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‘T, ~~~~—*E Intersystem-crossing Efficiency in the Cr(bpy),** and
Cr(phen),’* Ions in Aqueous Media

By Nick SERPONE* and MARY A. JAMIESON
(Department of Chemistry, Concordia University, Montreal, Quebec, Canada H3G-1M8)

and MorTON Z. HOFFMAN

(Department of Chemistry, Boston University, Boston, Massachusetts 02215)

Summary Comparison of the photoaquation quantum
yields of Cr(bpy);**+ and Cr(phen),®+ complexes in alkaline
aqueous media, from direct irradiation into the spin-
allowed 4T, manifold and into the spin-forbidden 2T, /2E
states, indicates that the 4T,~~~>2F intersystem-crossing
(isc) yields are identical for the two complexes (715¢ ca. 1).

THE photochemistry and photophysics of polypyridyl
chromium(rir) complexes, Cr(NN),3*+, have been the object
of many recent investigations.l=® Detailed studies on
Cr(bpy);®t+ (bpy = 2,2’-bipyridine) have demonstrated that
excitation into the spin-allowed quartet manifolds (see
Figure) results in the rapid formation of the lowest excited-
quartet state, *T,, (lifetime <1 ns)? which undergoes non-
radiative (nr) decay (*&nr) to the 4, ground state, in compe-
tition with intersystem crossing (isc) (*Zjg¢) into the doublet
manifolds 2T,/2E and reaction with the solvent (*;4); no
fluorescence has been observed from 4T, in aqueous solution.
The thermally equilibrated 3*7,/2E states undergo non-
radiative (%kp,) and radiative (%kpaq) return to the ground
state and react (via *T,)> with the solvent (%&p4) to form a
7-co-ordinate intermediate which is the direct precursor of
the final aquated product.? Back intersystem-crossing from
3T,/*E to *T, has been ruled out on experimental and theor-
etical grounds.3.®
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FIGURe. Simplified energy-state diagram for polypyridyl-

chromium(itr) complexes (i.c. = internal conversion).

The identity of the reactive excited-state in the photo-
chemical activity of chromium(ir) complexes, however,
continues to be a controversial issue. It is generally ac-
cepted, for example, that part of the photochemistry
quenched in parallel with the luminescence from 2T,/2E
states must take place from these states. What is too often
not clear, however, is whether this quenched photoreaction
occurs directly from the doublet manifolds or from the
quartet manifold subsequent to back intersystem-crossing.
One crucial parameter in elucidating the photochemical
mechanism of polypyridylchromium(ir1) complexes is the
intersystem-crossing yield [equation (1)]. Therefore it is not

*krx) (1)

surprising that various studies have been directed at
evaluating 7)jgc. Bolletta ef al.” evaluated 75¢ for Cr(bpy),**
to be ca. 1; the corresponding value for Cr(phen),®t (phen =
1,10-phenanthroline) in 1:3 (v/v) H,O-DMF (DMF =
dimethylformamide) solution was reported to be ca. 0-2. This
latter value has been questioned® in the light of the photo-
physical and photochemical similarities between the two
complexes. We have also shown that 43)4¢ is dependent on
the solvent medium® and recent studies® have revealed that
Cr(bpy)s** exhibits unusual photochemical behaviour in
DMF-H,O solutions. It becomes imperative that 435, be
determined under the same conditions of solution medium
in which the photochemistry is investigated.3:®

In alkaline solution, the quantum yield (®4) for the photo-
aquation reaction [equation(2)] reflects the population of the

isc = *Rige/(*Rise + *hnr +

hv
Cr(NN)3t — > Cr(NN),(OH),* + NN 2
r(NN), OH——H,0 r(NN),(OH),+ + 2

2T, J2E states and the other competitive modes. For example,
if excitation were directly into the doublet manifolds,
*Dry = ey, where *r = 1/(*krx + *kor + *kraaq + %kg[Cr11]
+ 2kq[Q]); %kg is the rate constant for the quenching of
2T,/*E by the ground-state substrate and 2%q represents the
rate constants of all the other steps that quench T, /2E. For
excitation into the quartet manifolds, 2@y = 49i50%krx*7;
inasmuch as @y, the quantum yield of reaction directly
from 4T, is <<10%, of 4*2@y, its contribution can be ignored.
Therefore, 4*2®ry = *@ry*nige. Equation (3) may be used for
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a comparison between Cr(bpy);** (b) and Cr(phen)*t (p),
where 4-2¥, 0-010,10 422, 0-18,5 and *jg¢ ca. 1.7  Deter-
mination of (2@P,/2DL,) under identical photochemical and
solution medium conditions to those used to determine
4—=2PP and 42P?, would give an estimation of 4np,.
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Argon-purged solutions of the title complexes (1-:0 X
10-3 M) (at pH 9-26) and 1 M NaCl in 0-008 m Britton—
Robinson buffer were flashed at 22 °C under identical
conditions with 0-3 us pulses [Aexe (max) 692 nm with
oxazine 720 dye] from a Phase-R Corp. DL-2100C tunable
dye laser which delivers 1-—1-3 J pulse~!. The concentration
of free bpy or phen released from the photoreaction was
determined with the same extraction procedure previously
used to evaluate +*2d;y;1+3 the limit of detection of free bpy
or phen by this spectrophotometric method isca. 3 x 1077 M.
Identical samples were also kept in the dark in order to
assess and account for the thermal component of the observed
photoreaction.

Under the conditions of the experiments, the concentra-
tion of free bpy from the photolysis (100 pulses) of Cr(bpy);3+
was 4 x 107¢ M; no free phen (<3 x 10-7 M) was observed
from the identical photolysis of Cr(phen);**. Inasmuch as
2D,y is defined as (A[NN]/A#)(I,)~* and for the same con-
centrations of weakly absorbing Cr(bpy);*+ and Cr(phen)s3*
in cuvettes of the same path length, equation (4) can easily
be derived. Since the ¢, values of Cr(phen);3*+ at 695 and
727 nm are approximately twice those of Cr(bpy)s*t!! and
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from the values of the other parameters, we predict that if
08, ca. 1, A(phen] is ca. 4 x 107 M, while if *f_ ca. 0-2,

Alphen]is ca. 2 x 1078 M.
<“"2¢&> _ (“m‘k) A[Phen]><€x>
= zq):)x 47’::0 A [bPYJ E?\

To the extent that we observe no free phen in the photo-
lysed Cr(phen)y®+ solution, we conclude that ‘nk, ~4nh, ~1.
This result is in accord with the value of 0-95 suggested by
Kane-Maguire and Langford!? from O,-quenching studies of
the photoracemization of optically acitve Cr(phen),3+. Itis
also interesting to note that 42@?F, ca.0-054>2@". Two main
factors may account for this difference: (a) ground-state
quenching in the phen complex in 1 M CI~ media!® and (b)
the greater rigidity of the phen vis-d-vis the bpy ligand
framework.10
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