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(H20),CrONOzZ- + H20 -4- 
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3 T  

(HzO) Cr -4- 

obviously eliminated. [AV,*l is of the order of 2 cm3 
mol-’ in Co(NH3)jXn+ aquationsI8 but IAV,*l is much 
larger. Also the activation volume found1* for the 
aquation of Co(NHa)~Ii03~+,  which proceeds by an 
extreme I d  mechanism with Co-0 bond fission,25 is 
about 7 cm3 mol-’ less negative (i.e.> -6 cm3 mol-’) 
than for Cr(HzO):N03*+. Hence mechanism 11 is 
to  be preferred over 9 or 10, i.e., it is the Co-0 bond 
which is broken, and associative activation by the in- 
coming water molecule is probably important. 

The possibility remains that the nitratochromium(I1) 
complex contains bidentate NOa- and that reversible 
ring opening precedes the rate-determining step in 
aquation. This could explain the deviations of this 
complex in linear free energy relationships3 and perhaps 
account for the chloride-incorporation phenomenon 
described above. However, such ring-opening and 
-closing processes have not been investigated but they 
would have to  be very rapid (half-periods of the order 
of 1 min or less), since they have not been detected by 
conventional kinetic methods, 10,12 and such rapid re- 
actions are not characteristic of Cr (111) complexes. 
Anomalies in supposed linear free energy relationships 
can be ascribed to differences in the relative importance 
of bond making zlis Ci vis bond breaking; there seems to 
be no reason why these factors should be exactly the 
same throughout a given series of reactions, and indeed 
it is probably unreasonable to expect linear free energy 
relationships t o  be strictly valid except when their 
slopes are near unity, ie., for I d  mechanisms. 
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When oxygen is passed through a solution containing Ru( NH3)63+ and SZOa2- or SPOS3-, Ru(IiH3)5NHSOa+ is produced in 
good yield. Comparison of the infrared spectra of salts containing this ion or its protonated form with sulfamate complexes 
of cobalt(II1) ammines which are known to be I i  bonded confirms that  the new species are N bonded as well The value of 
pK, for Ru(NH3)&H&0szL a t  25‘ and p = 0.10 was measured as 2 6. It is believed that  the sulfamate is produced by the 
transfer of sulfur to coordinated amide, with subsequent oxidation by 02. 

Introduction While pursuing our interest in the interaction of 
sulfur ligands with ruthenium ammines, we observed 
the formation of a sulfamate complex by a novel route. 
Thiosulfate or thiophosphate in the presence of 0 2  

Sulfamato complexes have been prepared by the 

(1) L. L. Po  and  R. B. Jordan, I n o r g .  Chent., 7, 526 (1968). 

direct reaction of sulfamate with a metal 

( 2 )  R. J. Balahura and  R. B. Jordan, J .  Anlev. Chem. SW., 92, 1533 (1970). and RU(NH3)63+ converts the latter in good yield to (Both S- and 0-linked isomers of formamidepentaamminecobalt(II1) are 
described.) (3) A .  J. Saraceno, Ph.D. Thesis, IJniversity of Xotre Dame, 1958 
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Ru(NH&NHSO3+. The method of preparation of 
this species, its characterization, and results on the 
acid dissociation constant are described in this paper. 

Experimental Section 
[Ru(NH3)&Oa] C1.-As a step in characterizing the sulfamato 

complex, it was necessary to prepare and characterize Ru(NH3)&- 
S203+. In following the original procedure of Lever and Powell4 
the thiosulfate complex was produced in only low yield, but much 
higher yields were obtained by the direct reaction of S2032- with 
Ru(NH3)sOHz3+ in an argon atmosphereP A solution containing 
S20a2- (0.21 M )  and R u ( N H ~ ) ~ O H ~ ~ +  (2.5 X M )  was pre- 
pared and deaerated using Ar. The solution, initially yellow, 
became deep red in a few minutes. Ion-exchange separation per- 
formed after 20 min indicated that conversion to R U ( N H ~ ) ~ -  
S203' was 85% complete in that time. (After longer periods of 
time the thiosulfate complex decomposes, and a green, highly 
charged species is among the products formed.) 

