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TRANSIENT PHOTOCURRENTS IN AMORPHOUS AND POLYCRYSTALLINE 
1,5-DIPHENYL-3RSTYRYLPYRAZOLINE (DSTP) 

PIER GIULIO DI MARCO, VALERIA FATTORI AND GABRIELE GIRO 
Istituto di Fotochimica e Radiazioni di Alta Energia, 
via de' Castagnoli 1, 40126 Bologna, Italy 

JAN KALINOWSKI 
Department of Molecular Physics, Technical University 
of Gdansk, 80952 Gdansk, Poland 

Abstract Charge transport properties of a pyrazoline derivative 
both in its polycrystalline and amorphous solid state are measured 
and discussed. 

INTRODUCTION 

The charge carrier transport properties of organic solids are determi- 

ned by means of transient photocurrent measurements112. This technique, 

commonly used for single crystals or amorphous samples, is seldom 

applied to vapor deposited organic polycrystalline films3-'' 

of their potential technological use in photovoltaic devices or in 

electrophotography, probably due to some difficulties in the experiment 

and in the interpretation of its results. 

in spite 

One such interesting material is DSTP (Figure l), a pyrazoline 

derivative. 

FIGURE 1 1,5-diphenyl-3Rstirylpyrazoline (DSTP) 
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116 P.G. DI MARC0 et al. 

It is known that pyrazolines are a class of compounds showing 

good photoconductive properties and forming stable amorphous or 
polycrystalline films at room tem~eraturel~-'~. With regard to DSTP, 
its effectiveness as charge transport layer (CTL) in layered photo- 

conductor systems for electrophotography has been studied only as a 

dopant dissolved in a polymer matri~'~,~~. 

of DSTP and 50% of the polymer, the hole mobility was found to be 

about 2 ~ l O - ~  cm2/Vs at a field of 2x105 V/cm. 

Ina matrix containing 50% 

In this paper we report, for the first time, the mobility of a 

pyrazoline derivative both in the amorphous and in the polycrystalline 

phase. At about the same applied field ( 1 . 2 ~ 1 0 ~  V/cm) the crystalline 

film shows a room temperature hole mobility of l . 8 ~ l O - ~  cm2/Vs. The 
hole mobility in the amorphous film is one order of magnitude lower. 

A n  interesting feature of polycrystalline DSTP is the lack of the 

anomalous drift mobility behaviour often observed in other polycryst- 

alline  material^^,^^-^*. Besides, our results show, for the first time, 
an example of a crystalline organic film having a strong temperature 

and electric field dependence of the mobility. 

EXPERIMENTAL 

DSTP was purified by chromatography and sublimation. Thin transparent 

amorphous films were easily obtained by vapour deposition at a 

controlled rate onto a quartz substrate, at a pressure of Pa. 

After few hours at room temperature, however, the amorphous films 

change into a partially crystalline phase. Full transformation was 

achieved by heating the samples for one day at 70 OC. Stable amorphous 

films suitable for prolonged electrical measurements were obtained by 

melting the DSTP between two semitransparent electrodes and then 

rapidly quenching the melt. 

The transient photoconductivity measurements were performed on the 

following sandwich cell arrangement: semitransparent A1 electrode 

deposited onto a quartz plate / 8-40 pn polycrystalline or amorphous 

DSTP / 1 to 4 semitransparent top A1 electrodes evaporated onto the 
film (electrode area = 0.78 - 0.06 cm ) .  Contacts to A1 electrodes were 
made using aquadag. The sample, duGing the measurements, was mounted in 

a variable-temperature evacuable chamber. 

2 

As the light source,a pulsed nitrogen laser was used having an 
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TRANSIENT PHOTOCURR. I N  AMORPHOUS AND POLYCRYST. DSTP 117 

average  maximum energy  o f  3 mJ/pulse  a t  337 nm and a p u l s e  d u r a t i o n  of 

8 n s .  The laser  energy  was measured by means of a Laser P r e c i s i o n  power 

meter. 

