visual comparison with 
cal ibrated intensi ty-str ips  (Robertson, 1943) and were 
corrected for the Lorentz and polarizat ion factors. 
The (0k/)-intensities were originally scaled by  Wilson's 
method  (1942), and  the other  intensities were con- 
ver ted  to the same scale. The scale-factor was con- 
t inual ly  revised during the course of the refinement.  

Space group and unit cell 

The sys temat ic  absences were: 0/c0 for lc odd and hO1 
for 1 odd. Hence the  space group was unequivocal ly 
C~h-P21/c. The unit  cell dimensions a, c and fl were 
f i t ted by  least-squares to the spacings recorded for 
12 intense h0l-reflections; b was calculated from a 
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single high-angle reflection, (0,18,0). The spacings 
were measured on oscillation photographs taken in a 
5 cm. radius rotation camera, with NaC1 powder 
patterns as internal calibration. The values were: 

a = 3.630( ± 0-003), b= 17-78( ± 0-01), c-- 9-18( i 0.01)/~, 
f l= 119 ° 30'( _+ 10'), 

whence 

V=515.7( _+_ 1) × 10 -24 cm. a 
[2(Cu K a ) =  1.5418 A, d~00(NaC1)=5.6285/~.] 

The density of the crystals was measured by flota- 
tion in benzene-iodobenzene and bromobenzene-carbon 
tetrachloride mixtures at room temperature. The mean 
of 4 determinations was: ~ = 1.5200( +_ 0.004) g.cm. -a 

From the formula weight (121.1) of biuret mono- 
hydrate, NK~.CONHCONttg. H20, the calculated den- 
sity was 1.559 g.cm. -a for n = 4 .  In reverse, the mea- 
sured unit cell volume and density led to a formula 
weight of 118 for the asymmetric unit. The real 
significance of these discrepancies was not appreciated 
at first. 

Trial  structure 

The shortness (3.63/~) of the unit-cell edge in the 
x-direction, coupled with the high intensity of the 
(100)-reflection, made it probable that  the biuret 
molecules were essentially flat and lay parallel to the 
(100)-plane. Trial structures were obtained by moving 
a reasonable scale drawing of a projection of the 
expected molecule around a yz-section of the unit cell, 
on the assumption that---by analogy with crystals of 
other amides (Donohue, 1952)--the number of hydro- 
gen atoms not involved in hydrogen bonds would be 
minimal. 

The correct model turned out to be one with an 
initial reliability factor, --r]IFoI--IFclI/--~IFol, of 44%. 
A synthetic Patterson projection agreed well with the 
real projection. 

The convention adopted for the labelling of the 
atoms for all further calculations was as follows: 

.N.~__C2//0++ 
N~--C~ / \ N ~  

\ O r  

The oxygen atom of the water molecule was desig- 
nated O~. 

Ref inement  of (Okl)-projection 

The first Fourier projection calculated from those 
87F0~,'s for which the trial structure yielded reason- 
ably certain signs, contained only one objectionable 
feature: the projected bond-length of C2-N2 was 
1.72 A, which was impossibly large. After four cycles 
of Fourier refinement, carried out on X-RAC, all 
bonds had reasonable projected lengths. The (Okl)- 
projection obtained from a numerical recalculation of 

the final X-RAC Fourier map is shown in Fig. 1. 
With a thermal parameter B=1.67 A -2 and using 
the McWeeny (1951) curves for C,N, and O, the 
reliability factor was 29% for the observed reflections 
alone. The agreement improved during two cycles of 
least-squares refinement (R = 24 and 22 %, respectively, 
for the observed reflections, and B =  1.97/~-2), but a 
further cycle yielded no significant improvement. 

0 
0 .... b 

1/2 

............ ) ....... / ........ :::-: . . . . . . . . .  

~ ' ~ ?  / 7 ~ - ,  ( ..... - 2 "  
Final~(yz) 0 1~/2 

Fig. 1. F ina l  x-axis e lec t ron-dens i ty  projec t ion .  
Broken  con tour :  1.8 e.; con tou r  in te rva l  1.5 e. 

0 - -  b ~ D(yz)#1 0 ~2  

Fig. 2. x-axis (Fo--Fc)-projection of par t i a l ly  ref ined s t ruc-  
tu re  Contours  a t  0.25 e., zero and  nega t ive  con tours  
broken.  N u m b e r e d  peaks  indica te  h y d r o g e n  a toms.  

A n  (Okl) - ( F o -  Fc)-synthesis computed at this stage 
is shown in Fig. 2. Apart from small coordinate shifts 
it gave clear indications of the positions of six out of 
the seven hydrogen atoms in the asymmetric unit. 
Its most interesting feature, however, was the large 
negative peak at y = 0.045, z = 0.46, which showed that  
the weight of the oxygen atom of the water molecule 
had been overestimated by about 3 electrons. 

