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The Formation of Excited States on Pulse Radiolysis of Organic
Solutions

By F. S. DaiNTON,* G. A, SarmoN, T. Morrow, and G. F. THOMPSON
(Cookyidge High Energy Radiation Research Centre, The University of Leeds, Leeds)

Various mechanisms have been proposed for the
high yields of excited triplet state solute molecules
formed on pulse radiolysis of dilute solutions of
aromatic solutes in organic liquids.!-® McCollum
and Nevitt* concluded that for liquid paraffin
solutions all the triplets were produced via inter-
system crossing from excited singlet precursors.

Hunt and Thomas® observed that for naphthalene
(Naph) in cyclohexane most of the triplet state
molecules were formed in less than one nanosec.,
but a small portion did grow in with a half life of
100 nanosec. Since the yield of these ‘‘slow”
triplets depended on [Naph] quite differently from
the yield of radiation-induced fluorescence they
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TABLE

Yields of excited states in avgon-saturated naphthalene—cyclohexane solutions

Conc. G(INaph*)u Total G(®*Naph*)
(m/1.) (£20%) G(*Naph*)c G(*Naph*)1s, (£5%)
104 0-056 0-053 4 209, 0-18
4 X 10—* 0-15 012 4 20% 0-36
8 x 10—* 0-254 — 0-19 4 209% 0-50
103 0-273 0-273 4 209, 0-20 4 209, 0-56
2 x 102 0-374 —_— 0-27 4 209, 0-76
5 % 10-2 0-70 0-50 L 20%, 1-12
10-2 — 0-77 09, 0-515 + 309, 12
5 x 10-2 —_ 2:0 409, 092 4 409 2-84
10— —_ 31 509, 1-02 + 509 3-34

concluded that these ‘‘slow” triplets are not formed
by intersystem crossing from the excited singlet.
Using psec pulse techniques, we find that for
the naphthalene—cyclohexane aud -benzene solu-
tions the fluorescence spectrum changes signi-
ficantly above [Naph] = 10 mm due to increased
self absorption at short wavelengths and excimer
emission’ at long wavelengths. The yields of
fluorescence at 340 my (solely monomer fluores-
cence) and at 415mp (predominantly excimer
fluorescence) are shown as a function of log,,-
[Naph] in the Figure, and the latter is identical
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FIGURE. Concentration dependence of the 340 mu (Q)
and 415 mp (@) radiation-induced fluovescence from
naphthalene—cyclohexane solutions.

to that attributed to the monomer fluorescence
by Hunt and Thomas.® However the dependence
on [Naph] which we observe for the monomer
fluorescence is very similar to that reported by

Hunt and Thomas for the “slow” triplet yields.
Moreover we find that in both solvents the monomer
fluorescence yield depends on [Naph] in a very
similar way to the total triplet yield and is simi-
larly reduced by an electron scavenger such as N,O.

Our results suggest either that all triplets are
formed by intersystem crossing or that both
INaph* and 3Naph* have a common precursor.
‘We have therefore measured the yields of INaph*
produced on pulse radiolysis of dilute (<5 mM)
naphthalene—cyclohexane solutions using McCollum
and Nevitt’s technique® except that the fluorescence
was detected photoelectrically instead of photo-
graphically. The results of these measurements
are shown in the Table, i.e. G(!Naph*)y. The
calculated singlet yields (i.e. G(*naph*),] at
[Naph] >5 mmM were obtained using the measured
value G(*Naph*)y = 0-27 at [Naph] = Imm and
the concentration dependence of the 340 mpu
fluorescence yield (Figure). The values of ¢y, the
quantum yield for fluorescence, required for this
calculation were obtained® using the rate constant
Ry = (18 4= 0-6) X 10%M~1sec.”! and the lifetime
for !Naph* at low [Naph] = (&, 4 &,)-1 = 70
nanosec. It was assumed that &, = 3%,.°

k
INaph* s Naph 4 hv (1)
Ry
1Naph* —> 3Naph* (2)

kB
INaph* + Naph —— INaph.Naph* 3
p P P

As can be seen from the Table, we find that
excited singlet solute molecules are produced in
high yield in agreement with the work of McCollum
and Nevitt. The yields of excited triplets formed
by intersystem crossing [i.e. G(3Naph*);4] from
these singlets were calculated using the values for
ky ky, and k; given above. The values of
G(®*Naph*);s in the Table show that intersystem
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crossing from singlets makes a significant contri-
bution to the total G(®Naph*) and it is especially
interesting that these values at low concentrations
agree reasonably well with the “slow’ triplet
yields reported by Hunt and Thomas. At higher
concentrations however the ‘“slow” triplet yields
are much lower. This decrease in the ‘‘slow”
triplet yields is possibly due to the sharp decrease
in the lifetime of the naphthalene singlet at high
concentrations. The values of %,, %,, and %4 used
above indicate that at concentrations above 0-5 M
the excited singlet lifetime is less than 10 nanosec.
Triplets formed by intersystem crossing at high
concentrations would therefore appear to be ““fast”
triplets.
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The high singlet yields recorded above are also
consistent with preliminary results which we have
obtained on naphthalene—cyclohexane—xenon solu-
tions. We have observed that 0-2m-xenon, which
enhances the rate of intersystem crossing,10
decreases the fluorescence yield of 0-1 M-naph-
thalene—cyclohexane solution to approximately
zero and increases the triplet yield from 3-3 to 4-2,
i.e. the total yield of excited molecules (singlet +
triplet) at 0-1m is approximately 4-2.

Further work using different solutes in both
cyclohexane and benzene as solvents is in progress.
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