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able mechanistic model involves rupture of one ligand 
bond to give a symmetrical five-coordinate intermediate. 
A similar mechanism has been proposed for the stereo- 
chemical rearrangements of the dihalobis(p-diketo- (19) R. c. pay and 'r. s. Piper, I ~ ~ ~ ~ ~ .  cheliL., 3, 34s (1964). 

nato) titanium complexes5 and the coordination com- 
pounds of trivalent metals with unsymmetrical 1,3- 
diketones.Ig 
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Decomposition of Cr(NH3)3(02)2 in 1 F He104 at 20-25' gives C T ( N H ~ ) ~ ( O H ~ ) ~ ~ +  (ca. 40%, probably the pure 1,2,3 (cis) 
isomer), Cr(NH3)z(OHz)b3+ (ca. 35%, probablylargely or wholly the cis isomer), Cr(NH8)(OH2)63+ (ca. l5%), and c r ( O H ~ ) 6 ~ +  
(ca. 10%). In 1FNaOH at  102' the diperoxo compound decomposes ca. 95% via a path forming Cr042-, NH3, OZ, and HzO 
(or possiblysome HzOz); the other ca. 5% of reaction produces Cr042-and a nitrogen-containing species which is neither NH3 
nor NO2- and which slowly reacts with the (!rod2- or which catalyzes the oxidation of HzO by CrOAz-. Explosion of the 
diperoxo compound by sudden heating occurs ca. 90% via formation of Cr203, NH3, and 0 2 ;  the other ca. 10% of reaction 
yields CrzOs, NzO, Ne, and HzO. 

Introduction effervescence occurred. Ca. 5 ml of an aqueous slurry of Hf 

In  recent papers2-6 we have reported our studies of 
the decomposition of diperoxochromium(1V) amines 
in acid solutions so as to prepare new chromium(II1) 
amine complexes. Here we report the decomposition 
of diperoxotriamminechromium(IV), Cr(NH3)3(02)2, in 
1 F perchloric acid to give a series of aquoammine- 
chromium(II1) complexes. We also describe observa- 
tions on the decomposition of this diperoxo compound in 
1 F sodium hydroxide a t  ea. 102' and by explosion in a 
closed vessel. 

Experimental Section 
Diperoxotriamminechromium( IV)  .-The method of Kauffnian 

and Acero? was used to prepare some lots of this compound. For 
other lots, the less efficient but more convenient method of 
Weschs was employed, giving lustrous black needles; yield, 7%. 
Anal. Calcd for Cr(NH3)a(02)2: N, 25.0; Cr, 31.1. Found: 
N, 25.3; Cr, 31.0. 

The diperoxo compound must be handled with care because it 
may explode on sudden heating or shock. When heated from 
20-25" a t  2'/min, the compound charred a t  ca. 300' but did 
not explode. When the heating rate was increased to 4"/min, 
the crystals exploded mildly a t  255', and with a 20"/min heating 
rate a more violent explosion occurred a t  ca. 120". At 20-25", 
the compound can apparently be kept without change for a t  least 
1 year. 

Decomposition in 1 F Perchloric Acid.-Ca. 0.2 g of Cr(NH3)3- 
(02)~ was dissolved cautiously in 50 ml of 1 F HClOa a t  20-25'; 

(1) (a) Work partly supported under Contract AT(ll-1)-34, Project h-o. 
12, between the U. S. Atomic Energy Commission and the University of Cali- 
fornia. This paper constitutes Report No. UCLA-34P12-61 to  the USAEC. 
(h) To whom inquiries should be addressed a t  UCLA. 
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(3) D. A. House and C. S Garner, Inovg. Chem., 6 ,  840 (1966). 
(4) D. A. House, R. G. Hughes, and C. S. Garner, ibid., 6, 1077 (1967). 
(5) R. G. Hughes and C. S. Garner, i b i d . ,  6, 1519 (1967). 
(6) R .  G. Hughes and C. S. Garner, ibid., 7, 74 (1968). 
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(8) A. Wesch, "Uber Chromsaurederivate," Diss. Fteiburg im Breis- 

gau, Offenbach a. M., 1908, p 19. 

