
This article was downloaded by: [Tomsk State University of Control Systems and
Radio]
On: 18 February 2013, At: 13:55
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

Photo-Induced Electron Transfer
in and Electron Injection from
Trichromophoric Molecules Forming
Langmuir Blodgett Films
Danny Meerschaut a , Mercedes Novo a , Mark Van Der
Aijweraer a , Wim Dehaen a & Frans C. De Schryver a
a Chemistry Department K.U Leuven Celestijnenlaan, 200 F
3001, Leuven, Belgium
Version of record first published: 05 Dec 2006.

To cite this article: Danny Meerschaut , Mercedes Novo , Mark Van Der Aijweraer , Wim Dehaen
& Frans C. De Schryver (1993): Photo-Induced Electron Transfer in and Electron Injection from
Trichromophoric Molecules Forming Langmuir Blodgett Films, Molecular Crystals and Liquid
Crystals Science and Technology. Section A. Molecular Crystals and Liquid Crystals, 235:1, 67-74

To link to this article:  http://dx.doi.org/10.1080/10587259308055181

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

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259308055181
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


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
 1

3:
55

 1
8 

Fe
br

ua
ry

 2
01

3 



Mol. Cryst. Liq. Cryst. 1993, Vol. 235, pp. 67-74 
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 

PHOTO-INDUCED ELECTRON TRANSFER IN AND ELECTRON INJECTION FROM 
TRICHROMOPHORIC MOLECULES FORMING LANGMUIR BLODGETT FILMS 

DANNY MEERSCHAUT, MERCEDES NOVO, MARK VAN DER AUWERAER, WIM 
DEHAEN AND FRANS C. DE SCHRWER. 
Chemistry Department K.U Leuven Celestijnenlaan 200 F 3001 Leuven 
Belgium 

Abstract The analysis of the fluorescence decay of a cyanine dye 
linked covalently to two pyrene moieties suggests an excited 
state equilibrium between the locally excited state of the dye 
and a charge transfer state. Excitation of a mixed monolayer of 
this trichromophore and palmitic acid deposited on Sn02 results 
in a photo-sensitized anodic current. The dependence of this 
photocurrent on time and hydroquinone (regenerator) concentration 
suggests that the alien recombination of the oxidized dye with 
electrons in the conduction band or in suraface states as well as 
the irreversible degradation of the oxidized dye are slowed down 
compared to systems where the charge injection is mediated by di- 
octadecyloxacarbocyanine. 

INTRODUCTION 

The overall quantum yield of photo-induced electron transfer in Lang- 
muir Blodgett films is often limited by competition between the pri- 
mary electron transfer and other decay processes of the excited 
statelV2. As it was demonstrated that the HOMO of alkyl chains is 
involved in the photo-induced electron transfer between monolayers, it 
was attempted to link the electron donor and acceptor by alkyl chains 
to increase the efficiency of the electron transfer process3. 
Therefore a trichromophoric molecule4 (OXAPY) containing an oxacarbo- 
cyanine moiety and an two pyrene moieties has been synthesized. It was 
possible to incorporate this molecule in Langmuir Blodgett films4 of 
palmitic acid (PAA) and myristic acid (MYA). Furthermore it can be 
expected that, when the trichromophoric molecule is used to inject 
electrons5-” into an n-type semiconductor the electron donor moiety 
will enhance the regeneration of the excited dye. 

EXPERIMENTAL 

The synthesis of OXAPY will be described elsewhere”. Mixed monolayers 
of OXAPY and PAA were prepared using the procedure described earlier . 
The monolayers were deposited on SnOZ electrodes that were cleaned ac- 
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68/[350] D. MEERSCHAUT ET AL. 

cording to the procedure described e l s e ~ h e r e ~ - ~ ~ * ~ ~ .  The dark and 
photocurrents were determined using a potentiostat. As the dark cur- 
rent was several orders of magnitude larger than the photocurrent a 
chopper and lock-in amplifier were used for the determination of the 
photoc~rrent~-‘~. Contrary to prior experiments the concentration of 
NaC104 amounted to 0.1 moll-’ and the concentration of the buffer 
(phosphate or acetate) amounted to 0.01 moll-’. All solvents were of 
spectroscopic or fluorescence grade and were used as received. Correc- 
ted fluorescence and excitation spectra were obtained with a SPEX 

OM18 OXAPY 

Fluorolog 212. The fluorescence decays were obtained by the single 
photon timing te~hnique’~-’~. Upon excitation at 514 nm the repetition 
rate of te modelocked argon laser was reduced using a low voltage 
Pockels cell (Conoptics) driven by an pulse amplifier constructed ac- 
cording to the design of Van Hoek”. 

