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Abstract In this work, a simple and highly sensitive electrochemical method was developed for 12 

the simultaneous detection of hydroquinone (HQ), catechol (CC) and resorcinol (RC) based on 13 

carbon dots/reduced graphene oxide composite on the glassy carbon electrode (GCE). The 14 

electron communication between reduced graphene oxide (r-GO) and CDs can be further 15 

strengthened via hydrogen bonding and π-π stacking force. The electrochemical behavior of 16 

CDs/r-GO/GCE sensor toward HQ, CC and RC as probed by cyclic voltammetry (CV) and 17 

Differential pulse voltammetry (DPV). Results showed that the calibration curves were in the 18 

range of 0.5 to 1000 µM, 1.0 to 950 µM and 5.0 to 600 µM, respectively. With the detection limits 19 

for HQ, CC and RC were 0.17 µM, 0.28 µM and 1.0 µM (S/N=3), respectively. Moreover, the 20 

sensor has successfully applied in detecting tap water, river water and industrial sewage. 21 

Keywords Carbon dots; Reduced graphene oxide; Simultaneous detection; Dihydroxybenzene 22 

isomers  23 
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1. Introduction 24 

As the dihydroxybenzene isomers, hydroquinone (HQ), catechol (CC) and resorcinol (RC) are 25 

derived from a wealth of sources, including agriculture, factory discharges, wastewater treatment 26 

plants and other related industries.
1-3

 Owing to their low degradation in environment and high 27 

toxicity to environment and human, the US Environment Protection Agency (EPA) and the 28 

European Union have placed dihydroxybenzene isomers as environment pollutants.
4
 Therefore 29 

simultaneous determination of dihydroxybenzene isomers has become a hot topic for scientists.
5
 30 

By now, chromatography,
6-7

 spectrophotometry
8
 and electrochemical methods have been designed 31 

for the simultaneous detection of dihydroxybenzene isomers. Among these methods, 32 

electrochemical detection is the most promising technology because of many intrinsic advantages 33 

such as rapid response, high sensitivity and low cost.
9-10

 However, the key problem for 34 

simultaneously detecting HQ, CC and RC here is the interference with each other and their peak 35 

currents are overlapped at conventional electrodes.
11

 In this context, it is particularly urgent to 36 

explore a novel electrode material to modify glassy carbon electrode (GCE) for simultaneous 37 

determination of dihydroxybenzene isomers. 38 

Graphene, which is a single atomic sheet of the conjugated sp
2
 carbon atoms, has been 39 

extensively studied due to its excellent characteristics with large surface structure, good 40 

mechanical strength, high electronic conductivity and chemical stability.
12-15

 Moreover, many 41 

potential applications and unique properties of graphene can be realized by integrating them into 42 

more complex assemblies. The synergetic effect not only exhibits their excellent charge transport 43 

rate, but also reduces graphene-supported hybrids material interfacial defect.
16-19

 Notably, many 44 

graphene-based composite chemicals have developed to detection of dihydroxybenzene isomers, 45 

including cadmium sulphide/reduced graphene oxide nanocomposite,
20

 gold-graphene 46 

nanocomposite,
21

 reduced graphene oxide-multiwall carbon nanotubes,
22

 tungsten 47 

sulfide-graphene nanocomposite.
23 

All these studies indicated that graphene with composite 48 

nanomaterials could efficiently improve the performance of sensor. In order to enrich the potential 49 

applications, the doping of other materials into graphene is the efficient way to enhance the 50 

electrochemical effects. Carbon dots (CDs), as a new class of “zero-dimensional” carbon material, 51 

has recently attracted much attention for a variety of purposes and applications, especially for their 52 

potential applications in fluorescence, biosensors and imaging.
24-27

 Compared with conventional 53 
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semiconductor quantum dots, CDs has the advantage in terms of biocompatibility, cytotoxicity 54 

and conductivity.
28-29

 The existence of sp
2
 (graphitic) π bonds gives it better charge-charge 55 

transport and oxidation-reduction performance.
30-31

 Thus, to develop a novel CDs based materials 56 

is a strong challenging goal to determination of dihydroxybenzene isomers in these years. So we 57 

synthesized CDs with the method of reflux and applied carbon dots/reduced graphene oxide 58 

composites in electrochemical techniques for determination of dihydroxybenzene isomers. 59 

