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Abstract

Four phenolic compounds, either as single molecules or in mixtures, were
treated by heterogeneous electro-Fenton using an undivided cell with a Ti mesh
cathode, put in contact with a composite made of Fe3O4 nanoparticles (NPs) on
chitosan (CS) made by chemical reduction, and a boron-doped diamond (BDD)
anode. The removals attained upon the application of 2.3 V for 4 h to model
solutions with 0.5 mol dm H2SO04 as electrolyte were: 93% for phenol, 30% for
m-chlorophenol, 24% for o-chlorophenol and 22% for p-chlorophenol. COD
removal efficiencies reached 95% for phenol and m-chlorophenol, 88% for p-
chlorophenol and 57% for o-chlorophenol. The degradation was feasible thanks
to the production of hydroxyl radicals, both on the BDD surface (i.e., BDD(*OH))
from water oxidation and in the bulk from Fenton’s reaction. The composite
cathode allowed the continuous H20: electrogeneration and Fe(lll) reduction to
Fe(ll). The reaction between H202 and Fe(ll) in solid or liquid phase yielded
*OH. The disappearance of phenols was much slower in the absence of the

composite catalyst.
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Water treatment.



1. Introduction

Phenols are aromatic compounds containing one or more hydroxyl groups
attached to the aromatic ring and contained in the wastewater of a variety of
industries including oil refining, dye, and plastic manufacture, pulp and paper,
and the pharmaceutical sector, among others [1-3], by this reason the
Environmental Protection Agency (EPA) of the United States has also classified
phenol and some phenolic compounds as priority pollutants [1-2].

Biological techniques have been commonly used to remove phenols from
water. However, at a concentration higher than 200 mg dm [4] these methods
become ineffective and the microorganisms are completely deactivated at a
concentration greater than 3 g dm [1]. So, highly effective methods to treat bio-
refractory pollutants, such as the so-called electrochemical advanced oxidation
processes (EAOPSs) [5-6] using boron-doped diamond (BDD) to its wide
potential window, low background current and adsorption ability, and high
corrosion resistance and efficiency in the electro-oxidation process compared
with other electrodes [7-13], even though they are known to be expensive.

Among the EAOPSs, electro-Fenton process (EF) is highly effective when it
operates at acidic pH in the presence of H20O2 and ferrous ions, yielding a great
amount of *OH in the bulk [14]. EF can also be applied to water treatment at
near-neutral pH, since it can employ either chelated iron [15] or iron in the solid
form [16]. The latter version gives rise to a heterogeneous EF process [17]. Due
to widespread availability, low toxicity, non-volatility, high stability and low cost,
inverse spinel magnetite (Fes0a4) is a suitable heterogeneous Fenton catalyst

[18-20]. First, it contains Fe(ll)magneite @S an electron donor to initiate the



Fenton’s reaction according to the classical Haber-Weiss mechanism. Second,
the octahedral arrangement in the magnetite structure can easily accommodate
both, Fe(ll) and Fe(lll), being Fe(ll) reversibly oxidized and reduced within the
same structure. Third, the isostructural substitution of iron by different transition
metals can tune the physical-chemical properties of magnetites to produce
more active systems. As suggested in the literature [18], oxygen competes with
phenolic compounds to get the electrons from Fe(ll), thus producing reactive
oxygen species like O2*, H202 and *OH. Despite these benefits, scarce work
has been carried out with magnetite in heterogeneous EF, whose main

reactions (1)-(6) are:

Fe(Ill)magnetite + O2 — O2* + Fe(lll) magnetite (1)
Fe(ll)magnetite + O2°" + 2H* — Fe(lll)magnetite + H202 (2
O2* + H" & HO2* (3)
202" + 2H*—> H202 + O2 (4)
Fe(Il)magnetite + H202 — Fe(lll) magnetite + *OH + OH" (5)
02* + H202+ H* — O2+ *OH + H20 (6)

In addition, Fe(ll)magnette may yield Fe?*, promoting the classical Fenton's
reaction with electrogenerated H20: as follows:
Fe(Il)magnetite — Fe?* (7)
Fe?* + H202 — Fe® +*OH + OH (8)
Several synthesized polymers [21-24], including polyvinyl alcohol,
polyethylene glycol, polyamides, polyglycidyl methacrylate, polyacrylic acid and
chitosan (CS) were employed as coating agents to modify the surface of the

Fes3O4 nanoparticles (NPs). Although the polymeric coatings can minimize the
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aggregation of the NPs, they may also increase the overall size of the particles
and limit the expression of magnetic property [21]. In particular, CS is a
polysaccharide produced by the deacetylation of chitin. Chitosan is a non-toxic,
biodegradable and biocompatible material, and the second most abundant
natural polymer in the world [25-26], by its physicochemical characteristics [25-
31] is used in many environmental applications [32-35].