This unexpected indication was, in fact, a crystallo- 
graphic confirmation of the (then) recently-published 
vapour-pressure/composition study by Roller & Cohen- 
Adad (1051). Their figure for the composition of the 
stable phase of biuret hydrate freshly crystallized 
from water solution at room temperature was biuret 
-(0.8)I-[20. The corresponding formula-weight, 117-5, 
was in much better agreement with the experimental 
value of 118.0(_+0.3) than was the formula-weight of 
the monohydrate, 121-1. 

Now if some water molecules were missing, in a 
regular pattern, there should be some evidence for 
larger repeat distances than those observed. An effect 
of this kind has been observed recently by Cant (1956) 
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in the structure of cyclo-hexaglycyl  hydrate. But no 
spots additional to those already indexed were visible 
on the diffraction photographs of biuret hydrate and 
it was therefore concluded that  the water molecules 
present were distributed in some statistical fashion 
over the available sites (see 'Description of structure'). 

Although a deficiency of about 0.4 HeO would have 
been deduced from the difference-synthesis, the atomic 
scattering curve for Oa was provisionally multiplied 
by the factor of 0.8 suggested by the density and the 
results of Rollet & Cohen-Adad (1951). A recalcula- 
tion of the 0/c/-structure factors, including the hydro- 
gen atoms, gave an immediate and significant reduc- 
tion of R(18.2% for the observed reflections, 21.5% 
over-all). 

D e t e r m i n a t i o n  of x - c o o r d i n a t e s  

The b- and c-axis Patterson projections were com- 
pletely dominated by the numerous vectors nearly 
parallel to (100) between the approximately co-planar 
atoms of the biuret molecules. There was no evidence 
that  these molecules were inclined at any large angle 
to the (100)-plane, and there were no vectors iden- 
tifiable as vectors to the water molecule. In the 
(h/c0)-Patterson projection, peaks at (0.14, 0.39) and 
(0.14, 0.5) suggested that  symmetry-related pairs of 
biuret molecules lay at x =  +_ 0.07 or +_ 0.43. 

The approximate x-coordinate of the water-oxygen 
could be predicted from the position of the Oa-peak 
on the (0/c/)-projection. The closeness of this peak to 
the symmetry centre at y = 0, z = ½--when considered 
together with the short a-axis of 3.63 A--implied that  
the water molecules formed a zig-zag chain hydrogen- 
bonded across the apparent centres at (0, 0, ½) and 
(½, 0, ½). If alternate hydrogen-bonds were assumed 
to be equal in length, then Oa had to be placed at 
+__ (0-2 or 0.7, 0-045, 0-46). 

There were, in fact, four non-equivalent sets of 
combinations of the respective x-coordinates of the 
biuret and water molecules. After much trial and 
error it became apparent that  the choice Xbiure t  = 0 " 5 7 ,  

x~o=0-20  was the correct one. 

R e f i n e m e n t  of s t ruc ture  

The disorder associated with the water-molecules gave 
rise to pessimism regarding the possibility and mean- 
ingfulness of a highly accurate refinement of the struc- 
ture. I t  was accordingly decided to make use of only 
the (Ok/)-, (I/c/)-, (hO1)- and (h/c0)-data. 

Generalized x-axis first-layer projections--C~(y, z) 
and S~(y, z)--were helpful in confirming the general 
correctness of the structure and the reality of the 
water-deficiency. The heights of the 08-peaks on both 
projections, when divided by appropriate trigono- 
metrical functions, showed that  0.8 H~O was still an 
over-estimate of the water content. 

The remaining refinement was carried out by means 

of the least-squares method using the high speed 
digital computer, SILLIAC. Non-diagonal terms of the 
least-squares matrix were neglected with the exception 
of those depending on the inter-actions of the x- and 
z-coordinates of each atom. The weighting system was 
that  of Hughes (1941). The temperature factor had 
the form 

exp ( - B  sin 2 0/A ~ -  ah 2) 

so as to take some account of the expected anisotropy 
of the thermal vibration. No significance was expected 
to be attached to the magnitude of a. 

,...,: ' . : / ;  ,,,,,, -,,,~ ,...., • ... ,.-: -,, • .--'-, - . : . .  ,,.-<. 
: ,  

~ ,  v,, ~\,,~., ~, ,,:.:::-:'...., . . . .  , , ,  ',,,~"~',, f .,,~ 
",,---" L .J"  .-:"-. " .... 0 " )  ~ " , " ' - ' !V ,  ) ' ,  ": 

l . "  (.::.., q.:, "', ..... ; ............ . - - . - : : ) !  L..." , 

0 ~ b ...... 1/2 
Final D(yz) 0 1A 

• C, N,O,} Atomic positions 
x used for Fc 

Fig. 3. F ina l  x-axis (Fo--Fc)-projection. Contours  a t  in tervals  
of 0.25 e.; the  zero- and  nega t ive -con tour s  are broken.  
Atomic  posi t ions for  C, N and  O are shown by  ®, for  H 
b y  x .  

