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Free radical site migration in irradia_tedvprotein_s and other
biol‘ogically important c.ompounds has been s topic of interest in a
number of publ_ioations. In one way or another, site migration is .
_involvedin such processes as (a) selebctvive forrhation of ratiioals on
cysteine residues in proteins; (b) transfer of radicals lfrom proteins
to sulfur -containing radiatioo protectors; (c) .thermally—induced free
‘radical decay; ‘and (d) radiation-induced free radical destroction. All
these processes require the rr}igratiOn of unpa.ired elecvtrons_' for dis-
tances of about 10 A or greater in an irradiated samole.

In their early work on proteins, Gordy and Miyagawa (1960)
suggested that the migration is intr.amo‘lecular in nature and mediated
by elvectron-hole transfer. Sulfur-co.nta_ini_ng radiation protectors were -
thought to "soavenge" the unpai_red electron by ‘oecoming bonded to the
protein during sample preparation. However Henriksen and coworkers
('1968) presented good evidence that the transfer of unpaired electrons
can be 1ntermolecu1ar in the protein—scavenger system These \x/orkersi
and others (Braams 1963, Sommermeyer, Stegle, and Schnepel 1967,

Copeland, Sanner and Pihl 1968) proposed that site m1grat10n is
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mediated by the .dif'fu.sion of small‘radicaie, in particular, hydrogen '
atoms. B_raams (“19:63) presented a brather detailed theory to eXplain
a numbe1i of radiation processes, including thermal deCay, by the
migration of small radical fragments," Miiller ('1966) suggested that
hydrogen atoms are respon51b1e for the radlatlon 1nduced free radical
destruction that leads to dose- saturatlon and Copeland et al, (1968)
suggested that hydrogen atoms are i,.nter’rnedlat.es in the intermolecular
formation of secondary protein radicals. In the case of thermal decay
and free radical de.struction. by rpadiation, Horan and cotvvorkers-(Horan,
Taylor, Strother, and Snipes' '19-68 Horan and Snipes 1969$ have recently
presented ev1dence that favors an inter- and 1ntramolecu1ar site -
migration Xij‘_ electron-hole transfer rather than diffusion of hydrogen
atoms. |
Be.cau'sevhydrogen atoms have been so strongly implicated in |
free radical 'site migration, it seemed appropriate to look for this pro-
cess in a compound that does not contain hydrogen. In this communi-
cation we wish to report experiments that were performed on hexachloro-
ethane (C2016). The sample, obtain‘edvcommerically,v was ehecked |
using infrared spectroscopy to ascertain that it was free of water. The
sample was sealed in a quartz tube under one atmosphere of vn1trogen
Irradiation was carried out with 6,5 MeV electrons from a linear v
accelerator at a dose rate of 1 MR/min, E..P. R. spectroscopy was -
cornpleted using a Varian 45‘00 spectrometer with a TE104 dual cavity.

The standard used was pitch in KCI,
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Flgure 1 shows the E. P R. spectrum of irradiated hexachloro-
~-ethane., In F1gure Za the dose response curve is plotted R/N glves the
- number of rad1ca1s per molecule At satura.tlon, there is approx1mately

~ one radlca.l» per 750 molecule_s. The data f1t the emplrlcal equation

R = R_(1-e7D), (1)

“where R is the’ﬁumbe,r of radicals, Roo is the number of radicals at
saturation, k is a constant, and D is the dose. A straight line plot is

obtained (Figure 2b) if the equation is written in the form

log(1 - R/R_) = kD, . (2)
and the vaiue of k is found fo be 0,035 MR_i.
If equation ( 1) is differentiated with respect to dose, i1:he vrelation

dR

is obteined. Mﬁiler (1966) has interpreted this equbation as representing

a constanf iarodtiction and a firsf-order destruction of free radicals.

‘Recently, the existence of thve first-order destruction of free radicals

by gamma-irradiation has been exper_imentally' verified for alanine

(Snipes and Horah ‘19'67)_ and sever’al other compounds (Horan and'
Snipes 1969). | o |

E It has been_poiﬁted out pre%riously (Hoi'an and Sﬁipes 1969) that

" the destruction proeess is extremely efficient, so that energy aBsorbed

in other pa..rts‘of the crystalvmﬁ.st be capable of effecting radical -

destruction. Because radicals can only be destroyed by recombination
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with other unpé,ired éléctrons, -this implies some fo'rrh of radical site
migration; In thé éaSe of hexachloroethane, thié cannbt be mediated
by hydrogén atoms, as noﬁe are present in this compound. It seems
likely that electron-hole conduction_ mediates the interm_ollecular‘ sité
migration ‘by one or more of the mecha_.nisms'suggested previously
(Horan et al, 1968) 'foi'_therrhal décay. |

These experiments show that site imigration can occur by a
procéss that does not involve hydrogen a_toms. In other compounds,
hydrogen atoms may indeed be the mediators for site migration. The
| .point to be .madé-is tha.t all 'previ.ousv evidence, as well as that pr‘esevr.lted v
khere, has been only suggestive; more coﬁclusive experimenfs are

needed to discover the nature of free radical site migration,
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Figure Caption's ,

Figure 1. First-derivative E. P.R. spectrum of hexachloroethane
irra._diated at room temperature. The arrow marks the field
position of DPPH, for which g = 2.0036.

Figﬁrg 2. (a) Dose-response curve for irradiated hexachloroethane.

(b) Same data, plottéd‘ according to equation (2).
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person aéting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "'person acting on behalf of the Commission’
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract .
with the Commission, or his employment with such contractor.
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