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United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
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necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. :
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~ The Role of Detrapped Electrons in the Radiolysis of

Crystalline Choline Chloridel

A Nat}{,z R. Agaﬁra'll, L. Pﬁr_tbn; V. Subfémanyan, and
R, M. Lemmon S

Contribution from the Laboratory of Chemical Biodynamics,l

Lawrence Radiation Laboratory, University of California,

Berkeley, California 94720.

Abstract: Further imieStigéﬁoﬂs into the unique ionizing-radiation
sensifivity of one crystalline form (ci) of choline chloride have shawﬁ
ﬁxat:(l) the radiolysis can be induced at lowvtenipera‘m'i‘e by photo-
transferring electrons from'.'Brilliant’ Green and :cadmium sulfidé;

(2) the radiolysis is retarded by the eiectrbn-accep‘tiﬁg ambients Op,
SFg NZO, and Ip; (3) the radiolySis is also retérded by doping the
crystals with KI; (4) heating at 150° beforé radiolysis leads to
diminished radiation decomposition; (5) illumination of the-irradiated -

crystals by ultraviolet or visible light has no effect, whereas* infra-

- red light induces slight radiolysis; (6) lérge, slowly grown crystals

are more resistant to radiolysis than are nﬁcro-'crystallites; (7) the
Iléxtent of dé’c:onipoéitim is increased, fof a given rac.lia'tion dose, if

the dose delivery is iﬁterrujnted by periods of heéting at 50°; (8) the
electrical conductivity of vthe' a-form appears to be electronic and ohmic,
and that of the radiation-resistant form (8).. appears to be protonic and

non-chmic. In addition, esr studies have indicated that there is only
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one observable fadical in the irradiated a-form and that there is a
lack of correspondence between the kinetics of radical decay and that
of radiolysis. These observations are interpreted as reflecting a

prominent role for detrapped electrons in the radiolysis mechanism.
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It ilas been'khéwn for many yéars that Crystaliine' choliﬁe chloride,
{(&13)3Ncﬂzmzon]+C1‘, is a remarkably radiation-sensitive compound.
It decomposes by a chain reaction vth'at', under certain conditions of
 irradiation gives G(_yy values as high as 55,000.4 The anomalous
radiation sens:.t1v1ty is shown only by the cxystallme form; in solu-
tion, the compound exh1b1ts normal radiation stab111ty 5 The main
rad101y51s products, accomtmg for at least 95% of the final products,
are trimethyiarﬁi_né and aé:..et:aldehyde.6 |

It has also been observed that tﬁé'ci'yStai's 'fadié‘ciori damage
can be deferred indefinitely by irradiating and storing at -78°.%
Damage develops gradually ‘over several hours at anbient'.terr'iperat\jre,
and much faster at higher temperatures. Howévei',_ at about 78:°‘ choline
chloride undergoes a phase transfomiationv(fx.'()m orthoﬁxo:nbic to dis-
ordered cubic) and the higher-temperature polymorph is a "normal",
i.e., radiation-resistant, one.’»>8 We refer to the orthorhambic,

radiation-sensitive polymorph as the "a-form' and the cubic, radiation-

resistant crystals as the "~B--form"f .
Since the radiolysis of the d-fofm does not proceed at -78°, it

‘appears _that the thermal stimulation is reqﬁi_red either for the dif-

fusion of. radical$ (or other reactive species) or for the release

of trapped electrons. It is knpwn that a high concentration of radi-

cals (partially identified as approximating _the formula -CHZCHZOH---CI’)4

are formed with a G vélue of about 2 for the dosage we have used, viz.,

approximately 3 megarads. It is probable that electrons are trapped

during irradiation, either on preexisting crystal defects or ones
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created duting irradiation, “and that the subs"equent thermal release

of these electrons enables them to react' with the radicals, forming

excited spec1es that part1c1pate in self-propagatlng chains. In order_

to 1nvest1gate a p0551b1e 1nvolvement of detrapped electrons in trlg-
gering a cham decomposition, we  have observed the effects (on the
o-form's rad101ys1s) of pnor thermal treatment, of added electron-
accepting amblents of photoelectron transfers, of photo-detrappmg
of electrons,' and of d1fferent crystal sizes. We have also compared
the decay kinetics of the radieais with the kinetics of the radiolytic
deconposit‘ion,*and in\iesti”gated"'the d.c. electrical coﬁductivity ef
both the a- and 8-forms. Finally, we report some interesting observa-

tions on repeated cycles of 'irradiéting'and Heatiﬂg the a-form.