RESULTS AND DISCUSSION 

Photophysics of OXAPY in solution 
The absorption spectrum of OXAPY in ethanol corresponds to the 

sum of the absorption spectra of the individual chrom~phores~. Upon 
excitation of the carbocyanine moiety the observed fluorescence spec- 
trum is a mirror image of the most bathochromic absorption band. The 
fluorescence quantum yield amounts to 0.23rt0.03 and 0.25f0.03 in 
ethanol and chloroform respectively. This is of the same order of 
magnitude than fluorescence quantum yield of OM18 which amounts to 
0.07f0.01 and 0.20f0.02 in ethanol and chloroform respectively. 
Contrary to what is observed for OM18 where the fluorescence decay 
can be fitted to a one exponential decay in all solvents where it was 
determined, the fluorescence of OXAPY decays according to a sum of two 
exponentials. Excitation at 295 nm (where light absorption is mainly 
by the pyrene moieties and at 514 nm (where light absorption is exclu- 
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PHOTO-INDUCED ELECTRON TRANSFER 135 11/69 

sively by the dye) yields similar decay times (a;’, 
similar ratio of preexponentials (al/a2). Therefore the bi-exponential 
decay cannot be related to energy transfer from the pyrene moieties to 
the cyanine moiety. However the bi-exponential decay could also be 
caused by reversible electron transfer, with a rate constant kZ1 from 
the HOMO of the pyrene moiety to the HOMO of the excited dye moiety. 
When the rate constant for back electron transfer yielding the singlet 
excited state of the dye and the ground state are given by k12 and kO2 
respectively, the sums kO1 t k21 and kO2 t k12 and the product kZ1kl2 
can be obtained from the fluorescence decay. To obtain the individual 
rate constants is also necessary to know kO1, the rate constant for 
decay of the singlet state in the absence of electron transfer. 

TABLE I Analysis of the fluorescence decay of OXAPY as a sum of 
two exponentials al exp (-Jlt)t a2 exp(-J2t). 

) and a 

EtOH ( heXc-295nm) 1.984 5.000 0.580 1.161 
EtOH (heXc=514nm) 1.718 4.520 0.910 1.184 
CHC13 (xexc=514nm) 1.394 6.024 7.10 1.147 

Two approaches are possible. In a first hypothesis one could 
assume that kO2 can be neglected compared to k12. Table I1 shows that 
this leads to physically acceptable values of k12 and kZ1. From the 
fluorescence quantum yield (0 .20 )  and fluorescence decay time (560 
ps) of OXA18 in CHC13 a value of 3.55~1O~s-l can be calculated for 
the radiative contribution, klf, to kO1. In this case the nonradia- 
tive contribution to kO1, klnr, amounts to 1.43~10’ s - l  for OXA18 in 
CHC13. In an analogous way the fluorescence quantum yield (0.073) and 
the fluorescence decay time ( 2 8 0  ps) of OM18 in ethanol allow to ob- 
tain for OXAl8 in ethanol a value of 2 . 6 1 ~ 1 0 ~  s-l and 3.31~10’ s-l 
for klf and klnr respectively. Assuming that the values of klf are 
within the experimental error the same for OXAPY and O W 1 8  and that 
k12 is much smaller than kO2 a value of 9 . 2 3 ~ 1 0 ~  s-l and 4 . 3 5 ~ 1 0 ~  s - l  
is obtained for klnr for OXAPY in CHC13 and ethanol respectively. 
These values amount to 85 and 14 2 of the values obtained for OXA18. 
This decrease could probably be due to a larger hydrodynamic drag16 
of the pyrenebutyl moiety compared to the (coiled) octadecylchain. 
This hypothesis leads to the maximum value that is acceptable for 
klnr and k12 and to the minimum value that is acceptable for kZ1. The 
second hypothesis assumes that klnr can be neglected compared to klf. 
This hypothesis leads to the maximum value that is acceptable for kZ1 
and kO2 and to the minimum value that is acceptable for k12. A priori 
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70/[ 3521 D. MEERSCHAUT ET AL. 