The thiosulfate complex was isolated on a cation-exchange resin 
and eluted with 0.5 M LiCl or A-aI. Solid formed on concentrat- 
ing the eluent by rotary evaporation. The solid was freed from 
alkali salt impurity using absolute ethanol which dissolves alkali 
halide but not the ruthenium salt. 4 n a l .  Calcd for [Ru- 

Found: Ru,30.4; N,  19.2; H,4.2;  C1, 10.8; S, 19.6. 
[ R U ( N H ~ ) ~ N H S O ~ ] X  (Where X- = C1- or I-).-A solution 

(20 ml) 0.015 M in [Ru(iXH~)~]c13 and 0.12 M in Na2S203 was 
prepared and oxygen was passed through for 26 hr in the dark. 
At this point the reaction mixture was diluted to 100 ml and 
charged onto a cation-exchange column (Lit form for the chloride 
salt). On washing with water a violet band was removed, and 
the material desired which comprised a yellow band was eluted 
with 0.5 M LiCl. Using rotary evaporation, a dry solid was ob- 
tained. This was suspended in absolute ethanol to dissolve the 
LiCl present, and the yellow solid material was collected by filtra- 
tion; yield >SO%. Anal. Calcd for [Ru(NH3)aNHSOa] C1: 
Ru,  31.9: N ,  26.5: H. 5.09: C1. 11.2; S, 10.1. Found: Ru. 

(NH3)sS203]Cl: Ru,  30.3; N, 21.0; H,  4.5; C1, 10.6; S, 19.2. 

32.5; N, 26.5; H,  4.81; C1,12.0; S, 9.9. 
IRulNH7hNH2SOqlBr2.-IRU(P\;H91hNHS071 C1 (0.16 mmoll . . -,- - -I - . ~ -,- I~ 

was dissolved in a minimum amount of water (-3 ml). The 
solution was acidified with 1 M HBr, and then concentrated HBr 
was added to precipitate the bromide salt. Anal. Calcd for 
[ R U ( N H ~ ) ~ ~ \ T H ~ S O ~ ] B ~ ~ :  Ru, 23.0; N,  19.0; H, 3.88; Br, 36.2; 
S, 7.25. Found: Ru, 23.0; N,  19.5; H ,  4.25; Br, 36.3; S ,  
7.34. 

[Co(NH3)sNHS03] C1.-One-tenth gram of [Co(NH8)sNH%- 
SOa] C1$ (0.37 mmol) was dissolved in 10 ml of aqueous ammonia. 
The solution was saturated with solid NHdC1 and allowed to cool 
overnight. Violet crystals of [Co(NH3)jNHS03] C1 formed 
which were collected by filtration and were washed with methanol 
and ether. The shifts in the absorbance maxima for the uv- 
visible spectrum of the product as compared with those of the 
protonated form agreed with those reported by Po and Jordan.' 
The unprotonated form behaved as a 1+ ion on charging it onto a 
cation-exchange column. (The eluent, 0.5 M NaCl, was made 
slightly alkaline with Na2C03.) 

Other Materials.-NaaSPOa was obtained from Alfa Inor- 
ganics. Sulfur s6 was prepared according to the method de- 
scribed in ref 7. Oxygen enriched in '*O (92.6 at. %) was pur- 
chased from Miles Laboratories, Elkhart, Ind. 

Ion Exchange.-Bio-Rad AG 50W-X2, 200-400 mesh in the 
acid form, was cleaned* prior to converting it to the lithium or 
sodium form. After preparing the column, the product solution 
was charged onto i t ,  and the components were eluted with 
either NaC1 or LiCl stock solutions. 

Results 
Spectra.-Visible and uv spectra were recorded on a 

Cary 15 recording spectrophotometer. Infrared spec- 
tra in the 4000-650-~m-~ region were recorded on a 

(4) F. M. Lever and  A. R.  Powell, Chem. Soc., Spec.  Publ., No. 18, 135 

( 5 )  Since we began our work, Lever and  Powell have published their 
F. M. Lever and  A. R. Powell, 

(1959). 

work on a new preparation similar t o  ours: 
J .  Chem. Soc. A ,  1477 (19BQ). 

