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The correlation between the photocatalytic degradability of polycyclic aromatic hydrocarbons (PAHs) over Pt/TiO
2
-SiO
2
in

water and their quantitative molecular structure was studied. Six PAHs, namely, naphthalene, fluorene, phenanthrene, pyrene,
benzo[a]pyrene, and dibenzo[a,h]anthracene, were tested in Pt/TiO

2
-SiO
2
suspension under UV irradiation. The results showed

that the degradation efficiencies of the higher molecular weight PAHs were enhanced significantly in the presence of Pt/TiO
2
-SiO
2
,

while the degradation efficiencies of the lower molecular weight PAHs were decreased in the presence of Pt/TiO
2
-SiO
2
. Both the

photolysis and photocatalysis of all PAHs fit the pseudo-first-order equation very well, except FL. Quantitative analysis ofmolecular
descriptors of energy of the highest occupied molecular orbital (𝐸homo), energy of the lowest unoccupied molecular orbital (𝐸lumo),
and the difference between 𝐸lumo and 𝐸homo, GAP (GAP = 𝐸lumo − 𝐸homo), suggested that the GAP was significant for predicting a
PAHs’ photocatalytic degradability.Through comparison against themaximumGAP (7.4529 eV) of PAHs (dibenzo[a,h]anthracene)
that could be photocatalytically degraded and theminimumGAP (8.2086 eV) of PAHs (pyrene) that could not be photocatalytically
degraded in this study, the photocatalytic degradability of 67 PAHs was predicted. The predictions were partly verified by
experimental photocatalytic degradation of anthracene and Indeno[1.2.3.cd]pyrene.

1. Introduction

Polycyclic aromatic hydrocarbons (PAHs) are a large group of
organic compounds with two or more fused aromatic rings.
PAHs are produced mainly by the incomplete combustion
of fossil fuels. They are widespread contaminants found in
natural bodies of water [1, 2]. Many PAHs have a variety
of mutagenic and carcinogenic effects in organisms. It is
reported that low molecular weight PAHs (LMW PAHs,
compounds containing three or less fused benzene rings) are
more susceptible to biodegradation, while high molecular
weight PAHs (HMW PAHs, compounds containing four or
more fused benzene rings), which are highly mutagenic and
carcinogenic, are more recalcitrant [3, 4]. Therefore, it is
difficult to eliminate PAHs through traditional biological
water treatment [5].

An advanced oxidation technique called TiO
2
-photocata-

lyzed degradation has attracted attention as a method of
eliminating a variety of organic compounds because the
process can achieve effective mineralization under mild
temperature and pressure conditions [6, 7]. Some biore-
fractory substances, such as norfloxacin [8], dyes [9–11],
and 4-chlorocatechol [12], have been reported to degrade
successfully using this technique. Some PAHs were also
reported to be photocatalytically degraded successfully with
the presence of TiO

2
in aqueous environment. Wen et al. [13]

examined the photocatalytic degradation of pyrene (PYR)
that preadsorbed onto TiO

2
surface before UV irradiation.

They found that the pH of the dispersion and the ratio
of PYR/TiO

2
: water had little effect on the photooxidation

rate of PYR, while the extent of surface coverage and the
addition of Fe3+ affected it greatly. Lin and Valsaraj [14]
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studied the degradation of PYR and phenanthrene (PHE) in
a dilute water stream by an annular photocatalytic reactor
with TiO

2
immobilized on a quartz tube. They found that

both PAHs degrade to CO
2
and H

2
O in the presence of

quinone. Dass et al. [15] found that acenaphthene, anthracene
(AN), fluorine (FL), and naphthalene (NP) undergo efficient
photocatalytic oxidation in aqueous suspensions of TiO

2

upon irradiation with a 500W super-high pressure mercury
lamp as well as sunlight. Lair et al. [16] studied the degra-
dation of NP in water by photocatalysis in UV-irradiated
TiO
2
suspensions. They found that the optimum TiO

2
was

2.5 g L−1. They also observed that CO
3

2− strongly inhibited
NP adsorption and removal, while pH had insignificant effect
upon the NP removal, and temperature slightly accelerated
the NP degradation. Through the identification of the main
intermediates of NP photodegradation, they proposed that
NP degraded by oxygenated radicals and by direct oxida-
tion in the holes formed. Woo et al. [17] investigated the
effects of acetone on the photocatalytic degradation efficiency
and pathways of NP, acenaphthylene (ACN), PHE, AN,
and benzo[a]anthracene in synthetic water. They observed
that PAHs photolysis generated toxic intermediate products,
especially in the case of ACN and PHE. However, all PAHs
complete detoxification was achieved in a 24 h of UV/TiO

