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“Cemmission,

As 2 result of 2 wide variety of studies on photosynthesis in living plants
and plant fragments, together with the development of photosensitive, photo-

voltaic junctions in inorganic crystaisl and the discovery and exploration oi

semiconduction in organic molecular substancesz" 3:4,5,6,7 a suggestion has
8,9,10,11,12,13

besn made that the primary quantum conversion proeess in
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phlz}msymhetﬁ'c tissues involves the creation and separation of charge to opposite

sides of an asymetrically-consiructed 1amin&,, followed by the trapping of both

the electrons and the hoies which then lead to their respecti#e chemical processes,

namely, reduction of carbon dioxide and oxidation of the water to oxygen. This

has led us to study model s;rstemel a8 semiconductors wiih a view to creating

an @T'ga::nc photovoltaic junctzono 14
We have found that magnesium phthaiocyamne (MgPh) discs coated mm a

thin flm of air-oxidized tetramethyl p-phenylenediamine (TMaeD) are organic

systems which do show the photovoltaic effect. The masximum voltage as yet

- developed by one of these discs was 200 mv. The rise and ddayis ingstrument-

limited {a1 sec). The maxirmum power output was only 3 KX 107 12 watte. The

power ouipul appears to be limited by an internal ceil resistance of 7&08 ohms and
by the maximum radiant energy incident on the junction.

Discs 1.5 cm in diameter and 0.1 cn thick were formed by pressing powderad
MgPFh in 2 die. These discs were then made photovoltaic when coated with a filr
of air-oxidized TM$D by evaporation of an acetcne soluiion of the amine. The
coaied sides of the discs were pressed in contact with a conducting glass siectrode
by 2 atainless steel piston applied o the back of the disc. This formed the photo-

volizic sell which wae placed in a vacuum chamber along with suitable elecirical

1, 12, Faares and M. Calvin, uwnpublished rosults from this laborziory,
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lezds in insulation. During measursements a mechanical pressurs of 9 kg/em”

ez as . . PRSP ‘e
heid the disc against the glass and a gas pressure of 10 ~ mm Hg was maintained,

The junction was illuminated by passing light from a 5D00-waitt projection lamp

P

-
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througkh a window in the chamber and through the conduciing glass electzode. A4

Fi

recording vibrating reed elecirometer was used to measure the photovoitage,
photoconductivity and resistance of the cells, Action specira for the photovoliaic
eifect and the photoconductivity were obtained by use of a2 Bausch and Lomb
monochromator.

In all cases the MgPh layer was at a positive potential with respect to the
oxidized TMoD laver, indicating electron iransier from the MgPh to the TM$D,
Several junctions were made with MgPh and TM¢D where precautions were taken
to prevent air oxidation of the amine., These junctions produced little or mo
detectable photovoltage, indicating that the oxidized TM$D is required. Space-
charge effects were present only when there was a visible amount of white un-
oxidized TXéD on the coated MgPh discs. The MgPh alone exhibited noc photo-
veitaic effect. The oxidized TMéD alone gave a very small photovoltaic efiect,
appearing slightly negative with respect to the stannic oxide layer of the conducting
glass, The action spectra of the photovoltaic effect ami the photoconductivity of a
repressentative cell are shown in Fig, 1. , '

The action spectrum, although resembling that of the absorption of sclid
magnesium phthalocyanine, does not coincide with it. This is to be expected
since the action spectrum should be that of the junction layer rather than of the
magnesium phthalocyanine itself and perhaps has moze in common with Wurster's
biue than with the phthalocyanine derivative.

A completely different system has also been investigated in a preliminary
way. A matrix of coronene was coated with a thin layer of o-chloranil as an
electron acceptor. In this case the internal resistance of the cell was extremely
high (101}

coronene was positive and the chloranil layer was negative. These and other

ohma) but a photovoltaic effect was sasily measured in which the

gystems involving matrices of much better conduttivity and both electron donor

and electron acceptor layers are being investigated in greater detail.



Relative
photeconductivity

Relative

photovoitage

Relative energy
distribution in
light source

oot
gof
60f
a0}
2ot

i

1 e

Figure 1.

2000

4000 6000 8000 10000

[e]
Wave length A

PHOTOCONDUCTIVITY AND PHQTOVOLTAIC

EFFECT AT Mg PHTHALOCYANINE ~OXIDIZED TMZD JUNCTION

UCRL-8441



