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T h i s  exper imenta l  program is formulated t o  o b t a i n  an 
unders tanding  o f  t he  p r i n c i p l e s  governing the  p h o t o v o l t a i c  effect 
i n  o r g a n i c  materials on t h e  molecular  l e v e l ,  and to  apply these 
p r i n c i p l e s  to  t h e  d e s i g n  and f a b r i c a t i o n  o f  l a b o r a t u y  d e v i c e s  
having a p h o t o v o l t a i c  o r g a n i c  polymer f i l m  as t h e i r  key element.  

The i n i t i a l  p a r t  of t h e  program s e e k s  t o  understand t h e  
mechanism of charge g e n e r a t i o n  and s e p a r a t i o n  i n  extremely t h i n  
(8,50fl)  s y n t h e t i c  o r g a n i c  f i l m s ,  i n  which one side of the f i l m  is 
a l i g h t  s ens i t i ve  e l e c t r o n  donor (or accep to r )  and the other  is a n  
e l e c t r o n  a c c e p t o r  (or donor ) .  The approach may be thought  of as 
a way t o  s tudy  t h e  p h o t o v o l t a i c  effect  of a s i n g l e  o r g a n i c  junc t ion .  
By a d a p t i n g  techniques  o f  s u r f a c e  chemis t ry ,  it has been p o s s i b l e  to  
form such  p o t e n t i a l  p h o t o v o l t a i c  j unc t ions .  F u r t h e r ,  t h e  u s e  of 
this methodology p rov ides  t h e  c a p a b i l i t y  t o  vary both  t h e  composi t ion 
of the j u n c t i o n  (donor ,  a c c e p t o r ,  donor-acceptor d i s t a n c e ,  o r i e n t a t i o n ,  
c o n c e n t r a t i o n )  and its environment (aqueous redox electrodes, metal 
electrodes, semiconducting electrodes and bu lk  o r g a n i c  electrodes). 
I t  is expec ted  t h a t  t h e  a b i l i t y  t o  c o n t r o l  these many exper imenta l  
variables w i l l  allow a more detailed d e s c r i p t i o n  of p h o t o v o l t a i c  
e f f i c i e n c y  i n  terms of l i g h t  a b s o r p t i o n ,  charge g e n e r a t i o n ,  charge 
s e p a r a t i o n  and cha rge  c o l l e c t i o n  than  h e r e t o f o r e .  

P rogres s  t o  date has  been i n  t h r e e  areas: (1) materials 
s y n t h e s i s ,  (2 )  a p p a r a t u s  development, and (3 )  u l t r a - t h i n  f i l m  
f a b r i c a t i o n .  An i n i t i a l  materials s y n t h e s i s  has provided a v a r i e t y  
of s u r f a c e  a c t i v e  dyes ,  primary e l e c t r o n  accep to r s  and polymers 
needed as p r e r e q u i s i t e s  t o  f i l m  f a b r i c a t i o n .  Apparatys development 
i n c l u d e s  t h e  des ign  and c o n s t r u c t i o n  o f  devices used: (1) t o  
Z i a r a c t e r i z e  the s u r f a c e  p r o p e r t i e s  o f  materials a t  the air-water 
i n t e r f a c e ,  ( 2 )  t o  f a b r i c a t e  t h e  asymmetric u l t r a - t h i n  f i l m s ,  ( 3 )  to 
obse rve  the o p t i c a l  a b s o r p t i o n  and f luo rescence  s p e c t r a  of t h e  f i l m s ,  
and ( 4 )  t o  measure t h e  electrical p r o p e r t i e s  of t h e  f i l m s .  Both 
symmetrical  and asymmetrical  u l t r a - t h i n  f i l m s  of the  syn thes i zed  
materials have been formed and suppor ted  on g l a s s  sl ides f o r  
o p t i c a l  s tudy .  

