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Abstract: Magnetic measurements and electron paramagnetic resonance studies on the pyridine N-oxide bridged, 
dimeric complexes [Cu(R-pyO)2(N03)2]2, where R = H, CH3, and OCH3, have demonstrated that the copper(II) 
ions are coupled by a spin-spin interaction. The substituents have a profound effect on the nature of this inter­
action since the unsubstituted pyridine /V-oxide and 4-picoline iV-oxide complexes have triplet ground states while 
the 4-methoxypyridine iV-oxide complex has a singlet ground state; the 2J values are 10, 2, and —2 cm -1 , respec­
tively. 

Electronic spin-spin coupling in dimeric and multi-
metallic cluster compounds has been the subject 

of much research in recent years.2 Of the magnetically 
condensed systems which have been studied, great num­
bers of dimeric copper(II) complexes have been found 
to exhibit reduced magnetic moments due to spin-spin 
interactions which lead to singlet ground states.3 Prior 
to the preliminary report1 from our laboratory, there 
was a notable absence from the literature of examples 
of dimeric copper(II) complexes with triplet ground 
states. Although the theory of spin-spin coupling via 
a superexchange mechanism, which was first advanced 
by Anderson,4 encompasses ferromagnetic interactions, 
only a limited number of triplet ground-state copper(II) 
dimers have been found.8 

There are two major reasons why only a very few 
dimeric copper(II) complexes with triplet ground states 
have been reported. First, only a superexchange mech­
anism is likely to permit a spin-spin interaction which 
results in ferromagnetic coupling since a copper(II)-
copper(II) through-space interaction necessarily pro­
duces a singlet ground state according to the Pauli prin­
ciple. In addition, due to the irregularities in the 
structures of copper(II) complexes, few adjacent cop-
per(II) ions have their unpaired electrons in orthogonal 
interacting orbitals, a requirement for ferromagnetic 
spin-spin coupling via superexchange. The negative 
terms in the exchange integral, / , are weighted by the 
overlap,6 S, while the positive terms are not multiplied 
by S. Thus, the negative terms will disappear when 
there is no overlap. Secondly, of the potentially fewer 
numbers of copper(II) dimers with positive values of 
J, the probability of finding examples is diminished by 
experimental difficulties. Spin-spin coupling which 
leads to a singlet ground state is readily apparent from 

(I)A preliminary account of portions of this work has been pub­
lished: W. E. Hatfield, J. A. Barnes, D. Y. Jeter, R. Whyman, and 
E. R. Jones, Jr., J. Amer. Chem. Soc, 92, 4982 (1970). See also K. T. 
McGregor, T. Lund, and W. E. Hatfield, Spectrosc. Lett., 6, 309 (1973). 

(2) For some reviews, see P. W. Ball, Coord. Chem. Rev., 4, 361 
(1969); A. P. Ginsberg, Inorg. Chim. Acta Rev., 5,45 (1971); W.E.Hat­
field in "Theoretical Principles and Applications of Magnetochemistry," 
E. A. Boudreaux and L. N. Mulay, Ed., Marcel Dekker, New York, 
N. Y,, in press. 

(3) M. Kato, H. B. Jonassen, and J. C. Fanning, Chem. Rev., 64, 
99 (1964). 

(4) P. W. Anderson, Phys. Rev., 115,2 (1959). 
(5) K. T. McGregor, D. J. Hodgson, and W. E. Hatfield, Inorg. 

Chem., 12, 731 (1973). 
(6) R. L. Martin, "New Pathways in Inorganic Chemistry," E. A. V. 

Ebsworth, A. G. Maddock, and A. G. Sharpe, Ed., Cambridge Uni­
versity Press, New York, N. Y., 1968. 

the temperature dependence of the magnetic suscep­
tibility, but interactions which lead to a triplet ground 
state are much more difficult to detect. Usually cop-
per(II) complexes with low moments due to —J values 
lead to X-ray crystal structure investigations. On the 
other hand, complexes which exhibit "no rma l " mo­
ments, as do triplet ground-state dimers, attract very 
little attention, and consequently crystallographers have 
not provided much structural information on such com­
plexes. While electron paramagnetic resonance can 
detect population of the triplet state, only low-tempera­
ture magnetic measurements can verify the multiplicity 
of the ground state. 

