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The conductivity of a neodymium perchlorate solution is 
presented for comparative purposes and is typical of a 
3 : 1 electrolyte. 

The low conductance values obtained for nitrate 
solutions containing excess ligand indicate that the 
equilibrium 

~ n ( t r e n ) ( ~ 0 3 ) 3  + tren Jr 
Ln(tren)z(NOa)n(3-n)+ + (3 - %)Nos- (n = 0,  1) 

lies predominantly to the left. This behavior is at- 
tributed to the coordinating ability of the nitrate group, 
rather than intrinsic instability of the bis chelate. 
Thus the thermodynamically favored species in solution 
is the mono chelate containing three coordinated 
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nitrate groups. Similar results were observed in the 
diethylenetriamine system, in which Ln(dien)2(N0J2+ 
was established as the favored species in solution, even 
though [Ln(dien)s] (NO313 was isolable from solution in 
pure form. The isolation of pure bis-tren chelates 
containing at  most one coordinated nitrate group is ap- 
parently due to a greater insolubility of the bis chelate 
in acetonitrile, since nitrate displacement is not favored 
thermodynamically. 
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Tris(1,lO-phenanthroline)iron(III) undergoes photoreduction in acidic aqueous media. The effects of acid concentration 
and added scavengers indicate tha t  water is the electron donor in the photoreaction and that secondary thermal reactions of 
Fe(phen)s3+ with OH radicals influence apparent overall quantum yields. Despite the presence of an intense ligand- 
metal charge-transfer band in the visible spectrum of Fe(phen)s3+, the complex undergoes photoreduction only in the ultra- 
violet. The excited state(s) responsible for the observed photochemistry cannot be conclusively identified on the basis of 
current understanding of the charge-transfer spectrum of F e ( ~ h e n ) ~ 3 + ,  

Correlation of redox photochemistry with the loca- 
tions of charge-transfer excited states (hereafter denoted 
“CT” states) in coordination compounds is an area of 
considerable current activity. Although intramolecu- 
lar CT absorption spectra of metal complexes with 1 , l O -  
phenanthroline (subsequently abbreviated “phen”) and 
its relatives have been discussed, photochemistry of 
phen complexes has received little attention. We have 
been especially intrigued by a study of photoreduction 
of Fe(phen)a3+ published by Baxendale and Bridge3 in 
1955. According to their observations, F e ( ~ h e n ) 3 ~ +  un- 
dergoes efficient photoreduction to Fe(phen)aZ+ only a t  
wavelengths below 300 nm. A spin-allowed x -+ t z  CT 
band2 appears in the visible region (ca. 600 nm), but ir- 
radiation in that region effects no photoreduction of Fe- 
(phen)33+. Unfortunately, these studies were performed 
in media containing high concentrations of formic acid, 
which absorbs in theultraviolet region and is known to un- 
dergo photodecomposition in aqueous solution, yielding 
OH and CHO radicals as primary  product^.^ Because 
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i t  is highly probable that one or both of the photolysis 
products of formic acid can react thermally with Fe- 
 hen)^^+, the significance of the quantum yield data re- 
ported by Baxendale and Bridge for wavelengths below 
300 nm is dubious. Accordingly, we have performed an 
investigation of photoreduction of Fe(phen)33+ in acidic 
aqueous media in the absence of extraneous photochem- 
ically active solutes. 

Experimental Section 
Materials.-Tris(l,l0-phenanthroline)~iron(III) perchlorate 

was prepared by oxidizing Fe(phen)?+ with Clz in aqueous solu- 
tion; the perchlorate salt of F e ( ~ h e n ) ~ ~ +  was then precipitated 
by addition of sodium perchlorate. The solid was washed with 
10 M aqueous sulfuric acid until supernatants were free of C1-; 
it was dried and stored in vacuo in the dark. An nmr spectrum 
(60 MHz) of this preparation of F e ( ~ h e n ) ~ ~ +  in concentrated DZ- 
SO4 agreed well with that  published by DeSimone and  drag^.^ 

Potassium ferrioxalate6 and uranyl oxalate’ for actinometry 
were prepared and purified by literature procedures. Methyl 
methacrylate was repeatedly washed with 5y0 aqueous SaOH to 
remove inhibitors, washed with distilled water, and then vacuum 
distilled. The purified material was stored a t  4” in the dark in 
evacuated ampoules until used. Water was distilled twice 
over alkaline permanganate. Reagent grade D804 (Merck 
Sharp and Dohme of Canada) and HzS04 were used as received. 

