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Very f ew inves t iga t ions have been c a r r i e d out so far on the d i r r c t

photo ionizat ion öl non-polar l iquids . Exper iments by V e r m e i L ei al . '

detected an iuc-.rcase of c o n d u c t i v i t y in some l iquid hydrocarbons when

subjer ted tu L he l ight of rare gas resonanc.e lansps. Recen t ly s imi l a r

experiroent-s were performed by Casanovas and co-workers at the

Univers i ty of Toulouse-' ' J. It was e s t ima tcd that the ionization

threshold energy of ehe moleeules in the gas phase is reduced für the

d i f f e r en t l iqu ids by 0.5 eV to l eV upon condensat ion.

Direct measurenients at the ionization thresholei energy tor

liquid xenon were repnr ted by Roberts and W i l s o n ' ' , Asa f and Ste.in-

berger' ' and Spear and I,eComber&. While Roberts and W i l s o n found a

strong increase of the photo current with photon energy abovc B.9 eV,

Asa£ and Steinberge.r deterroined the thteshold energy L O 9.2 cV, which

agrees ui th the value reported by Spear and Lef 'omber-

Ihe phoio iunizat ion threshold in the l iquid phase E should be

given by

E¥ - E + V * P+

L G o +

(D

with E , gas phase energy; P , polar izat ion energy of the pos i t ive
G "•

ion aod V , electron a f f i n i t y of Lhe liquid.

The elec-.troTi a f f i n i t y or the energy o i" the electronic conduction

level has been de te rmined for raany liydroi^arbons ;ind l i q u e f i e d rare

gases by tneans nt the photoe ler t r ic e f f e c t on a meta l e l ec t rode

The polar izat ion energy nf the positive inn can then be o b t a i n e d if E

is raeasured. On the ocher band, P can he cs t imatcd f rom Ror r . ' s equai-

ion 1 ' - w h i c h yields for an ion of radius r

2
e

' i"r"

the re la t ive di e l e< : t r ic cons tan t of t he l i q u i d and e the el ementary

chargc -

Here we w i s h to report the r e s u l i s of pho toconduc L i v i t y experiraent;;

in l iquid Ldtramethyls i lane ((C!l ) ,S i} at 22°C. The l iquid was rontained
J M-

in a p a r a l l e l p l a t e c o n d u c t i v i i y c c l l w i t h 2 um p la t e Separa t ion . One elec-

trode consist t;d of a t h in gold l ayc.r ( t h i c k n e s s appruxim;i t e] y l 50 A) ev3~

porated on to a L iF p l a t e whif.ii s «TV cd äs the ent rance w i n d o w for the

rad ia t ion . The counter e lec t rode was made of gold p la ter i h r s s s , tlic c e l l

body was öl s t a i n l e s s steel. Synchro t ron rad ia i iun f r o m the storage r ing

DORIS was raonochromatized by a high in tens i ty monoi-.hroTü.ntor1 - . The res;j-

lu t ion was .-idjusted to approximat.e t y 0. l eV. W i t h DORIS operating in Lhe

single bunc.h meide (10 - 20 mA r.urrent of circulatiiig electrons) an intensity

of about 10 photons / sec was ava i labLe at Lhe en t r ance window of t ho

c o n d u c t i v i t y cc l l . In the m u l t i bunch mode (200 - '-OO mA eu r t ea t ) the i n t en -

si ty woutd bc- increased at l eas t by a factor u f 10. DC-voltages up t;i 3 kV

were a p p l i e d aoross the l i q u i d gap and the photocurrents were raeasured w i th

a K e i t l i l e y Mod 602 elecLronietr r . At a p a r t i k u l a r vcl tage the w a v e l e n g t h of

the rad ia t ion was scanned f ron i 1100 A to 1600 Ä and the photo current was

recorded. Dcpcnding on the a p p l i e d vol tage the photo currents exceeded the

dark du r ren t s b>' a f a c t o r öl up to 4. The dark c u r r e n t s were S u b t r a c t e d

f rorc the e u e r e n L s under i l lu ra ina t ion in order to o b t a i n the photo mrrents.