Among the few examples of triplet ground-state 
copper(II) dimers, the complex di-ju-(pyridine 7V-oxide)-
bis[bisnitrato(pyridine TV-oxide)copper(II)] is of partic­
ular interest. The crystal structure of [Cu(pyO)2-
(N03)2]2 was solved by Scavnicaf and Matkovic7 by 
X-ray diffraction techniques and the complex was found 
to be dimeric. Because of the difficulty in detecting 
triplet ground states, the complex was first thought to 
be magnetically dilute. A spin-spin interaction in 
[Cu(pyO)2(N03)2]2 has now been detected by epr mea­
surements and the triplet multiplicity has been verified 
by low-temperature magnetic measurements. In order 
to further evaluate the factors which lead to a positive / , 
complexes of the type [Cu(R-PyO)2(NOs)2J2 where R = 
CH 3 and CH 3O (substituted in the 4-position) have been 
prepared and their magnetic properties studied. The 
results of these studies and computer simulations of the 
epr spectra a re presented herein. The computer simula­
tions are thought to provide the most accurate descrip­
tion of the magnetic parameters of these systems while 
the magnetization studies validate the ground-state 
multiplicity. 

Experimental Section 

Preparation of Complexes. Samples of Cu(R-PyO)2(NO3)J]2 
(R = H, CH3, CH3O) were prepared by mixing 2,2-dimethoxy-
propane solutions of copper(II) nitrate and R-pyridine N-oxide in 
1:2 molar ratios. The ligands used in the preparations were puri­
fied by vacuum distillation. The complexes were stored in a 
desiccator since they have a tendency to adsorb water. In addition, 
samples of magnetically dilute [Zn(Cu)(R-PyO)2(NO3W2

8 were 
prepared by the reported method in order to obtain well-resolved 

(7) S. Scavnicaf and Matkovic, Chem. Commun., 297 (1967); Acta 
Crystallogr., Sect. B, 25, 2046 (1969). 

(8) The X-ray powder patterns of [Zn(Cu)(PyO)2(NOs)2J2 and [Cu-
(pyO)2(N03)2]2 are nearly identical. 
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Figure 1. Magnetic data for [Cu(PyO)2(NO3)J]2: (a) the tempera­
ture variation of the inverse susceptibility, the solid line shows the 
Curie-Weiss behavior at high temperatures; (b) the magnetization 
data, the full curves are plots of the magnetization of the triplet 
state and of two uncoupled doublet states. 

epr spectra. The copper(II) ions were doped into the isomorphous 
zinc complex by using zinc nitrate and copper nitrate in a 9:1 ratio. 
The analytical data for all the complexes are shown in Table I. 

Table I. Analytical Data for [Cu(4-R-py0)2(N03)2]2 and 
[Zn(Cu)(4-R-(pyO)2(N03)2]2 

R 

H 
CH3 

CH3O 

H 
CH3 

CH3O 

— % C . . % H . 
Calcd Found Calcd Found 

31.80 
35.52 
32.92 

31.65 
35.37 
32.80 

For 100% Cu 
31.86 2.67 2.67 
35.68 3.48 3.43 
32.96 3.22 3.21 

For 10% Cu 
31.57 2.65 2.57 
35.38 3.46 3.43 
32.80 3.21 3.11 

• % N . 
Calcd Found 

14.83 
13.81 
12.80 

14.77 
13.75 
12.75 

14.73 
13.87 
12.98 

14.70 
13.53 
12.83 

Magnetic Measurements. The magnetic susceptibilities of a 
powdered sample of each complex were determined using a Foner-
type vibrating-sample magnetometer.9 Measurements were made 
from 1.7 to 7O0K and at 30O0K using a field strength of 10 kG. 
Magnetization data for [Cu(pyO)2(N03)2]2

