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The Crystal Structure of Copper Glutamate Dihydrate* 
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Gates and Crellin Laboratories of Chemistry, California Institute of Technology, Pasadena, California, U.S.A. 

(Received 23 February 1966) 

The crystal structure of copper(II) glutamate dihydrate, CuCsH7NO4.2H20, has been determined and 
refined by three-dimensional least-squares methods. The crystals are orthorhombic, space group P 212121, 
with a= 11-084, b= 10.350, c= 7.238/~ and four molecules per unit cell. Intensity data were collected 
visually from Weissenberg photographs about all three crystal axes; of 1087 reflections within the 
effective sphere of copper radiation all but 16 were strong enough to be measured. The final R index 
is 0"032; the standard deviations are about 0-004 A for the light-atom positions. 

The coordination about the copper atom is approximately square planar, involving two oxygen atoms 
and a nitrogen atom of glutamate groups and a water molecule; the Cu-O and Cu-N distances range 
from 1.97 to 2.00 A. Two additional glutamate oxygen atoms at 2.30 and 2.59/~ complete a severely 
distorted octahedron. Five of the six available protons are involved in hydrogen bonding. The glutamate 
group is in an extended configuration and has normal bond distances and angles. 

Introduction 

The recent surge of interest in complexes of the transi- 
tion metal elements with amino acids and peptides has 
prompted this investigation of the crystal structure of 
copper(II) glutamate dihydrate, CuCsHTNO4.2HzO. 

Experimental 

Crystals were readily grown by evaporation of an 
aqueous solution of glutamic acid and cupric nitrate. 
They are blue'green prisms, elongated along c, with 
principal faces {110} and {011}. A preliminary set of 
Weissenberg photographs indicated them to be ortho- 
rhombic with space group P212121 (systematic ab- 
sences: h00, 0k0, and 00l with h, k or l odd). The unit- 
cell dimensions were obtained from a least-squares 
treatment of measurements on zero-level Weissenberg 
photographs taken about the three crystallographic 
axes; the film was held in the asymmetric position. A 
different crystal was used for each photograph. Ab- 
sorption and eccentricity coefficients were included as 
parameters in the least-squares calculations, and 
weights were assigned inversely proportional to sin220 
(reflecting the expected pattern of uncertainties in the 
observational quantities sinE0). The resulting cell di- 
mensions and their standard deviations are given in 

Table 1. 
The density measured by flotation is 1.954 g.cm-3; 

that calculated on the basis of four molecules of the 
dihydrate per unit cell is 1.957 g.cm -3. 

The differences between the cell dimensions for the 
three crystals (Table 1) are far greater than the experi- 
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Table 1. Unit-cell dimensions 
The cell dimensions and their standard deviations as determined 
by least-squares treatment of zero-level Weissenberg data for 
three different crystals are given in the first three columns; the 
values selected as the best average dimensions are given in the 
last column. 

No. 1 No. 2 No. 3 'Best' 
a 11"0899 (1) 11.0781 (1) 11.084 (6) 
b 10.3523 (4) 10.3468 (2) 10.350 (3) 
c 7-2398 (1) 7-2358 (2) 7-238 (2) 

(Cu K0q, 1.54051; Cu K~z, 1.54433) 

mental uncertainties, and are almost surely real. We 
have no explanation as to the source of the differences. 
The temperature of the room where the photographs 
were prepared was approximately constant, a check 
made during the preparation of the hkO and Okl photo- 
graphs showing no variation exceeding 1 ° from the 
average temperature of 24.5°C. It is possible that the 
amount of water of crystallization varied slightly from 
one crystal to another; however, no deficiency in the 
occupancies of the sites of the water molecules was 
evidenced either by the density measurement or by the 
refinement of the structural parameters. 

For the determination and preliminary refinement 
of the structure, intensity data were collected from 
multiple-film equi-inclination Weissenberg photo- 
graphs of layers 0-6 about e, using a needle-shaped 

crystal about 0.1 mm in diameter, and of the zero layer 
about b, using a rhomb-shaped crystal also about 0.1 
mm in diameter. Copper radiation was used, and the 
intensities were estimated visually and corrected for 
Lorentz and polarization factors. No absorption or 
extinction corrections were made. 