The c u r r e n t  e f f o r t  is  directed a t  ach iev ing  r ep roduc ib le  
format ion  o f  a f r ee - s t and ing  asymmetric f i l m  s e p a r a t i n g  t w o  aqueous 
redox electrodes. 
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For the first s i x  months of the grant award, the main 
objective w i l l  be a demonstration of the photovoltaic effect i n  an 
asymmetric membrane formed using the surface chemistry methodology 
developed i n  th i s  program. 

Contributing Personnel: Dr .  G. L. Gain@s, Jr. 
Dr. S. J. Valenty 
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OVERALL OBJECTIVES OF PROJECT 

e EXPERIMENTAL DETERMINATION OF THE MAJOR FACTORS 
GOVERNIN THE PHOTOVOLTAIC EFFECT I N  ORGANIC 
MATERIALS ON THE MOLECULAR LEVEL 

8 THE DESIGN AND SYNTHESIS OF A NEW CLASS OF 
ORGANIC PHOTOVOLTAIC POLYMERS AND THEIR FABRICATION 
INTO LARGE AREA SOLAR CELLS 
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"CLASS I CAL" APPROACH 
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SINGLE ORWIC JUNCTION EFFlCIENCY CONS1DERATIOS 
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8) MTERIALS SYNTHESIS 

0 APPARATUS DEVELOPPENT 

QD ULTRATHIN FILM FABRICATION 
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MTERIAL SYMTHES IS 

ULTRA-THIN F I L I  FABRICATION REQUIRES SURFACE 
ACTIVE MATERIALS 

@ DYES 

THIAZINE, AZINE, ACRIDINE 

PRIMARY ELECTRON ACCEPTORS 

QU I NQNE, V IOLOGEN 

0 SURFACE ACTIVE POLYMERS 
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INSOLUBLE MONOLAYERS AT A I  R-H20 BOUNDARIES 

SURFACE ACTIVE DYE: 

HY DROPHOB I C ’ HYDROCARBON CHAIN 
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ASYMPlETRIC FILM FABRICATION ON SOLID SUPPORTS 

1 2 

3 4 
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ABSORPT13N SPECTRUM: ASYMMETRIC DYE-Q FILM 
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ASYMMETRIC MEl4BRANE FORMATION 
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SUMMARY OF KEY RESULTS 

1) APPARATUS DEVELOPMENT -0 COMPLET€D 

ABS0 RPT ION/FLUORES CENCE SPECTROPETER 
LANGFIJ I R F I LP1 BALANCES AND MONOLAYER TROUGHS 
ASY MI:IETRI C F I LM TROUGH 
VOLTAGE AND CURRENT CLAMPING CIRCUITRY 

2) I N I T I A L  PIATERIALS SYNTHESIS 0- COMPLETED 

SURFACE ACTIVE DYES, Q AND POLYMERS 

3) SUPPORTED ASY MMETRI C FILMS 

SPECTROSCOPI C STUDIES 
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MAJOR PROBLEMS 

e FABRICATION OF FREE-STANDING ASYMMETRIC ULTRA- 
THIN MEMBRANES INTO COMPOSITE FILMS OF 
ADEQUATE MECHANICAL STRENGTH 

6)  NEED TO DISCOVER EFFICIENT ELECTRON TRANSFER 
REACTIONS TO UTIL IZE  ALL THE POTENTIAL ENERGY 
PRODUCED I N  THE ILLUMINATED FILMS 
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PLANNED A C T I V I T Y  FOR NEXT 6 MONTHS 

DENONSTRATION OF THE PHOTOVOLTAIC EFFECT I N  AN 
.ASYMMETRIC MENBRANE 

MEPIBRANE FABRICATION 

PROOF OF MEJ%RAN'; STRUCTURE 

CHOICE D AND A 

* WAVELENGTH DEPENDENCE OF OPEN CIRCUIT  EMF 

OPEN C I R C U I T  EMF AND DYE FLUORESCENCE INTENSITY 

PH 
AS A FUNCTION OF DYE, Q, A, D CONCENT~IATION AND 

OPEN C I R C U I Y  EMF AS A FUNCTION OF L IGHT I N T E N S I N  

I - V  CHARACTERISTICS 

VASA - )PL - t o m l  1 A , co!d 
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