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Hydroxide Ion as a "Non-Innocent" Quencher of the 
Photoaquation Reaction of Chromium(III) Complexes 

Sir: 

Several Cr(III) complexes are known to exhibit appreciable 
phosphorescence under experimental conditions (fluid solutions 
near room temperature) in which photochemistry is usually 
observed.1 For these complexes the comparison of the phos
phorescence and photolysis quenching2"10 or sensitization11-13 

has led to important progress in the understanding of the ex
cited-state behavior. Quenching and sensitization processes 
involve an intimate interaction between the excited molecule 
and the quencher.14 Such an interaction may result in physical 
events (e.g., electronic energy transfer, spin-catalyzed deac
tivation, etc.) or in some kind of chemical reaction between the 
excited state and the quencher (e.g., electron transfer, hy-

Table I. Quenching of the /-Cr(en)2(NCS)2+ Phosphorescence 
Emission" 

Quencher* (kK) 

Ni(gly)2
rf(10)-

Co(NH3)5Cl2+(11.4)' 
Cr(CN)6

3-/(12.3)? 
Co(CN)6

3" (-18)* 
I- (44)'' 
OH"-'(54)' 

* „ / M - 1 S - 1 

7.5 X 107 

1.8 X 108 

2.3 X 109 

<1 X 105 

<1 X 105 

1.3 X 108 

Quenching mechanism 

Energy transfer 
Energy transfer 
Energy transfer 

Chemical reaction* 

" Air equilibrated aqueous solution, 15 °C, complex concentration 
1 X 1O-2 M, pH 3, unless otherwise stated. * The energy of the lowest 
excited state is given in brackets. c Bimolecular quenching constant 
obtained from the Stern-Volmer plot I°/I = 1 + A^T[Q]; T = 10.5 us. 
d Natural pH. ' C. K. J r̂gensen, Adv. Chem. Phys., 5, 33 (1963). 
f Lifetime quenching measurements showed that static quenching is 
negligible, * From ref 12. * J. N. Demas and J. W. Addington, J. Am. 
Chem. Soc, 98, 5800 (1976).' M. Fox, in "Inorganic Photochemis
try", A. W. Adamson and P. D. Fleischauer, Ed., Wiley, New York, 
N.Y., 1975, p 333. J Phosphate buffer, 0.05 M. * See text. 

drogen transfer, etc.). In the latter case new chemical species 
are formed which exhibit their own chemical reactivity. This 
may cause complications in the analysis of the experiment and 
may also lead to erroneous mechanistic conclusions. 

We have studied the phosphorescence and photoreaction 
(NCS - release)15 quenching of/ra«s-Cr(en)2(NCS)2+ (en, 
ethylenediamine) and have found that OH - , which is currently 
used in investigations of this kind,5'9 causes anomalous results 
for the quenching of the photoreaction. 

Phosphorescence and photolysis studies were carried out in 
air equilibrated aqueous solutions at 15 0C with 508-nm ex
citation using apparatus and techniques previously described.18 

The species Ni(gly)2 (gly, glycinato ion), Co(NH3)SCl2+, 
Cr(CN)6

3-, Co(CN)6
3-, I - , and OH - were used as potential 

quenchers. The results obtained in the quenching of the 
/ra«s-Cr(en)2(NCS)2

+ phosphorescence are summarized in 
Table I. As the energy level of the 2E emitting state of trans-
Cr(en)2(NCS)2

+ is 13.8 kK above the ground state,1 

quenching via electronic energy transfer is thermodynamically 
allowed for Ni(gly)2, Co(NH3)5Cl2+, and Cr(CN)6

3", 
whereas it is forbidden for Co(CN)6

3-, I - , and OH - . Never
theless, OH - does quench the fra«5-Cr(en)2(NCS)2

+ phos
phorescence with a relatively high rate constant. In parallel 
experiments the quenching of the NCS - photoaquation re
action was investigated19 and it was found that a fraction of 
the photoreaction quantum yield ($NCS-) was unquenchable 
under conditions of total phosphorescence quenching. Plots of 
*NCS-/$°NCS- against 1/1° 7 revealed that the data obtained 
for Ni(gly)2, Co(NH3)5Cl2+, and Cr(CN)6

3- fall on the same 
straight line, whereas those concerning OH - fall on a different 
straight line (Figure 1). Specifically, the results obtained with 
Ni(gly)2, Co(NH3)5Cl2+, and Cr(CN)6

3- show that the un
quenchable part of the photoreaction is ~20%, whereas the 
results obtained with O H - would indicate that the un
quenchable part is ~55%. Since the fraction of unquenchable 
photoreaction has important mechanistic implications as a 
measure of the "prompt" quartet reaction,2~10'14 it is necessary 
to know which of the two values is the right one. There seems 
to be little doubt that the right value is that obtained with 
Ni(gly)2, CO(NHJ) 5 CI 2 + , and Cr(CN)6

3-, which are expected 
to quench by a chemically "innocent" mechanism, i.e., elec
tronic energy transfer. The quenching by OH - , on the con
trary, has to take place by means of some kind of chemical 
reaction. 

