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Abstract: A novel dye dimer, bis-{[1-(N-hexadecyl-4-pyridinium)-2-(4-N, N-dimethylamino-
phenyl)] ethenyl} methane diiodide (C,BP) was synthesized, and the photoel ectrochemistry of the
dye Langmuir-Blodgett monolayer modified ITO electrode was investigated. For comparison, the
photoelectrochemistry of the monomer (E)-N-hexadecyl-4-[2-(4-N, N-dimethylaminophenyl)
ethenyl] pyridinium iodide (CsP) was also measured. The results show that the photocurrent
generation property of the dimer is enhanced. The photocurrent generation quantum yield is
0.38% for C1BP, while that for C;gP is0.23%.
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Our group has found that Langmuir-Blodgett films of some D-T-A conjugated systems
exhibit good photoelectric conversion properties'. Recently, our works indicated that the
better photocurrent generation of LB films can be observed when two or more
chromophores are connected to one molecule by using suitable bridges™®.  As a part of
the systematic study, herein we designed a novel stilbazolium dye dimer,
bis-{[1-(N-hexadecyl-4-pyridinium)-2-(4-N, N-dimethylaminophenyl)]ethenyl} methane
diiodide (CBP) (Scheme 1) and the photocurrent generation of C,¢BP LB monolayer
films modified ITO electrodes were investigated. For comparison, the dye monomer
(E)-N-hexadecyl-4-[2-(4-N, N-dimethyl aminophenyl)ethenyl] pyridinium iodide (CiP)
was also studied under the same conditions.

Schemel The molecular structures of the materials C,¢BP and C;gP
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Experimental

The dimer C;BP was synthesized by condension of 1, 3-[di-(4-N-hexadecylpyridinium)]
propane diiodide with 4-N, N-dimethylaminobenzaldehyde according to the literature
method®. Details on the method used for surface pressure (1) — area (A) isotherm
measurement and transfer process of monolayer films for C,;sBP and C,sP were the same
as described previously’. Here, the surface pressure of deposition is 25 mN/m. The
photoelectrochemical properties for C;sBP and C;P were carried out also by the
previous method?.

Results and Discussion

It can be seen from Table 1 that the collapse pressures of C,¢BP and C.sP are 34 and 37
mN/m, respectively, which reveas that the two dyes have good films formation
properities. The limiting molecular area of C;sBP and Ci¢P are 1.16 and 0.65 nm?,
respectively, that is, the limiting area of C;¢BP is twice smaller than that of that of Cy¢P,
therefore, we can conclude that the density of chromophoresin C;¢BP LB filmsis higher
than that of C.¢P and its inter-chromophoric distance is shorter than that of CigP in the
films.

Tablel The propertiesof C;sBP and CcP LB films

12 1° n° No.(m) d ne P A
nAcm?  nAcm? %  10%cm?  nA molecule? % mNm?  nm?
CisBP [b16 21.1 0.38 0.86 2.44x10°8 134 34 1.16
CiP [B35 14.2 0.23 1.54 9.2x10% 0.71 37 0.65

I: Photocurrent per square centimeter; n: External quantum yield; No.(m): Number of molecules
Jem?; 1Y': Photocurrent per molecule; A: Limiting area per molecule. P; Collapse pressures

a 137.6 mW cm® white light, in 0.5 mol L™ KCl

b: at 464 nm from a137.6 mW cm® white light, in 0.5 mol L™ KCl .

c: at 464 nm from a 137.6 mW cm®white light, under -100 mV, in 0.5 mol L™ KCl,, containing 4
mmol L Mv?Z*.

The maximum absorption wavelengths A, of C;sBP and CyP in chloroform
solution are 510 and 501 nm, respectively. Apa Of CigBP in chloroform is 9 nm
red-shifted comparing with that of CP, indicating that the interaction between -orbit of
chromophores in CsBP became stronger than that of C,¢P. Thisresult agreed with that
the inter-chromophoric distance in C;sBP is shorter than that in CyP assembly.
Comparing their electronic spectra of LB monolayer films with those in chloroform,
blue-shifts of 51 and 43 nm could be observed for C;sBP and CigP, respectively,
indicating that H-aggregates formed in the monolayer films for C,¢BP and CycP".

A steady cathodic photocurrent was obtained from C,¢BP and C,¢P monolayer films
modified ITO electrode in 0.5 mol L™ KCI solution by illumination of 137.6 mW cm
white light (see Table 1, 1%). For convenience, C,sBP is given as an example for
discussion. The photocurrent action spectrum of C;¢BP is similar to its absorption
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spectrum, suggesting that the C,¢BP monolayer films are responsible for photocurrent
generation. About 21.1 nA cm’? photocurrent can be obtained for C;sBP by a 464 nm
light irradiation (3.48x10™ photons cm s%), in 0.5 mol L™ KCI electrolyte solution with
zero bias voltage. The quantum yield is about 0.38% for C,sBP (in Table 1, n (the
absorbance of the monolayer films is about 0.43% at 464 nm), while that for CigP is
0.23%.

Because the number of active moieties per unit areain the LB monolayer filmsisan
important factor contributing to the PEC performance, here we use the photocurrent per
chromophore as the data for comparison. We assume that C;¢BP contains two D-TtA
chromophores of discussion. Taking the limiting molecular area and photocurrent per
unit area into account, one can see that photocurrents per chromophore for C;BP and
CueP are 1.22x10°* and 9.2x10™ nA chromophore™® (Table 1, 1™), respectively. That s,
the photocurrent per dimer is larger than double of the photocurrent per monomer in LB
films. Therefore, C,¢BP performs better in photocurent generation than CigP does. It
is not only due to the higher density of C;sBP but aso due to the dimerization of the
chromophores.

It is well known that the experimental conditions affect photocurrent generation.
Here, we take CsBP-1TO as an example and investigate in 0.5 mol L™ KCl electrode
solution. (1) In the range of +150 mV [ -150 mV, linear relationship was found
between photocurrent and bias voltage, indicating that the photocurrent flowsin the same
direction as the applied negative voltage. (2) The equations of dependence of the
photocurrent (iy,) on light intensity (I) for C;sBP-ITO and C,6P-ITO electrodes are iy, =
16.4 1°7 and ip = 4.11 | (R? =0.98), respectively. (3) The effects of electron donor
(hydroquinone H,Q and N,) and acceptor (methyl viologen diiodide MV?") on the
cathodic photocurrent for C;sBP and C,sP showed that electron acceptors sensitize the
cathodic photocurrent, but electron donors quench it. From the result of above
experiments, we can propose that the mechanism of the photocurrrent generation for
these dye systems is intramolecular el ectron-transfer reaction.

Under favorable conditions (—100 mV, dissolved O,, and 4 mmol L™ MV?), a
photocurrent of 74.5 nA cm for C,sBP was obtained under the irradiation at 464 nm, the
guantum yield was 1.34%. Under the same conditions, the quantum yield of C;sP was
0.71% (see Table 1, 1,n°).

Conclusions

It can be seen from Table 1 that in the present systems the photocurrent generation
guantum yield n under the same conditions has the sequence: C,¢BP > CisP. The
experimental results of photocurrent generation showed that the dimer C,sBP exhibited
photocurrent per C;cBP molecule (2.44 x 10™ nA molecule™) twice larger than the
monomer CyP did (9.2 x 10™ nA molecules®). The further studies of the reason for
this interesting phenomenon are in progress.
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