
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 23 February 2013, At: 03:34
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
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Effect of Chromophore
Aggregation in the Langmuir
Multilayer Photoconductors
Michio Sugi a , Tsunekatsu Fukui a , Sigeru Iizima a &
Keiji Iriyama b c
a Electrochemical Laboratory, 1-1-4 Umezono,
Sakura-mura, Niihari-gun, Ibaraki, Japan
b Research Institute for Polymers and Textiles, 1-1-4
Yatabe-Higashi, Tsukuba, Ibaraki, Japan
c Jikei University Medical School, Minato-ku, Tokyo,
Japan
Version of record first published: 21 Mar 2007.

To cite this article: Michio Sugi , Tsunekatsu Fukui , Sigeru Iizima & Keiji
Iriyama (1980): Effect of Chromophore Aggregation in the Langmuir Multilayer
Photoconductors, Molecular Crystals and Liquid Crystals, 62:3-4, 165-172

To link to this article:  http://dx.doi.org/10.1080/00268948008084019

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.

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948008084019
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


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.

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
 0

3:
34

 2
3 

Fe
br

ua
ry

 2
01

3 



Mol. Crysf. Liq. Cryst., 1980, Vol. 62, pp. 165-172 

@ 1980 Gordon and Breach Science Publishers, Inc. 
Printed in the U.S.A.  

0026-8941 /80/6204-0165$06.50/0 

Effect of Chromophore Aggregation 
in the Langmuir Multilayer 
P hotoconductors 
MlCHlO SUGI, TSUNEKATSU FUKUI, and SIGERU I lZlMA 
Electrochemical Laboratory, 1 - 1-4 Umezono, Sakura-mura. Niihari-gun, Ibaraki, Japan. 

and 

KElJ l  IRlYAMA? 

Research Institute for Polymers and Textiles, 7 - 1-4 Yatabe- Higashb 
Tsukuba, Ibaraki, Japan. 

(Received July 7, 1980) 

The effect of chromophore aggregation upon the photoconductivity in the dye-sensitized 
Langmuir films has been examined employing three derivatives of a surface-active merocyanine 
with a rhodanine nucleus. The values of the lateral component Aut and the anisotropy ratio 
Ao,,/Au, for the case with a strongly developed aggregate are found to be more than a decade 
larger than those for no or incomplete aggregation. 

Recently, a group of new surface-active dyes have been developed,'-3 which 
are suitable to construct highly photoconductive Langmuir films. They are 
merocyanines with a rhodanine nucleus, whose chemical structures are 
shown in Figure 1 (a) as DX with X=O, S or Se.4 Mixed monolayers of 
DX with arachidic acid (C2,) were found to be stable enough upon an aqueous 
subphase containing Cd+ + ions to form multilayers. 

In a previous paper,' we have reported the anisotropic photoconduction 
in a system [DS]: [C,,] = 1 :2. The ratio between the lateral and the normal 

t Present address: Jikei University Medical School, Minato-ku, Tokyo, Japan 

165 

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
 0

3:
34

 2
3 

Fe
br

ua
ry

 2
01

3 



166 M. SUGI et al. 

CH3-( C Hz),c COOH (CZl l )  - 

SUBSTRATE 

FIGURE 1 (a) Chemical structures of the monolayer-forming materials, arachidic acid (Cz0) 
and the surface-active merocyanines (DX with X = 0, S and Se). (b) Schematic representation 
of a Y-type Langmuir assembly of a mixed system DX-C,,, where the case of ideal mixing is 
shown. 

photoconductivites was found in this system to be Aoll/Aa, = lo3 - lo4. A 
remarkable difference in shape was observed between the photoconductivity 
action spectra for both directions and the absorption spectrum. The action 
spectra lacked structures corresponding to the red-shifted aggregate band 
seen in the absorption spectrum. This is rather striking, since it is widely 
accepted that a red-shifted band such as a J-band results in an enhanced 
photoelectric effect.' Indeed, Iriyama, Mizutani and Yoshiura3 have re- 
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LANGMUIR MULTILAYER PHOTOCONDUCTORS 167 

ported the enhanced photocurrent of SnOz electrode with a cast-film of 
DS associated with the formation of J-like band when it is subjected to an 
alkaline electrolyte solution. Further, they successfully controlled, starting 
from their as-cast films without aggregate bands, the extent of aggregation 
of chromophores by changing the pH-value and the ionic strength of the 
electrolyte in their electrochemical measurements. 

