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The trapping of hydrogen atoms generatedjbiyradiation of different compounds containing the cube-
shaped SDi-cage was investigated by means of electron spin resonance (ESR). The trapped hydrogen
atoms were found to originate from the organic substituents of the cages. It was shown that intermolecular
processes are involved in trapping. This was done by means of a crossover experiment id;whathkis-
(trimethylsiloxy)octasilsesquioxane (i.el;>-QsMg) and h7-QsMg were used. Most surprising, the relative

yield of trapped hydrogen atoms is considerably increased by radical scavenging additives (e.g,, &fd, O

I,) present during/-irradiation. In the presence of radical scavengers, the dose dependengg] afi,[Fbr

example, octapropyloctasilsesquioxane becomes almost linear, whereas in the absence of any scavengers it
reaches a much lower and quasistationary level. Only for octahydridooctasilsesquioxag)e afdT
octamethyloctasilsesquioxane (MgThe yields of atomic hydrogen are not noticeably affected by radical
scavengers. This is probably because the scavengers cannot enter the crystal latticearaf METE. If

radical scavengers are absent, radicals generated from the substituents can be detected at room temperature
for long periods of time. Elemental iodine facilitates the trapping of hydrogen atoms even in solutions of
silsesquioxanes in cyclohexane. Moreover, there are radiation induced processes, which remove trapped
hydrogen atoms from their traps, so the detected concentration appears to be a net effect. Deoxygenated
solutions of irradiated specimen advantageously allow the observation of a well-re$stiperhyper-
finestructure (shfs). The comparison of the experimental shfs pattern with the theoretically expected one
proves convincingly the encapsulation of hydrogen atoms in inta€@;Sunits. The values of the shf-
coupling constants depend on the nature of the substituents attached to silicon and decrease with increasing
temperature. The thermal decay process ofrbpped in the solid state is not affected by the atmosphere
present and follows first-order kinetics. This corresponds with the uniform trap sites. The activation energy
for this process is estimated to 109:63.1 kJ/mol (343< T < 387 K) in the case of HQgMs. The satellites

of the hydrogen hyperfine transitions were shown to be spin-flip satellites. Proposals in order to explain the
observed effects are made.

1. Introduction CHART 1. Structures and Denominations of the

- o Substances Uset
Compounds containing the cube-shapegDgi unit?? (see

Chart 1) have continuously attracted attention since their \

discovery about 50 years ago. The attractiveness of polyhedral Si— 0—Gi

polysilsesquioxanes, polysilicates, and related compounds is due o | o’ |

to their fascinating physical and chemical propettisd their R\Si/_g_S;R 0

appealing aesthetic geometry. In 1994, Sasamori, Okaue, Isobe, l \ 1

and Matsudadiscovered another interesting feature of one of 0 &Si 6 Si~pg

these compounds. They found the trimethylsilylated derivative |/o | /0

of the double-four ring (D4R) silicate sg) able to stabilize Si—0—sSi

radiolytically generated hydrogen atoms at room temperature. ya \

Up to now there are only a few examplesf hydrogen atoms R R

observable at ambient temperatures. The most prominent one r=n —HTs R = cyclohexyl —CyxTs

is H:CaR.4 R=D —DTg R = vinyl —ViTs
The most surprising fact Sasamori et al. reported on was that E - glﬁgl‘y' ::\5/'318 S - poE?éLh)g :EQTEEMS

the “jacketed hydrogens” are even stable in etheral soldtion. R = propyi —PrT, R = OSi(CDy)s —d72-OMs

These first results raised a lot of questions; some of them we  a sgryctural details (i.e., bond angles and bond lengths) have been
dealt with in the present contribution: 1. Is it possible, to simplified for clarity.

substantiate the essentially chemical reasoning of Matsuda et

al2 concerning the entrapment in cages by spectroscopic meansabout trapping of hydrogen atoms by the cages in solutions? 4.
2. What is the physical origin of the satellites in the spectra of Which conditions have to be fulfilled by hydrogen atoms to
the solids already mentioned by Matsuda etZal® Which get trapped and what can be stated about the mechanism?
factors influence possibility and effectiveness of trapping? What

