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KuQuinones constitute a new class of quinoid compounds, characterized by a broad absorption spectrum in the 

visible region, mainly due to their pentacyclic, highly conjugated structure, and a very low reduction potential. 

These properties make them promising candidates as sensitive material in photoelectrochemical devices. To this 

purpose, photocurrent generation measurements have been performed, in presence of an electron donor species 

in solution, using two different derivatives, 1-(9-hydroxynonyl)KuQuinone (KuQ(CH2)9OH) and 1-

methylKuQuinone (KuQCH3), as photoactive species on indium-tin oxide surface. Electrodes have been 

functionalized by Langmuir-Blodgett technique, which allowed to easily prepare homogeneous mono- and 

multilayers of such molecules. Promising results in terms of Incident Photon to Current Efficiency values (IPCE %) 

and internal quantum efficiency (Φ %) have been achieved. Furthermore, the significance of the organization of 

the thin film obtained for the efficiency of the electron transfer process has been evidenced.

Introduction 

Electron transfer reactions are fundamental processes in many 

areas of chemistry, physics, and biology. Quinones are a broad 

class of compounds usually involved in electron transfer 

reactions, playing key roles in many fundamental biological 

processes, such as photosynthesis1 and cellular respiration2. In 

this regard, quinones derivatives are typically present in 

biologically active molecules; specifically, plastoquinone and 

phylloquinone are the electron acceptors in photosynthesis1, 

while ubiquinone is an essential component in aerobic 

respiration2. Furthermore, many natural and artificial 

substances, such as dyes and pigments, are quinone 

derivatives and they can be also used as electroactive 

materials in redox flow batteries3 or in photoelectrochemical 

water oxidation process4 as well as dyads systems, usually 

coupled with porphyrins5, acting as final electron acceptor 

molecules. Thanks to their ability to take part in electron 

transfer processes, quinones (Q) have been widely used in 

electrochemical studies6. Their redox behavior is well known: 

quinones usually undergo two successive one-electron 

reduction steps to produce firstly semiquinone (Q•−) and 

successively the fully reduced dianion species (Q2−). It is the 

capability of such molecules to accept one or two electrons 

that allows them to perform their functions in the electron 

transport chain and to participate in vital electron transfer 

 

 

processes. 

Few years ago, KuQuinones (KuQ), a new class of quinoid 

compounds, have been synthesized for the first time by a one-

pot reaction, starting from reasonably cheap materials7. The 

peculiar characteristic of such compounds is their pentacyclic 

fully conjugated skeleton, which confers them interesting 

properties in solution (Scheme 1). They show a broad 

absorption spectrum in the visible region, characterized by two 

intense bands between 450 and 630 nm and a low reduction 

potential. In fact, the first reduction process, due to the 

formation of the radical anion KuQ•− has been observed at -0,3 

V vs. Ag/AgCl in dichloromethane, which is very low if 

compared with KuQ analogs, such as Vitamin K1 or bis-

Coenzyme Q0. A small library of KuQuinone derivatives, 

differing in the side chain length and functional groups, has 

been synthesized. Due to their favorable properties, these 

compounds are good candidates for investigation as 

photosensitizers on indium-tin oxide (ITO) surface. 

Recently, thin films of photoactive molecules on gold8 and ITO9 

surfaces have attracted much attention as light-harvesting 

systems in artificial photosynthetic devices. 

 

 

 

 

Scheme 1. General structure of KuQuinones. 
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In this regard, ITO surfaces have been widely used as supports 

for sensitive materials in photoelectrochemical devices due to 

their optical transparence and high electrical conductivity10,11. 

Moreover, ITO surfaces are often preferred to gold electrodes 

because ITO semiconductors usually do not promote excited 

state quenching of the adsorbed chromophore, resulting more 

efficient than gold electrodes9a,12. 

In this work, ITO electrodes have been functionalized with 

substituted KuQuinones by Langmuir-Blodgett technique. 