2

system by 100mg L−1 of catalyst.They also found that acetone
enhanced PAHs degradation, but 16% acetone addition sig-
nificantly altered the degradation pathway of NP and ACN.
Vela et al. [18] investigated the removal of a mixture of
six PAHs (BaP, benzo[b]fluoranthene, benzo[ghi]perylene,
benzo[k]fluoranthene, fluoranthene, and InP) from ground-
water by ZnO and TiO

2
photocatalysis in tandem with

Na
2
S
2
O
8
as oxidant under natural sunlight. The photocat-

alytic experiments showed that the addition of photocatalyst
strongly improved the elimination of PAHs in comparison
with photolytic tests. The time required for 90% degradation
in the condition of the study was in the ranges 7–15min and
18–76min for ZnO and TiO

2
systems, respectively.

Although the TiO
2
-photocatalyzed degradation technol-

ogy has been extensively investigated in pollutant treatment
in the last two decades, its practical application is limited
because of the disadvantages of TiO

2
, such as its low surface

area, low adsorbability for pollutants, fast recombination of
photogenerated electrons-hole pair, the maximum absorp-
tion in the ultraviolet light region, and the difficulty of
separation from treatedwater [19, 20].Numerous approaches,
such as composite semiconductor, noble metal loading, ion
doping, nanotube formation, and sensitization, have been
used to modify TiO

2
to overcome the above disadvantages

[21–24]. SiO
2
is one of the most popular coupled materials

in composite semiconductors. Mixed TiO
2
-SiO
2
has been

reported to be three times more photoactive than TiO
2

alone [25]. The addition of SiO
2
particles not only alters

the size and shape of the TiO
2
particles, but also increases

the thermal stability and adsorbability of TiO
2
particles

[26, 27]. Platinum (Pt) is one of the most common noble
metals loading on TiO

2
. Ishibai et al. [28] reported their

Pt-TiO
2
possessed high photocatalytic activity under visible

light irradiation, as well as under UV light irradiation.

They suggested that the surface complex formation asso-
ciated with Ti-O-Pt chemisorption dominated the visible
light reactivity. Devipriya et al. [29] prepared Pt-TiO

2
and

immobilized it on ceramic tiles. They found that the catalyst
was effective for the solar photocatalytic removal of chemical
and bacterial pollutants from water. The optimum loading
of Pt on TiO

2
was found to be 0.5%. Ahmed et al. [30]

reported that their Pt-TiO
2
samples are more active than

the corresponding bare TiO
2
for both methanol oxidation

and dehydrogenation processes. The particle size of Pt-TiO
2

was decreased with the increasing of platinum loading. Some
researchers attributed the enhanced photocatalytic activity
to the increased light absorption and the retardation of the
photogenerated electron-hole recombination [30, 31]. As the
Fermi level of Pt is lower than that of TiO

2
, photoexcited

electrons can be transferred from conduction band to Pt
particles deposited on the surface of TiO

2
, while photogener-

ated valence band holes remain on the TiO
2
. These activities

greatly reduce the possibility of electron-hole recombination,
resulting in stronger photocatalytic reactions [31].

Our previous works proved that a porous photocatalyst
Pt/TiO

2
-SiO
2
could efficiently decompose PYR, a four-ring

PAH [34, 35]. It was also interesting to know the efficiency
of Pt/TiO

2
-SiO
2
for decomposing other PAHs. However,

the PAH group of organic compounds is very large (over
100 toxic compounds). It would consume much time and
money to identify the degradability of all PAHs in Pt/TiO

2
-

SiO
2
suspension. To solve this problem, quantitative structure

activity relationships (QSAR)modeling, which correlates and
predicts transport and transformation process data of organic
pollution from their structural descriptors, may be used
to study photocatalysis mechanisms and generate predicted
photocatalysis process data efficiently [36, 37].

