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ABSTRACT: The WHO model List of Essential Medicines includes among indispensable medicines antibacterials and pain and 

migraines relievers. Monitoring their concentration in the environment, while challenging, is important in the context of antibiotic 

resistance as well as their production of highly toxic compounds via hydrolysis. Traditional detection methods such as HPLC or LC 

combined with tandem mass spectrometry or UV-Vis spectroscopy are time consuming, have a high cost, require skilled operators 

and are difficult to adapt for field operations. In contrast, (electrochemical) sensors have elicited interest because of their rapid re-

sponse, high selectivity and sensitivity as well as potential for on-site detection. Previously, we reported a novel sensor system 

based on a type II photosensitizer, which combines the advantages of enzymatic sensors (high sensitivity) and photoelectrochemical 

sensors (easy baseline subtraction). Under red-light illumination, the photosensitizer produces singlet oxygen which oxidizes phe-

nolic compounds present in the sample. The subsequent reduction of the oxidized phenolic compounds at the electrode surface 

gives rise to a quantifiable photocurrent and leads to the generation of a redox cycle.  Herein we report the optimization in terms of 

pH and applied potential of the photoelectrochemical detection of the hydrolysis product of paracetamol, i.e. 4-aminophenol (4-AP) 

and two antibacterials, namely cefadroxil (CFD, β-lactam antibiotic) and doxycycline (DXC, tetracycline antibiotic). The optimized 

conditions resulted in a detection limit of 0.2 µmol L-1 for DXC, but in a 10 times higher sensitivity, 20 nmol L-1 for CFD. An even 

higher sensitivity, 7 nmol L-1 was noted for 4-AP.  

The 2017 World Health Organization (WHO) report, WHO 

Model List of Essential Medicines compiles a list of medicines 

which are needed to ensure a basic health system. Antibacteri-

als, such as doxycycline (DXC), are included in this list be-

cause they are indispensable medicines. However, due to anti-

biotic resistance, which is one of the major modern society 

health problems, the effectiveness of these drugs is often re-

duced. As a result, the monitoring of antibiotics traces in the 

environment is important for identifying and eliminating 

sources of contamination as well as for monitoring antimicro-

bial consumption and revealing antibiotic resistance patterns.1, 

2  

The misuse as well as the overconsumption of medicines is 

not limited to antibacterials. For example, the overuse of para-

cetamol   (acetaminophen), which is also included in the WHO 

model list and commonly used as an antipyretic and analgesic, 

leads to an accumulation of its toxic, hydrolytic product 4-

aminophenol (4-AP) with liver and kidney impairment as a 

result.3, 4 Notably, 4-AP is produced as an intermediate in the 

synthesis of paracetamol.5 So, its quantification is useful for 

environmental monitoring, quality control purposes and detec-

tion of paracetamol use.  

The detection of 4-AP in environmental samples, as well as 

that of DXC, is challenging since the analytes could be present 

in very low concentrations (ng L-1) in complex matrices.6 Still, 

a considerable effort has been spent to detect these com-

pounds. Conventional methods include liquid chromatography 

(LC), high performance liquid chromatography (HPLC) com-

bined with tandem mass spectrometry6-8 or UV-Vis detection6, 

9, 10. Despite their high accuracy and their ability to handle 

complex samples8, 11, these methods require expensive equip-

ments, skilled personnel, are time-consuming, need most of 

the time a pre-concentration step10, 12 and, importantly, remain 

laboratory methods. Thus, rapid and easy-to-use detection 

strategies are of great interest, including for on-site-

monitoring. 

(Bio)sensors-based detection has emerged as a valuable al-

ternative or complementary methodology to traditional ones.12-

19 Biosensors could be integrated with various detection tech-

niques, such as surface plasmon resonance, colorimetry, fluo-

rescence, (electro)chemiluminescence and electrochemistry. 