E'xperimeh'té'l_ Section

Choline Chloride. For the experiments described here we used

Wtﬂ\m Orgaﬁic Chemicals) and the
rﬁethyl- 1"(i'-'labeled cempom'\d’ (New England Nuclear'Co.v).. The labeled

' cholme chloride was d11uted with ordinary cholme chloride to bring
it to a convenient spec1f1c activity of 140 uC/mmole.- It was t};en
dlssolved in 96% ethaml and converted to the base form by adding a
slight excess of s11ver oxide; the f11trate was then evaporated to
dryness_ in a rotary evaporator. This procedure -helped to remove most
of the trimethylaimine present as radioimpurity in the original choline
chloride. The residue was dissolved again in 96% 'ethanol; to this
solutioﬁ was added slightly more than an' equivalent of hy_tlrochloric

acid. This was used as a stock solution and for each experiment; an

;3
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aliquot. of t}us solution was VeVVapo.rated‘ to clrynésS and the residllé ‘was
dissolvéd in ‘the minimm amount of absolute alcohol. The latter was
mixed with a large excess (usually 1:10) of chllled (-78°) diethyl ether.
Under these cond1t1ons the choline chlonde prec1p1tates rapidly in a
finely divided state. To minimize self-radlolysls, the precipitation
was carried out only a few hours before u'sé. This procédufé was‘us,.ed
for all samples, except i’ihei'l "1arge éfystals were needed. In the latter
case, the rapid precibitatibn was replaced by slow .érﬁtélliiation from
the alcohol-ether solution. In all ‘samples there was a 'resi‘dual 0.1-0.2%
of fadioinlpurity--mstly’trimeth)?lairiine. This resulted priﬂcipally
from the effects of self-lrradlatlon of the material durmg handlmg
at room temperature. -

Unless otherwise specified, all irradiatidns were carried out in
sealed evacuated tubes for 1 hr, at -196°, in a 2000 curie, 60Co
Y-Tay source at a dose rate of 2.9 megarads (¥15%) per hour.

The analyses for amounts of decomposition were accomplished by
a chromatographic procedure, described previously,6 applied to the |
14c-1abeled ' compound; the only difference was that, in the present
work, our chromatographic solvent was n-Bu(H:lZ'_ly_ HCl:HZO (8:1:1)--

a slightly different ratio fram that uS_ed_ previously. The procedure
determines; by liquid scintillation counting, the amount of trimethyl-
amine-14C that appears during tlae radiolysis. The percent of forma-
tion of this compound is taken as eqmvalent to the percent of decompo-

51t1m.
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In our earlier work? the radiatién 'decc’)mposi’t_idh process was
allowed to’. pi'o"c.e'e‘d' éldwl’y"at room témpe-'ratui'e." 'FT_o” speed up this
process, in the present wérk_ ”'the ‘pdst'-irradi'ation’trézitrhent of most
samples was tbi h.'eat‘ thém atv 50° for vva.rying len.g‘t'hs‘o.f time. At this
temperature_‘tlzie cm@dmd_ i_5 still in 'the :a;fo'rm, tvbu't reaches its
‘maximum décdnpositicn in about 2 hours, instead of thé days required
at room temperature. | o

A1l work with choline chloride is complicated by the compound's
great hYgr’oséOpicit}'. Ccmtaihe"rs.vd_f the compounds were never'openedv
except in a glove box under a &ry nitrogen atmosphere. However, work
in this lébo't‘atory has'vshdwn 'that' the figor w1thwh1ch the comp'od_ndv
is dried has little effect on its radiolysis. For example, under
identical conditons of irradiation aﬁd poét-irradiafioﬁtreétmnt,
samples dried at 100° for 1 hour at 10-5 torr. showed almost the same
decomposit”.io‘n‘ as those kept. atv TOOM .tem;iéi'ature for 30 min mder' maxi-

mum physical contax_:t'with 0.5 torr. of water vapor.