It is greatly important to develop QSAR models in which
quantum chemical descriptors are used. Quantum chemical
descriptors clearly describe defined molecular properties.
They can easily be obtained by computation. Lu et al. [38]
studied QSAR of phenols and anilines for predicting the
toxicity of these compounds to algae. Hu and Aizawa [39]
studied theQSAR for the estrogen receptor binding affinity of
phenolic chemicals. de Lima Ribeiro and Ferreira [40] stud-
ied theQSARof 67 PAHs in order to predict the phototoxicity
of these compounds. Chen et al. [41–44] studied the QSAR
in order to predict the photolysis of PAHs and dibenzo-p-
dioxin. In the above studies, the quantum chemical descrip-
tors of energy of the highest occupied molecular orbital
(𝐸homo), the energy of the lowest unoccupied molecular
orbital (𝐸lumo), and theGAP, the difference between𝐸lumo and
𝐸homo (GAP = 𝐸lumo − 𝐸homo), were proven to be significant
for PAH photochemical QSAR studies [43, 45, 46]. 𝐸lumo and
𝐸homo can serve as measures of the molecular capacity to
donate or to accept an electron pair, respectively. The GAP
expresses the necessary energy to excite an electron from
HOMO to LUMO [40].These descriptors can be obtained by
semiempirical molecular orbital algorithms [40, 47].

The present study aimed to further understand the func-
tion of Pt/TiO

2
-SiO
2
and to investigate the photocatalytic

degradation character and kinetics of PAHs. Six PAHs were
tested in Pt/TiO

2
-SiO
2
suspension. The PAHs included three
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Table 1: Physicochemical properties of NP, FL, PHE, PYR, BaP, and DahA [32, 33].

PAHs Chemical structures Mr Molecular
formula

CAS
number

Solubility
(mmol L−1) log𝐾ow

Vapor pressure
25∘C (Pa)

𝐾
𝐻

(amtm3 mol−1)

NP 128 C10H8 91-20-3 2.4 × 10−1 3.37 10.9 4.5 × 10−3

FL 166 C13H10 86-73-7 1.2 × 10−2 4.18 8.81 × 10−2 7.4 × 10−5

PHE 178 C14H10 85-01-8 7.2 × 10−3 4.45 1.6 × 10−2 2.7 × 10−4

PYR 202 C16H10 129-00-0 7.2 × 10−4 4.88 8.86 × 10−4 1.3 × 10−5

BaP 252 C20H12 50-32-8 8.4 × 10−7 6.06 1.5 × 10−5 7.4 × 10−5

DahA 278 C22H12 53-70-3 (3.7 ± 1.8) × 10−10 6.50 0.8 × 10−6 2.0 × 10−9

None SEI 15.0 kV WD 9.7mm×750 10𝜇m

(a)

None SEI 20.0 kV WD 9.9mm×50.000 100nm

(b)

Figure 1: SEM images of Pt/TiO
2
-SiO
2
: magnification power is (a) 750 and (b) 50,000.

LMW PAHs, NP, FL, and PHE, and three HMW PAHs,
PYR, benzo[a]pyrene (BaP), and dibenzo[a,h]anthracene
(DahA).The selected PAHs are frequently detected in natural
bodies of water [1, 2, 48]. The HMW PAHs are all acutely
carcinogenic PAHs. The physicochemical properties of the
selected PAHs are listed in Table 1. The degradation kinetics
for photocatalytically degradable PAHs were also studied.
𝐸lumo, 𝐸homo, and GAP were adopted as the molecular
descriptors for NP, FL, PHE, PYR, BaP, and DahA.They have
been calculated in a previous research [40]. Based upon the
results, the primary correlation between the photocatalytic
degradability of PAHs over Pt/TiO

2
-SiO
2
in water and their

quantitative molecular structure was studied. Based upon the
analysis of correlation, the photocatalytic degradability of 67
PAHs was predicted, and the predictions were partly verified
by experiments of photocatalytic degradation of anthracene
(AN) and Indeno[1.2.3.cd]pyrene (InP).