Photocurrent generation measurements have been performed 

using ITO-functionalized surfaces as working electrodes, and 

the efficiencies of the proposed cells have been evaluated 

through estimations of the Incident Photon to Current 

Efficiency values (IPCE %) and internal quantum efficiency (Φ 

%). 

Results and discussion 

KuQuinones mono- and multilayers on ITO 

The molecular structures of the two KuQuinones used in this 

work are reported in Scheme 2. 

ITO functionalization has been carried out by Langmuir-

Blodgett (LB) technique. Amphiphilic KuQ(CH2)9OH, 1-(9-

hydroxynonyl)KuQuinone, is the best candidate for LB 

deposition, in which electrostatic interactions between 

hydrophobic 'tails' and hydrophilic 'heads' with an 

hydrophobic or hydrophilic substrate respectively, are the 

driving force for the mono- and multilayer growth. 

Nevertheless, in the present study the deposition of a less 

polar molecule, such as KuQCH3, 1-methylKuQuinone, has 

been also carried out. 

Mono- and multilayers deposited on ITO, of both KuQuinones 

derivatives (Figures. 1-2) are characterized by a broad and 

intense absorption spectrum in the visible region, between 

350 and 630 nm. However, UV-vis spectra of the quinoid 

compounds on ITO are somewhat different from the spectra in 

solution7, since bands between 500 and 600 nm are inverted in 

relative intensities, broader and slightly red shifted (see Supp. 

Info). 

 

 

 

O

O

O

HO

CH3
O

O

O

HO

OH

 

Scheme 2. Chemical structure of 1-methylKuQuinone (left) and 1-(9-

hydroxynonyl)KuQuinone (right). 

 

 

 

 

 
 

Figure 1. Absorption spectrum of ITO/KuQCH3: monolayer (blue line); three 
layers (magenta line). 

 

 

 

 

 

Figure 2. Absorption spectrum of ITO/KuQ(CH2)9OH: monolayer (blue line); three 

layers (magenta line). 

Differences in the shape of the absorption spectra on ITO 

surface and in solution likely indicate the simultaneous 

presence of different species on the surface. As a matter of 

fact, due to the unusual acidity of the enol proton, the -OH 

group can be easily deprotonated and the acid-base reaction is 

strongly influenced by the solvent properties (Scheme 3). In 

this regard, the predominance of the enol or the enolate form 

depends on the environment (solvent or surface properties) 

and it implies differences in terms of spectroscopic behavior. 

Equilibria between KuQuinones derivatives are discussed 

elsewhere13. 

 

 

 

 

Scheme 3. Acid-base equilibrium of 1-methylKuQuinone 
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Furthermore, broader and red-shifted spectra on surface are 

often caused by aggregation phenomena in the adsorbed 

film8h,8i,9d,9e; as to KuQuinone derivatives, aggregation effect 

could be favored by their planar, pentacyclic and fully 

conjugated structure. 

The absorbed amount of KuQCH3 and KuQ(CH2)9OH on ITO was 

calculated by the absorption spectra of the corresponding 

films14. In particular, considering the co-presence on ITO 

surface of the KuQuinone, together with the negatively 

charged enolate, surface coverage values (Γ) have been 

calculated by equation 1 taking into account both 

contributions, using molar extinction coefficient in 

dichloromethane and in basic solution (Supp. Info) and 

considering a two-dimensional film. 

  

 

(1) 

 

 

The calculated values were compared with those obtained by 

the Langmuir-Blodgett apparatus, using the mean area 

occupied by a single molecule at the deposition pressure used 

(which is detected by the instrument) and a transfer ratio of 

approximately 1 for each layer. Results are shown in Table 1.  

As it can be seen, reported values for the three layers films are 

in very good agreement, whilst values calculated for 

monolayers show small differences. In particular ΓLB are slightly 

underestimated. 

The single molecule occupied mean area at the deposition 

pressure, determined by the Langmuir-Blodgett instrument, 

was (13±1) Å2 for KuQCH3 and (22±2) Å2 for KuQ(CH2)9OH. 

