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HATURE OF THE EXCITED STATE OF CYTOSINE: EVIDENCE FEOM
PHOTOCHEIICAL KINETICS AID LUMIVESCEHCE QUEICIIIG

Ve have previously reported(l) the photodeamination by 2537 A° radiation
of cytosine in aquecus solution and have drawn attention to its possible sig-
nificance in photcbioclogy.

Investigation of kinetics of this deaminaticn has led to the following
results which, taken in conjunction with the previously described(g) lumines-
cence behavior, allow clear conclusicns to be drawn concerning the neture and
behavior of the excited state of cytosine in aqueous solution.

The deamination is linear with absorbed intensity uo to considerabie
percentage change, (Fig. 1) and hence represents a major, primary reaction.

AS can be seen from Fig. 1, the reaction is strongly dependent on concentration
of cytosine, and quantunm ylelds over a twentyfold range of concentration are
shown in Fig. 2. Graphical analysis shows the reciprocal of the quantum yield
to be a linear functich of the reciprocal of the cytosine concentration

(Fig. 3) and gives the result
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This relationship is very important, because the form of it indicates a simple

competition betveen deactivation of the chemically active excited state and
reaction of it with a further molecule of cytosine. TPurthermore, if it is
supposed that deactivation is acccmpatiied by emission of Iuminescence, then we
can quantitatively account for both the luminescence and photochemical pheno-

mena by the following mechanism.

*Fresented at the Fourth Internatiocnal FPhotobioclegical Congress,
Oxford, England, July, 1364.
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We propese that an excited state of cytosine
hg, C*
which can luminesce in ieverting to ggound state by a first order process,
* 1

C > C =+ hyu

can react with another cytosine molecule to give a transient execited dimer
k_
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and that this can be deactivated by further ccllision with cytosine to give

stable products, among ﬁhem ammonis
*

3
CE + ¢ ——> Prcducts (HH5)

Treament of this mechanism by stationary state kinetics, assuming k3 >» ko,

gives the following expressicn for the relative luminespance intensity

(F = relative luminescence intensity, K = constant).

and for the quantum yield of ammonia.
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These eguations are to be compared With experimentel equation (1) of the pre-

ceeding Communication and equation (1) of this one. The interpal consistency
of the mechanism, and hence the relaticnship between results cbtained by two
entirely different experimental techniques, is shown by the evaluation of the

ratio k5 frem the experimental slopes kK and kc . We find k = 3.5 X 103 »
a

3

k-2 )

in ageeement with the assumption of the mechanism.
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Hence we conclude that the excited state which luminesces is the same
one which on quenching leads to the deamination reacticn.

Further consideration of the experimental constants leads to the con-
clusion that the execited state ¢ is long lived. Thus from the deamination
kinetics kl/k2 =6.2x lO_h - The meximum possible value which k2 can have
1s the diffusion controlled rate of 109 lm sec-l (Calculated by method of
G. V. Schultz(B), using a diffusion coefficient of lO_5 cm2 sec_l). This
gives an upper limit of 6.2 x 105 sec_l for kl ‘

An alternative and complementary approach is to discuss the quenching
constant in terms of ke'f' = LT % th where )/ is the intrinsic 1ifetime
of the emission. If emission is from a singlet state, for which T is common-
1y 10_8 secs, then k2 = 1.7 x 1012, an impossibly high value. On the other
hand, if emission is from a triplet level with 7~ = 10°% sec, then k = 1.7 x 108,
somewhat less than the diffusion-controlled rate. Accordingly we conclude
that the excited state is probably a triplet level.

To summarize, we find that irradiation of cytosine in aqueous solution
leads to a relatively long~lived excited state, probably triplet, emitting
weak luminescence at 380 mi, and undergoing self-quenching reactions leading

eventually to deamination.

A complete presentation of this work 1s in preparation.
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