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of 5.48 BM for the anion, in excellent agreement with 
that reported by Clark, et al.l9 The Mossbauer spectra 
present even more conclusive evidence. As indicated 
in Table 11, the spectra consist of two quadrupole split 
transitions. One has a 6 value of -0.2 mm/sec and a 
AEQ value of -1 .O mm/sec, both of which are essentially 
temperature independent. This pair of lines is at- 
tributable20a21 to the cation Fe(terpy)z2+. The other 
quadrupole split pair has a 6 of -0.9 mm/sec and a 
markedly temperature-dependent AEQ ranging from 
1.23 mm/sec a t  418°K to 3.05 mm/sec a t  80°K. The 
large temperature dependence is presumably due to a 
splitting of the eg orbitals of the order of kT by a low 
symmetry field component. It is possible to eval- 
uate22vza this splitting from the temperature dependence 
of AEQ.  We get excellent agreement between experi- 
mental values measured from 412 to 80°K and calcu- 
lated values obtained assuming a AEQ a t  0°K of 3.27 
mm/sec and ab e, splitting of 235 cm-'. The latter 
value is in the range observed by Edwards, et ~ 1 . ) ~ ~  for 
FeC142- in a variety of salts. 

The ratio of intensities, Ia/Io, of the lines for the anion 
and cation is markedly temperature dependent. At 
room temperature Ia/Ic = 0.2 while a t  8OoK, i t  is -1.0. 
This large difference in intensities of the two ions makes 
the high-temperature spectrum appear to be due to Fe- 
(terpy)22+ plus a small amount of an impurity. The 
near equality of intensities a t  78" combined with the 
magnetic data rule out this possibility. Differences in 
recoil-free fractions for different types of ions in the 
same compound have been noted before, but this is one 
of the largest differences noted and implies that  success- 
fully to  use Mossbauer intensity data for determing the 
relative numbers of different types of irons in a com- 
pound, the intensities should be compared a t  the lowest 
temperature possible. 

The electronic spectrum of the chloride supports the 
cation-anion structure. The 10,000-cm-1 band found 
in the other complexes is missing but there is a band a t  
4400 cm-l, in the region expected25 for FeC142-. 

Fe(terpy)S04.-We have reproducibly prepared a 
compound which from elemental analysis is indicated to 
be Fe(terpy)S04. The magnetic moment a t  300°K is 
2.95 BM. This drops in an almost linear fashion to 
2.25 BM a t  21°K. The Mossbauer spectrum is com- 
plicated, showing probably four lines, but we have been 
unable to resolve them sufficiently to obtain the param- 
eters. The infrared spectrum suggests that  the sul- 
fate is coordinated and the electronic spectrum shows 
no transitions below the charge-transfer region 
(-16,000 cm-'). An oxygen-bridged species such as 
(Fe(terpy)SO&O would give an analysis close to that ob- 
served and would explain the magnetic behavior, l4 but 
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we are unable to  find the infrared band near 800 cm-l 
which is characteristic of such systems. l4 Work is con- 
tinuing on this compound. 

Bis(terpyridine) Complexes.-Finally, we wish 
to mention that we have obtained the Mossbauer 
spectra of Fe(terpy)22f in salts with ten different an- 
ions. Since the corresponding Co(I1) complexes ex- 
hibit anomalous magnetic behavior6 which is dependent 
on the anion, we thought the Mossbauer spectra might 
also show an anion dependence. Although the corres- 
ponding Fc(I1) and Co(I1) complexes are isomorphous, 
no such anion dependence was observed in the spectra, 
all being identical within experimental error. 
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Nitric oxide compounds of transition metals exhibit 
properties of general interest in the field of inorganic 
chemistry. The outstanding versatility of nitric oxide 
as a ligand arises from its unusual electronic structure 
and from its free-radical nature. I n  most cases the 
M-NO bond involves transfer of the odd electron of the 
NO group to the metal ion or its pairing with an elec- 
tron accepted from the metal. Electron spin reso- 
nance (esr) experiments have shown that an interme- 
diate situation exists in which the unpaired electron is 
either retained in the NO group or delocalized on a 
molecular orbital extending over the entire complex 
which then behaves like a free-radical species. 

A number of iron-nitrosyl complexes formed in water 
solution with a variety of organic and inorganic ligands 
have been reported recently by McDonald, et al.,l and 
by Woolum, et a1.,2 and their structures have been con- 
siderably elucidated in terms of electron-nuclear hy- 
perfine interactions. 