Based on the previous technologies employed to remove phenols from
water, the main objective of this work is to assess the performance of
heterogeneous EF with FesO4 NPs + CS composite as catalyst and BDD as the
anode to degrade phenol and several chlorophenols from model solutions. To
our knowledge, one work has been reported on the use of FesOs NPs + CS in
EF, aimed at removing a pesticide [36]. However, in the present investigation
the catalyst was put in contact only with the Ti mesh cathode, in order to
promote the generation of Fe(ll)magneite from Fe(lll)magneite reduction. The EF
results were compared with electro-oxidation ones (i.e., in the absence of Fe304

NPs).

2. Experimental

2.1. Pre-activation and characterization of BDD anode

In this study, a 3-um thick polycrystalline BDD ([B] = 1300 ppm) film was
deposited on a titanium substrate by hot filament chemical vapor deposition
(HF-CVD) [7]. These electrodes were purchased from Adamant Technologies.
Activation of C-sp? sites on the surface through the elimination of C-sp? sites

was achieved via anodic polarization at 1.83 mA cm~2 for 15 min in 0.5 mol dm



H2SO4 (J.T. Baker, 95.4%) [8]. An undivided electrochemical cell with a BDD
anode (geometric area of 21 cm?) and a Ti mesh cathode (3.0 x 4.5 cm) was
employed.

To characterize the ability of the BDD anode to produce *OH, coumarin
degradation was monitored by UV/Vis spectrophotometry at a wavelength of
277 nm. The well-known equimolar reaction between coumarin and °OH

produces 7-hydroxycoumarin [37-38].

A calibration curve, at various concentrations of coumarin in 0.5 M H2SO4
(0.05-0.30 mM), was generated. The species changes during the electrolytic
trials were monitored wusing a PerkinElmer Lambda XLS UV/Vis
spectrophotometer within the range from 190 to 1100 nm. Solutions of 10 cm?®
of 0.12 mol dm3 coumarin in 0.5 mol dm3 H2SO4 were electrolyzed at 30 mA,
supplied by a BASI Epsilon potentiostat, for 15 min under a constant stirring of

300 rpm, using a Pt wire as the auxiliary electrode [37-38].

2.2. Synthesis and characterization of FezO4 NPs

The synthesis of FesO4 NPs was performed by chemical reduction using
water as the solvent [39]. Initially, a solution of 0.02 mol dm= FeCls (J.T. Baker,
97%) was prepared and then 0.16 g of polyvinylpyrrolidone (PVP, Sigma-
Aldrich, 98%) was added. The mixture was constantly stirred until a
homogeneous solution was obtained. Finally, 0.059 g of NaBH4 (J.T. Baker,
98%), as a reducing agent, was added. The synthesis was conducted at 80 °C
to optimize the size of monodispersed Fe3Os4 NPs (¢ < 20 nm), as reported in
the literature [23]. The resulting NPs were washed with 5 cm® H2O, 5 cm?

ethanol and 5 cm?® acetone (J.T. Baker, 99.8%). A 5 min constantly stirred
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magnetic separation was performed between each wash with a field strength of
11000 G. Finally, the FesO4 NPs were dried at room temperature for about 4 h.
The dispersion and size of FesOs4 NPs were characterized using
transmission electron microscopy (TEM) and selected area electron diffraction
(SAED) by placing about 10 uL of the composite sample (a droplet) on a
carbon-coated copper grid previously dried at room temperature. TEM and
SAED measurements were made using a TITAN 80-300 transmission electron
microscope operated at an accelerating voltage of 300 kV. The sizes of the
nanoparticles, zeta potential, and electrical conductivity were measured using a
Zetasizer Nano ZS90 instrument. The crystallographic features of the FesOa4
NPs were assessed by X-ray diffraction (XRD) using a Thermo Scientific

instrument.