The t r a n s i e n t  p h o t o c u r r e n t s  were d e t e c t e d  and a n a l y s e d  by means of 

a T e k t r o n i x  468 o s c i l l o s c o p e  i n t e r f a c e d  w i t h  an Apple I1 E computer .  

The laser energy  impinging on t h e  f r o n t  e l e c t r o d e  was lower t h a n  

0.1 m J / c m 2  i n  o r d e r  t o  a v i o d  t h e  i n f l u e n c e  o f  s p a c e  c h a r g e .  

The o p t i c a l  d e n s i t y  of DSTP was h i g h  enough t o  e n s u r e  s u r f a c e  

e x c i t a t i o n  fo l lowed by a s u r f a c e  p h o t o g e n e r a t i o n  p r o c e s s .  

RESULTS AND DISCUSSION 

The s h a p e s  o f  t h e  s i g n a l s  o b t a i n e d  from p o l y c r y s t a l l i n e  DSTP samples  

were s t r o n g l y  d i s p e r s i v e  o v e r  t h e  e n t i r e  t e m p e r a t u r e  and e l ec t r i c  f i e l d  

r a n g e s  i n v e s t i g a t e d ,  t h u s  p r e v e n t i n g  a d i r e c t  a c q u i s i t i o n  of t h e  

t r a n s p o r t  p a r a m e t e r s  ( F i g u r e  2 a ) .  By r e p l o t t i n g  t h e  s i g n a l  on a d o u b l e  

l o g a r i t h m i c  scale ( F i g u r e  2 b ) ,  it was p o s s i b l e  t o  o b t a i n  t h e  t r a n s i t  

t i m e  and consequent ly  t h e  e f f e c t i v e  m o b i l i t y  of t h e  m a j o r i t y  car r ie rs  

( h o l e s ) .  

Fol lowing  t h e  t h e o r e t i c a l  models f o r  d i s p e r s i v e  t r a n s p o r t 2 3 ,  

t h e  form o f  t h e  p h o t o c u r r e n t  I ( t )  is: 

I ( t )  = t-('-'i) for  t 5 tT 

I ( t )  t - ( l+af)  f o r  t 2 tT 

were ai and af are c o e f f i c i e n t s  cl and 20. 

The h o l e  t r a n s i t  time tT is i n d i c a t e d  on t h e  time scale by t h e  

s l o p e  change from -(l-ai)  t o  - ( l+a f ) .  

I n  o r d e r  t o  have a large enough t i m e  r a n g e  for  a b e t t e r  de te rmina-  

t i o n  o f  a i ,  af and tT, t h e  c u r v e  i n  F i g u r e  2b was o b t a i n e d  by superimp- 

o s i n g  i n  t h e  log- log  s c a l e  s u b s e q u e n t  s i n g l e  t r a n s i e n t  p h o t o c u r r e n t  

s i g n a l s  i n  t h e  same e x p e r i m e n t a l  c o n d i t i o n s ,  j u s t  changing  t h e  time and 

v o l t a g e  scales  and t h e  i n p u t  r e s i s t a n c e  on t h e  o s c i l l o s c o p e .  

In  t h e  case of the amorphous samples ,  t h e  t r a n s p o r t  p r o p e r t i e s  

were i n v e s t i g a t e d  o n l y  n e a r  room t e m p e r a t u r e  i n  o r d e r  t o  a v o i d  any 

c r y s t a l l i s a t i o n  o n s e t .  The s i g n a l s  o b t a i n e d  were s t r o n g l y  d i s p e r s i v e .  

A t  a f i e l d  o f  a b o u t  2 . 7 ~ 1 0 ~  V/cm, however, t h e y  were c h a r a c t e r i z e d  by 

t h e  appearance  of a p l a t e a u  f o l l o w e d  by a d i s p e r s i v e  t a i l  ( F i g u r e  

3 a , b ) ,  t h u s  a l l o w i n g  a d i r e c t  d e t e r m i n a t i o n  o f  t h e  t r a n s i t  time. 
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118 P.G. DI MARC0 et al. 