I n  the past few years, this kind of nitric oxide com- 
plexes has received increasing attention for its biological 
implications. Complexes of nitric oxide with hemo- 
globin and other heme-containing substances have been 
reported by Azhipa, et aL8 Vanjn4 has studied com- 
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plexes of iron, nitric oxide, and several proteins which 
give electron spin resonance spectra, As mentioned by 
Woolum, esr signals related to the Fe-NO group have 
been observed also in carcinogen-induced rat liver 
tissue. 

With the purpose of further elucidating the nature of 
this class of compounds, we present the results of our 
investigations on halide-Fe-NO and some other an- 
ionic Fe-NO complexes formed in water-ethanol solu- 
tion. Free-radical species which exhibit intense esr 
spectra have been observed and the nature of these 
complexes, the number of ligand ions, and the equilib- 
rium processes involved have been studied. 

Experimental Section 
Solutions of Fe-iTO complexes were prepared as follows. 

Water-ethanol solutions of from 5 x 10-4 to 5 X M FeS04 
or FeCL were deoxygenated by stirring under a nitrogen stream. 
After addition of the proper amount of ligand, solutions were 
saturated with gaseous S O ,  which reacts almost instantly to form 
the Fe(I1) complexes. The colors of the solutions ranged from 
brown to reddish brown, depending on the nature of the ligand. 
Anionic ligands were added as sodium or potassium salts. Gas- 
eous nitric oxide was obtained from ferrous sulfate, sulfuric acid, 
and sodium nitrite, following the method described by Blan- 
chard, et aZS5 The p H  of the solutions was adjusted by adding 
small amounts of S a O H ,  HCI, or HC104. The sample was kept 
under nitrogen when transferred to the quartz flat sample cell 
and examined in the esr spectrometer. All chemicals were 
reagent grade. 

Spectra were registered with a T’arian V-4502 X-band spectrom- 
eter with 100-kc field modulation, equipped with a dual sample 
cavity and with a temperature controller. The nitrosyldisulfon- 
a te  ion was used as standard reference for g factor and hyperfine 
coupling constant measurements. The Klystron frequency was 
measured with a Hewlett-Packard Model X532B frequency 
meter. 

Results and Discussion 
When a neutral solution of FeS04 is saturated with 

NO, the well-known “brown-ring compound” is formed. 
Infrared studies and magnetic susceptibility measure- 
ments have shown the compound to be a high-spin d’ 
octahedral complex Fe’NO (H20);* T rvith the NO mole- 
cule donating three electrons to form the nitrosonium 
NO + group.6 Such compounds are not usually expected 
to exhibit detectable paramagnetic resonance. However, 
a weak absorption has been observed in neutral or slightly 
acidic solutions (pH >4). The spectrum consists of a 
single peak about S G wide a t  a g factor 2.033 and was 
attributed to a solvated iron-dinitrosyl compound. 
The same spectrum is observed when NO is obtained in 
FeS04 solution by adding NaNOz and a reducing agent, 
for instance, neutralized ascorbic acid.2 

Indications about the nature of this compound may 
be obtained by observing the time and temperature 
dependence of esr signal height. At room temperature, 
immediately after addition of the reagents, the signal 
increases rapidly lor about 0.5 mill aiid theii decreases 
quickly toward a value about two orders of magnitude 
less than the maximum value -observed. Addition of 
ethanol to the ttqueous solution enhances the signal in- 
tensity and seems to retard significantly both the for- 

( 5 )  A. A. Blanchard, Inovg.  Syn., 2, 126 (1946). 
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mation and the decomposition of the paramagnetic 
species. Some typical results are shown in Figure 1, in 
which the signal height a t  constant field is registered as 
a function of time at different ethanol concentrations. 
In all cases the kinetics of the decomposition appear to 
be first order with respect to complex concentration in 
the first stage of the reaction. Changes of temperature 
cause reversible changes of the signal intensity, which 
decreases with increasing temperature. I t  is therefore 
evident that the free-radical complex is an unstable 
species which transforms itself into the “brown-ring 
compound” and that an equilibrium exists between the 
free radical exhibiting the esr spectrum and a more 
stable compound, probably again the FeNO(HzO)b2 + 

complex. Solvent changes seem to affect mainly the 
kinetic steps by changing the rates of free-radical reac- 
tions and the equilibrium constants. Similar solvent 
effects have been observed for other free-radical reac- 
t i o n ~ , ~  but a complete analysis of this subject requires a 
more detailed knowledge of the entire process. 