(6) This salt was kindly supplied b y  R.  B. Jordan. 
(7) P. D. Bartlett and  W. Roderick,Inoug. S y n . ,  8, 100 (1966). 
(8) J .  N. Armor, Ph.D. Thesis, Stanford University, M a y  1970. 
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Perkin-Elmer 237-B infrared spectrometer. A Perkin- 
Elmer 421 grating spectrometer was used for the region 
2000-416 em-'. Spectra were calibrated with respect 
to polystyrene bands a t  2850, 1601, 1585, 1181, and 
901 cm-'. Below 650 cm-' the bands for water vapor 
a t  526.0, 506.9, 502.3, and 492 cm-I were used. 

Infrared Spectra. -The infrared spectra of [Ru- 
(NH3) 5S,O3]Cl (I), [Ru (NH3) 5NHSOsICl (11) , [ CO- 
(NH3)eNHS03]C1 (111)) [Ru ( N&) eNHzS031C12 (IV) , 
and [Co(NHa)5NHzS03]Clz (V) are shown in Figures 
1-5. Frequency assignments where offered are in 

, 
3000 zcoo vicm- ' )  500 IO00 

Figure 1.-Infrared spectrum of [Ru(NH3)&03] C1, Y (cm-I): 
3420, 3285 ( P N - H ) ,  3160, 1620 ( ~ N H ~  deg), 1330, 1303, 1288, 1268, 

443. 
1168 (P8-0), 1145 ( V S - o ) ,  998, ( P S - 0 ) ,  810 (PNHd), 630, 536, 472, 

analogy to those made by Saraceno.3 It is clear that 
there are irreconcilable differences between the spec- 
trum of the thiosulfato complex and those of the new 
ruthenium compounds, but that of the presumed 
[Ru(NH~)~NHSO~]CI  (11) agrees with that of 111, that 
of IV agrees with that of V. 

Uv-Visible Spectra. -The data on the complexes of 
present interest and on some related ones are shown in 
Table I. 

TABLE I 
SUMMARY OF ABSORPTION CHARACTERISTICS 

FOR SOME RUTHBNIUM(III) AMMINES 
Compd Amax, nm 6 ,  k - 1  cm-1 

[Ru(NHa)61 c13 274 473 =!c 6 
[Ru(NH3)aSzOa] C1 487 3 . 3  x 103 
[Ru(NH3)sNHS03] Cl 398 4.15 x 103 

Ru( NHa );OH2 + 295 1.5 x 1 0 3 ~  

Ru( NH3)5NH2SOj2 + 280 5.1 X lo2 
R u ( N H ~ ) ~ O H ~ ~ +  268 752 

a J .  Stritar, Ph.D. Thesis, Stanford University, 1967. 

Determination of pKa.-The disappearance of the 
intense band a t  398 nm on acidifying a solution of 
Ru(NHs)bNHS03+ (c f .  Table I) provides a method for 
determining pK, for the reaction 

Ru(NH3)6NH2SOa2+ Ru(NH3)sNHSOa+ + H +  (1) 

In a series of experiments a t  p = 0.10 and 25" using 
NaCl to adjust the acidity, the pK, for reaction 1 was 
determined as 2.6. 

Observations on Rates. -Semiquantitative observa- 
tions were made on the rate of reaction of Ru(NH3),j3+ 
with S2032- in the absence of 02-here the product of 
interest is R U ( N H ~ ) ~ S ~ O ~ + - ~ ~ ~  with O2 present-the 
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Figure 2.-Infrared spectrumof [RU(NH~);NHSOS]CI, v (cm-I): 
3430, 3285, 3200, 3145, 1645, 1343, 1320, 1293, 1283, 1263, 1140, 
1130, 1010,874,800,778,642,604,576,521,475,452. 

100, I 

1 I 
3000 2 0 0 0  u i cm- ' l  1500 1000 6 00 

Figure 3.-Infrared spectrumof [Co(NH3)jKHS03] C1, v (cm-I): 
3430, 3380, 3170, 1620, 1320, 1130, 1025, 885, 843, 628, 630, 608, 
573, 510, 502,482,440. 