Methods.-Two photochemical irradiation sources were used. 
In  the first, 2537-A light from a helical low-pressure mercury 
lamp was impinged upon cylindrical quartz cuvettes in a merry- 
~ _ _  
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go-round apparatus; intensities a t  2537 A were of the order of 
2 X 10l6 quanta sec-l. In  the second apparatus, light from a 
Hanovia 975C98 2500-W xenon lamp was dispersed by a Bausch 
and Lomb 500-mm monochromator and directed onto the face 
of rectangular 1-cm spectrophotometer cells. With this ap- 
paratus, experiments could be performed a t  incident wavelengths 
as low as 225 nm; bandwidths were generally of the order of 0 
nm, and intensities (at 270 nm) were ca. 9 X 10l6 quanta sec-l. 
The cell housing was thermostated a t  30 f 0.2' by a water bath. 

At incident wavelengths greater than 254 nm, ferrioxalate 
actinometrya was employed; for lower wavelengths, uranyl 
oxalate actinometry' with differential spectrophotometric prod- 
uct analysis8 was used. At 254 nm, both actinometers were 
employed in comparative runs; less than 6'35 difference in I ,  
values determined with the two actionometers was observed. 
Uranyl oxalate consistently yielded slightly lower I ,  values than 
did ferrioxalate actinometry; none of the yields herein reported 
have been corrected for this relatively small discrepancy. 

Unless otherwise indicated, all solutions contained only Fe- 
(phen)s3+ and sulfuric acid as solutes. Electronic spectra of Fe- 
(phen)aaf solutions were measured prior to irradiation, in order to 
ensure absence of dinuclear Fe(II1)-phen speciesga10 which absorb 
strongly in the vicinity of 350 nm; the dinuclear species can be 
formed as products of thermal decomposition of Fe(phen)s3+.11 
In a given series of experiments, care was exercised to photolyze 
all solutions to the same fractional decomposition of Fe(phen)a3+ 
(usually 10% unless otherwise indicated). When necessary, 
solutions were degassed by techniques previously described.'% 
Irradiated solutions were analyzed by visible spectrophotometry 
a t  610 nm (for Fe(phen)s3+) or 500 nm (for Fe(phen)P) .  

Results 
Thermal Stability of Complex. -Since relatively high 

incident intensities were employed, relatively short 
( 5 3  hr) irradiations were performed, even though the 
quantum yields were small. The thermal stability of 
Fe(phen)2 + in aqueous solution increases with increas- 
ing acid concentration;lljla a t  sulfuric acid concentra- 
tions of 6.0 M or greater, thermal stability of Fe- 
(phen)s3+ was sufficient that no detectable dark reaction 
occurred over the duration of photochemical runs. All 
quantum yields were obtained under conditions of neg- 
ligible dark reaction. 

Reproducibility of Quantum Yields. -Baxendale and 
Bridge3 observed that values of Q for appearance of Fe- 
( ~ h e n ) 3 ~ +  were erratic unless formic acid (or other oxi- 
dant) was present in the solutions. We have observed 
that @ for appearance of Fe(phen)2+ did not vary by 
more than * 10% upon use of different preparations of 
the complex. Accordingly, no extraneous solutes were 
employed, and quantum yields herein reported may be 
assumed to include a A 10% uncertainty. 