In the Langmuir multilayer samples, however, it is difficult to control the 
chromophore aggregation to that extent, since the required treatments 
often contradict to the conditions for retaining either the stable Y-type film 
structure or the good electrode contacts. To avoid this difficulty, we have 
employed the other two dyes, that is, DO and DSe in place of DS, mixed 
with Cz0. The D O  containing multilayer films exhibit no discernible ag- 
gregate band, while the DSe aggregate is typically formed to result in a 
prominent J-like band. In this paper, we report the effect of chromophore 
aggregation upon the photoconduction and its anisotropy by referring to 
the results from these two extremes represented by the DO and DSe systems 
in comparison to those for DS as the intermediate case. 

The mixed solution of DX with C,, in CHC13 was applied onto an aqueous 
subphase containing about 4 x lop4 M CdCI, to form a monolayer under 
a surface pressure of approximately 25 dynes/cm as before.2 The molar ratio 
of the mixed solution was [DX]:[C,,] = 1 :2 as in the previous work. The 
pH-value and the temperature of the subphase were pH = 5.8 - 5.9 and 
22°C - 24°C for DO and DSe, while pH = 6.4 - 6.5 and 21°C - 23°C 
were adopted for DS in the previous experiment. The number of monolayers 
deposited was M = 15 or 31. After the deposition, three junctions were formed 
on each specimen by vacuum-evaporating aluminum through a mask as 
shown in either Figure 2(a) or Figure 2(b), each corresponding to the gap 
cells or the sandwich cells. 

The admittance of junctions was obtained by analyzing Lissajous’s 
figures,6 as in the previous work,2 The lateral and normal photoconduc- 
tivities Aoll and Aa, were evaluated from the conductance increments 
AGII and AGL of the gap-cell and sandwich-cell junctions, respectively, 
under illumination in a dry nitrogen ambient (24°C - 26°C) by assuming 
the monolayer thickness I = 2.8 x 10- ’ cm’. For the detailed description 
of the evaluation, the readers are referred to Ref. 2. 

Figure 3 shows the action spectra for the DO multilayer together with the 
absorption spectrum. The photoconductivities Aal ,  and do, in the figure are 
either interpolated or extrapolated values for an illumination level of 10 
mW/cm2 as in the previous report for the DS containing system.2 The 
absorption spectrum for the DO system shows no discernible aggregation 
and can be characterized as a single-peaked monomer band centered 
around 500 nm with a fair symmetry. The action spectra are correspondingly 
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168 M. SUGI et al. 

E 
M 
E 
G 

FIGURE 2 The specimen geometries of a gap cell (a) and a sandwich cell (b). G is the glass 
substrate (a of an ordinary slide glass), M the Langmuir multilayer film, and E. the electrodes, 
where the hatched one denotes that i t  is semitransparent (about 50 ”/,). 

single-peaked with their maxima coinciding well with that of the absorption 
spectrum. These present a keen contrast to  the case of DS reported before, 
in which the action spectra share a common feature but lack counterparts of 
the aggregate band clearly seen in the absorption spectrum. 

