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COMMENTS

Comment on “Quenching Mechanism of Rose SCHEME 1
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J. W. Goethe-Unéersita, Max-von-Laue-Strasse 7, bimolecular quenching mechanism relies on the linear dependence
D60438 Frankfurt am Main, Germany of the overall rate constanks,sof excited-state decay on {7

Receied: February 8, 2006; In Final Form: April 21, 2006 But the results of Shimizu et al. apparently demonstrate that
rate constantkops Of triplet decay which depend linearly on O

could well be consistent with a mechanism where the interaction
of a second @molecule with $S-0,)* leads to sensitizatioh.

However, the evaluation of Shimizu et al. ends in physically
unreasonable results:

(i) If almost all excited species of RB would be in oxygenated
solution in the $5-:O,)* exciplex state, then the transient
absorption spectra should correspond 3& @,)* and should
differ from the TT absorption spectra of deoxygenated solutions
of RB. It has been shown that the absorption spectra of
exciplexes of several aromatic acceptor molecules (A) with the
common electron donor (D) diethylaniline can be attributed to
the combination of transitions from the {AD™) exciplex state
to higher excited charge transfer states(A") and (A"-D**),

; . . as well as to locally excited states (A% and (AD*).8

Here,ko is the rate constant of first-order decay’sf in the (i) RBis a WeII-k):mwn triplet senéitiz)er of gingle)t oxygén.

absence of @ ky andk: are the rate constants Gf0;)* for- Quantum yields of g*Ag) sensitization between 0.75 and 0.81

mation and {$-O,)* back-reaction t6'S* and Q; K = kyk is have been measured in®, DO, CH;OH, and GH,OH.® The
the corresponding equilibrium constant; dqds the rate con-  yinier siate energy of RB amounts E,r': 164 kJ motL.10
stant of £S-0,)* dissociation to ground-state sensitizer S and Thus, the excitation energy o?%0,)* is estimated with the
O,. Whereas these four steps have hitherto been sufficient tovalué of AH to amount to only about 14 kJ mdl Therefore,

describe the overall triplet-state quenching by Shimizu et eraction of $5:0,)* with ground-state @ could never
al. introduced as an additional quenching process the bimolecular,

sensitize Q*Ag) with an excitation energy of 95 kJ mdlin
reaction of the exciplextg-O,)* with ground-state @for which AAg) ay

a . alcoholic solution. Thus, this evaluation must be wrong.
the same rate constakf was assumed as for théXO,) There are also deficits in the derivation of the formal

formation rgaction. On the basis Qf Scheme 1, they derive_d €q quenching kinetics required to explain the nonlinear oxygen
1 for kops Fits of eq 1 to the nonlinear oxygen concentration concentration dependencelafs measured in the high-temper-
2 ature region. The reactions of,@vith 35* and with £S-O,)*
K, =k0+ KKIO, + kKIO,] 1) are different and cannot have the same rate constant
bs 1+ K[O,] Designating the rate constant of the reaction of With
(3S-0,)* as k; leads to eq 2 fokops With K' = ky/(k + kp).

Shimizu et al. recently published results on the quenching of
triplet excited rose bengat$*, RB) by G in ethylene glycol.
The investigation comprises;@oncentration-dependent time-
resolved triplet-triplet (TT) absorption measurements at’zZd
and between 130 and 14€. They determined overall rate
constantskgps Of triplet decay which, as commonly found,
linearly depend on [g) at 20°C. However, at high temperatures,
a stronger than linear increase lgfs with [O,] was observed
at low [O;] passing to a linear dependence only for larges] [O
values. These results led to the surprising conclusion that the
quenching occurs principally by the interaction of a second O
molecule with the primarily formed excipleX% O,)* and only
to a much lesser degree by the direct dissociatio?®f))*.
The proposed kinetics are illustrated by Scheme 1.

dependences ok.ps measured at high temperatures yielded

experimental values for the rate constants and the equilib- ko 1 {ko + Koky/kyt K'[O,] + kK'[O,]°

rium constanK. Evaluation of the temperature dependence of Kobs = 1+ K[O,] (2)
K resulted in the extraordinarily large negative reaction enthalpy

AH = —150 kJ mof? for (3S-O,)* exciplex formation. Extra- References and Notes
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