T i  me(rninu tesl 

Figure 1.-Esr signal intensity of the solvated iron-nitrosyl 
complex us. time as a function of per cent ethanol. 

When FeS04 is allowed to  react with NO in XOY0 al- 
cohol, the equilibrium is shifted toward the free-radical 
species so that, after a few minutes, an intense spectrum 
almost stable a t  room temperature, may be observed 
(see Figure 1 ) . 

Unfortunately the hyperfine structure due to the ni- 
trogen atoms in the NO groups is not resolved and does 
not allow the determination of the number of nitrosyl 
groups bonded in the complex. However the mono- 
nitrosyl form has been observed by esr only in the octa- 
hedral FeNO(CN)53- complex8 or when FeS04 and NO 
react with bidentate ligands, such as dithiols,’ dithio- 
lenes,g and some other sulfurated compounds10 to form 
free-radical complexes with the NO group occupying a 
pyramidal position. All of these complexes give a 
triplet spectruiii with N14 isotropic hyperfine constant of 
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Figure 2.-Esr spectra of: ( a )  5 X M FeS04 and 0.1 M KI saturated with NO a t  0" in 8OY0 alcohol a t  pH 4.5; ( b )  5 X M 
FeS04 and 5 X 10-1 M KI saturated with NO a t  0" in 80% alcohol a t  p H  4.5; M Fe-NOcomplex in the presence of 
0.7 M KBr in 80% alcohol a t  - 10" and pH 4.5; ( d )  iron-nitrosyl-chloride compounds: the three superimposed spectra are attrib- 
uted to Fe(NO)zC136(H20), Fe (No)~C1~~2- ,  and Fe(NO)nC1372-; the spectrum was registered a t  - 13" in 80% alcohol a t  pH 4.5; ( e )  5 X 

M FeS04 with added 1 M F- in 80% alcohol a t  5" and pH 4.5; ( f )  complex formed from Fez+, NI5O, and NCS- in 80% alco- 
hol a t  pH 5 and -5'; the thiocyanate concentration was 0.5 M; ( 9 )  complex formed from Fez+, N140, and NCS- in 80% alcohol 
a t  pH 10 and -5'; the thiocyanate concentration was 0.5 M .  

(c )  5 X 

12-20 G. This is certainly not the case here. In most 
cases, the iron-nitrosyl free-radical complexes exhibit a 
resolved hyperfine structure which demonstrates the 
presence of two equivalent nitrosyl groups. Compar- 
ison with these results strongly suggests the dinitrosyl 
form Fe1(NO)z(Hy0)2+ to be present, in which the ex- 
pected NI4 hyperfine structure is not resolved because 
of higher line width. We will make the assumption in 
the following description that in these species only one 
unpaired electron is present, delocalized over the NO- 
Fe-NO group with a predominant spin density over the 
iron atom, which appears to be in the d7 state. 

Iron-Nitrosyl-Halide Complexes.-A number of 
iron nitrosyl halides are known which are generally 
reported as trinitrosylll and dinitrosyl12 compounds. 
The dinitrosy111r12 compounds are the more stable and 
are thought to be in the dimeric form [Fe(N0)2X]z 
with the odd electrons in the metal atoms shared to 
forin a metal-inetal antiferroniag.iietic bond. The trini- 
trosyl compounds Fe(N0)3X are monomeric and of the 
nitrosonium t ~ p e . l ~ - ~ ~  None of these models is para- 
iiiagtietic aiid Ltccouiits for the observed esr spectrum. 

(11) A. Jahn, Z. Anovg. Allgem. Chem., 301, 301 (1959). 
(12) W. Hieber and R. Nast, i b i d . ,  334, 23 (1940). 
(13) W. Hieber and W. Beck, Z. Naluvfousch., 13b, 194 (1968). 