The specific combination of biosensors with (pho-

to)electrochemical detection strategies provides several ad-

vantages, such as simplicity of the instrumentation and detec-

tion strategy, portability, rapid response, low cost, high sensi-

tivity and the need for only a small amount of sample.20-23 It 

has led, consequently, to a wide application range in the detec-

tion of chemical analytes. 

The idea of using light combined with electrochemical de-

tection for sensors has attracted much attention.23-26 In these 

sensors the response is only triggered when their surface is 

illuminated, thus allowing an easy dark baseline subtraction.27 

We reported recently a novel, bioinspired approach that takes 

advantage of an enzymatic sensor (amplification through elec-

trocatalytic redox cycling) with photoelectrochemical detec-

tion.28 We used a robust, fluorinated Zn phthalocyanine com-



 

 

plex as photosensitizer type II, which generates aerobically 

singlet oxygen under illumination,29-31 to be used as an oxidiz-

ing agent, unlike the enzymatic sensor that uses hydrogen per-

oxide for the same purpose. The produced singlet oxygen oxi-

dizes all phenolic compounds present in the sample; its subse-

quent reduction completes the electrocatalytic redox cycle 

while the measured photocurrent reveals the total concentra-

tion of phenols present in the solution. This photoelectrochem-

ical detection strategy affords an improved sensitivity and a 

low detection limit (20 nmol L-1 for amoxicillin). A profound 

analysis and optimization of the factors that influence the pho-

toelectrochemical response, however, has not yet been per-

formed. 

We report herein an evaluation of the effects of variation of 

pH, applied potential and structural features of analyzed phe-

nolic compound on the photoelectrochemical response. The 

chosen compounds, Figure 1, include 4-AP a mono, para ami-

no substituted phenolic compound and DXC, an antibiotic 

with a phenolic ring as part of a tetracyclic structure. Two 

related molecules, namely benzyl-substituted amino β-lactam 

antibiotics have been used to provide insights in the role of the 

phenolic group: cefadroxil (CFD) (C) and cephalexin (CFL) 

(D), which exhibit and lack an aromatic OH group (phenolic 

group), respectively. Amoxicillin (E) and CFD (C), which 

contain identical phenolic moieties, but differ in their overall 

structures, are also compared.  

 

 
 

Figure 1. Molecular structures of 4-AP (A), DXC (B), CFD (C), 

CFL (D) and amoxicillin (E). 

 

EXPERIMENTAL 

 

Reagents. The perfluorophthalocyanine Zn complex 

(F64PcZn) was synthesized and immobilized on a titania P25 

matrix (F64PcZn|TiO2).
32 Powders of F64PcZn|TiO2 2-3 wt% 

loading were used in all experiments, if not mentioned other-

wise. KH2PO4 and KCl, used for making phosphate buffer 

solution, were purchased from Sigma-Aldrich (Belgium).  

DXC hyclate, 98 % purity and CFD of > 95% purity were 

purchased from Across Organics. CFL of > 98 % purity was 

obtained from TCI chemicals. 4-AP of purity > 98 % was pur-

chased from Sigma-Aldrich. The antibiotics were dissolved in 

ultrapure water while 4-AP was dissolved in absolute ethanol. 

A stock solution of 4-AP, heat and light sensitive was stored in 

an ice box in the absence of light. 

 

Equipment. Electrochemical measurements were carried out 

using a µAutolab III (Metrohm Autolab) instrument. As illu-

mination source, a diode laser (Roithner Lasertechnik) operat-

ing at 655 nm was set to a power of 30 mW. The laser power 

was turned on and off at certain time intervals. The first illu-

mination was used to adjust the laser beam focus to fully cover 

the working electrode surface by adjusting the distance of the 

laser source from the working electrode surface. This distance 

was fixed for all experiments. 

The scanning electron microscopy (SEM) image is taken by 

the FEI Quanta 250 (Thermo Fisher Scientific) at 30 kV.  