2. Experimental Section

*To whom correspondence should be adressed: E-mail: . . .
reinhard:stoesser@cherge.hu_ber"n.de. All compounds were synthesized according to previously

® Abstract published irAdvance ACS AbstractSeptember 15, 1997.  published procedurésThe silsesquioxanes were obtained from
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the commercially available trichlorosilanes R H, Me, Et, a ] H,; irradia-
Pr, Vi, and Ph). Cyclohexyltrichlorsilafavas conveniently 500 A Ation under O,
prepared byy-radiation induced addition of cyclohexene to A
HSiCls. h;>QsMg was obtained by trimethylsilylation of g‘m’ 2
tetramethylammonium-D4R-silicateDTg was made from HJ £ 00 0
and D (>99.8% D, Aldrich) in the presence of Pd/C (5%, z A
Aldrich) and characterized by IRv(Si-D) 1665 cnt? (vs)8 £ 500 e
d7-QgMs was obtained starting from GBIgl (Aldrich) by o pA oo m g Dtrjanﬂ?;;::d
the following reactions, which are known from the literature 0] amg O H e rrad
for the corresponding protium compounds: Z@;ocoo o0 © O0© O ur:Q;:r:rgon
0 T T T T T T T 1
Prsi(:l3 CR;SQH 0 50 100 150 200 250 300 350
CD3Mg| - (CD3)3SIC6H5 radiation dose, kGy
. NEtHCI
(CD,);Si O;SCF; b 450
400+ v,
 NMe;~0 . 1/8 HgSiyO. ] / NO,
(CD5);SiCl —— (CD,),SICl-(CHy),N — 0 ——— 2 P00 mear
. . 3 1 O
[(CD;);SiOgSigO;, 250 % 0,
£ 200 go /D/D 800 mbar
Thi h in order to get a higher isotopic yield g B\ —aS%NoM,
is way was chosen in order to get a higher isotopic yie £ 150 1015 mbar
compared with the procedure given in ref 7a. & 100
The silsesquioxanes as well as iodine were sublimed twice 50
in vacuo prior to use. Cyclohexane was of analytical grade oz
0 20 40 60 80 100 120 140 160

and used without further purificatiom;>-QsMg and d;-QsMg
were recrystallized from acetone.

Solid samples were-irradiated in sealed glass ampules Figure 1. (a) _Rela_tive c_oncentrations of trapped hydrogen atoms in
(volume ca. 45 mL), each containing-100 mg. Definite PrTs samples irradiated in an oxygen)(and argon ©) atmosphere,
h ’ d', db - d f'||'. h | respectively. The relative concentration of radical spec@s( 2)
atmospheres were adjusted by evacuating and filling the ampulesy, e ynder argon is also given), (b) Relative concentrations of