'Effect of prior Thermal Treatment. A few m1111grams of choline
chloride-methyl-14C were sealed into Pyrex tubes after the tubes and
contents had been dried af: 100°‘ and 104 torr. foi_' l.hour.'. After the
sealing, some of t;ﬁe tubes were given no further vtherma'l treatment;

.others were heated at 70°, 100°, or 150° for varying periods of time.

All tubes were then subjected to 3 megarads of y-rays in a 60co source.

The post-,irradiation't_:reatment consisted of keeping at -78° (control),

or heating at 50° for either 20 or 120 min. °

53
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Effects‘of'Added Electron-Accepting Gases. The effects of the

four ele-Ct_rdn-accepting gése_s,’b 05, SF6,‘ Nz‘o',' and 1.2, on the a-form's
radioly's'i_é were determined as follows: very finely divided (to maximize
surface area) ch’oline’v‘allofivdé'-met‘hy‘:l- 14C was prepared by rapid precipi-
tation fibxn :'absolute-_ethanol sbiution on the addition of a large excess
of dry ethyl'ethéf. Pairs nf ‘vsample's were sealed in tubes under vacuum,
or under 700 torr. of 0y, SF&, or N,O. In the case of the Iy, the
choline dildﬁde was exposéd to the vapors (< 1 torr.) for a few minutes
before the tube was sealed. The samples were then 1rradlated as usual.
Post-irradiation treatments were at SO° for 20 or 120 m1n. |

Effect of Doping with Potassium Todide. Potassium iodide was

dissolved in MeCH and the solution was injected onto a mass of choline
chloride cryst':v'als ‘Lmder ’conditionsv where the 'me"thavmol rapidly evaporated
before any more than a very small fractlon of the chohne dissolved.

The resultant mixture was 1. 0% (by welght) KI and 99.0% chohne
chloride. It was then transferred into irradiatign tu'bes, dried at

100° for 2 hours, and irradiated as usual. “

Photo-transfer of Electrons. Samples of finely divided,

y-irradiated choline chloride were mixed with approximately equal weights
of powvdered Brilliant Green (bis(4-diethylaminophenyl)phenylrnefhane
hydrochloride) or cadmium snifide. 'I‘hin layers of 6ne or the other mix-
ture were sandwiched between ‘two disks, one quartz and the other Pyrex
(with a shallcw well to hold the samples), and 111ummated through the
quartz with llght from a 1000-watt G.E. Model A-H6, high-pressure

mercury lamp, at a distance of 18 cm. _ During the illuminations the
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sanples were maintained at different temperatures between -120° and

30° by passing cold Ny through the chamber holding the discs. Similar

experiments were carried out using 400-800 'n.m‘ll'ight, ‘achieved with a

I-69 filter between the sample and the A-H6 lamp.

Infrared Illumination. The possib_i’lity of detrapping electrons

by inffaré_d radiation was investigated tsi_ng thev"s_a'm_e equipment ,
except that the mercury lamp was feplacéd by a 300;watt tungsten lamp
with a glass buib The lamp was 10 am away, and was focussed onto the
sample by means of quartz lenses. | |

Effect of Different Crystal Sizes. The sensitivity toward

Y- irradiation was observed in (a) 'cg'.'h:ol'i'ne .d"xloride-“CA that. had been
crystallized _s'lowly from BtOH-EtZO lto give reasonably large cryStals
(2-3 mm alohg the long aiis),'_and .(b) samples of very finely divided
choline chloride-14C prepared by very rapid precipitation from an
EtOH solﬁtion on the fast addition of a large e).cc._es_s‘ of chilled EfZO.

