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Di-(T,-histidino)-zinc(II) dihydrate crystallizes in the tetragonal system with space group P412x2, 
a=b=7.53, c=30.41 ~.  The molecular structure of the complex has been determined by three- 
dimensional Fourier methods and refined by full-matrix least-squares analysis making use of 
isotropic thermal parameters for the light atoms. The complex consists of two molecules of T,-histi- 
dine chelated to a zinc atom through the amino group and an imidazole nitrogen atom. The two 
acid residues are related by a two-fold axis of symmetry passing through the Zn atom. The primary 
coordination around the zinc is approximately tetrahedral, Zn-N=2.04,  2.05 2r, and a carboxyl 
oxygen atom of each histidine approaches to within 2-79 A of the zinc to form a secondary coordina- 
tion grouping. 

Bond lengths and angles within the histidine residues have been determined (aC-C =0.025 /~) 
and are within acceptable limits. 

The structure in the crystal involves an intricate three-dimensional network of hydrogen bonds 
in which the water molecules take part. The few van der Waals contacts between the molecules 
are of standard lengths. 

Introduction 

The exceptional  ab i l i ty  of his t idine to b ind  meta l  ions 
has long been recognized and  i t  has been suggested 
(Leberman & Rabin,  1959; Edsal l  et al., 1954) tha t  this  
is due to the format ion of s ix-membered chelate rings 
wi th  the  meta l  a t tached  to an  imidazole ni trogen 
a tom and the  ~-amino group. However, there has 
been no direct evidence for this. I t  has been reported 
(WeitzeI et al., 1957) tha t  the  zinc complex 
Zn(C6HsNaO~)~. 2 HzO is s table and  readi ly  obta inable  
in crystal l ine form. We have accordingly examined  
the crystal  and molecular s t ructure of this  substance 
by three-dimensional  X- ray  methods.  

Exper imenta l  

The crystals used, k ind ly  supplied by  Dr Margaret  
Goodgame, were obtained by  slow evaporat ion of an  
aqueous solution of the complex and  contained only 
L-histidine. Repl icate  analyses for C, H, and N 
confirmed the stoichiometry.  

Crystal  data 

The unit-cell  dimensions were de termined from Weis- 
senberg photographs cal ibrated against  the diffrac- 
t ion pa t te rn  from a luminum wire. The space group 
ident if icat ion was made  from 30 ° precession photo- 
graphs t aken  wi th  Cu Kc¢ radiat ion.  The crystals 
belong to the te t ragonal  sys tem with- 

a = b -- 7.53 _+ 0-02, c = 30.41 +_ 0.05 A .  

The space group is P41212(P4a212). The X- ray  densi ty,  
calculated on the basis of four molecules of the  
complex per uni t  cell, is 1.57 g.cm-a; t ha t  found b y  
f lotat ion is 1.57 g.cm -a. 

Intensity  data 

Very smal l  equi-dimensional  crystals were used in the 
collection of in tens i ty  da ta  so as to reduce absorpt ion 
errors in  any  instance below 10% of the observed 
intensi ty.  Equi- incl inat ion Weissenberg and  rotat ion 
photographs were used to record the diffraction pat- 
tern. Some 1100 out of a possible total  of 1290 in- 
dependent  reflections accessible to Cu Kc~ radia t ion 
were recorded and measured visually.  These embraced 
the  indices 0 _< h(k) <_ 9, 0 < 1 ~ 39. The in ternal  
consistency in  measur ing reflections common to more 
t h a n  one f i lm is such as to indicate  tha t  errors in  
measurement  do not  exceed 12%. The absorpt ion 
coefficient for CuKc~ radia t ion is 23.8 cm -1. No 
corrections were made for this  effect, nor for p r imary  
or secondary extinction. Lorentz and  polarizat ion 
corrections were applied in  the usual  way  and  the 
corrected intensit ies reduced to relat ive s tructure 
ampli tudes.  These were set upon an  approximat ion  
to the absolute scale by  Wilson's  (1942) method.  