Dowex AG50W-X4 cation-exchange resin (200-400 mesh) was 
added to the pink solution and shaken gently for 5 min, by which 
time all color was adsorbed. The resin was removed, washed with 
two 25-ml portions of 1 F HCIO4, and then transferred to the top 
of a 25-cm X 1-cm diameter column of fresh resin. Elution a t  
20-25' with a solution 0.15 F i n  Ca(C104)z and 0.15 F in HClOa 
a t  1 ml/min (a  low rate is essential for the separation) yielded 
four bands as follows. 
Ca. 500 ml of eluent separated the lowest band and brought 

it to the bottom of the column. A further 100-150 ml eluted this 
band to give a grayish blue solution. To remove eaz+ from this 
effluent, it was readsorbed on a 3-cm X 1-cm diameter column 
of H+ Dowex AG50W-X8 resin (100-200 mesh) a t  20-26", the 
Ca2+ was eluted with 200 ml of 1 F HClO,, and then the complex 
was eluted with 50 ml of 3 F HC104. The resulting solution was 
1.3 mM in Cr(OHz)e3+, identified as such by its visible absorp- 
tion ~ p e c t r u m . ~  The hexaaquo complex constituted ca. 10% of 
the total chromium. 
Ca. 100 ml of eluent brought the next band to the bottom of the 

column, and 100-150 ml more eluted the band as a pink-red solu- 
tion. Removal of Cazf was effected as above, giving a solution 
1.7 mM in Cr( NH3)( OH,)?', characterized by its visible ab- 
sorption spectrum.'O Ca. 157, of the total chromium was as this 
pentaaquo species. 

The third band was brought down with CQ. 100 mi of eluent and 
eluted as a pink effluent with an additional 100-150 ml of eluent. 
The Ca2+ was removed, giving a solution 2.0 mM in complex, 
with an N:Cr atom ratio of 1.95, in acceptable agreement with 
the formula Cr( NH3)2( O H Z ) ~ ~ + .  This diammine species con- 
stituted ca. 3570 of the total chromium. 

The last band was brought down and eluted in the same way. 
After removal of Caz+, a pink solution 3.7 m M  in complex was 
obtained. The N:Cr atom ratio found for this effluent was 2.81, 
in acceptable agreement with the formula Cr( NH3)3( OHz)$+. 
Ca. 407, of the total chromium was in this form. 

The decomposition and chromatographic separations were re- 
peated several times with essentially the same results. 

Decomposition in Hot 1 F Sodium Hydroxide.-In each of 

(9) R. A. Plane and J. P. Hunt,  J .  Am. Chem. Soc., 79, 3343 (1957). 
(10) M. Ardon and B. E. Mayer, J .  Chem. Soc., 2816 (1962). 
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several experiments, cu. 0.1 g of Cr(NH&(02)2 was weighed into 
a vial, which was placed upright in the boiler flask of a Kjeldahl 
distillation apparatus; ca. 2 g of NaOH was put in the flask, and 
then 50 ml of water was added. Except in the experiments a t  
20-25’ (where air was used as a carrier gas to remove NHa), steam 
was passed into the solution until it  boiled, by which time the 
vial had become immersed, the NaOH had dissolved, and the 
diperoxo compound had reacted with effervescence. Distilla- 
tion into saturated boric acid solution was continued for 10 min; 
then the adsorbed NH3 was titrated with standard HC1. The 
average yield of NH3 was 2.83 f 0.04 moles per formula weight 
of Cr(NHa)d0~)2. 

The decrease in oxidation equivalents in the alkaline decom- 
position was followed by acidifying with 1 F HzSO~ the residual 
solutions left in the Kjeldahl boiler flask, adding excess standard 
Fe( NH&( SO& and back-titrating the excess with standard 
KpCrzO,, using barium diphenylaminesulfonate indicator. 

Decomposition by Explosion.-In each of several experiments, 
ca. 0.2 g of Cr(NHa)a(02)2 was put in a steel bomb, which was 
then evacuated to 0.1 torr and sealed. The base of the bomb was 
heated rapidly with a burner flame to explode the compound (in a 
test experiment with the bomb left unsealed, the noise accom- 
panying the explosion verified that the heating conditions re- 
sulted in explosion). The explosion products consisted of a dark 
green solid and a gas. The solid, unaffected by fusion with 
Na202 or NaZS207, is apparently a refractory form of CrzOa, since 
its weight corresponded within 1% to one formula weight of CrzOa 
produced for each two formula weights of Cr(NH,)a(Oz)z ex- 
ploded. The gas produced in the explosion was examined by 
injection into an AEI MS9 mass spectrometer, by recording its 
infrared absorption spectrum in a IO-cm cell with NaCl windows 
on a Perkin-Elmer Infracord Model 137 spectrometer in the 700- 
4000-cm-1 region, and by determining the average molecular 
weight by the gas density method. 