2. Experimental Section

2.1. Materials and Reagents. All reagents were of analytical
quality, and all solvents were of HPLC grade. All PAHs
were purchased from Kanto Chemical Co., Inc., (Japan).
The Pt/TiO

2
-SiO
2
used in the present study was synthesized

by the method presented in previous work [35] under a
compaction pressure of 1.83 × 105 kPa, Pt coating ratio
of 0.4 wt%, TiO

2
: SiO
2
of 1 : 1, and calcination temperature

of 973K. The scanning electron microscopy (SEM) images
(Figure 1) show the surface roughness and morphology of
Pt/TiO

2
-SiO
2
. The X-ray diffraction (XRD) and the energy-

dispersive analysis of the X-ray (EDAX) analysis could give
some interesting information of the structure of Pt/TiO

2
-

SiO
2
. The XRD spectrum (Figure 2) indicates that TiO

2

in Pt/TiO
2
-SiO
2
is in anatase form, and EDAX spectrum

(Figure 3) shows the compositions of Pt/TiO
2
-SiO
2
.
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Figure 2: XRD spectrum of Pt/TiO
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-SiO
2
.

Ti

Si

Ti
Ti

Pt PtPt

1 2 3 4 5 6 7 8 9 10 110

In
te

ns
ity

 (c
ou

nt
)

Energy (keV)

Figure 3: EDAX spectrum of Pt/TiO
2
-SiO
2
.

2.2. Photocatalytic Degradation of PAHs. The reaction solu-
tions were prepared by introducing a proper volume of stock
solution (50mg L−1) into a water/methanol (99/1) solvent to
achieve a required final concentration. Water was purified by
Milli-Q Plus system (Millipore). Methanol (1%) was added to
minimize the adsorption of PAHs to the glassware walls. The
reactionmixture was 100mL of initial concentration of PAHs
at 5 × 10−8M and 0.3 g L−1 of Pt/TiO

2
-SiO
2
in a glass beaker,

continuously mixed with a magnetic stirrer. A black-light
lamp (27w) emitting monochromatic radiation at 368 nm
was placed above the reaction solution.The distance between
the lamp and the surface of the solution was 5 cm. Before
irradiation, the solution was stirred in the dark for 30min to
allow the system to reach adsorption equilibrium.

A sample approximately 2mL was taken at the designed
time interval during irradiation.The same volume of ethanol
was added to the sample to prevent the loss of PAHs on
wall of glassware, and then it was centrifuged and filtered
through a 0.45 𝜇m cellulose filter to remove all solid parti-
cles. The treated sample was analyzed by high-performance
liquid chromatography (HPLC; Hitachi L-7300 HPLC) with
a fluorescence detector Hitachi L-7485. The chromatography
equipment was equipped with a C-18-reversed phase sepa-
ration column and the mobile phase was a 90/10 volumetric
ratio mixture of methanol/water. The detecting wavelengths
forNA, FL, PHE, PYR, BaP,DahA,AN, and InPwere 216/308,

210/310, 248/365, 245/390, 297/430, 286/430, 297/390, and
300/500 nm (excitation/emission nm), respectively.

2.3. Photocatalytic Degradation Kinetics of PAHs. Pseudo-
first-order kinetics (1) is normally assumed for PAH photol-
ysis [12, 49]:

−
𝑑 (𝐶)

𝑑𝑡
= 𝑘𝐶. (1)

Therefore, the rate constant and half-life time of PAHs
degradation were calculated using the following equations:

ln
𝐶
0

𝐶
= 𝑘𝑡,

𝑡
1/2
=
ln 2
𝐾
,

(2)

where 𝐶
0
and 𝐶 are PAHs’ concentration at times zero and

𝑡, respectively, 𝑘 is the rate constant, and 𝑡
1/2

is the half-life
time.

2.4. Data Set of Quantitative Molecular Structure of PAHs.
Thepresent work studied 67 nonsubstituted PAHs containing
2–7 ringswith 5 and 6 carbon atoms (Figure 4).The electronic
descriptors of 𝐸lumo, 𝐸homo, and the GAP for PAHs obtained
using the AM1 algorithm reported by de Lima Ribeiro and
Ferreira [40] were selected in this study.

3. Results and Discussion

3.1. Photocatalytic Degradation of PAHs in Pt/TiO
2
-SiO
2

Suspension. Thephotolysis and photocatalysis of the selected
PAHs are shown in Figure 5. It was observed that Pt/TiO

2
-

SiO
2
played a very different role in photocatalysis of LMW

PAHs and HMW PAHs. The presence of Pt/TiO
2
-SiO
2

increased the degradation rates of HMW PAHs efficiently,
while the presence of Pt/TiO

2
-SiO
2
inhibited the degradation

rates of LMWPAHs. Similar resultswere obtained in previous
research, which confirms that the presence of TiO

2
resulted

in a slower photooxidation rate of FL [50]. This difference
is considered to be related to the PAHs’ molecular structure,
which determines the reactivity of a PAH.