Variation of Quantum Yield with Wavelength. - 
Our results duplicate the observations of Baxendale and 
Bridge3 with respect to the unreactivity of Fe(phen)a3+ 
a t  all wavelengths between 300 and 660 nm. As noted 
in Figure 1, Q for destruction of F e ( ~ h e n ) ~ ~ +  increased 
rapidly in the ultraviolet spectrum, eventually reaching 
what appeared to be a limiting value a t  about 240 nm. 
Even upon prolonged irradiation a t  610 nm, no detect- 
able conversion of Fe(phen)g3+ to Fe(phen)aZ+ was ob- 
served in 7.5 M sulfuric acid; we estimate @for destruc- 
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Figure 1.-Variation of quantum yield for disappearance of 
Fe(phen)a3 + with wavelength (-) and electronic absorption 
spectrum of F e ( ~ h e n ) 3 ~ +  (----),  both in 7.5 M H2SOa. For the 
quantum yield plot, the initial concentration of Fe(phen)a3+ was 
LOO x 10-4 M .  

tion of F e ( ~ h e n ) ~ ~ +  to be less than 0.0001 in the region 
of the visible CT band. Under conditions of constant 
light intensity, the stoichiometry (vide infra) of the pho- 
toreduction was independent of incident wavelength. 

Variation of Quantum Yield with Solvent Composi- 
tion.-Quantum yields for destruction of F e ( ~ h e n ) ~ ~  + 
were very sensitive to acid concentration (Figure 2 ) .  

-log (MMA) 
4 3 2 

I 

18 16 14 12 io 8 
(HZSO,), M 

Figure 2.-Variation of quantum yield for disappearance of 
F e ( ~ h e n ) ~ ~ +  with concentration of HzS04 (-) and with concen- 
tration of methyl methacrylate ("MMA," In the MMA 
plot, the exciting wavelength was 275 nm and the solutions 
were 7.0 M in HzS04. For the HzSOa plot, the exciting wave- 
length was 250 nm. 

For 254-nm irradiation, no detectable photoreaction 
occurred in 98yo (18 M )  sulfuric acid. As the acid 
concentration was decreased, the quantum yield in- 
creased and eventually reached a limiting value a t  
about 8.5 M HzS04. 

Chemical Scavenging Experiments. -Degassed solu- 
tions 7.2 X M i n  Fe (~hen)3~+  and 7.0 M i n  sulfuric 
acid were photolyzed a t  275 nm in the presence of various 
concentrations of methyl methacrylate. After pro- 
longed (2-4 hr) exposures, copious quantities of poly- 
mer were recovered. The polymer was recrystallized, l4  

dissolved in benzene, and treated with phthalic anhy- 
dride.l5 The polymer so treated was then subjected to 

(14) P .  Ghosh, A. R .  Mukherjee, and S. R .  Palit, J. Poljm. Sci., Pavt A ,  I, 
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the Rhodamine 6G dye partition test for carboxyl end 
groups. In  all cases, the test was positive, indicating 
the presence of hydroxyl end groups in the original poly- 
mer samples.ls Polymer obtained in the same manner, 
but which was not subjected to phthalic anhydride 
treatment, yielded a negative dye test, as did polymer 
samples obtained from irradiated “blank” solutions 
(containing methyl methacrylate but no Fe (~hen)3~+;  
because methyl methacrylate absorbs weakly a t  270 nm, 
some polymer was formed by inner-filter photopolymer- 
ization). Infrared examination of polymer samples ob- 
tained from irradiated Fe(phen)s3+ solutions indicated 
the presence of carboxyl and hydroxyl groups; no other 
information could be gleaned from the spectra. 

The quantum yield for disappearance of Fe (~hen)3~+  
decreased in the presence of methyl methacrylate, as 
shown in Figure 2 .  

Stoichiometry of the Reaction. -In contrast ‘io the 
observations of Baxendale and Bridge,3 we noted that 
photochemical conversion of Fe (~hen)3~+  to Fe(phen)s2+ 
in aqueous sulfuric acid media was not quantitative; the 
quantity of F e ( ~ h e n ) ~ ~  + consumed was always greater 
than the quantity of Fe(phen)a2+ formed. No detect- 
able quantities of uncomplexed (protonated) phenan- 
throline or dinuclear Fe(II1)-phen  specie^^^'^ were 
formed, indicating that a quantity of phenanthroline 
was destroyed. The ratio of the quantity of Fe(phen)sz+ 
formed to that of Fe (~hen)3~+  destroyed was observed to 
increase as the concentration of sulfuric acid was in- 
creased, to increase in the presence of methyl meth- 
acrylate, and to decrease as the incident intensity was 
increased. These data are plotted in Figures 3 and 4. 
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Figure 4.-Dependence of quantum yield for disappearance 
of Fe(phen)as+ (-) and that for appearance of Fe(phen)B2+ 
( - - - - )  with absorbed intensity (Ia). In all cases, the exciting 
wavelength was 250 nm and the solutions were 7.5 .W in H2SO4 
and 3.3 X M in Fe (~hen)3~+ .  