In this work, a novel sensor of carbon dots/reduced graphene oxide (CDs/r-GO) was 60 

constructed to detect HQ, CC and RC for the first time. The peak oxidation potentials of the 61 

dihydroxybenzene isomers are separated by differential pulse voltammetry (DPV). The calibration 62 

curves for HQ, CC and RC were obtained in the range of 0.5 to 1000 µM, 1.0 to 950 µM and 5.0 63 

to 600 µM, respectively. With the low limits of detection for HQ, CC and RC were 0.17 µM, 0.28 64 

µM and 1.0 µM (S/N = 3). Furthermore, the CDs/r-GO modified electrode has been applied for the 65 

simultaneous determination of HQ, CC and RC in practical water samples. 66 

2. Experimental 67 

2.1. Reagents and apparatus  68 

Citric acid, sodium hydroxide, sodium borohydride and phosphate buffer solution were 69 

purchased from Sinopharm Chemical Reagent Co., Ltd. Hydroquinone, catechol and resorcinol 70 

were obtained from Xilong Chemical Co., Ltd. All reagents were analytical grade reagents. All 71 

chemicals and solvents were used as received. All aqueous solutions were prepared using 72 

ultrapure water (18 MΩ·cm) from a Milli-Q system (Millipore). Scanning electron microscopy 73 

(SEM) was conducted on JEM-6010La (JEOL Japan) operating at 20 kV. Transmission electron 74 

microscopy (TEM) was performed on a FEI Tecnai G20 electron microscope operating at 300 kV 75 

(FEI Company, USA). The surface topography was observed with Atomic Force Microscopy 76 

(CSPM5500, China). UV-vis spectroscopy was registered by UV-1800PC spectrophotometer 77 

(Shanghai Mapada Instruments Co., Ltd, China). Fourier transform infrared (FT-IR) spectroscopy 78 

was obtained on Thermo NICOLET iS 10 (Thermo Fisher Scientific, America), operating 79 

spectrophotometer between 500 cm
−1

 and 4000 cm
−1

. Fluorescence was obtained by a Varian Cary 80 

Eclipse fluorescence spectrophotometer (Agilent Technologies, America). Electrochemical 81 

measurements were performed on a CHI660E electrochemical workstation. The glassy carbon 82 

electrode was used as working electrode (CHI104). The Ag/AgCl electrode and platinum wire 83 
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were used as reference and auxiliary electrodes, respectively.  84 

2.2. Synthesis of carbon dots/reduced graphene oxide materials 85 

Carbon dots (CDs) was synthesized by 2.0 g citric acid and 10 mL distilled water in a 50 mL 86 

round-bottom flask reflux heating at 200 ± 5 
◦
C under magnetic stirring until producing the CDs 87 

with yellow-black. Lastly, the CDs was dialyzed for 24 h with the dialysis membranes of 1000 88 

cutoffs and diluted to 50.00 mL volumetric flask with water, then stored at 4 
◦
C ready for using. 89 

Graphene oxide (GO) was synthesized by oxidation of graphite using Hummers’ method.
32

 The 90 

CDs/r-GO was fabricated as follows: First, 4.0 mg of the obtained dry GO was ultrasonically 91 

redispersed into 20.00 mL deionized water, then 2.00 mL of the as-obtained CDs was dissolved in 92 

the obtained dispersion for 20 min by sonication in a water bath (KQ2200DE, 40 kHz). The 93 

suspension was moved in a 50 mL round-bottom flask under mechanically stirred. After that, 2.0 94 

mg sodium borohydride was added into the suspension when the suspension was heated up to 95 

80 °C and kept this temperature for 2 hours. The CDs/r-GO was obtained. 96 

2.3. Modification of electrodes 97 

Alumina powders with different sizes (1.0, 0.3 and 0.05 µm) were used to polish GCE before 98 

using. As-synthesed material (1.0 mg) was dispersed in 1mL of chitosan solution (0.5 wt.%) by 99 

ultra sonication to enhance the tackiness and selectivity of electrode.
33

 Then, 8.0 µL of the 100 

suspension was dropped on the surface of GCE and dried in an oven at 60 
◦
C for 20 min. 101 