repeatedly. Rare gases (He, Ar; Messer-Griesheim) were of hydrogen atoms trapped in Ryds functions of the absorbed dose and
>99.999% purity; oxygen was of technical grade. Nitric oxide the radical scavengers present.
5% in N, was purchased from Air Liquide; pure NO was
obtained from this mixture by means of a cryogenic trap. Before When checking the results of Matsuda etZahan effect
sealing the ampules, pressure was adjusted and controlled by @ontrary to all common expectations was found: The relative
capacitance manometer (Brand DVM 1). Solutions were yield of trapped atomic hydrogen was considerably higher if
deoxygenated by purging them for about 20 min with Ar or He oxygen was present during-irradiation. Therefore, more
(99.999%). detailed experiments dealing with the influence of radical
y-Irradiations were carried out in a cave-tyf¥&o source.  scavengers were performed. As a model compound Web
Applied doses were determined from irradiation times and used. Figures 1a,b present the corresponding resultsgls [H
calibrated dose rates taking into account the dec&YGuf. They vs y-dose plots.
are correct withint=5%. In the absence of radical scavengers the concentratiog*of H
ESR-spectra were recorded on a cw-X-band-spectrometerSlowly rises with respect to the absorbgdiose and tends to
ERS-300 (ZWG, Berlin-Adlershof) equipped with a variable réach a comparatively low quasistationary level. . _
temperature controller. Sealed and irradiated ampules were In contrast to that, the addition of scavengers results in a rapid
measured after thermal elimination of paramagnetic centers@nd almost linear growth of the concentration of HUp to
generated in the glag3. All given relative concentrations of ~ doses of 260 kGy, no quasistationary levels gf &te observed.
atomic hydrogen are mass-normalized and were determined aftet" Figure 1a the curve denoted by squares shows the dose
having exposed the spread out solid samples to air for at leastdependence of the relative concentration of carbon-centered
2 h. This was done in order to eliminate the influence of radicals for samples irradiated in argon. It is worth noting that
different amounts of adsorbed oxydéaon the signal intensities. ~ the latter concentration tends to reach a quasistationary level,
Solutions of irradiated specimen were prepared from spectro- t00- o .
scopic grade tetrachloromethane and tetrachloroethene, respec- Figure 1b shows that NO is slightly more effective than
tively. Oxygen was removed by purging the solutions with Ar 0Xygen at the same partial pressure in supporting the entrapment
(299.999%). To reduce passage effects, the modulation Of hydrogen atoms. Moreover the curve for 5% NO indkows
frequency had to be set to 20 kHz. Simulations and mathemati-the importance .of the. concentration and the total amount of
cal treatments of spectra were accomplished uSiENPLOT ~ Scavengers available in the sealed ampules.

(CGS Ltd., Ithaca, NY) antsotrop(Dr. D. Pfeifer, BAM Berlin, Under the experimental conditions of the present study iodine
Germany). appeared to be the most powerful supporter of the trapping.

Allirradiations involving iodine were performed in the presence
of excess solid iodine so that the partial pressure,di.¢.,
0.41 mbar at room temperatéi#eshould have been constant
General Remarks. Influence of Radical Scavengers and  during irradiation$®

radiation dose, kGy

3. Results

Temperature. The ability to stabilize atomic hydrogen formed Another experiment was set up to determine the response of
upony-irradiation is not restricted to the trimethylsilylated D4R-  differently substituted compounds to iodine present during
silicate @Mg. Also silsesquioxanes (RJfdo so. In addition, irradiation and to the influence of irradiation temperature, see

preliminary results indicate that even a heterosilsesquioxaneFigure 2. With the exception of HTand MeT the yield of
possessing a §0-cagél is able to trap atomic hydrogéh. Hy* is increased bysland Q respectively; with the exception
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Figure 2. Influence of iodine and of the irradiation temperatureon (¢ {, . o ¢, o ¢ 4 o, b4, .o, o
the amount of trapped hydrogen atoms in different compounds. 280 300 320 340 360 380
Concentrations are normalized with respect to the amount of hydrogen By in mT
atoms trapped under He at 290 K; dose: 72 kGy.
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Figure 4. Spectra of irradiated solibd;>-QsMs (a) andd;>-QsMs (b).
MeT, The small signals due to atomic hydrogen in (b) are likely to arise due
to residual solvents, dose+100 kGy, room temperature.
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Figure 3. ESR signals of radicalg/(~ 2) formed in different siloxanes 26.7% one °Si
upon irradiation at room temperature under exclusion of oxygen, c)
dose: ~2 kGy.
of PhTg the trapping of H* becomes more effective at lower
temperatures. d.) 4.5% two i
If irradiation is performed with no scavengers added (e.g.,
in He, Ar, vacuum), all samples show signals of free radicals e T s

In .theg ~ 2-reg.|0n. A few of them are deplctgd n Flgurg 3. Figure 5. Super-hyperfine structure (low-field transition) due to the
With the exception of H§, DTs, and Me these signals vanish surrounding®Si-nuclei in EtE. (a) experimental, dose~100 kGy,
within a few days. If the samples are exposed to air, the signalsroom temperature). Traces-d) simulated spectra of the involved
disappear immediately. Simulation and assignment of theseisotopomers shown true to scale.