Prior to the final refinement of the structure, ad- 
ditional data were collected in a similar manner for 
layers 0-9 about the a and b axes. Data about all three 
axes were then processed through a subprogram of the 
CRYRM system on an IBM 7094 computer (Duchamp, 
1964). This processing included the assignment of esti- 
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mated standard deviations to the individual observa- 
tions, evaluation of film and pack factors relating dif- 
ferent photographs of the same layer line, correction 
for Lorentz and polarization effects, evaluation of rela- 
tive scale factors for the 27 different sets of photo- 
graphs, and, finally, the scaling together of these dif- 
ferent photographs to give a single value of F 2, and 
its standard deviation, for each of the 1087 reflections 
within the effective sphere of copper radiation. Of these 
1087 reflections, only 16 were too weak to be observed. 

Determination and refinement of the structure 
The trial structure was derived by the usual Patter- 

son and Fourier methods based on the hkO and hOl 
data; the Cu-Cu vectors were pronounced features of 
the Patterson projection onto (001). Preliminary refine- 
ment was by difference projections; the first three- 
dimensional structure-factor calculation led to an R 
index of 0.10. 

The initial three-dimensional refinement was based 
on the data collected about the c axis only. Block- 
diagonal least-squares refinement, carried out on a Bur- 
roughs 220 computer using a program written by A. 
Hybl, reduced R to 0.052; anisotropic temperature fac- 
tors were assigned to the heavy atoms, and the five 
hydrogen atoms of the carbon chain - whose positions 
could be assigned from structural considerations - were 
included in the structure factors but were not refined. 
The remaining hydrogen atoms were eventually located 
with the help of difference maps, and further refinement 
of the heavy-atom parameters led to an R index 
of 0.040. The results at this stage were presented at 
the International Congress in Rome (Gramaccioli, 
1963). 

Final refinement was carried out on an IBM 7094 
computer, and was based on the complete set of inten- 
sities measured about all three axes (see Experimental). 
Refinement was by full-matrix least squares, using the 
orthorhombic subprogram of the CRYRM system 
(Duchamp, 1964). The quantity minimized was ~r w 
(F 2-1/kEF2) 2, with weights w taken equal to the reci- 
procals of the squares of the standard deviations in the 
individual values of F 2 as derived during the data- 
reduction process. For 38 of the strongest reflections 
presumed to suffer from extinction and 9 very weak 
reflections whose intensity estimations were doubtful, 
the weight was taken to be 0. Atomic form factors were 
taken from International Tables for X-ray Crystallog- 
raphy (1962), the values for Cu being corrected for the 
real part (AF') of the anomalous dispersion effect. A 
total of 162 parameters were adjusted: coordinates of 
all 24 atoms in the molecule, anisotropic temperature 
parameters of the 13 heavier atoms, isotropic temper- 
ature factors of the hydrogen atoms, and a scale fac- 
tor k. 

Considerable difficulty was encountered in locating 
the hydrogen atoms of the water molecules. Three- 
dimensional differences maps calculated at various 
stages of the refinement had pronounced maxima, of 

height about 0.5 e./~ -3, at the positions expected for 
the hydrogen atoms of the carbon chain H(1)-H(5) and 
somewhat smaller maxima representing H(6) and H(7) 
of the amino group, but only indistinct maxima near 
the oxygen atoms of the water molecules. Nevertheless, 
coordinates were assigned to H(8)-H(11) by choosing 
maxima that were consistent with a reasonable hydro- 
gen-bonding scheme; these coordinates as well as iso- 
tropic temperature factors of the hydrogen atoms were 
included in the final least-squares cycles. The final 
parameters include a negative temperature factor for 
H(1) and lead to some rather short N - H  and O-H " 
distances; nevertheless, the bond angles and hydrogen- 
bond arrangement are satisfactory and we are confident 
that the approximate positions of the hydrogen atoms 
are correctly assigned. 