Structure determinat ion  

The four zinc atoms in the uni t  cell occupy the space 
group special positions, x, x, 0; x, x, ½" ½-x ,  ½ + x, ~ " 
½+x, ½-x ,  ~. A pre l iminary  value of 0.169 was found 
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for x from the  Pa t te r son  synthesis P(u, 0, w). The 
contr ibut ions of the  zinc atoms to all  s t ructure  
factors were then  calculated and a three-dimensional  
Fourier  synthesis,  phased upon the zinc contributions,  
was evaluated a t  intervals  of x/30, y/30, z/120. From 
this a t r ia l  s t ructure  was obta ined for the zinc hist idine 
molecule, though i t  was not  possible to dist inguish the 
electron-densi ty corresponding to the water  molecule 
from the  m a n y  spurious peaks present. The pos tu la ted  
s t ructure  accounted sat isfactori ly for all  bu t  a few 
peaks in the three-dimensional  Pa t te rson  funct ion and 
its essential correctness was confirmed by the  appear- 
ance of the  electron-densi ty d is t r ibut ion in a second 
three-dimensional  Fourier  synthesis phased on the  t r ia l  
parameters.  The water  molecules were found from this 
synthesis,  which was free from false peaks, and  their  
posit ions shown to account  for the  remaining maxima  
in the Pa t t e r son  function.  The value of the  conven- 
t ional  R, excluding unobserved reflections, was then  
0.23. 

Fig. 1. Electron-density sections for a molecule of di- 
(T.-histidino)-zinc (II). Contours are at equal intervals, 
each increment representing approximately 1 e./~ -3. 

A view of the  electron-densi ty dis t r ibut ion for one 
molecule of the  complex is shown in  Fig. 1 where the  
sections are drawn perpendicular  to the  a axis. 

Ref inement  of the s tructure  

The ref inement  of the  s t ructura l  parameters  was 
carried out  by  least-squares methods on an IBM 7090 
electronic da ta  processing machine.  The ORXLS 
program, wr i t ten  by Busing & Levy  for the  IBM 
704 machine,  was used in the  early stages but  was 
superseded by  a F O R T R A N  version of the  same. The 
scat ter ing functions chosen were those of Berghuis 
et al. (1955), t h a t  for zinc corresponding to the neut ra l  
atom. 

Table 1. Fractional coordinates at various stages 
in the refinement 

Atom a b c d 

C(1) x]a 0 . 3 4 3 3  0 . 3 4 3 6  0 . 3 4 3 1  0-3404 
y/b 0 . 0 5 1 2  0 . 0 5 0 9  0 . 0 5 1 7  0.0509 
z/c 0 .29900  0 .29963 0-29981 0.29999 

C(2) x/a 0 . 4 7 1 5  0.4710 0 . 4 6 9 6  0-4698 
y/b 0 . 0 4 0 3  0 . 0 3 3 0  0 - 0 3 5 4  0.0351 
z/c 0 .26129  0-26070 0 .26104 0.26111 

C(3) x/a 0 . 0 3 6 1  0 . 0 3 3 4  0 - 0 3 7 1  0-0394 
y/b 0 . 3 4 8 3  0 - 3 4 8 7  0 . 3 4 9 4  0-3485 
z/c 0 .22360  0.22411 0-22250 0.22249 

C(4) x]a 0 - 2 0 0 0  0 . 1 9 5 8  0 - 1 9 4 8  0-1934 
y/b 0 . 3 6 0 9  0 - 3 6 1 8  0 . 3 6 2 6  0.3624 
z/c 0 .19678  0 .19702 0.19671 0.19689 

C(5) x/a 0 . 4 6 2 9  0 . 4 5 8 9  0 . 4 5 4 0  0.4556 
y/b 0 . 4 2 9 0  0 . 4 3 6 1  0 . 4 3 8 5  0.4370 
z/c 0 .17453  0 .17472 0-17487 0-17481 

C(6) x]a 0 - 2 2 2 2  0 . 2 2 2 8  0 . 2 2 3 8  0.2274 
y/b 0.2750 0 . 2 7 4 2  0 " 2 7 6 0  0-2793 
z/c 0 .15768  0.15780 0"15850 0-15911 

N(1) x/a 0 - 1 1 3 6  0 - 1 1 1 5  0 . 1 1 1 6  0"1111 
y/b 0 - 4 1 5 1  0 - 4 1 7 4  0 . 4 1 8 6  0.4199 
z/c 0.02500 0.02384 0-02335 0-02318 

N(2) x/a 0 . 3 3 7 7  0 - 3 4 1 8  0 . 3 4 2 7  0.3436 
y/b 0 . 4 6 5 3  0 . 4 6 6 6  0 . 4 6 7 2  0-4673 
z/c 0.20565 0 .20563 0 .20545 0.20547 