spectra turned out well for the cases of HD32Si*; O22Si*H,
ay = 7.4 mT), DTg (O3,,Si*; 025D, ap = 1.16 mT), Me®
(O3/2SI*CH,, a“(2H) = 1.69 mT, &2H) = 2.31 mT), EtE (Oz/>
Si—C*H—CHs, axial symmetric; additionally something like
*CH,CHj, isotropic) and Phd(3-silylcyclohexa-1,4-dienylradi-

Trapping of H* in Intact SigO;>-Units. Influences of R
and T on the Superhyperfine Coupling Constantazgsi. The
fairly high v-doses which had to be applied in the experiments
presented in this paper led to the question of radiation induced
9 N structural alterations in the §8);>-units themselves. Routine
CSE’C%O(ZH’S%Z)ZQ 4'.? ”}T’hafo(ZH.’Cl—l’“h‘?) a 0.9 mT, &c 13C-, 295 NMR-, and FT-IR spectra did not indicate any
(2H,CHnerd ~ 0.25 mT, slightly anisotropic)! _ noteworthy changes of the irradiated cages. Therefore, we tried

Source of Trapped Hydrogen. The synthesis of perdeu- g jnvestigate the nature of the trapsites in more detail by means
terated @M (d7>QeMsg) was carried out in order to determine  of ESR-spectroscopy of solutions. It turned out that even in
the source of trapped hydrogen atoms and to find out more aboutoyygen-containing solutions line widths are considerably lower
the mechanism of trapping (crossover experiments, see below)than those in the corresponding solids. Oxygenfree solutions

Figure 4a represents the overall spectrum of sblighQsMs; of irradiated specimen (HTand PhTE were excluded because
in Figure 4b the corresponding spectrundgfQsMsg is shown. of their poor solubility) in different solvents (e.g., GCC,Cly)
Both samples were-irradiated under access of air. While yield spectra with a pattern shown in Figure 5a. Each hydrogen
Figure 4a displays the characteristic hyperfine doublet of hyperfine transition is further split by superhyperfine (shf)
hydrogen atoms (= 1/2), Figure 4b represents the typical line- interactions witi?°Si-nuclei. The line widths of the individual
triplet caused by atomic deuteriurh € 1). This last result shfs components ranged from 0.0035 mT:@-QsMsg) to
confirms the organic substituents to be the source of trapped0.0095 mT (M:PrTg). Table 1. contains experimentally
hydrogen. determineé® relative intensities of transitions marked by
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TABLE 1: Experimental and Calculated Relative Intensities
of the Individual 2°Si-Superhyperfine Transitions in Figure 5

number of peak experimental intensity calculated intensity

1 1.23% 1.145%
2 13.6% 13.53%
3 70.7% 70.49%
4 13.2% 13.53%
5 1.25% 1.145%

TABLE 2: Isotropic 2°Si-Superhyperfine Coupling
Constants azg; for the Differently Substituted Compounds
and Estimated Group ElectronegativitieSygroup Of the
Corresponding Substituents

R ag; (mT) X Group
Me 0.1631 2.27
Et 0.1510 2.35
Pr 0.1570 2.35
Cyx 0.1470 241
Vi 0.1447 2.75
OSi(CHy)s 0.0600 493

TABLE 3: Approximate Line Widths ABy, of the ESR
Signals of Hydrogen Atoms Trapped in Differently
Substituted Compounds in the Solid State

R AB,, (MT)
H 0.17
Me 0.15
Et 0.14
Pr 0.14
OSi(CHy)s 0.10
0Si(CDy)s 0.04

J. Phys. Chem. A, Vol. 101, No. 44, 1999363

T T T T T T T T T T 1
311,90 311,95 312,00 312,05 31210 312,15

T T T T T 1
362,76 362,80 362,85 362,90

ByinmT

T T
362,65 362,70

Figure 6. The low- (a) and high-field transitions (b) of hydrogen atoms
generated in equimolar mixtures bf>QsMs (a) andd;-QsMs, dose:
~100 kGy, room temperature. The asymmetry arises from the
superposition of spectra of H atoms trapped in eitheiQsMs (a) or
d7-QsMs. The asterisksindicate signals due tg¢€ D3)sSiO];H[SigO12]. %