FIGURE 2 
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FIGURE 3 

Log t 

Tof signals f o r  polycryst. DSTP at room temperature 
and 100 V applied voltage. Sample thickness is 8.5 pm. 
(a) typical signal shape (V(t) vs t) 
(b) photocurrent vs time in double logarithmic scale. 

b 

-5 -4 -3 -2 -1 0 
Log t 

Tof signals for  amorphous DSTP at room temperature 
and 1000 V applied voltage. Sample thickness is 40 pm. 
(a) typical signal shape (V(t) vs t) 
(b) photocurrent vs time in double logarithmic scale. 
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TRANSIENT PHOTOCURR. IN AMORPHOUS AND POLYCRYST. DSTP 119 

In Table I and in Figures 4 and 5 some preliminary results are 

reported. They can be summarized as follows: 

1) The transport is dispersive both in polycrystalline and amorphous 

DSTP. kwever, the transient signals don't exibit the Scher-Montroll 

'universality' of current vs time dependence. In fact aifaf and, in 

polycrystalline DSTP, both change with the temperature. Dispersive 

transport has been observed in amorphous or disordered films and 
various models have been proposed in order to explain this 

beha~iour~~: (a) a pure dispersive hopping, (b) trap-controlled 

hopping or  (c) multiple trapping. 

TABLE I Tof data for polycrystalline DSTP. 
Transit times (t,) obtained from 
the plots Log I vs Log t; 
p=l 2 /Vapp*tT, l(thickness)=8.5 pm. 

295 40 4.80 -0.82 -1.27 3 .76  
60 2.40 -0.71 -1.38 5 . 0 1  
80 1 .10  10-i -0.69 -1.43 8 . 2 1  

100 4.08 10- -0 .71 -1.59 1.77 lo-; 
308 40 4 .13  lo-: -0.57 -1.41 4.37 10- 

100 1.77 10- -0.55 -1.42 4.08 10- 

60 1.10 10- -0 .53  -1.40 1.09 

60 5.52 10 -0 .55  -1.44 2.18 

80 3 .86  10-f  -0 .58 -1.40 2.34 10-i 

322 40 1.01 101; -0.55 -1.24 1 . 7 8  

80 2.62 -0.54 -1.53 3.44 
100 1 .28  1014 -0.49 -1.50 5.64 10-i  

343 40 6.55 -0.54 -1 .31  2.75 10- 
60 2.08 10-t -0.54 -1.22 5.78 

100 5 .76  -0.47 -1.23 1 .25  
80 9.51 10 -0.46 -1 .19  9.49 

F o r  amorphous DSTP the choice should be restricted to the last 

two models .  In polycrystalline DSTP the transport should be 

uniquely controlled by multiple trapping and thermal detrapping 

processes, 

2) In polycrystalline DSTP holes are the majority carriers and the room 
temperature value of hole mobility is 1.8~10-~ cm2/Vs, at 1 . 2 ~ 1 0 ~  

V/cm. This value, although low if compared with other polycrystal- 

line organics3-'', is about one order of magnitude higher with 
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120 P.G. DI MARC0 et al. 

x loo Volt 

0 60 Volt 

respect to amorphous DSTP, which shows a hole mobility of 

2.7~10-~ cm2/Vs at 2 . 7 ~ 1 0 ~  V/cm. Finally, the same material 

dissolved in a polymer matrix (50% DSTP, 50% polymer), at a field 

of 1.25~10~ V/cm, has a hole mobility of Z X ~ O - ~  cm2/Vs15, i.e. two 

ordersof magnitude lower compared to the polycrystalline 

counterpart. 

3) Polycrystalline organic compounds generally show a constant or a 
decreasing value of the mobility when the applied field increases 

(anomalous drift mobility ) Furthermore, mobility activation 

energies, apart from one case", have been found to be 5 0.11 eV. 

