
Vol, 9, No. 4, April 1970 OCTACHLORODITECHNETATE ION 789 

CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY, 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY, CAMBRIDGE, MASSACHUSETTS 02 139 

Characterization of the Trinegative Octachloroditechnetate Ion1 

BY W. KEVIN BRATTON AND F. ALBERT COTTON 

Received July 28, 1969 

The compound (NH4)aTczCls ,2Hz0, first reported several years ago by Eakins, Humphreys, and Mellish, has been further 
investigated. Our work, which includes a single-crystal X-ray structural study, confirms the reported composition and 
demonstrates the presence of the Tc~C18~- ion having the same nonbridged, eclipsed Cl4M-MCld structure (idealized Dlh sym- 
metry) as the RezC1a2- and Mo~Cl8~- ions. The very short Tc-Tc distance (2.13 rt 0.01 A) is indicative of a very strong 
metal to metal bond. The magnetic susceptibility obeys the Curie law with p = 2.0 BM (0 = 0 + 5 " ) .  Spectrophotometric 
study of the oxidation to TcCle2- showed no evidence for a stable intermediate (such as TCzC18"). The TczClsa- ion is evi- 
dently analogous to the Re2Cls3- ion, which has been obtained by electrolytic reduction of Re*Cls2- though not yet isolated; 
it presumably contains four pairs of electrons which constitute a quadruple Tc-Tc bond with one electron in essentially a 
nonbonding orbital. The ammonium salt crystallized in the trigonal system, space group P3221 (or its enantiomorph) 
with the following hexagonal unit cell dimensions: a = 13.04 i. 0.02 A, c = 8.40 + 0.01 8. The density calculated for 
three formula weights per unit cell (2.30 g cm-9 agrees satisfactorily with the reported measured density (2.4 g cm-9. 
The structure was solved and refined by least squares using 292 independent nonzero reflections recorded by Weissenberg 
photography. The arrangement of NHa+ ions and water molecules is complex, 
involving some fractional site occupancy by water molecules. 

The final conventional residual is 9.8%, 

Introduction 
At the time the compound ( N H ~ ) ~ T C ~ C ~ ~ . ~ H Z O  was 

reported by Eakins, Humphreys, and Mellish2 the true 
nature of the RezCls2- ion had just been recognized8-6 
although this species had been prepared and incorrectly 
formulated earlier.' At that time nothing was known 
of the Re2Xs3- and RezXs4- species which have since 
been generateds though not yet isolated in solid com- 
pounds, but the view that RezXS2- species should have 
particularly stable, closed-shell structures with Re-Re 
quadruple bonding had been put forward.6 Thus in 
the context of the time the charge of 3- on Tc2Cls3- 
seemed distinctly surprising and further investigation 
of the compound (NH4)sTc2Cls 2H20 was immediately 
undertaken. These studies, as we have already re- 
ported in a preliminary note,g confirmed the stoichi- 
ometry and revealed the structure of the Tc2Cls3- ion. 
In this paper, our studies are described in full. 

Experimental Section 
Preparation.-In its essentials, the method of preparation was 

the same as that of Eakins, Humphreys, and Mellish. Two 
grams of ammonium pertechnetate (ggTc) was purchased from 
the Oak Ridge National Laboratory. The NH4TcO4 was con- 
verted with about 90% yield t o  (NH4)ZTcCle. This was then 
reduced with zinc in hot, concentrated hydrochloric acid. Our 
experience differed in one respect from that reported by Eakins, 
et ai. They described the formation of a reddish brown solution 
(postulated to contain Tc in a lower oxidation state) in hydro- 
chloric acid during the final crystallization step which was im- 
mediately oxidized to yield the turquoise solution containing the 

(1) Supported by the United States Atomic Energy Commission. 
(2) J. D. Eakins, D. G. Humphreys, and C. E. Mellish, J .  Chem. Soc., 

(3) Cf. F. A. Cotton, e l  a!., Science, 146, 1305 (1964) 
(4) F. A. Cotton, N. F. Curtis, B .  F. G. Johnson, and W. R. Robinson, 

(5) F. A. Cotton and C. B. Harris, ibtd , 4, 330 (1965). 
(6) F. A. Cotton, ibid., 4, 334 (1965). 
(7) C f .  B. G .  Kuznetsov and P. A. Koz'min, Zh. Slrukl. Kh im. ,  4, 55 

(8) F. A. Cotton, W. R. Robinson, and R. A. Walton, Inovg. Chem., 6, 1257 

(9) W. K. Bratton and F. A. Cotton, J .  A m .  Chem. Soc., 81, 921 (1965). 