 102 

3. Results and discussion  103 

3.1. Characterization of GO, CDs and CDs/r-GO composite 104 

The surface morphologies of GO and CDs/r-GO were investigated by scanning electron 105 

microscope (SEM). As shown in Fig. 1A, the morphology of the GO layer resemble a thin 106 

wrinkled paper.
34

 Transmission electron microscopy (TEM) image of the obtained CDs in Fig. 1B, 107 

these small CDs were well dispersed with a diameter of about 2.32 ± 0.8 nm, which was consistent 108 

with previous reports.
35

 The inset in Fig. 1B shows the particle size distribution. Then Fig. 1C 109 

observed the crumpled graphene sheets were randomly aggregated and overlapped with each other, 110 

forming the characteristic of CDs/r-GO.  111 

 112 

Fig. 1 113 

Page 5 of 21 Analytical Methods

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
na

ly
tic

al
M

et
ho

ds
A

cc
ep

te
d

M
an

us
cr

ip
t



 

 Atomic force microscope (AFM) is a suitable instrument to evaluate topography of material. The 114 

GO/GCE (Fig. 2A), CDs/GCE (Fig. 2B) and CDs/r-GO/GCE (Fig. 2C) were used to explain the 115 

structures of the modified electrodes. It is observed that the surface of GO/GCE was hillock-like 116 

surface morphology and relatively smooth with an average roughness of 0.85 nm. The regular 117 

tapered convex surface of CDs/GCE and average roughness of was 2.34 nm. The irregular spinous 118 

islands and adjacent peaks on the CDs/r-GO/GCE and the average roughness was 14.30 nm, 119 

which indicated the surface morphology changed the roughness of each surface, and the GO, CDs 120 

and CDs/r-GO had been successfully modified on the electrodes. The change mechanism of 121 

topographies may be as follows: In reduction process of graphene oxide, the covalent bond and 122 

layered structure were destroyed, r-GO in different sections of materials, mutually stacked and the 123 

heaped. In addition, CDs attached between the r-GO layers could also increase the roughness of 124 

the composite.  125 

 126 

Fig. 2 127 

 128 

The optical properties of CDs are shown in Fig. 3A. The obvious absorption feature of UV-vis 129 

absorption spectrum were at approximately 226 nm and 275 nm, which were ascribed to the π–π* 130 

transition of C=C in amorphous carbon systems.
36

 The typical characteristics of GO peak are at 131 

230 nm and 300 nm, consistent with previous report.
37

 In contrast, there is a weak absorption peak 132 

of the CDs/r-GO at 260 nm ascribable to the CDs reacted with GO to obtain CDs/r-GO. The 133 

photoluminescence spectra in Fig. 3A suggest that the excitation wavelength of the emission 134 

spectrum was 446 nm and the emission wavelength of the excitation spectrum was 530 nm. The 135 

photoluminescence properties of CDs mainly attributed to size differences.
38

 The functional 136 

groups were further characterized by FT-IR spectroscopy. As seen from the comparison between 137 

Fig. 3B, due to the existence of negative charge carboxyl and hydroxyl groups on the surface of 138 

CDs, the peak at 1713 cm
-1

, 1403 cm
-1

 and 1202 cm
-1

 were assigned to the 139 

carbonyl/benzodiazepines characteristic vibrations of C=O, C=C and C-OH (phenolic) stretching 140 

bonds, respectively. The FT-IR peaks at 3400 and 3500 cm
-1

 are attributed to the stretching 141 

vibrations of O-H. The GO peak was at 2900 cm
-1

, which is assigned to C-H bonds of sp
3
 hybrid 142 

carbon, while the peak at 1050~1465 cm
-1

 indicates the existence of epoxy, C-O and C=C bonds.
39

 143 
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It was obviously seen that the peak intensity of C-O, C=C and C=O were much weaker in 144 

CDs/r-GO materials, which indicates that most of the oxygen-containing groups were removed 145 

after the reaction and the composite CDs/r-GO was achieved. 146 

 147 

Fig. 3 148 

 149 

3.2. Electrochemical behavior of dihydroxybenzene isomers 150 

Cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS) were exploited 151 

signal amplification capability of the different electrodes in a 1.0 mM [Fe(CN)6]
3-/4-

and 0.1 M KCl 152 

mixed solution in Fig. S1. We can see from Fig. S1A, the redox peaks of the GCE were weakest. 153 