N(3) x/a 0 - 3 8 8 2  0 . 3 9 1 7  0 - 3 8 9 9  0-3912 
y/b 0.3350 0 . 3 3 1 7  0.3330 0-3333 
z/c 0 .14412  0 .14390 0-14476 0.14506 

O(1) x/a 0 . 4 5 5 1  0 . 4 5 4 4  0 - 4 5 4 9  0.4537 
y/b 0 . 2 8 0 3  0 . 2 8 2 9  0.2810 0.2845 
z/c 0 .05128  0 .05144 0 .05165 0.05138 

O(2) x/a 0 . 3 7 8 1  0 . 3 7 9 3  0 . 3 7 8 9  0.3782 
y/b 0 . 1 6 1 1  0 . 1 6 1 7  0 - 1 6 2 3  0.1602 
z/c 0 .32895  0.32901 0 .32883 0-32856 

O(H~O) x/a 0 . 0 6 4 3  0 . 0 6 2 0  0-0648 
y[b 0 . 3 5 7 5  0 - 3 5 4 9  0.3548 
z/c 0 .34375  0 .34294 0-34354 

Zn x/a 0 - 1 6 9 3  0.1694 0 . 1 6 9 4  0-1694 
y[b 0 . 1 6 9 3  0 - 1 6 9 4  0 . 1 6 9 4  0.1694 
z/c 0 .00000  0 .00000 0 .00000 0-00000 

After four cycles of refinement,  wi th  indiv idual  
isotropic the rmal  parameters ,  a three-dimensional  
difference synthesis was calculated in an  a t t e m p t  to 
locate the  hydrogen atoms of the  s t ructure  and  to 
detect  a ny  appreciable anisot ropy in the  thermal  
mot ion  of the  atoms. :No convincing electron-densi ty  
maxima  were found which might  have been assigned 
to hydrogen atoms, a l though in  most  cases the  elec- 
t ron-dens i ty  a t  the  expected sites was positive, nor  
was there  any  indicat ion of strong anisotropic the rmal  
dis tor t ion of the  shapes of the  atoms. Indeed,  the  
residual densi ty  around the  zinc a tom was clearly 
dis t r ibuted spherically. Accordingly, no allowance was 
made for these two effects in  cycles 5, 6 and 7. The 
ref inement  seemed to be complete after  cycle 7 wi th  

the  atomic parameters  oscillating (A(r)= +_0.002 J~) 
about  the  mean posit ions l isted in Table l(a). 

The ORXLS program calculates the  s tandard  
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Tab le  2. Bond lengths and angles in the histidine molecule 

c d 
a Isotropic Anisotropie 

False b with with e f 
Bond minimum Isotropic H atoms I-I atoms H. & C. D., L. & R. 

C1-C2 1"503 1"530 1"520 1.537 1-519 1.522 
C2-C3 1.545 1"519 1.551 1-553 1.539 1-526 
C3-C4 1-481 1-478 1.427 1.400 1"486 1.528 
C4-C6 1.365 1.378 1.350 1.332 1-369 1.365 
C6-N3 1"392 1-408 1.387 1"368 1.374 1-360 
N3-C(5) 1"291 1.324 1"306 1"290 1"324 1-352 
C(5)-N(2) 1.361 1.308 1.271 1.278 1.329 1-327 
N(2)-C(4) 1.330 1.378 1"390 1"404 1.417 1"379 
C(1)-O(1) 1.180 1.199 1-187 1.193 1-243 1.252 
C(1)-O(2) 1.259 1.252 1.243 1.231 1"260 1.274 
C(2)-N(1) 1.590 1"500 1"498 1"487 1.473 1"517 

aC-C = 0.025, C-N = 0.023, C-O = 0.021 A aC-C=0.020 aC-C=0.013 A 

Angle a b 
O(1)-C(I)-O(2) 122 122-8 
C(2)-C(1)-O(1) 121 118.4 
c(2)-c(1)-o(2) 117 118-7 
c(1)-c(2)-c(3) 111 110.7 
C(1)-C(2)-N(1) 108 109.5 
C(3)-C(2)-N(1) 110 113.0 
C(2)-C(3)-C(4) 115 112.5 
C(3)-C(4)-N(2) 125 126.3 
C(3)-C(4)-C(6) 123 124.9 
C(4)-C(6)-N(3) 102 104.2 
C(6)-N(3)-C(5) 111 108.4 
N(3)-C(5)-N(2) 108 110.8 
C(5)-N(2)-C(4) 106 107.5 
N(2)-C(4)-C(6) 111 108.7 