Fe(phen)s2+ was, however, virtually independent of in- 
cident intensity. 

Dependence of Quantum Yield upon Initial Concen- 
tration of Fe(~hen)~~+.-Baxendale and Bridge3 re- 
ported that + for photoreduction of Fe(phen)s3+ a t  365 
nm, in the presence of 0.47 M formic acid, was approxi- 
mately linear in the first power of the initial concentra- 
tion of Fe(phen)S3+ over a narrow concentration range. 
We have observed that + is essentially zero at  365 nm. 
At 270 nm, for consumption of F e ( ~ h e n ) ~ ~ f  increases 
with increasing concentration of Fe(phen)a3+ a t  con- 
centrations greater than ca. 7 X M but is relatively 
independent of initial concentration below that value. 
These data are plotted in Figure 5. 

Absorbonce at 270 nm 

-log (MMA) 

Figure 3.-Variation of ratio of quantity of F e ( ~ h e n ) ~ 2 ~  pro- 
duced to that of F e ( ~ h e n ) ~ 3 +  consumed with concentration of 
methyl methacrylate (“MMA,” - - - - )  and with concentration of 
H&04 (-), In the MMA plot, the solutions were 7.0 M in  
HzS04; the incident wavelength was 270 nm. In the H&04 
plot, the incident wavelength was 250 nm. 

6 0  55 50 4.5 40  
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Figure B.--Variation of quantum yield for disappearance of 
Fe(phen)a3+ with initial concentration of Fe(phen)s3+. In  all 
cases, the exciting wavelength was 270 nm and the solutions were 
7.5 M i n  HzS04. 

Effect of Oxygen upon Quantum Yields -In 7.5 M 
HzS04, neither the quantum yield nor the stoichiometry 
of the photoreduction was detectably affected by six 
freeze-thaw cycles a t  Torr. Hence, all quantum 
yields herein reported were determined in the presence 
of oxygen. 

Discussion 
Both photochemical and thermal stabilities of Fe- 

 hen)^^+ are maximal in 18 M HzS04 and decrease as the 
acid concentration is d e c r e a ~ e d . ~ ~ ? ’ ~  Tobe13 has con- 
tended that the critical variable with respect to thermal 
stability of F e ( ~ h e n ) ~ ~ +  in aqueous H2S04 is the concen- 
tration of “free” water and has suggested that thermal 
decomposition of F e ( ~ h e n ) ~ ~  + proceeds by a substitu- 

In each experiment, the initial concentration of Fe- 
(~hen)3~+was3.3 X M ,  and 10% of theFe(phen)S3+ 
initially present was photochemically consumed. Com- 
parison of Figures 2 and 3 indicates that both + and 
[Fe(phen)2+],/ [Fe(~hen)3~+],, when plotted vs. methyl 
methacrylate concentration, plateau a t  essentially the 
same concentration. It is also evident that the stoi- 
chiometry of the photoreduction approaches unity only 
in the presence of substantial concentrations of methyl 
methacrylate. 