Chemical Analyses .-Samples of Cr( NHs)a( 0 2 ) z  were analyzed 
for Cr by boiling weighed samples in alkaline peroxide to oxidize 
the Cr to Cr02-  and to decompose excess peroxide, then acidify- 
ing with 1 F H2SO4, adding excess standard Fe(NH&(SO&, 
and back-titrating the excess with standard KZCrQOT, using barium 
diphenylaminesulfonate indicator. The diperoxo compound was 
analyzed for N by a micro-Dumas method by the Microanalytical 
Department of the Department of Organic, Inorganic, and Theo- 
retical Chemistry of the University of Cambridge. 

Spectrophotometry.-Visible and near-ultraviolet spectra of 
aqueous solutions of the complexes obtained by chromatography 
of the solutions from decomposition in 1 F HClOa were recorded 
in 10-cm quartz cells with a Cary Model 15 spectrophotometer, 
using water in the matched reference cell. 

Results and Discussion 
Decomposition in 1 F Perchloric Acid.-Four com- 

plexes were isolated in pure form in aqueous solution by 
cation-exchange chromatography of solutions obtained 
by the decomposition of Cr(NH3)3(Oz)z in 1 F HC10, 
a t  20-25”. The first and second species eluted in the 
chromatography were identified as hexaaquochromium- 
(111) cation, Cr(OH2)2+, and pentaaquoammine- 
chromium(II1) cation, Cr(NH3) (OH2)s3+. 

The third complex eluted was formulated as Cr- 
( N H ~ ) z ( O H ~ ) ~ ~ +  on the basis of the N:Cr atom ratio 
(1.95) found for i t  and its elution behavior, which is 
compatible with a 3+ charge.“ Three referen~es1~-1~ 

(11) Deduction of the charge of the chromium cations from the chro- 
matographic behavior is not directly possible, because of the large volumes 
of Ca*+ eluent. However, a known solution of Cr(OHa)68+ and Cr(en)- 
(0Ht)ra +, subjected to essentially the same elution with Caa +, chromato- 
graphed similarly, with Cr(OHa)d+ eluted first. Moreover, all of the com- 
plexes forme& when Cr(NHs)a(Oa)% was decomposed in 1 F HC106 were 
eluted with 50 ml of 3 F HC104, further supporting the 3 +  charge assumed 
for the complexes. 

(12) E. Jplrgensen and J. Bjerrum, Acto Chem. Scond., l a ,  1047 (1958). 

to “ci~-Cr(NH~)~(0H~)~a+)t  have been found in the 
literature, but in each case no convincing evidence was 
presented for such a species, and no claim was made for 
its isolation. The visible absorption spectrum of a 
complex described as t r ~ n s - C r ( N H ~ ) ~ ( 0 H ~ ) ~ ~ +  has been 
reported ;I2 the configuration assignment is uncertain 
since it was based solely on derivation of the complex 
from tr~ns-Cr(NH&(NcS)~-. Comparison of the 
spectrum of our Cr(NH3)z(OHz)43+ with that of the 
alleged t r a n ~ - C r ( N H ~ ) ~ ( 0 H ~ ) ~ ~ +  and of tetraaquo- 
ethylenediaminechromium(II1) cation, Cr(en)- 

l5 (see Table I), indicates considerable simi- 
larity among all three spectra. Since the N chromo- 
phores in Cr(en)(OH2)43+ are necessarily cis to one 
another, this spectral similarity suggests that our 
Cr(NH3)2(OH2)48+ is largely or wholly the cis isomer. 
Presumably only a small proportion could be the trans 
isomer, since no evidence of separation into isomeric 
fractions was noted in the chromatography, and from 
previous experience we would expect a t  least a partial 
separation if both isomers were present. The above spec- 
tral similarity may also mean that the alleged trans-Cr- 
(NH&(OH2)43+ is largely the cis isomer, or possibly 
the cis and trans isomers may differ little in their visible 
absorption spectra, as suggested for other reasons in 
ref 13. 