While at the CDs/r-GO/GCE, the current of both anodic and cathodic peak were greatly increases, 154 

which were due to the modification of CDs/r-GO on GCE may greatly accelerate the electron 155 

transfer rate.
40

 Fig. S1B shows the EIS of different electrodes. On the bare GCE the Ret value was 156 

400 Ω. When r-GO was modified onto GCE surface, the Ret value dramatically increased to about 157 

1560 Ω, suggesting that r-GO acted as an insulating layer which caused difficult at the interfacial 158 

electron transfer due to their disrupted sp
2
 bonding networks.

41
 While on the CDs/GCE the Ret 159 

value was decreased than bare electrode, indicated that the CDs on could accelerate the electron 160 

transfer rate. However, the Ret value increased to 1390 Ω on the CDs/r-GO modified GCE. The Ret 161 

value increased obviously illustrating the CDs was successful functionalization of r-GO and the 162 

CDs/r-GO modified GCE was obtained. 163 

The electrochemical properties for different electrodes of GCE, r-GO/GCE and CDs/r-GO/GCE 164 

were studied in 0.1 M phosphate solutions. As illustrated in Fig. 4, the oxidation peak current of 165 

dihydroxybenzenes isomers increased significantly on CDs/r-GO/GCE. A possible reaction 166 

mechanism was discussed. As the electron collectors and transporters, some unoxidized aromatic 167 

rings of r-GO would provide a selective interface by hydrogen bonds and rich delocalized π 168 

electrons. After chemical reduced CDs and graphene oxide, the strong π-π stacking force, 169 

hydrogen bonding force and sp
2
 and sp

3
 hybrid structure could accumulate CDs around of the 170 

r-GO layers. At CDs/r-GO/GCE, the proton-donating groups of HQ, CC and RC molecule 171 

facilitated the charge transport rate, which significantly enhanced the corresponding peak current 172 

and exhibited improved catalytic separation performance of the coexisting HQ, CC and RC.  173 
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 174 

Fig. 4 175 

 176 

3.3. Effects of scan rate and pH 177 

In the following experiment, the electrochemical behaviors of hydroquinone, catechol and 178 

resorcinol (CV of 0.2 mM dihydroxybenzene isomers on the CDs/r-GO/GCE) were studied at 179 

various scan rates. As the scan rate increases, the oxidation peak current increased linearly well. 180 

The redox peak current was proportional to the scan rate in the range of 0.01-0.4 V s
-1

 was shown 181 

in Fig. 5. Moreover, with the increase of scan rate, the redox potential of HQ, CC and RC shifted 182 

positively. The oxidation peak currents (Ipa) shows a linear relationship with the scan rate (υ) 183 

whose equation is HQ Ipa (µA) = -131.62 υ (V s
−1

) - 4.97 (R = 0.9969) and Ipc (µA) = 67.47 υ (V 184 

s
−1

) + 1.04 (R = 0.9974). For CC, the Ipa (µA) = -147.18 υ (V s
−1

) - 6.28 (R = 0.9967) and Ipc (µA) 185 

= 116.27 υ (V s
−1

) + 3.71 (R = 0.9961). For RC, only an oxidation peak was observed, which 186 

proves once again that the oxidation process is a totally irreversible electrode process, the linear 187 

regression equations of RC can be expressed as Ipa (µA) = -136.33 υ (V s
−1

) - 6.42 (R = 0.9963), 188 

which indicated that the redox of HQ, CC and RC on CDs/r-GO/GCE were typical 189 

adsorption-controlled processes.
42 

190 

The effect of the pH value on the CV response of 0.2 mM dihydroxybenzene isomers on the 191 