~ 2  ° 

c d e f 
123.3 125.0 123 126.1 
119.3 118.6 119 120.1 
117.3 116.6 117 113.7 
110.2 109.4 110 115-0 
108-7 108.9 111 108-4 
111.0 111.9 110 111.2 
114-2 114.6 114 112-8 
127.0 128-0 124 122.4 
125.0 127.3 129 131.7 
104.8 107.6 110 108.4 
108.0 107.5 109 108.2 
111.9 111.6 110 108.1 
107-0 107.2 107 109-8 
108.0 105.6 107 105.8 

a =  1"3 ° a =  0"9 ° 

er ror  in  a p a r a m e t e r  b y  means  of t he  fol lowing expres-  
s ion 

a(p~) = Vb~. [X(wA)~ - ~Ap~v~]~ 

where  w is t h e  l eas t - squares  we igh t ing  factor ,  
b~ represen t s  t he  d iagona l  e l emen t s  of t he  inverse  

m a t r i x ,  
z] = IlFoI -- IFcI] 

a n d  
v~=Z(Vw.O~)(i/w.~) 

where  Di  is t he  a p p r o p r i a t e  der iva t ive .  

The  average  a(r) in  a l i gh t  a t o m  posi t ion,  ca lcu la ted  
in  th i s  way ,  was 0.017 J~. The  ave rage  osci l la t ion  in  a n y  
pos i t iona l  p a r a m e t e r  a t  t h e  conclus ion of cycle 7 was 
t h u s  a b o u t  one e igh th  of t he  e s t i m a t e d  s t a n d a r d  error  
in  t he  p a r a m e t e r .  The  va lue  of R,  in  t he  conven t iona l  
t e r m s  a n d  exc lud ing  unobse rved  ref lect ions,  was  0.133. 

A ca lcu la t ion  of b o n d  l eng ths  a n d  angles  in  t he  
molecule,  based  on the  coord ina tes  of Tab le  l (a)  
showed  t h a t  t h e  C - N  bond  in  t h e  c~-amino group 
h a d  a l e n g t h  of 1.59 ~ ;  moreover  i nd iv idua l  dev ia t ions  
of up  to  0.09 J~ were found  f rom t h e  leas t - squares  
m e a n  p lane  of t he  h i s t id ine  r ing  a n d  C(3). I t  was  fe l t  
t h a t  these  defects  were r a t h e r  la rger  t h a n  m i g h t  
r e a s o n a b l y  be expec ted  a n d  so a f u r t h e r  t h ree  cycles 
of r e f i n e m e n t  were u n d e r t a k e n  w i t h  t he  inc lus ion  of 

con t r ibu t ions  f rom the  h y d r o g e n  a toms  in  t he  cal- 
cu l a t ed  s t r u c t u r e  factors .  Th i s  p roduced  sh i f t s  in  t h e  
a tomic  posi t ions ,  in  some cases b y  as m u c h  as 0.06 A, 
b u t  no no t i ceab le  i m p r o v e m e n t  in  e i the r  t he  molecu la r  
g e o m e t r y  or the  d i sc repancy .  A cr i t ica l  e x a m i n a t i o n  
of t he  a g r e e m e n t  be tween  Fo a n d  Fc for  i n d i v i d u a l  
s t r u c t u r e  fac tors  r evea led  the  presence  of a s y s t e m a t i c  
er ror  in  sca l ing  in  a group of a b o u t  one h u n d r e d  a n d  
f i f t y  h igh  order  ref lect ions,  cons i s ten t  w i t h  fa i lure  to  
compensa t e  comple t e ly  for v a r i a t i o n  in  spot  size. 
Th is  er ror  was  cor rec ted  a n d  t h e  r e f i n e m e n t  re- 
commenced .  F o u r  cycles  were run ,  s t a r t i n g  f rom t h e  
va lues  l i s ted  in  Tab le  l (a)  a n d  s t i l l  neg lec t ing  t h e  
con t r ibu t ions  of t he  h y d r o g e n  a toms .  The  p a r a m e t e r s  
o b t a i n e d  are  g iven  in  Tab le  l(b). The  osci l la t ions  
a b o u t  these  m e a n  va lues  were aga in  v e r y  smal l  
(,~ 0.002 _~). The  va lues  of t he  bond  l eng ths  a n d  angles  
resu l t ing  f rom these  p a r a m e t e r s  are l i s ted  in  Tab le  2(b). 
A l t h o u g h  in  t e r m s  of t he  ca lcu la ted  s t a n d a r d  devia-  
t ions  the re  is no s ign i f i can t  difference be tween  these  
coord ina tes  a n d  those  o b t a i n e d  p rev ious ly  i t  is 
i n t e re s t ing  to  no te  t h a t  t he  anoma lous  C - N  d i s t ance  
has  now a m u c h  more  accep tab le  l eng th .  