100 I I i 

0- 600 500 

0 I 
3000 2000 V(cm- ' l  1500 1000 600 

Figure 4.-Infrared spectrum of [Ru(NH~)JXH&O~]  Br2. v 
(cm-1): 3490, 3420, 3285, 3240, 3125, 1625, 1538, 1360, 1330, 
1318, 1268, 1245, 1190, 1053, 806, 770, 725, 584, 578, 549, 505, 
460. 

product of interest now being the sulfamato complex. 
In the 02-free systems, Ar was used as blanketing gas. 
The results in the 02-free systems mill be described 
first. 

In an unbuffered system with R u ( N H ~ ) ~ ~ +  initially 
at 0.029 M and Na2S203 at  0.23 M ,  after 3 days, a 12% 
yield of Ru(NH3)&0zC was obtained with 83% 

Ru(NH3)03+ remaining ~ n r e a c t e d . ~  In a buffer me- 
dium at  pH 9.7 (0.026 M c03*--0.017 M HC03-) and 
with S ~ 0 3 ~ -  and RU(PU'H~)~~+ initially a t  0.78 and 0.032 
M ,  after 21 hr, 54% of the R u ( N H ~ ) ~ ~ -  was consumed, 
but only l5qib of the total ruthenium was accounted for 
as the thiosulfato complex. At pH 10.2 (glycine-NaOH 
buffer) and with Sz032- and Ru(NH3)e3+ initially a t  
0.45 and 0.012 M ,  the ruthenium ammine disappeared 
virtually completely in 10 hr (the yield of the thiosulfato 
complex not determined in this experiment). 

The results just described show that the rate of 
deterioration of Ru(T\'H3)a3+ increases with pH in 
02-free solutions containing the results to be 
described show that the rate of formation of the sul- 
famato complex (02 present) also increases with pH. 
At pH 7.0 (0.05 M HP042--0.1 ilf HzPOa-) and with 
s ~ O 3 ~ -  and R u ( ~ H ~ ) ~ ~ +  at  0.25 and 0.035 &I, respec- 
tively, the latter reagent was virtually unaffected after 
24 hr. In a buffer a t  higher pH (borax, 8.8) 7, 24, 51, 
and 87y0 of the ruthenium appeared as the sulfamato 
complex after 6.5, 15, 24, and 48 hr, respectively, while 
94, 75, 51, and <1% Ru(NH3)s3+ remained unreacted. 
When Na2S2Oa was omitted, after 24 hr 92y0 of the 
Ru(NH&~+ was recovered intact. In a reaction 
medium using 0.78 M S2032-, 0.032 Ru(NH&'+ a t  

and 81% of the ruthenium appeared as the sulfamato 
complex after 1.5, 3.5, 6.5, and 24 hr, respectively, 
while 85, 73, 58, and 4yo R u ( N H ~ ) ~ ~ +  remained. 

In a glycine-NaOH buffer (1.67 ?/r glycine, 1.22 M 
SaOH, pH 10.2), with S2032- and Ru(NH3)fi3+ at  
0.45 and 0.012 M, respectively, reaction was apparently 
complete within 10 hr, and the sulfamate complex 
was produced in yields in excess of 90%. The high 
yield of the desired product in the glycine buffer 
suggested this as the medium in which to attempt to 
determine the kinetics of the R U ( X H ~ ) ~ ~ + - S Z O ~ ~ - - O Z  
reaction. The formation of the sulfamato complex 
was followed a t  390 nm as a function of time, the initial 
concentrations being fixed as above. Plots of In (A - 
A,) us. time, where A is the absorbance a t  398 nm, 
began to exhibit some curvature after about 1 half-life 
(-6 hr). Using the initial slopes, the pseudo-first- 

pH 9.7 (0.025 M C032--0.017 HCOs-), 11, 25, 42, 

(9) I n  this and the other experiments, Ru(NHa)s8+ v a s  identified by ion- 
exchange techniques which involved exposure of the solution to  air. Thus,  
the possibility that  a n  air-free sample of Ru(NH3)63+ is reduced in whole or 
in part to  Ru(NHs)s2+, which is then reoxidized, is not  covered by the work. 
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order rate constants were observed to decrease ~ ~ 5 0 %  
when air was substituted for oxygen and to increase 
-30y0 on doubling the initial concentration of NaS20,. 