The doublets arise from the superhyperfinesplitting caused by hydrogen
directly attached to silicon (marked by bold H in the formuda;~
0.0353 mT).

signals does not depend on the partial pressure of oxygen during

numbers in Figure 5a. The corresponding calculated values areyo measurement

in the rightmost column (see discussion).
The actual values oéygs;i for differently substituted com-

3. In all cases the satellites of the high-field signal are less
intense than those of the low-field signal. Relative intensities

pounds depend both on the chemical nature of the substitueniyt the satellites depend on the chemical nature of substituents
attached to silicon and on the temperature at which they were 41ached to silicon because of different mean distances between

measured. Table 2 collects experimental values,e§. In
the rightmost column approximate values of the group elec-
tronegativities of the substituents are listéd.

neighboring protons and the trapped atomic hydrogen.
4. Switching to the perdeuterateli,-QsMsg, no satellites
could be detected about 0.5 mT apart from each of the hyperfine

As mentioned above, the temperature also has influence Onsigna|s. The corresponding deuterium flip signals are partly

the shf-couplings. For Pgldissolved in GCl, the shf-coupling
constantaygsi decreased continuously from 0.159 mT (253 K)
to 0.147 mT (363 K).

Satellites of H-Signals and Line Widths in the Solid State.
After being exposed to air, the ESR spectra of tHeradiated
powders (R= H, D, and Me) consisted of only two signals as

obscured by the line width of the main signals.

Proof for the Involvement of Intermolecular Processes in
Trapping. To find out whether intermolecular processes are
involved in the trapping processes, crossover experiments using
mixtures of equivalent amounth>-QsMg and h7-QsMg were
performed. An equimolar mixture was cocrystallized from

expected for atomic hydrogen.The observed line widths dependpentane in order to ensure intimate mixing and subjected to
on the substituents as indicated by the representative valuesy-irradiation under access of air.

given in Table 3. In contrast to the signal intensities, line widths
in the solid state are only slightly influenced by oxygen. The
line widths are mainly governed by dipolar interactions with
the surrounding protons. The satellites of each of the two
hyperfine signals already mentioned by Matsuda &t ale
confirmed to appear. Being comparatively weak igMyg, the
satellites cannot be overlooked in the case of Meieasured
under identical conditions (access of air, low microwave power
levels). The following results confirm that the satellites are spin-
flip satellites: 1. The distance between the satellite lines of
the hyperfine transitions was proportional to the magnetic
induction at which they appearABs = 0.9245 mT at 311.9
mT (low-field transition) ABss = 1.0783 mT at 362.4 mT (high-

The signals arising from trapped hydrogen atoms of an
irradiated sample prepared in that way which was dissolved in
deoxygenated tetrachloromethane are shown in Figure 6. Both
the high- and the low-field transition appear to be asymmetric
with respect to line form. This is caused by the superposition
of the spectral patterns of*Hh;-QsMg and H: d7»QsMsg. The
narrower lines of M d;>-QgMg, compared to M hy>QgMg and
small a- and g-shifts due to secondary isotope-effects, are
considered to be the main reasons for this effect. This result is
substantiated by the analysis of the corresponding signals of
atomic deuterium (data not shown).

Thermally Induced Decay of the Trapped Hydrogen
Atoms. The thermal stability of trapped hydrogen atoms in

field transition). These values are mean values of numerousthe y-irradiated solid compounds was determined by means of

measurements.

