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The Crystal Structure of Creatinine 
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Crea t in ine  crys ta l l izes  in  t h e  monoc l in i c  s y s t e m ,  space  g roup  P2~/c, w i t h  a = 8.06, b = 5-97, 
c = 13-34 /~, fl = 121 °, a n d  w i t h  4 molecu les  pe r  u n i t  cell. T h e  c r y s t a l  s t r u c t u r e  was  solved b y  
inequal i t ies  a n d  t r i a l  s t r u c t u r e  fac tors .  T h e  a t o m i c  pos i t ions  h a v e  b e e n  r e f ined  b y  Four ie r - se r ies  
a n d  l eas t - squares  ca lcula t ions .  T h e  s t r u c t u r e  consis ts  of s t r ings  of molecules ,  i n t i m a t e l y  h y d r o g e n  
b o n d e d ,  para l le l  to  t h e  c axis.  I n d i c a t i o n s  of a s t r o n g l y  a s y m m e t r i c  t e m p e r a t u r e  f ac to r  h a v e  been  
found .  

I n t r o d u c t i o n  

Creatinine, as well as creatine, plays an important role 
in the metabolism of proteins and is for that  reason of 
c o n s i d e r a b l e  b io log i ca l  i n t e r e s t .  W e  also c o n s i d e r e d  i t  

w o r t h  w h i l e  t o  s t u d y  t h e  s t r u c t u r e  of t h e  g u a n i d i n e  
g r o u p  p r e s e n t  i n  t h i s  m o l e c u l e  i n  s o m e  de ta i l .  

E x p e r i m e n t a l  

The preliminary crystallographic data are: 

a = 8 . 0 6 ± 0 . 0 2 ,  b = 5 . 9 7 + 0 . 0 1 ,  c = 1 3 . 3 4 ± 0 . 0 4  J~; 
fl = 121 °. 

Space group: P21/c; n = 4. 

0 = 1-38 (measured by flotation). 
0 = 1.37 calculated for 4 C4I-ITNaO in the unit cell. 
F00 o = 240 e. 

Oscillation photographs of the crystal were taken 
using Cu K s  radiation, and also Weissenberg photo- 

graphs with b and a as rotation axes. The intensities 
of the reflexions were estimated visually by the mul- 
tiple-film technique, corrected for the Lorentz and 
polarization factors, and placed on an approximately 
absolute scale using Wilson's method (Wilson 1949, 
1950). 

S t r u c t u r e  d e t e r m i n a t i o n  

(a) Projection along [010] 

Since b is short, 5.97 •, and some of the hO1 re- 
flexions have high U values, it was thought to be 
promising to use inequalities on the hO1 projection. 

Although it is possible to assign arbitrary signs to 
two reflexions (except h even and l even) no further 
relations could be deduced. I t  follows, however, from 
packing considerations that  the sign of the 200 re- 
flexion (U = 0.52) must be negative, as otherwise 
severe overlapping would occur between atoms at the 
twofold screw axes and the centre of symmetry. I t  
was now possible with the help of this reflexion to 

A 

U 
200 -- 0.52 
502 + 0.53 

2,0,10 + 0.74 

302 - -  0.50 
T08 -- 0.44 
308 + 0.44 
508 -- 0.43 

4,0,10 -- 0.41 
2,0,10 + 0.74 
0,0,10 -- 0.59 
3,0,10 + 0.29 

Table 1 

Chosen arbitrari ly:  

502 + 
2,0,10 + 

Assumed from packing considerations: 

200 -- 

Deduced, the following groups: 

B C 
(704 - +) 

U 
704 ~ + 0.45 5,0,12 ---- + 

8,0,12 -- 0.74 _~7,0,12 -- 
504 -- 0.28 10,0,10 + 

6,0,12 + 0.56 300 -- 
3,0,14 -- 0-27 202 -- 
9,0,10 -- 0.22 
5,0,14 -- 0.35 

D 

(704 - - )  
, ,  

U U 
0.65 5,0,12 -- + 0.65 

0.67 7,0,12 -- 0.67 
0.47 10,0,10 + 0.47 
0.13 300 + 0.13 
0.19 202 + 0.19 
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Fig. 1. (a) Fourier obtained from inequalities. Crosses indicate atomic positions. (b) Electron distribution for creatinine 

projected along [010]. Contours at intervals of 1 e.A -~ with the 1-electron contour broken. 

deduce the signs in column A, Table 1 by means of the 
Kasper-Harker (1948) inequality 

(U~±UH.) 9 < (I±UB+H,)(I±U~_H,) • 

In using this inequality we assumed an error of 10 % 
in all U valdes and considered a sign to be certain 
only when the same sign was given by applying the 
error margin in the most unfavourable way. By as- 
s,,ming the sign of the 704 reflexion, column B Table 1 
could be deduced, and in exactly the same way_ columns 
C and D were deduced by assuming the 5,0,12 re- 
flexion. 

I t  is easily seen that  the following combinations 
are possible: 

A + B + G  
A + B - C  
A - B + D  
A - B - D  

Fouriers from all four combinations were calculated 
and the one shown in Fig. 1 was chosen (combination 
A - B + D ) .  The interpretation of this Fourier was not 
straightforward, as there were difficulties in assigning 
the positions of atoms C 2 and N9 (see Fig. 3). Only 
after having determined these positions by means of 
structure-factor graphs was it possible to refine the 
structure normally by means of Fourier projections. 
The structure-factor calculations, based on Hartree 
f values for carbon, nitrogen and oxygen, indicated a 
small modification of the absolute scale and a value for 
the temperature factor B of 2.4 × 10 -le cm. ~. The final 
disagreement factor proved to be 16%. 

