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We wish to report measurements on the phos- 
phorescence lifetimes of Cr(en)p, Cr(NHa)63+, and 
Cr(bipyr):’ (bipyr = 2,2’-bipyridine) in room tem- 
perature aqueous solution. The exciting radiation 
was at 530 nm, provided by a Nd glass oscillator, Q- 
switched, amplified, frequency doubled, and filtered 
to remove 1060 nm radiation. The pulses were in 
the range of 0.1 J, as determined by reineckate 
actinometry,’ or of sufficient energy to produce 
about 0.5% photolysis per pulse. The pulse halfwidth 
time was about 20 nsec; relative pulse energies were 
obtained by means of a photodiode and interating 
circuit. A red sensitive photomultiplier provided the 
output for voltage-time oscilloscope traces, which 
were photographed and transcribed to graph paper. 
The emission was observed through a set of Corning 
red filters cutting off below 650 nm, and was 
corrected for the output seen with water only in the 
cell. 

The emission decay plots are shown in the Figure. 
Each set of points is adjusted to a standard pulse 
energy and, since the emission intensity scale is 
relative, the origins of the various plots are adjusted 
for clarity of presentation. Concentrations were 
about 10e4 M, chosen so as to give as much emission 
intensity as possible consistent with not saturating 
the photomultiplier. The complexes were recrystal- 
lized and were spectrally pure from comparisons with 
literature visible absorption spectra. Solutions were in 
distilled water at the natural pH, and were filtered. 

Our observed lifetime for the Cr(en)p phos- 
phorescence is 1.3 psec, in agreement with the value 
of 1.33 ,usec reported by Ballardini et al.’ for about 
the same temperature and medium. The values of 1.8 
nsec for Cr(NH&’ and 45 psec for Cr(bipyr)F are 
new, although the presence of emission had been 
reported earlier.3 We were unable to detect emission 
from Cr(urea)r, Cr(NCS)y, or trans-Cr(NH&- 
(NCS), (Reinecke’s salt), although weak to very weak 
emissions had been reported for the last two.3 

It has been inferred (with some assumptions) 
that much of the photoaquation of Cr(en):’ occurs 
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Figure 1. Upper plot (and upper abscissa scale): Cr(bipyr):+. 
Lower plots (and lower abscissa scale): Cr(NH,):‘, Cr(en):‘. 
The different sets of points represent separate runs. 

from a thermally equilibrated or thermodynamic 
excited (thexi) quartet state, by molecules that have 
passed through the first doublet thexi state. To the 
extent that these two thexi states are in thermal 
equilibrium, their decay times should be the same; 
measurement of the phosphorescence lifetime thus 
indicates the lifetime of the reacting quartet state. 
It is therefore of potential interest that with the 
present data we can now compare lifetimes and 
quantum yields for three complexes, measured under 
essentially the same conditions. The photoaquation 
yields for Cr(en)y, Cr(NH&+, and Cr(bipyr)y are 
about 0.45,2’4 0.30,4 and ca. 0.003,’ respectively. 
It might be expected that the longer lived system 
might have the larger aquation yield because of lesser 
competition from non-radiative deactivation, but this 
is not the case. In the framework of assuming rapid 
equilibrium between the doublet and quartet thexi 
states, aquation from promptly formed latter state 
appears to be an important but not predominant 
complication.* On this basis we may infer approxi- 
mate values for the rate constants for chemical 
reaction kcr, and for non-reactive deactivation, knr, of 
the quartet thexi state. The relationships are r = 
I/(k,r + knr), @ = rkcr where r and $ are lifetime and 
quantum yield, respectively. We thus estimate kcr = 
3.5 X 105, 1.7 X lo’, and 67 in se? and knr = 
3.2 X lo’, 3.9 X lo’, and 2.2 X lo4 in se?, for 
Cr(en)r, Cr(NH&‘. and Cr(bipyr)p. respectively. 
It appears that major variations occur in both rate 
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constants. The assumption of thermal equilibrium 
between thexi states may not be correct, however; 
it is hoped, in work under way, to measure k,, 
directly by observing the rise time of product forma- 
tion using high energy laser pulse photolysis. 

Some unexplored complexities are that the 
quantum yield for the photoaquation of Cr(bipyr): 
is pH dependent, increasing with acidity,5s6 there 
may be a pH effect on r. Also, it was observed for 
Cr(NH,)r that addition of a filter cutting off emis- 
sion of longer than about 700 nm wavelength made 
the emission non-exponential; the 1.8 psec compo- 
nent was greatly reduced in intensity and a faster 
and possibly also a more slowly decaying component 
appeared to be present. This behavior is under further 
study. 
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