6012 (1963). 

I n o v g .  Chem., 4, 326 (1965). 

(1963), and references to earlier Russian literature cited therein. 

(1965). 

Tc2Cls3-. Several efforts to repeat this part of the procedure 
were without success. If reduction was carried beyond the 
stage where the solution is dark blue-green, all the technetium 
formed an insoluble black precipitate, presumably technetium 
metal. 

The product we obtained, a black crystalline material, always 
contained traces of (NH4)zTcCls which were visible under a 
microscope. Analytical data were satisfactory. Anal. Calcd 
for (NH4)aTczCls.2Hz0: "4, 9.47. Found: "4, 9.25, 
9.45. 

Magnetic Measurements.-The Gouy method was not used 
owing to the limited amount of material available and the con- 
tamination problems encountered in grinding the solid. An esr 
measurement indicated the presence of unpaired electrons but 
was quantitatively inconclusive. The signal was extremely 
broad. The nmr technique of Evansto was not sufficiently sensi- 
tive to afford a reliable result although the result obtained was 
fortuitously close to 2.0 BM. A satisfactory measurement was 
obtained on the micro-Faraday balance at the Lawrence Radia- 
tion Laboratory of the University of California, Berkeley, Calif ., 
through the kindness of Professor B. B. Cunningham and Messrs. 
B. Bansal and S. Marei. The data they obtained are given in 
Table I. A plot of xP-' vs.  T gave a straight line which inter- 
cepted the Taxis a t  0 f 5 " .  From the slope a value of 2.0 BM 
was calculated for the magnetic moment. Corrections for dia- 
magnetism were not applied owing to the uncertainty already 
introduced by the presence of traces of impurities as previously 
noted. Probably the magnetic moment is reliable only to 
within 3 ~ 0 . 2  BM. 

TABLE I 
MAGNETIC SUSCEPTIBILITY DATA FOR (NH4)aTc2C18. 2Hz0 

Temp, "K 106xp-', cgsu Temp, O K  lo'xg-', cgsu 

77 0.92 274 3.04 
198 2.24 298 3.40 

Electronic Absorption Spectrum.-Both a solution spectrum, 
using Cary Models 11 and 14, and the reflectance spectrum of the 
solid, using a Beckman Model DU, were recorded. In order to 
avoid contamination problems the solid sample was not finely 
ground and this gave a rather poor-quality spectrum. The solu- 
tions were made in concentrated hydrochloric acid purged with 
nitrogen and maintained in a nitrogen atmosphere. The results 
are shown in Figure 1. 

( lo)  D. F. Evans, J .  Chem. Soc., 2003 (1959) 
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Figure 1.-The electronic absorption spectrum of ("4)~- 

Tc~Cl8.2HzO. The solid curve is for a deoxygenated HC1 solu- 
tion. The wavelengths in (mp) and frequencies (in kilokaisers, 
kK) of the maxima in this spectrum are noted. The dashed line 
is the reflectance spectrum on an arbitrary scale of intensity. 
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Figure 2.-The spectrum of an HC1 solution of (X"4)3Tc2Cls* 
2Hz0 as a function of time in the presence of oxygen, on an arbi- 
tary absorbancy scale. 

It was observed that on exposure to  oxygen the hydrochloric 
acid solutions of TczC1g3- became green and finally yellow, the 
yellow solution being stable and having the spectrum of TcC1G2-. 
In order to  see if any intermediate species, as, for example, TCZ- 
Cls2-, might be detectable in the green solution, the oxidation 
was followed spectrophotometrically for 2 days. The six curves 
shown in Figure 2 were recorded at roughly equal intervals, 
Le., about every 8 hr. There is only one isosbestic point and no 
evidence for an intermediate. 