The fourth complex eluted was formulated as Cr- 
(NH3)a(OHz)a3+ on the basis of its N:Cr  atom ratio 
(2.81) and its elution behavior. Although solids 
described as salts of C T ( N H & ( O H ~ ) ~ ~ +  have been made 
by a variety of methods,l6-l9 they apparently were not 
characterized beyond elemental analyses or examined 
spectrophotometrically, except for a salt made by Col- 
mar and SchwartzZ0 and [C~(NH&(OHZ)~](CIO& 
synthesized by Edelson and PlaneIz1 both salts (of 
unknown isomeric purity) having been made by the 
method of Werner.18 The only other spectral informa- 
tion apparently reported on the triaquo complex is for 
a Cr(NH3)a(OH2)33+ species obtained by Schaffer and 
Andersen14 by the action of Hg(C104)z on Cr(NH3)3CI3 
(obtained by the action of hydrochloric acid on a par- 
ticular equilibrium solution they believed to contain 
mainly (NH3)3Cr(OH)&!r(NHa)33+) ; Schaffer and An- 
dersen claim the spectrum is proof of a 1,2,3 (cis) con- 
figuration for their C T ( N H ~ ) ~ ( O H ~ ) ~ ~ + ,  The absorption 
spectra maxima and minima of these triaquo complexes 
are presented in Table I. The Cr(NH3)3(OHz)33+ 
spectra are all similar, resemble the spectrum of 1,2,3- 
Cr(dien) ( O H Z ) ~ ~ + , ~ ’  and are significantly different 
from the spectrum of 1,2,6-Cr(dien) (OH2)?+ 22 (see 
Table I). Inasmuch as these two diethylenetriamine 
complexes have the same Cr-N and Cr-0 chromophores 

(13) J. Bjerrum and E. J@rgensen, J .  Inorg. Nucl. Chem., 8,313 (1958). 
(14) C. E. Schiiffer and P. Andersen, “Proceedings of the Wroclaw Sym- 

(15) R.  F. Childers, Jr., K. G .  Vander Zyl, Jr., D. A. House, R. G .  Hughes, 

(16) A. Werner, Bey. ,  39, 2656 (1906). 
(17) E. H. Kiesenfeld and F. Seemann, ibid., 42, 4222 (1909). 
(18) A. Werner, ibid., 43, 2286 (1910). 
(19) F. Frowein, Z. Anovg. Allgem. Chem., 110, 107 (1920). 
(20 )  R. I. Colmar and F. W. Schwartz, J .  Am. Chem. Soc., 54, 3204 (1932). 
(21) M. R. Edelson and R.  A. Plane, Inorg. Chem., 8, 231 (1964). 

posium,” Pergamon Press Ltd., London, 1964, pp 571-582. 

and C. S. Garner, Inorg. Chem., 7, 749 (1968). 
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TABLE I 

REGION OF SOME AQUOAMINECHROMIUM(III) COMPLEXES IN 

AQUEOUS SOLUTION AT 18-25' 

ABSORPTION MAXIMA AND hfINIMA I N  THE 14,000-31,000-C~1~' 

Complex Medium 
Cr(NHa)z(OHz)a3+ 3 F HClOi 

Cr(en) (0Hn)az + e 1-3 I; HClOa 

1,2,3(?)-Cr(NHs)a(OH?)a3+ 3 F HCIOa 

Cr(NHa)3(0H?)@+ Y 0 .05  I; HClOa 

Cr(NHd3(0H?)a3+ d i h  H20? 
1,2,3-Cr(dien) (OHz)a3+ 1-2 I; HClOi 

1,2,6-Cr(dien) (OHzj33+ i 0 . 3  P HClOa 

i;, cm-1 
26,200 (max) 
22,700 (min) 
19,200 (max) 
26,200 (max) 
22,200 (min) 
19,200 (max) 
26,000 (max) 
23,100 (min) 
19,500 (max) 
15,200 (min) 
15,000 (max) 
26,600 (max) 
23,400 ( m i d  
19,900 (max) 
14,700 (sh) 
26,700 (max) 
23,100 ( m i d  
19,300 (max) 
26,500 (max) 
19,700 (max) 
19,600 (max) 
26,iOO (max) 
23,400 (min) 
19,600 (max) 
25,600 (max) 
23,500 (min) 
20,200 (maxj 