both hypotheses lead to physically acceptable values of the different 
rate constants. This means that the free energy change for the exci- 
ted state electron transfer can vary between -0.073 eV and 0.043 eV 
or -0.011 eV and 0.028 eV for CHC13 and ethanol respectively. Using a 
value of 2.45 eV4, 1.15kO.05 V17 and -1.04kO.05 V18 for the singlet 
energy of OXAPY, the reduction potential of the oxidized methylpyrene 
and the reduction potential of the cyanine moiety respectively, the 
free energy change for the excited state electron transfer should 
amount to -0.26*0.10 eV. The difference of about 0.2 eV between the 

TABLE I1 Rate constants of the processes occurring in the singlet 
excited state of OXAPY in solution at 298 K. 

EtOHa CHC1; EtOHb CHClg 

kO1 (logs-') 0.261 0.355 0.696 1.194 
kO2 (10 s- ) 6.113 

9.413 3.586 0.968 k21 (10 8 1  s- ) 7.940 
k12 (lo's-') 5.035 0.720 11.15 7.001 
K 1.537 13.07 0.321 0.138 

6.280 I I 8 1  

a) assuming that the radiationless contribution to kO1 can be 
neglected. b) assuming that kO2 can be neglected. 

values of AGO calculated on basis of the redox potential and the most 
negative values obtained from the analysis of the fluorescence decays 
are probably due to a different solvation of all species in CHC13 or 
ethanol compared to acetonitrile where the reduction potentials were 
determined. 

Sensitized Photocurrents 
In agreement to earlier observationsg110, made for Sn02 electro- 

des covered by mixed Langmuir Blodgett films of OM18 and arachidic 
acid an anodic photocurrent could be observed upon illuminating Sn02 
electrodes covered by a mixed monolayer of OXAPY and palmitic acid 
(mixing ratio 115) in contact with a solution of 2.5~10-~ moll-' 
hydroquinone. As observed for Sn02 electrodes sensitized by OM18 the 
onset of the photocurrent occurred at an electrode potential of 70k25 
mV versus the SCE (saturated calomel electrode) when the pH of the 
solution amounts to 2.9 (phosphate buffer). When the electrode 
potential became more anodic the photocurrent increased until a satu- 
ration occurred at 500f50 mV versus the SCE. At electrode potentials 
exceeding 700 mV a decrease of the photocurrent was observed. 
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FIGURE 1 Influence of the inverse hydroquinone concentration on 
the photocurrent at an electrode potential of 300 mV vs. the SCE, 
for a Sn02 electrode covered by a mixed monolayer of OXAPY and 
PAA with a mixing ratio 115 (I) and a mixed monolayer of OXA18 
and ARA with a mixing ratio 115 (0). The photocurrent is normali- 
zed at a hydroquinone concentration of 1 . 0 ~ 1 0 - ~  moll-'. Excita- 

2 tion occurred at 495 nm. The electrolyte pH amounted to 4.5 (10- 
moll-' phosphate buffer) and the incident light intensity was 
equal to 3.1*0.3~10-~ W and 3.0*0.3~10-~ W for the electrodes 
covered by OXAPY and Om18 respectively. 

Decreasing the hydroquinone concentration decreased the maximum value 
of the photocurrent but neither the features of the current voltage 
plot nor the onset potential of the photocurrent were changed. In the 
absence of hydroquinone a photocurrent could still be obtained it was 
however much smaller for the anodic scan than for the cathodic scan. 
Furthermore at successive scans the photocurrent continued to drop. 
This suggests that consumption of the dye by some irreversible side 
reaction occurs. Increasing the pH of the solution shifts the onset 
potential of the photocurrent to -100 mV a t  pH 4.5 (phosphate buffer), 
-160 mV at pH 4.7 (acetate buffer) and - 300 mV at pH 6.6 (phosphate 
buffer). The electrode potential where the saturation and decrease of 
the photocurrent occurs does however not depend on the pH of the elec- 
trolyte solution. A s  observed for the sensitized photocurrent injected 
by mixed monolayers of OXA18 and ARA the quantum yield of the photo- 
current decreases upon increasing the electrolyte pH when the 
electrolyte pH is higher than four. 

