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The laser photolysis of sym-triazine optically excited at 265 nm was studied in acetonitrile, cyclohexane and isopropyl
alcohol. The T-T absorption spectrum was observed with maxima at 245 and 303 nm and shoulders at ~345 and
~450 nm. It decays with a rate k = (1.1 £ 0.1) X 10% 57! in acetonitrile solution. The triplet is assigned as (n, 7*) in char-
acter based on the efficient quenching by H-atom donors, e.g., cyclohexane and isopropyl alcohol (kq ~ (1 -~2)x108 M1
s71). The formation of the azyl radical and the corresponding solvent radicals from these reactions have been observed

and identified.

We have recently reported the triplet—triplet ab-
sorption spectra, lifetimes, quantum yields and chem-
istry of the 3(n, 7%) and 3(w, 7*) states of various
diazines in polar and non-polar solvents at room
temperature. These included pyrazine [1] and pyrim-
idine, quinoxaline and phthalazine [2]. Efficient
quenching of the 3(n, 7*) states of pyrazine and py-
rimidine by H-atom donors (e.g., isopropyl alcohol,
cyclohexane) was observed with the formation of
azyl radicals and the corresponding radical from the
H-atom donor. The 3(m, 7*) states of quinoxaline and
phthalazine were quenched about 3 orders of magni-
tude more slowly by H-atom donors. These molecules
were optically excited at 265 nm using a frequency
quadrupled neodymium laser with single pulses of
~15 ns duration. Below are presented the results ob-
tained in the course of a similar study with sym-
triazine.

The electronic spectra, (n, 7¥) and (7, 7*) transi-
tions and the energies of the excited singlet state, and
triplet state of sym-triazine have been studied [3—8].
Efficient intersystem crossing to the triplet state was
considered to take place and the lowest-lying state
was shown to be 3(n, 7*). Other physico-chemical
properties of the triplet state of sym-triazine in solu-
tion do not appear to have been examined.

Details of the laser photolysis experimental ap-
paratus used have been given elsewhere [9]. Optical
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Fig. 1. Triplet—triplet absorption spectrum of sym-triazine
(1.0 mM) in acetonitrile (1 atm argon). O.D. read at 20 ns,
o, after the laser puise. Full line corrected for ground state
depletion of triazine based on complete quenching of the
triplet state by isopropyl alcohol, and taking e3;5 =

1.9 x 103 M™! cm™! for the extinction coefficient of the
triazine radical (see text).

excitation at 265 nm of triazine (1.0 mM, Aldrich
Chemicals) in dry spectrograde acetonitrile gave rise
to a short-lived transient absorption, see fig. 1, with
maxima at 245 and 303 nm and shoulders at =345
and ~450 nm. This transient species decayed by a
first-order process with k= (1.1 +0.1) X106 s71,
and is assigned to the triplet—triplet absorption of
3(n, 7*) sym-triazine (see more below).

Due to the instability of triazine in water, it was
not possible to determine the complete T—T spectrum
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in-that solvent. Under carefully controlled conditions
to minimize its hydrolysis it was possible, however,
to determine the decay rate of the triplet in water,
k=(63+0.6)X10° s A very weak transient ab-
sorption in the visible region with A,,,, ~ 720 nm
was also observed, and is assigned to €,q- Thus photo-
ionization of sym-triazine apparently occurs in water,
just as was found [1,2] for pyrazine in water.

In acetonitrile solutions, oxygen quenches the
triplet absorption with kq =5.0 X109 M~ 1 571 (see
table 1). Good H-atom donors were also found to
quench the 3(n, %) state of triazine very effectively.
Quenching rates of (1 —2) X108 M~1 s~ ! were ob-
tained by cyclohexane and isopropyl alcohol in ac-
etonitrile as solvent. These high quenching rates paral-
lel those found [1,2] for diazabenzenes, whose triplet
states have been assigned as 3(n, 7%). The quenching
rates of the 3(m, 7*) states of quinoxaline and
phthalazine by H-atom donors are, notably,
<109 ML L

On excitation in neat cyclohexane, a transient
spectrum with A & 235 and 315 nm was observed
(see fig. 2a) which is different from that observed in
acetonitrile (fig. 1). At the time resolution of this
experiment (=15 ns), the 3triazine could not be ob-
served since quenching by cyclohexane is expected to
reduce the lifetime of the triplet to <1 ns. The spec-
trum observed is assigned to the superimposition of
the triazine radical I and the cyclohexy! radical I1:

N L
= 7 N
+C.H > [/ o M+ CeHy
572 . ; 61
N N~_ _'N
\/ =
3(n,7r*) { It

8y

The spectrum of radical 11 is known [10]: A,y =
240 nm, €340 = 1.5 X 103 M~ cm™ 1 and its decay
kinetics in cyclohexane is 2k =2.4 X 109 M1 s~ 1.
The absorption spectrum of radical I was determined
independently from the pulse radiolysis of 1 mM
triazine in neat isopropyl alcohol. A transient ab-
sorption with A, .. = 315-320 nm and another band
with maximum at <260 nm was obtained with e3;5 =
19 X103 M1 em™! (based on ey, = 1.7). Based

on this extinction coefficient, the transient absorp-
tions in figs. 1 and 2 were corrected for depletion of
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Table 1
Rate constants for the quenching of the triplet state of sym-
triazine in acetonitrile at 25° C

Quencher kq(M"l sTha)

0, (5.0 +1.0) x 10?
cyclohexane (20+0.4) x 108
isopropy! alcohol (1.4 +0.2) x108
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Fig. 2. Absorption spectra of intermediates produced on op-
tical excitation at 265 nm of sym-triazine in (a) cyclohexane
and (b) isopropy! alcohol solutions in the absence of oxygen
(0), and in the presence of 1 atm oxygen (o). Full lines are
spectra corrected for depletion of ground state triazine (see
text). Spectra below ~240 nm not corrected for scattered

light.

the ground-state absorption of triazine.

On excitation of triazine in air-saturated cyclohex-
ane, a completely different spectrum is obtained, fig. 2a.
This spectrum is assigned to the peroxy radicals of I
and II. The C4H ;4 O; radical [10] has a maximum
at 255 nm and €555 = 1.9 X 10° M~ ! cm™!. The rate
of the reaction

CeHyy + 0y = CgHy 05 (2)
was found to be k = (6.0 £ 0.6) X109 M~ 1 51
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based on [0y] =2.3 X 1073 M in air-saturated neat
cyclohexane. ’

The spectrum of the peroxy radical I is not known,
but it is expected [11,12] to absorb at =250 £ 10 nm
and have an extinction coefficient similar to that of
CeH;105.

Similar results were obtained on laser photolysis
in neat isopropyl alcohol, fig. 2b. The (CH3)2C OH
radical produced

§
A AN |
[ W +(CH3), CHOH ,(( . ] ¢ crgyCon
N N
S o
3(n, %) ! i

(3)

has a relatively low extinction coefficient and a maxi-
mum at A < 220 nm [12]. Therefore the maximum
observed at A = 230 nm is due mainly to the second
absorption band of radical 1. In the presence of oxy-
gen, the (CH3 ), C(OH)O; radical is known [12] to
have a maximum at 250 nm.

Based on the results obtained in neat cyclohexane
and an €375 = 1.9 X103 M1 cm™! for radical I, an
€945 &6 X 103 M7 cm™! was derived for the T—T
absorption of sym-triazine in acetonitrile (fig. 1).

The quantum yield for formation of radical I was
determined based on anthracene as an actinometer —
taking ¢ygc=0.75 for anthracene in cyclohexane solvent,
and €455 =6.47 X10* M™! cm™! for the T--T ab-
sorption. From this comparison a ¢ of 0.6 £ 0.1 and
0.4 + 0.1 was derived for sym-triazine in neat cyclo-
hexane and isopropyl alcohol, respectively. This yield
should correspond to ¢ygc of sym-triazine. The lack of
agreement between the values in the two solvents
could be due to either (a) solvent dependence on
d1sc» with the formation of different yields of 3(n, 7*)

~ state, and/or (b) to preferential quenching of the

L(n, 7%) singlet excited state by cyclohexane. A dif-
ference in the € values in the two solvents should also
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be considered. The lifetime of the !(n, 7%) state of
triazine is not known precisely, but is considered to
be <1 ns.

In conclusion, these results show that the triplet
states of aromatic nitrogen heterocyclic compounds
(and probably the singlet excited states) can be effi-
ciently quenched by H-atom donors (and probably
by electron donors [2]) provided the transition is
(n, 7*) in character. Quenching of (m, 7*) states by
H-atom donors also takes place but at a much lower
rate, and hence the decay of these excited singlet and
triplet states cannot compete effectively on a kinetic
basis. It is of interest to point out that substituted
sym-triazines are used as pesticides [13], and the ef-
fect of light on them is of some importance.
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