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In this paper we report the first successful time-resolved de-
tection of singlet oxygen, O,(*A,), luminescence using the pulse
radiolysis technique. The use of this technique (a) to produce
high concentrations of solute (S) triplet states in aerated benzene
(B) via a combination of channels 1-4 and (b) to subsequently
form Oy('A,) via channel 5 has already been described.* The
method complements direct pulsed laser excitation of S in that
formation of 3S*, and therefore of O,('A,), is still efficient* in
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those instances where intersystem crossing (channel 4) is unim-
portant. In the latter situation a laser-based experiment would
require an additional light-absorbing sensitizer which could
subsequently transfer triplet energy to high concentrations of S.
Such experiments, certainly of a quantitative nature, are usually
doomed to failure because of competitive light absorption prob-
lems.” No such problems exist with pulse radiolysis, and the high
available triplet energy of 3B* (84 kcal mol™!)’ ensures that
virtually any solute of interest, in the O('A;) context, will be
efficiently promoted to its triplet state.

A major breakthrough in the time-resolved detection of O,(1A,)
came with the advent of germanium diodes which are highly
sensitive in the infrared and fast, low noise, high gain amplifi-
ers.!®!!  This allowed the observation of the extremely weak
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Figure 1. Transient signals measured in mV of deflection with time, each
trace showing units per division of graticule, after absorption of a 100-ns
electron pulse by liquid hexadeuteriobenzene containing 2-aceto-
naphthone (2 X 107! mol L), (A) and (B): aerated solution with
germanium detector protected from emitted light by aluminum foil, (A)
inside (1 m light-guide) and (B) outside (7 m light-guide) the radia-
tion-exposed area, (C)—(F): germanium detector exposed to emitted
light and situated outside the radiation-exposed area; (C) and (E) aerated
solutions with differing sensitivities and time scales; (D) and (F) corre-
sponding experiments for nitrogen-purged solutions. In (E) the first-order
fit shown corresponds to a rate constant of 6.0 X 10° s,

luminescence of Oy('4,) which corresponds to the forbidden ra-
diative (0,0) transition summarized in eq 6 and greatly enhanced

0,(1A) — 0,32, + hp(1267 nm) 6)

the accuracy of yield, lifetime (r,), and reactivity parameter
determinations.®!%13  Such work has to date been restricted to
laser-based systems, whereas, for reasons already emphasized,
adaptation for pulse radiolytically produced O,('A,) would be
highly desirable.!* With the detection system used previously!S
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Figure 2. (A) First-order constant for O,('A,) luminescence decay, k',
as a function of radiation dose for an aerated hexadeuteriobenzene so-
lution of 2-acetonaphthone (2 X 102 mol L™'). The data point at zero
dose corresponds to k’ determined after pulsed laser excitation (355 nm;
1 mJ) of an identical solution (cf. ref 10a,c, 13a,c). Inset: corresponding
transient luminescence, with first-order fit, after absorption of a 3.65-Gy
electron pulse: 20 mV /division, 100 us/division, k= 3.6 X 10°s”. (B)
Relative OZ(lAs) luminescence yields, measured as mV of deflection and
extrapolated to time zero, as a function of radiation dose for sensitizers
(2 X 1072 mol L™) in aerated hexadeuteriobenzene: (a) naphthalene and
(b) benzophenone. A small correction for the effects of ¢, on G values
gave a ratio of slopes of 1.7, to be compared with a published value of
1.9 for benzene.’ Inset: corresponding transient luminescence, with
first-order fit, after absorption of a 6.65-Gy electron pulse with naph-
thalene as sensitizer: 50 mV /division, 100 us/division.

efforts in this direction have proved fruitless due to (a) a non-
light-induced signal resulting from bombardment of the germa-
nium detector by scattered X-rays and (b) an intense IR signal
due to Cerenkov emission.'® Both signals were orders of mag-
nitude higher in intensity than that anticipated for O,('A,)
emission. Such problems have been overcome as detailed below.

The reaction cell and germanium detector were physically
separated while remaining “close-coupled” by means of a 7-m
length of fiber optic cable.!® This allowed the detector to be
situated outside the concrete-enclosed, radiation-exposed area, and
the resultant loss of the scattered X-ray effect is demonstrated
in Figure 1 (parts A and B). When, with this detection config-
uration, an aerated solution of a sensitizer, e.g., 2-acetonaphthone
(2 x 10 mol L), in benzene (5 ~ 33 us)!* was subjected to
a 100-ns pulse of 10 MeV electrons, the O,('A,) emission signal
was virtually indiscernable from the detector response to the
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Cerenkov emission. However, as demonstrated in Figure 1 (parts
C and E), the same experiment repeated in hexadeuteriobenzene
(74 550-700 us)!%e132¢ g]lowed clear time resolution of the two
signals. The O,(!A,) emission signal from a single shot experiment
(Figure 1E) had excellent signal-to-noise characteristics with an
intensity which compared favorably to that observed on pulsed
laser excitation at 355 nm (~1 mJ per pulse) of 2-acetonaphthone
(OD3s5 = 1.0) in aerated benzene with cell and detector physically
close-coupled.'

Several independent controls have unequivocally identified the
“slow” emission of Figure 1E as that corresponding to eq 6.

_ (1) It disappeared completely on deaeration, but the fast
Cerenkov spike was unchanged (cf. Figure 1 (parts C-F)).

(ii) Its strictly exponential decay (Figure 1E) was, as diagnosed
previously for O,('A,),? linearly dependent on radiation dose
(Figure 2A). Extrapolation to zero dose and zero sensitizer
concentration gave a lifetime of 625 us, in excellent agreement
with published 7, values for hexadeuteriobenzene.!0%%3ac

(iii) Its yield, extrapolated to time zero, was sensitizer dependent
(Figure 2B). The relative values for berizophenone and naph-
thalene were essentially identical with those recently measured
in benzene.’

(iv) Its decay rate was enhanced by the efficient O,(14,)
quencher strychnine. The routinely determined rate constant, 8.8
X 108 L mol™! s7!, was essentially identical with that already
reported for benzene, 9.0 X 10® L mol™! s71.20
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Transition-metal main-group solid-state compounds, e.g.,
carbides, are important materials.! The simplest compounds can
be viewed as a metal lattice with individual main-group atoms
in a set of interstitial holes. There are well-known examples of
discrete molecular clusters containing electron precise (H and
group 14)? or electron rich (groups 153 and 16%) interstitial atoms.

(1) Greenwood, N. N,; Earnshaw, A. Chemistry of the Elements; Perga-
mon Press: New York, 1984; p 162.
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