
600 THE CRYSTAL S T R U C T U R E  OF COPPER G L U T A M A T E  D I H Y D R A T E  

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, 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- 
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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. 
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Table 1. Unit-cell dimensions 

The values found for copper glutamate dihydrate are given for 
comparison. Estimated standard deviations are given in paren- 
theses. 

Crystal Crystal Cu. glu 
No. 1 No. 2 'Best' (GM) 

a 11-1895 (1)/~ 11.190 (2)/~ 11.084 (6)/~ 
b 10.4637 (1) A 10.4616 (2) 10.463 (1) 10.350 (3) 
c 7.2202 (1) 7.220 (2) 7.238 (2) 

[2(Cu K~)= 1.5418/~1 

Intensities were estimated visually from Weissenberg 
photographs of  layers 0-6 about  e and 0--9 about  a, 
using copper radiat ion and crystals about  0.1 m m  in 
diameter and approximately uniform in cross section. 
Of  the 1101 reflections within the effective copper 
sphere, 21 were too weak to be observed. The data 
processing and correlation, including the assignment 
of standard deviations, were carried out on the 
C R Y R M  system as described by GM.  In view of the 
relatively small value o f / zR  (0.2), no absorption cor- 
rection was applied. 

Refinement of the structure 

The starting parameters were those of  Cu .g lu  (GM). 
Prel iminary refinement was by Fourier  methods based 
on the hkO and Okl data. Three-dimensional  refinement 
was by full-matrix least squares; the quanti ty mini-  
mized was Z" w(F2o-F~) 2 with weights w equal to the 
inverse of the squares of the s tandard deviations in 
/:2 as evaluated during the data-reduction process. 
As in Cu.glu ,  163 parameters were refined: coordi- 
nates of  all 24 atoms, anisotropic temperature param- 
eters of  the 13 heavier atoms, isotropic temperature 
factors of  the hydrogen atoms, and a scale factor. Of  
1101 measured intensities, 66 were omitted from the 
least squares: 21 which were too weak to be observed 
(and all of  which, at the end, had  values of  Fc less than 
the threshold value of  Fo) and 45 which apparent ly 
suffered from extinction or other observational errors. 
Near  the end of the refinement the data were rescaled 
on the basis of  a film factor of  3.8 rather than the 
empirical  value of  about  3.6; and, as in the case of  

Cu.  glu, there was significant improvement  in the agree- 
ment  of  the medium and strong reflections. 

The final R index for 1035 reflections of non-zero 
weight is 0"032 and the goodness of  fit, 

2 2 2  ( ~  w (Fo-Fc) ~ n - p )  , 

0.93 (based on weights assigned on the basis of  the 
empirical  film factor of  3.6 rather than the final value 
of 3.8). During the last refinement cycle no param- 
eter shift was as large as 5 Yo of its s tandard deviation. 

The final parameters of  the heavier atoms are given 
in Table 2 and of  the hydrogen atoms in Table 3; 
observed and calculated structure factors are given in 
Table 4. The electron density projected onto (001), 
calculated at the conclusion of the refinement, is shown 
in Fig. 1. 

Table 3. Parameters and standard deviations for  the 
hydrogen atoms 

x y z B 
H(I) 0.524 (3) 0-540 (4) 0.599 (7) 2.4 (10) 
H(2) 0-426 (3) 0"497 (3) 0-871 (6) 0"6 (7) 
H(3) 0"401 (4) 0"371 (4) 0"752 (7) 1"4 (9) 
H(4) 0.573 (3) 0.368 (4) 1.050 (6) 0.8 (8) 
H(5) 0.544 (3) 0.243 (3) 0.880 (6) 0.7 (8) 
H(6) 0.621 (3) 0.368 (4) 0.451 (7) 1.1 (8) 
H(7) 0.574 (4) 0.291 (4) 0.602 (7) 1.5 (9) 
H(8) 0.795 (3) 0.084 (3) 0.586 (6) 0.1 (7) 
H(9) 0.755 (6) 0.130 (6) 0.456 (10) 5-4 (15) 
H(10) 0-701 (4) 0.130 (5) 0-167 (7) 2.2 (10) 
H(ll)  0-607 (7) 0.174 (7) 0.229 (11) 6-7 (18) 