5 and for [Cu(4-picoline 
/V-oxide)2(N03)2]2 were taken at temperatures of 1.7, 4.2, and 7 0K 
and field strengths of 2.5,10, and 12.5 kG. The field strengths were 
calibrated by nuclear (Li) resonance techniques. The temperatures 

(9) S. Foner, Rev. Sci. Instrum., 30, 548 (1959). 

were measured with a calibrated gallium arsenide diode and by a 
calibrated germanium resistance thermometer. Susceptibilities 
were also measured at 77, 195, and 3000K on a Faraday balance.10 

Mercury tetrathiocyanatocobaltate(II) was used as a susceptibility 
standard.11 All susceptibilities were corrected for the diamagne-
tism of the substituent atoms using Pascal's constants12 and for the 
TIP of copper(II) (estimated to be 60 X 10-« cgsu/Cu). 

Epr Measurements. The epr spectra of powdered samples of the 
magnetically diluted complexes were obtained using a Varian E-3 
X-band spectrometer. A spectrometer frequency of 9.372 GHz and 
a modulation frequency of 100 KHz were used. All spectra were 
recorded at 770K. 

Results 

Bulk Magnetic Susceptibility Measurements. The 
temperature variation of the inverse magnetic sus­
ceptibility of [Cu(pyO)2(NO3)2]2 is shown in Figure la. 
The data obey a Curie-Weiss law above 11 ° with a room 
temperature magnetic moment of 1.90 BM per copper -
(II) ion. The intercept of the temperature axis at x~1 = 
0 is +2 0 K. The magnetic data can be described by the 
modified Van Vleck equation13 (1) for exchange coupled 

X = 
Ngzp* 

3k(T - 6) 
Il + 1A e x p ( - 2 / / / C J T ) S - 1 + Na (1) 

copper(II) ions with a singlet-triplet splitting 27 of 
+ 10 cm- 1 , 9 = -2.1°, and (g) = 2.11. The best 
estimate of the standard deviation is 0.00153. Using 
the best fit magnetic parameters the experimental values 
fit eq 1 with an average difference between experimental 
and calculated susceptibilities being less than 2 %. In 
eq 1, 8 accounts for interdimer interactions (vide post). 
The estimated precision of the magnetic parameters are 
± 1 0 % for 2/ , ± 0 . 0 1 for g, and ± 0 . 1 ° for 0. Figure l b 
is a plot of the magnetization (/x) vs. H/T for the un-
substituted complex.3 The solid curves are calculated 
from the relation 

<M> = gS'Bs,(X) 

In eq 2 BS>(X) is the Brillioun function14 

(2) 

BAX) = 
2S' + 1 

2S" coth 
(2S' + 1) 

2 5 ' ' 

1 
+ ^ coth ^ 7 

where X = (H/T)(S'g(3/k) and S' is the effective spin of 
the dimeric molecule. The magnetic field H is taken to 
be the sum of the applied field and the molecular 
field,5-14'15 i.e., H = H^ + Hm. The molecular field is 
assumed to be proportional to the magnetization M as 
in eq 3. 

Hm = NVM = NwN/3(n) 

The value of Hm was estimated using the relation 

3kd 
^ w = 

Ng2P2SXS' + 1) 

(3) 

(4) 

The solid curves of Figure l b were calculated with g = 
2.11 and d = —0.50. Figure 2a shows the temperature 

(10) W. E. Hatfield, C. S. Fountain, and R. Whyman, Inorg. Chem., 
S, 1855 (1966). 

(11) B. N. Figgis and R. S. Nyholm, /. Chem. Soc, 4190 (1958). 
(12) E. Konig, "Magnetic Properties of Transition Metal Com­

pounds," Springer-Verlag, Berlin, 1966. 
(13) J. H. Van Vleck, "The Theory of Electric and Magnetic Sus­

ceptibilities," Oxford University Press, London, Chapters IX and XII, 
1932. 