3.2. Kinetics of Photocatalytic Degradation of PAHs. The
pseudo-first-order kinetics equation, rate constant, half-life
time, correlation coefficients, and total removal efficiency
of photolysis and photocatalysis of selected PAHs are sum-
marized in Table 2. The results show that the total removal
efficiencies of photocatalysis for NP, FL, and PHE are 4.8%,
24.7%, and 34.5%, respectively, lower than the photolysis
removal efficiencies of 46.6%, 41.5%, and 41.9%, respectively.
On the other hand, the total removal efficiencies of photo-
catalysis for PYR, BaP, and DahA were 81.4%, 99.7%, and
88.6%, respectively, all higher than the photolysis removal
efficiency of 37.8%, 99.0%, and 71.8%, respectively. The rate
constant of the tested PAHs presents the same phenomenon.
The rate constant of photocatalysis of NP, FL, and PHE
is 0.0006, 0.0021, and 0.0038, respectively, lower than the
photolysis removal efficiency of 0.0054, 0.0035, and 0.0046.
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Figure 4: Chemical structures of PAHs [40].
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Figure 5: The photolysis and photocatalysis of (a) LMW PAHs: NP, FL, and PHE and (b) HMW PAHs: PYR, BaP, and DahA.

Table 2: Pseudo-first-order regression equation, correlation coefficient, rate constant, half-life time, and the total removal efficiency of
photolysis and photocatalysis of PYR, BaP, and DahA (initial concentration: 5 × 10−8 M).

Treatment PAHs Regression equation 𝑡
1/2

(min) 𝐾 (min−1) 𝑅
2 Removal efficiency (%)

Photolysis

NP y = 0.0054x + 0.0259 128.4 0.0054 0.9905 46.6
FL y = 0.0035x + 0.1646 198.0 0.0035 0.7332 41.5
PHE y = 0.0046x + 0.0258 150.7 0.0046 0.9802 41.9
PYR y = 0.0043x + 0.0278 161.2 0.0043 0.9833 37.8
BaP y = 0.0398x + 0.5683 17.4 0.0398 0.958 99.0
DahA y = 0.0112x + 0.1094 61.9 0.0112 0.9767 71.8

Photocatalysis

NP y = 0.0006x − 0.0111 1155.2 0.0006 0.9093 4.8
FL y = 0.0021x + 0.1047 330.1 0.0021 0.6774 24.7
PHE y = 0.0038x − 0.0211 182.4 0.0038 0.9803 34.5
PYR y = 0.0155x + 0.0731 44.7 0.0155 0.9878 81.4
BaP y = 0.0452x + 1.433 15.3 0.0452 0.8443 99.7
DahA y = 0.0192x + 0.1435 36.1 0.0192 0.9878 88.6

On the contrary, the rate constant of photocatalysis for PYR,
BaP, and DahA of 0.0155, 0.0452, and 0.0192, respectively, is
all higher than the rate constant of 0.0043, 0.0398, and 0.0112,
respectively.

The correlation coefficients indicate that both the pho-
tolysis and photocatalysis of PAHs fit the pseudo-first-order
equation very well, except FL, for which the 𝑅2 for photolysis
and photocatalysis are 0.7332 and 0.6774, respectively. This
might be attributed to the special molecular structure of FL,
which is the only PAH with a 5-carbon ring structure and
which has the largest GAP value of 8.5021 eV among the
tested PAHs (see Section 3.3), resulting in a more difficult
photoinduced reaction for FL. The results indicate that the
photolytic and photocatalytic degradation mechanisms of FL
are different from that of other tested PAHs.

3.3. 𝐸lumo, 𝐸homo, and GAP of PAHs. The 𝐸lumo, 𝐸homo, and
GAP of NP, FL, PHE, PYR, BaP, and DahA obtained by AM1

algorithm in de Lima Ribeiro and Ferreira research [40] are
summarized in Table 3.