The  va lue  of R for t he  observed  ref lec t ions  was 
0-108 (0.129 inc lud ing  unobse rved  reflect ions) .  

F o u r  f u r t h e r  cycles were r u n  w i t h  reasonab le  f ixed  
con t r ibu t ions  ( B = 5 . 0 )  p o s t u l a t e d  for t he  h y d r o g e n  
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T~ble 3. List of structure factors calculated from the coordinates of Table 1 (b), 
compared with the observed structure amplitudes 

g o ° ~ . . . . . . . . . . . . . . . . . . . . .  
o o ,2  ~3.$ 82.3 18 31 .0  25.3 
o 16 21.7 26.? 2 17 A6,9 41.7 8 

i . . . . . . . . .  + . . . . . .  : 
o,2:  :,++ 4+: : . . . . . .  ,o.= ,+:, 

. . . . . . . . . . . .  g ' ~ ,  . . . . . . . .  3 0 . 0  '''' 
) g . . . . . . . . .  g . . . . . . . . . . .  : 

z 20.S 28.0 2 28 39.0  +3.~ 
) o ~ . . . . . . . .  ++ . . . . .  

o 39.4 z~ .$  3 29 16.6 18.0 
o 7 20.1 16.0 o ~ 3o 3.~ +..~ b 
. . . . . . . . .  g . . . . . . . . . .  

$ o 1 3 8 . ,  33.2  o 33 8.3 7.2 
) o . . . . . . . . .  ° o ) ~ .o ,+.~ 

32.8 6 a3.~ 12 

) : I~ . . . . . . .  oo ~ i) .:8 ,,:6 20.9 18,6 16.2 12.1 
3 0 1 5  3 0 . ,  32 .8  0 3 21.6 13.9 

+, o ° . . . . . . . . . . . . . . .  I.+ . . . . . . . . . .  ) + . . . . .  ; 
i o 18 lS .9  18.6 o 6,2 6 +. 

0 11.3 . . . . . . . . .  ~ g ~ 82o , 
. . . . .  ) + . . . . . . . .  

18.1 19 .$  38.3 ~o.o 

, ~ . . . . . . . .  g ) : . ,6. ,  . . . . . . . .  ,8. ,  , 
,3., . . . .  ~ I o . . . . . . . .  o . . . . . . . .  o . . . . . . . .  

z~ 28.+. 3+,.o ) . . . . . . . . . . . .  II . . . . . . . .  
. . . . .  I . . . . . . . .  1 

) ~ . . . .  ):: g I . . . . . . .  
5 0 3 O  13.7 12.Z 3 19.3 1+,.0 

. . . . . . . . . . .  g ) II ,8.2 . . . . .  ~.:) 9 

6 1 ~ Z* .2  31.8 
s 1 lO Z6.0 13.8 

1 I t  21,9 37,~ 

,' II ..... lS .S  19.7 
6 • I+. 26 , t  13.8 
s 3 lS 23.? 26.0  

1 I+, . . . . . .  
z lS .4  s?.8 

18 1 ) . s  87.~ 
z 1~ zs.+. 18.2 

3.3 1 2 O  .o 3.o 
1 1 L 6  17.Z 
1 32.8 1+.,7 

I ~ ' %  11:1 
6 23 31.6 13.S 

1 28 ,2 .S  12.8 

: :I 13.~ . . . .  • 2.8 

7 2.S , o ,o: ° 0., 
2 2 33,7 11.0 

38,~ 18.1 
9.3 6.3 

$ 11.2 12.Z 
7 6 23.3 22.3 
77 7 18.7 20 .0  

8 11.2 20.3 
.o  1 .,~ 

1o 2:.~ . . . .  
11 . 8.8 

11 ~:I ~:~ 
): 2Lo~. . . . .  6.o 
16 11.Z 0 , t  

7 17 11.1 9.1 
18 lS .a  1~.z.1 

: i . . . . . . . . .  i i 17 29:30 2~:: 77 19 8 . :  lO . ( , .8 
12.+, ZS.3 

: ++ . . . . . . . .  33., 12., 0 ° ; 23 %+ '~ : I  . . . . .  :8 3,28 

: o°i . . . . . . .  i ~i3 :~::2o.2 :o:21,3 : . . . . . . . . .  o . . . . .  o.~ 8 ~ 1 1 . . . .  8.o 
18.1 , 0 . '  

6 33.+, 31.3 
3.2 ; I ,  ~ 12:o . . . . .  ++ o ;o ,2.+' ....... lO.1 g 1282' o:O . . . . . . .  