The polycrystalline DSTP behaviour is an interesting exception to 
this general trend. No anomalous drift mobility was in fact observed 
in this material (Figure 5 indicates that mobility increases with 

the electric field). Moreover mobility is temperature activated 

with an activation energy between 0.44 and 0.34 eV, depending on the 

applied electric field (Figure 4). 

1E-06 4 
2.1) 2.0 3 3.1 3.2 3.3 3.4 

1000/T (lOOO/K 1 

FIGURE 4 Temperature dependence of hole mobility in 
polycrystalline DSTP. 
Parameter is the applied voltage 
(sample thickness is 8.5 p) 

5 

A similar electric field dependence of the mobility has been 

often observed in amorphous solids and has been explained as 

due to a Poole-Frenkel effect. 
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TRANSIENT PHOTOCURR. IN AMORPHOUS AND POLYCRYST. DSTP 121 

FIGURE 5 Electric field dependence of hole mobility in 
polycrystalline DSTP. 
Parameter is the temperature. 

The Poole-Frenkel model, however, requires the presence of a high 

density of charged coulombic centers and this is in contrast with 

the neutral nature of DSTP. In order to explain this behaviour, 

new models concerning charge traps should be tested. 

REFERENCES -- 
1. W.E.Spear, Proc. Phys. Soc.(London), E,  1139 (1957). 
2. R.G. Kepler, Phys. Rev., 119, 1266 (1960). 
3. W. Mycielski, A.Lipinski, Thin Solid Films, 48, 133 (1978). 
4. W. Mycielski, J. Noncryst. Solids, 37, 267 (1980). 
5. S. Kania, W. Mycielski, A. Lipinski, Thin Solid Films, g ,  229 

6. S. Tutihasi, J. Appl. Phys., 43, 3097 (1972). 
7. W. Mycielski, B. Ziolkowska, A. Lipinski, Thin Solid Films, 9, 335 

8. W. Mycielski, B. Ziolkowska-Pawlak, A .  Lipinski, Thin Solid Films, 

9. rHaladyi, A. Szymanski, Thin Solid Films, 149, 185 (1986). 

(1979). 

(1982). 

107, 199 (1983). 

10. D.S. Waiss, M. Burberry, Thin Solid Films, 158, 175 (1988). 
11. P.G. Di Marco, G. Giro, J. Kalinowski, Abstracts Book, XI1 National 

12. M.D. Shattuck, J .  Weiche, U J  (Sep. 24, 1974). 
13. H. Kitahyama, M. Yokoyama, H. Mikawa, Mol. Cryst. Liq. Cryst., z, 

Congress on Chemical Physics, (Como 1987) p.197. 

257 (1981); 76, 19 (1981). 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

1:
24

 1
9 

Fe
br

ua
ry

 2
01

3 



122 P.G. DI MARC0 et al. 

14. T. Tsubakihara, S. Shichijyo, S. Taki, K. Matsuhige, T.Takemura, 

15. P.J. Melz, R.B. Champ, L.S. Chiou. G.S. Keller, L.C. Liclican, 
Jpn. J. Appl. Phys. P 1, 25, 1614 (1986). 

R.R. Neiman, M.D. Shattuck, W.J. Weiche, Phot. Sci. Eng., 21, 73 
(1977). 

(1979). 

K137 (1983). 

16. S .  Kania, A.  Lipinski, W. Mycielski, Phys. Stat. Sol. A ,  53, K223 

17. J. Haladyj, J. Michalski, A. Szymanski, Phys. Stat. Sol. A ,  80, 

18. A .  Szymanski, J. Appl. Phys., 58, 4440 (1985). 
19. A .  Szymanski, Thin Solid Films, 144, 177 (1986). 
20. G.W. Bak, =Solid Films, 146, L1 (1987) and references reported 
21. W. Mycillski, Thin Solid Films, 146, L7 (1987) and references 
22. P.G. Di Marco, G. Giro, J. Kalinowski, Thin Solid Films (in press). 
23. J.M. Marshall, Rep. Prog. Phys., 46, 1235 (1983). 

therein. 

reported therein. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

1:
24

 1
9 

Fe
br

ua
ry

 2
01

3 