a l l ,  M - 1  

cm-1 a 
18.5 
5 . 3  

21.0 
24 

9 
22 
24.3 
10.7 
41.7 
0 . 5  
1 . 4  

2 5 . 6  
8 0  

2 5 . 6  
1 

2 2 . 2  
6 . 5  

34 .5  
25.9 
2 7 . 0  
27 
33 
12 
66 
45 
3s 
90 

a Molar absorbancy indcx (molar extinction coefficient e), 

defined by A = log ( I o / I )  = aar/d,  where G is the molarity of ab- 
sorbing complex and d is the optical path in centimeters. This 
research. c Reference 12; a spectral graph given in ref 14 and 
labeled simply as the diammine is essentially the same. Esti- 
mated from a spectral graph in the cited literature. e Reference 
15. f Reference 14. 0 Reference 21. * Reference 20. Refer- 
ence 22. 

as the triaquotriammine complex, this spectral simi- 
larity suggests that all of the Cr(NH3)3(OH2)33+ com- 
plexes of Table I are mainly the 1,2,3 isomer, but not 
necessarily isomerically pure. The Cr(NH3)3(OH2)33+ 
obtained by us from Cr(NH3)3(02)2 is probably iso- 
merically pure 1,2,3 isomer since no evidence for sepa- 
ration into isomers was found in our chromatography, 
and we would expect a t  least partial separation if 
both isomers were present. 

In the C T ( N H ~ ) ~ ( O ~ ) ~  molecule, which in the crystal 
has a distorted pentagonal-bipyramidal configuration,23 
the N atoms are nearly a t  the 1,2,6 positions of an octa- 
hedron. Hence, if the geometric configuration is a t  
least approximately preserved in the decomposition, 
we would expect the 1,2,6 isomer of Cr(NH3)3(OHz)33+ 

( 2 2 )  Originally a 1,2,3 configuration was tentatively assigned to  a pink 
Cr(dien) (OHi)aS+ complex made by decomposing [Ci-(dien)(Oz)nl~ HzO in 1 F 
HC10a.3 Subsequently, purple 1,2,6-Cr(dien)C13 and green 1,2,3-Cr(dien)- 
CIS were synthesized by D. A. House, Inoig.  Nucl .  Chenz. Letteiy 3, 67 (lY67), 
and treated in 1 F HClOa with Hg(ClOI)? to  prepare what were thought t o  
be 1,;2,6- and 1,2,3-Cr(dienj(OHz)3sr, respectively, and their visible absorp- 
tion spectra mere cited as such in ref 4. Recent unpublished experiments of 
D. K. Lin and C. S. Garner have supported the latter assignment bu t  have 
shown that  the supposed 1,2,6-Cr(dien) (OH2j33+ is actually mainly its 
aquation product, Cr(dienH) (OHa)a4+. Subsequent unpublished experi- 
ments of D. A. House, confirmed in our laboratory, show that  1,2,6-Cr(dien)- 
(OH2)aa+ is relatively labile and that  i t  can be made by base hydrolysis of 
l,Z,B-Cr(dien)Clx, followed by acidification. It is this spectrum which is 
given in Table I for 1,2,6-Cr(dien)(OHz)33+. Dr. House informs us that  a 
structure determination of green Cr(dien)Cla crystals nearing completion in 
the X-Ray Laboratory of the University of Canterbury, Christchurch, h-ew 
Zealand, confirms the 1,2,3 configuration of the trichloro compound and 
thus strongly supports the 1,2,3 configuration of the tiiaquo complex ob- 
tained from it, 

(23) I<. Stomberg, A r k h  Ksini, 22, 49 (1963). 