(14) J. S. Smart, "Effective Field Theories of Magnetism," W. B. 
Saunders, Philadelphia, Pa., 1966. 

(15) J. A. Bertrand, A. P. Ginsberg, R. I. Kaplan, C. E. Kirkwood, 
R. L. Martin, and R. C. Sherwood, Inorg. Chem., 10, 240 (1971). 
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Figure 2. Magnetic data for [Cu(4-CH3-pyO)2(NOs)2]2: (a) 
the temperature variation of the inverse susceptibility, the solid 
line is a plot of eq 1 with the best fit parameters; (b) the mag­
netization data, the full curves are plots of the magnetization of the 
triplet state and of two uncoupled doublet states. 

- 4 

Figure 3. The temperature variation of the inverse susceptibility 
for [Cu(4-CH3OpyO)2(N03)2]2; the solid line is a plot of eq 1 using 
the best fit parameters (see text). 

dependence of the inverse susceptibility of the 4-methyl 
substituted complex, while Figure 2b shows the mag­
netization plot for this compound. The best fit param­
eters are (g) = 2.11 and a singlet-triplet splitting of 
2 cm - 1 . A 6 value of —0.15 resulted from the best fit 
of the inverse susceptibility data. Here the best esti­
mate of the standard deviation is 0.00431, and the aver­
age difference between calculated and experimental 

Figure 4. Epr spectra and computer simulations for the unsub-
stituted complex: (a) the low field spectrum; (b) the high field 
spectrum. The computer simulations are denoted by primes. The 
simulated spectra were generated using the parameters given in 
Table II. 

Figure 5. A view of the epr spectra of the 4-picoline N-oxide 
complex in the range 2-4 kG. The triplet-state spectra are seen on 
either side of the intense doublet-state resonance. 

susceptibilities is less than 4%. The room temperature 
magnetic moment is 1.83 BM. Since some population 
of the singlet state is expected even at the very low tem­
peratures used in the experiment, the points in the mag­
netization data were normalized to a total population of 
the triplet state according to the Boltzmann distribution 
law. The inverse magnetic susceptibility vs. tempera­
ture plot for the 4-methoxy substituted complex is 
shown in Figure 3. The room temperature magnetic 
moment is 1.82 BM for the complex. The data for the 
methoxy complex can be fitted to eq 1 with a singlet-
triplet energy separation of 2 cm - 1 with the singlet state 
lying lowest in energy. Here the best estimate of the 
standard deviation is 0.00407, and the average difference 
between calculated and experimental susceptibilities is 
less than 4%. 

Epr Measurements. The epr spectrum of a powdered 
sample of [Cu(pyO)2(N03)2]2 diluted in the correspond­
ing zinc matrix is shown in Figure 4. The seven well-
resolved resonance lines centered at 2312 G are assigned 
to the low field transitions (Figure 4a) of the z direction. 
Some of the high field transitions (Figure 4b) of the 
parallel and perpendicular directions are centered about 
the 3550 G marker. The low field spectra, due to 
orientations in the x and y directions, are not resolved 
due to the strong resonance at 3100 G. This absorption 
is due to transitions in the doublet-state copper(II) ions 
which have zinc ions as their nearest neighbors. The 
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Table II. Epr Parameters for [Cu(4-R-pyO)2(N03)2]2 in a [Zn(4-R-pyO)2(NOs)2]2 Matrix 

R 

H 
CH3 

CH3O" 

SlI 

2.275 ± 0.005 
2.275 ± 0.005 

2.28 

«1 

2.07 ± 0.01 
2.07 ± 0.01 

2.07 

| £ | , c n r 1 

0.073 ± 0.001 
0.069 ± 0.001 

0.05 

A X 104, c m - 1 

130 ± 2 
133 ± 2 

B X 104, cm"1 

40 ± 4 
40 ± 4 

° The g values are assumed to be consistent with the other complexes of the series; the D value was calculated from the AM, = 2 transi­
tion. 