Eakins, et U Z . , ~  reported a maximum at 615 mh, with 6 185. 
This is in disagreement with our spectrum. 

X-Ray Data.-The crystals were in the form of brittle, black, 
prismatic needles of hexagonal cross section. Several small 
crystals were sealed in glass capillaries, and one, which had a 
mean diameter of about 0.15 mm and a length of 0.40 mm, was 
selected for study. 

The unit cell parameters were determined from an oscillation 
photograph and a precession photograph for c and from the hkO 
Weissenberg photograph for a and b. Uncertainty intervals 
represent average deviations from the mean. The heyagonal 
cell has the following dimensions: a = 13.04 =k 0.02 A, c = 
8.40 f 0.01 A. The symmetry observed on the Weissenberg 
films and the single systematic extinction condition 1 # 3% for 
001, observed on a precession photograph, indicated the space 
group to be either P3121 or P3z21. The two enantiomorphs are in- 
distinguishable within the limits of our film data; the latter was 
used in refinement of the structure. Assuming three formula 
weights in the unit cell, a density of 2.3 g is calculated, in 
satsfactory agreement with the reported density2 of 2.4 g 

Intensities were measured using equiinclination Weissenberg 
multiple-film records of the six levels hk0-hk5, made with copper 

Ka radiation. The intensities of 412 reflections within a twelfth 
sphere bounded by 8 < 49" were estimated visually by comparison 
with a series of timed exposures of a strong zero-level reflection, 
Reflections too weak to be read (120) were assigned an uncor- 
rected intensity equal to half the intensity of the weakest observ- 
able reflection. 

The film data were corrected for Lorentz and polarization 
factors Using a Computer program DFSET-4 made available by 
Professor M. J. Buerger and for absorption ( h  = 270 cm-1) using 
a cylindrical approximation and data tabulated in ref 11. The 
radioactivity of the substance did not affect the data in any de- 
tectable way. 

Solution and Refinement of the Structure 
From a three-dimensional map of the Patterson func- 

tion the technetium atoms were assigned coordinates 
of a sixfold general position. These parameters, as 
well as six independent scale factors for the six Weissen- 
berg levels, were subjected to two cycles of full least- 
squares refinement and used to calculate phases for an 
electron density map. This map revealed the locations 
of all four independent chlorine atoms, which lie on 
general positions. Two further cycles of refinement of 
all the positional parameters, independent isotropic 
atom temperature factors, and six film-scale factors 
using unit weights for all reflections led to a conventional 
R value of 17,7% (RI = Z/\Fol  - IFcl / Z i F o l )  for all 
412 reflections. A difference Fourier map calculated 
from these parameters showed peaks of 2 0-4.0 e-/83 
which were reasonable locations for NH4+ ions and wa- 
ter molecules, as well as peaks of similar intensity near 
the heavy-atom positions. One set of general-position 
peaks and one special-position set were assigned to 
ammonium ions. A second general position, as well 
as another special position, appeared to be occupied by 
water molecules. If the two independent water posi- 
tions were fully occupied, there would be three water 
molecules in the cell per dimeric anion. However, the 
general-position peaks were somewhat lower in intensity 
than those due to the special-position water molecule, 
suggesting a possible fractional occupancy of the gen- 
eral-position site. The positional and isotropic thermal 
parameters of the light atoms as well as occupancy fac- 
tors for the two water molecules were introduced and 
refined together with the previously determined pa- 
rameters for three cycles of least-squares refinement, 
resulting in convergence and an unweighted R of 
13.6ojO. The occupancy factors of the water molecules 
had refined to values of 0.5 * 0.2 for the general posi- 
tion (01) and 0.8 i 0.2 for the special position ( 0 2 ) .  

This indicates -1.8 water molecules per dimer, in 
agreement with the published analytical results. 