(a) Iodine, Bromine, and Chlorine Compounds.- 
Water solutions of Fe-NO complexes in the presence of 
I-, Br-, and C1- ions do not exhibit paramagnetic res- 
onance other than the weak signal described above for 
the solvated Fe-NO complex. In  80y0 alcohol solu- 
tion a t  pH 4-8, an intense spectrum is observed, whose 
hyperfine structure clearly indicates that  two species, a 
monohalogenated and a dihalogenated complex, are 
formed. When the temperature is raised, the halide 
complex concentration is greatly reduced and the struc- 
tureless spectrum a t  g = 2.033 increases significantly. 
This process is completely reversible and indicates that  
a two-step equilibrium association is present which may 
be represented by 

Figures 2a and 2b show spectra of the Fe-NO complex 
when different amounts of KI are added. At lower I -  
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concentration M ) ,  a clear sextet of 20.2-G 
spacing (Figure 2a) indicates an isotropic hyperfine 
interaction with one iodine nucleus ( 1 1 1 2 7  = The 
structureless spectrum a t  g = 2.033 is still present. 
With increasing I- concentration, the spectrum con- 
verts to 11 lines (Figure 2b), due clearly to two equiva- 
lent iodine nuclei. The hyperfine splitting constant is 
again 20.2 G and the g gactors of the two spectra are 
2.055 and 2.070, respectively. The line width of the 
individual components is about 9 G and no N14 
splitting of the NO group is resolved. Similar 
results are obtained with Br- and C1- ions, but 
in this case it is impossible to obtain separate spec- 
tra of mono- and dihalogenated species. However 
the mono- and dihalogenated forms are easily observable 
in the esr spectra. Bromine-iron-nitrosyl complexes 
exhibit a superimposed spectrum (Figure 2c) in which a 
quartet and a septet are observable, due, respectively, to 
one and two equivalent Br nuclei ( I m 9  = J B ~ ~ ~  = ”2). 

According to the stepwise equilibrium of eq 1, the rela- 
tive intensity of the quartet and the septet spectra 
changes with anion concentration. At a Br- concentra- 
tion above 0.5 ill the septet spectrum begins to be pre- 
dominant. The g factors are 2.039 and 2.045, respec- 
tively, while the hyperfine splitting constant is 19.5 G 
in both spectra. Neither the XI4 splitting nor the in- 
dividual spectra from Br79 and almost equally abundant 
BrS1 is resolved. 

Chlorine complexes have much smaller hyperfine cou- 
pling constants and their spectra are much less resolved 
(Figure 2d) but the quartet and septet spectra expected 
from the interaction of the electronic spin with one and 
two chlorine nuclei (1~136 = 3//2) are still detectable. 
Opposite to that observed with Br- and I-, the g factor 
of the mono- and of the dihalogenated forms has the 
same value (g = 2.034) but the hyperfine splitting con- 
stants differ significantly (4.7 and 5.3 G, respectively). 
No resolved hyperfine structure from NO groups is pres- 
ent. An additional septet due to naturally abundant 
(24.6%) C13’ (IC137 = 3 / z )  is also detectable. The ratio 
of the isotropic splitting constants is that  expected from 
the ratio of the nuclear moments of the two isotopes 
(pClSS/j&lSi = 1.2). In  the quartet spectrum the C13’ 
structure is not resolved. Hyperfine splitting constants 
and g values for the various species are summarized in 
Table I. 

(b) Fluorine Compounds.-The fluorine ion as a 
ligand in the Fe-KO complexes in 80% alcohol solution 
a t  pH 4-7 shows somewhat different behavior with re- 
spect to the other halide ions. By increasing ligand 
concentration, the single peak a t  g = 2.033 converts to 
a well-resolved triplet and subsequently to a quintet 
spectrum with a 1 : 4 : 6 : 4: 1 intensity relationship. At 
a F- concentration of about 1 M only the quintet spec- 
trum is observed (Figure 2ej. At room temperature, 
the stability of these compounds is very low and a green 
precipitate forms in a few minutes, probably due to 
FeF2(H20)4. A better stability is obtained a t  lomer 
temperatures. Both spectra have a g factor of 2.033 
essentially identical with the single peak of the solvated 

TABLE I 
HYPERFINE COUPLING CONSTANTS DUE TO LIGAND NUCLEI 
( U L )  AND TO THE KITROSYL GROUPS ( U N O )  AND LINE WIDTH 