Convergence was first reached at an R index of 0.037. 
It was noted, however, that the observed values of the 
structure factors for the stronger reflections were sys- 
tematically lower than the calculated values. Although 
this effect is symptomatic of extinction, it could also 
be the result of systematic errors in scaling - and, in 
particular, of too low a value for the film factor used 
to correlate intensities from adjacent films within the 
same pack. Our empirical value for this factor, aver- 
aged over all sets of films and adjusted for the angle 
of incidence of the diffracted beam, was 3.65 - ap- 
preciably lower than the value of about 3.9 usually 
found for this film (Eastman No-Screen Medical X-ray 
Film). Accordingly, the data were rescaled, using a 
value of 3.8 for the film factor, and further least-squares 
refinement was carried out. Disagreements among the 
stronger reflections, although still apparent, were much 
reduced and the refinement was considered complete 
when no heavy-atom parameter shifted by as much as 
0.01 of its standard deviation, no hydrogen coordinate 
by as much as 0.1 e.s.d., and no hydrogen temperature 
factor by as much as 0.25 e.s.d. 

The observed and calculated structure factors are 
listed in Table 2, the final heavy-atom parameters and 
their standard deviations in Table 3, and the hydrogen- 
atom parameters in Table 4. An electron-density pro- 
jection onto (001), calculated at the conclusion of the 
refinement, is shown in Fig. 1. 

Accuracy ~)f the results 
The final R index based on 1023 observed reflections 

of non-zero weight is 0-032; for none of the reflections 
too weak to be measured is Fe greater than the threshold 
value of Fo. The value of 

( X w(F2°- FZ~) ) s 

is 0.88. That this latter value is less than 1.0 suggests 
that the observational errors were over-estimated, per- 
haps because these errors were derived during the data- 
reduction process by comparing values of intensities 
scaled together on the basis of a film factor of 3.65 
rather than of the final value 3.80. 
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T a b l e  2. Observed and calculated structure factors 

Within  each group are the values of  k, 10Fo, 10Fc, and 0¢c (the phase angle). A negative sign preceding lOFo should  be read 
'less than'. Reflections indicated with an asterisk were assigned zero weight in the final least-squares cycles. 
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T a b l e  3. The heavy-atom parameters and their standard deviations 

Values for  the copper  a t o m  have been multiplied by 105; for o ther  a toms,  by 104 . The t empera tu re  factor  is in the form 
T~ = exp { -  (bl 1 h2 + b22k 2 + b3312 + blzhk + bz3hl+ b23kl)~}. 

x y z bll b22 b33 b12 b13 b23 
Cu 77933 (4) 31668 (5) 64970 (7) 315 (4) 455 (5) 786 (10) 3 (7) - 1 0 6  (10) - 2 6  (11) 
C(I) 6595 (3) 5340 (3) 7780 (5) 43 (3) 39 (3) 71 (5) - 15 (5) - 15 (7) 21 (7) 
C(2) 5611 (3) 4661 (3) 6699 (5) 33 (2) 48 (3) 70 (6) 3 (5) 0 (7) 3 (7) 
C(3) 4630 (3) 4176 (4) 8015 (5) 31 (3) 58 (4) 95 (7) 3 (5) 10 (6) 20 (8) 
C(4) 5067 (3) 3326 (4) 9573 (5) 34 (2) 66(4)  106 (6) - 2  (5) 0 (7) 48 (9) 
C(5) 4046 (3) 2829 (4) 10756 (5) 35 (2) 50 (3) 97 (6) - 5  (5) 12 (7) - 1  (8) 
N 6133 (3) 3583 (3) 5602 (4) 38 (2) 57 (3) 78 (5) - 5  (4) - 3  (6) - 2 2  (7) 
O(1) 7666 (2) 4872 (3) 7683 (4) 36 (2) 58 (3) 113 (5) - 9  (4) - 2 0  (5) - 3 5  (6) 
0(2) 6310 (2) 6286 (2) 8741 (4) 54 (2) 46 (2) 112 (5) 0 (4) - 2 9  (6) - 4 5  (6) 
0(3)  4341 (2) 2214 (3) 12249 (4) 33 (2) 64 (3) 98 (5) 5 (4) 13 (5) 49 (6) 
0(4) 2969 (2) 3006 (3) 10356 (4) 31 (2) 105 (4) 109 (5) - 5  (4) 9 (5) 57 (7) 
0(5)  7691 (3) 1344 (3) 5632 (4) 87 (3) 46 (2) 113 (5) - 8  (5) - 4 8  (7) 20 (6) 
0(6) 6559 (2) 0959 (3) 2343 (4) 42 (2) 65 (3) 113 (5) 10 (4) - 6  (6) 21 (6) 
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Table 4. Coordinates and standard deviations 
o f  the hydrogen atoms 