CDs/r-GO/GCE was investigated and shown in Fig. S2. The reduction potential shifted negatively 192 

and the peak current keep basic consistent as the pH value increased until it reaches 7.0. However, 193 

upon further increase of the pH value, the reduction peak current decreased. In order to reduce the 194 

over-potential and enhance the electron transfer rate, pH 7.0 of PBS solutions was chose as the 195 

optimal value in this experiment. 196 

 197 

Fig. 5 198 

 199 

3.4. Differential pulse voltammetry simultaneous determination of HQ, CC and RC 200 

Simultaneous detection of HQ, CC and RC were performed on the CDs/r-GO/GCE in 0.1 M 201 
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phosphate solutions. As illustrated in Fig. 6A, with the increase of the HQ concentrations in the 202 

presence of 0.2 mM CC and 0.2 mM RC, the anodic peak currents of HQ were linearly increased 203 

ranging from 0.5 to 1000.0 µM, the equation was: Ipa (µA) = -0.045 C (µM) - 40.01 (R = 0.9964). 204 

Similarly, as shown in Fig. 6B, keeping the concentration of HQ and RC constant (0.2 mM), the 205 

oxidation peak current increased linearly with increasing the concentration of CC in the range of 206 

1.0 to 950.0 µM, the equation: Ipa (µA) = -0.058 C (µM) - 23.90 (R = 0.9951). The DPVs of RC 207 

with different concentrations in the presence of 0.2 mM
 
HQ and CC (Fig. 6C), the linear egression 208 

equation is calibrated as Ipa (µA) = -0.031 C (µM) - 17.78 (5.0 to 600.0 µM, R = 0.9973). The 209 

detection limits (S/N=3) for the detection of HQ, CC and RC were evaluated as 0.17 µM, 0.28 µM 210 

and 1.0 µM. Thus, the selective and sensitive determination of HQ, CC and RC were achieved 211 

simultaneously at CDs/r-GO/GCE. In addition, the peaks near -0.2 V have been shown in Fig. 6. 212 

The possible reason of the peaks near -0.2 V may be ascribed that characteristic peak of the 213 

incomplete reduction of the graphene oxide, the two close hydroxyl on the carbon dehydration to 214 

formed a cycle and then restored between the oxidation and reduction. 215 

 216 

 Fig. 6  217 

 218 

3.5. Reproducibility and stability studies 219 

The reproducibility and stability of the modified electrode were evaluated in these sensing 220 

studies. The relative standard deviation (RSD) for five measurements was 2.3%, suggesting the 221 

acceptable repeatability and precision. Moreover, the stability of the CDs/r-GO/GCE was checked 222 

in Fig. S3. The response of the modified electrode to 0.2 mM dihydroxybenzene isomers solution 223 

only decreased 2.63% of its initial response signal after being stored for 2 weeks, indicating good 224 

stability of the sensor. Moreover, Some common interference for the simultaneous determination 225 

of HQ, CC and RC were also investigated, such as MgCl2, NaCl, K2SO4 solutions (100 fold), 226 

phenol, nitrophenol and glucose solutions (50 fold). The oxidation peak potential and current of 227 

HQ, CC and RC were observed almost constantly in the presence of all interferes. Thus, the 228 

results indicated the CDs/r-GO/GCE exhibited good selectivity for detection of dihydroxybenzene 229 

isomers. 230 

 231 
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3.6. Application of the method into the analysis of samples 232 

The comparison of the proposed method with other electrochemical methods reported for the 233 

determination was shown in Table 1.
43

 Wider linear range and lower detection limit of 234 

CDs/r-GO/GCE sensor for the simultaneous detection of HQ, CC and RC. For the further 235 

evaluation of the applicability of the method tap waters, local river water and industrial sewage 236 

samples were used for quantitative analysis after filtering with a cellulose membrane filter (pore 237 

size 0.25 µm) for several times. Then 5 mL of the real samples were diluted to 10 mL with 0.1 238 

mM PBS solutions. The results were shown in Table 2. The recovery of the real samples ranged 239 

between 98.7% and 101.7% (n=6). The results indicated practical applicability of CDs/r-GO/GCE 240 

for simultaneous determination of HQ, CC and RC in real water samples. 241 

 242 

Table 1 243 

 244 

Table 2 245 

 246 

4. Conclusions 247 

In summary, the CDs/r-GO composite was designed and constructed as electrode materials. The 248 

support matrix r-GO straightforwardly combined with CDs and firstly was used as electrochemical 249 

sensor for simultaneous determination of HQ, CC and RC. The performance of the electrode was 250 

improved greatly compared with that of electrode modified by r-GO or CDs alone because of their 251 

unique chemical and electrochemical properties and their synergy effect. Detection limits for HQ, 252 

CC and RC were 0.17 µM, 0.28 µM and 1.0 µM (S/N=3), respectively. Excellent reproducibility 253 

and stability in practical water samples show that this novel composite can provide a promising 254 

platform for the quantitative detection of HQ, CC and RC in micromole level for real samples. 255 
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Figure and table captions 

Fig. 1 SEM images of GO (A), TEM images of CDs. Inset: size distribution of CDs (B) and SEM 

images of CDs/r-GO (C). 