Figure 6. A view of the epr spectrum and computer simulations 
for the 4-picoline iV-oxide complex: (a) the low field spectrum, 
(b) the high field spectrum. The computer simulations are denoted 
by primes. The simulated spectra were generated using the pa­
rameters given in Table II. 

Figure 7. The half-field resonances of the unsubstituted complex: 
(a) the experimental spectra, (a') the computer simulation. The 
simulated spectra were generated using the parameters given in 
Table II. 

spectra of [Cu(4-picO)2(N03)2]2 provides a better overall 
view of the resonance spectrum from 2000 to 4000 G 
of this series and is shown in Figure 5. The much 
weaker (vide post) triplet-state spectra are seen below 
and above the intense doublet-state resonance fields. 
Figure 6 shows the triplet-state spectra of the 4-picoline 
complex at much higher spectrometer gains. The 
spectra shown in Figure 4a' ,b ' and the spectra denoted 
with primes in Figure 6 are computer simulations of the 
spectra to be described shortly. In Figure 7a are the 
half-field lines due to the AMS = 2 transitions of the 
unsubstituted complex; these lines are somewhat better 
resolved than the forbidden transitions of the 4-picoline 
complex. Figure 7a' is the corresponding computer 
simulation. The epr spectra observed for the 4-me-
thoxy complex is shown in Figure 8. Notable features 
which are assigned to triplet-state transitions are the 
half-field line at ~ 1600 G and the shoulder on the 

Figure 8. A view of the epr spectrum of the 4-methoxypyridine 
N-oxide complex. The half-field line at ~1600 G and the shoulder 
at ~3500 G are assigned to triplet state resonances. 

N' 

Figure 9. A schematic diagram of the structure of [Cu(PyO)2-
(NO3)J2 as determined by Scavincaf and Matkovic. 

doublet resonance at 3500 G. All attempts at better 
resolution of the spectra using various spectrometer 
gains and modulation amplitudes were unsuccessful. 

Simulation of the Epr Spectra. The simulated epr 
spectra shown in Figures 4, 6, and 7 were generated by 
computer programs written by Lund and have been 
described elsewhere.16 The spin Hamiltonian (5) used 

3CS, = g^H.S.' + gLP(Sx'Hx + St'Hy) + 

D(SZ'2 - 2/3) + A(SuIu + StJ2,) + 

B(SiJ1x + SlyIlv + S1xI1x + Siyhi) (5) 

to calculate the resonance fields in the computer pro­
gram was solved by the perturbation approach. The 
program considers only systems of axial symmetry. 

Discussion 
The structure of [Cu(pyO)2(NO 3)2]2 as determined by 

Scavnicaf and Matkovic7 is shown schematically in 
Figure 9. Each copper(II) ion of the dimeric molecule 
is in a distorted tetragonal pyramidal environment. 
The basal plane is composed of trans pyridine JV-oxide 
and nitrate groups with the fifth position being occupied 
by an oxygen atom of a pyridine //-oxide group which is 

(16) T. Lund and W. E. Hatfield, / . Chem. Phys., 59, 885 (1973). 
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a * = O* b*=90 ' 

Figure 10. The angular dependence of triplet-state resonance fields for the AMs = 1 transitions: 
from 0 to 90°, (b) * is maintained at 90° while 6 varies from 0 to 90°. 

(a) $ is maintained at 0° while 0 varies 

part of the basal plane of the other copper(II) ion. The 
axial Cu-O distance is 2.439 A. The copper(II)-
copper(II) separation is 3.448 A and the Cu-O-Cu bond 
angle is 102.9 °. The local symmetry of each copper(II) 
in the dimer is not axial. 