 

Screen-printed Electrodes. Graphite screen-printed elec-

trodes (SPE) were purchased from DropSens. A 5 µL droplet 

of an aqueous suspension of F64PcZn|TiO2 was deposited on 

the working electrode surface and the electrode was left to dry 

overnight producing a F64PcZn|TiO2-coated SPE. The amount 

of F64PcZn|TiO2 deposited on the electrode was optimized 

based on reproducibility and on maximizing the value of the 

photocurrent response.   

For linear sweep voltammetric measurements, the SPEs 

were treated with 0.1 mol L-1 HNO3 prior to the photosensitiz-

er deposition. This step was performed to avoid the distortion 

of voltammograms in the optimum potential region due to 

silver reduction at the working electrode. 

 

Electrochemical measurements. The electrochemical meas-

urements were conducted in droplets of 80 µL. The measuring 

buffer consisted of 0.02 mol L-1 KH2PO4 dissolved in ultrapure 

water. The pH of the buffer solutions was adjusted to the de-

sired value with KOH and H3PO4 solutions. Furthermore, 0.1 

mol L-1 KCl, acting as supporting electrolyte, was added to the 

buffer solutions. Buffers of different pH values were used in 

the experiments. For pH 10 measurements, 0.1 mol L-1 KCl 

and 0.02 mol L-1 H3BO4 buffer was used. A saturated calomel 

electrode was used to determine the potential of the Ag pseu-

do-reference electrode of the SPEs. This reference electrode 

had a potential of approximately +0.05 V vs SCE in the meas-

uring buffer. The values of the potential are given versus the 

Ag pseudo-reference electrode of the SPE, if not mentioned 

otherwise.  

 

RESULTS AND DISCUSSION 

 

Optimization of photosensitizer loading on electrodes. The 

dependence of the photoelectrochemical response on the 

amount of the photosensitizer deposited on the surface of the 

electrode was examined, Figure 2. Drops containing four dif-

ferent concentrations of F64PcZn|TiO2, namely 2.5, 5 10 and 20 

mg mL-1
 were casted on the surface of the electrodes. The 

electrodes obtained using the 10 mg mL-1 concentration 

showed practically good coverage on the working surface and 

good reproducibility compared to the 20 mg mL-1 concentra-

tion case. Noting a slightly lower, but comparably high photo-

current response relative to 20 mg mL-1 concentration, the 10 

mg mL-1 concentration was selected as the optimum for further 

studies based on its good reproducibility. The SEM image 

(Figure 3) of the 10 mg mL-1 coating show that the supported 

photosensitizer is distributed over the whole working electrode 

producing a rough surface. As a consequence, the active sur-
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face area available for illumination is increased leading to a 

higher amount of produced singlet oxygen and thus, increasing 

the oxidation probability of the phenolic compound.  

 

Figure 2. Plot of the effect of variable F64PcZn|TiO2 loadings on 

the working electrode response. 5 µL aqueous drops of different 

concentrations were drop casted on the working surface.  

 

 
 

Figure 3. SEM image of coated F64PcZn|TiO2 working electrode 

of SPE. Coating is made from a 5 µL drop of 10 mg mL-1 aqueous 

solution.  

 

Detection of phenolic analytes. To understand the photoelec-

trochemical behaviour of the analytes at different potentials, 

linear sweep voltammograms were recorded. A slow scan rate 

was applied to ensure the appearance of a photocurrent during 

a small potential region and, thereby making it easier to identi-

fy at which potential the photocatalysis is initiated.  

The linear sweep voltammograms of CFD, DXC and 4-AP 

are shown in Figure 4. For all molecules, a clear difference 

between the blank current (phosphate buffer, pH 7, red contin-

uous line) and the curve of the phenolic compound (black dot-

ted line) is observed.  