At this point a detailed comparison of the observed 
and calculated structure factors was made, and the 
error for the data observed as zero was found to be very 
large (R = 55%) compared to that for the other obser- 
vations. The variation in error with 1 Fol also indicated 
that the use of equal unit weights for all observations 
was invalid, as had been anticipated. Four further 
cycles of refinement were carried out using only the 

(11) "International Tables for X-Ray Crystallography," Vol. 11, The 
Kynoch Press, Birmingham, England, Table 5.3.5B. 
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292 nonzero observed reflections and a Cruicksbank- 
type of weighting scheme [w = 1/(2 + 0.OlFo2)]. The 
occupancy and thermal parameters of the two water 
atoms refined to unrealistic values, presumably because 
the rejected zero data generally occurred a t  high angles 
and were important in determining the thermal pa- 
rameters. The occupancy factors were therefore fixed a t  
0.5 for O(1) and 1.0 for O(2) and four final cycles of 
refinement were carried out on all the other variables. 
The final values for R1 and RZ were 9.8 and 13.0%, 
respectively (R, = [Zlw(IF,/ - ~F,I)2/ZlwlFo12]1’a). 
The variation of error with I FoI and (sin 6)/X was satis- 
factorily small and random, and the esd of an observa- 
tion of unit weight was 1.13, indicating that the weight- 
ing scheme chosen was satisfactory. A final difference 
Fourier map showed peaks as high as 1.6 e-/A3 near the 
heavy atoms, but no other peaks suggesting the presence 
of other atoms in the unit cell were observed. 

Atomic scattering factors used throughout were taken 
from Cromer and Waber12 for Tc and C1 and from 
I b e r P  for N and 0. Anomalous dispersion correc- 
tions14 for Tc and C1 were included in the calculations 
in the manner prescribed by Ibers and Harni1t0n.l~ 
The structure was actually refined in both of the space 
groups P3121 and P3221 using real and imaginary parts 
of the anomalous dispersion correction. The results 
of both refinements were the same in terms of both R 
values and molecular dimensions. Computer programs 
used were S F L S ~  and FORDAP in their local forms. 

Results 
The structure of the TczC1g3- ion and the location of 

the ammonium ions with respect to it are shown in 
Figure 3. A crystallographic twofold axis bisects the 
metal-metal bond and passes through the special posi- 
tion ammonium ion, N(2). Figure 4 shows the crystal 
packing viewed down the unique axis. Table I1 con- 
tains the final calculated and observed structure ampli- 
tudes for the observed reflections. The reflections 

Figure 3.-A perspective view of the TcsClsa- ion and its 
A crystallographic twofold nearest nitrogen atom neighbors. 

axis bisects the metal-metal bond and passes through h’(2). 

Tc CI NHZ H e 0  

. O B 0  

v 
Figure 4.-A diagram showing the crystal packing in projection 

down the trigonal axis. 

TABLE I1 
OBSERVED AND CALCULATED STRUCTURE AMPLITUDES IN UNITS OF 0.1 ELECTRON 

observed as zero are not reported. The calculated 
amplitudes for these unobserved reflections are in most 
cases smaller than that of the minimum observed value, 
and in no case do they exceed twice the minimum ob- 
servable. Table 111 lists the final positional and ther- 

(12) D. T. Cromer and J. T. Waber, Acta Cvyst., 18, 104 (1965). 
(13) J. A. Ibers in “International Tables for X-Ray Crystallography,” 

(14) D. T. Cromer, Acta Cuyst., 18, 17 (1965). 
(15) J. A. Ibers and W. C. Hamilton, i b i d . ,  1’7, 781 (1964). 

Vol. 111, The Kynoch Press, Birmingham, England, 1962, p 202. 

mal parameters of the atoms. The occupancy factors 
of O(1) and O(2) were fixed a t  0.5 and 1.0, respectively. 
Intramolecular distances and angles are reported in 
Table IV, and Table V lists other crystal contacts up 
to 4 A. 