To avoid the crystal phase trans1t10n at 78° bot'}'x._thésé’saiiwplés' were

dnedat 70°' o 7 o ‘.
ESR ,Studle's.' "I‘he'évléctx:'on. ’épin‘ resonazioe'vspectra, and relative
radical concentratmns as a function of time and temperature, were -
determined on a Varlan Model E-3 EPR spectrometer The y-1rradlat;ons
were carried out at -196° and the esr observatlons made at room tem-

perature, unless otherwise noted.

Electrical Conductivity. Electrical conductivity measurements

were made on both pelleted (10,000 .kg/cmz in ;'a hydraulic press) and
unpelleted samples of choline chloride. The measurements were made in
an evacuated (1077 tdrr.) conductivity cell. Details of the cell and

its use have been described by Eley and Pacini.’

~¢
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Results and Disc’tjs'sion :

Prior Thermal Treatment. It is reasonable to assume that crystal

imperfections in cho_iihe chloride constitute potential electron traps
and that ‘_tflese' are populated with eléctfms during y-irradiation.

These traps are relativély shallow and, apparently, can be depopulated
completely within 2 hours at 50°. This is indicated by the fact that

a maximum decomposition of 12-13% is attained in that time, and is not
exceeded even if the irradiated sample 'i"s heated at higher ‘temperatures
(but below the 78° transition temperature). It might-be expected that

a thermal treatment prior to radiolysis might anneal crystal imperfections

that would chéfwi_se serve as electron traps (and, _Subsequeritly, as

donoré). However, the data of Table I indicate that 70° may not be

hi gh enough to achieve significant annealing. 'Prior thermal treatment
at 100° also shows no effect--a possible explanatioxi is that there is
extensive reorganization of the crysial structure as the material cools
down through the 78° transition tenperature. In contrast, prior thermal
treatment at 150° leads to a marked decrease in the radiolysis.,, What-
ever happens at this higher temperature appears to survive the '‘reorgani-

zation'" of the subsequént cooling through the phase transition tempera-

. ture. We believe that the 150° treatment produces a decrease in

radiolysis because of slight thermal degrédation, leading to species that
act as chain terminators or as déep electron traps. In the latter case,
these electrons are not detrapped at 50° and thus do not contribute to

radiolytic decomposition. |,



o -10-
Table I. Effect of Thermal Treatment Pfior to y- Irr,adiétion of

 Choline Chloride

Time of post-irradiation

o heating (50°)
Prior thermal treatment - R B
30 min 120 min

~ Percent deComp’oﬁtiona '

None B 8.2 12,2 .

2 hr at 70° o 8.2 12.3
30 min at 100° 8.2 12.4
8 hr at " 8.3 12.2
24 hr at " 8.2 12.5
30 min at 150° 6.9 9.4
6 hr at " - 6.2 8.5
48 hr at ' 6.5 8.6
5.8 7.8

144 hr at "

aA11 analyses are believed accurate to within units of + 0.25.
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Electron-Aécegﬁihg'Gases; The effects of the presence .during

irradiation and post-irradiation thermal treatment of the added gaseous
electron_QcCeptors;{Oz, SFg, N0, éndiIz,'ére»shown.in Tablé I1.

It ié'appareht-that the gasééus electron acceptors have a real,
thdugh small, effect in rétarding the rédiolysis. The I, has a parti-
tularlyvlarge_effeCt. This could arise fram'any of a number of
reasons: v(a) it is moréiefficiéntlf adsorbed on the choline chloride
(whose surface became visibly yellow on exposure to the I vapor),

(b) I, acts as'both‘a radical and electrdn'acceptor and (c) I atoms,
formed in small quantity durlng the rad101y51s, also have a large

aff1n1ty for electrons.

Effect of Doping with Potassium Iodide. ﬁobing with lé.by weight
of KI, before irradiation, was found toqfe&uce the radioiysis from the
usual'lz% to 8% (two separate.expefiments) The iodine atoms formed
during rad101ys1s apparently compete w1th radicals fbr electrons, and
thereby 1nh1b1t the chain decoup051t10n I

Photo-transfer of Electrons. If electrons are participating in

the chain decomposition, we should be able to observe radiolysis, even

at temperatures sufficiently low for thermal detrapping of electrons,

by photo-transferring electrons from an external source. At -40°, even

though the photoAtranSfer agent is presumably providing electrons (Table
III), the radiolysiS'chain‘cannot propagate. Howevéf, somewﬁefe between
-40° and -5° the chain can propagate, when thé eleétrons are hade avail-
able, due to higher mobility of the gnqrgy-fich, éhain—propagating

species, or due to increased internal energy in a choline cation. The



results obtained through the use of the photo-transfer agents, Brilliant
Green and cadmium sulfidé, shown in Table III, strongly support the idea

of an important role for electrons in the radiolysis mechanism.