As pointed out by Stevens,17 a system need not neces­
sarily possess axial symmetry to be described by eq 5. 
In view of this, our initial values of the magnetic param­
eters were determined using the equations (6) of Wasser-
man, et o/.,18 where the axial case is assumed and no 
hyperfine terms are included. 

Hi(z) = (g„/3)- l |^ - D\ 

Mz) = (g^YKhv + D) 

Mx,y) = (gj)-\hv(hv - D)]1/' 

Mx,y) = (E1P)- \hv(hv + D)]1/' 

HtfoTb) = (Ig^hv 

'A 

(6) 

#2(forb) = (2g-JFTHJi1V* -D2) 

Here the subscript 1 indicates the low field line while sub­
script 2 indicates the high field transition field. The 
AAfs = 2 transitions are labeled forbidden. 

The parameters obtained from the application of 
Wasserman's equations were used as starting values in 
the computer program which does include the hyperfine 
interaction. These values were allowed to vary in the 
simulations with the best fit values given in Table II. 
As seen from Figures 4, 5, and 7, the low field portions 
of the simulations agree very well with the experimental 
spectra while the high field portions of the experimental 
spectra show additional lines not included in the simula­
tion. The additional resonances are probably due to 
the magnetic inequivalence of orientations in the x and 

(17) K. W. H. Stevens, Proc. Roy. Soc, Ser. A, 214,237 (1952). 
(18) E. Wasserman, L. C. Snyder, and W. A. Yager, /. Chem. Phys., 

41, 1763 (1964). 

y directions. This fact is illustrated by the plots of 
the angular dependence of the resonance fields shown in 
Figure 10. The computer program EPR, written by M. 
Gladney and available from the Quantum Chemistry 
Program Exchange, was used to calculate the curves 
shown in Figure 10. Parameters very near those shown 
in Table II were used except that gx = 2.06 and gy = 
2.08 replaced g± = 2.07 and a value of E = 0.1 D was 
included. The angle d was allowed to vary from 0 to 
90° for $ = 0 and $ = 90°. As seen from Figure 10, 
when 0 = 0° theng = gz. However, when 6 = 90°, g 
= gx in one case and g = gy in the other, i.e., for <£ = 0 
and 90°. Analysis of the transition probabilities shows 
that sufficient intensity is given to these orientations 
to account for the observed resonances. Alternately, 
the lines may arise from resonances in a small percentage 
of magnetically nonequivalent dimers with slightly 
different g values which are present in the diluted mate­
rial. 

In the case of the 4-picoline complex the possibility 
of "singlet-triplet" transitions was considered since the 
singlet-triplet splitting is only 2 cm -1 . The resulting 
simulated spectrum was identical with those shown and 
produced no additional lines at X band when the singlet-
triplet energy separation was 2 cm - 1 or more. 

Although the programs used to simulate the spectra 
are restricted to cases of axial symmetry, they allow 
complete simulation in relatively small amounts of 
computer time. While the program EPR is more general 
and would allow a more complete description of the 
spectra, the computer time required for the simulations 
is not available to us. 

It is not possible to make an analysis of the zero field 
splitting in terms of exchange and dipolar contributions 
since structural details are unavailable for the zinc host 
crystal, and it is probably inadvisable to assume the 
same copper-copper separation in the pure and diluted 
materials. Also, there is no structural information for 
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the 4-picoline and 4-methoxypyridine iV-oxide com­
plexes, but, since both give triplet state spectra, it seems 
clear that these complexes are dimeric also. 

In analysis of the magnetization studies as well as 
the inverse susceptibility plots, some interdimer inter­
actions were detected. These interactions are accounted 
for by the S value used in the estimation of the molecular 
field. Some idea of the interdimer exchange may be 
calculated using the relation14 

2zS'(S' + 1) 

where J' is the interdimer exchange coupling constant 
for the z nearest neighbors of a given dimer. Using the 
effective dimer spin S' of 1 and the two nearest neigh­
bors,7 values of —J' are found to be ~0.15 or 0.8 cm"1 

for [Cu(PyO)2(NO3)J2 and 0.30 or 0.04 cm-1 for [Cu(4-
CH3-PyO)2(NO3)J2 where the first value was calculated 
from the magnetization data and the second from the 
inverse susceptibility data. In any case, a small anti-
ferromagnetic interdimer exchange interaction is appar­
ent. 