While for monolayers of O M 1 8  the inverse photocurrent depends 
3 in a linear way upon the hydroquinone concentration between 1.0~10- 
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72./[354] D. MEERSCHAUT ET AL. 

moll-' and 1.6~10-~ moll-' it is in this concentration range nearly 
independent upon the hydroquinone concentration when a mixed mono 

Scheme 1 
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Lower hydroquinone concentrations layer of OXAPY and PAL, is used. At 
a plot of the inverse photocurrent versus the inverse hydroquinone 
concentration shows first a sub-linear variation and at hydroquinone 
concentrations below l.2~lO-~ rno1J-l a levelling is observed (figure 
2). For photocurrents injected by mixed monolayers of O W 8  and ARA 
the decrease of the photocurrent is more important and even at a con- 
centration of 5.0~10-~ moll-' no saturation is observed. This 
behaviour does not depend on the electrolyte pH. To explain the de- 
pendence of the sensitized photocurrent on the electrode potential and 
the hydroquinone concentration the model presented in scheme 1 was 
proposed for electron injection by mixed monolayers of O X A 1 8  and ARA. 
To allow for the saturation of the photocurrent at low hydroquinone 
concentrations one should also take into account an irreversible reac- 
tion of the oxidized dye, as was already proposed by Nasielski et a1 . 6 

> product formation 'ads 
Dt kP 
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The process described by k leads to an irreversible destruction 
of the dye and will therefore induce a decrease of the photocurrent as 
a function of time. This phenomenon is observed for photocurrents in- 
jected by both OXA18 and OXAPY and becomes more important a low hydro- 
quinone concentrations. Furthermore it is more important for mono- 
layers of OM18 compared to OXAPY. Therefore the levelling of the in- 
verse photocurrent at higher hydroquinone concentration cannot be 
explained by a larger value of k On the other hand the larger value 
of the photocurrent observed for OXAPY at very low hydroquinone con- 
centrations would suggest that the ratio kp/kptk~stk~ec is larger 
for OXAPY. This dilemma can only be solved if one considers that the 
sample is illuminated by chopped light. During the light part of the 
cycle both OM18 and OXAPY become oxidized. However OXAPY has the pos- 
sibility to distribute the defect electron between the HOMO of the 
cyanine moiety and that of the two pyrene moieties. While a defect- 
electron in the cyanine moiety will lead to an irreversible destruc- 
tion of the chromophore during the light part of the cycle the oxidi- 
zed pyrene is relatively stable and does not react before it is redu- 
ced by hydroquinone during the dark part of the cycle. Furthermore if 
the missing electron in the OXAPY molecule would be distributed bet- 
ween the cyanine moiety and the pyrene moiety which is farther removed 
from the SnOZ electrode one can expect that ksstktec will become 
smaller for OXAPY compared to OXA18. This will lead to a higher value 
of the ratio (kptkreg[H2Q] ) /  (ks~tk~ectkpfk,eg[HzQ]) which is 
proportional to the photocurrent. According to this hypothesis 
ksstk:ec must become negligible compared to kreg[H2Q] at much lower 
hydroquinone concentrations than when the electrons are injected by a 
mixed monolayer of OXA18 and A M .  This explains why the photocurrent 
depends no longer upon the hydroquinone concentration between 1 . 6 ~ 1 0 - ~  
moll-’ and ~ . O X ~ O - ~  moll-’. On the other hand the lower value of 
ksstkiec explains why at low hydroquinone concentrations the ratio 
kp/(k tk tkiec) is much larger for OXAPY than for OM18 leading to 
a larger photocurrent. Although the oxidation potential of l-methyl- 
pyrene (1.15 V) and that of diethyloxacarbocyanine (1.02 V)19 in 
acetonitrile predict that this equilibrium should be shifted to the 
situation where the cyanine moiety is oxidized one should take into 
account that the electric field over the Helmholtz layer and the dif- 
ferent solvation of both moieties in the monolayer can change the 
solvation free energy of the different species involved in this 
electron transfer process. 

In spite of the less efficient recombination at low hydroquinone 
concentration the photocurrents obtained for OXAPY at higher hydroqui- 
none concentrations are no larger than those obtained using OXA18. 
This is probably due to the fact the initial recombination processes 
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74/[356] D. MEERSCHAUT ET AL. 

are much faster than the distribution of the defectelectron over the 
different chromophores in the OXAPY molecule. This corresponds to 
recent time experiments on the photo-sensitized injection of electrons 
in SnS2 wh-ich suggest that the initial recombination processes occur 

20 within a few tens of picoseconds . 
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