'nd;studles on: trapped specxes 1n 1rrad1ated sollds. Several dlfferent prOJects

'Z*Zdlscharge. Furthermore, atomlc hydrogen at pressures below 1 Torr WXII pass

‘i'“cold Flnger dlrectly in: the ESR cavuty, and .an apparatus to accomplxsh these :,tt’ttif

'_.?i"o_ L

'{~:l‘oF thls type were begun to prov1de a, broad base oF experlence 1n the Fleld.

':€{€1 Reactlons oF Gaseous H Atoms w1th 77 K Solld Substrates ffl\
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Progress Report on the Present Year s Work MASEE‘R
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The purpose oF thxs year s work was to do electron spln resonance (ESR)

'H‘ H atoms can be read1ly generated From hydrogen gas 1n a mlcrowave

696’ Lzmrmmeoamaoaa

‘m7'through several meters oF -a borlc acxd coated glass tube w1thout recombxnlng

'“iTh,s property permlts H atom bombardment oF substrates Frozen on a 77 K

"-f;ends was constructed

'-‘hszolxds might be cleared up by u51ng the essentlally thermal H atoms produced

'rt_xn the abové apparatus. For example, in lquld alkallne water the Follow1ng

We felt that some questlons about reactlons of H atoms 1n 1rrad1ated

C IR D TR S R »
,._greactxon“occurs.tg L A

,g»qulkallne 1ce at 77 K was thereFore bombarded w:th H atoms to see if the same )
de}-reactlon would occur 1n the SOlld phase, whence a trapped electron would be ;:sz: IRh
' observed After a varlety oF experlments Falled to produce any sngnlflcant '}hfiigid

‘ ujyyleld of trapped electrons, we ! concluded that elther the reactlon was: not 1,”“?{?rf‘3f

“,'occurrlng or our exper1menta1 technlque was 1nadequate. f”“,-

Another questxon consxdered was the reactlons of H atoms w1th frozen

,'m.gi galcohols at 77 K.r Confllctxng results had been obtalned 1n that a Flow system' R

" meTreuion o s BaCUNND O UMW -
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"like ours2 had shown reactlon whlle a statlc‘system usnng a hot wire for.

dlssocxatlon ‘had showed ethanol at 77 K to. be xnert to H atoms.3 We bombarded
.some Frozen solutlons oF saturated alcohols mlxed w1th’some unsaturated

o organlc molecules to establxsh the react1v1ty of the saturated alcohols ' ._:;:‘

relatlve to molecules that were surely known to react w1th atomlc H. ‘The‘j‘f

:results showed that the saturated alcohols were less reactlve than the’ Lb .
standard compounds but not completely inert. t 5 B

At this. p01nt we dec1ded to more careFully con51der what was happenlng

‘;in our experxmental set-up It was clear that H atoms were belng generated

‘1n hxgh yields because they could be monxtored by ESR We then turned to ”‘h;”'“'

the substrate and wondered 1F the roughly O 5 Torr of hydrogen belng pumped f,:".
'.'by it were warmxng the surFace where the reactnon was, taklng place.3,A~-:-'"t o
thermocouple cemented to the cold anger showed a 30 ‘rise 1n temperature

"when the hydrogen was turned on. The temperature oF the Flrst Few mlcrons

“of substrate surFace is nobdoubt consxderably hlgher than thls measurement
ttlndxcated, so in actuallty.equlpment like ours does not run reactlons at

77°K, but rather at temperatures many tens of degrees K. warmer° Statlc H atom

sources do show reactxvxty for . saturated alcohols at these hlgher temperatures,jj:tg.y

" so our results agree w1th the statlc ones but do not test the 77° K case.

Another. aspect of the hlgher surFace temperature 1s that 1t may be |
responslble For the Faxlure to produce trapped electrons by reactlng H w1thrr.‘y
alkaline 1ce, 51nce trapped electrons in such systems are. unstable above 160° K 4*-

Because of - the uncertalnty oF the substrate temperature, the prelxmlnary S

'experxments on thxs prOJect were not Followed up. The apparatus 1s.now used

- .

for less pre01se work such as dopxng crystals wlth hydrOgen,,":'
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v'_lé; Spatlal Dlstrlbutlons of Trapped Specxes in Alka11 Halldes

| This laboratory has developed a technlque For determlnlng spat1a1

‘.dlstrlbutxon of trapped ifradiation products by usxng ESR measurements.zf*
" The teCthue has been. used on trapped electrons and H atoms. in ices andC: ;“J"
organic glasses. - Comparlsons For dlfferent types of radlatlon haye also been o
- made. 6 One parameter that was 1nvar1ant in these experlments is that they .
‘were all done on materlals contaxnlng atoms From the Flrst two rows oF the

perlodlc table. Recently soine evidence has lndlcated that some gamma ray

- absorbers with atomlc numbers hlgher than 10. w1ll glve drastlcally dnfferent J:.'t

