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The annealing behavior of X—irradiated stable free radicals found in pyrene (CgH;g)
single erystals was studied by EPR. Two processes of thermal decay kinetics were found,

both with the same activation energy: {1.9  0.1)eV.

INTRODUCTION =~
EPR and optical absorption of single crystals irradiated by X-rays, electrons or
y-rays of aromatic cor.npoundg:' ' bé.nzéne.(l—ﬁ)", napht’a:lene (4,6—11), anthracene (8,12,
toluene (1), chrysene (13}, phenanthrene (.14)'a.nd pyrene (15) have revealed stable radicals
at room terperature. R
Kawakubo (15) -éic_bl:i.i:riéd_ phé observed EPspectraofpyrene as contributions from
two kinds of hydrogen a,dducts 2—.H;.ﬁ|d 3—H2pyrene tédditioﬁai 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 triiﬁiet;’ relative to the Bther lines.
was larger than 1:2:1 and suggested a presence of an additional singié't'l'-'c:):f. hydrogen
abstraction pyrene radicals which do not recombine even at room tempera.tli.i'e:.: :B.ut. ke 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 pesition 2), and
3—pyrenil (hydrogen abstraction atom at position 3} using the INDQ/2 approximation (18)
in this work.

Though several studies of irradiated aromatic compounds have been performed at
77K, similar work with pyrene is not feasible at low temperatures, because the crystal
usually shatters upon cooling below 120K, 2 phenomenon coincident with a phase
transition (19—21). It appeared that a thermal annealing study of X—irradiated pyrene
singlt;, crystals, by EPR, above room temperature could provide a clear identification of the
radicals produced. The thermal annealing behavior of these radicals in: pyrene was
ihere[ore studied, by EPR, between 373K 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= 8 mm were isotropically X—irradiated at room temperature,
from a chromium target to a dose of the order of about 108rad. A new X—irradiated
sample was. used to each isothermal annealing.
The crystal orientation was found by identifying the ab plane {easy cleavage) and

. determlmng 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).

o The EPR measurements 'v;'ere made with a homodine X—band spectrometer at
temperatﬁres ranging from room temperature to 413K. The temperature was measurd,
wzthm + 1K, with chromel--alumel thermooouple' located 1 mm abgve the sample in the
EPR cavity and’ controlled by a régulated-current through and eléétric heater in a nitrogen
'gas.ﬂow. The system was controlled by ‘a Varian V4540-Variable Temperature Controller
unit. _ '
e 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 spect.ra'.exhjbit a broad triplet of the kydrogen addition

INSERT FIGURES 2, 3 AND ¢

radical. The intensitj of central line is greater than the ratic 1:2:1. . The figure 3 only
presents the triplet and the others. exhibit. structures of 2.10* T and 510" T splittings.
“Qur 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 wus using the reported spin densities (15)..in .order 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—Neglect—of—
Differential—Overlap (INDO/2) {18) which includes one—center exchange integrals, we
calculated the electronic structure of pyrene, 2—pyrenil radical (due to H abstraction szt
position .2), 3—pyrenil and 4-pyrenil radical. In this approach the unpaired spin density

P8 i written as

FRnE) = Z oo™ (1) x,(2)

with
pspm ﬂ’ and
a(ﬂ) ECO’(’&;‘ C“w) , where the sum is over all occupied orbitals
=% Cl e The atomic orbitals ( xﬂ) utilized are Slater type. In table I we present

the r%ults for the isotropic hyperfine coupling constant, = Q gPie ish

Q= 0,0508 T (14). The doublets with splittings of 19.9 and 21.1 104 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 temperatufe, 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 4= 150° {see figure 4} at
different temperatures namely 373, 383, 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 melting point of
pyrene at 423K {22). The peak to peak amplitude of the EPR triplet central line was used

as a measure of the concentration, sinee the line width did not change with temperature.

