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Phosphorescence Quenching by Diffusion in an Isopentane Glass'

By P. FroeaLicH and H. MORRISON*
(Chemistry Department, Purdue University, Lafayette, Indiana 47907)

Summary The quenching of toluene phosphorescence by As part of a general study? of alkylbenzene emission and
cis-piperylene at 77 K in an isopentane glass obeys emission quenching, we have examined phosphorescence
Stern—Volmer kinetics; this is in contrast to the ‘“‘static quenching by dienes in glasses at 77 K. Such triplet
quenching” previously reported for rigid (i.e. pre- quenching is well known,? but has usually been observed in
dominantly ethanol) glasses. alcohol or solvent mixtures (such as ethanol-ether), under
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which conditions the data are best treated by a ‘‘sphere of
quenching action’” model.%:5 In such a model, the medium
is considered to be completely rigid, diffusion is considered
negligible and the excited triplet is quenched only by energy
transfer to species within the “‘sphere of quenching action”
at the instant of excitation.

We now report that when isopentane is used as the
glassy medium, phosphorescence quenching data may be
treated by the usual Stern—Volmer kinetics, whereby
I,/I =1+ kqr[Q] (with I and I, representing phosphor-
escence emission intensities with and without quencher
present). Although several different systems have been
studied,? the data for cis-piperylene quenching of toluene
phosphorescence suffice to illustrate the technique. These
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FIGURE. Stern—Volmer quenching plot velating toluene phosphor-
escence intensity at 17 K in an isopentane glass, to cis-piperylene
concentration.

data are shown plotted in the Figure, with the slope (kq7)
of the (least-squares derived) line found to be 942 4- 106 M~
(error represents standard deviation of the data). Under
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identical conditions for (freeze, pump, thaw) degassing, our
measured lifetime, (7), for toluene at 77 K in isopentane, is
3:50 - 0-07 5.6 Thus, the rate constant for quenching, &4,
is found to be 269 4 30 s~1M~1, some 479, of the diffusion
controlled rate constant (Rgipr = 568 s~M~1) calculated
using the modified Debye equation’ (n for isopentane at
77 K taken as ca. 3 X 10* poise).? The observation of a kq
equal to ca. 479, kgiz¢ may be compared with measurements
at room temperature in solution, wherein for example, %q
for naphthalene quenching of the benzophenone triplet is
reported? to be about 129, Zqit.

The validity of our treatment of these data is confirmed
by several observations. Thus, if one assumes rigidity of
the medium and a “sphere of quenching action”, the radius
of this sphere may be calculated using equation (1).2

1000 In I /I (1)
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Typical radii® for triplet energy transfer are of the order of
12—15 A, A similar treatment of our data gives a radius
of ca. 55 A, certainly not a realistic figure for triplet quench-
ing by the close-contact, exchange mechanism.®? Further-
more, although toluene fluorescence is efficiently quenched
at room temperature by cis-piperylene at these concentra-
tions, no fluorescence quenching is observed at 77 K; this
again argues against the ‘instantaneous quenching”
assumed by the ‘‘quenching sphere” model. Finally,
though 3-37 X 10-3m cis-piperylene in an isopentane glass
quenches 779, of toluene phosphorescence, a considerably
larger (i.e. 84 X 10~*M) concentration of the diene in an
ethanol glass was found to quench only 199, of the toluene
emission.t}

Thus it appears that bimolecular processes requiring
diffusion can occur at 77 K in an isopentane glass.
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+ The quenching observed in ethanol corresponds to a ‘‘sphere of quenching” radius of 21 A, a value slightly higher but comparable

to those observed for other triplet-transfer systems.?

t Concentrations used in this report are uncorrected for solvent contraction at 77 K. Such contraction amounts to ca. 209 for

isopentane!® and correction for this factor reduces the Stern—Volmer slope and the calculated “radii”’ by ca. 109%.
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