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Photoelectron Emission from Cyc looct atetraene Dianio n Solution

Iwao Watanabe and James Proscia

Department of Chemistry , New York Univers ity , 4 Was hington Place ,

Room 5 14 , New Yor k , New York 10003

Abstract of Communication to the Editor

The quantum yield for photoelectron emission into the gas phase by

dipotassiu m cyclooctatetraene dianion in solution (3.1 to 0.4 M) in

tetrahydro furan was measured at 1.5°C as a func ti on of photon energ y

from 3.5 to 6.7 eV . The resulting quantum yield spectrum consists of a

broad band at 5.4 eV which coincides with a peak in the absorption

spectrum . The threshold for photo ionizati on in solution is approximately

3 .7 eV. It is concluded that photoionization occurs predominantl y via

au tol onization of an excited bound state into the continuum of a

trans ition at lower photon energ ies.
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Photoelectron Em iss ion from Cyclooctatetraene ~ianion So lu t ion

Sir:

V 
We propose to show that the study of photoelectron emission by

organic anions in solution by means of methods developed in this

laboratory 1 provides a simple way of ascertaining the photoion ization

mech anism . The quantum y ield spectrum 2 of cyclooctatetraene (COT) dianion

is determ ined in this work , and it is shown that th is dian ion photo ion izes

predominantly via autoionization of an excited bound state . This dianion

was selected because it is of interest in theoretical chemistry and its

pho toionization had been studied previou sl y3 in a 2-methy l tetrahydrofuran

glass at 77K.

Solu tions of dipotassium COT di~ nion in tetrah ydrofuran (THE) were

prepared according to Ref. 4. A film of the solution was formed on a

rotat ing g lass dis k (2 mm thick , 5 cm diameter) in a ver t ical  posit ion in

a vessel  con taining the sample at 1.5°C. ThIs film was irradiated

(GCA /McPherson monochror”ator mode l 235, xenon lamp) throug h a sapphire

window covered with a gold mesh serving as an electron collector electrode .

The rotating di sk assembly was evacuated to reduce the pressur e to tha t of

THF v apor . The quan t um yield spectrum was independent of the voltage

applied between the liquid film and the collector electrode (2 mm gap) in

the 20- to 230-volt range .5 The photon flux was monitored with a

photomultip lier tube with sal i cylate converter . Signals were stored in

and processed by a PDP 11/34 (Dig ital Equi pment Corp.) minicomputer.

Details on instrumentation are ava1l~ b l e . 6

The quan tum yield spectrum (Figure 1) for photoelectron emission by

the COT anion In solution into the gas phase (TH E vapor) consists of a

broad band w ith a maximum at 5.4 eV. This spectrum was independent of

- -S - 
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9

concentration of COT dianio n in the 0. 1 to 0.4 N range tha t ~as

investigated . The photon energy at the maximum of the quantum yield

spectrum very nearl y coincide s w i th  a peak (5.25 eV , lo g ernax = 2.87)

in the absorption spectrum .7 This coincidence is indicative of

photoionization of COT dianion via autoionization of an excited bcund

state into the Continuum of a t ransi t ion at lower photon ener gies .’

Autoionizat ion thus provides a mo re eff ic ient channel than direct

bound-continuum transit ion .

The foregoing interpret ation supports the conclusion of Dvorak

an d Mi ch l 3 that COT dianion photoionizes via autoionization in

2-meth yltetrahydro furan glass at 77K. The photoi onization threshold

of 3.7 eV reported by these authors is approximately the same as in this L

work (insert of Figure 1). The threshol d photon energy i s an opera ti onal

datum in the photoio niz ation of soluti ons which depends on instrument

sensi t iv i ty , and no accurate valu c there fore can be reported. It should

be emphasized that the onset ~f photo ionizatio n was inferred in Ref. 3

from the rapid decrease of fluorescence at ca. 3.7 eV whereas the present

approach provides direct proo f of photoionization .

Systematic application of this approach to a variety of organic

anions will be pursued in this laboratory .
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Caption to Fi gu re

Fi gure 1. Quantum yield versus photon energy for photoelectron emission

by 0.36 M cyclooctatetraene dianion in tetrahydrofuran at 1.5°C . Threshol d

reg ion in insert . Photoelectron emi ssion currents did not exceed

S picoamp .
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