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THE PHOTOVOLT AIC EFFECT AND PHOTOCONDUCTIVITY IN 
LAMINATED ORGANIC SYSTE~IS~ 

David Kearns and Melvin Calvin 

Department of Chemistry and Radiation Laboratory 
University of California0 Berkeley9 California 

September 19 58 

The wo.-k described in this paper was sponsored by the U.S. Atomic Energy 

-··commission . 

.A_r! ~ ?eeult of a wide v·ariety of studies on photosynthesis in living plants 

and plarnt fragments 0 together with the development of photosensitive 0 pb.oto= 

voltai~ junctions in inorganic cl"ysta!s 1 and the discovery and explol"ation of 

semico:nduction in organic molecular substancenz0 3 o 
4

o 
5

o 
6

o 
7 a suggestion has 

been m~de8 v 9 o 
10v Uo lZo 13 that the primary quantum eonversion pro~e&s in 
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photoeyntb.eti'c: tiesues involves the creation and separation of charge to opposite 

sides of an aaym.etrically=constructed lamina 0 followed by the trapping of both 

the electrons and the holes which then lead to their respective chemical processes" 

namelyo ri!duction of carbon dioxide and oxidation of the water to oxygen. This 

has led us to study model systems 1 aa semiconductors with a view to creating 
• r... t lt . . t" 14 

an organtc puo ovo ate JUne ton" 

We have found that magnesium phthalocyanine (MgPh) diacs coated with a 

thin film of air=oxidized tetramethyl p~phenylenediamine (Tb44\D) are ol·ganic 

syoteme which .do show the photovoltaic effecto The maximum voltage aa yet 

developed by one of these disce was 200 mv. The rise and ~a:y-is instrument= 

limited {IV1 sec~o The maximum power output was only 3 X lO~U~ watte" The 

power output appears to be limited by an internal cell resistance of 10
8 

ohms and 

by tb.e maximum radiant energy incident on the junction. 

Discs 1.5 em in diameter and O.l em thick were fol'"med by pressing powdel!."o( 

MgPh in a die. These disca were then made photovoltaic when coated with a film 

of ail·.,oxidized TMq,D by evaporation of an acetone solution of the amine. The 

coated sides of the discs were pi'eeeed in contact with a conducting glass electuode 

by a stainless steel pi'ston applied to the ba€:!k of the disc. This formed the photo

voltaic cell "vhich wae placed in a vacuum chamber along with euitable electrical 
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leads iu insulation. During measu1·er.aents a mechanical pressure of 9 kg/cm2 

held the disc against the glass and a gas pressure of 10~4 mm Hg was maintained. 

Th.e junction was illuminated by passing light from a 500=watt projectio11 lamp 

tb.t-ougb. a window in the chamber and through the cono.ucting glass electrode. A 

record~ng vibrating reed electirometer was used to measure the photovoltage 0 

photoconductivity and resistance of the cells. Action apectra for the ph.otovoltaic 

effect and the photoconductivity were obtained by use of a Bausch and Lomb 

monochromator. 

In all cases the MgPh layer was at a positive potential with respect to the 

oxidized TMepD layern indicating electl"on transfer from the MgPh to the TM4pD. 

Several junctio11s were made with MgPh and TM+D where precautions were taken 

to prevent ai~ Ol.tidation of the amine. These junctions produced little or no 

detectable photovoltageo indicating that the oxidized TM+D is required. Spatee= 

cbal"ge effects were present. only when there was a visible amount of white un= 

oxidbed TM~D on the coated MgPh discs. The MgPh alone er..b.ibited no photo= 

voltai('; effect. The oxidized TMcpD alone gave a very small photovoltai<!:: eiiect0 

appearing elightly negative with respect to the ~tannic oxide layel' of ~e condur.:ting 

glaes. The action spectra of the photovoltaic effect and the photoconductivity of a 

rep:rea~ntative cell are shown in Fig. l. 

The action spectrum0 although resembling that of the absorption of solid 

m~gneoium pbthalocyanine 9 doee not coincide with it. This is to be expeded 

since the action spectrum should be that of the junction layer rather than of. the 

ma.gneaium phthalocyanine iteelf and perhaps has mo:re in eommon with Wurl3terQ o 

blue than with the phthaloc:yanine derivative. 

A completely different system has also been investigated in a pl"eliu.tina.ry 

wayo A matrix of coronene was coated with a thin layer of 2.=cblora.nil as an 

electron acceptor. In this c::aae the internal :e-esistan~e of the cell waa extremely 

high 0 01 ~ ohms] but a photovoltaic effect was easily measured in which the 

coronene was positive and the chloranillayer waa negative. These and other 

systems involving matrices of much better condv~tivity and both electron d.onor 

and electron acceptor layers are being investigated i:,l greater detail. 
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Figure 1. PHOTOCONDUCTIVITY AND PHOTOVOLTAIC 

1C),OOO 

EFFECT AT Mg PHTHALOCYANINE -OXIDIZED TMID JUNCTION 
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