As in Cu.  glu the coordinates of  the hydrogen atoms, 
and particularly of those of the water molecules, are 
obviously not as accurate as their formal  s tandard 
deviations (about 0.05 A) would suggest. Hydrogen 
atoms of  water molecules are notoriously difficult to 
locate by X-ray diffraction methods, perhaps in part  
because of  the high thermal  motions that  water mole- 
cules typically show and in part  because of  the de- 
creased electron density around protons bonded to such 
electronegative atoms. Almost  invariably O - H  dis- 
tances are observed to be much shorter than the stan- 
dard internuclear separation of about  1.0 A -  a difficulty 
f rom which C - H  distances have partially recovered 

Table 2. The heavy-atom parameters and their standard deviations 

Values for the zinc atom have been multiplied by 105; for the other atoms, by 104 . The temperature factor is in the form 
exp { - (bl lh 2 + b22k2 + b3312 + b12hk + b13hl + b23kl) } . 

x y z bll b22 b33 blz bl3 b23 
Zn 79084 (4) 32121 (4) 62788 (6) 348 (4) 494 (4) 914 (11) 59 (6) - 102 (9) - 36 (10) 
C(1) 6601 (3) 5303 (3) 7898 (5) 47 (3) 42 (2) 81 (6) - 1 4  (4) - 4  (7) 4 (7) 
C(2) 5605 (3) 4623 (3) 6814 (5) 34 (2) 58 (3) 82 (6) 1 (5) 14 (7) - 1  (8) 
C(3) 4641 (3) 4157 (3) 8128 (6) 32 (2) 68 (3) 106 (7) - 1 (4) 12 (7) 10 (8) 
C(4) 5096 (3) 3275 (4) 9639 (6) 41 (3) 84 (3) 123 (8) - 2  (6) 13 (8) 49 (11) 
C(5) 4110 (3) 2752 (3) 10879 (6) 39 (3) 59 (3) 123 (9) - 1 4  (5) 29 (7) 22 (8) 
N 6102 (3) 3581 (3) 5674 (5) 35 (2) 67 (2) 99 (6) - 4  (4) 0 (6) -28  (7) 
O(1) 7654 (2) 4935 (2) 7736 (4) 38 (2) 55 (2) 133 (6) - 1  (3) -19  (6) -53  (6) 
0(2) 6254 (2) 6212 (2) 8929 (4) 50 (2) 52 (2) 96 (5) 9 (3) -15  (6) - 2 2  (6) 
0(3) 4458 (2) 2153 (2) 12342 (4) 43 (2) 81 (2) 112 (6) - 3  (4) 12 (6) 47 (6) 
0(4) 3028 (2) 2914 (3) 10554 (5) 40 (2) 94 (3) 139 (6) -11 (4) 11 (6) 49 (7) 
0(5) 7697 (3) 1318 (2) 5517 (4) 97 (3) 49 (2) 134 (6) - 7  (4) -68  (8) 22 (6) 
0(6) 6632 (2) 0976 (2) 2153 (4) 52 (2) 69 (2) 143 (6) 21 (4) 3 (6) 29 (7) 
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with the help of the better intensity data, form factors 
and refinement techniques of recent years. 

Standard deviations in the coordinates of the C, N, 
and O atoms are in the range 0.003-0.004 ]l; they are 
less than 0.001 ]~ for the Zn atom. Realistic values for 
the standard deviation in the interatomic distances are 
probably about 0.008 It and in the bond angles about 
0.4 °. 

Discussion 

The principal difference between the structures of zinc 
and copper glutamate dihydrate is in the coordination 
about the metal atom. In both compounds the principal 
ligands of the metal atom are arranged in the form of 
an approximate square pyramid; but whereas the cop- 
per atom lies only 0.15 It from the center of the square 

base and hence has coordination (4+1)  (GM), the 
zinc atom lies 0.32/k from the base and is approximate- 
ly equidistant from all five atoms. The coordination 
about the zinc atom is shown in Fig. 2 and the distances 
and angles around the zinc atom are listed in Table 5. 
The angles about the zinc atom differ by an average 
of 4.0 ° from the values expected for a regular tetragonal 
pyramid; those about the copper atom differ by an 
average of 5.1 ° from the values for a square ( 4 + 1 )  
coordination. The average distance from the metal 
atom to each of its five nearest neighbors is 2.069 in 
the zinc compound and 2.047/k in the copper com- 
pound; in both compounds there is a sixth neighbor, 
0(4),  2.58 /k from the metal atom and opposite the 
basal plane but considerably displaced from the axial 
direction. 

Table 4. Observed and calculated structure factors 
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X - - ~  o 

Y ~ - , , J l ~ " k  t (/'-.:~PlIC(G')')})) \\ I oc6))\~.~____.;y -/'~"k'kt,..__ 
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Fig. 1. An electron density projection onto (001), calculated at the conclusion of the refinement. Contours are at 4, 6, 8 . . .  e.,~-2 
for the light atoms and 4, 10, 15, 2 0 . . .  for the zinc atom; the 2 e..~ 2 contour is dashed. 