Table II. Effect of Gase_bus Ambients

Time of heating at 50°

o * Without
Ambient heating 20 min- 120 min

... Percent decomposition® .

Control (vacuum) 0.2 8.4 12.1

0, (700 torr.) 0.2 . 7.9 11.1
SEg (" ") 0.2 80 10.7
NGO (") 0.2 © 8.0  10.6
I, (<1 torr.) 0.3 a9 56

 3A11 analyses are believed accurate to within units of * 0.2%, except
. .

for the ‘120'-'mix'1» I, results--the latter is probably accurate only to ,

within * 1.08. o

y,l.
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Radiolysis of Choline Chloride Induced by Photo- transfer

of Electrons from Brilliant Green and Cadmium Sulfide
. Percentage Decomposition?
Temp. .. . = o _
(approx.)  vy-irrad. choline y-irrad. choline v-irrad. choline
chloride mixed with chloride mixed with chloride without
Brilliant Green (1:1) cadmium sulfide (1:1) ~ photodonors
" Illum.  In dark Illum. In dark I11um.
for 4 hr for 4 hr for 4 hr for 4 hr for 4 hr
-120° S Lsf.2 Lsto.® 11.0%0.2
-40° 1.840.2  1.6%0.20 A‘ - 1.6%0.2
-5° . 9.7%0.3% 2,5%0.2€ o | -
0° 10.6%0.3 1.4t0.2> 1.9%0.1
12°  10.520.8 2.0%0.2b S 2.120.1
12° (with . o
I-69 filterd) 9.3%0.4 2.0%0.20 1.5%0.2
30° 12.0%0.8  5.0%0.1  8.5%0.5 5.5%0.5 5.0%0.5
30° (with | |
I1-69 filterd) 11.770.5 5.0%0.5 7.8%0.2  5.0%0.5 -

3A11 these data are averages of at least four analyses. Variations in the

data are, in general, higher at higher decornpos_itionS.

DThe 1.5-2% decomposition represents the radiolysis that occurs =~ -

during the brief period of handling when the samples are sandwiched between

the plates--at room temperature in the dry box.

CTo;al y-ray dose: 9 megarads (ihstead of the usual 3).

dRestricts illuminating light to the 400-800 mm range.
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Infrared iIIUmination. Illumination of thehy-itradiated choline

chloride with a 300-watt thngsten iamp'(for 2 hf§:Samp1e temperature
‘maintained'hetween 5° and'—Sfj induced a deeempositibn of 1.4% (frdn

1.0 to 2.4);- Since the A-H6 ianp,’under the same cehditions; does not
preduce an'ihcreasevin deeomposition_(Tabie_IIi, iast}column), onc may
conclude that neither visible nor UV tadiation has‘anyveffect'on the
irradiated'compound; We intefpret the effect of the tungsten lamp
illuminatioh'as'resultihg from thevdetrapting of_electrons byvthe infra-
red radiation. However, the tungsteh'lamp-hasda glaes bulb, "and the
intensity of the infrared may not have been sufficient for detrapping
an apprec1ab1e ‘fraction of the avallable electrons.