8 I '  1','I . . . .  
: a II o o ~ I'o ~ ; ,.o,., o ,.i 3., .0 +..0 o , 8:+ 

o 23.~ 2+..6 1~. 1~.z  1 
. . . . . . . . . . . . . . . . . . .  8 1 8  3~o . . . .  
6 0 14 8.8 8.6 0 3 32 9.8 8.2 o 1 9 . lO, S 

.0 .3 8 o 18 12.6 13.0 8 1 4.+. S.2 
23.1 18.1 0 28.7 16 i ?  " , ~  . . . .  8 . . . . . . . .  

o I: 11:1 3 :  o .... , . . . . . . . . . .  

31.Z 33.8 o 3 l 7.1 7.7 
3~.6 36.6 7.1 ~.~ 

: o ° 33:i ,:2 ° o ,~:8 ,328 1 . . . . . . .  

z+` ~ ,, z~ • ~+ :0 1:6 31:6 23:3 ~ i, +:~ ; : :  

1~*.8 21.3  9 2 14 .0  9 .8  

; i :  3,.6 . . . . . . . .  3,., ° i . . . . .  ,3 ~:.~ . . . .  ,' : ,::: 12+, 
7 3 1~.o 1+..8 13 27.+. 22.9 9 3 ~3  

i 3o:, 2o.6 +7 16.132' 13.8):~ ; O+o • ,,:o ,,+36 g I+, . . . . .  ; 
+ + + lO.8 11.o o ,0 ,o.3 8 2 . 1  

11~7 16.0 12.7 I g I . . . . . . .  o ° ~ 2o . . . . . . .  ):o : , lO+:O lO.+. 9 io .o ,.s 

I ° :o 1~.; ' I ' ,  i ~ . . . . .  o' "21 ' I~ ' o 

g o I) ,,.~. 18:o2., o X 1,: . . . . . .  6., 
o II . . . . .  o.++ I+ + 82o 2'A I ~ ' X: :  . . . .  +`7.5 i ,,: 322i +:, 1122++ , , +  ,.3 + o  

- 1 2 ~ ~1.1 96.3 

; :  ': . . . . . . . .  o°: ii . . . . . . . .  
, 19.0 18.6 .0 z,.9 Z 2 S ~3.1 +,9.++ 
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atoms of the histidine molecule. The resulting coor- 
dinates are given in Table l(c), the corresponding 
bond lengths and angles in Table 2(c). Again, there 
are no significant differences between these values 
and those obtained previously, but  the atom C(3) moves 
by  0.055 A. The value of R rose slightly to 0.113. 

Two cycles of refinement were calculated with 
anisotropic temperature factors for the atoms (except 
hydrogen) but the deviations from spherical symmetry  
in the shapes of the atoms were not significant in 
terms of the calculated standard deviations. The 
coordinates obtained are listed in Table l(d), the 
corresponding molecular geometry in Table 2(d). 

:Because of the slight increase in R when hydrogen 
atoms are included in the refinement and the apparent 
spherical symmetry  of the atoms, we consider the 
coordinates of Table 1 (b) to represent the best solution 
to the structure and the description of the molecule 
and its packing in the crystal which follows is based 
upon these parameters. The major difference between 
this molecule and tha t  resulting from the values in 
Table l(c) or l(d) is in the length of the bond C(3)-C(4). 
Inclusion of hydrogen atoms in the refinement reduces 

this distance to 1.400 A (although this length is not 
significantly different from 1-477 /~) which seems 
unduly short in view of the results of Harding & Cole 
(1963). Donohue, Lavine & Rollett  (1955) give a value 
of 1.53 /~ for the corresponding bond in histidine 
hydrochloride but  they did not take hydrogen atoms 
into account in their refinement. 

A list of structure factors calculated from the 
values in Table l(b) is given in Table 3. 