’ Discussion 
It is convenient to consider first the structure of the 

Tc2Cls8- ion, since the structure forms a basis for dis- 
cussion of the other properties of the compound. As 
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TABLE I11 
POSITIOXAL AND THERMAL PARA METERS^ 

Atom X Y I B, As 
Tc  0.6336 ( 5 )  0.5520 (4) 0.0639 (7) 3 . 7  (2) 
Cl(1) 0.7402 (16) 0.6837 (14) 0.2682 (22) 5 .0  (4) 
Cl(2) 0.4940 (13) 0.4384 (14) 0.2642 (23) 4 . 6  (4) 
Cl(3) 0.5695 (13) 0.3645(13) -0.0595 (18) 3 . 9  (3) 
Cl(4) 0.8132 (15) 0.6174 (14) -0.0683 (25)  4 . 5  (4) 
N(1) 0.483 (5) 0.673 (4) 0.416 (7) 5 (1) 

0(1)  0.180 (8) 0.231 (7) -0.275 (11) 4 (2) 
O ( 2 )  0.0000 0.053 (7) -0.167 (10) 13 (3) 
Numbers in parentheses following each parameter, here and in 

the following tables, are estimated standard deviations in the last 
significant figure, as obtained from the final cycle of least-squares 
refinement. This coordinate is fixed equal to x by symmetry 
and was not refined. 

X(2) 0.299 (7) 0.29gb 0.0000 7 (2) 

TABLE IV 
INTRAMOLECULAR DISTAXCES (a) AND ANGLES ( D E G ) ~  

Bond Distances 
Atoms Distance Atoms Distance 

Tc-Tc‘ 2.13 (1) Tc-Cl(1) 2 .33 (2) 
Tc-C1 (2) 2 .38 (2) Tc-Cl(3) 2.39 (2) 
Tc-Cl(4) 2 , 3 3  (2) 

”onbonded Distances 
Cl(1)-Cl(2) 3 ,20  (2) Cl(1)-Cl(4) 3 .24  (3) 
Cl(1)-Cl(4)’ 3 .31 (3) C1(2)-C1(3) 3 .20 (3) 
C1(2)-C1(3)’ 3 . 4 1  (3) C1(3)-C1(4) 3.24 (2) 

Interbond Angles 
Atoms Angle Atoms Angle 

Tc’-Tc-Cl(l) 105.4 (6) Tc’-Tc-C1(2) 104.5 (6) 
Tc’-Tc-C1(3) 106.6 (5) Tc’-Tc-C1(4) 103.8 (6) 
Cl(l)-Tc-C1(2) 85 .8  (6) C1(2)-Tc-C1(3) 84.4 (6) 
C1(3)-Tc-C1(4) 86.6 (6) Cl(l)-Tc-C1(4) 87 .8  (7) 
a Bonds and angles in Tables IV and 1’ were calculated with 

BONDLA, a part of the X-Ray 67 package written by F. A. Kun- 
dell, J. M. Stewart, and R. V. Chastain. 

indicated by Figure 3 and the distances and angles 
in Table 111, the structure is very similar to those found 
for the RezC1~~- ion5,’ and, more recently, for the Moz- 
CIS4- i ~ n . ~ ~ , ~ ~  It consists of two TcC14 groups joined 
by a very short Tc-Tc bond (2.13 (1) 8) to give an 
eclipsed rotational configuration. 

The TcL!ls3- structure is most directly comparable 
to that of MozCls4-. The metaf-metal distances, 
2.13 (1) and 2.134 (1) 8, respectively, arevirtually iden- 
tical in the two structures, and the M-M-C1 and acute 
C1-M-C1 angles have very similar average values. The 
most notable difference between the two structures oc- 
curs in the M-C1 bond lengths, which have a mean value 
of 2.45 8 in Mo2Cla4- and 2.36 A in TczCls3-. As a 
result of this the C1. . ’C1 nonbonded contacts are 
shorter, particularly those between C1 atoms bound to 
the same metal atom, the mean values being 3.22 8 in 
TczCls3- and 3.35 in hIoZCls4-. 

There is little with which to compare the mean Tc-C1 
distance, 2.36 8, found in this structure. The only 
previously reported structure containing Tc-C1 bonds 
is that of TcC14 in which the distances range from 2.24 A 

(16) J. V. Brencic and F. A. Cotton, Inavg. Chem., 8 ,  7 (1969). 
(17) J .  V. Brencic and F. A. Cotton, ib id  , 8 ,  2698 (1969). 

