
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 14:16
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Electroabsorption Study of Internal
Electric Fields in Vacuum-Evaporated
Layers of Organic Materials
Waldemar Stamfor a , Jan Kalinowski b c & Piergiuho Di Marco b
a Department of Molecular Physics, Technical University, 80-952,
Gda[ngrave]sk, Poland
b Istituto di Fotochimica e Radiazioni d'Alta Energia, CNR - 40126,
Bologna, Italy
c Department of Molecular Physics, Technical University of
Gda[ngrave]sk, 80-952, Gda[ngrave]sk, Poland
Version of record first published: 24 Sep 2006.

To cite this article: Waldemar Stamfor , Jan Kalinowski & Piergiuho Di Marco (1993):
Electroabsorption Study of Internal Electric Fields in Vacuum-Evaporated Layers of Organic Materials,
Molecular Crystals and Liquid Crystals Science and Technology. Section A. Molecular Crystals and
Liquid Crystals, 228:1, 233-239

To link to this article:  http://dx.doi.org/10.1080/10587259308032165

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259308032165
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cryst. Liq. Cryst. 1993, Vol. 228, pp. 233-239 
Reprints available directly from the publisher 
Photocopying permitted by license only 
0 1993 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

ELECTROABSORF'TION STUDY OF INTERNAL ELECTRIC FIELDS IN VACUUM- 
EVAPORATED LAYERS OF ORGANIC! MATERIALS 

WALDEMAR STAMFOR 
Department of Molecular Physics. Technical University, 80-952 Gdahsk, Poland 

JAN KALINOWSKI* and PIERGWJAO DI MARC0 
Istituto di Fotochimica e Radiazioni d'Alta Energia, CNR - 40126 Bologna, Italy 

,-4bstrw The Stark effect in optical absorption of some organic compounds has been 
analyzed to yield information on the internal electric fields (IEF) occurring in their 

vacuum-evaporated thin layers. IEF strengths in excess 105V/cm have been observed with 

films of Epindolidione (EPI: C1sH12N20i) and h e a r  trans - Quinacridone (QAC: 

C2fll2N2O2) at room temperature. The lower values of IEF have been obtained for QAC, 

where, in contrast to EPI, the IEF are directed from the non-substrate to substrate side of 
the samples. No external field dependence of IEF was detected. However, the exact value 

of IEF depends on the preparation procedure of the layers. The hypothesis has been 

conf i ied  that formation of IEF involves a charge generation process on non-identified 

generation centres associated with defects showing an asymmetry in their characteristics 

on the substrate and non-substrate side of the samples. 

Wherever models of charge transport and charge generation are applied to thin organic layers, 

which involve potential barriers and structural inhomogeneity, internal electric fields (EF) should 

be invoked in addition to external electric fields. The dark current-voltage and photocurrent- 

voltage behavior of such layers can be greatly affected by IEF, particularly in cases where the 

quantum efficiency of charge generation and transport is field-dependent. The presence of IEF in 

thin organic films can be revealed by electromodulation of optical absorption14 and emission5. 

The purpose of this work is to apply the Stark spectroscopy technique to detect IEF in vacuum- 

evaporated layers of two organic compounds which appeared to be good photoconductors: 

Epindolidione (EPI)6n7, CI8Hl2N2O2, and h e a r  trans-Quinacridone (QAC)8.9, C2,-,H12N202, 

* On leave from Department of Molecular Physics, Technical University of Gdafisk. 80-952 
Gdahsk. Poland 
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A 0  
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PESCR IPTION OF THE ME THOD 

The absorption spectrum of an aggregate of molecules responds lo an electric field 0 via the 

field-induced change in the transition energy 

4 -  1 2 
AE(F)=-Ap.F -- ( A p . F  ) 

2 

where Ap and Ap are the changes of the dipole moment and polarizability upon excitation, 

respectively. The local field that interacts with the aggregate is resultant of the applied, F, , and an 
internal field Fi , which may have several origins, the potential barriers and space charge existhg 

in the sample being the most common reasons, 

The change in the light intensity (I) passing through the sample as a function of F can be expressed 

in terms of a Fourier series 

where, for an isotropic medium2, 
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ELECTROABSORPTION STUDY OF INTERNAL ELECTRIC FIELDS 235 

and 

In (4) and (5 )  B stands for the function expressing the shape of the electroabsorption 

me fist and second harmonics of AI/I are thus interrelated by a simple equation 

4 Fi 
(-?)Im = - - F* (:) zca 

The value and direction of Fi can be obtained from this relationship if the rust and second 

hnrmonic electroabsorption signals nre known for n given external field. 