Our experimental results for isothermal decay at 373K are shown in figure 8. The




INSERT FIGURE 5

graphs.obtained at 383K and 393K are analogous. So, except for the isothermal decay at

403K and 413K, that showed one straight line, the graphs at 373K, 383K and 393K could
be anqus_ed as & 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.I 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 kineties 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 Logr =1 JT . They yield the same
value of activation energy (1.9x0.1)eV, but different pre—exponential factors,
1.3 %1020 sec? and 7.6 x 10 sect. -
After the initial fast decay, corresponding to the first experimental points, name'_ly:
350 minutes at 373K, 150 minutes at 383K and 20 minutes at 393K (see figure 5), the
remaining EPR-spectra exhibit a triplet related to 21, pyrene and 3—H, pyrene radicals
and the hyperfine structure of these radicals. So, _the initial process can be at.tribul;ed to
the anpealing 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 sugpest that the hydrogen abstraction radicals were

@ .
annealed before the addition radicals; with the same value of activation ‘energy

(1.9 x 0.1-)BV.. ) _
Thus, possible reactions which are consistent with the radica.lg fo_rmtion-_a_re:._ .

— CyHg+ H - 1

CisHio + Xrays

Cigtlyp + H — CygHly L 2]
and on annealing, _ _ . _

Celly — Celip+H . . el

Cglg+H — Gyl .. : Lo 4

. Though the hydrogen abstraction radicals anneal ﬁrs_t,_rt_hq two last :,ea.ct_ion_is .a..Edw;e
are dependent on each other and so_ the coincidence ofiax;_téyal;iop gnergy, is _a.g;gp=;§btg.
EPR. experiments. indicate- no radicals, other, than hydrogen _a,c:lq_ii;iqn:_.a.__n_d :abstractioﬁ
radicals. Although it was not directly observed, we suggest ll_;h_at;_t_l__le tg__:a.ct_iqq e, . »

Cygllg + Cigliyg ~+ (CigHg) +H- . B
might occur, in agreement with Chong and. Iton on napl;talene(l[)). This leads to_the
conclusion that. some hydrogen. abstraction radicals were converted into. diamagnetic -
molecules. -

The hydrogen abstraction radicals are known to.be more reactive than hydrogen
addition radicals (10} in agreement with our resuits. ‘

CONCLUSIONS . N R

The EPR spectra of X—irradiated pyrene sipgle cryétals- at room temper:iture '
exhibit hydrogen abstraction and: addition: radieals. - The: hydrogen abstraction radicals
anneal before hydrogen addition radicals, witli the same activation energy but. different
pre—exponential factors.
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The isotropic hyperfize muphng coastant (10°* T}

obtained using INDO, for the 3 types of

abstraction pyrenil radicals
Hydrogen 2—Pyrenit 3—Pyrenil 4—Pyrenil
4 _— 21,1 —_—
10 —_— —_— 17,5
1 19,9 _ -
2 — 11,8

12

F[GUR.E CAPT[OVS
FIG. 1 —~ Carbon pomtlons at pvrene molecule.
FIG. 2 — EPR spectra of pyrens, = 0°, 3*’den0té- the angle between magnetic field and
© - a~axis. '
FIG. 3 — EPR spectra of pyrene, B‘_’_; 30°, ¢ denotes the angle between magnetic field
and a—axis. . B e
FIG. 4 —EPR spectra of pyrene, B = 1505";- N3 :d'e.noteﬁ: i;hé— du:gléi. bétwéem magneuc field
e and a—axxs LS :
FIG. 5 — Isothermal anneah of X—lrradaated py'reue EPR sngnai mtens:ﬁy at 373K The:
- solid- lines ' weré adjusted as" ﬁrsh order processes, the sum of whxch fit the
“experimental ‘points. .

FIG. 6'— Arrhenius plot: “of - both: :first- otder" processm obta.med from !:he 1sothermai
annealmg sh()wn in Flgure 5

FIG.7— EPR spectra. of py'reue 4= 150" , after a.nnealmg at; 373K.
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