Dependence of Quantum Yield upon Incident In- 
tensity.-As shown in Figure 4, overall quantum yields 
for destruction of Fe (~hen)3~+  increased with increasing 
light intensity. The quantum yield for appearance of 
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tion reaction in which one or more water molecules is 
weakly bound to iron in the transition state. The pat- 
tern of results in the photochemical study also indicates 
the presence of water to be critical, and indeed i t  ap- 
pears justified to conclude that water is the electron do- 
nor in the photochemical reduction. Two principal ar- 
guments are advanced to support that conclusion. 
First, i t  is clear from Figure 2 that the photoreaction 
proceeds with measurable yield only in the presence of 
water; thus, the quantum yield is essentially zero in 
98% HzS04, increases with decreasing acid concentra- 
tion, and eventually reaches a limiting value a t  8.5 M 
H2S04. Second, chemical scavenging experiments, em- 
ploying methyl methacrylate as scavenger, and sub- 
sequent a n a l y ~ i s ' ~ , ' ~  of the polymeric product clearly in- 
dicate production of OH radicals in the photoreduction 
of Fe(~hen)3~+.  These radicals are not formed in inner- 
filter photopolymerization of methyl methacrylate. 
Accordingly, we conclude that the photochemical re- 
duction may be represented as 

Fe(phen)Ss+ + HzO + Fe(phen)?+ + H +  + OH 
The pH change predicted by the equation cannot be 
measured, due to the very high initial acidity of the solu- 
tions. 

It is impossible to deduce the nature of interactions 
between Fe (~hen)3~+  and water from the photochemical 
data. It is improbable that nucleophilic attack of wa- 
ter upon electronically excited F e ( ~ h e n ) 3 ~  + could be 
efficient, owing to the extremely short lifetime of the lat- 
ter species (as indicated by the fact that Fe (~hen)3~+  
exhibits no photoluminescence in either fluid or glassy 
media). The electronic absorption spectrum of Fe- 
(phen)33+ in 98yo HzS04 is not detectably altered by in- 
troduction of water into the solutions; other experimen- 
tal techniques (nmr or infrared spectroscopy) commonly 
employed to probe interactions between metal com- 
plexes and water are not feasible in solutions of concen- 
trated sulfuric acid. Thus, no evidence for significant 
interaction between water and ground-state Fe(phen)a3+ 
has been acquired, and the nature of interactions be- 
tween water and Fe(phen)a3+ remains unclear. That 
water is oxidized concomitant with photoreduction of 
F e ( ~ h e n ) 3 ~  + is, however, firmly established by the sca- 
venging experiments. 

We now consider the origin of the stoichiometric dis- 
crepancy (Figures 3 and 4). At least three possible ex- 
planations for the observed stoichiometry can be ad- 
vanced. (a) Phenanthroline, rather than water (vide 
supra), could act as electron donor; some phen would 
thus be oxidized and ultimately destroyed. (b) The 
solutions are acidic; hence, a fraction of F e ( ~ h e n ) ~ ~ +  
formed photochemically could undergo thermal acid 
hydrolysis. (c) Secondary thermal reactions of Fe- 
( ~ h e n ) 3 ~ +  and/or Fe(phen)a2+ with transient species 
formed in photolysis of the former could cause destruc- 
tion of a portion of one or both complexes. 

We conclude that (c) is the major factor influencing 
the photochemical stoichiometry, and the specific reac- 
tion of greatest importance is destruction of Fe(phen)2+ 
by reaction with OH. The principal evidence support- 
ing that conclusion is the effect of added methyl meth- 
acrylate upon the stoichiometry (Figure 3 ) .  The prin- 
cipal effect of addition of methyl methacrylate is to de- 
crease CP for destruction of Fe (~hen)3~+;  9 for formation 

hv 
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of Fe(phen)a2+ remains essentially unchanged in the 
presence of methyl methacrylate. Indeed, a t  concen- 
trations of methyl methacrylate sufficiently large that 
the quantum yield for disappearance of Fe (~hen)~3+  is 
unaffected by further addition of methyl methacrylate 
(Figure 2 ) ,  the stoichiometry of the reaction is 1:  1 
(Figure 4). It is therefore clear that the methyl meth- 
acrylate scavenges a species which reacts thermally with 
F e ( ~ h e n ) ~ ~ + ,  and i t  has been shown that the methyl 
methacrylate scavenges OH radicals produced in the 
photolysis. The effects of Fe (~hen)3~+  concentration 
(Figure 5) and incident intensity (Figure 4) upon 9 and 
stoichiometry are also consistent with the occurrence of 
a secondary, thermal reaction which consumes Fe- 
(phen)a3+. 