x y z B 
H(1) 0.528 (3) 0.522 (3) 0.583 (5) -0.7 (6) 
H(2) 0.419 (5) 0.481 (6) 0.839 (9) 4.1 (14) 
H(3) 0.397 (5) 0.362 (6) 0.741 (8) 3.9 (14) 
H(4) 0.563 (4) 0.393 (5) 1.039 (6) 1.2 (9) 
H(5) 0.546 (5) 0.241 (5) 0-908 (8) 2.5 (12) 
H(6) 0.635 (6) 0-361 (8) 0.476 (10) 6.1 (18) 
H(7) 0"554 (5) 0"282 (5) 0"574 (8) 2"5 (12) 
H(8) 0"781 (4) 0"084 (5) 0-610 (7) 2"2 (11) 
H(9) 0"716 (6) 0"125 (8) 0"431 (10) 5"9 (18) 
H(10) 0"699 (6) 0"123 (7) 0"197 (11) 6"2 (20) 
H(ll) 0"581 (4) 0"129 (4) 0"227 (7) 1"1 (9) 

The standard deviations in the coordinates, derived 
from the residuals and the diagonal elements of the 
inverse matrix of the final least-squares cycle, corre- 
spond to positional uncertainties of about 0.0005 A 
for the copper atom, about 0.003-0.004 A for the C, 
N and O atoms, and about 0.04--0.08 A for the hydro- 

gen atoms. These uncertainties are unrealistically small 
for the hydrogen atoms of the amino group and the 
water molecules, H(6)-H(11), which were poorly repre- 
sented on the difference maps and show a wide spread 
in the N - H  and O - H  distances (Table 5). 

The corresponding standard deviations in the bond 
distances are about 0.004 A for the C u - N  and Cu-O 
bonds and about 0.006 A for the C-C, C-O  and C - N  
bonds. In view of uncertainties in the corrections for 
thermal motion, which are especially large for the oxy- 
gen atoms, we feel that these uncertainties should be 
increased to, perhaps, 0.008 A for all the bonds. 

Discussion of the results 

(i) The molecular structure 

The structure as viewed down the c axis is shown in 
Fig.2. The coordination about the copper atom is 
shown in Fig. 3, and the dimensions of the glutamate 

Table 5. Bond  distances and angles involving the hydrogen atoms 

C(2)-H(1) 0.93 A C(1)-C(2)-H(1) 1 I0 ° 
N---C(2)-H(1) 105 

C(3)-H(2) 0 - 8 6  C(2)-C(3)-H(2) 110 
C(3)-H(3) 1.03 C(2)-C(3)-H(3) 115 

H(2)-C(3)-H(3) 99 

C(4)-H(4) 1.06 
C(4)-H(5) 1"10 

N-H(6) 0.65 
N-H(7) 1.03 

O(5)-H(8) 0.63 
O(5)-H(9) 1"13 

O(6)-H(10) 0"61 
O(6)-H(11) 0"90 

C(3)-C(2)-H(1) 110 ° 

C(4)-C(3)-H(2) 113 
C(4)-C(3)-H(3) 103 

C(3)-C(4)-H(4) 105 C(5)-C(4)-H(4) 109 
C(3)-C(4)-H(5) 113 C(5)-C(4)-H(5) 101 
H(4)-C(4)-H(5) 117 

C(2)-N-H(6) 127 Cu-N-H(6) 89 
C(2)-N-H(7) 106 Cu-N-H(7) 113 
H(6)-N-H(7) 111 

Cu-O(5)-H(8) 126 
Cu-O(5)-H(9) 112 H(8)-O(5)-H(9) 120 

H(10)-O(6)-H(I 1) 121 

-7\ ~ ,  ~ " "~ l r -  

i 2" . / /  \ ~ k , ~ )  t I'/(¢~'~'k'~\oc31 ~-., ..-" Lt,2J))k 
[ " G f "  I ! / J l l l i l l l  I i i I 