These so different values can be used to have an idea of the 

diverse orientation of the two molecules on the ITO surface, 

taking into account their size, calculated with DFT in vacuum 

using hybrid functional B3LYP and 6-31G+dp basis set15. From 

such evaluations, it was possible to propose a model that may 

represent the different spatial arrangement of the molecules 

on the ITO surface. As to KuQCH3, due to the lack of the 

hydroxyl group bound to the alkyl side chain, a more 

disordered film is obtained, where molecules are mainly 

vertically arranged (the calculated area per molecule the area 

obtained as vertical projection of the molecule on the surface 

is (12±1) Å2). 

 

Table 1. Surface coverage calculated by LB (ΓLB) and from absorbance (ΓAbs) 

LB film Γ�� �moleculescm�  Γ��� �moleculescm�  

ITO/KuQCH3 

monolayer 
(7.9±0.8)x1014 (1.2±0.2)x1015 

ITO/KuQCH3 three 

layers 
(2.4±0.2)x1015 (2.2±0.4)x1015 

ITO/KuQ(CH2)9OH 

monolayer 
(4.5±0.3)x1014 (7.9±0.9)x1014 

ITO/KuQ(CH2)9OH 

three layers 
(1.4±0.1)x1015 (1.3±0.2)x1015 

 

 

 

 

 

 

 

 

 

Scheme 4. Optimized structure of KuQCH3, front and side view. 

Instead, in the KuQ(CH2)9OH film, according to Langmuir-

Blodgett principles, terminal hydroxyl group, bonded to the 9-

carbon atoms alkyl chain, may interact with the ITO 

hydrophilic surface, giving rise to the formation of a stable, 

well packed and ordered film. 

In confirmation of that, in this film, the area obtained as 

horizontal projection of the optimized molecule on the surface 

is in very good agreement to that recorded by LB instrument. A 

schematic representation of the proposed spatial 

arrangements for these molecules on ITO surface is reported 

in Scheme 5. 

Cyclic voltammetry measurements of the ITO modified 

electrode have been performed in 0.1 M Na2SO4 aqueous 

solution, under nitrogen, with a scan rate of 500 mV/s. The 

voltammogram of ITO/KuQCH3 electrode showed a broad peak 

(E½=-0.45 V), probably due to the formation of the radical 

anion KuQCH3
•−

 (Figure 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 5. Optimized structure of KuQ(CH2)9OH (front and side view, on the top) 

and its arrangement on ITO (on the bottom). 

Page 3 of 10 Journal of Materials Chemistry C

Jo
ur

na
lo

fM
at

er
ia

ls
C

he
m

is
tr

y
C

A
cc

ep
te

d
M

an
us

cr
ip

t



ARTICLE Journal Name 

4 | J.  Name. , 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Cyclic Voltammetry of the ITO/KuQCH3 monolayer in H2O/0.1 M Na2SO4 
vs. SCE; scan rate 500 mV∙s-1. 

 

The broadness of the signal likely confirms the hypothesis that 

the monolayer is not entirely homogeneous. Probably, 

molecules differently disposed on the surface are affected by 

different interactions with the chemical environment, leading 

to a less resolved signal. 

With 1-(9-hydroxynonyl)KuQuinone monolayer on ITO, a 

slightly lower reduction potential (E½=-0.53 V) with respect to 

that of ITO/KuQCH3 electrode has been detected, possibly 

because a different organization of the film on the surface 

(Figure 4). Indeed a reversible one-electron process has been 

detected, characterized by a well defined peak. 

 

ITO/KuQCH3 photocurrent measurements 

Photoelectrochemical measurements were performed in 

aqueous solution of 0.1 M Na2SO4 as supporting electrolyte 

and 50 mM triethanolamine (TEOA) as electron donor species. 

The cell was composed by the functionalized ITO/KuQCH3 as 

working electrode, a platinum counter electrode and an 

Ag/AgCl (sat. KCl) reference electrode. Irradiation of the 

ITO/KuQCH3 electrode at different wavelengths resulted in the 

generation of anodic photocurrent, in which electrons move 

from the electrolyte to the ITO surface. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Cyclic Voltammetry of the ITO/KuQ(CH2)9OH  monolayer in H2O/0.1 M 
Na2SO4 vs. SCE; scan rate 100 mV∙s-1. 

