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shows the decomposition mechanism of acetyl benzoyl per
oxide. 

To our knowledge this is the first infrared detection of 
the phenyl radical.8 

In addition, we have also irradiated I with deuterium 
substitution in the phenyl ring. Photolysis of this species 
produced the intense 612 cm -1 band characteristic of the 
out of plane bending mode of the methyl radical, the weak 
1385, 3150 cm -1 bands, and another intense band at 519 
cm -1 which synchronously disappeared with CH3 upon 
warming to 30 K. This intense band at 519 cm"1 we assign 
to the CD out of plane bending mode of the phenyl radical. 

Further experimental and theoretical work is being pur
sued on this system and a more complete account is forth
coming. 
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The Influence of Remote Substituents on Redox 
Potentials in Nitrosoarene Complexes of Ruthenium 

Sir: 

The effect of coordinated ligands on the properties of a 
metal center is a fundamental theme of transition metal 
chemistry.1-3 Changes in ligands can lead to changes in the 
electronic structure of complexes and, with widely varying 
ligands, the properties of the metal center can be strongly 
affected. A related question, arising from the study of sub-
stituent effects in physical organic chemistry4,5 and still 
largely unexplored,6 concerns the sensitivity of the metal 
center to changes at a remote site on a ligand. We have pre
pared the series of para-nitrosoarene complexes of rutheni-
um(II), [Ck-Ru(DPy)2(P-(N(O)C6H4X)Cl]+ (bpy is 2,2'-
bipyridine; X is N(CHj)2, NHCH3, OH, Br, H, CH3, 
NO2), and find evidence that even changes in the remote 
substituent -X can have a profound effect at the metal. 

The preparation of the complexes has been described.7 

From spectral studies and the crystal structure of a related 
palladium complex,8 it is probable that the ArNO ligands 
are N-bound. The ruthenium complexes undergo reversible 
one-electron oxidations and reductions in acetonitrile9 and 

Table I. Ey2 Values for the Nitrosoarene Complexes 
[Ru(DPy)2ON(O)C6H4X)Cl]+ in Acetonitrile" 

- X 

N(CH3), 
NHCH3 

OH 
CH3 

H 
Br 
NO2 

Ey1 (OX), V 

0.77 
0.80 
0.90 
1.25 
1.30 
1.30 
1.43 

A i (Red), V 

-0.91 
-0.90 
-0.61 
-0.71 
-0.69 
-0.61 
-0.39 

aIn 0.1 M [N(«-C4H9)4] PF6-acetonitrile vs. the saturated sodium 
chloride calomel electrode at 22 + 2° using a Pt bead electrode. 

have intense absorption bands which can be assigned to dx 
- • ir* (ArNO) and dx -»• x* (bpy) transitions. The oxida
tion processes are electrochemically reversible (eq I).9 

Their potentials fall in a potential range (Table I) common 
to related bis(2,2'-bipyridine)ruthenium(III)/(II) cou
ples,10 and the one-electron oxidation products, [Ru-
(bpy)2(N(0)C6H4X)Cl]2+ (X = N(CH3)2, NHCH3, H, 
CH3), prepared by Ce(IV) oxidation have electronic spec
tral properties in solution expected for Ru(III).1112 

[Ru11HbPy)2(N(O)C6H4X)Cl]2+ 

" i [Ru"(bpy)2(N(0)C6H4X)Cl]+ (l) 
—e 

£i/2(OX) 

The reduction processes are reversible only at relatively fast 
cyclic voltammetry scan rates, occur in the potential range 
-0.39 to -0.91 V vs. the SSCE (Table I), and are in the 
correct potential region to be reductions at bound nitrosoar
ene (eq 2).13"15 

[Ru1KbPy)2(N(O)C6H4X)Cl]+ t £ 
—e 

[RuI1(bpy)2(N(0)C6H4X.-)Cl] (2) 

The increase in Ru(III)/(II) reduction potentials as satu
rated ligands are replaced by x-accepting ligands is well 
documented and has been attributed to stabilization of the 
Ru(II) state by x-back-bonding.3'16 Monotonic increases 
from 0.1 to 1.25 V3'17 are observed for Ru(III)/(II) reduc
tion potentials in acidic aqueous solution in couples from 
Ru(NH3)3

3+/2+ to Ru(bpy)3
3+/2+ in which NH3 groups 

are replaced stepwise by x-back-bonding pyridine ligands. 
By comparison, the data in Table I are remarkable in that 
changing the remote substituent on the single nitrosoarene 
ligand from -N(CH3)2 to -NO2 causes an increase in 
Ru(III)/Ru(II) potential nearly 60% as great (0.77-1.43 
V). 