After five refinement cycles, R for all reflections 
had dropped from 36-3 to 19.3%. An ( O k l ) - ( F o - F c )  
projection now showed that  the weight attributed to 
08 was still too great by 0.2 of an oxygen atom. 
The reduction of the oxygen atomic scattering curve 
by this amount caused an immediate reduction of 2% 
in R. A further improvement of 0.5% resulted from the 

1/2 --c 0 
. . . . .  . '.. , " :  . . . .  0 " ,  ( -  , . --- .  

#', ,--'.-c..,. "-. ; - -%, 

C~N 2 N~NaC ~ 01 O~ O a 

0 3 
1 

.@ 
T O "  ,' 

N; Oi C~ NINI 01 C~ 

i / ~ i i 

i i i I i f 

"" ' , '  I q, 
~"  I r a 

,i / i 
i / i t , 

{ 0 " , / 

0 • b 1/4. 
Final D(xz)  & D(xy)  ~ . . . . .  i]~ 

Fig. 4. Final  y- and  z-axis (Fo--Fc)-projections. Contours  a t  
in tervals  of 0-5 e.; t he  zero- and  nega t ive -con tour s  are  
broken.  Atomic  posi t ions are  shown by  @. 
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introduction of the hydrogen atoms at their expected 
positions. No evidence was found in any of the 
difference-syntheses for the position of the second 
water-hydrogen atom, and it has not been included 
in any of our calculations. The shifts of the other atoms 
as a result of the change in the 03-contribution and the 
insertion of the hydrogens were negligible. The final 
difference-syntheses are shown in Figs. 3 and 4. 

If three strong reflections at small O's (FoH, F~00, F~0) 
were excluded from the final list on the usually 

acceptable grounds that the observed intensities were 
reduced by extinction, then the final R =  15-7%. The 
reliabil ity-factors for the individual zones were: 
R(Okl), 12.9%; R(hO1), 25.2%; R(hkO), 16.0%; R(lkl), 
15.1%. The agreement for the F(h0/)'s could probably 
be further improved by making an absorption correc- 
tion. 

Observed and final calculated structure factors are 
shown in Table 1. 
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Table 1. List of structure factors for biuret hydrate 
Each group is headed by the values of h and/c; each line shows l, lOFo and lOFc 
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Table 1 (cont.) 

, o< _11 2 _ ,  , 1 , 111~ .11,, < 1, 
- 4  1 5 0  + 9 8  - 2  2 0 0  - 2 3 6  - 2  1 4 3  - 1 3 3  9 8  7 8  - 2  5 5  + 4 4  - 2  121 ÷ 1 3  
- 6  1 6 5  - 1 7 4  - 3  47  - 41  -43  2 8 2  - 2 9 1  "45 9 8  - 1 2 2  - 3  2 1 4  + 2 1 4  - 3  38  ÷ 2 9  
- 8  205  - 223 - 4  69  + .57 206  196 .52 60  - ;  86 - 85  - 4  < 18 - 7 
dO  <25  16 121 + 154 - 5  48 - 42 - 5  ~18  + 0 9 5  + 85  - 5  122 - 91 

- 6  4 0  + 18  - 6  108  - 99  - 6  1 9  + - 6  82  + 7 5  - 6  . ( .17 - 6 
_ 2 2  0 - 7  1 5 8  + 1 5 5  - 7  27  + 2 9  - 7  98  - 107  6 5  - 71  - 7  < 1 5  - 1 

1 ~ , - 1 ~  :~ <~0 -  22 -~ °24 ~, .~ 20°_  ~, _~ ~ 1 ~ . 1 ,  
o 4  157  - 1 6 2  6 0  + 47 -09  1 2 5  + 1 1 9  - 9  17 11 16 
-6 86 + 49 d 45 - 22 dO <12 1 5  l 18 d 0  2J~ - 29 
- 8  < 4 ~  + 2 3  - 1 1  ( 15  d l  ( 1 7  - ,57 1 1 1 4  - I < 5218 +÷ 81 

-! 0 - 15 27 - 9 3 48 + 52 
I 5 . 1 1 6  1 1 1 0  ; 2  8 2  + 8 -a2° -1 ~s* 1~ 2~..2s~ - 1~,121 -z 11~-=o~ "~ ¢o~- 5~s 

80  + 4.5 - 2  165  - 185  - 2  20  16 - 2  - 65  - ;  <20  + 5.3 - 6  <17  - 8 
- 4  41  + 51  - 5  5 4 4  + 4 0 1  - 5  z .  15  + 21  - 5  46  + 5 2  1 5 2  - 1 5 2  
- 6  47  - 1 9  - ;  1 8 5  - 2 2 4  - 4  1 7 6  - 157  - 4  18 + 15 . 6 4.5 + 5 0  - 7  < 1 5  + 12  

dO ,57 + 28  - 6  159 + 128 < + 20 - 6  .55 + 50  14 + 2 
- 7  72  + 7.5 - 7  28  + 54  - 7  5 2  - 5 4  - 9  < 1 4  + 4 _ 1 1 1 9  