2. The ratio “intensity of the satellites/intensity of the main
signal” increased with rising microwave power level. In contrast
to the main signals, which reversibly gain in intensity when
the atmosphere is changed from argon to oxygen (this does
apply to HTg, DTg, and MeT), the intensity of the satellite

in situ ESR-experiments at elevated temperatures{383 K).
Interestingly, the decay process in the solid state is not
noticeably affected by the atmosphere (Ar and€3ted). The
time dependency of the signal amplitudes is well described by
first-order kinetics, see Figure 7. For the activation energy of
this process in the case of:H;>-QsMg a value of 109.6+ 3.1
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] is given by Miyazaki and Shevtsconcerning the trapsites

250 1 of photochemically generated hydrogen atoms in st} at
P 4.2 K.
'S 200 The isotropic shfs observed in solutions is presumably caused
g by the Pauli repulsion forces. Adritfnthoroughly dealt with
> 150 their influence on the shfs in “nonclassically bonded” systems.
2 The cause for the variation of the shfs coupling constant with
;g 1004 the substituents attached to the cages has to be attributed rather
& to electronic than to geometridaleffects. This point of view
w becomes reasonable, if one brings the observed shfs constants

50 aosiin relation to the estimated group electronegativifi€sup

7 ' T " T ' y ' of the substituents: the highggroue the moreaygs; decreases.

20 40ﬂme in mi:O %0 FrI(IJm an EISF_Qf}spectroscopic point of vie_w one can expect
Figue 7. The thermal decay of iycrogen atoms rapped w051 G0 BRECE T e e most
cages (x) is well described by first-order kinetics. The underlying curve =, . > )
was fitted assuming = ae X suitable candidates for crossover experiments were thetiefere

QsMg and d7-QsMg because of their extremely narrow ESR

kd/mol in the temperature range from 343 to 387 K was lines in deoxygenated solutions. As shown in section 3
estimated from an Arrhenius plot. (Results), the trapping process turned out to be essentially an
intermolecular oné? hydrogen and deuterium atoms have not
necessarily to be trapped in those very cages, from whose
substituents they were “knocked off” by radiationchemical
processes. This in turn implies that hydrogen atoms can cover
certain distances in the solids.

y-Irradiation of Solutions. Surprising results were obtained
when subjecting cyclohexane solutions containing eitheg EtT
or PrTg, which was previously irradiated as a solid and therefore
already contained trapped hydrogen atoms;ytioradiation.
Table 4 summarizes the experimental conditions and the

outcomes. H:Prgstands for the preirradiated Ryffossessing In this context the findings of the experiments concerning
an intensive k-signal. The dose absorbed by the sample was the effects of radical scavengers present dustrigradiation
120 KGy. become even more surprising: Different substances, which are

known to be reactive radical scavengers, were found not only
to enlarge the yield of trapped hydrogen atoms (except i HT
DTgs, and MeT) but they also completely alter the dose
dependence of the concentration of trapped hydrogen atoms. If
the irradiation is performed without addition of scavengers (e.g.,
in He, Ar, or vacuum), relatively small doses result in quasis-
tationary and comparatively low levels of {ff In contrast,

Spectral features encountered in the irradiated solids will be radical scavengers change the dose dependency to an ap-

discussed first. The symmetric satellites of each of the hydrogenProximately linear function. If the scavenger is present in excess
hyperfine signals were already mentioned by Matsuda &t al. (€:9- b), no quasistationary level of [ ] was reached even
However, they did not definitely assign them to eit?&i- when doses up to 250 kGy were applied.
superhyperfine structure or to spin-flip satellites. On the basis It is worth noting that those compounds, in which the yield
of the experimental facts presented here, the satellites are prove®f radiolytically formed and trapped hydrogen atoms is not
to be spin flips by nature. A more detailed examination of the affected by the presence of scavengers during radiolysis (i.e.,
presented systems seems promising, because of the knowrTs, DTs, MeTg), do not lose their free radicals (e.gs/43iCH;
geometry? of the trap sites and their surprising thermal and in the case of Meg) upon exposure to air. Moreover, the*H
chemical stability which makes them easier to handle than mostin these compounds does not magnetically respond to gaseous
of the formerly investigated systefsshowing spin flips. oxygen by Heisenberg exchange noticeably. Therefore, it was
Additional evidence for the satellites being spin-flips is that concluded that molecules as, for instancg,NID, and } cannot

such signals could not be detected in fluid solutions. This is in enter these solids.