Substitution of Na3SP03 for NazSnOa in the un- 
buffered reaction medium still produced the sulfamate 
complex, as identified by its uv-visible spectrum, its 
ion-exchange behavior, and the effect of acid on the 
band a t  398 nm. If the sPo33- reaction was carried 
out in a borax buffer (pH 8.8)) 10% of the ruthenium 
appeared as the RU(NH,)~NHSO~+ complex after 48 hr, 
while 71y0 R u ( N H & ~ +  remained. The interpretation 
of these results was complicated by a precipitate which 
formed in the reaction medium upon addition of the 
solid Na3SP03. Using a C032--HC03- buffer (pH 9.6)) 
all the Na3SP03 dissolved when it was added to the 
oxygen-saturated R u ( N H ~ ) ~ ~ +  solution. After 24 hr, 
more than 60% of the ruthenium appeared as R u ( N H ~ ) ~ -  
NHSO,+. This increased yield of the sulfamate com- 
plex may be due in part to the enhanced stability 
of SPo33- in carbonate so1utions.l0 

The sPo33- experiment suggested that the exo 
sulfur of SS032-  appeared in the ruthenium sulfamate 
complex. Since the exo sulfur can be thought of as 
sulfur(0), an experiment substituting s6 for sn03'- was 
attempted. Using a borax buffer, the two-phase 
mixture of Ru(NH3)a3+ and SS was saturated with 
oxygen. After allowing the reaction to proceed for 
24 hr, ion exchange of the product solution indicated 
95yo of the ruthenium was still in the form of Ru- 
(NH3)fi3+. Unfortunately, oxygen also enhances the 
conversion7 of s6 to Sg, and thus the question of re- 
activity of SO in the system is not really settled. 

A labeling experiment using l80 was carried out on 
the reaction of Ru(NH3)fi3+ with S20a2- in the presence 
of 02. A 10-ml solution of Ru(NH3)03+ (0.32 mmol) 
contained in a round-bottom flask was taken through 
several cycles of the freeze, pump, and thaw cycle. 
Solid NazSz03 (0.89 mmol) was added to the frozen 
mass, and the flask was then evacuated. The dis- 
solved gases were again removed by successive cycles 
of the freeze, pump, and thaw cycle. Oxygen-18 
(92 at. 70) was admitted into the 25-ml evacuated 
volume above the frozen ruthenium(II1) solution. 
The vessel was then covered with a black cloth, and 
its contents were allowed to react for 45 hr. The 
results obtained were compared to those obtained from 
a blank experiment using I6O. Using the expanded 
wavelength scale (2000-416 cm-I) of the Perkin-Elmer 
421 ( f 1 cm), the infrared spectrum of the l80 product 
was identical with that for the I6O product. Though 
the experiment is conclusive on the net isotopic change, 
it is not conclusive on the mechanism. (Exchange of 
oxygen on the sulfur may be quite rapid in the lower 
oxidation states of sulfur.) 

It also seemed of interest to investigate the formation 
of the sulfamate complex with sulfite as the source of 
sulfur. Oxygen saturation of a borax buffer containing 
Ru(NH3)fi3+ (0.033 A[ )  and HS03- (0.195 M )  also 
produced the sulfamate complex ; however, the yield 
was not as high as that obtained using Sn032- instead 
of 3 0 3 ' -  as the source of sulfur. After 8 and 24 hr, 
5 and la%, respectively, of the ruthenium appeared as 
the Ru(NH3)6NHSO3+ complex. After 24 hr, the 
pH of the solution had risen to 9.8, and a blue residue 

(10) S. K. Yasuda and J .  L. Lambert, Inovg. S y n . ,  5 ,  102 (1957). 

had formed on the sides of the flask. At this point, 
Ru(NH3)e3+ was no longer a major component of the 
mixture. If Na2S04 (1.77 mmol) was substituted for 
the s03'- solution, no sulfamato complex formed over 
a 24-hr period, and the major ruthenium component 
was still Ru(NH3)e3+. 