The photocurrent for the blanks, which is smaller compared 

with the photocurrent for the phenolic compounds at all times 

is attributed to the reduction of the formed 1O2 at the electrode 

surface28. In contrast, in the presence of a phenolic compound,  

Figure 4. Linear Sweep Voltammograms of 10 µmol L-1 CFD 

(A), DXC (B), 4-AP (C) and CFL (D) (dotted line) recorded at 

0.25 mV s-1 scan rate and 1 mV step potential are presented. The 

laser was programmed to switch on and off at 30 s intervals. The 

blank is the phosphate buffer at pH 7 (red continuous line). 
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a noticeably larger signal is obtained when a sufficiently nega-

tive potential is applied. This is due to the efficient reduction 

of the oxidized phenolic compounds in the electrocatalytic 

redox cycle. 

The proof that the phenolic moiety is responsible for the 

electrocatalytic redox cycle was obtained by comparing the 

linear sweep voltammograms of CFD and CFL, Figure 4, A 

and D. The structures of CFD and CFL, Figure 1 C and D are 

identical with the exception of the presence of a hydroxyl 

group in CFD. Unlike the case of CFD, no clear difference 

between the photocurrent in the presence and absence of CFL 

is observed. CFL does not produce a response under illumina-

tion, supporting the notion that the phenolic moiety of the side 

chain and not the cephalosporins’ core structure causes the 

appearance of a photocurrent. This conclusion is further con-

firmed by the photocurrent response of 4-AP, a molecule 

which contains only a phenolic moiety and a primary amine.  

Interestingly, the redox cycle of DXC is initiated at more 

positive potentials than for CFD (Figure 4, A and B). From a 

potential of 0.05 V vs. Ag pseudo-reference, a small photocur-

rent is differentiated from the blank curve. Therefore, it seems 

that the oxidized DXC molecules are more easily reduced than 

the oxidized CFD molecules at the electrode surface. The pho-

tocurrent response of 4-AP (Figure 4, C) can be observed from 

0.08 V vs. Ag pseudo-reference. Its amplitude is also com-

paratively higher due to the faster kinetics of singlet oxygen 

mediated redox cycle at pH 7.33  

 

Optimization of measurement parameters. In order to im-

plement an efficient detection strategy, the optimization of 

measurement parameters is crucial. Thus, both the applied 

potential and the pH of the measuring buffer were optimized. 

The blank linear sweep voltammetric curves (Figure 4, black 

curves) reveal that from a certain potential, there is a con-

tribution from the blank buffer to the photocurrent response. 

This buffer photocurrent contribution was considered as noise, 

while the photocurrent obtained in the presence of an analyte 

as signal. Their ratio, Rls, is the experimental signal-to-noise 

ratio. The applied potential with maximum Rls was chosen as 

the optimum potential. To determine this potential, an opti-

mum potential region was selected first based on the linear 

sweep voltammograms of the phenolic compounds (Figure 4).  

For CFD, (Figure 4, A) this optimum potential region is 

from -0.15 V to -0.1 V. At potentials more negative than -0.15 

V, a higher contribution of the measuring buffer to the photo-

current response was observed, resulting in a lower signal-to-

noise ratio, while at potentials more positive than -0.1 V, a 

noticeable lower photocurrent response of CFD is observed. 

For DXC, the optimum potential region is shifted towards 

more positive values: -0.125 V to -0.075 V; for 4-AP, the op-

timum potential region lies between -0.15 V to -0.05 V with a 

relative high Rls.  

Since the linear sweep voltammograms only give an indica-

tion where the optimum potential lies (due to the switching on 

and off of the laser which is necessary to observe the photo-

current response and the baseline curve, respectively) am-

perometric measurements were performed to accurately de-

termine the photocurrent of the phenolic analytes and the 

measuring buffer. Similar to linear sweep experiments, the 

optimization criterion chosen was based on the ratio, termed 

Ram of the photocurrent response of the analyte to the photo-

current response of the measuring buffer. Thus, by varying the 

applied potential and the pH of the measuring buffer, the op-

timum applied potential and pH can be determined. Plots of 

Ram vs. pH are shown in Figure 5.  