The high sensitivity of the filled dx levels to changes in 
-X is also reflected in ĵ max values for the dx(Ru(II)) —*• x* 
(bpy) transitions.18 For these transitions, which involve the 
2,2'-bipyridine groups as "spectator" ligands for the Ru-
nitrosoarene interaction, Pmax varies directly with 2si/2(OX) 
(Table I) in the range 20.7 kK (X = N(CH3)2) to 24.1 kK 
(X = NO2). 

The sensitivity of £i/2(OX) to -X is shown in the Ham-
mett-type plots in Figures 1 and 2. The correlations be
tween £i/2(OX) and the substituent constants <TR, <TR°, and 
o"p — Cm, which have been taken as a measure of pure reso
nance (x-bonding) effects, are good to excellent.519 The 
correlation coefficient (r) for the data in Figure 1 is 0.970. 
The correlation with ap (Figure 2) is less satisfactory (r = 
0.937). For the plot in Figure 1, the sensitivity of £|/2(OX) 
to -X is extraordinarily high since the "reaction constant" p 
is 1.05. Much lower reaction constants are observed for 
redox processes of benzenoid compounds where the substit-
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Figure 1. A plot of the Ru(III/II) reduction potentials (£i/2OX) vs. 
(TR0. Values of <TR° are taken from ref 6. Error limits are ±0.01 V in 
£i/2(OX) and ±0.03 for aR° values (ref 23). 
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Figure 2. A plot of the Ru(III/II) reduction potentials (£i/20X) vs. 
CTp. Values for op are taken from ref 6. Error limits as in Figure 1. 

uent groups are directly attached to the aromatic ring.20 

The Ru(II) nitrosoarene complexes are stable in acetoni-
trile solution, and, as is the case in metal carbonyl and ni-
trosyl complexes, the Ru-N(O)Ar linkage may be largely 
?r-bonding in character. This is consistent with the relative 
instability of first-row transition metal complexes of nitro-
soarenes,21 and the surprising, relatively high lability of 
some of the Ru(III) nitrosoarene complexes.22 The chemi
cal evidence and the correlation in Figure 1 are consistent 
with extensive 7r-back-bonding from Ru(II), and the effect 
of -X is probably transmitted mainly through the ir-system 
of the ligand. 
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Electron Transfer Photochromism. The Flash Photolysis 
of the Binuclear Complex (NH3)sRun(n_Pyraz'ne)Cu11 

Sir: 

Recent studies1"4 have demonstrated that the metal-to-
ligand charge transfer excited states of Ru(bpy)32+ can un
dergo electron transfer to metal complexes and other oxi
dants in solution. Observations with several other complexes 
indicate similar behavior resulting from MLCT excita
tion.56 Photostimulated electron transfer can be separated 
into two general classes: in the first, light accelerates a ther-
modynamically favored reaction (e.g., the photocatalyzed 
reaction between Ru(bpy)32+ and T l 3 + ) 2 or a reaction giv
ing products which decompose irreversibly (e.g., the pro
posed reduction of cobalt(III) ammines by excited 
Ru(bpy)32+).7 The second category includes those photo
stimulated electron transfers to produce thermodynamically 
less favored species which undergo the reverse reaction to 
regenerate the starting materials.3,7c The term electron 
transfer photochromism describes the latter case. Here we 
report the first demonstration of intramolecular electron 
transfer photochromism between two metal ions of a polyn-
uclear complex. 

It was recently reported8 that the pentaammine(pyraz-
ine)ruthenium(II) complex (A) is a good ligand for several 
divalent metal ions in aqueous solution (eq 1). The visible 

(NHa)6RuN(Q N2+ + M2+ =^= ( N H 3 ) 6 R U N Q > NM<+ (1) 

AM2+ 

(M2+ = Cu2+,Zn2+,Ni2+) 

spectrum of A is dominated by an intense MLCT absorp
tion band (Xmax 472 nm) and association with H + or M 2 + 

shifts this to the red (508 nm for Cu2 + , 489 nm for Zn2 + , 
493 nm for Ni 2 + , 529 nm for H+).8-9 Continuous photolysis 
of A in the MLCT region leads to low photoreaction quan
tum yields (* ~ 10 - 3) . A H + is an order of magnitude less 
photoactive.10-1' Flash photolysis of A or A H + does not in-
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