2.3. Synthesis and characterization of the FesO4 NPs + CS composite

A small amount (1 g) of chitosan (CS, Aldrich, 99%) was dissolved in 100
cm? of 1% glacial acetic acid (J.T. Baker, 99.7%), then further stirred at 1000
rpm in an aqueous solution at pH 4.0. This reaction promoted the formation of a
colloidal system with interstitial spaces filled by water molecules, as reported

elsewhere [29,40] and following reaction (9).

.0 OH o .0 OH j_
o
HO HO O)T\
(@) )
HO n o HO n (9)
After the polymerization step, 333 mg of FesO4 NPs were added under
mechanical mixing to uniformly disperse the NPs and the CS. Finally, 10 cm?® of

a 1 mol dm= NaOH (J.T. Baker, 98.3%) aqueous solution was added to form



the FesOs NPs + CS gel microcomposite [27]. This prepared solution was
injected drop by drop, using a syringe, into a 3 mol dm= NaOH gelling solution.
The resulting hydrogel was filtered and conformed to obtain “balls” that were
immersed into a bath containing 100 cm? of absolute ethylic alcohol (J.T. Baker,
99.5%) to produce Fe3O4 NPs + CS pellets with an average diameter of 1.5 cm
(Figure 1).

To characterize the FesOs NPs + CS composite, thin films, mixed with
ethanol, were deposited on 304 stainless steel sheets, which were then dried at
room temperature for 8 h. The films were characterized by UV/Vis
spectrophotometry as well as FTIR spectroscopy taking as reference the CS
alone. These results were compared with control samples prepared with CS
hydrogel thin films without FesOs4 NPs. The samples were analyzed using a
Lambda XLS 057 instrument to record the UV/Vis spectra. Five single
measurements were made and results were averaged. The characterization by
FTIR was carried out with a Thermo Scientific Nicolet 6700 spectrometer.
Equation (10) was used to compute the UV/Vis outset bandgap (&), which is
characteristic of the FesOs NPs + CS composite because the Fes3Os is

considered as a semiconductor.

&=(1240evV nm)/ A (10)

The production of H202 by the FesO4 NPs + CS composite or the CS or Ti
was evaluated using semi-quantitative test strips from 1 to 100 mg dm=3 H20>
using a Quantofix® Peroxide 100 by Macherey-Nagel GmbH & Co. KG., with

reference 913 12.



2.4. Electrochemical degradation of phenols

The electrochemical degradation of dissolved samples of commercial TCI
Merck (99%) phenol, o-, m- and p-chlorophenol was performed in an 80 cm?
electrochemical cell, with a BDD anode and Ti mesh cathode (with the same
dimensions mentioned above) put in electrical contact with the FezO4 NPs + CS
composite (system denoted as BDD / (FesO4 NPs + CS)|Ti). Figure 1 shows the
experimental setup, using approximately 35 g of composite in each experiment
by the disponibility of space in the electrochemical cell. All the experiments
were made by triplicate with good reproducibility of the results reusing the BDD
| (FesOs NPs + CS) | Ti system.

Samples containing each phenolic compound (10 mmol dm3) were
electrolyzed in a 0.5 mol dm3 H2SOs4 medium. Polarization curves were
obtained by chronopotentiometry for 15 min, at various DC cell potentials from
equilibrium potential. The electrochemical degradation of the phenolic
compounds was assessed by UV/Vis spectrophotometry, using the
corresponding calibration curves. The removal percentages (% 7)) were
calculated as reported in the literature [33-38].

The samples were characterized according to their pH, electrical
conductivity (EC) and chemical oxygen demand (COD). The sample pH was
measured with a Thermo Scientific Orion Star A215 potentiometer using a glass
electrode. The EC was measured using a YSI 3200 conductometer, which was
equipped with a YSI 3252 sensor (Kcet = 1 cm™). COD was evaluated, upon

neutralization, in a Hach DRB200 digital reactor and Hach DRG6000



spectrophotometer. The % 7ncop, % neon and % 7 H202 were calculated as

reported in the literature [33-38].