 
Figure 5. Plots of Ram the ratio of the photocurrent response of the 

phenolic compound to that of the blank, function of the pH of the 

measuring buffer, 0.1 mol L-1 KCl and 0.02 mol L-1 KH2PO4. A) 

CFD, B) DXC and C) 4-AP.  

 

Several pH values between 6 and 8 were considered. An op-

timum pH of 8 and applied potential of -0.05 V vs. SCE for 

CFD (Ram = 44.3 ± 0.8) and 4-AP (Ram = 321.7 ± 51), and -  

0.03 V vs. SCE for DXC (Ram = 14.6 ± 0.8) were determined. 

Although the Ram at pH 8 for 4-AP is the highest, the error 

bars are too large indicating reduced reproducibility. This may 

be explained by the fact that 4-AP is sensitive to the environ-

ment and deteriorates under the influence of air and light. The 

kinetics of 4-AP autoxidation in aqueous solutions is also dif-

ferent for pH 8 and above.34 Hence, for further experiments pH 

7.5 (Ram = 264.6 ± 14) was chosen as the optimum value. 
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As the pH of the measuring buffer is increased, higher Ram 

values are observed. Several effects can cause this increase. 

Firstly, a decrease in the photoresponse of the measuring buff-

er is observed in function of the pH (Figure 6). The potential 
threshold at which the contribution of the measuring buffer 

changes from an oxidative current to a reductive photocurrent 

(indicated by the arrows), shifts towards more negative poten-

tials as the pH is increased. As a result, the reductive photo-

current is smaller when the applied potential is closer to this 

threshold value.   

 

Figure 6. Linear Sweep Voltammograms of 0.1 mol L-1 KCl and 

0.02 mol L-1 KH2PO4 at pH 6, 7 and 8. The arrows indicate the 

potential range at which the oxidizing current changes to a reduc-

tive one. 

 

Secondly, if phenol is used as a model for these compounds, 

two competing pathways can explain the increasing photocur-

rent response function of the pH. In the first pathway phenols 

are oxidized by singlet oxygen (pathway 1a: oxidation of the 

neutral species). This oxidation rate increases function of the 

pH.35 Moreover, the deprotonation of the hydroxyl group can 

lead to a 100 times higher oxidation rate (pathway 1b: oxida-

tion of the phenolate ion).36 However, a second pathway, 

which does not involve singlet oxygen competes with the first 

one. According to this pathway, there is an electron exchange 

between the excited photosensitizer and the phenolate ion 

leading to a reduced photosensitizer species and a phenoxyl 

radical.35 Since the photochemically reduction of F64PcZn was 

already observed in ethanol in the absence of oxygen and 

without the need of additional reagents,37 this pathway seems 

likely to occur. 

For  CFD and DXC (Figure 5 A and B), the curves appear 

similar: there is a bigger increase of the value of Ram on mov-

ing from acidic to alkaline conditions. In acidic media path-

way 1a contributes largely to this increase together with the 

decrease of the photocurrent response of the measuring buffer. 

However, towards more alkaline conditions, increasing 

amounts of phenolate ions are present leading to a larger con-

tribution of pathways 1b and 2. Although the amount of phe-

nolate ions in the case of CFD is small (pKa: 9.6),38 for DXC 

at pH 8, the majority of the species will be in the form of the 

phenolate ion (pKa: 7.7).39, 40  

However, the curve for 4-AP (Figure 5 C) does not follow 

the same pattern as the curves for CFD and DXC. The increase 

is not as much as that observed for CFD and DXC, presuma-

bly due the higher pKa value of the hydroxyl group,10.4,41 

leading to a reduced contribution of pathway 1b in the studied 

pH range.  