Conclusions 

Three complexes of the form [Cu(R-pyO)2(N03)J2 

have been characterized by low-temperature magnetic 
susceptibility and epr studies. In addition, magnetiza­
tion studies have been carried out on the unsubstituted 
and the 4-methyl substituted complexes. Each of the 
complexes is found to exhibit electronic spin-spin 
coupling; the interaction leads to a triplet ground state 
for the unsubstituted and picoline complexes while a 

Metal coordinated nitrene intermediates, M-NH, 
have been reported for the thermal reactions of 

azidopentaammine complexes of ruthenium1 and irid­
ium.2 Nitrene intermediates also form during the 
photolysis of hydrazoic acid3'* and organic azides.5'6 

(1) L. A. P. Kane-Maguire, P. S. Sheridan, F. Basolo, and R. G. 
Pearson, / . Amer. Chem. Soc, 92, 5865 (1970). 

(2) B. C. Lane, J. W. McDonald, F. Basolo, and R. G. Pearson, 
ibid., 94, 3786 (1972). 

(3) I. Burak and A. Treinin, ibid., 87, 4031 (1965). 
(4) K. H. Welge, J. Chem. Phys., 45, 4373 (1966). 

singlet state is found to be the ground state for the 4-
methoxy complex. 

Since the copper(II)-copper(II) separation of 3.458 A 
is considered to be too great for any metal-metal bond 
formation and since a dipole-dipole interaction could 
not produce singlet-triplet splittings of the observed 
magnitude, it is not probable that a through space 
interaction dominates the exchange coupling in any of 
the complexes studied. Moreover, any direct metal-
metal interaction would necessarily be antiferromagnetic 
according to the Pauli principle; this is not consistent 
with the two triplet ground-state cases. The copper(II) 
centers in the complexes studied must be coupled by a 
superexchange mechanism which is subject to changes 
in Cu-O-Cu bridge angle in the same way as previously 
reported5'19 for oxygen-bridged copper(II) dimers. 
Further evidence for the superexchange mechanism is 
manifested by the substituent effects on the exchange 
energy. 
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However, prior to a recent communication from this 
laboratory,7 metal coordinated nitrene intermediates 
had not been studied nor postulated in the photochem­
istry of azido metal complexes. Previous investiga­
tions on the photodecomposition of azido metal com­
plexes were largely limited to the first-row transition 

(5) E. Wasserman, G. Smolinsky, and W. A. Yager, / . Amer. Chem. 
Soc, 86, 3166(1964). 

(6) E. Koch, Tetrahedron, 23,1747 (1967). 
(7) J. L. Reed, F. Wang, and F. Basolo, J. Amer. Chem. Soc, 94, 

7173 (1972). 
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Ion. Coordinated Nitrene Intermediate 
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Abstract: Photolysis of aqueous solutions of Ir(NHs)5N3
2^ results in the evolution of nitrogen and the formation 

of a coordinated nitrene intermediate as the only reaction products. For solutions containing hydrochloric acid, 
the photolysis reaction yields exclusively Ir(NH3)5NH2Cl!+. The quantum yields are wavelength dependent and 
are appreciable for excitation in the ligand-field region of the spectrum. The data are interpreted in terms of a 
model where a lower energy azido group excited state is the reactive level. An intermediate is observed when 
Ir(NHa)6N3

2+ is irradiated in a glass at 770K or flashed in aqueous solution. The intermediate is attributed to the 
product of a reaction of the coordinated nitrene and the solvent. A mechanism for the photochemical reaction is 
proposed. 
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