. spatlal dxstrxbutlons of lnltlally produced spec1es.7, Thls effect was

-tascrlbed to‘hlgher'cross sectlons for inner shell 1onlzat10n by fast,

electrons in'heavier'atoms. Innerlshell 1ons of 1ntermed1ate atomlc number‘ﬁ
emit Auger electrons of several hundred eV w1th h1gh probablllty, and these
electrons are oF hlgher energy than those produced by dlrect 1onxzatlon of |
valence electrons by the hlgh energy Compton electrons : The hlgh lxnear R
energy transfer of such low energy electrons w111 mean that many 1on12atlonsh
will be caused by'them'ln:a'small reglon. ‘Such "spurs caused by’ Auger -
‘electrons w1ll, of course, be- larger and contaln'more spe01es than those f,.‘

resultxng from dlrect-lonlzatlon of valence electrons. o

An attempt was thus made to measure ‘some spatxal dlstrxbutxons 1n alkali

halldes, whxch were selected to glve the maxxmum poss1ble den31ty oF absorblng };

matter 1n varxous atomlc number ranges (e g., NaF, KCl, RbBr, Csl) At,flrst h '
'F—centers were selected to be the trapped 1rrad1atlon product° These

. normally cannot be produced 1n suFflcnently hlgh concentratlons to be

o suxtable, but it was. reported that doplng alkall halldes w1th 1ons llke Ca

- greatly- enhanced F-center productxon.s So, some crystals were doped by

' meltlng the 1mpur1ty salt thh the alkall hallde in-a platxnum crucxble and

. o



ithen ouxck—coollng to éet-polycrystalllne materlal;_ HawevéF; ‘the yield ofﬁ;:::A‘,
'&{F—centers in the materlals was’ stlll too low to be sure thelr dlstrxbutlon yvd.
.ghwould reflect the 1n1t1al dlstrlbutlon produced by the radlatlon. Hencezgqi?

‘.QeFFectxve electron trapplng specxes was sought that could be densely

'H'*isubstltuted in an alka11 halxde crystal. ance we had already had some. _"’l"ﬁ”

'”ii;favorable experlence w1th s11ver 1ons as electron traps,9 some Ag doped j"i
”;crystals were prepared S | ‘ S | | :

A varlety of alkalx halldes were tested, and of these only KCl and RbCl
..-;showed the ESR spectrum oF Ag atoms upon 1rrad1atxon w1th Co—60 KCl gave ;i?{iiéii“&
:a hlgher yleld and showed hyperflne structure 1nd1cat1ng Ag Was in thei ffid:&iifﬁ

lattice substxtutlonally, so saturatlon measurements were done on. quenched '

Epowder samples Of‘511ver 1on doped KCl The saturatlon tlme VS, dose curvevlﬁ
'obtalned 1ndxcates an lnhomogeneous dlstrlbutxon oF Ag atoms thh the radxus

of the average spur bemg about go . contrast this thh 30 A spurs- f'or L

mfelectrons in. alkallne 1ce, in: Wthh all the absorblng atoms have lower

“cross sectxons For 1nner shell 1on12atlon than those in KOl do. ,The KCl
. number is actually larger than its Face value lndlcates because spur size :':U:"‘t”':':
! varles 1nverse1y w1th matrlx polarxty.s-.'z

Experlments are now in progress to measure spatlal dlstrxbutlon of Ag

f-Csl and NaF (usxng purchased crystals) The Auger electron yleld should be

;4qu1te small 1n NaF, Wthh should thus show spur sxzes even less than those

o,

jFor ice systems (NaF belng more. polar) Csl, on the other hand,’would be

'_expected to show spurs w1th average 51ze at least as large as seen xn KCl
,and pOSSlble larger, dependxng on the cross sectlons for 1onlzatxon of the';:w”'

' ;ivarxous 1nner electron shells.ln'“
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?;ithe trapped electron 1n 1rrad1ated 10 M NaOH at 77 K goes to -an excxted

ias a Functlon oF temperature.: IF the theoretlcal treatments are correct,
'Hfh;;{the thermal actlvatlon requlred For remov1ng the electron From the exc1ted
3state w111 g:ve r1se to a posxtxve temperature dependence of the bleachlng

‘-firate

T}trapped electron 1n alkallne 1ce 1s weakly bound 1f bound at all. A sxmllar

that system.4 The negatlve temperature dependence observed may be due to 1zﬂ;f_;;

“f'however, are For the 77-150°K reglon,to and measurements 1n thxs range are' fiﬁflf

~now 1n;progress.»n' R

.TEFZLB;: Energy Levels of Trapped Electrons 1n lrradlated Alkallne Ice

Slmple theoretlcal treatments predlct that the optlcal tran51t10n oF

‘ 4'3state which 1s stxll bound by more than an eV 4 Thls predlctlon was put to s

Tﬂ;the experlmental test by studyxng the bleachlng rate oF the trapped electron Jb}fliff‘r

Measurements by both ESR and (for conflrmatlon) optlcal spectrometry show .-'}h;_,

"7df:'a small negative dependence of the bleachlng rate (E —.-0 5 Kcal/mole

e AThlS result shows that the Flrst optxcally allowed excnted state of the ;.E‘*:77T'TT"

‘ study on 1rrad1ated glassy methanol near 77 K glves the same conclu51on For ‘fifg1;j§»_

l'.

‘a slight temperature dependence For retrapplng delectrons From the conductxon

As a Further cheok on thls work, measurements oF the already known ':»jin?ﬁTi'

4., .

' ‘temperature dependence of the bleachlng rate For F-centers 1n KCl Were
g undertaken.- Samples 1rrad1ated at room temperature glve a. large p031t1ve

‘ temperature eFFect, whxch is. reassurlng. The llterature values For KCl,