Crystal Size. It was found that large, slowly grown crystals of

- choline chloride show a 51gn1f1cant1y decreased rad1olysxs in comparlson
w1th the rapidly prec1p1tated compound that had the same (usual) radia-
tion treatment. Although no s1gn1f1cant dlmlnutlon of rad1q1ys1s was
observed on 20 min post-thermal treatment at 50°, Z'houfsAat the same
temperature resulted in 10.0 and 9. 9% decomp051t10n (two experlments)
for the larger crystals, and 13. S and 13.3% decomposition for the

finely divided material. This is due to a lower density of defects in
the large crystals and, Cdnsequently, a smaller nunber of donors are_
formed by the yéradiation.' | | |

Kinetics of Radical Decay and Radiolytic Decomposition. The esr

spectrum of y-irradiated choline chloride (polycrystailine) is shown in
Eigure 1. This spectrum is in substantial agreement with an earlier

-observation of the esr spectrum of the electron-irradiated cqmp_ound.4
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Observatibns of the spectrum’during its decay'Sh6Wed'no_changes in its
overall shape. Power-sétUratibn ekperiments also Showed that all the
peaks wefe saturated to almost thé séme extent. Consequently, it appears
that there is only one observable free'radical in the irradiated compound.

The radical decay kinetics were followed by locking the esr spec-
trometer on the magnetic field'streﬁgth of the larger peak (marked ''2nd"
in Fig.:l) and following the intensity of the spin signal as a function
of time at 40°, 50°, 60°, and 70°. This data is shown in Figures 2, 3,
4, and 5. - | o

Theré appeér to be three first-ofder componenfs in the décAy
curves. Second-orderAdecay, dué to radical-radical dimerization, is
unlikelyvsince the éxpected products (2,3-butanediol from CH3éHOH or
1,4-butanediol from CHZCHZOH) have been Sought but not found.10 The
three camponénts éppafehtly ariSe By virtue of.depopulation of electrons
from three donors with differént depths--thé detfépped electrons then
interact with radicals that initiate the chain decomp051t10n The
Arrhenius plot (Fig. 6) gives the activation energy of the fastest |
decaying component to be approximately 0.9 eV. This we presume to be
the energy necessary to defrap electrons from the shallowest dbnor level.
The third component could arise from electrons depopulatlng from the
valence band or a deep donor.

The klnetlcs of radlolysis at 50° 6f fhe y-irradiated compound
were determined (see Fig. 7) and these are to be édﬁpared with the
radicalldecay kiretics at the same temperature (Fig. 3). If the decay
of radicals (which are chain initiators) is taking place entirely’due

to radical-electron interactions, and if there is no competing mechanism
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for radical disappearance, one would expect corr'es_ponden.ce'betw'eeh ‘the
kinetics of radiolysis and of radical decay. Howé\'r'e:r,_”‘the correspondence
is not good w1t.h respect to the slower cbmponent (F_igé. 3.and 7 and
Table IV). We believe that this iack of correspoﬁdenée is due mainly

to a decrease .in the de't':ompositibn‘ chain length with increasing decom-
po's'iti'on.' .‘I'heféfofe”, the chain lehgth Varies"with fime. This explains
shorter half- times for"rvavdi_ca'ly‘decéy as coﬁpared to '_ therx_ml decomposi-
tion half- tiihes. | | '

Electrical Conductivity. The conductivity data for the pelleted -

choline chlo_ride are shown in Figure 8 The powder ('Cbnprésséd to about
40 kg/'cm2 between the electrodes) shows, "i'n'all fespec’ts, conductivity
behavior simlar"to that of the pelleted material. There is a sharp
increase in conductnnty around 78°, wh1ch corresponds to the tempera-
ture of the phase trastltlon. ‘The cmduct1v1ty 1ncreases by about

4 orders of magnitude. The condu'ctivity in the g-form is high enough

to cause its deconp051t10n, even though choline chlonde is thermally

 stable up to 200°. Thls decompos:.ucn behavior is shown by the pellet 1
data of Figure 9 (in addltloh, the pellet was visibly charred). Pellet 2
was not heated heydnd 90°, and was subjected to 5 reproducihle cycles of
heating and coolihg (only one .cyclev 1s shown in Fig;Q). Such large
increases in conductivity at the phase transition region have not hitherto
been reported, though an increase 'of' an order of magnitude has been
observed in polycrystalline chloropromazine.11 Conductivity in the

_ a-form appears to be méinly electronic, while in the B-form it is
probably protonic, as we observed marked pf)larization effects and sig-

nificant non-linear current-voltage characteristics. The 8-form has
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Table IV. ~Radical Decay. ‘and Radiolytic Decomposition Half-times

_ Radical decay? "~ ‘Thermal decomposition

" Tenp. ) |

. 1st comp. " 2nd comp. 3rd comp., 1st comp. ' 2nd comp.
40° 14 min 'umm"wﬁﬂm'“ - -
50° 4.5 mn 14.5min " " 6min 37 min
60° - 2.6min  13.5 min b R -
0° S2sec - b b. . -

3Because of the lack of data on the very slow 3rd component, all these

flgures mus t be con51dered only approximate.