4 0 - 8  28  - 19 - 8  6 2  + 53  - 8  82  50  4,5 + 44 
=24 ~ o - 1 ~  .2 , ,  -~ . 1 ~ +  ~ -o ~ , 1 ~ +  ~ -2 , , , ÷  ~ 

( 2 6  + " tO ( 16  + 1 5  "l 25  - 1 -! 4 0  - 2 1 1 1 5  - 3  64  - 5 4  
-6 <25 + 16 "ll 48 + 48 -II < 17 - 12 - 28 + 25 -4 (15 + 20 
- 8 107  - 5 0  - 2 1 2 5  - 1 0 4  - ) 56  + 50 
dO  <14  - 9 __11 4 i 7 _ l l l l  - 5  98  - 77  - 6  ( 15  - 16 

1 6 8  + 1 6 5  - | 1 4 0  + 92 1 5 5  - 1 2 4  - 4  5 4  11 
_12 I - 2  244  + 2 7 4  - 2 7.5 + 44  - 2 23  - 22  - 5 ( 19 - 17 

1 7 8  + 2 6 6  " - ~  35  + 4 5  " 3  19  - 1~ - 5  7 8  - 8 0  - 6  25  19 _ 1 1 2 0 < 1 5  
- 3  40  + 5 0  4 0  - 18 - 4  1 0 9  + 6 8  " ~  2 8 9  + 1 7 8  o 7  ~ 1 6  - 17 + 18  
-~ ~+ ~ -~ 22~-~07 -~ I~2-I~0 19- ~ -~ <I~+ 11 -2 ~i~- ,~ 
- 5  1 1 9  + 157  41 4 3  - 6  8 8  - 8 7  - 6  ~ 1 9  + 5 - 5  2 9  + 
- 6  7 2  - 81 - 7  < 18 - I 0  - 7  97  + 10.5 - 7  27  + 14 - 4  3 5  - 5 0  
" 7 82 69 - 8 4 8  + 57  - 8 4 9  + 3 5  1,,5 - 8  2 8  - 2 6  . 1 1 1 6  < 
- 8  1 8 5  + 1 9 6  - 9  18  + 18  - 9  5 5  4 2  -09  61 - 6 0  2 0  - 14 
- 9  5 3  - 10  -10  ( 1 6  + ~ d O  2~  + 47  d ~-~17 + 1 l  - 2  ( 2 0  16  
dO ~ + 2 9  d I 5 4  - - 5 58 - 65 
dl < + 12 

1 8 1 1 1 2  1 - 4  ( 19 + 1 /  1 1 2 1 ( 1 3  
- I 2 1 8  - 1 7 8  - 1 0  - 107  - . 5  < 18  + - " 18  
- 2  4 0  - 2 5  - 2  < 18 1 5  - 6  8 2  - 6 0  - 2  < 15 + 16 
- 5  205+218  -5  ( 18+  0 - 7  ~ .14  + - 3  ( 12+  .5 
- 4  106 - 8 5  - 4  168 + 196  - 8  55  - 18 - 4 49 + 46 
- 5  ,f  17 157 + 1 6 5  
- 6  < 1 8  + : - 6  2 8  + 55  
- 7  9 8  - 7 - 7  7 0  + 6 2  
- 8  74+ 71 -8 ~17 + 7 l 
- 9 4 5  - 4 0  17 - I 
4 0  < 1 5  + 5 

R e s u l t s  

The final atomic coordinates wi th  the i r  s t andard  
deviat ions are shown in Table 2. 

Table 2. Final parameters and their standard 
deviations 

A t o m  x i  Yi  z i  

C z 0.5760 0.2638 0.3566 
Cz 0.5827 0.3852 0.4965 
N z 0.5719 0.1900 0.3807 
Nz 0.6107 0.3070 0.4891 
N a 0.5541 0.4260 0.3659 
O z 0.5781 0.2892 0.2294 
O~ 0.6058 0.4123 0.6259 
O a 0.2016 0.0440 0.4616 
H z 0.573 0.172 0.485 
H~ 0.583 0.156 0.293 
Ha 0.600 0.274 0.573 
H4 0.549 0.399 0.267 
Hs 0.500 0.481 0.369 
H~ 0.492 0.060 0.344 
H~ N o t  de t e rmined  

a(x~) a(y$) a(zt) 

0.0039 0.0005 0.0010 
0-0040 0.0005 0.0010 
0.0031 0.0004 0.0008 
0.0032 0.0004 0.0008 
0.0029 0.0004 0.0008 
0.0026 0.0003 0.0007 
0.0027 0.0003 0.0007 
0.0041 0.0005 0.0011 

T h e r m a l  p a r a m e t e r :  B = 2.57 A ~, a =  0.087. 