After switching off the illumination, photocurrent immediately 

dropped down (Figure 5). Increasing the bias potential to the 

ITO electrode from -0.2 to +0.3 V vs. Ag/AgCl, as shown in 

Figure 6, leads to a strong improvement of the photocurrent 

signal, reaching the maximum value of 200 nA/cm2 in the 

region under 400 nm. 

The action spectrum was in good agreement with the 

absorption spectrum of the modified electrode but it showed 

an unexpected strong enhancement of the signal in the region 

between 350 and 400 nm. However, the good relationship 

between action and absorption spectra of the system indicates 

that the 1-methylKuQuinone unit acted as a photoactive 

centre for photocurrent generation. The proposed mechanism 

of the anodic photocurrent is reported in Figure 7. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 5. Photoelectrochemical response of ITO/KuQCH3 electrode in H2O/0.1 M 
Na2SO4/50 mM TEOA, at 0.3 V vs. Ag/AgCl, upon irradiation at different 
wavelengths (from 380 nm to 350 nm every 10 nm) at room temperature; 45 
seconds of irradiation were alternated with 30 seconds of dark. 

 

 

 

 

 

 

 

Figure 6. Action spectrum of ITO/KuQCH3 in H2O/0.1 M Na2SO4 /50 mM TEOA. 

Applied potential: -0.2 V (green line), 0.0 V (pink line), +0.3 V (blue line), vs. 

Ag/AgCl. Inset: Photocurrent action spectrum of ITO/KuQCH3 electrode (blue 

line) compared to the monolayer absorption spectrum (black line). Applied 

potential +0.3 V vs. Ag/AgCl in H2O/0.1 M Na2SO4 /50 mM TEOA. 
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Figure 7. Proposed mechanism for the anodic photocurrent generation in 
presence of TEOA16. 

Upon irradiation of the functionalized electrode at different 

wavelengths, 1-methylKuQuinone switches to the excited 

state, becoming a strong oxidant, which takes an electron from 

the TEOA in solution. Afterwards, the radical anion formed, 

KuQCH3
•−, is able to give one electron to the conduction band 

of the ITO surface, closing the circuit. 

To confirm the fundamental role of the electron donor species 

in the cell to close the circuit, photocurrent generation 

experiments have been performed in the absence of TEOA, 

obtaining negligible signals under the same conditions (results 

not shown). Furthermore, experiments have been performed 

also under nitrogen atmosphere to exclude oxygen from the 

electrolyte solution, since it might compete with KuQuinone as 

electron acceptor species, decreasing the efficiency of the cell. 

Signals comparable to those obtained in the presence of 

oxygen were observed, leading to the conclusion that oxygen 

does not significantly affect the anodic photocurrent 

generation process. 

The absorption spectrum of the ITO/KuQCH3 recorded after 

the photocurrent experiment appeared quite different from 

the initial spectrum of the monolayer, showing a significant 

enhancement of the absorption band around 390 nm together 

with a lower absorption in the range between 500 and 600 

nm. Actually, the final absorption spectrum is in good 

agreement with the reported action spectrum (Figure 8).  

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8. Absorption spectrum of the ITO/KuQCH3 monolayer before (blue line) 

and after photocurrent experiment in H2O/0.1 M Na2SO4 /50 mM TEOA (red 

line). Inset: Photocurrent action spectrum of ITO/KuQCH3 electrode (black line) 

compared to the monolayer absorption spectrum (red line) recorded after the 

experiment. 

In this regard, due to the basic solution in which photocurrent 

measurements were carried out, the deprotonation of the 

enol group by the triethanolamine in solution is expected, 

leading to the formation of the enolate species (Scheme 3), 

characterized by a broad absorption band below 400 nm in the 

UV-vis spectrum13. Furthermore, because of the higher 

solubility of the negatively charged quinone moiety in water, a 

partial detachment of the monolayer from the ITO surface 

could be also possible. 