""~. ~ I l l / V i l l i  I L I "  ', 

J ". \  ~ (SS.d/f? ;-..oc<o ',.. ~ < .  I 

~, ,,.J / lltt.~);j.~"L-~L<_~?y-,,t (t'-9).k / ~ ' . . .  , . ~ .__ , .~  

" ~ ~ ~  ~"~__....~ ~ffLddS")) ) ) ~  - j 

,_, 

Fig. I. The final electron-density map projected onto (001). Contours are at 4, 6, 8. • • e.A-2 for the light atoms and 4, I0, 15, 
20" ' • for the copper atom: the 2 e./l1-2 contour is dashed. 
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group are given in Fig. 4. Distances and angles involving 
the hydrogen atoms are given in Table 5. Equations 
of, and deviations from, three planes of interest are 
given in Table 6. 

The coordination about the copper atom is approx- 
imately square planar, the square comprising two oxy- 
gen atoms and a nitrogen atom of glutamate groups 
and a water molecule. The average distance from the 
copper atom to these four ligands is 1.99/~, slightly 
longer than the normal single-bond distance of 1.92- 
1"95/~ (Pauling, 1960). A fifth atom, O(2), occupies 
an axial position at 2.30 A from the copper atom; 
a sixth, O(4), at 2.59/~ and considerably displaced 
from the other axial position completes a severely dis- 
torted octahedron. The four nearest ligands - O(1), 
O(3), 0(5) and N - are coplanar within 0.025/~; the 
copper atom is displaced from this plane by 0.15 ,~, 

in a direction toward the next nearest neighbor 0(2) 
(Table 6). 

There are no surprises in the dimensions of the 
glutamate group (Fig.4). The lengths of the C(1)-O(1) 
and C(5)-O(3) bonds approach the values found in 
carboxylic acids and reflect the fact that these two oxy- 
gen atoms are strongly bonded to the copper atom. 
The two carboxyl groups are planar within 0.01 A 
(Table 6). The nitrogen atom is tetra-coordinated and, 
within experimental error, tetrahedral; it lies only 
0"06/~ from the plane of the nearest carboxyl group. 
The C(2)-C(3)-C(4) and C(3)-C(4)-C(5) angles are 
significantly larger than tetrahedral, as is usually ob- 
served in saturated carbon chains. And as has almost 
invariably been observed in amino acids and small 
peptides, the side chain [which begins at C(3)] is in a 
highly extended configuration. 

\ 0(2) 

\ 

x 

l 
/ 

/ 

/ /  I q 

\ 
\ 

\ 

\ 

\ 
\ 

'J \ 

f 

w i 

/ /  

/ 
/ 

Fig. 2. The structure viewed down the c axis. Hydrogen bonds are indicated by dashed lines and the two long Cu',  • O interactions 
by dotted lines, 
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Table  6. Some planes of interest 

The coefficients q~ are direction cosines relative to a, b, and e; 
D is the origin-to-plane distance. Atoms indicated with an 
asterisk were omitted from the calculation of the least-squares 
plane; the remaining atoms were given equal weights. 