Oxidation of the phen ligand by OH (produced in 
thermal oxidation of OH- by Fe(phen)s3+) has been ex- 
plicitly considered to be significant, l6 but no direct evi- 
dence for such processes has been reported. In order 
to test the validity of the hypothesis that OH can at- 
tack Fe(phen)a3+, solutions 0.01 M in hydrogen perox- 
ide and 3.3 X M in Fe(phen)a3+ in 4.0 M sulfuric 
acid were photolyzed a t  265 nm. Rapid bleaching of 
the iron complex resulted, and ultraviolet spectral anal- 
ysis indicated that the phen was destroyed to form non- 
absorbing species. Similar events occurred when H2Oz 
was photolyzed in solutions containing Fe(phen)32+ 
(though the reaction was slower than that with Fe- 
(phen)33+) or with uncomplexed phen. Since ultra- 
violet photolysis of HzOz in aqueous solution is known 
to form OH in high yield,17 it is clear that attack by OH 
upon Fe(phen)S3+ can indeed be responsible for the 
quantum yields and stoichiometry of photoreduction of 
the latter. That 9 for formation of Fe(phen)s2+ is 
much less sensitive to such processes than @ for disap- 
pearance of Fe (~hen)~3+  probably arises from the fact 
that the photolyses produced only small fractional con- 
version of Fe(~hen)3~+ to F e ( ~ h e n ) ~ ~ + ;  hence, the Fe- 
(111) complex was always present in much higher con- 
centration than the Fe(I1) species. 

That  thermal acid hydrolysis of Fe (~hen)3~+  is par- 
tially responsible for the nonquantitative stoichiometry 
cannot be ruled out, since Fe (~hen)3~+  is much less sta- 
ble than Fe(phen)a3+ in strongly acidic media. How- 
ever, thermal acid hydrolysis cannot be the major pro- 
cess, for four reasons. First, the stoichiometric dis- 
crepancy becomes smaller as the acid concentration in- 
creases (Figure 3 ) .  Second, no detectable quantity of 
"free" phen is formed. Third, ultraviolet spectropho- 
tometry clearly shows that some phen is destroyed in 
the photolysis. Fourth, the addition of methyl meth- 
acrylate (Figure 3 )  should have no effect on the stoi- 
chiometry if acid hydrolysis of Fe(phen)S2+ were the 
principal process responsible for the disparity. Like- 
wise, the possibility that phen is the electron donor in 
the reaction fails to explain the effect of added methyl 
methacrylate upon the stoichiometry (Figure 3 )  or 
quantum yield (Figure 2 )  of the photoreduction; a t  
high concentrations of methyl methacrylate, the quan- 
tity of phen destroyed is extremely small, yet the 
photoreduction continues to occur. Accordingly, we 
conclude that both the quantum yield and stoichiometry 
of the photoreduction of Fe (~hen)3~+  are most satisfac- 

(16) A. A. Green, J. 0. Edwards, and P. Jones, I n o y g .  Chem.,  6, 1858 
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torily interpreted in terms of a mechanism involving 
water as electron donor. 

Baxendale and Bridge3 reported that the quantum 
yield for disappearance of Fe(phen)S3+ was linear in the 
first power of the initial concentration of Fe(phen)8+; 
they therefore proposed that reactions such as 
[Fe(phen)s3+] * + Fe(phen)sa+ -+- Fe(phen)P+ + products 

were significant. That  such a reaction could occur 
during the short lifetime of excited Fe(phen)a3+ seems 
highly improbable, especially since the reaction re- 
quires interaction of two tripositive ions. Further- 
more, the dependence of @ upon concentration of Fe- 
 hen)^^ + becomes important only in strongly absorb- 
ing solutions (Figure 5). It is therefore probable that 
the concentration dependence of @ arises from the sec- 
ondary reactions described above, which would more 
significantly affect apparent @ values in strongly (and 
inhomogeneously) absorbing solutions. Again, @ for 
appearance of product (Fe(phen)BZ+) is virtually inde- 
pendent of the initial concentration of reactant, which is 
consistent with previous discussion. Consequently, no 
justification emerges for postulating interactions be- 
tween excited and ground-state molecules of Fe- 
(phen) 33 + . 