(b) Determination of the y Tarameters 
With x and z found for each atom, and approximate 

interatomic distances known, it was possible to assign 
rough y parameters relative to an arbitrary origin. 

Trial structure-factor calculations of the 01/reflexions 
with (k+l) even fixed the origin in a centre of symme- 
t ry;  calculations on the 01/ and 02/ reflexions with 
k + 1 odd determined the y parameter of the arbitrarily 
chosen origin. These approximate y parameters were 
refined by means of Fourier projections along [100]. 
Finally the y parameters of the two overlapping atoms 
0 and C~ were refined by least-square calculations, 
using Yl and Y3 as the only variables. 

The final disagreement factor for this projection 
(Fig. 2), after having introduced as value for the 
temperature factor B = 1"3 × 10 -le cm. ~, proved to be 
18%. 

Final coordinates are shown in Table 2. 
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Fig. 2. Electron distribution for creatinine projected along 
[100]. Contours at intervals of 2 e.A -~" with the 2-electron 
contour broken. 

Table 2. Atomic coordinates 

x y z 

C 1 0 .232  0 - 5 8 5  - - 0 . 0 1 2  
C 2 0 .325  0 - 4 5 6  0 . 0 9 6  
C a 0 . 3 1 0  0 . 4 7 8  0 . 2 8 4  
C 4 0 .175  0 . 7 4 2  0 .118  
:N 1 0 .283  0 . 5 6 2  0 . 1 7 4  
1 ~  0 . 1 0 0  0 - 8 8 6  0 .157  
N a 0 .143  0 - 7 6 3  0 .005  
O 0-233  0 . 5 4 9  - - 0 . 1 0 2  
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Fig. 3. Atomic positions in Creatinine projec~d along [010]. 

~ 1 - -  O -" 

C1-C9 : 
C~-N 1 : 

Table 3. Bond distances and anglez 

1.22/~ 
1.47 
1.40 

(See also Fig. 3) 

N1-C 3 : 1.46 A 
N1-C ~ : 1.34 
C4--N ~ : 1"30 

C4-N3 : 1.40 A 
C1-N a : 1.37 

L O1-C1-C~ :127° 
L O1-C1-Na: 124 
L Cs-C1-Na :107 

/_ C2-N1-Ca : 129 ° 
/_ C2-N1-C a : 107 
/ Ca-N1-C 4 : 123 

/ C1-Cs-N 1 : 107 ° 
/ C1-Na-C a : 107 

/ N1-C4-N ~ : 127 ° 
/ N1-C4-Ns : 112 
/ N~-C4-N a : 120 

The accuracy of the bond distances is estimated to be of the 
order of 0.03 A. 

The accuracy of the bond angles is estimated to be of the 
order of 4-5 ° . 

The angle between the plane of the molecule and the a-c 
plane is 70 ° . 

D i s c u s s i o n  o f  t h e  s t r u c t u r e  

The bond  distances in  the  molecule (Table 3) show a 
near ly  complete sys tem of resonance with the  ex- 
cept ion of the  bond  N1-Ca. This explains very  well the  
p l ana r i ty  of the  molecule;  the  greatest  devia t ion from 
the  plane is 0.02 J~, wi th  the  bond N1-C a 0 .25/~  out  
of this  plane. This means  t h a t  N1 is an  asymmetr ic  
a tom, so t h a t  the  molecule is opt ical ly act ive;  there- 
fore the  crysta l  conta ins  the  1 and  d forms joined by  
the  centres of s y m m e t r y .  

The s t ruc ture  can be best  described as two strings 
of molecules, paral le l  to  c, in t ima te ly  bound by  hy- 
drogen bridges; in  t he  b direct ion and between the  

strings only  v a n  der Waals  forces are acting. For  this  
s t ructure  an asymmetr ic  t empera tu re  factor  is to be 
expected, as was observed (see above). As the  inten- 
sities are, however,  es t imated  visual ly and no "ab- 
sorpt ion correction was applied i t  is in tended  to make  
a more accurate  s tudy  of the  asymmetr ic  tempera ture  
movemen t  by  using Geiger-counter measurements  and  
applying also absorpt ion  corrections. 

The hydrogen  bridges N~-O' and  N~'-N~ lie well 
wi th in  known limits and  appear  in directions con- 
sistent  wi th  Donohue 's  (1952) conclusion (see Table 4). 

Table  4. Hydrogen bridges 

(See also Fig. 3) 

N2-O' : 2"85 • /_ C4-N9.-O' : 124 ° 
• t t  Na-Ng. : 2.92 /_ Ng-O'-C~ : 154 

! ! t t  t t l  t t  t /_ C1-Na-Nu : 130 ° / O -N~-I%: 118 ° 
t r r p  t t t  t !  /_ C4-Na-N9 : 123 / Na-N9 -C, : 117 

We are very  grateful  to  Mrs D. Crowfoot Hodgk in  
for allowing one of us (H. M.) to take  the photographs  
in her l abora to ry  and  permi t t ing  us to finish the  work 
in Holland.  We are also very  grateful  to  Prof.  Bi jvoet  
for his interest  and  advice during the course of this 
work. 
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