Discussion 
Po and Jordan' advanced three arguments in support 

of the conclusion that the sulfamate in V is N bound 
rather than 0 bound. They are as follows. (a) The 
acidity of the coordinated sulfamate (pK = 5.38) is 
too high compared to that of free sulfamate ion (this 
species is too weakly acidic to make pK measurable in 
water) to be accounted for by the 0-bound structure. 
(b) The position of the maximum of the long-wave- 
length band in the visible region corresponds to an 
N-bound and not an 0-bound species. (c) The sen- 
sitivity of the absorption spectrum a t  shorter wave- 
lengths to removal of the proton is better understood 
on the basis of an N-bound species. The first two 
arguments especially are convincing. In view of the 
similarities in the infrared spectra between I1 and I l l  
and between IV and V, the compounds we have pre- 
pared can also be taken to be N bound. Argument 
(a), it  should be noted, applies with even greater force 
to the ruthenium complex, pK for i t  being even lower 
than for the Co(II1) complex. 

This assignment of structure finds support in the 
analysis by Saraceno3 of the infrared spectrum of 
t r ~ n s - K ~ [ P t ( N H ~ S 0 ~ ) ~ C l ~ ] .  He noted a large shift 
for the N-H frequencies from 2 3277 cni-l in KNH2- 
SO3 to 3070 cm-' in the complex and cited this as 
evidence that Pt(I1) is coordinated to NH2 rather 
than to 0. The spectrum of IV, i t  should be noted, 
shows a sharp strong band a t  3125 cm-l which can 
reasonably be attributed to NH2 bound to the metal 
ion. In our system the situation is complicated by the 
fact that other N-H frequencies contribute in a nearby 
wavelength region. The assignment made by Saracen0 
is supported by the fact that  the N-S frequency of 
sulfamate ion is strongly shifted on coordination, 
while the symmetric stretch of SO3 and the degenerate 
stretching frequencies of the SO, group are only slightly 
affected. 

Ruthenium(II1) having a vacancy in a nonbonding, 
low-lying orbital tends to show a ligand-to-metal 
charge-transfer transition a t  longer wavelengths than 
does Co(II1) or Ru(II), for example, both of which 
are low-spin dfi species. The strong absorption a t  487 
nm noted for the thiosulfate complex can reasonably 
be attributed to ligand-to-metal ion charge transfer, 
and a similar assignment seems in order for the ab- 
sorption recorded for Ru(NH3)5NHS03+ a t  398 nm. 
When a proton is added, the electron pair on the 
nitrogen atom of sulfamate is occupied, and the charge- 
transfer absorption is expected to shift to much shorter 
wavelengths. The longest wavelength absorption re- 
corded for the protonated species is a t  280 nm, close 
to that shown by other Ru(II1) species which do not 
have readily ionizable atoms in contact with the metal 
ion. 

Much less straightforward than the issues considered 
thus far are those concerned with the mechanism by 
which coordinated NH3 is converted to sulfamate. 

(11) A M. Vuagnat a n d E  L. Wagner, J Chem Phys., S6, 77 (1957). 
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The most significant observation made in this con- 
nection is that  thiophosphate as well as thiosulfate 
produces the complex in good yield. The high pH 
may be necessary if for no other reason than that a 
proton needs to be dissociated from coordinated am- 
monia so that displacement on S can occur 

H 
H 

Ru--N: + : S : B  + Ru-K: $: + :B 
H 

i 
H 

the sulfur then being oxidized by 02. It is possible 
that  proton dissociation is promoted by a valence 
change on Ru. Ru(1V) is expected to be very acidic; 
i t  can arise by disproportionation of K u ( I I I ) * ~  en- 
hanced by Oz oxidation of Ru(I1). The oxidation of 
the coordinated S may also be assisted by the Ru 
center. 