To support the above assumptions, photocurrent generation 

experiments have been performed using ascorbic acid (AsA) as 

electron donor species, overcoming the deprotonation 

phenomenon by the presence of an acid component in the 

electrolyte solution. In agreement with our hypothesis, the 

absorption spectrum after the measurement was comparable 

to that recorded before (Figure 9), but the efficiency of the 

latter cell was lower than that of the cell containing TEOA as 

electron donor: no more than 50 nA/cm2 have been detected 

at 0.0 V (a higher applied potential would cause the AsA 

discharge at the electrode). 

On the other hand, photoelectrochemical experiments carried 

out using ITO functionalized with three layers of KuQCH3 under 

optimized conditions (H2O/0.1 M Na2SO4 /50 mM TEOA) 

showed an improvement of the generated photocurrent 

(Figure 10). 

 

 

 

 

 

 

 

 

 

Figure 9. Absorption spectrum of ITO/KuQCH3 before (blu line) and after (red 

line) photocurrent generation measurement in H2O/0,1 M Na2SO4 /50 mM AsA. 

Inset: Photocurrent action spectrum of ITO/KuQCH3 electrode in H2O/0,1 M 

Na2SO4 /50 mM AsA. Applied potential: 0,0 V vs. Ag/AgCl. 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 10. Action spectrum of ITO/KuQCH3 three layers (red line) and monolayer 

(black line) in H2O/0.1 M Na2SO4 /50 mM TEOA at +0.3 V vs. Ag/AgCl. 
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In particular, although an higher absorbance has been 

recorded in the entire UV-Vis region, the largest enhancement 

of photocurrent signal has been detected in the range 

between 450 and 600 nm. 

 

ITO/KuQ(CH2)9OH photocurrent measurements 

In order to improve the device performance, we used the 

more stable and spatially ordered monolayer obtained with 1-

(9-hydroxynonyl)KuQuinone; therefore, photoelectrochemical 

performances of the corresponding Langmuir-Blodgett film 

were evaluated. Measurements have been performed under 

the same experimental conditions optimized for the 

ITO/KuQCH3 electrode. A stable anodic photocurrent signal has 

been detected irradiating the electrode at +0.3 V applied 

potential vs. Ag/AgCl in 0.1 M Na2SO4 aqueous solution 

containing 50 mM TEOA as electron donor. Interruption of the 

illumination instantly caused the loss the photocurrent signal 

(Figure 11). 

The photocurrent increases with increasing positive bias to the 

ITO electrode from -0.2 to +0.3 V vs. Ag/AgCl, as shown in 

Figure 12, giving values almost two times higher than the 

KuQCH3 monolayer and reaching the maximum value of 380 

nA/cm2 at 530 nm and +0.3 V. 

The action spectra profiles entirely match the absorption 

spectrum of the modified electrode showing the highest 

performances in the range between 450 and 600 nm, where 

the monolayer exhibits its highest absorption.  

The good relationship between action and absorption spectra 

confirms that the quinoid compound acts as sensitizer in the 

photoelectrochemical device. 

The mechanism for the photocurrent generation hypothesized 

for the ITO/KuQCH3 functionalized electrode has been 

confirmed also for this latter film (Figure 13). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 11. Photoelectrochemical response of ITO/KuQ(CH2)9OH electrode in 

H2O/0.1 M Na2SO4 /50 mM TEOA, at 0.3 V vs. Ag/AgCl upon irradiation at 

different wavelengths (from 520 nm to 550 nm every 10 nm) at room 

temperature; 45 seconds of irradiation were alternated with 30 seconds of dark. 