 

pH-dependent photocurrent variation shapes. As the pH of 

the measuring buffer is increased, the shape of the observed 

photocurrent of DXC changed accordingly, Figure 7. It is pos-

tulated that this change correlates with the pKa value of the 

phenolic moiety, which for DXC is 7.7.39, 40 When the pH of 

the measuring buffer is lower than the pKa value of the phe-

nolic group, e.g. 6, the photocurrent corresponds to shape A. 

From the start of the illumination of the electrode surface, an 

increasing photocurrent is observed followed by its stabiliza-

tion in time. In contrast, when the pH of the measuring buffer 

is above this pKa, e.g. 8, the photocurrent is characterised by a 

spike which then decreases to a steady-state value function of 

time (shape B). There is no difference in the time needed for 

the stabilization of the photocurrent for the two different 

shapes. 

The spike in shape B increases even more as higher negative 

potentials are applied at pH 8. At pH 7 (< pKa of DXC), when 

potentials of -0.075 V and -0.1 V are applied, the shape of the 

photocurrent is beginning to form shape B while at a potential 

of -0.05 V shape A is observed. This incipient formation of 

shape B can be explained by the presence of small amount of 

ionized DXC species. Moreover, shape B is not formed at pH 

6 when the applied potential is increased. Since the oxidation 

of phenols increases function of the pH and the reduction of 

the oxidized species increases with more negative applied 

potentials, it can be concluded that the oxidation as well as the 

reduction kinetics are the critical parameters for the full gener-

ation of shape B.  

 
Figure 7. The shape of the photocurrent of DXC (pKa 7.7) as a 

function of pH of the measuring buffer and the applied potential 

(the current is not in scale) with indication of shape A and B. 

 

For CFD (Figure 8 A) a similar change in the photocurrent 

is not observed in the range of investigated buffer pH values 

since the pKa value of the phenolic group is higher,  namely 



 

 

9.6.38 To observe a change in the shape of the photocurrent, 

more alkaline buffer solutions were used. Indeed, at pH 10, the 

photocurrent shape approached type B, but it was not as clear-

ly defined as that for DXCs due to the lower stability of the 

antibiotic at this alkaline pH.42 Measurements at higher pH 

values could not be performed due to instability of photocur-

rent responses over several illuminations levels and, possibly, 

degradation of the antibiotic. At pH 8, shape A was observed. 

  

Figure 8. Shape of the photocurrent variations for CFD (A) and 4-

AP (B) function of the pH of the measuring buffer. 

 

Interestingly, in the case of 4-AP (Figure 8 B) the change of 

the shape of the photocurrent occurs between pH 2 and pH 6. 

It is postulated that this change is not caused by the deprotona-

tion of the hydroxyl group, which has a pKa of 10.4 but by the 

deprotonation of the positively charged amine-group, pKa 

5.4.41  

At optimum conditions both DXC and 4-AP produce shape 

B, while CFD produces shape A. 

The understanding of the origins of the photocurrent shapes 

is important when analysing unknown samples since insights 

on the pKa values of compounds of interest could be obtained 

from the shapes - pH dependency.  

 

Limits of detection. The limit of detection (LOD) for the 

phenolic analytes was determined by the ratio of three times 

the standard deviation of the blank over the gradient of the 

calibration curve. For each of the analytes, a calibration curve 

was established, Figure 9.  

A two times lower LOD for CFD is determined when 3 wt% 

F64PcZn|TiO2 coatings are used instead of 2 wt% 

F64PcZn|TiO2. For this reason, calibration curve are construct-

ed based on measurements with 3 wt% F64PcZn|TiO2. 

The LOD value for CFD is 20 nmol L-1 with a sensitivity of 

the sensor of 0.24 A M-1 cm-2 using the optimized conditions. 