_meetlcs not f ollowed

a highly-disordered crystal étrutturelz and has: Suf'fi”cient room for
rotation about a ’hunber' of equiiibrium .positi'ons Pi‘otonic conductivity
necessarily means easy 1ntermolecular transfer of protons thru hydrogen .
bonds. It may be that this hlgh pmton mob111ty -saves the 8-form from

the radiolysis that the aform mdergoes. (In the a-form's radiblysis

there is little evidence of intermolécdlar transfers.13) If the
y-irradiated o-form is heated above 78°, little (< 1%) radiolysis océurs.
We belleve that thlS means that the free protons rather than electrons,

are reacting w1th the radlcals In this way, the mltlatlon of cha1n
decomposition, resu_lt;ng _frm an electron_-radlcal_ :mteractlon, is prevented.

Cyclic Experiments. Aliquots of dmolq'.pe chloride were subjected

to repeated cycles of y-irradiation and héa'ting at 50°, The percent

- decomposi tion was compared in each case with that of an aliquot subjected
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to same dose of Y—lrradlamm (1n a smgle 1rradlat10n) followed by
heatl_ng. For example,- in a 5-cycle experlment the sanmples were‘ “stb-
jected to 1 hour of y-irradiation followed by heating at 50°"£o_r |
2 hours, and this was repeated 5 times and the.percent decomposition
compared with 5 hours of steady Y- 1rrad1at10n followed by 10 hours of

steady heatmg at SO° ’I’he latter data are shown :m Table V, under the

heading, V"Contmuous," wh11e the former are shmm under the heading,

"Inte rm1ttent" .

Table V. Effects of Repeated Cycles of Irradiation and Heating

Percent decomposition

Number of cycles ' _v " Intermittent ~  Contimuous
S o - 12,4t o.s

2 176 0.1 12.1%0.3
3 2207t 0.6 0 12.8 0.2
5 33t 0.2 13.0 *'0.3

It appears that no matter how long we 1rradlate or heat beyond
2 hours, the maximum radiolysis attamed in a smgle cycle does not exceed
13%. A similar cbservation was made in the case of the photo-transfer
experiments (Table III). It is also interesting to note (Fig. 7) that
almost 50% of the decomposition occurs in the first 10 min of heating
at 50° and 90% m 60 min. Again, the radiolysis half-times (especially
for the second component) are much 1onger than that of radical decay
(Table IV). All these observatlons clearly suggest that the cham length
diminishes rapidly with time of heating. It seems. that at 1east one of

the products of radiolysis is acting as a chain tefnﬁnator. “Preli‘mina_r‘y

%
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experlments have shown that the post- 1rradlat10n thermal tréatment
yields lower decomp051t10n in an ambient of acetaldehyde. 'In view of
the above observatians, we can rationalize our cyclic experiments in
the following manner: In the initial stages of heating, a small fraction
of the radlcals decay via electronlc interaction with the propagation of
long chalns. As the concentratlon of products of rad1oly51s builds up,
the chaln lengths d1m1n15h Durlng the 1a€2€r stages of heating, say,
beyond an hour, the dominant process seems to be the d1ffus1on of
acetaldehyde to the surface of the microcrystallites. Consequently, if
this heated material is y-irradiated agaln, the 1n1tlal stages of the
second post-lrradlatlon thermal treatment would involve much longer chain
lengths than the heating durlng the latter half of the Z—hoqr period of
the first tycle. (It is also interesting to note that, within the range
studiéd, evéry cycle subsequent to the first appears.to result in an addi-
tional 5% decomposition.) In short, one obtains a much larger radiolyéis
via cyclic irradiations and heatings as compared to é single continuous
experiment, because.nelatively longer chain lengths arevinvolved'in the
former case. | | S :