It is observed that the values of 𝐸homo of HMW PAHs
are all higher than those of LMW PAHs. On the contrary,
the GAP values of HMW PAHs molecular are all lower than
those of LMW PAHs.The GAP values of the PAHs for which
degradation could be accelerated by Pt/TiO

2
-SiO
2
are all

smaller than or equal to 7.4529 eV; on the other hand, the
GAP values of PAHs for which degradation was inhibited
by Pt/TiO

2
-SiO
2
are all larger than or equal to 8.2086 eV.

These results indicate that more photoenergy is required for
triggering the degradation of LMWPAHs than that of HMW
PAHs. It can be understood that GAP values can serve as a
measure of the excitability of the molecule: the smaller the
GAP of a PAH, the easier it will be excited.

3.4. Prediction of the Photocatalytic Degradability of 67 PAHs.
The photochemical properties of PAHs undoubtedly depend
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Table 3: Summary of 𝐸lumo, 𝐸homo, and GAP for NP, FL, PHE, PYR, BaP, and DahA.

NP FL PHE PYR BaP DahA
HOMO (eV) −8.7099 −8.7109 −8.6171 −8.0692 −7.9173 −8.2570
LUMO (eV) −0.2650 −0.2088 −0.4085 −0.9225 −1.1142 −0.8041
GAP (eV) 8.4449 8.5021 8.2086 7.1467 6.8031 7.4529
Degradation accelerated by Pt/TiO2-SiO2 No No No Yes Yes Yes

upon their molecule excitability; therefore, the GAP value is
expected to predict the photocatalytic degradability of other
PAHs in Pt/TiO

2
-SiO
2
suspension.

As mentioned above, the maximum GAP of DahA of
tested PAHs for which degradation could be accelerated by
Pt/TiO

2
-SiO
2
was 7.4529 eV, and the minimum GAP of PHE

of tested PAHs for which degradation was accelerated by
Pt/TiO

2
-SiO
2
was 8.2086 eV. Therefore, one can deduce that

when the GAP of a PAH is less than or equal to 7.4529 eV, this
PAH can be degraded in Pt/TiO

2
-SiO
2
-UV system. On the

other hand, when the GAP of a PAH is larger than or equal
to 8.2086 eV, this PAH cannot be degraded in Pt/TiO

2
-SiO
2
-

UV system.When theGAPof a PAH is between 7.4529 eV and
8.2086 eV, the degradation potential of this PAH is uncertain
in the experimental condition of our study.

Following the above approach, the photocatalytic degrad-
ability of 67 PAHs was predicted and is listed in Table 4. The
results show that 46 PAHs are potentially photocatalytically
degradable. All of these 46 PAHs, except AN (anthracene,
labelled no. 1), were all HMW PAHs. There were four PAHs
for which no photocatalytic degradability was predicted. All
four of these PAHs were LMW PAHs (labelled nos. 2, 14,
18, and 58). For these LMW PAHs, biological treatment
can be a very good complement [51, 52]. The photocatalytic
degradability of another seventeen PAHs was determined to
be uncertain, most of which were 4∼6-ring PAHs.

3.5. Verification of Prediction. To verify the above prediction,
the photolysis and photocatalysis of AN (number 1, 3-ring
PAH) and InP (number 62, 6-ring PAH), whose GAPs
are 7.2795 eV and 6.8528 eV, respectively, were examined in
Pt/TiO

2
-SiO
2
-UV system. We selected AN and InP because

they are also PAHs commonly found in water [18, 53],
and AN is the only LMW PAH which is assumed to be
photocatalytically degradable. If the prediction was right, the
degradation of these two PAHs should be accelerated in the
Pt/TiO

2
-SiO
2
-UV system. It is shown clearly in Figure 6 that

the degradation rate of AN and InP is indeed improved with
the presence of Pt/TiO

2
-SiO
2
.Thephotocatalytic degradation

of AN and InP in the Pt/TiO
2
-SiO
2
-UV system can also be

described by the first-order kinetic model. The rate constant,
half-life time, and the total removal efficiency of photocataly-
sis for AN are 0.0766min−1, 9.05min, and 100%, respectively,
while those for InP were 0.0079min−1, 87.74min, and 63.11%,
respectively. Therefore, the prediction is verified in a way.

For further study, the determination of photocatalytic
degradability for the remaining PAHs can be identified by
setting a new boundary value of GAP, which can be obtained
by appropriate testing of the uncertain PAHs.
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Figure 6: The photolysis and photocatalysis of (a) AN and (b) InP.
Initial concentration is 5 × 10−8M.