(1) Carboxyl group 
Atom 

ql = --0"1858 C(1) 
q 2 -~ - -  0" 5 9 8 6  C(2) 
q3 = 0.7791 O(1) 
D = - 0"2686/~, 0(2) 

*N 
*Cu 

(2) Carboxyl group 
q ~ = 0.0019 C(4) 
q 2 = 0.8594 C(5) 
q3=0.5111 0(3) 

0(4) 
D =6.5101 /~ *C(3) 

*Cu' 
(3) Copper ligands 
ql = -0.4416 N 
q2-- -0.3403 O(1) 
q3 = 0.8301 0(5) 

O(3)' 
D --- - 0-8759 A *Cu 

*0(2)' 
*0(4)' 

Deviation 
-0.010 

0.003 
0.004 
0.004 

- 0.056 
0.366 

0.001 
- 0.005 

0.002 
0.002 
0.179 
0.121 

- 0.023 
0.023 
0.021 

- 0.022 
-0.151 
- 2.439 

2.067 

1 
+0(4) 

. I 

I 
I 

,~ .... .... 

............ • 

....... (,~.z- ~ -  \" " 

...... • . " L .  i 
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Fig. 3. The coordination about the copper atom. 
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Fig. 4. Bond distances and angles within the glutamate group. 

Of  the  six p ro tons  avai lable  for  h y d r o g e n  b o n d i n g  
( two on the  n i t rogen  a t o m  and  four  on  the  two  wate r  
molecules) ,  five par t ic ipa te  (Fig. 2). The  four  O - H .  • • O 
dis tances  of  2.72 to 2.81 A and  the  N - H . - . O ( 1 )  dis- 
t ance  of  2.97 are  typical  values and  suggest  m o d e r a t e l y  
s t rong  in te rac t ions .  The  second  p r o t o n  on  the  n i t rogen  
a tom,  H(7),  does  no t  pa r t i c ipa te  in h y d r o g e n  bond ing ,  
the  neares t  ne ighbors  in this d i rec t ion  be ing  an 0 (2 )  
a t o m  at 3.64 A f r o m  the  n i t rogen  a t o m  and  an 0 (3 )  
a t o m  at  3.44 A. 

The  lengths  and  d i rec t ion  cosines of  the  pr inc ipal  
axes of  t h e r m a l  v ib ra t ion  are given in Tab le  7. The  
t h e r m a l  m o t i o n s  are  relat ively small  and  no t  h ighly  
an iso t rop ic ,  reflecting the  ha rdness  of  the  crystals.  The  
d i rec t ions  of  m a x i m u m  m o t i o n  of  O(1) a n d  0 (2 )  m a k e  
angles of  12 ° and  29 ° wi th  the  n o r m a l  to the  p lane  of  
tha t  ca rboxyl  g roup ,  and  the  d i rec t ions  o f  m a x i m u m  
m o t i o n  of  C(3), C(4), O(3), a n d  0 (4 )  all lie wi th in  12 ° 
f rom the  n o r m a l  to the  second  carboxyl  group .  The  

Tab le  7. Magnitudes and direction cosines, relative to 
the crystallographic axes, of the principal axes of the 

thermal ellipsoids 

B~ q ~a q lo q ic 

1"96 -0"090 -0"980 0"175 
Cu 1"77 -0"596 0"194 0"779 

1"42 0"798 0"035 0"602 
2"44 - 0"795 0"485 0"364 

C(I) 1.59 0.606 0.609 0.511 
1-25 - 0.026 - 0.627 0.778 
2"07 0-155 0.985 0.080 

C(2) 1.60 -0"984 0"146 0"102 
1.46 0.087 - 0"095 0.992 
2"66 0.116 0.895 0"430 

C(3) 1"87 0.279 - 0.445 0.851 
1"47 -0.953 -0.021 0"301 
3.29 - 0.022 0"830 0.558 

C(4) 1.75 0.186 -0"545 0.818 
1"66 -0-982 -0-122 0"143 
2.21 0"355 -0"843 0"405 

C(5) 2.08 0.261 0.505 0.823 
1 .61  -0.898 -0.187 0"399 
2"56 0.122 -0.938 0"324 

N 1.89 -0.966 -0"038 0"255 
1 "49 0.227 0"344 0.911 
2 -95  -0.057 -0.721 0.690 

O(1) 2 .21  -0.634 0.560 0.533 
1.42 0.771 0.407 0.489 
3"15 -0.625 -0.386 0.679 

0(2) 2.42 0"743 - 0"560 0"366 
1"39 0"239 0.733 0"637 
3"22 0.128 0"830 0"543 

0(3) 1"69 0"716 - 0"455 0"528 
1"46 - 0"686 - 0"321 0"653 
4"79 - 0"018 0"947 0"320 