Tha t  the  accuracy of the  x-coordinates was much 
lower t h a n  t h a t  of the y- and z-coordinates was to be 
expected, since most  of the F ~ ' s  have h < 2. At  the 
end of the final ref inement  cycle: XFo=3875 ,  ~Fc= 
3788, and  T ~ =  exp ( - 2 . 5 7  sin ~ 0/2~-0.087h~). The 

• f inal  r.m.s, changes of the  coordinates were: 

[Z((~x~)9] ½ = 0.0029, [Z((~yi)2] ½ = 0.0006, 
[Z(Sz~)2]½ = 0 . 0 0 0 6  ~ .  

D i m e n s i o n s  of b iuret  m o l e c u l e  

The dimensions of the biuret molecule are shown in 

Fig. 5 and listed in Table 3. In this table we have 
included comparisons with standard bond-lengths for 
C-N (1.474 /~ (Donohue, Lavine & Rollett,  1956)) 
and for C = O  (1.215 /~ (Pauling, 1948)) using the 
significance limits for the t0-test proposed by Cruick- 
shank & Robertson (1953). The bond-orders were 
calculated by Pauling's expression (1948), 

/ 

\ \ \ \  

".  " 4 9  " ,  ~o2 

x ~...-6 ~: \ \ o -.~ ~ /  
_ " 

• ~_.. . ----S?o " . . . .  - - 4  ° ~ ~ /  "%0 ~o % \  o 
t,o~ "~ ~.~.o..~,~- ~-y,,~o ~___ 
L . . D - " ~  ' ~,~,,~/~,~..- : ~  o'~N~ _ - - - ~ . : ~  s8 . ' ~ . / \ ~  ~o\ ~ l  o . - ~  "' 

- X ' u 4 : ~ (  / 139" " ~ A  ~ , "  -~ _,~." ~4o..~ / : 'L': " 
N; :?. . : ~ ' - 2 ~ "  ' ~ o ,  

/ "  - - ~ . . ( : . ~ 0 ~  1 ° / - 
/ \.n~o_£ ~2o / 
q ',~oZS~ , 

Fig. 5. P ro j ec t i on  on (100), showing in t ra -molecu]a r  bond-  
lengths  for  b iu re t  molecule,  angles be tween  bonds  and  
be tween  some close approach-d is tances ,  and  e n v i r o n m e n t  
of water-si tes .  

A C 1 4 - - 2 3  
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Table  3. Biuret  molecule--bond lengths (1) and angles (0), with standard deviations (a), 
differences f rom standard bonds (1-10), significance tests for ( l - lo ) ,  and bond orders 

[to = ( z -  Z0)l ~(1)] 
Standard Bond 

Bond 1 a(1) bond 1 -- l 0 t o Significance order 

C1-N 1 1-33~./l 0.024 C-N 0.142/~ 5.9 Highly sig. 1.42 
CI-I~I~. 1.391 0.024 C-N 0.083 3.5 Highly sig. 1.18 
Cg-N~ 1.399 0-024 C-N 0.075 3.1 Significant 1.16 
C~-N 3 1.361 0.024 C-N 0.113 4.7 Highly sig. 1.28 
C~-O 1 1-255 0.023 C=O 0.040 1.8 Not sig. 1-60 
Ce-O~. 1.246 0.023 C=O 0.031 1.4 Not sig. 1.66 

Angle 0 0(0) Angle 0 a(0) 
N1-C1-N 2 113.8 ° 1.6 N~-C2-O 2 117.2 ° 1-7 
N1-C1-O 1 120.9 1.7 Na-C~-O ~ 124-9 1-7 
N2-C1-O 1 125.0 1.7 C~-N a • • • O 1 86 - -  
C1-N~-C~. 127.9 1.5 C1-O 1 • • • N a 83.1 - -  
N~-C~-N a 117.6 1.6 

r~ = rl - (rl - re). 3x/(2x + 1) , 

where x is the  doub le -bond  charac te r  of a bond  l eng th  
rx and  rl, re, are the  lengths  of the  corresponding pure  
single a n d  double  bonds,  respect ively .  

I t  is seen t h a t  the  c a r b o n - o x y g e n  bonds  are sig- 
n i f i can t ly  longer  t h a n  pure  C = O  bonds.  All  the  
c a r b o n - n i t r o g e n  bonds  have  apprec iable  double  bond  
charac ter ,  t he  two  cen t ra l  C - N  bonds  hav ing  abou t  
ha l f  as m u c h  as the  t e rmina l  ones. 

There  are  no s ignif icant  dev ia t ions  f rom the  least- 
squares  p lanes  which  can be f i t t ed  to  the  four  a toms  
of. each hal f -molecule ;  the  two N H 2 - C O - N H -  frag- 
men t s  are inc l ined  a t  5 ° 33' to  each other .  This  appears  
to  be caused by  repuls ion  be tween  01 and  N3, a sup- 
pos i t ion  which  is suppor t ed  by  the  en la rgemen t  of t he  
i n t e rna l  angles of the  01C1N2CeNs-pentagon above  the  
values  f rom the  bond-orders  of the  cor responding  
bonds.  