Summary and Conclusions

The radiation damage in crystalline choline chloride can be deferred
indefinitely by ifradiating and storing at low temperatures. The damage,
however, develops rapidly at 50°, The radiolytic decomposition is retarded
in electron accepting ambients of 03, SFg, NZO, énd I,. Radiolysis can
also be induced at lower temperatures in y-irradiated choline chloride by
(1) the photo-tranéfet‘of electrons from Briiliant Green and cadmium sul-
fide and (2) photo-detrapping'of'electrons.from donors by infrared illumi-

nation. These observations can be interpreted on the basis of the following
model:
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(A) Electrons are trapped 'during'_irradiat_irm,: on either 'preekisting
ci-ystal defects or ones ‘created 'duxfi_ng irradiation, to form dohors.
During post irradiation thermal treatnlent,:the electrons are thermally
released from the donors and feact wi th rachcals (which are chain
initiating) to form e)‘c‘cit':e‘d' species ’that‘: participate in self-propagating
| (B) The kinetics of both radical decay and radlolytlc decomp051- J_

tion are pnmanly govemed by two f1rst-order components--a thxrd very
slow component may arise by a small depopulatlon of electrons from the
valence band or a deep donor. The rate of radlolytlc decomp051t10n is
slower than radical decay, espec1a11y at later stages of thermal treat-
‘ment. Thls indicates that the chain length dlmlmshes markedly, pre-

sumahly due to bu11d-up of the cham termnator acetaldehyde as

rad101ys1s progresses. Additional support for this suggestmn is obfained

from the following observations:  (a) 'I‘he radlolytlc decompos1t10n is
retarded in an amblent of acetaldehyde (b) Aliquots of choline chloride
subjected to repeated cycles of y-irradiation and :ihemhl treatxrlent at
50° yield much higher radiolytic decomposition tha.n ones which h;ve been
given the séme integrated dose and thermal treatment in a single cycle
(Table V). In the case of mu1t1p1e cycles, the rad101yt1c product,
acetaldehyde, diffuses to the surface of the microcrystallites during
each cycle of Erolonged thermal treatment at 50°, thereby enhancing the
chain length.for the pcst-inaeiatim.themal treatment of the subse-

quent cycle.

L4




o -21- .

(C) The high-temperature g-polymorph exhibits a very much larger
conduct_:anc_:e.than the a- form. Appreciable non-bhmic and polarization
effects are also observed for the 8-form, which are strongly suggestive
of protonic conduétivity. The large dominance of protonic over elec-
tronic conductivity in the 8-form may also account for i_ts radiation
stability. The protons can interact with the radicals before electrons

get a chance to do so, and thus inhibit chain propagation.
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XBL 69115350

Figure 1. Esr spectrum (at ambient temp.) of;y-irradiated (1 hr,

-196°,- 2 x_105 rads) polycrystalline choline chloride.
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Figure 2. Deéay kinetics at 40f of the 2nd peak of the irradiated

l - ‘ ' choline chloride's esr spectrum. -
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Figure 3. Decay kinetics at 50° of fhev2nd peak of the {rradiated

choline chloride's esr spectrum.
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| Figure 4. Decay kinetics at 60° of the 2nd peak of the i{rradiated
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s S XBLE211-5346

- choline chloride's esr spectrum.
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| nguré 5 Decay kinetics at 70° of the 2nd peak of the 1rrad1ated

choline chloride S esr spectrum
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Fig. 7. Kfneticsﬂbf thermal decomposition (at 50°) of y-irradiated

choline chloride. - (The ordinate {s saturation decomposition

minus the.deconPOSition at time‘t.)
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Fig. 8. E]ectricaTvcdnductivity of choline chloride. 'o, pei]et 1s
o héating; e, pei]etfl,'cooling; A, pe1let 2, heating; &,
B pellet 2, cooling.
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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
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