 

 

 

 

 

 

 

 

 
Figure 12. Action spectrum of ITO/KuQ(CH2)9OH in H2O/0.1 M Na2SO4 / 50 mM 

TEOA. Applied potential: -0.2 V (green line), 0.0 V (pink line), +0.3 V (blue line), 

vs. Ag/AgCl. Inset: Photocurrent action spectrum of ITO/KuQ(CH2)9OH electrode 

(blu line) compared to the monolayer absorption spectrum (black line). Applied 

potential +0.3 V vs. Ag/AgCl in H2O/0.1 M Na2SO4 /50 mM TEOA. 

 

A further strong improvement of the system has been 

obtained working with a three layers film on the ITO surface 

(Figure 14). In fact, although the multilayer absorbance was 

just two times higher than that of the single monolayer, the 

generated photocurrent was more than quadruplicated, 

reaching a maximum value of 1.65 µA/cm2 at 530 nm. 

As a result, electron transfer process generated with the 

amphiphilic KuQuinone derivative resulted more efficient than 

that obtained with the 1-methylKuQuinone. As a matter of 

fact, Langmuir-Blodgett technique allows to obtain 

homogeneous and ordered films of amphiphilic molecules, 

such as KuQ(CH2)9OH on a surface, which produced higher 

photoelectrochemical performances with respect to mono- 

and multilayers of less polar molecules. 

 

 

 
Figure 13. Proposed mechanism for the anodic photocurrent generation in 

presence of TEOA
16

. 
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Figure 14. Action spectrum of ITO/KuQ(CH2)9OH three layers (red line) and 

monolayer (black line) in H2O/0.1 M Na2SO4 /50 mM TEOA at +0.3 V vs. Ag/AgCl. 

 

 

 

 

 

 

 
 

 

 

 

Figure 15. Absorption spectrum of the ITO/KuQ(CH2)9OH monolayer before 
(black line) and after photocurrent experiment in H2O/0.1 M Na2SO4 /50 mM 
TEOA (red line). 

The absorption spectrum of the multilayer recorded after the 

photocurrent generation measurement was affected by the 

deprotonation effect previously suggested for the KuQCH3 film 

(Fig. 15).  

Incident Photon to Current Efficiency values (IPCE %) and 

internal quantum efficiency (Φ %) of the photocurrent 

generation were calculated at the applied bias potential and 

excitation wavelength in which the considered system shows 

the highest photocurrent value. The results are summarized in 

Table 2. 

 

Table 2. IPCE (%) and Φ (%) values for each functionalized electrode[17,18]. 

Film IPCE (%) Φ (%) 

ITO/KuQCH3
a monolayer 0.02 0.76 

ITO/KuQCH3
b three layers 0.02 0.27 

ITO/KuQ(CH2)9OH
b monolayer 0.03 0.94 

ITO/KuQ(CH2)9OH
b three layers 0.13 2.30 

IPCE (%) and Φ (%) values are referred to the H2O/0.1 M Na2SO4 /50 mM 

TEOA electrolyte solution and they have been calculated at 0.3 V, at the 

wavelength where the system shows the highest photocurrent value: 

(a)390 nm and (b)530 nm. 

 

An efficient photoinduced electron transfer has been observed 

for both, mono- and multilayers of KuQuinones derivatives on 

ITO. In particular, higher efficiencies have been obtained for 

the ITO/KuQ(CH2)9OH in which amphiphilic molecules give rise 

to a more ordered film than the KuQCH3 functionalized 

electrode, which probably implies a well directed electron 

transfer process. 

Concerning the best efficient functionalized electrode, 

photocurrent measurements have been performed in 

triplicate; experiments have been carried out with a good 

reproducibility (the estimated relative error was less than 

15%). 

Experimental 

Instrumentation 

Langmuir-Blodgett films have been prepared by using KSV 

(Helsinki, Finland) LB minitrough equipped with teflon barriers 

and controlled by the KSV Win LB software. A Wilhelmy 

balance was used as a surface pressure sensor. 

UV–visible absorption spectra were recorded on a Shimadzu 

2450 spectrometer equipped with the UV Probe 2.34 program. 

Electrochemical experiments were performed with a Palmsens 

potentiostat. A standard calomel electrode (SCE) was used as 

the reference electrode, a platinum wire as the auxiliary 

electrode and the functionalized ITO electrode as the working 

electrode. 