This value is in the same range as the previously determined 

LOD of amoxicillin, which is also a β-lactam antibiotic with a 

phenolic group.28 For DXC a LOD of 0.2 µmol L-1 was deter-

mined. This LOD is 10 times higher than the LOD of CFD; a 

decrease in sensitivity was also noted for DXC, namely 0.024 

A M-1 cm-2. In contrast, 4-AP has the lowest LOD, 7 nmol L-1 

with a high sensitivity of 0.21 A M-1 cm-2, the relative parame-

ters being also evidenced by the corresponding linear sweep 

voltammograms. These obtained LODs demonstrate the high 

sensitivity of the sensor towards 4-AP and CFD when com-

pared with literature LOD values.17, 18, 43 

It should be understood that, for the reported photoelectro-

chemical sensor, multiple parameters can influence the ampli-

tude of the photocurrent and cause sensitivity differences. The 

kinetics of electrochemical reduction at the electrode surface, 

diffusion or kinetics of oxidation by singlet oxygen are exam-

ples of these parameters. 

 

Figure 9. Calibration plots of A) CFD, B) DXC and C) 4-AP.   
 

Although an optimum applied potential was determined, the 

rate of the electrochemical reduction at the electrode surface 

A)  

B) 

A) 

B) 
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can differ for the examined compounds. While the photocur-

rent response appeared at relatively less negative potentials for 

DXC than for CFD, it is possible that the rate of reduction for 

DXC is slower than that for CFD, thus explaining at least in 

part the lower sensitivity. The determination of the formed 

oxidation products could provide insights into this matter, 

most likely linked to structural differences. In addition, the 

rate of oxidation by singlet oxy gen can contribute to sensitivi-

ty differences. Tratnyek et al.36 already  showed that the reac-

tion rate of phenols with singlet oxygen is influenced by its 

substituents. It was observed that electron withdrawing sub-

stituents decrease the reaction rate of oxidation by singlet ox-

ygen since these substituents make the phenolic ring electron 

poor. As a result, these compounds are less susceptible to oxi-

dation via electron loss. DXC contains an electron withdraw-

ing group (acetyl function group attached to the ring) which 

can be responsible for the lower photoresponse due to dimin-

ished reaction rates and, accordingly, the higher detection lim-

it. Moreover, its phenyl group shares, also, a carbon-carbon 

bond with the adjacent ring. In other words, its oxidation by 

singlet oxygen can be more challenging than in the case of 

CFD, which has a free phenol ring and, therefore, more posi-

tions available for this oxidation process.  
The same reasoning can be made for 4-AP. The amino 

group can function as an electron donating group making the 

ring more susceptible to oxidation via electron loss and thus 

explaining its low detection limit compared with CFD. Fur-

thermore, due to the structural complexity of DXC and CFD, it 

is not unlikely that other regions in the structure might be oxi-

dized by singlet oxygen.  

 

CONCLUSIONS 

 

The photoelectrochemical detection of CFD, DXC and 4-AP 

was optimized in terms pH of the measuring buffer and ap-

plied potential. The photocurrent response increased function 

of pH and an optimum pH of 8 was determined for the detec-

tion of CFD and DXC, and 7.5 for 4-AP. A slightly less nega-

tive potential relative to that of CFD was determined to be 

optimum for the detection of DXC, a finding attributed to the 

fact that the redox cycle of DXC is initiated at less negative 

potentials than for CFD. A 10 times higher detection limit for 

DXC relative to that for CFD was observed, presumably due 

to structurally-related slower oxidation by singlet oxygen and 

reduction kinetics for DXC. Although the detection of CFD 

and 4-AP gave satisfactory detection limits, the detection of 

DXC should further be optimized. While the reported singlet 

oxygen electrosensing strategy proved valuable in the detec-

tion of  phenolic compounds, the differences in sensitivity and 

an in-depth understanding of the singlet oxygen chemistry 

influence on sensor parameter might benefit from a complete 

elucidation of the reduced and oxidized species that participate 

in the redox chemistry. 
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