to be the dominant product of the decomposition in per- 
chloric acid. Although Cr(NH~)3(0H2)3~+ of unknown 
geometric configuration is a decomposition product, it 
accounts for only ca. 40% of the total chromium in the 
products. The remaining 60% is made up of what a t  
first thought might be considered its aquation prod- 
ucts, namely, Cr(NH3)z(OH2)43-, Cr(NH3) (OH2)b3+, 
and Cr(OH2)63+. However, the rates of aquation of 
C T ( N H ~ ) ~ ( O H ~ ) ~ ~ + )  Cr(NH3)2(OH2)43+, and Cr(NH3)- 
(OH2)63+ are too lom under the conditions involved for 
the tetraaquo, pentaaquo, and hexaaquo products to 
have been formed by such aquation. We believe their 
formation must instead arise as a result of decomposi- 
tion, probably successive aquation followed by reduc- 
tion, of a relatively short-lived intermediate, such as a 
hypothetical Cr(1V) complex, Cr(NH3)3(OH2)34+. 

The stoichiometry of Cr(NH3)3(02)2 decomposition in 
1 F HClO, was studied only with regard to the identity 
of the chromium species produced. No chromium(V1) 
species were found. 

Decomposition in 1 F Sodium Hydroxide.-The de- 
composition of Cr(NH3)3(02)2 in l F NaOH at  ca. 102" 
is nonstoichiornetric. Although 1.01 i. 0.01 mol of 
Cr042- is initially formed per formula weight of Cr- 
( ~ H 3 ) 3 ( 0 2 ) 2  decomposed, only 2.83 0.04 mol of 
NH3 is found a t  10-min or longer reaction times 
(technical problems prevent determination of the 
NH3 liberated a t  shorter reaction times). Moreover, 
the total oxidizing power of the reaction solution 
(based on equivalents of Fez+ oxidized per formula 
weight of Cr (NH3)3 (O& decomposed) decreases 
smoothly with time (see Table 11) from the initial 
stoichiometric value of 3.0 to a value of 2.62 (apparently 
not far from an asymptotic value) a t  90 min, although 
all of the NH3 liberated has been removed from the re- 
action solution within the first 10 min. Control experi- 
ments showed no loss of Cr042- (ca .  0.01 F )  on boiling 
for 2 hr with 2 F NaOH when the solution was also: 
(a) ca. 0.03 F in NH3, (b) ca. 0.2 F in HzOz, or (c) cu. 
0.1 F in NaNO2. 

TABLE I1 
Loss OF OXIDATIOX EQUIVALETTS PER FORMULA WEIGHT OF 

Cr(KH3)3(OL)3 IS A SOLUTION OF Cr(NH3)3( Oe)a DECOMPOSED 
IN 1 F NaOH 

Temp, OC Time, min No. of oxidn equiv 

102 a 3.04 
102 20 2.89 
102 30 2.85 
102 15 2.75 
102 60 2.67 
102 90 2.62 
102a 20 3.03 

-22 1200 2.62 
a NaOH omitted. 

Thus, there appear to be a t  least two fast reactions as- 
sociated with the decomposition of Cr(XH3)3(02)2 itself, 
followed by a t  least one slow reaction involving Cr042- 
and some product of the Cr(NH3)8(02)2 decomposition. 
Of the fast reactions, ca. 95% of the decomposition 
probably occurs by the reaction 
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Cr(NHa)8(02)2 + 20H- = Cr042- + 3NH3 + HzO + 1 / ~ 0 2  (1) 

with probably only a small contribution if any from the 
alternative reaction 

Cr(NH3)3(O~)z + 20H- = Cr0d2- + 3NH3 + HZOZ ( 2 )  

since the latter does not fully account for the following 
observations: (a) considerable gas is evolved in the 
decomposition of Cr(NHa)3(0z)z either a t  -22 or 
102" ; (b) Table I1 shows a slow loss of oxidizing power 
rather than the rapid initial loss expected if HzOz 
were rapidly formed with subsequent rapid reduction 
of some Cr04z- via the reaction 

CrzOP- + 3H202 f 8 H +  = 2Cr3+ + 7H20 + 302 (3) 

on acidification for the Fez+ titration;24 (c) no visual 
evidence of formation of dark peroxychromates is ob- 
served upon acidification of any of the solutions of Table 
11. The additional ca. 5% of fast reaction associated 
with the Cr(NH&(Oz)z decomposition itself is one in 
which Cr042- and an N-containing species other than 
NHa is formed. This N-containing species (0.17 f 
0.04 g-atom of N per formula weight of C T ( N H ~ ) ~ -  
(O& decomposed) probably is slowly oxidized by the 
Cr042-, thus accounting for the gradual loss of oxidizing 
power up to a maximum of perhaps 0.5 oxidation equiv 
(ca. 0.2 mol) of CrOdZ- lost. Alternatively, this N- 
containing species may simply act as a catalyst for the 
oxidation of water by CrOhZ- (thermodynamically 
unfavorable a t  25", but possibly favorable a t  102") but 
in that  case would have to decompose slowly into species 
which were noncatalytic and nonoxidizable by CrOdZ-. 
This N-containing species is not NOz- and its nature 
was not experimentally investigated further. 