F igurc l a shows a typicn l pho to condui-. t i v i t y spec trura n b t a i n e d . Data were

recorded for d i f r e r e n t polarities and vol tages . The. spektral dependence af

t he i .ncident int ens i ty , the t ransra iäS i nn nf t he i:t' l l w i n d n w and the gold

e lec t rode was d tLeminc-d by observ ing Lhe l uminescei ice i n i c n y i t y of sodium



salicylate placed behir.d the gold f i l m ( f i g . l b ) . Tu f ig . ]<: ihr rorrt'L- ted

photo eurrt 'nt äs a f u n c t i o n of wavelength is shown. The currt 'nt b o g i n s

to r i se be luw 1500 A and y socond steep rise is observed below l l SO A.

Since Lhe i n t e n s i t y nf the syuchrotror, r ad i a t i on de t : reayed w i t h t ITCO

photo condut.: t ivi ty spectra taken at d i f l e r f . n t t imes were nurroa l ized a rcord-

ing to the magni tude of the electron cu r ren t in the storage ring.

ln order to dc te rmine the t h r e s h o l d E , the photo conduct iv i ry .- i

a rb i t rary units äs a f u n c t i o n of photon encrgy was p lo t t ed and a powpr

funct ion was f i t t e d Lu the points. A surpr i s ing ly good fit was obLained

wi th

3 - (E - E , )
L

3/2

and E = 8 . 1 eV ( t i g . 2). I'or the gas phase ion iza t ion ^nt^rgy Jonas et al.

repurted E = 9 . 7 9 eV. V was determined by Holroyd et al . and thel? o

mean af the values reported by them is V = - 0.57 e V 7 * 3 * 1 - . Frnm eq. l

o
P - ~ 1 . 1 2 cV is obtamed which y ie lds ;m ionic rad ius of r = 2 .95 A

cornparable tn the hard i:ore radius of thy T n o l c c u l e .

The second th resho ld nbserved in l i q u i d t e t r a m e t h y L s i l a n e at a round

10.75 cV may hc compared w i t h the rise in the phnto c lec t ron spectrnm t r um

the gas at 1 2 . 2 cV. The d i i f e r ence is 1 . ^ 5 eV :\K cnmpared to 1 . 6 5 eV lor t l ie

f i r s t t h r e s h o l d , This d i s t i rppancy may be due to the fac t that the set-ond

threshold in t.he l iquid rould not be det i i rmined from the data in the samn

way äs the f i r s t threshold. The photo tur rcsn t duc to the secoiid Ion i sa t ion

process s t i l l contains a c:>nsiderable C O H L r i b u t i n n duc: to the l i rs t i on iza t ion ,

which ic:pedes the exact de t e rmina t ion of this threshold.
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Fig . l a) Observed phoio c u r r e n L äs a f u n c t i o n of wav^ l i - n ^ i h t o r

l i q u i d T e t r a m c ' t h y l s i l ant1.;

nppl ic -d v o l t a g e - 1.300 V, i « 5.5 pA, maximura photr i

cur ren t i = 1 9 . 5 p A .rnax

b) E f f i c i e n t i y öl tlie monochromaLor and t ransmiss ion u£ "LiF-wiridow

and gold layer measured äs t he photo cu r r en t of a p h o t o m u l t i p l i e r

prodm:ed hy t he luminescer.ce öl s öd i um s a l i c y l a L e .

c) Photo r u r r o n t per i n f i d e n t pho ton , c^r rec ted da ta of f i g . la

(see L e x t ) .

Fig. 2 Computer averaged dependcnco of photo condnc 1 1iv i ty OLI p h o t o n energy

for l iqu id T e t r a m e t h y l s i l a n f ( th i s p l o C conLains l l photo conduct i-

v i t i y spectra for d i l i e r en t voltages aad in tcns i t ies ) ; The p i t i n t s

ha v P been c a l c u l a t e d ai-.cording Co eq.3. In t h? inser t a st:hisnat ic

entrgy level diagramin iur ^ . ' JKCOUS and l iquid Te t r ame thy l s i l anc i s
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