F r o m  this  po in t  of view i t  is in te res t ing  t h a t  in the  
iso-electronic molecule  n i t ro -guan id ine  (Bryden  et al., 
1956) the  in t ra -molecu la r  N - H . . - O  h y d r o g e n - b o n d  
is m uch  shor te r  (2.57/~) t h a n  is the  corresponding bond  
in b iure t  (2.76 A). The  angle of the  p e n t a g o n  which is 
opposi te  the  h y d r o g e n - b o n d  is 118 ° in n i t roguan id ine  
and  127 ° in biuret .  F r o m  the  doub le -bond  charac te r  
of the  N - O  bonds  in  n i t roguan id ine  i t  appears  t h a t  
the  oxygen  a tom has  a fo rmal  charge of 0.6 electrons.  
I n  b iure t ,  a s imilar  ca lcu la t ion  for the  C1-O1 bond  
gives O1 a fo rma l  charge of 0.4 electrons.  The  differ- 
ences in the  lengths  and  s t reng ths  of the  N - I [  • • • O 

bonds in these two molecules are thus associated with 
a difference in the  e lec t ronegat iv i t ies  of the  oxygen  
atoms.  

Other  s t ruc tures  wi th  which b iure t  should  be com- 
pa red  are those  of oxamide  (Ayerst  & Duke,  1954) and  
succ inamide  (Davies & Pas t e rnak ,  1956). All th ree  
s t ruc tures  possess p l ana r  amide  groups trans to  each 
o ther  a l t h o u g h - - i n  con t ras t  to  b i u r e t - - o x a m i d e  and  
succ inamide  possess t o t a l l y  p l ana r  molecules.  

A su rvey  of bond  lengths  and  bond  angles in these 
and  re la ted  molecules has r ecen t ly  been publ i shed  by  

Davies  & P a s t e r n a k  (1956). The i r  tab les  will n o t  be 
reproduced  here. The  fol lowing d a t a  will suffice to  
es tabl i sh  the  d imens iona l  s imi la r i ty  be tween  b iure t ,  
the  o ther  two di-amides,  and  urea.  

Bond lengths Bond angles 
A 

C-O C-N ~(1) I-I±~-C-N'" HN 
C-W-t)-- N-C-O 

~Iolecule (A) (A) (•) (o) (o) (o) 

Oxamide 1.243 1.315 0.004 114.8 119.5 125-7 
Succin- 

amide 1.238 1.333 0.002 115.6 122.4 122-0 
Urea 1.262 1.335 0.010 118.0 (121.0) 121.0 
Biuret 

(1) 1.255 1.332 0.024 113.8 125-0 120.9 
(2) 1.246 1.36j 0.024 117.6 117.2 124-9 

Ave. 1-25 1.35 115.7 121-1 122.9 

Almost  exac t  ag reemen t  wi th  the  expe r imen ta l  
bond-orders  resul ts  f rom a l inear  combina t ion  of the  
e ight  va lence-bond  s t ruc tures  a l lowed for the  b iu re t  
molecule,  if t he  uncha rged  s t ruc tu re  is g iven  a b o u t  
t r ip le  the  weight  of those  invo lv ing  charge-separat ions .  
(We exclude f rom cons idera t ion  a n i n t h  s t ruc tu re  
invo lv ing  two double-bonds  to  the  cent ra l  n i t rogen-  
a tom,  N2, as th is  would require  a bond-angle  of 180 °. 
The  imposs ib i l i ty  of th is  s t ruc tu re  is the  pr inc ipa l  
reason for the  l eng then ing  of the  two C-N  bonds ,  
C1-N2 and  C~-N2.) 

Descript ion of s tructure 

I f  one were to look a t  the  crys ta l  a long a l ine para l le l  

to  the  z-axis, one would  see s l ight ly  buckled  sheets  
of b iu re t  molecules ly ing  rough ly  paral le l  to  (100) a t  
x = 0.57 and  x = 0.43 in ad j acen t  halves  of the  uni t-cel l .  
W i t h i n  these cor ruga ted  layers ,  the  molecules are he ld  
toge the r  by  inf in i te  sys tems of N - H  • . .  0 hydrogen-  
bonds.  Four  of these are qui te  n o r m a l :  

N~-H . . .  01 2.76 ~ ( in t ra-molecular)  
N2-H • ' '  O~ 2.84 A ( inter-molecular)  
N 1 - H ' . .  01 3.01 _~ ( inter-molecular)  
N3-H • • • 03 2 .94 /~  ( inter-molecular)  
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L I b .J 
-~ 0 

~ . ,  ~ ~ .  
h. 

Fig. 6. Normal projection on (100), showing two layers of the crystal. The bottom layer is drawn with light lines. 
Broken lines signify hydrogen-bonds, whose lengths are shown. 

cf. oxamide 

N-I-I • • • O 2.94 _~, 2.95 A 

succinamide 

N-I-I • • • 0 2-94 _~ 

There is one doubtful  short  contact,  N I ' "  O~ 
(3.19 A) which does not  lie in a d i r e c t i o n - w i t h  
respect to ei ther  a t om- - f avou rab l e  for hydrogen-bond 
format ion  (see Table 4). 