TABLE V 
IXPORTANT INTERMOLECULAR COXTACTS 

Atoms 

Tc-Cl(3) 
N(l)-Cl(l) 
N (1 )-Cl (2) 
S (1)-Cl(3) 
N( 1)-C1(4) 
N(l)-C1(1) 
N( 1 )-Cl(2 ) 
X(l)-Cl(2) 

S(2)-C1(2) 

N(l)-C1(3) 
hT(l)-C1(3) 

K (2)-C1(3 ) 
N(2)-O(1) 
N(2)-C1( 1) 
O(1 )-0(2) 
O( 1)-C1(2) 

0 (1 )-a( 1 ) 
O(l)-Cl(l) 

0(2)-0(2) 

0(1)-C1(4) 

0(1)-C1(4) 

Contact 
distance, d 
3.66  (2) 
3.52 (7) 
3.38 (7) 
3 .33 (6) 
3.42 (6) 
3.52 (6) 
3.42 (6) 
3.40 (6) 
3.30 (7) 
3 .41 (6) 
3 .17(5)  
3 .23 (9) 
2 .7(1)  
3 .33 (9) 
2 5 (1) 
3.40 (7) 
3 .1  (1) 
3 . 4  (1) 
3 .7  (1) 
3.3 (1) 
3.04 (4) 

Position of contact atoma 

Y - x, --x, ‘ / 8  + 2 
x ,  Y, 
X , Y , Z  

Y , X ,  -2 

Y , X ,  -2  
y,x,  1 - z 
Y, x, 1 - 2 
1 - x, 1 + y - x, 2 / 3  - 2 

1 - x, 1 + y - x, 2/3 - z 
x - Y, 1 - y, ‘/s - 2 

x ,  Y, Z b  

1 - Y, x - Y, - 1 / 3  + z 

1-Yy,x-Yy, - ’ / s+2  
y - x, 1 - x ,  + z 
x - Y, 1 - y ,  ‘/s - z 
x - y ,  1 - y, -”3  - z 
Y, x ,  -2’ 

x, Y, z 
x, Y, 2 

x, Y ,  2 

Y > X ,  - 2  

a The first atom is taken to be a t  the x ,  y ,  z coordinates given 
in Table 111, while the second atom is a t  a position defined in 
terms of its coordinates of Table 111, transformed as indicated in 
column 3 of this table. Each contact listed for a special-position 
atom (N(2), O(2)) represents two equal contacts arising from a 
crystallographic twofold axis passing through these atoms. 

for the bonds to nonbridging C1 atoms to 2.38 and 2.49 
8 for bonds to bridging C1 atoms.18 

The electronic absorption spectrum of ( NH4)3Tc2- 
Cls.2HzO is shown in Figure 1, The main absorption in 
the visible region, which accounts for the turquoise 
blue color of the solutions, has a maximum a t  638 mp. 
Eakins, Humphreys, and Mellish2 stated that a solu- 
tion of the compound in concentrated hydrochloric 
acid showed a maximum a t  615 mp. Our measure- 
ments have been repeated several times on two differ- 
ent instruments; assuming that we are dealing with the 
same compound, it appears that there is an inaccuracy 
in the previous report. Figure 1 also shows the reflec- 
tance spectrum of the solid compound. The diffi- 
culties involved in finely powdering a radioactive solid 
without special handling equipment forced us to use a 
rather coarsely ground sample, thus impairing the 
quality of the spectrum. However, it seems that the 
results are consistent with the idea that the same species 
is present in the solid and in concentrated hydrochloric 
acid solution. 

It might be expected that a stable species Tcd3s2-, 
analogous to Re2Clg2-, could be formed by oxidation of 
TczClsa-. When it was observed that a hydrochloric 
acid solution of Tc2Cls3- is slowly oxidized to a yellow 
solution of the TcCle2- ion, passing through an inter- 
mediate green stage, an attempt mas made to observe 
an intermediate species. The course of this oxidation, 
over a period of 2 days, was followed spectrophoto- 
metrically, with the results shown in Figure 2 .  There 
is only one isosbestic point in the range examined and no 

(18) R.I. E. Eldei and R. R. Penfold, %bid., 6,  1197 (1966) 
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evidence for a species intermediate between TczClsa- 
and TcCle2-. 