Fig. 2 AFM images of GO/GCE (A), CDs/GCE (B) and CDs/r-GO/GCE (C). 

Fig. 3 (A) UV-vis absorption spectra (Abs) and fluorescence spectra (Ex, Em) of the CDs intensity 

and (B) FT-IR spectra of CDs, GO, r-GO and CDs/r-GO. 

Fig. 4 Cyclic voltammograms of 0.2 mM
 
HQ, CC and RC at GCE, r-GO/GCE, CDs/GCE and 

CDs/r-GO/GCE. 

Fig. 5 CV of 0.2 mM HQ, CC and RC on the CDs/r-GO/GCE at different scan rate (0.01, 0.03, 

0.05, 0.075, 0.10, 0.15, 0.20, 0.25, 0.30, 0.35, 0.40 V s
-1
). Inset: the redox peak current relation 

with the scan rate.  

Fig. 6 DPVs of HQ concentrations: 0, 0.2 µM, 1.0 µM, 10 µM, 20 µM, 40 µM, 70 µM, 130 µM, 

190 µM, 250 µM, 340 µM, 450 µM, 580 µM, 700 µM, 850 µM and 1000 µM. (B) DPVs of CC 

concentrations: 0, 1.0 µM, 5.0 µM, 10.0 µM, 40 µM, 70 µM, 100 µM, 150 µM, 200 µM, 260 µM, 

350 µM, 450 µM, 600 µM, 750 µM and 900 µM. (C) DPVs of RC concentrations: 0, 5.0 µM, 

20µM,50 µM, 70 µM, 100 µM, 160 µM, 250 µM, 340 µM, 460µM and 600 µM at CDs/r-GO/GCE 

in the presence of other two interfering substance (concentration 0.2 µM). 

Table 1 Comparison of different electrochemical sensors for the determination of 

dihydroxybenzene isomers. 

Table 2 Results of determination of dihydroxybenzene isomers in real samples. 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Fig. 6 
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Electrode 
Linear (µM) Detection limit (µM) 

Ref. 
HQ CC RC HQ CC RC 

Graphene-chitosan/GCE 1.0-400 1.0-550 1.0-300 0.75 0.75 0.75 4 

CNF/GCE 6.0-200 2.0-200 - 0.25 0.1 - 5 

Pt/ZrO2-rGO/GCE 1.0-1000 1.0-400 - 0.4 0.4 - 11 

r-GO-MWNTs/GCE 8.0-391 5.5-540 - 2.6 1.8 - 22 

WS2-graphene/GCE 1.0-100 1.0-100 1.0-100 0.1 0.2 0.1 23 

EG/GCE 6-200 1-200 - 0.2 0.1 - 40 

Graphene/GCE 1-500 1-500 - 0.015 0.01 - 43 

CDs/r-GO/GCE 0.5-1000  1.0-950 5.0-600  0.17 0.28 1 
This 

work  

 

Table 1 
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samples 
original(µM) Added (µM) Found (µM) Recovery(%) 

HQ CC RC HQ CC RC HQ CC RC HQ CC RC 

Tap water 0 0 0 100 100 100 100.6±0.5 101.3±0.4 99.2±0.9 100.9 101.5 98.7 

River water 0 0 0 200 200 200 199.6±0.5 201.3±0.4 198.8±0.9 99.7 100.8 99.2 

industrial 

sewage 
230±1.9 85±1.3 15±1.1 

100 100 100 328.2±2.6 185.9±2.4 115.8±2.1 99.1 101.2 101.7 

200 200 200 427.8±2.6 286.3±2.7 216.4±3.9 99.2 100.8 101.6 

 

Table 2 
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