The fact that S032- also leads to the sulfamate com- 
plex, though slowly, is compatible with the ideas ad- 
vanced. Sulfur dioxide can be expected to add to 
coordinated NHz- 

H* - H 

(SHS);RUI!~~: + SOU + (IYH3)jRuNSO?' 
I 

H 
I H 

'The slowness of the reaction with sulfite as source of 
sulfur can be attributed to  the fact that  amide, a 
strongly basic species, and SOz cannot coexist a t  high 
concentrations Thus, n-hen the solutions are alkaline 
enough to produce amide, S 0 3 2 -  rather than SO2 is 
present and S032- is a very poor SOz donor 

The observations made on the direct replacement 
of NH3 from Ru(NH3)e3+ by S Z O ~ ~ -  deserve further 
attention In other i t  has been shown that 
t ~ / %  a t  25" for the spontaneous loss of iYH3 from Ru- 
(NK3)e3+ in slightly acidic solution is about 3 years 
The formation of the R u ( I I I ) - S ~ O ~ ~ -  bond takes place 
much more rapidly than this The higher rate, in 
the absence of a detailed kinetic study, can be at- 
tributed to (a) an OH--promoted path for release of 
NH3, (b) an S N 2  process for entry of S203*-, or (c) 
formation of R U ( N H & ~ ~  n hich is know1 to be more 
labile than R u ( N H ~ ) ~ ~ +  It is clearly of interest to 
resolve the questions of mechanism raised 
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The Synthesis and Properties of Diamminedinitratocobalt(I1) 
and Related Diammine Complexes1 

BY G. L. McPHERSON, J. A. WEIL,* AND J .  K. KIKNAIRD 

Received January 20, 1971 

Thermal decomposition of both hexaamminecobalt(I1) dinitrate and p-peroxo-bis[pentaamminecobalt(III)] tetra- 
nitrate under vacuum leads to formation of diamminedinitratocobalt(I1). Similarly, the complex diamminedinitratozinc(I1) 
was prepared from the tetraamminezinc(I1) salt. Magnetic susceptibility and infrared and electronic spectral measure- 
ments suggest that  the cobalt ion in the diamminecobalt complex is hexacoordinated, xvith two bideritate iiitrato groups. 
This complex in organic solvents reacts with iodide ion to give first diammine(iodo)(nitrato)cobalt(II) and eventually di- 
ammine(diiodo)cobalt(II). Both complexes were isola.ted. Infrared and optical spectra suggest that  the nitrate ions in the 
former are bound in bidentate fashion: the latter is known to be a tetrahedral complex. 

Introduction 
As part of a study of oxygen-bridged binuclear 

complexes, p-peroxo-bis [pentaamminecobalt(III) 1 tetra- 
nitrate was found to yield an intensely rose-violet solid 
when heated under vacuum. This material was shown 
to be diamminedinitratocobalt(I1) by chemical anal- 
ysis. This paper describes the preparation and char- 
acterization of this and other related diammine coin- 
plexes. 

Experimental Section 
Preparation and Purification of Diamminedinitratocobalt(I1). 

-The p-peroxo-bis[pentaamminecobalt(III)] tetranitrate was 
prepared as described elsewhere .* This material is easily synthe- 
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sized but dimcult to purify; it was used irrmediately without 
attempts at recrystallization. Approximately 3 g of the tetra- 
nitrate salt vias heated to ca. 83" under vacuum for 36 hr. Dur- 
ing this time, the color of the material changes from greenish 
brown to rose-violet. Because of the product's extreme sensi- 
tivity to moisure, it was transferred to a nitrogen-flushed drybag 
without exposure to the atmosphere. Reagent grade acetonitrile 
and benzene were dried by distillation from calcium hydride under 
a flow of dry nitrogen. The compound was stirred with 20 ml of 
acetonitrile and allowed to stand for a few minutes. The result- 
ing solution was then carefully filtered off. This extraction 
process was repeated with additional solvent until it seemed that 
most of the rose-violet material had been separated from the 
remaining insoluble solid. Benzene was added slowly to  the 
acetonitrile solution until the volume was approximately doubled. 
The solution was allowed to stand quietly for several hours. 
During this time, a rose-violet solid crystallized out of solution. 
This material was recrystallized by dissolving i t  in dry aceto- 
nitrile, filtering, and adding benzene; i t  was then washed several 
times with benzene and dried under vacuum. The material 