The magnetic properties of the solid compound are 
consistent with the presence of one unpaired electron 
per TczCls3- ion. This fact, together with the structure 
of the anion, leads us to the following description of the 
electronic structure of Tc2Clsa-. There are nine elec- 
trons beyond those in Tc-CI bonds and nonbonding 
electrons on C1 atoms. Eight of these occupy the u, 27r, 
and 6 orbitals constituting a Tc-Tc quadruple b ~ n d . ~ , ~ ~  
The remaining electron then resides in one of the 
more or less noiibonding u orbitals directed away from 
the center of the molecule. The possibility of the odd 
electron occupying the ti* orbital appears to  us remote 
though perhaps not wholly out of the question since 
some doubt must exist as to the precise ordering of the 
nonbonding and weakly antibonding  orbital^.^^^^^ 

The X-ray crystallographic part of this investigation 
was carried out with a single, well-defined, and restricted 
objective : to determine the nature of the technetium- 
containing anion present. The data aye adequate to do 
this satisfactorily. It appears that  the crystal also 
contains a hydrogen-bonded array of NH4+ ions and 
HzO molecules of unusual complexity and, possibly, 
special interest. The data are not adequate to provide 
an entirely unambiguous picture of this peripheral (as far 
as we are concerned) aspect of the structure. We pre- 
sent below, very briefly, our interpretation of the NH4+- 
HzO part of the structure; we freely concede that this 
is not definitive. 

The general-position ammonium ion (N(1)) lies 
above one of the faces of the distorted cube of chlorine 
atoms formed by the eight chlorine atoms of the dimer. 
Contacts with this face range from 3.33 to 3.52 A, indi- 
cating possible N-He * C1 bonding. A total of five 
other chlorine atoms have contacts with this ammonium 
ion a t  van der Waals distances or below, suggesting 

(19) F. A. Cotton and C.  B.  Harlis, I n o u g .  Chem, 6,924 (1967). 
(20) M .  J. Bennett, K. G. Caulton, and F. A. Cotton, kbid.,  8, 1 (1969). 

that  the NH4+ ion might best be considered to  be totally 
disordered within this cage of negative atoms. 

The special-position ammonium ion (N(2)) lies on 
the twofold crystallographic axis which bisects the 
TczCIBa- ion and is thus centered on another rectangular 
face of the chlorine “cube” formed by the dimer. The 
contacts to the face are shorter in this case than for the 
general-position ammonium ion, being 3.17 and 3.23 A. 
I n  addition to the four short contacts to the chlorine 
face, four other short contact distances are shown in 
Table V, one pair to the general-position water molecule 
and another pair to chlorine atoms on two different 
dimers. Both of these pairs of contacts are within H- 
bonding range, with the latter pair being slightly longer 
than the N-Cl contacts to the dimer face. The eight 
atoms which form short contacts to N(2) form a dis- 
torted cubic array around it and offer a possible explana- 
tion for the partial occupancy of general water position 
1. If four hydrogen bonds are presumed to  be formed 
by the ammonium ion in more or less tetrahedral direc- 
tions, then two sets of H-bonded neighbors exist: O( 1) 
and Cl(3) or Cl(1) and Cl(2). If in fact the ammonium 
ion is distributed equally over these two sets by a four- 
fold rotational disorder, then only half of theO(1) water 
molecules will be involved in strong N-H * * 0 bonding 
in accord with our value of 0.5 for its occupancy. 

The proposed partial occupancy of the general-posi- 
tion water site is supported by consideration of the 
environment of O(1). In  addition to the short contact 
with N(2), this atom has a very short contact with 
O(2) and a total of five fairly short chlorine contacts. 
The high-temperature factor of O(2) may be explained 
by the half-absence of O(1). When no H bond exists 
with 0(1), then O(2) will be fairly loosely held, since 
no other very near neighbors exist, except for those in 
its own symmetry-related spiral. Presumably the 
O(2) molecules will move in closer to the 3 2  axis to  
enhance H bonding with themselves. 