Finally, we consider the unusual wavelength depen- 
dence for the photoreduction (Figure 1). It is evident 
that the low-lying doublet ligand-metal ( T  + tz) CT 
excited state is photochemically inert. The quantum 
yield data appear to show that spin-allowed intraligand 
(a, T * )  excited states of Fe(phen)S3+ are photochemi- 
cally active. This is an unexpected conclusion, espe- 
cially since phen does not appear to  be the electron do- 
nor in photoreduction of Fe(phen)S3+. Two alternative 
explanations for the wavelength dependence of the quan- 
tum yield can be offered. First, a higher, spin-allowed, 
CT band (e.g., T ---t e) may overlap the phen T --t a* 
bands. Assuming that a higher energy CT band exhib- 
ited a molar absorptivity equal to that of the visible CT 
transition (-lo3), i t  would not be detected in the ultra- 
violet region due to the much higher intensities of the 
intraligand bands. Hence, the validity of this hypoth- 
esis is not susceptible to experimental verification, 

and no theoretical studies of the locations of higher CT 
states in Fe(phen)a3+ have appeared. 

Alternatively, i t  is possible that, following excitation 
of a (a, T*)  band in Fe(phen)s3+, radiationless inter- 
system crossing to a spin-forbidden, reactive, excited 
state takes place. Intersystem crossing from singlet to 
triplet states in free phenanthroline is known to occuP 
and its extent is known to be increased by complexation 
of phen with metal ions.19 Again, however, i t  is diffi- 
cult to understand why a spin-forbidden ligand- 
localized excited state would exhibit the observed 
photochemistry. It might be argued that spin- 
forbidden CT excited states can ultimately be p p u -  
lated by intersystem crossing. There are no spin- 
forbidden ( T  + t zg )  CT excited states in F e ( ~ h e n ) ~ ~ + ,  
but spin-forbidden (a + eg) excited states are possible. 
At present, nothing is known about the energetics of 
spin-forbidden, or spin-allowed (a --t e), CT excited 
states in Fe(~hen)3~+.  Hence, the importance of inter- 
system crossing phenomena in the photochemistry of 
Fe(phen)s3+ must remain a matter of conjecture, as the 
usual experimental techniques employed for evaluating 
the importance of spin-forbidden excited states in photo- 
chemical reactions (energy transfer20 and esr) are not 
feasible in this system (because both the spin-allowed 
and spin-forbidden states are paramagnetic). 

It  is clear that the interesting and unusual wavelength 
dependence of photoreduction in Fe (~hen)3~+  cannot 
now be satisfactorily interpreted. Further theoretical 
study of CT states (both spin allowed and spin forbid- 
den) in this complex is needed. Furthermore, exten- 
sive mixing of metal and ligand orbitals in Fe(phen)s3 + 

will render tenuous any attempt to describe the unusual 
excited-state chemistry of this complex in simple terms. 
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The preparation of salts containing the ion (H~O)5RuN~Ru(H10)&+ is described, as are experiments which were directed 
toward bringing about cleavage of the N g N  bond in the complex by internal disproportionation. In none of the attempts, 
which included treating the binuclear complex with oxidizing agents, was evidence found for disproportionation. 

Introduction sides the intrinsic interest which these species held 
for US, they appeared to us to be especially promising 
in searching for evidence of reduction of bound nitro- 

In  the work described here we set out to prepare 
Be- nitrogen complexes derived from Ru(H20)e2+.' " 

(1) The oxygen-ligand-containing complex RuNz(H20)ChTHF has been gen. For these purposes they have an obvious ad- 
Vantage Over ammine Complexes in that the combined 

described by A. K. Shilova, A. E. Shilov, and 2. N. Vostrokhnutova, Kinet. 
K U ~ U ~ . ,  9, 924 (1968); A. K. Shilova and A. E. Shilov, i b i d . ,  io,  267 (1969). 