3. Results and discussion

3.1. Characterization of the FesO4 NPs + CS composite

The average value of the outset bandgap (&) of the FesOs4 NPs + CS was
2.94 eV. This agrees with the results found in the literature (between 2.84 and
3.00 eV) [39-40], which allows distinguishing it from Fe203 since its bandgap
should be between 1.6 and 2.2 eV [41]. This result confirms that the
nanoparticles are composed of magnetite. They also showed a plasmon peak at
310 nm (Supplementary information, Figure 1A). Nanoparticle average
diameters ranged as follows: 45% were smaller than 20 nm, 32% were between
20 and 50 nm, and 13% were greater than 50 nm, as can be seen in Figure 1B
from supplementary information. In addition, they had an apparent zeta
potential of -19.00 + 8.26 mV (Supplementary information, Figure 1C) and
electrical conductivity of 3.76 mS cm™.

FesOs4 NPs (< 20 nm) was confirmed by TEM analysis (Supplementary
information, Figure 2A). Some agglomeration can be observed. The
corresponding SAED analysis yielded several diffraction spots related to the
magnetite crystalline structure including the (220), (311), (400), (440) and (511)
planes (Supplementary information, Figure 2B). The crystalline structure was
further corroborated by the XRD analysis (Supplementary information, Figure
2C), showing the characteristic diffraction peaks of magnetite at 26 values of
30°, 35°, 43°, 57° and 63° (inset), as expected [42].
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Results of FTIR spectrometry for the composite (Supplementary
information, Figure 3) offer evidence of the presence of magnetite, as deduced
from the appearance of the characteristic signals at 3616 cm™, which is related
to the O-H stretching at CS adsorbed on the surface of the FesOs NPs
(Supplementary information, Table 1). Additionally, one can observe different
stretching signals of CS derived from different functional groups: C-H (2988 cm-
1), N-H (1682 cm™), C-N by the amine group (1497 cm') and C-O by the ether
group (1182 cm). For the FeszOs NPs, Fig. 4 shows their characteristic
molecular vibrations at 794 and 677 cm™ [43]. A proposal for the cation-pi
interaction between the FesO4 NPs and CS is shown in Fig. 5. The CS has a
partially negatively charged oxygen atom able to interact with the FezOs NPs,
which presented the apparent zeta potential of -19.00 + 8.26 mV and electrical

conductivity of 3.76 mS cm?, as mentioned above.

3.2. Electrochemical treatment of phenolic solutions

The spectra of the four phenolic compounds were obtained to verify their
activity in the UV range. A n — =* electronic transition can be observed
between 270 and 280 nm (Supplementary information, Figure 4). By monitoring
the signal around 270 nm, the calibration curves were obtained (Supplementary
information, Figure 4E), reaching a good sensitivity and R? > 0.94 (Table 2 from
supplementary information). The characteristic absorption of olefins and
aromatic compounds, with signals between 200 and 300 nm and molar
absorptivity from 1000 to 13000 cm™ mol* dms3 [44], is also evidenced in Table
2 from supplementary information. These results were used to monitor the

efficiency of the removal of phenolic compounds upon electrochemical
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generation of different kinds of hydroxyl radicals. Aiming to assess the water
oxidation at BDD when very positive potentials are applied, the observed
current has been suggested as an important parameter. During the electrolysis
of phenolic compounds, the main expected pathway is the generation of
adsorbed BDD(*OH) and its further attack over the organic molecule. A current
related to the oxidation process can be measured using chronoamperometry,
where the current is recorded as a function of time during the application of a
potential pulse [45].

To perform this study, the current at a fixed time t (sampled current) was
plotted as a function of the applied potential. The current-potential (I vs. E)
curves obtained are presented in Figure 3. These results show the presence of
each phenolic compound in the study [45]. Two systems were employed for
comparison: in Figure 3A, BDD / (FesO4 NPs + CS)|Ti, and in Figure 3B, the
same but without FesO4 NPs. In these figures, three zones can be distinguished
[45,46]:

e Zone |: the oxidation is controlled by charge transfer (kinetic control); in
this zone (0.2 to 1.0 V) the phenolic compounds do not show
electroactivity yet, inducing any faradaic current;

e Zone |II: mixed control (electron transfer and mass transport)
predominates, involving potentials at which phenolic compounds are
oxidized (1.2 to 2.0 V) but not so effectively that their surface
concentration is zero;

e Zone lll: the oxidation process is controlled by the rate at which the
species reach the anode (mass transport control); the occurrence of

water electrolysis (2.2 to 3.0 V) with the corresponding generation of
12



adsorbed hydroxyl radicals. The oxidation occurs at the highest speed for
mass transport conditions at 2.3 V [45] by the evolution of O..