Description of the structure 

The atomic coordinates resulting from the least- 
squares refinement with isotropic temperature factors 
and excluding the contributions of hydrogen atoms 
have been used in the calculation of the molecular 
geometry. A view of the molecular arrangement and 
packing within the crystal is shown in Fig. 2. 

A molecule of the complex is made up of two 
histidine residues, both bonded to the zinc atom 
through their ~-amino groups and 1N(2) of the imidazole 
ring. A two-fold axis of symmetry  passing through 
the zinc atom relates the two organic components. 

. . . . . . . . . .  - 4 _ . 0  

. .... ~,~-- 2 83/ ,~,06 
/ #08 _' 

' . . . . . . .  a ,  

0 -- " .  102 ° ..... ~ " " "  s "/S u" 
/ " ~ i  . . . . . . . . . . .  ~'* 

O t" 

I 

/ 1 \  

I / .~ g i 

% 

% °u 
u-u. 

" 0  

Fig. 2. View of the molecular arrangement in the crystal showing the hydrogen bonding between molecules. 
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The distribution of Zn-N bonds is roughly tetrahedral  
but  this pr imary coordination is disturbed by  the 
close approach of the oxygen atom 0(1) to within 
2.79 A of the zinc atom on the face defined by N(1), 
N(2) and N(I ') .  This close approach may be attr ibuted,  
at  least in part ,  to at tract ion between the positive zinc 
ion and the carboxylate ions, since the charge distribu- 
t ion is, formally, Zn~+-(C3HsN2)CH2CH(NH2)COO-)e. 
I t  also appears tha t  the weak hydrogen bond, 
N ( 1 ) - H - - -  O(1'), shown in Fig. 2, helps to maintain 
the oxygen atoms at  such a short distance from the 
Zn atom. The lengths of the Zn-N bonds are effectively 
equal and may be compared to the sum of the covalent 
radii for these atoms, 2.03 A. 

ol  [.,11 I L J  O2 

"25 

11E 

1"53 
22 11O11L~ 

Zn 

N1 i ; B  . . ., " ~ m ,  C3 

-4B 

1 "38 ~ E o ~  

1291 
N2 

1 "38 

2"049 

C 5 , ~  N3 

Fig. 3. Bond lengths and angles in the molecule of 
di- (T.-histidino)-zinc (II). 

Values of the bond lengths and angles within the 
histidine residue are shown in Fig. 3 and are listed 
in Table 2(b) together with their estimated standard 
deviations calculated in the manner outlined above. 
For comparison, the values found by Harding & Cole 
(1963) in the molecule of di-(DT.-histidino)-zinc (II) 
pentahydrate  and by  Donohue, Lavine & Rollett  
(1956) for histidine hydrochloride monohydrate are 
also listed in the table. 

The atoms of the imidazole ring and C(3) are 
coplanar, the equation of their mean plane being given 
(Blow, 1960) by:  

0 .7707X-  0.4010 Y -  0.4952Z + 3.2957 = 0 .  

The average deviation of an atom from this plane is 
0-016 A, or about one standard deviation in position, 
and the maximum is 0.036 _~. The zinc atom is 0.57 
from this plane. The mean plane of the atoms of 
the carboxyl group, C(2) and N(1) is defined by the 
equation: 

- 0.5365X + 0.7197 Y -  0 .4407Z-  0.2947 = 0 

and the average deviation from this plane is 0.055 A, 
or more than three standard deviations. By contrast, 
the equation of the plane of the atoms of the carboxyl 
group and C(2) alone is given by:  

- 0.5334X + 0.6839 Y -  0.4977Z - 0.5133 = 0 

and the average deviation is 0.006 A. N(1) lies 0.256 .~ 
from this plane. We conclude, therefore, tha t  in 
contrast to the situation in the molecule of di- 
(DL-lfistidino)-zinc (l-I), the 'peptide' grouping in this 
case is not planar. Donohue, Lavine & Rollett  (1955) 
describe a similar effect in histidine hydrochloride, 
but the magnitude of the deviation is given as only 
0.029 A. 

Fig. 4. Representation of the molecule of di-(•-histidino)-zine 
(II) viewed down the two-fold axis passing through the 
Zn atom. This should be compared with Fig. 4 of Harding 
& Cole, p. 647. 