M-N 
M-O(1) 
M-O(3) 
M-O(5) 
M-O(2) 

Table 5. Bond distances and angles about the metal atoms in zinc and copper glutamate dihydrate 

Zn.g lu  Cu.g lu  Zn.g lu  Cu.g lu  Zn.g lu  Cu.g lu  
2.103/~ 1.998/~ N-M-O(1)  79"4 ~ 83"2/~ O(I) -M-O(5)  159.5 A 169.4/~ 
2.106 1"967 N-M-O(3)  162.6 171 "7 O(1)-M-O(2) 103"0 100.9 
2.036 1-981 N-M-O(5)  90.6 92.9 O(3)-M-O(5) 92.7 90-3 
2.070 1.991 N-M-O(2)  102.4 93.7 O(3)-M-O(2) 94.1 94.1 
2.030 2-299 O(I) -M-O(3)  91.8 92"4 O(5)-M-O(2) 96.6 89.2 

z I 
x ,. T °(4) 

I 
I 

0( i )+__ I (2"975) . h'O(3) 

~ z ~ g ' / / C 4 @  ~" _ / 

'" ..... 
........ • ...y~-~ : 

............ :,% 4?\-:  / 

"~) ....... ~~(2) 
Fig. 2. The coordination about the zinc atom. 

A somewhat analogous relationship between the co- 
ordination of zinc and copper atoms has recently been 
reported for the diethyldithiocarbamate compounds 
(Bonamico, Dessy, Mugnoli, Vaciago & Zambonelli, 
1965; Bonamico, Mazzone, Vaciago & Zambonelli, 
1965); however, the five nearest sulfur ligands of the 
zinc atom form a severely distorted tetragonal pyra- 
mid, one sulfur atom being approximately 0.4 A further 
from the zinc atom than are the other four. A distorted 

coordination intermediate between a tetragonal pyr- 
amid and a trigonal bipyramid is also reported by 
Montgomery & Lingafelter (1963) in monoaquobis- 
acetonylacetonatozinc. 

The bond distances and angles within the glutamate 
group are shown in Fig. 3. Although in general these 
dimensions agree, within experimental error, with 
those found in Cu. glu, a comparison of the dimensions 
of the carboxyl group C(1), O(1), 0(2) points up some 
interesting consequences of the difference in coordina- 
tion about the metal atom. The shortening of the api- 
cal Zn-O(2) distance (Table 5) decreases the double- 
bond character of the C(1)-O(2) bond, which is nearly 
0.03 A longer than in the copper compound. The double- 
bond character of the C(1)-O(1) bond is accordingly 
increased, and this bond is shortened by about 0.04 A. 
Finally, the remaining bonding power of O(1) is then 
decreased, as reflected by an increase of 0.14 A in the 
Zn-O(1) distance. The change in double-bond charac- 
ter of the C-O bonds is also reflected in the C-C-O 
bond angles. 

Differences between the other dimensions of the 
glutamate group in the two compounds are probably 
not significant, although it is tempting to correlate the 
shortening of the C(2)-N and C(5)-O(3) distances in 
the zinc compound with the lengthening of the Zn-N 
and Zn-O(3) distances. The nitrogen atom lies almost 
exactly in the plane of the neighboring carboxyl group, 

A C 21 - 10 
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while  it is displaced f rom the p lane  by 0.06 ./t in the 
copper  c o m p o u n d .  D a t a  for  this and  o ther  planes  of  
in teres t  are given in Table  6. 

Cova len t  b o n d  dis tances and  angles involv ing  the 
h y d r o g e n  a toms  are given in Table  7. They  are more  
un i fo rm than  the values found  in copper  g lu t ama te  
but ,  as discussed earlier,  m a n y  of  the dis tances  are 
obvious ly  unreal is t ic  represen ta t ions  of  the t rue inter-  
nuc lear  separa t ions .  

Tab le  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 calculations of the least-squares 
planes; the remaining atoms were given equal weights. 