The current generated in the electrochemical cell in the presence of the
Fesz04 NPs composite (i.e., BDD / phenolic compounds / (FesOs4 NPs + CS)|Ti)
was higher than 0.06 mA, as shown in Figure 3A. In contrast, without the Fe3Oa4
NPs + CS composite (i.e., BDD / phenolic compounds / Ti) a lower current was
obtained; lower than 0.22 mA (Figure 3B). These results demonstrate the
conductivity of the magnetite nanoparticles, in contact with the Ti mesh, and
their ability to enable significant oxidation of phenolic compounds. Here
maximum hydroxyl radical production was observed at 2.3 V, by the evolution of
Oz, as suggested by the presence of important phenolic degradation compound
species in aqueous solution. Their generation, at high potential, is in
accordance with the results reported in the literature [12, 46-47]. For this
reason, the removals of aromatic compounds in this study were attained upon
the application of 2.3 V for 4 h to model solutions with 0.5 mol dm3 H2SOa.

The *OH radical production in the H2SO4 supporting electrolyte increased
with time just to 10 min. Samples at 5, 10 and 15 min were analyzed, as shown
in Figure 4A, and the corresponding absorption spectra are depicted
(Supplementary information, Figure 5A, and 5B). As can be seen, at 10 min, the
% n.on was higher using the BDD / (FesOs NPs + CS)|Ti system (55%). With
the BDD / (CS)|Ti system, the value was 37%. In both cases, the electrolyzes
were carried out at a potential difference of 2.3 V between the anode and
cathode.

On the other hand, Figure 4B shows the accumulation of H202 in both

systems, whereas Figures 6A and 6B from the supplementary information
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present the appearance of the strips employed to detect the chemical in each
case at different times. It is important to consider that what was determined in
these tests was the accumulated H20: since it partly reacts with Fe (I)magnetite In
the solid phase (reaction (5)) and Fe?* in a liquid phase (reaction (8)). It is clear
that the presence of H202 can be disregarded in the absence of FesOs NPs,
whereas it was clearly formed in the BDD / (FesO4 NPs + CS)|Ti system. Using
the semi-quantitative test strips Quantofix® Peroxide 100, a % #H202 of 33%
was obtained after 5 min at 2.3 V, increasing up to 100% at 10 and 15 min with
the latter system. Thus, the absence of H202 without using FesO4 indicates that
there is no significant reduction of Oz in the cathode and hence, the O:
reduction on Ti is excluded.

The increase in the removal efficiency of phenolic compounds in synthetic
samples during an extended 240 min test interval is shown in Figure 5. At 30
min, the BDD / (CS)|Ti system yielded removals of 37% and 5% for phenol and
p-chlorophenol (Figure 5A). A faster disappearance was achieved by
heterogeneous EF with the BDD / (FesOs4 NPs + CS)|Ti system (Figure 5B),
reaching 60% and 12% for the same pollutants at the same time. Additionally,
for m-chlorophenol, after 180 min, close to double removal efficiency was
observed in the arrangement with FesO4 NPs (30%, Figure 5B), since only 13%
was observed in the uncatalyzed treatment. In the case of the o-chlorophenol,
conversely, the removal efficiency at 240 min was higher in the arrangement
without FesO4 NPs (Figure 5A) than with Fe3O4 NPs (Figure 5B) by the possible
more easy absorption of this aromatic compound in the ortho position of chloro
atom than, metha and para position of this functional group, at it has been

reported before [48].
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The removal efficiency of the phenolic compounds in this research was also
evaluated in terms of COD (Table 1). The observed COD abatements using the
heterogeneous EF process at 2.3 V for 240 min were: 95% for phenol and m-
chlorophenol solutions > 88% for p-chlorophenol > 57% o-chlorophenol,
accompanied by a decrease of electrical conductivity close to 350 mS cm for
the different solutions under, which is possible by the presence of CS. The role
of phenolic compounds adsorption on either the CS or the composite was also
assessed. Only 4% adsorption was found as maximum and hence, the
disappearance of the pollutants and their degradation intermediates was due to
the action of hydroxyl radicals.