Decomposition by Explosion.-The explosive decom- 
position of solid C T ( N H ~ ) ~ ( O * ) ~  appears to require 

(24) Control experiments with solutions 0.03 F in HzOz, 0.05 F in Naz- 
CrO4, and 1 I; in  NaOH showed that  15-50% of any HzOz formed would 
have remained after 2-3 min at 1 0 2 O ,  whereas the 2-min value of Table I1 
shows no loss of oxidation equivalents a t  that  time. 

shock or sudden heating (see Experimental Section). 
This is in accord with our previous comments4 that Cr- 
(N&)a(Oz)z is probably the most stable of the known 
diperoxoaminechromium(1V) compounds because of a 
high degree of hydrogen bonding in the crystal. 

The explosive decomposition appears to go ca. 90% 
via the over-all reaction 

Cr(NHddOz)z(s) = 1/zCr~03(s) i- 3N&(g) f 6/40~(g) (4) 

The apparent molecular weight of the gas produced was 
22.5. The above equation would produce a gas of ap- 
parent molecular weight 21.4. The difference is 
probably within the experimental error but if taken a t  
face value suggests the presence of one or more higher 
molecular weight constituents. Condensation of the 
NH3 in a calibrated vacuum system indicated the 
gas contained ca. S5-9070 of the NH3 expected from 
the stoichiometry of eq 4. The infrared spectrum of the 
gas indicated the presence of ca. 5% N20 (v 2220 cm-I) 
and ca. 1-2% HzO in the background of a considerable 
quantity of NH3 and 02. No NO, NOz, or 0 3  was 
observed in the infrared spectrum. The mass spectrum 
of the gas gave mass peaks corresponding to NH3, 
0 z j  and HzO, as well as a mass peak a t  44 (NzO) dis- 
tinct from another a t  44 (COZ) noted in the background 
and a peak for Nz (perhaps 1%). The NzO mass peak 
was also observed when C T ( N H ~ ) ~ ( O ~ ) ~  was decom- 
posed a t  ca. 150" on a hot filament directly in the mass 
s p e c t r ~ m e t e r . ~ ~  The mode of formation of NzO is 
unknown. 

Thus, in each mode of decomposition of Cr(NH3)3- 
(O& examined the decomposition products are not 
formed by a single stoichiometric reaction. 

Acknowledgment.-R. G. H.  wishes to thank the 
Science Research Council for a maintenance grant 
during which part of this work was performed. 

(25 )  N20 has also been observed as a product of nonexplosive thermal 
R. G. Hughes and E. A. V. Ebs- decomposition of [Co(NHa)s]zOab+ salts: 

worth, unpublished observations. 
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The kinetics of the reaction between iron(II1) ion and hexacyanoferrate(II1) ion to form the neutral complex FeFe(CN)e 
(Prussian Brown) have been investigated by the stopped-flow method. The complexation rate constant was determined 
over a [H+] range of 0.02-0.71 M a t  25' and was found to increase with increase in basicity. Evidence of an autoreduction 
reaction to  form KFeIIIFeII(CN)e (Prussian Blue) and evidence of a very slow reaction (10-70 sec) were also observed. 

Introduction (CN)B. 2H20, Prussian Brown, Prussian Green was 
found to contain mixed hexacyanoferrates with divalent 
iron predominating and the amount of divalent iron 
present depended on the method of preparation; how- 

In an investigation by '&Wet and Rollel on the struc- 
ture of Fe111Fe11(CN)6, Prussian Green, and Fel"Fel"- 

(1) J. F. DeWet and R.  Rolle, Z. Anorg. Allgem. Chem., 336, 96 (1965). 