Table 4. Angles between some inter-atomic vectors 

Subscripts have been used to distinguish the atoms within an 
asymmetric unit. Super-scripts identify the atoms of different 

Angle 

CI-N1 • • • O~ 
C1-N 1 •. O 0 
C1-N 1 • . Oa 2 
C1-N 1 ' '  O12 
C 1 - 0 1  • . N 1 
2 2 

C 1 - O  1 • . N 1 

N.. .  O,.. .N~ 
1 l C9.-O 2 • . N 1 
1 1 C 2 - O  2 • • N ~  

c~-o  I -. o~ 
o21., N~...  O~ 
O21-- 4 4 N 3 - C  2 

asymmetric units 

0 

117.3 ° N 1 • 
137"3 N~ 
138.6 N 1 
153-4 O ° 
121.7 01 
167-2 O~ 
154-0 O 1 
1 1 9 . 9  N 1 
119-3 O~ 
139.0 O~ 
157.5 
115.4 

A n g l e  

o~ N~ 
o' o~ 
o21 o~ 
o~ 0.2 
0 ° N ,  

O~ N 1 
0.2 o~ 
o~ o21 
o~ o~ 
032 N 1 

0 

119.9 ° 
76.2 
65.1 
94.4 
98.9 
96.9 

103.9 
58.1 

123.7 
165.3 

Adjacent  layers of biuret  molecules are held together  
largely, though not  exclusively, by van  der Waals  
forces. This is consistent with the easy cleavage of 
the crystals parallel  to (100). Elect ros ta t ic  forces 
p robab ly  also p lay  a pa r t :  the superposit ion of two 

layers, shown in Fig. 6, places the  small negat ive 
charges on the oxygen atoms almost  ver t ical ly  above/ 
below the  (relatively) posit ive charges on the  ni t rogen 
atoms of the  next  layer. 

Large tunnels  run  th rough  the  crystal  in the 
x-direction (i.e. a t  about  60 ° to the hydrogen-bonded 
sheets of molecules). The 'hollow' par t  of each tunnel  
- - t h a t  par t  which is fur ther  t ha n  the average van  der 
Waals  radius from the  nearest  a tomic centres-- is  
about  4 / ~  in diameter.  

In  these tunnels,  connected to the  'walls' by  rela- 
t ive ly  weak hydrogen bonds, are s i tuated the  water  
molecules. Their  distances from other atoms are:  

032. . .  01 2.86 J ~  0 0 ' ' "  N 1  3.17 
0 , 2 . . . N  3.30 0 ° . . . N ]  3.32 
O ~ . . .  N~ 3.59 O ° . . .  O~ 3.67 
0,2. . .  012 5.05 0 o . . -  o~ 4.1o 
o ~ . - .  Ni 5.31 

The shortest  oxygen-n i t rogen  contact ,  O ° . . -  N1, 
occurs at  137 ° to the  C1-N1 bond, so t h a t  only the  
oxygen-oxygen  contact  between 032 and O~ is un- 
equivocal ly a hydrogen bond. As such it  has a length 
corresponding to a weak bond (Donohue, 1952) in the  
range usually found for O - H  • • • O bonds (2-75-3.0/~). 

Loosely a t t ached  as t hey  are to the biuret  structure,  
the  water  molecules par t i a l ly  occupy sites along a 
zig-zag chain, ad jacent  sites being re la ted by what  
would be centres of symmet ry  in an ordered crystal.  
The a l te rna te  si te-si te  distances are e q u a l - -  

0 ° . . .  H . . - 0 3 1  2.476/~ 
0 ~ . . .  H . . .  O~ 2.478 a(I)=0.029 A 
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but their size places them in the much smaller and 
less understood class of short O . . .  0 approach- 
distances. Shorter 0 • • • 0 distances than 2-47/~ have 
been reported, but none of them offers much scope for 
making comparisons with the present case because 
they do not involve adjacent water-molecules. The 
only exception occurs in the crystal of caffeine hydrate 
(Sutor, 1958) where an apparent water-water distance 
of 2-27 ~ has been reported. In this crystal, too, the 
water-content is variable and lies below the figure 
expected for a monohydrate. 

There is a further (and possibly related) point on 
which the present study provides no information. 
The crystallographic evidence shows that at the time 
of the diffraction experiment the proportion of water 
in the crystals was about 0.6 H20 per biuret molecule. 
Since no precaution was taken to avoid water-loss 
during the X-ray exposures, this crystallographic 
conclusion need not be in conflict either with Roller 
& Cohen-Adad's figure of 0.8 H20/biuret or with the 
conclusions drawn from the density-determination 
during the present work. What is certain is that  the 
agreement was better and that the difference-syntheses 
were flatter for a 0.6-hydrate than for a 0.8-hydrate, 
the atomic positions being insignificantly affected by 
the degree of hydration assumed. 

