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A transient signal of the 2-cyano-2-propyl radical was
detected in the laser photolysis of the toluene solution of
2,2'-azobis[isobutyronitrile]. The esr spectrum was of an
absorption-emission pattern which is characteristic of CIDEP
generated in a geminate radical-pair. A dissociation mecha-

nism was deduced on the basis of experimental results.

A popular initiator, 2,2'-azobis[isobutyronitrile], RN:NR for radical
polymerizations and radical reactions has been known to generate a pair of
the 2-cyano-~2-propyl radicals and a nitrogen molecule by pyrolysislj or pho-
tolysis.z) The esr of 2-cyano-2-propyl radical (CH3)2(CN)C-, R¢ has been
observed in the steady-state photolysis of the flowing solution of RN:NR.

In the photogeneration of a short-lived free radical an enhanced esr ab-

3)

sorption or emission is frequently observed due to the chemically induced

4)

dynamic electron spin polarization (CIDEP). The spectral pattern and

time profile of esr are very characteristic of the mechanisms for the gen-~

5) In this letter, time-resolved spectra of CIDEP for

eration of CIDEP.
the photogenerated R+ radical from RN:NR are reported, and the mechanisms
of photolysis are discussed on the basis of the analysis of esr spectra.
The toluene solution of 0.24 M(M=mol dm—3) RN:NR was deoxygenized by
bubbling of nitrogen (99.99%) and was flowed through a flat quartz cell of
internal path length 2.0 mm. The cell was placed in a cylindrical esr
cavity of TE011 mode with a light-irradiation hole of 7 mm diameter (Tokyo
Denki-Seiki Co. Ltd.). The light source was a nitrogen-gas laser of ca. 5
mJ per pulse with a width of ca. 5 ns at a repetition rate of 7.5 Hz (NDC
Co. Ltd.). The light extinction coefficient € of RN:NR in toluene solution
was ca. 20 M'_lcm—l at the wavelength of 337.1 nm. The esr measurement was
made using a home made X-band esr spectrometer equipped with an FET micro-
wave-amplifier of 25 dB gain and a preamplifier of 100 MHz bandwidth (NF

Electronic Instruments, BX-31). The overall time resolution was estimated
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to be ca. 35 ns by separating the dual microwave pulses of various intervals.

6) and the flow system7) were the

The further details of esr spectroscopy
same as reported before.

The flowing solution showed the esr spectrum of Fig. la at the delay
time of 200 ns after laser illumination. The low-field side of the spec-
trum is absorptive and high-field side is emissive. And this A/E pattern
was well reproduced by the spectrum simulation (Fig. 1lb) assuming RPM by S-
Ty mixing with singlet precursor. In this simulation, the hyperfine cou-
pling constants of 2.1 mT and 0.34 mT were used for six equivalent hydrogen
nuclei and a nitrogen nucleus, respectively, in the R- radical.s) The line-
width of the esr spectrum was determined to be 0.17 mT by spectrum simula-
tion, and this is larger than the linewidth of & 0.06 mT due to the uncer-
tainty principle in a system with the life time of 10_75.

In the spin polarized system, however, the apparent linewidth is var-
ying with time and at a later stage of the polarization the line becomes much

8)

narrower than that of the early stage. The central part of the spectrum
changed with the delay time as shown in Fig. 2. At 300 ns after laser pulse
an A/E pattern became clear. The high-field peak, at 600 ns, showed a com-
plex lineshape, where the center of the peak remained emissive and the robes
of the peak turned into absorptive. It became more clear at 700 ns, but

whole absorptive at 1.0 us.

The A/E pattern of Fig. la for the R* radical leads to a conclusion
that the precursor of the spin polarized radical is a geminate pair of the
singlet stateg) and the contribution of the triplet mechanism (TM) which
causes either of whole emissive or absorptive pattern is discarded. The
change in the spectra of Fig. 2 with time demonstrates the rapid decay of
the A/E spectrum (from b to d of Fig. 2) leaving the absorption spectrum of
the R+ radical in the thermally equilibrated spin state (e and f of Fig. 2).
The complex lineshape of the peak in the high-field side (c and d of Fig. 2),
could be explained as the result of superposing a relatively sharp emissive
line of the decaying A/E spectrum on the center of a growing absorptive
line of the spectrum for the R+ radical in the thermally equilibrated spin
state.8)

As an additional discussion on the radical pair of the singlet state,
the spin multiplicity of a photolytically excited state which leads to the
radical pair is estimated to be singlet according to the Wigner spin con-

10) The experimental result for the Re radical and the

servation rule.
discussions given above could give a reaction scheme as follow:

RN:NR Y, 1(RN:NR) —» L[R--R] +N,, {'[R*R] «—> 3[R-+R]} —> 2-R,

where l(RN:NR) represents the singlet excited state. l[R°'R] and 3[R”R]
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Fig. 1. Esr spectra of the R+ radical in Fig. 2. Esr spectra taken at
toluene at room temperature. a) Ob- various delay times. a) 100 ns,
served spectrum with the gate width of b) 300 ns, c) 600ns, d) 700 ns,

200 ns. b) Simulated spectrum (see text). e) 1.0us, f) 1.4 us.

represent a radical pair in the singlet state and that in the triplet
state, respectively, and {l[R--R]<—+ 3[R--R]} represents the state of
S—T0 mixing which leads to the spin polarized radical.

In the photosensitized dissociation of RN:NR with xanthone which is
excited to the triplet state by laser light, an esr spectrum of total e-
mission pattern for the R+« radical was observed as shown in Fig. 3. The
spectrum is mainly of total emissive pattern which is characteristic of
CIDEP by TM, and partly an E/A pattern by RPM with the triplet precursor
superimposed on it. The conservation of spin polarization in the triplet-
triplet energy transfer has been shown recently,ll) then the polarization
in the triplet state of xanthone may be transfered to that of RN:NR in the
present system. This experimental finding revealed that RN:NR also easily

dissociates into two R+ radicals from its excited triplet state as follows:

hv 1 3 3 3 3
Xn — (Xn) — (Xn) ’ (Xn) + RN:NR — Xn+ (RN:NR), (RN:NR) — 2R- +N2,

where Xn denotes xanthone.
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Fig. 3. Esr spectrum of the
Re radical in toluene at room
temperature in the presence
of 0.01 M xanthone, which was
l P—;?;? taken at the delay time of
Em. 200 nswith the gate width of
200 ns.

In conclusion, the CIDEP signal of absorption-emission pattern for the

radical was observed, and this signal decayed out within several hun-

dreds nanosecond leaving the whole absorptive spectrum for the radical in
the thermally equilibrated spin state. By the direct photolysis, the dis-
sociation of RN:NR into two R+ radicals takes place from the excited sin-
glet state and the reaction is much faster than the intersystem crossing to

the excited triplet state, while in the triplet sensitization the molecule

in the excited triplet state easily dissociates into two R+ radicals.
References
1) A.A. Vinchutinskii, A.I. Prokofév, and V.A. Shabalkin, Zh.Fiz.Khim.,

2)

3)
4)

5)
6)

7)
8)
9)
10)

11)

38, 983 (1964); A.T. Bullock, G.M. Burnett,and C.M.L. Kerr, Eur.Polym.
J., 7, 1011 (1971).

G. Oster and N.-L. Yang, Chem.Rev., 68, 125 (1968); P. Smith and A.M.
Rosenberg, J.Am.Chem.Soc., 81, 2037 (1959); P. Smith and S. Carbone,
ibid. 81, 6174 (1959); G.S. Hammond, C.-H.S. Wu, O.D. Trapp, J.
Warkentin, and R.T. Keys, J.Am.Chem.Soc., 82, 5394 (1960); T.S.
Zhuravleva, Ya.S. Lebede?¥, and V.F. Shuvalow, Zh.Strukt.Khim., 5, 786
(1964); T. Mill and R.S. Stringham, Tetrahedron Lett., 1969, 1853.

P. Smith and R.D. Stevens, J.Phys.Chem., 76, 3141 (1972).

"Chemically Induced Magnetic Polarization," ed by L.T. Muus, P.W. Atkins,
K.A. McLauchlan, and J.B. Pederson, Reidel, Dordrecht (1977).

P.J. Hore, C.G. Joslin, and K.A. McLauchlan, Chem.Soc.Rev., 8, 29 (1979).
K. Kuwata, S. Kominami, K. Hayashi, and K. Kobayashi, Memoirs of the
Institute of Scientifica and Inductrial Research, Osaka University, 43,
59 (1986).

K.Ohara, H.Murai, and K.Kuwata, Bull.Chem.Soc.Jpn., 62, 2435 (1989) .
K.A. McLauchlan and A.D. Ritchie, J.Magn.Reson., 67, 351 (1986).
F.J.Adrian, Rev.Chem.Intermed., 3, 3 (1979).

c.f. K.J. Laidler, "The Chemical Kinetics of Excited State," Clarendon
Press, Oxford (1955), p. 32.

T. Imamura, O. Onitsuka, H. Murai, and K. Obi, J.Phys.Chem., 88, 4028
(1984); T. Okutsu, A. Kawai, and K. Obi, ibid., 93, 7757 (1989).

(Received June 1, 1990)