For the quenching of (2E)Cr(NH3)6
3+ by OH - , Langford 

and Tipping5 suggested the involvement of an amine-hydrogen 
deprotonation step. This mechanism was also considered likely 
for hydroxide quenching of (2E)Cr(en)3

3+,9 but it seems to be 
less probable in our case owing to the lower positive charge of 
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Figure 1. Plot of *NCS-/*°NCS- against 1/1°. The quenchers used were 
OH" (•), Ni(gly)2 (•). Co(NH3)5Cl2+ (A), and Cr(CN)6

3" (O). 

the complex. A more reasonable mechanism seems that in
volving the formation of a seven-coordinate intermediate 
containing O H - in the coordination sphere. Whatever the 
intimate mechanism of hydroxide quenching, our results show 
that the interaction between (2E)- rra«5-Cr(en)2(NCS)2

+ and 
OH - quenches the "intrinsic" manifestations (including 
phosphorescence emission and NCS - aquation20) of the 2E 
excited state, but introduces a new path for NCS - aquation 
from 2E. As there is no reason why this could not occur for 
other complexes,21 the use of 0H~ as a selective doublet 
quencher5-9 in mechanistic studies of Cr(III) photochemistry 
should be avoided.22'23 
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Effect of a C7 x-Electron Donor on a 
Cycloheptatriene-Norcaradiene Equilibrium 

Sir: 

7r-Electron donors in a bisected conformation at the C7 
(cyclopropyl) position are believed to destabilize norcaradienes 
either by weakening the C]-C6 bond through HOMO-LUMO 
interactions1'2 or by repulsion between filled ir-electron energy 
levels.3 The validity of this theory not only bears on our un
derstanding of cycioheptatriene and cyclopropane properties, 
but also on our fundamental understanding of resonance. We 
now report the first experimental evidence which demonstrates 
that replacement of hydrogen at C7 with a tr donor substituent 
can stabilize the norcaradiene form relative to the cyciohep
tatriene form and discuss possible explanations for this be
havior. 

Our approach has been to investigate the effect of a good 
donor group (the piperidino group) and the sterically equiva
lent4'5 cyclohexyl group at C7 on a closely balanced cyclo-
heptatriene-norcaradiene equilibrium.6'7 Pale yellow crystals 
(mp 120 0C dec, presumably 3a)8 were obtained in 94% yield 

a, R = 1-piperidino 
b, R = cyclohexyl 
c ,R=H 

on treatment of 1 with piperidine. Spectroscopic data indicated 
the rapidly equilibrating 2a ^ 3a in solution: UV /\max

CH3CN 

273 (e 21 400), 353 nm (8150); NMR (CCl4, 25 0C) 5 7.24 (m, 
10 H, phenyl), 6.76 (s, 2 H, H3,4), 4.45 (d, 2 H, H,,6, Jn = 4.8 
Hz), 2.72 (m, 4 H, NCH2), 1.80 (t, H7, Jn = 4.8 Hz), and 
1.57 (m, methylene) (the latter two m 7 H together). Treat
ment of 1 with cyclohexyllithium afforded 2b ^ 3b in 8% yield. 
The latter were separated from their 7-cyclohexyl-1,5-di-
phenylcycloheptatriene (mp 143-144 0C) and 7-cyclohexyl-
1,4-diphenylcycloheptatriene isomers, each formed in 17% 
yield, by elution with pentane on neutral alumina and on 40% 
silver nitrate on silica gel followed by selective crystallization 
from pentane-ether-methanol: white crystals; mp 123-125 
0C (presumably 3b);8 UV \max

hexane 241 (« 37 100), 322 nm 
(8750); NMR (CS2, 25 0C) 6 7.25 (10 H, phenyl), 6.92 (s, 2 
H, H3 and H4), 4.75 (d, 2 H, H, and H6, Ji7 = J6I = 5.5 Hz), 
and 0.5-2.3 (m, 12 H, H7 and cyclohexyl). In CCl4 at 25 0C 
Hi16 absorb at 8 4.88. 

The time-averaged values of 5Hl 6 in 2a ^ 3a (4.45) and 2b 
^ 3b (4.88) indicate that, in contrast to 2c (5.74),6'7 sub
stantial quantities of the norcaradiene form are present in both 
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