How the water molecules are distributed is, however, 
not clear. The molecules may randomly occupy three- 
fifths of the possible sites in each tunnel; three out 
of five tunnels may be completely filled; or each tunnel 
may be completely filled for three-fifths of its length. 
Obviously, this structure and that  of caffeine hydrate 
should be further investigated under controlled con- 
ditions of humidity. One of us (H. C. F.) proposes to 
carry out such a study of biuret hydrate, using 
neutron-diffraction in an attempt also to locate the 
undiscovered seventh hydrogen atom. 

Biuret  hydra te  as an ' inc lus ion  c o m p o u n d '  

Biuret hydrate can properly be described as an in- 
clusion compound of the 'tunnel' type: (i) I t  contains 
variable proportions of one component trapped in 
cavities of the other; (ii) the framework collapses on 
removal of all of the included species; and (iii) the 
continuous component, biuret, crystallizes quite dif- 
ferently in the absence of the other. The only feature 
which distinguishes biuret hydrate from the usual 
types of inclusion-compounds is the weak hydrogen- 
bonding between its components. (For a classification 
of inclusion compounds see Schlenk (1951)). 

I t  is interesting that  even the loosely bonded and 
labile water molecules in biuret hydrate are so im- 
portant in stabilising the structure. Their lability sug- 
gests that  they differ from the normal 'water of 
crystallization'. One is led to speculate whether other 

structures in amide chemistry may be stabilized by 
H~0-H20 bridges in a similar way. 

Grateful acknowledgments are made for helpful 
discussion with, and criticisms from, Dr R. B. Corey, 
Dr J. Dunitz and Dr A. McL. Mathieson; for the 
provision of computing facilities by A.C. Nielsen 
(Aust.) Ltd. and by the Director and staff of the 
Adolph Basser Computing Laboratory, University of 
Sydney; for Prof. R. Pepinsky's permission to use 
X-RAC in July, 1953; and for the awards of a Rotary 
Foundation Fellowship and a Fulbright Travel Grant 
(to H.C.F.). 

Editorial Note: 

For a third hydrate structure, similar to biuret 
hydrate and caffeine hydrate in that  there are both 
variable water content and short water-water dis- 
tances, see 'The Crystal Structure of Thymine Mono- 
hydrate'  by R. Gerdil, Acta Cryst. 14, 333 (1961). 
For a discussion of water positions in these hydrates 
see ibid. and 'On the Arrangement of the Water 
Molecules in the Crystal Structure of Caffeine' by 
R. Gerdil & R. E. Marsh, Acta Crysl. 13, 165 (1960). 

References  

AYERST, E. & DUKE, J. (1954). Acta Cryst. 7, 588. 
BEHREND, R. & SCHULTZ, R. (1909). Liebigs. Ann.  365, 

21. 
BRYDEN, J. H., BURKA_I~DT, L. A., HUGHES, E. W. & 

DONOHUE, g. (1956). Acta Cryst. 9, 573. 
CANT, E. M. (1956). Acta Cryst. 9, 681. 
CRUICKSHAI~K, D. ~'. J. & ROBERTSON, A. P. (1953). 

Acta Cryst. 6, 698. 
DAVIES, D. R. & PASTERNAK, R. A. (1956). Acta Cryst. 

9, 334. 
DONOHUE, J. (1952). J.  Phys. Chem. 56, 502. 
DONOHUE, J., LAVINE, L. R. & ROLLETT, J. S. (1956). 

Acta Cryst. 9, 655. 
HAWORTH, R. C. & MANN, F. G. (1943). J.  Chem. Soc. 

p. 603. 
HOFMANN, A. W. (1871). Ber. dtsch. Chem. Ges. 4, 262. 
HUGHES, E. W. (1941). J. Amer. Chem. Soc. 63, 1737. 
KURZER, F. (1956). Chem. Rev. 56, 95. (Review.) 
MCWEENY, R. W. (1951). Acta Cryst. 4, 513. 
PAULING, L. (1948). Nature of Chemical Bond, 2nd ed. 

Ithaca: Cornell U.P. 
ROLLET, A. P. & COHEN-ADAD, R. (1951). C. R. Acad. 

Sci., Paris, 232, 2214. 
ROBERTS0N, ft. M. (1943). J.  Sci. Instrum. 20, 175. 
SCHLENK, W. (1951). Fortschr. chem. 2"orsch. 2, 92. 

(Review.) 
SUTOR, D. J. (1958). Acta Cryst. l l ,  453. 
UBBELOHDE, A. n .  & GALLAGHER, K. J. (1955). Acta 

Cryst. 8, 71. 
VAUGHAI~I, P. & DONOHTJE, J. (1952). Acta Cryst. 5, 530. 
WIEDEMANN, G. (1848). Liebigs. Ann. 68, 324. 
WILSON, A. J. C. (1942). Nature, Lond. 150, 152. 