The elecfroabsorption studies were performed on vacuum-evaporated layers of EPI an QAC 

contained between two semitransparent Al electrodes (see the inset in Fig.la). 

The electroabsorption (EA) spectra are plotted in Fig.1. Their shapes are similar to a first @PI) 

and second (QAC) derivative of the absorption spectrum with main bands near 486 nm, 452 run 

and 420 nm for EPI4, and near 558 nm, 523 nm and 490 nm for QAC4. 

Almost perfect identity of l w  and 2w harmonic spectra for EPI and their remarkable similarity 

for QAC allow relationship (6) to be employed for determination Fb The values obtained in his 

way are Fi=2.5x105V/cm and Fi<l.OxlO~V/cm, for EPI and QAC, respectively. 

A remarkable possible deflection of such determined Fi for QAC from its real value can result 

from a finite contribution of h e  rust derivative terms to (AID) The ef fm is seen in Fig. Zb, 

where, in contrast to eqn.(4), (AI&,, f 0 for U,, = 0. (Am),, = 0 at a finite U,, implies 

operation of the LEF opposite lo the applied field. This is not the case with EPI. where the plotted 

lines pass the origin of the coordinate system (Fig.2a). The action of a steady-state field ( F d  can 
be predicted from a modified relationship (6): 

The negative slope of (AI/I)lc0 versus FK plot for EPI proves Fi and F,, to be antiparallel (Fig. 

3). 
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Electroabsorption spectra of EPI(a) and QAC(b) films detected at the first 
(full circles) and second (open circles) harmonic of the applied sinusoidal 
electric field frequency 1kHz. The field amplitude Fo=7.0x105V/cm (a) 
and FO=8.2x1O%/cm (b). The solid lines represent the fitting curves 
according to eqn.(5) with B(E) following the lust derivative of the 
absolption band for EPI and the second derivative for QAC. Sample 
thicknesses, d, are given in the figure. 

Such features of Fi can be explained by asymmetrical trapping of electrons which originate from 

electron-hole pairs produced by light in the near electrode layers of the samples (holes are mobile 

charge carriers in both EP16 and QAC9 ) as shown in Fig.4. 
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FIGURE 2 The EA signal detected at the first harmonic ( lw)  as a function of the rms 

voltage applied to the EPI (a) and QAC (b) samples from Fig.1 at selected 
wavelengths. 

u m  [ V J  - u,,tvl - 
FIGURE 3 The EA signal detected at the first harmonic (lo) as a function of positive 

DC voltage applied to the samples of EPI (a) and of QAC (b) from Fig.1. 
Circles: experimental data for b.500 nm and U0=14V for EPI and k560 
nm and U0=28 V for QAC. Solid lines: calculated from (7). 

The IEF have been found to be sensitive to preparation pmedure of the films. For instance, the 

QAC films obtained by lriple subsequent evaporation steps, exposed to the ambient air after each 
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238 W. STAMPOR ET AL. 

step, showed Fi lo be seved times greater than that in a one-step-evaporated layer of the same 

thickness. 

EPI QAC 

FIGURE 4 IEF in plycrystalline layers of EPI and QAC. Note a difference in the 
asymmetry of trapping electrons in the near-electrode regions of the 
samples. 

z * *  

* *  

380 480 580 
h [nmJ- 

FIGURE 5 Effect of preparation procedure on the fmt harmonic EA spechwn of a 
0.43~-thick QAC layer. Open circles: one-stepevaporated layer; full 
circles: triple-step-evapomted layer. F,,=8.2x105V/cm. 

A slight change in their EA spectra could also be detected (see Fig.3. 
In conclusion, an analysis of different harmonic components of electroabsorption signals supplies 

information on internal electric fields and their origin in thin organic f h s .  
The method is sensitive enough to follow differences in internal field characteristics, due to the 

preparation pmedure of the films. 
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