(1) Carboxyl group Atom Deviation 
ql = -0.1286 C(1) -0.005/~, 
q2 = - 0.6397 C(2) 0.001 
q3 = 0.7577 O(1) 0.002 
D =-0 .1741 A O(2) 0.002 

*N 0.003 
*Zn 0.321 

(2) Carboxyl group 
ql = 0-0079 C(4) 0.003 
q2 = 0.8554 C(5) - 0.010 
q3 = 0.5177 0(3) 0.003 
O = 6"5769 A 0(4) 0"1304 

*C(3) 0.223 
*Zn' 0.178 

(3) Zinc ligands 
ql = - 0.3952 N - 0.029 
q2 = -0.3619 O(1) 0.029 
q3 = 0.8442 0(5) 0-026 
D = - 0.5665/~ O(3)" - 0.026 

*Zn' - 0.320 
*0(2)' - 2-340 
*0(4)' 1.985 

The  h y d r o g e n - b o n d  a r r angemen t  in zinc g lu t ama te  
d ihydra t e  is the same as in the copper  c o m p o u n d  (see 
G M ,  Fig.2) .  The  h y d r o g e n - b o n d  dis tances and  angles 
for  the two c o m p o u n d s  are compared  in Table  8. 
A l t h o u g h  there  appea r  to be signif icant  differences in 
the dis tances  and  angles involving the water  molecule  
0 (6)  in the two compounds ,  the reasons  for these 
differences are no t  obvious.  As in the copper  com- 
pound ,  one of  the p ro tons  [H(7)] on the n i t rogen  a tom 
does no t  fo rm a h y d r o g e n  bond.  

Table  9. Magnitudes and direction cosines, relative to 
the crystallographic axes, of  the principal axes of the 

thermal ellipsoids 

Zn 

C(1) 

Bi qi q, q, 
2"24 -0"351 -0"880 0-319 
1 "95 - 0"359 0"441 0-822 
1 "62 0"865 - 0" 174 0"471 
2"53 - 0"892 0"442 0"096 
1.72 0.371 0-593 0"714 
1 "66 - 0-259 - 0"673 0"693 

G 
~ t z o 8  

Fig.3 Bond distances and angles within the glutamate group. 

Table  7. Bond distances and angles involving the hydrogen atoms 
C(2)-H(1) 1.09 .A, C(1)--C(2)-H(1) 102 ° C(3)-C(2)-H(1) 108 ° 

N ----C(2)-H(1) 113 

C(3)-H(2) 1.04 C(2)--C(3)-H(2) 106 C(4)-C(3)-H(2) 110 
C(3)-H(3) 0.95 C(2)--C(3)-H(3) 114 C(4)-C(3)-H(3) 106 

H(2)--C(3)-H(3) 106 

C(4)-H(4) 1-03 C(3)--C(4)-H(4) 114 C(5)-C(4)-H(4) 107 
C(4)-H(5) 1.14 C(3)--C(4)-H(5) 102 C(5)-C(4)-H(5) 106 

H(4)--C(4)-H(5) 114 

N - - H ( 6 )  0.86 C(2)- -N---H(6)  121 Zn - -H- - -H(6 )  95 
N---H(7)  0.85 C(2)--N---H(7)  105 Zn - -N- - -H(7 )  104 

H(6)--N---H(7)  117 
O(5)-H(8) 0.62 Zn ---O(5)-H(8) 128 
O(5)-H(9) 0-71 Zn ---O(5)-H(9) 108 H(8)-O(5)-H(9) 118 

0(6)-H(10) 0.64 
O(6)-H(11) 1.02 H(10)-O(6)-H(11) 92 

Table  8. Hydrogen bond distances and angles in zinc and copper glutamate dihydrate 

Zn. glu Cu. glu Zn. glu Cu. glu 
N" • .O(1) 2.975 A 2-966/it M-N.  • .O(I) 78.1 ° 86.2 ° 

C(2)-N. • • O(1) 100.9 98.7 
0 (5 ) . . .  0(6) 2.729 2.720 
0(5) . .  • O(6)" 2-779 2.811 0(6) . . .  0(5) . .  • O(6)' 112.5 113.5 

0 (6 ) ' - .  0(3) 2-730 2"781 0 ( 3 ) ' . .  0 ( 6 ) ' . .  0(4)- . .  110"5 107-8 
0 (6 ) ' - .  0(4) 2"758 2"722 
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Table  9 (cont.) 
Bi qt qt qi 

