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The annealing dehavior of X—irradiated stabie free radicals found in pyrene (C,gH,o)
single crystals was studied by EPR. Two processes of thermal decay kinetics were found.

both with the same activation energy: +1.9 ¢ 0.1)e\.



INTRODUCTION

EPR and optical absorption of single crystals irradiated by X-rays, electrons or
7—rays of aromatic compounds: benzene (1-6), naphtalene (4,6—11), anthracene (8,12),
toluene (1), chrysene (13), phenanthrene (14) and pyrene (15) have revealed stable radicals
at room temperature.

Kawakubo (15) explained the observed EPR spectra of pyrene as contributions from
two kinds of hydrogen adducts 2-H, and 3-H, pyrene (additional hydrogen at positions 2
and 3. respectively, as seen in figure 1). He used MacLachlan's method (16,17) to calculate

INSERT FIGURE 1

spin densities and inferred also that the central line of the triplet reiative to the other lines
was larger than 1:2:1 and suggested a presence of an additional singlet of hydrogen
abstraction pyrene radicals which do not recombine even at room temperature. But he did
not calculate the splitting of these radicals and so this problem has not yet been solved.
We calculated the splitting of 2—pyrenil (hydrogen abstraction atom at position 2), and
3—pyrenil (hvdrogen abstraction atom at position 3) using the INDO/2 approximation (18)
in this work.

Though several studies of irradiated aromatic compounds Fzve been performed at
TIK. similar work with pyrene is not feasible at low temperatures, because the crystal
usually shatters upon cooling below 120K, a phenomenon coincident with a phase
transition (19-21). It appeared that a thermal annealing study of X—irradiated pyrene
single crystals, by EPR, above room temperature could provide a clear identification of the
radicals produced. The thermal aannealing behavior of these radicals in pyrene was
themforé studied, by EPR, between 373.. and 413K, in this work.



EXPERIMENTAL

Pyrene single crystals, grown by the Bridgman method, were kindly furnished by
Dr. William B. Whitten.

The crystals of 2 = 2 x 8 mm were isotropically X—irradiated at room temperature,
from a chromium target to a dose of the order of about 10%rad. A new X-irradiated
sample was used to each isothermal annealing.

The crystal orientation was found by identifying the ab plane (easy cleavage) and
determining the direction of birrefringence.

The crystal was oriented with the b-axis perpendicular to the magnetic field and #
is the angle between the a—axis and the external magnetic field direction (15).

The EPR measurements were made with 3 homodine X-band spectrometer at
temperatures ranging from room temperature to 413K. The temperature was measurd,
within 2 1K, with chromel—alumel thermocouple located 1 mm above the sample in the
EPR cavity and controlled by a regulated current through and electric heater in a nitrogen
gas flow. The system was controlled by a Varian V4540 Variable Temperature Controller
unit.

RESULTS AND DISCUSSION
Spectra measured at room temperature, with # equal to 0°, 30° and 150° are shown

in figures 2, 3 and 4. All the spectra exhibit a broad triplet of the hydrogen addition

INSERT FIGURES 2,3 AND 4

radical. The intensity of central line is greater than the ratio 1:2:1. The figure 3 only
presents the triplet and the others exhibit structures of 2.10* T and 5.10* T splittings.
Our annealing measurements performed by EPR are in agreement with Kawakubo's
assumption (15) of the presence of hydrogen addition pyrene radicals. Also his calculations

were reproduced by us using the reported spin densities (15) in o.der to check



unambiguously the nature of hyperfine couplings as shown by the spectra attributed to
2-H, and 3-H, radicals, as mentioned above.

Using the semiempirical self—consistent method, Intermediate—Negleci—of—
Differentiai—Overlap (INDO/2) (18) which includes one—center exchange integrals, we
calculated the electronic structure of pyrene, 2—pyrenil radical (due to H abstraction ‘at
position 2), 3—pyrenil and 4-pyrenil radical. In this approach the unpaired spin density
P**™* is written as

is = pia =
#on() = Y At x (1)
v
with
spin _ & _
Py =Py ;“ﬂv and
,,:f’ﬂug:c:g ), where the sum is over all occupied orbitals
i

v = ‘!i C Xy The atomic orbitals (x ”) utilized are Slater type. In table I we present

the results for the isotropic hyperfine coupling comstant, ay=Q p*P*  with
Q =0,0508 T (14). The doublets with splittings of 199 and 21.1 10* T of the 2—pyrenil
radical and 3—pyrenil radical are not resolved in the central line of the triplet, yielding an
enhanced central line.