OF Fe-hTO COMPLEXES 
a L ,  ~ K O ,  Line 

Complex P R  R G G width, G 

Fe(NO)e(HzO)Z+ 4 . 5  2.033 . . .  . . .  8 
Fe(NO)z(OH)2 - 11 2.027 . . .  2 . 2  . . .  
Fe(Ti0)zFz (HzO):! - 4 . 5  2 ,033  20.4 . . .  7 . 2  
F ~ ( N O ) Z F ~ ~ -  4 . 5  2.033 20.4 . . .  7 .2  
Fe( h ’ 0 ) ~ C l ~ ~  (HzO) 4 . 5  2.034 4 . 7  . . .  1 . 5  
F e ( X 0 ) ~ C l ~ ~ z -  4 . 5  2.034 5.3 . . .  1 . 5  
Fe( ix0)2C13ir - 4 . 5  2,034 4 . 4  . . .  1.5 
Fe( SO)sBr(H?O) 4 . 5  2.039 19 .5  . . .  10 
Fe( N0)tBrZ- 4 . 5  2 .045  19 .5  . . .  10 
Fe(SO)d(HZO) 4 . 5  2.055 20.2 . . .  9 
Fe(ix0)ZIz- 4 . 5  2.070 20.2 . . .  9 
Fe(S140)z(NCS)z- 5 2.034 (2.7) (2 .0)  . . .  
Fe(S140)~(iXCS)OH- 10 2.029 4 . 3  2 .15  . , .  

5 2.034 2 . 7  2 . 7  . . .  Fe(N1j0)2(NCS)a - 
Fe(Xl5O)2(9CS)OH- 10 2.029 4 . 3  2 . 9  . . .  

Fe-KO complex and a hyperfine coupling constant of 
20.4 G. These results are consistent with hyperfine 
splitting due, respectively, to two and four equivalent 
fluorine nuclei ( 1 ~ 1 0  = I/z). Again no hyperfine struc- 
ture due to N14 is resolved. 

I t  is evident that the structure of these complexes 
differs from that of the chlorine, bromine, and iodine 
compounds. Also in this case i t  is difficult to determine 
whether one or two NO groups are linked in the com- 
plex. Spectra obtained by substituting N14 with N16 
( 1 ~ ~ ~  = I/*) using NaNI502 are substantially identical 
with those obtained with N14 and give no further indi- 
cation. We suggest however that an octahedral sym- 
metry, rather than a tetrahedral, is present, according 
to which the two complexes should be of the form Fe- 
(NO) zFz (Hz0)z- and Fe (N0)zFP .  

Thiocyanate-Iron-Nitrosyl Complexes.-When NO 
is allowed to react with FeSOa in the presence of KSCN 
in 80%. ethanol solution a t  pH 4-7, a reddish brown 
complex is formed. The esr spectrum produced by this 
compound consists of nine hyperfine components spaced 
about 2.3 G apart, a t  a g factor of 2.034. This spectrum 
accounts for a paramagnetic species possessing two 
equivalent N14 nuclei from the KO groups and two 
equivalent N L 4  nuclei from the NCS- ligands with al- 
most the same hyperfine coupling constant. Resolu- 
tion of this spectrum is very poor. Better results are 
obtained using N150, in which case the increase of the 
hyperfine splitting allows the resolution of a septet 
spectrum corresponding to a 1 : 4 : 8 : 1 I) : 8 : 4 : 1 intensity 
relationship, due clearly to two equivalent N15 and two 
equivalent N14 nuclei from the NCS group (Figure 2f). 
Both NI4 from NCS and N15 from NO show the same 
splitting constants of 2.7 G. The monothiocyanate 
complex has not been observed. 

We believe that the structure of the thiocyanate com- 
plex corresponds closely to the iodine-, bromine-, and 
chlorine-iron-nitrosyl complexes. In addition, with 
increasing pH of the solution, the signal intensity de- 
creases slightly, until, a t  pH ~ 8 ,  it disappears and 
another spectrum appears a t  a g factor of 2.029. This 
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new spectrum has its maximum intensity a t  pH 9.5. 
I t  consists of nine lines (Figure 2g) whose spacing and 
intensity relationship speak for a complex formed by 
two equivalent N14 nuclei (the NO groups) and one N14 
nucleus (NCS group) with almost a double hyperfine 
constant. Nitrogen-15 experiments confirm these re- 
sults, exhibiting a nine-line spectrum due to a 1: 2: 1 
triplet from two NISO groups separated into a 1: 1 : 1 
triplet by one thiocyanate group. At even higher pH 
(> 11) a quintet spectrum becomes predominant a t  g = 
2.027. This corresponds to the one reported by Mc- 
Donald,' et al., in a water solution of FeS04 in the pres- 
ence of NO which was attributed to Fe(NO)?(OH)z-. 
I t  is then evident that  a t  pH 9.5 one thiocyanate group 
has been replaced by an OH group to form the Fe(N0)2- 
NCS(0H)- complex. N o  such observations are made 
with the iron-nitrosyl-halide complexes, which give no 
detectable esr signals above pH 7. 