0(4) 2'05 0"329 - 0"297 0"897 
1"47 -0"944 -0"122 0"306 
4"57  -0"933 0"103 0"344 

0(5) 2"25 0"337 0"581 0"741 
1"77 0"124 -0"807 0"577 
2"99 0"175 0"886 0"429 

0(6) 2"32 - 0"543 - 0"277 0"793 
1"91 0-822 -0"371 0"432 
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principal motion of 0(5), a water molecule, is approx- 
imately perpendicular to the plane of the three atoms 
to which it is bonded - Cu, O(6), and 0(6'). There is 
no indication of rigid-body motion of the glutamate 
group as a whole. 

Further discussion of the details of the structure and 
its relationship to the nearly isostructural zinc com- 
pound is given in the following paper (Gramaccioli, 
1966). 
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The Crystal Structure of Zinc Glutamate Dihydrate* 
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The crystal structure of zinc glutamate dihydrate, ZnCsH7NO4.2H20, has been determined and refined 
by three-dimensional least-squares methods. The crystals are orthorhombic, space group P212121, with 
a= 11.190, b= 10.463, and c=7-220 A.. The final R index for 1035 reflections is 0-032; the standard 
deviations are about 0-004 A. for the light-atom positions. 

Although the compound is nearly isostructural with the corresponding copper compound, the co- 
ordination about the zinc atom is a nearly regular square pyramid as compared with a square (with 
an additional ligand at a considerably greater distance) about the copper atom. The Zn-O and Zn-N 
distances range from 2-03 to 2-10/~. This change in coordination has an appreciable effect upon the 
dimensions of one of the carboxyl groups; otherwise, the dimensions of the glutamate group are not 
significantly different from those found in copper glutamate. Hydrogen-bond lengths differ by as much 
as 0.05 A. between the two compounds. 

Introduction 

The determination of the structure of zinc glutamate 
(Zn. glu) was originally undertaken as a continuation 
of studies of the coordination of metal atoms with 
amino acids and peptides. Interest was further whetted 
when preliminary photographs showed that crystals 
of zinc glutamate dihydrate have the same space group, 
and very nearly the same cell dimensions, as the copper 
compound Cu.glu (Gramaccioli & Marsh, 1966; here- 
after, GM) but that there are differences in intensity 
of corresponding reflections far greater than would be 
expected if the two compounds were truly isostructural. 

Very early in the analysis it became apparent that these 
differences in intensity were due primarily to differences 
in the coordinates of the metal atoms, rather than of 
the amino-acid or water molecules, and that as a result 
the coordination about zinc would be appreciably dif- 

* Contribution No. 3352 from the Gates and Crellin Labora- 
tories of Chemistry. This investigation was supported in part 
by a Public Health Service Research Grant HE 02143 from the 
National Heart Institute of the National Institutes of Health, 
Public Health Service. 
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ferent from that about copper. In order to assure a 
good comparison between the two compounds, the 
same care has been taken with the present refinement 
as with that of the copper compound. 

Experimental 

White prismatic crystals of zinc glutamate dihydrate, 
ZnCsH7NO4.2H20, form on slow evaporation of an 
aqueous solution of zinc oxide in glutamic acid; like 
the copper compound, they are elongated along e 
with principal faces {110} and {011}. Unit-cell dimen- 
sions were obtained as described by GM, based on 

measurements of 70 Okl and hkO reflections from two 
crystals; the results are summarized in Table 1. Once 
again, the difference between b values measured for 
the two crystals is much greater than the apparent 
experimental uncertainty, although the discrepancy is 
much less than that observed in Cu. glu. In view of this 
discrepancy, the e.s.d.'s of the final ('best') values 
include a lack-of-confidence factor of about 15. 

The experimental density was not measured; that 
calculated on the basis of four molecules per unit cell 
is 1.937 g.cm -3. Absence of reflections h00, 0k0, and 
00l with h, k or l odd indicates the space group P212121. 