The three spectra for the DSe multilayer are shown in Figure 4. The 
chromophore aggregation is the case with the DSe containing film, which 
exhibits a pronounced band around 600 nm as seen in the figure. The two 
action spectra are in this case largely different from each other. The lateral 
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FIGURE 3 Examples for DO system. The lateral and normal photoconductivities A q  (0) 
AuL (0 )  at 10-mW/cmz illumination level, and the absorbance per monolayer of a fifteen-layer 
film. 
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FIGURE 4 Examples for DSe system. The lateral and normal photoconductivities An,, (0) 
and Aa, (0 )  at 10-mW/cm2 illumination level, and the absorbance per monolayer of a fifteen- 
layer film. 
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LANGMUIR MULTILAYER PHOTOCONDUCTORS 171 

TABLE 1 

Characterization of the anisotropic photoconduction in the DX systems 

Lateral photoconduction 
Absorption 

Aggregate maximum Maximum A 4  Anisotropy ratio 
Dye band 1, (nm) 11, (nm) (mho cm- ' )  at Al l  A o I l / A u ~  

D O  absent 500 

DSe present 600 600 

500 ~ 0 - l o h S ' O  18 103 I i - 0 2  

1 0 - 1  I 0 4 t n  2 5  

lo-') 4 7 t l l  I 8  

103.4'11 4 

104 7 ? 0  2 
DS" present 590 530 

and major 

a The data for DS were taken at  20°C - 23°C and partly released in Ref. 2. 
The valuesaregeometrical averagesofthedatafor Hzat  10mW/cm2 illumination. 

photoconductivity A q  exhibits a sharp peak near 600 nm in accordance 
with the optical behaviour, while Anl  has there only a slightly projected 
shoulder. 

The main aspects of photoconduction in the DO, DS and DSe systems 
are summarized in Table I for comparison to each others. The aggregate 
band, which is absent in the D O  system, is strongly developed in the DSe 
system to such an extent that other bands, such as monomer and dimer 
bands, are hardly observable. In the DS system, however, clear structures 
were still seen besides the aggregate band; around 500nm and 530nm, 
each identifiable as the dimer and the monomer bands,3 The A a l ,  maximum 
is, therefore, located around the monomer band for both DO and DS, but 
around the aggregate band for the DSe system, in which the magnitude 
of hail is more than a decade larger than other two. 

It should be noted that the smallest A q  was obtained for DS in spite 
of the presence of the aggregate band. Therefore, to examine the effect of 
aggregation, it is better to refer to the anisotropic ratio AoI l /Ao l ,  since the 
influences of different X upon Aall is more or less cancelled by those in- 
volved in Aol.  The ratio seems to increase superlinearly with the extent 
of aggregation, and the value for DSe is again more than a decade larger 
than the others. The D O  case can be plausibly interpreted within the hopping 
scheme in the multilayer system* as the case of DS in the previous paper.2 
The larger value of A o I , / A g L  for DSe with the marked difference in shape 
between both action spectra is, however, difficult to explain by the same 
scheme. The apparent similarity of A a l l  to the absorption spectrum for the 
DSe case suggests that the chromophore aggregation affords a different 
type of conduction beyond the hopping mechanism; such a type that is low- 
dimensional in accordance with the occurrence of aggregation, favoring the 
carrier transport in the lateral direction. 
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172 M. SUGI ei a/. 

The ineffectiveness of aggregation for DS or the superlinear dependence 
will be interpreted by reference to the transport studies of systems with semi- 
macroscopic inhomogeneity. According to Last and Thouless' and Kirk- 
patrick," the overall conductivity ( 0 )  of a two-dimensional sheet composed 
of patches [l] and [2] with different conductivities a1 and a2 (a, > az) 
shows an anomalous dependence upon the path concentration p1 or p 2 .  
The model experiment' or the computer simulation" indicated that (a) in- 
creases superlinearly with pl ,  and that a critical concentration plc  can be 
defined if g1 % a,; plc N 0.6' or 0.5" below which the conductivity (a) 
is identified with a,. These are quite consistent with the ineffectiveness of 
incomplete aggregation seen in the present experiment. 

We have reported the enhancement of lateral photoconduction observed 
in the Langmuir multilayer system with the strongly aggregated chromo- 
phores. So far, nothing decisive can be said about the mechanism of the 
enhanced lateral transport, although it is speculated to be a band type con- 
duction rather than the hopping. Further investigation shall be made to 
characterize the mechanism. This will be important in practical applications, 
since it suggests that the efficiency of organic photoelectric devices, such as 
solar cells, can be substantially enhanced by choosing the optimum molecular 
arrangement. 
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