Other spectra can be obtained in ethanol-water solu- 
tion with a variety of inorganic and organic ligands. 
Cyanate ion gives results close to the thiocyanate ion. 
Intense spectra were observed with sulfite, hyposulfite, 
carbonate, dithionite, and a number of other ligands. 

However we wish to emphasize here that these Fe- 
NO complexes, which give easily detectable esr spectra 
also in pure water solution in the presence of excess 
ligand concentration, arise from monomerization of a 
dimeric structure related to the red Roussin's sa1t.l 
With the exception of some organic complexes, which 
show better solubility, no advantages are obtained in 
the presence of ethanol. Nitrate, nitrite, and sulfate 
ions seem to give no detectable spectra in water or in 
alcoholic solutions. 

Esr Line Width.-In addition to the above-mentioned 
variation of the relative intensities of the various 
species, changes of temperature influence the line width 
of esr signals significantly. In all cases the best resolu- 
tion of the hyperfine splitting was obtained at  a temper- 
ature in the range between -155 and 5" depending on 
the ligand ion, while an increase of line width was ob- 
served above and below this temperature. This means 
that a t  least two mechanisms of relaxation are effective 
with opposite temperature coefficients. At lower tem- 
perature, the most probable line-broadening source is 
motional modulation of the anisotropic g and hyperfine 
tensors. The increase of line width above the point of 
maximum resolution may well be attributed to ligand 
exchange, the lifetime of the radical thus determining the 
electron spin relaxation time Tz. I t  is noteworthy that 
the line width does not depend on ligand concentration 
and on the number of ions coordinated in the complex 
(Table I). This would be accounted for only by an 
s N 1  exchange mechanism; that is, a process in which the 
rate-determining step corresponds to the loss of a ligand 
ion from the complex which is almost instantly replaced 
with a new ligand. However, spin rotational relaxa- 
tion may also account for the observed positive temper- 
ature dependence of the line width14 and more detailed 

(14) W. B.  Lewis and L. 0. Morgan, Tvansilion Metal Chem., 4, 77 
(1968) 

data would be necessary to make an unequivocal attri- 
bution. In  the present work all spectra were regis- 
tered a t  the temperature of maximum resolution. 
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Although the kinetics of the hydrolysis in alkaline 
and acid solutions of carboxylatopentaammine coin- 
plexes of Co(III), Rh(III) ,  and Ir(III)1-3 have already 
been reported, the Cr (111) analogs have only recently 
been prepared.* The complexes are usually prepared 
in aqueous solution by heating the aquopentaammine 
complex with the required carboxylic acid. In  the case 
of chromium (III), however, this procedure is not pos- 
sible owing to the rapid loss of ammonia from the metal 
ion and subsequent formation of a complex mixture of 
products. Recently preparative procedures involving 
much less vigorous conditions have been developed in 
the pentaamminecobalt (111) ~ y s t e m . ~ , ~  These methods 
have now been applied with some success to the prep- 
aration of the carboxylatopentaamminechromium- 
(111) complexes. 

The complex ((NH3)SCr02C2F3) (C104)~ has been ob- 
tained by two different preparative routes. In  the first 
method ((NHS)&rCl) (ClO& was mixed with an equiv- 
alent amount of AgOzCzF3 dissolved in N,N-dimethyl- 
formamide (DMF). The second method6 also carried 
out in DMF used the reaction of ((NH3)&r0Hz)- 
(c104)3 with trifluoroacetic anhydride in the presence of 
a base, N,N-dimethylbenzylamine. A third m e t h ~ d , ~  
not reported in detail, involves the reaction of (("3);- 
CrN3) (c104)~ with isoamyl nitrite and trifluoracetic 
acid, also in DMF. The main disadvantage of the 
latter method is the difficulty in preparing pure ( (NHS)~-  
CrN3) (ClO&. 

The kinetics of the hydrolysis of (NH3)5CrOzCzF32+ 
have been studied in acid and alkaline solution, and the 
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