Photocurrent measurements were carried out by using a PG-

310 potentiostat (HEKA Elektronik, Lambrecht, Germany) at 

room temperature. A standard three-electrode configuration 

was used with ITO modified electrodes as working electrodes 

and a platinum wire as the auxiliary electrode. The reference 

electrode was Ag/AgCl. Electrodes were irradiated with a Xe 

lamp (150 W) equipped with a monochromator. The intensity 

of the incident light was evaluated with a Vector H410 Power 

Meter (Scientech, USA). 

 

Materials 

All commercial reagents and solvents were used as received, 

without further purification. 1-MethylKuQuinone (KuQCH3) 

and 1-(9-hydroxynonyl)KuQuinone (KuQ(CH2)9OH) have been 

synthesized according to a previously reported procedure7. 

ITO electrodes (thickness of ITO coating on transparent glass 

slides 1200-1600 Å) were commercially available from Aldrich. 

 

Mono- and multilayers preparation 

Prior to use, ITO surface was washed in a 1:1 v/v double 

distilled water/acetone mixture and sonicated for 5 minutes. 

Afterwards, it was dried under nitrogen and sonicated again, 

first in 2-propanol and then in dichloromethane. 

Mono- and multilayers of KuQuinones have been prepared by 

Langmuir-Blodgett (LB) technique, at 25°C, on Milli-Q water 

subphase. 100 µl of 0.2 mg/ml solution of 1-methylKuQuinone 

or 1-(9-hydroxynonyl)KuQuinone dissolved in chloroform were 

spread over the subphase. The solvent was allowed to 

evaporate for 40 minutes. Monolayers were prepared by 
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emersion of the ITO surface at the rate of 3.6 mm/min and at a 

surface tension of 30 mN/m (surface pressure values chosen 

according to isothermal curve plotted for each compound [see 

Supp info]). Multilayers have been prepared in the same 

conditions by a series of consecutive emersions and 

immersions of the ITO electrode. Each single layer was 

deposited on ITO surface to give a transfer ratio of 

approximately 1. 

 

Calculation 

Computational calculations were performed using Gaussian 09 

rev. A.02.15 Geometry optimizations were performed using 

hybrid B3LYP functional and 6-31G+(d,p) basis set.  

 

Photocurrent generation measurements 

Photocurrent measurements using KuQuinones mono- and 

multilayers as sensitizers on ITO surface were carried out in a 

0.1 M Na2SO4 solution containing an electron donor species. A 

standard three-electrode system was used, with the modified 

ITO as working electrode, a platinum counter electrode, and 

Ag/AgCl as reference. The measurements were performed 

with a certain bias potential and keeping the light on for 45 

seconds and then switching it off for 30 seconds. The current 

measured in the dark was subtracted from the photocurrent 

generated upon irradiation of the system. 

Conclusions 

The novel compounds KuQs have been tested as 

photosensitizers on ITO surface. Usually, quinones are involved 

in photoinduced electron transfer processes acting as final 

electron acceptor molecules. Nevertheless, in this work, the 

polycyclic KuQuinones have been tested also as 

photosensitizers on ITO electrodes, taking advantage from 

their broad absorption spectrum in the visible region. This 

feature, together with their favourable reduction potential, 

makes them promising dyes and electron acceptor molecules 

at the same time. 

Langmuir-Blodgett deposition resulted as an efficient method 

to easily obtain homogeneous mono- and multilayers on the 

ITO-electrode using both, low-polar or amphiphilic 

KuQuinones derivatives. Promising results in terms of 

photocurrent generation have been obtained, although 

efficiencies are affected by the low absorbance of the 

photoactive material due to the lower surface area of ITO 

electrode respect to nanoporous surfaces. In particular LB 

films with the amphiphilic 1-(9-hydroxynonyl)KuQuinone gave 

the best results in terms of IPCE and Φ, making KuQs  good 

candidates for DSSC.  
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