accordance with the underlying dipolar interact®nbeing In the presence of elemental iodine net trapping of hydrogen
averaged out by rapid tumbling of the cage molecules in atoms becomes even feasible in fluid cyclohexane solution,
solution. In any case the lines of the ESR spectra obtained fromWhich was otherwise impossible. This was evidenced for the
solutions of irradiated compounds are narrower than in the first time in the present study. Experiments concerning the
corresponding solids. Removing the dissolved oxygen from the radiation chemistry of cyclohexane solutions containing cages
solutions results in further narrowing of the lines and allows €enclosing H (Table 4, experiment 5) indicate that radiation
the resolution of the isotrop¥Si-shfs. The resulting five-line ~ induced processes occur which cause an emptying of the
pattern can be explained quantitatively by taking into account formerly “filled” cages. The suspectedly low fraction of filled
both the relative abundance 8¥Si-containing SiO12 isoto- cages makes these processes likely to be indirect ones (i.e.,
pomers #9Si: 4.67%) and their expected spectral patterns, see processes induced by solvent-derived reactive species). Experi-
Figures 5b-d). The good accordance of the experimental with ments concerning the stability of filled cages in solution against
calculated values (see Table 1) justifies the conclusion, that thephotochemically generated radicals (e.g-, fBsm Bry; t-Bu—
hydrogen atoms are entrapped exclusively in structurally intact O or HO" from (t-Bu—0), ) indicate that small reactive radicals
SigO12-units. Similar arguments concerning other polyisotopic are able to empty the cages. Therefore, it seems reasonable to
systems allowed Foner et al. and Morton et al. to figure out the suppose that especially hot hydrogen atoms may figure promi-
trap sites of hydrogen atoms in solid rare gases (e.gKrH nently in they-induced processes which are responsible for
and H:Xe).1617 Systems as for instance:BaR?* and U-centers ~ emptying “filled” cages.

in alkali halides are classical examples for the analysis of the The findings of the experiments concerning the thermal decay
surroundings of paramagnetic centers. The most recent examplef trapped hydrogen atoms differ from those published for a

Only in the presence of the radical scavengethkre is a
net trapping of atomic hydroge. The involvement of radiation
induced processes, which remove formerly trapped hydrogens
from the cages is clearly shown by experiments 4 and 5.

4. Discussion
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TABLE 4: Experimental Conditions, Applied for the
Irradiation of Cyclohexane Solutionst

signals

no. experimental conditions due to H*

1 300 mg of EtE, 3 mL of c—CgHj», air not detectable

2 300 mg of EtE, 3 mL of c—CgH1a, not detectable
He-purged

3 300 mg of EtF, 3 mL of c—CgH1y, intense signal
He-purged, 25 mg of.l

4 170 mg of H:Prg, 2 mL of c—C¢Hi, air  no longer detectable

5 170 mg of H:Prg, 2 mL of c—CgH2, no longer detectable
He-purged

6 170 mg of H:Prg, 2 mL of c—CgHi2, intense signal

He-purged, 25 mg of.!
ay-dose: 120 kGy, Room Temperature.

variety of other systems: Whereas hydrogen atoms trapped in

glassy or amorphous matrices show a more complex-time
temperature behavi@f,the uniform traps in the present case
give rise to simple first-order kinetics. At this time nothing

can be said about the fate of the hydrogen atoms thermally

removed from the cages.
The value of the activation energy determined for this process

and some more general aspects make the following hypothesis, .
reasonable: In order to be suitable for getting trapped, the kinetic

energy of hydrogen atoms has to fit an “energetic window”.
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the activation energy mentioned above.

From the preceding facts the following conclusions may be
drawn: 1. There are both positive and negative contributions
to the finally detected concentration of trapped hydrogen atoms
(i.e., it is anet effect). 2. Both the presence of radical
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The way radical scavengers favor the filling is not yet fully
understood. Possibly, the following points might be of impor-
tance:

1. Selective scavenging of radicals which are capable of
recombining with hydrogen atoms; the selectivity could be

(21) Millar, D. M. Thesis,Dissertation Abstracts1988/89, B, 49; p
108-B, order no. DA8803141.
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selective scavenging of reactive (hot) particles capable of
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