Based on these results, the proposed reaction mechanism for the
heterogeneous EF treatment of phenols is depicted in Figure 6. The
electrochemical degradation using a BDD anode proceeds through the
generation of BDD(*OH) from water oxidation, combined with the continuous
cathodic reduction of [Fe"(Fe'")204]* to [Fe'(Fe'")204]. In the presence of Oz,
[Fe'(Fe'"204] is partly re-oxidized in concomitance with H202 generation. As a
result, H202 can produce *OH via Fenton’s reaction, reacting either with Fe(ll) in
solid form or dissolved Fe?*. All these radicals caused the gradual destruction of
phenols, whose pre-concentration at the composite surface allowed the
minimization of the mass transport limitations that usually account for slow

degradation kinetics.

4. Conclusions
Model solutions of phenol and o-, m- or p-chlorophenol were effectively

decontaminated by heterogeneous EF with a FesOs4 NPs + CS composite as
15



catalyst, thanks to the simultaneous production of BDD(*OH) from water electro-
oxidation and *OH from Fenton’s reaction. The removals attained upon the
application of 2.3 V for 4 h to model solutions were: 93% for phenol > 30% for
m-chlorophenol > 24% for o-chlorophenol > 22% for p-chlorophenol. It was
possible to reach COD abatements increasing in the following order: o-
chlorophenol (57 %) > p-chlorophenol (88 %) > phenol and m-chlorophenol (95
%). These results were obtaining by the electrocatalytic effect of the system
BDD/(Fe3O4 NPs + CS)/Ti considering the average value of the outset bandgap
(&) of the FesOs NPs + CS of 2.94 eV with a plasmon peak at 310 nm and a
nanoparticle average diameters < 20 nm and an apparent zeta potential of -
19.00 + 8.26 mV with an electrical conductivity of 3.76 mS cm™. Additionally,
the magnetite crystalline structure was confirm by the (220), (311), (400), (440)
and (511) planes showing the characteristic diffraction peaks of magnetite at 26

values of 30°, 35°, 43°, 57° and 63° (inset).
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Figure and Table captions

Figure 1. Experimental setup for the electrochemical degradation of phenolic
compounds in 0.5 mol dm H2S04, comprising: an undivided cell, with a central
BDD plate as the anode and a Ti mesh in contact with the composite (FesOa4
NPs + CS) as the cathode. Both electrodes are connected to a potentiostat for

constant current supply.
Figure 2. Suggested chemical interaction between FezO4 NPs and CS.

Figure 3. Current-potential (I vs. E) curves in 10 mmol dm= of each phenolic
compound in 0.5 mol dm?3 H2SOs4 using two systems: (A) BDD (working
electrode) and (FesOs4 NPs + CS)|Ti (counter electrode); (B) same system,

without the Fe3sO4 NPs. The values were obtained by chronopotentiometry.

Figure 4. Time course of 7.on (A) and 7H202 (B) upon the application of 2.3 V
between the anode and cathode, in a 0.5 mol dm=3 H2SO4 in the absence and

presence of FesO4 NPs.

Figure 5. Relationship between 7 and time for the treatment of a mixture
containing 10 mmol dm= of each phenol in 0.5 mol dm?3 H2SO4 using two

systems: (A) BDD / (CS)|Ti and (B) BDD / (FesO4 NPs + CS)|Ti.

Figure 6. Schematic representation of the main steps involved in the
electrochemical degradation of the mixture of phenols using the BDD / (Fe30a4

NPs + CS)|Ti cell.

Table 1. COD and Electrical Conductivity (EC) values before (CODi, ECi) and

after (CODy, ECy) the electrolysis of phenolic pollutants in 0.5 mol dm=3 H2SOa4
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as supporting electrolyte using the BDD / (FesOs NPs + CS)|Ti cell upon
application of 2.3 V between the anode and cathode for 4 h. The corresponding

removal efficiencies using the COD (% ncop) values are also provided.
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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Figure 6
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Table 1

COD; CODy EC; ECs
Pollutant % ncop
(mg dm3) (mg dm3) (mS cm?) (mS cm?)
Phenol 282.50 5200.00 95 394.00 47.00
0-Chlorophenol 542.00 1250.00 57 365.00 46.40
m-Chlorophenol 249.50 4725.00 95 358.00 52.20

p-Chlorophenol 243.00 2050.00 88 370.00 46.30
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