Therefore, we suppose that the EPR spectra of pyrene, at room temperature, are
composed of hydrogen addition and abstraction radicals. A similar work with
phenanthrene (14) reported the same conclusion.

Several X-irradiated samples were measured with #=150° (see figure 4) at
different temperatures pamely 373, 353, 393, 403 and 413K. While the sample was
maintained at constant temperature, the measurements were taken at regular intervals of
time. The highest temperature of measurements was limited by the meliting point of
pyrene at 423K (22). The peak to peak amplitude of the EPR triplet central line was usad
as a measure of the concentration, since the line width did not change with temperature.

Our experimental results for isothermal decay at 37JK are shown in figure §. The



INSERT FIGURE 5

graphs obtained at 353K and 393K are analogous. So. except for the isothermal decay at
403K and 413K, thas showed one straight line, the graphs at 373K, 383K and 393K could
be analysed as a sum of two first order processes. The final experimental points were
adjusted by first order processes. The final experimental points were adjusted by a least
squares method in the Log I = time graph, yielding the first straight line. The second one
was obtained by subtracting the first line from the initial experimental points and
adjusting again, resulting in the second straight line as seen in figure 5. Therefore, the
decay kinetics can be explained as a sum of two frist order processes (23). In figure 6, two

INSERT FIGURE 6

parallel straight lines are shown in the Arrhenius plot Logrx 1/T . They yield the same
valoe of activation energy (1.9 x0.1)eV, but different pre-exponential factors,
1.3 = 10% sec? and 7.6 = 10% sec”t.

After the initial fast decay, corresponding to the first experimental points, name',ly:
350 minytes at 373K, 130 minutes at 383K and 20 minutes at 393K (see figure 5), the
remaining EPR spectra exhibit a triplet related to 2-H, pyrene and 3-H, pyrene radicals
and the hyperfine structure of these radicals. So, .tbe initial process can be attributed to
the annealing of the hydrogen abstraction radicals and the subsequent one to the hydrogen
addition radicals. In figure 7, it is shown a spectrum after the thermal annealing.

INSERT FIGURE 7

The above results led us to suggest that the hydrogen abstraction radicals were



annealed before the addition radicals, with the same value of activation enmergy
(1.9 = 0.1)eV.
Thus, possible reactions which are consistent with the radicals formation are:

Cullyg + X,0pe — Clly + H i}

Cully + B — CH, 2]
and on annealing,

Cully — Ciy +H 3

Cyll, + H — CH, (4]

Though the bydrogen abstraction radicals aaneal first, the two last reactions above
mdependentmachdhuandlotbecoinddenoedaﬂjvﬂionmagism&abk.
EPR experiments indicate no radicals otber than hydrogen addition and abstraction
radicals. Although it was not directly observed, we suggest that the reaction

CeHy+ CgHyy — (CHy), + B Is]
- might occur, in agreement with Chong and Iton on naphtalene (10). This leads to the
conclusion that some hydrogen abstraction radicals were coaverted into diamagnetic
molecules.

The hydrogen abetraction radicals are known to be more reactive than hydrogen
addition radicals (10) in agreement with our results.

CONCLUSIONS

The EPR spectra of X-irradiated pyrene single crystals at room temperature
exhibit hydrogen abstraction and addition radicals. The hydrogen abstraction radicals
anrcz! before bydrogen addition radicals, with the same activation energy but different
pre—exponential factors.
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TABLEI

The isotropic hyperfine coupling constant {10™* T) obtained using INDO, for the 3 types of
abstraction pyrenil radicais.

Hydrogen 2—-Pyrenil 3—-Pyrenil 4—Pyrenil
4 —_ 21,1 —_—
10 _ _ 17,5
1 19,9 — —_—

2 —_ — 11,8




FIGURE CAPTIONS
F1G. 1 — Carbon positions at pyrene molecule.

FIG. 2 — EPR spectra of pyrene, § =0°, § denotes the angle between magnetic field and
a-axis.

FIG. 3 — EPR spectra of pyrene, §=30°, @ denotes the angle between magnetic field
and a-axis.

FIG. 4 — EPR spectra of pyrene, §=150°, # denotes the angle between magnetic field
and a—axis.

FIG. 5 — Isothermal annealing of X—irradiated pyrene EPR signal intensity at 373K. The
solid lines were adjusted as first order processes, the sum of which fit the
experimental points.

F1G. 6 — Arrhenius plot of both first order processes obtained from the isothermal
annealing shown in Figure 5.

FIG. 7 — EPR spectra of pyrene @ = 150° , after annealing at 373K.
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