The relationship between the configuration of the 
histidine groups in the' present instance and in the 
case of the molecule of di-(L-histidino)-zinc (II) as 
found by Harding & Cole may  be seen by referring 
to our Fig. 4 and their Fig. 4. The configuration of 
the individual histidine molecules is almost the same 
in each case. In  our case the angle between the plane 
of the carboxyl group and C(2) and the plane defined 
by C(2), C(3) and C(4) is 60-5 ° whilst the angle between 
the plane of the imidazole ring and the atoms of the 
c~rboxyl group is 139-5 °. The way in which histidine 
residues are related to one another differs in each case, 
corresponding to the difference in orientation of the 
two-fold axis in the two structures. The difference 
corresponds, very roughly, to a rotation of one his- 
tidine residue through 180 ° with the interchange 
in position of N(1) and N(2). This illustrates the way 
in which the configuration of such a molecule is 
determined by environmental pressures. 

There is a marked inequality in the structure of his- 
tidine hydrochloride between the angles C(3)-C(4)-C(6) 
and C(3)-C(4)-N(2) (132 ° and 122 ° respectively) 
presumably caused by steric repulsion between N(1) 
and C(6). In  our structure the two angles are not 
significantly different presumably because rotation 
about the bond C(3)-C(4) replaces the bulkier carbon 
atom by N(2). I t  would seem, if the difference in 
angles in the structure proposed by Donohue, Lavine 
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& gollet t  is really significant, that  a considerable 
strain in a bond angle may be tolerated if a more 
satisfactory packing or hydrogen bond pattern may 
be so achieved. The individual molecules in the crystal 
are held together by a three-dimensional network of 
hydrogen bonds in a manner which might well serve 
as a model to demonstrate the importance and 
effectiveness of such bond formation in determining 
the molecular packing within a crystal. The thorough- 
ness and simplicity of the scheme may be seen from 
Fig. 3. 

The two hydrogen atoms of the amino group 
both take part in bond formation, in the one case 
to form an intra-molecular linkage N(1)-H- • • O(1'), 
in the other the bond N(1)-H---O(H~O).  In turn, 
the two hydrogens of the water molecule participate 
in the bonds O ( H 2 0 ) - H ' - - 0 ( 2 ) ,  x, y - I ,  z, and 
O(Hg0)-H • • • 0(2), ½+x, ½-y ,  ~ - z  The lengths of 
these bonds, 2.83 and 2.75 /l, indicate that  they are 
fairly weak interactions, and this is confirmed by the 
significantly higher value of B found for the water 
oxygen atoms than for the other light atoms. 

The remaining hydrogen atom available for bond 
formation, that  attached to 1%I(3) bonds to 0(1) of a 
neighbouring molecule, as shown. In turn, the atom 
1%1(3) of that  molecule is involved in an analogous 
bond to the 0(1) of the molecule one translation along 
a from the first, and so on, forming a spiralling system 
of interactions. 

The sole van der Waals contacts between molecules 
occur at C(6) and N(3) where molecules approach to 
within 3.76 / l  of each other. 
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The Crystal Structure of Acrylic Acid 

BY MA~Y A~N Hmas  A~D RONALD L. SASS 

Department of Chemistry, Rice University, Houston, Texas, U .S .A .  

(Received 8 June 1962) 

The structure of crystalline acrylic acid (CsI~[40~) has been determined at -135 °C by X-ray dif- 
fraction methods. The crystals were found to be orthorhombic, space group Ibam-D~ with 8 
molecules per unit cell. The cell constants are 

a=9.966__+0.007, b=11.744+0.013, c=6.306+0.016 A.. 

The structure was refined by least-squares techniques. The molecules are planar hydrogen bonded 
dimers lying on crystallographic mirror planes. 

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

The structure of acrylic acid, (CH2=CH-COOH) ,  
has been examined as part of a series of investigations 
of the structures of low molecular weight carboxylic 
acids. Acrylic acid is the simplest unsaturated aliphatic 
acid. Its melting point (12 °C) is some 30 ° higher 
than that  of propionic acid ( - 2 2  °C) and very close 
to that  of acetic acid (16.5 °C). This fact suggested 

that  the hydrogen bonding system is of the infinite 
chain type as in acetic acid (Jones & Templeton, 1958) 
and not dimeric as in propionic acid (Strieter, Temple- 
ton, Scheerman & Sass, 1962). This investigation 
shows, however, that  acrylic acid crystallizes in 
hydrogen bonded dimers across a symmetry center, 
the observed high melting point not being a conse- 
quence of the hydrogen bonding. 