2.54 -0.035 -0"999 0.014 
C(2) 1.94 0.724 - 0.016 0.690 

1.49 -0.689 0.035 0.724 

2.99 0.011 0"980 0.200 
C(3) 2.24 0.307 - 0.194 0.932 

1.55 - 0.952 - 0.051 0.303 

4.04 0.022 0.892 0.451 
C(4) 2.35 0.580 - 0.379 0.721 

1.91 -0.815 -0-246 0.525 

2.92 0.172 0.609 0.775 
C(5) 2.66 0.596 - 0.691 0.410 

1.53 -0.784 -0.391 0.482 

3" 11 0.071 - 0.924 0.376 
N 1.90 - 0.244 0"349 0"905 

1.73 0.967 0" 156 0.200 

3'44 - 0.144 - 0.605 0.783 
O(1) 2.03 - 0.757 0.577 0.307 

1.60 0.638 0.548 0.541 

2.82 - 0.719 - 0.550 0.426 
0(2) 2" 20 0" 685 - 0"667 0" 294 

1.77 0.123 0.503 0.856 

3-88 0.005 0"908 0"420 
0(3) 2"31 0"820 - 0"244 0"518 

1.87 - 0.572 - 0-342 0.745 

4.46 - 0.065 0.906 0.418 
0(4) 2.65 0.362 - 0.369 0-856 

1.87 - 0-930 - 0.207 0.304 

5.37 -0-913 0.085 0.399 
0(5) 2.48 0.376 0.553 0.744 

1"94 0.157 -0.829 0.536 

3.59 0.385 0.737 0.556 
0(6) 2-78 -0.567 -0.287 0"772 

2-21 0.728 - 0.612 0.307 

The  appa ren t  magni tudes  and  o r ien ta t ions  of  the 
pr inc ipal  axes of  the  t empera tu re - fac to r  el l ipsoids are 
given in Table  9. W i t h  very few exceptions,  the the rmal  
mot ions  are sl ightly h igher  in the zinc c o m p o u n d  t han  
in the copper  c o m p o u n d ;  this effect could  of  course 
be caused by differences in the sizes or  perfect ions  of  
the crystals  chosen for  in tensi ty  measurements .  N o t  
surprisingly,  one of  the except ions to the  t rend  is O(2), 
the apical  l igand tha t  is bonded  more  closely to the  
zinc a tom than  to the  copper  a tom.  The  shapes and  
or ien ta t ions  of  the  ell ipsoids are s t r ikingly similar  in 
the two c o m p o u n d s ;  and,  as discussed by GM,  the 
pa t terns  o f  the more  p r o n o u n c e d  an iso t rop ies  are 
readi ly in te rpre tab le  f rom a s t ructura l  s t andpoin t .  I t  
shou ld  be men t ioned  tha t  in nei ther  c o m p o u n d  is there 
evidence o f  significant  r ig id-body m o t i o n  o f  the gluta-  
ma te  g roup  as a whole  - which is ha rd ly  surprising,  
since this g roup  is t ied down  in several places by rela- 
t ively s t rong bonds  to two different meta l  a toms.  

The  a u t h o r  is par t icu lar ly  indeb ted  to D r  R icha rd  
E. Mar sh  for  his con t inuous  and  va luable  assistance. 
M a n y  useful suggestions,  ma in ly  connec ted  with the 
p rope r  use o f  the C R Y R M  system, are due to D r  
David  J. D u c h a m p .  
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The Crystal Structure of Tetrasodium Tetrammineeopper (II) 
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The crystal structure of tetrasodium tetramminecopper(II) di-catena-di-~-thiosulphato-cuprate(I), 
Na4n[Cu(NH3)4]n[Cun(S203)2n]2, has been determined and refined by differential syntheses, three- 
dimensional data being used (final R = 11.5 ~). The crystals are tetragonal, space group I4/m, a = 13.814 
and c = 5.759/~. Two formula units are contained in the unit cell. 

The crystal structure consists of cations Na ÷ and [CuII(NH3)4] 2+ and ofcatena-anions, [Cun(S203)2n] 3n-. 
The coordination around Cu ~ is purely square planar, no other atom completing the coordination 
polyhedron to give any pyramidal or bipyramidal arrangement. 

The anion is formed by Cu ~ atoms tetrahedrally coordinated by four thiosulphato groups S(1)-S(2)O3. 
Each S(1) bridges two Cu ~ atoms giving rise to chains parallel to [001]. 

The thiosulphato group has nearly tetrahedral structure. 

Introduction 

Thiosu lpha to  complexes  o f  un iva len t  silver or  un iva len t  
copper  are k n o w n  ei ther  in the solid state or  in solu- 

t ion.  The  equi l ibr ia  involved  in so lu t ion  are i m p o r t a n t  
in connex ion  with the p h o t o g r a p h i c  process. 

Also,  in the solid state, the t h io su lpha to  complexes  
of  un iva len t  silver and  copper  are very similar  and  

A C 21 - 10" 