The prediction is significant for realistic water treatment.
By knowing the value of GAP, the photocatalytic degrad-
ability of some pollutants in the photocatalyst suspension
might be known without doing any experimentation. The
GAP value can be obtained easily from previous research or
by computation. Therefore, large expenditures of time and
money required for the determination can be avoided.
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Table 4: Evaluation of photocatalytic degradability of 67 PAHs.

PAHs name 𝐸lumo (eV) 𝐸homo (eV) GAP (eV) Photocatalytic degradability
1 Anthracene −0.8417 −8.1212 7.2795 I
2 Phenanthrene −0.4085 −8.6171 8.2086 ×

3 Naphthacene −1.2321 −7.7488 6.5167 I
4 Benz[a]anthracene −0.8116 −8.2079 7.3963 I
5 Chrysene −0.6762 −8.3697 7.6935 △

6 Triphenylene −0.4532 −8.6584 8.2052 △

7 Pyrene −0.9225 −8.0692 7.1467 I
8 Perylene −1.1508 −7.8598 6.7090 I
9 Benzo[a]pyrene −1.1142 −7.9173 6.8031 I
10 Benzo[e]pyrene −0.8580 −8.2149 7.3569 I
11 Dibenz[a.h]anthracene −0.8041 −8.257 7.4529 I
12 Benzo[ghi]perylene −1.0662 −8.0235 6.9573 I
13 Fluoranthene −0.9294 −8.6301 7.7007 △

14 Fluorene −0.2088 −8.7109 8.5021 ×

15 Benzo[b]fluorene −0.4880 −8.4783 7.9903 △

16 Benzo[k]fluoranthene −1.1769 −8.3164 7.1395 I
17 Benzo[a]fluorene −0.5607 −8.3656 7.8049 △

18 Naphthalene −0.2650 −8.7099 8.4449 ×

19 Benzo[c]phenanthrene −0.6456 −8.4438 7.7982 △

20 Picene −0.7209 −8.3487 7.6278 △

21 Pentaphene −0.8400 −8.2022 7.3622 I
22 Benzo[b]chrysene −0.9948 −8.0511 7.0563 I
23 Dibenz[a. j]anthracene −0.8736 −8.1916 7.3180 I
24 Benzo[b]triphenylene −0.8319 −8.2255 7.3936 I
25 Benzo[c]chrysene −0.6931 −8.3898 7.6967 △

26 Pentacene −1.5500 −7.4414 5.8914 I
27 Dibenzo[c. g]phenanthrene −0.6732 −8.3498 7.6766 △

28 Benzo[a]naphthacene −1.1857 −7.8407 6.6550 I
29 Dibenzo[b. def]chrysene −1.3630 −7.6784 6.3154 I
30 Dibenzo[def. mno]chrysene −1.4067 −7.6315 6.2248 I
31 Dibenzo[a.j]naphthacene −1.1349 −7.9321 6.7972 I
32 Dibenzo[a.l]naphthacene −1.1352 −7.9345 6.7993 I
33 Dibenzo[a.c]naphthacene −1.1564 −7.9148 6.7584 I
34 Dibenzo[el]naphthacene −0.8276 −8.2948 7.4672 △

35 Dibenzo[de.gr]naphthacene −0.8336 −8.2774 7.4438 I
36 Dibenzo[g.p]chrysene −0.8832 −8.1128 7.2296 I
37 Benzo[c]picene −0.8279 −8.2597 7.4318 I
38 Dibenzo[b.k]chrysene −1.1775 −7.8832 6.7057 I
39 Dibenzo[cl]chrysene −0.7827 −8.2649 7.4822 △

40 Benzo[b]perylene −1.1806 −7.8666 6.686 I
41 Benzo[a]perylene −1.4836 −7.5284 6.0448 I
42 Dibenzo[de.mn]naphthacene −1.5482 −7.4305 5.8823 I
43 Naphtho[2.3-g]chrysene −0.9944 −8.1177 7.1233 I
44 Benzo[h]pentaphene −0.8089 −8.3009 7.4920 △

45 Benzo[a]pentacene −1.4685 −7.5763 6.1078 I
46 Coronene −1.0021 −8.1438 7.1417 I
47 Naphtho[1.2.3.4-def]chrysene −1.0583 −8.0233 6.9650 I
48 Dibenzo[def.p]chrysene −1.1022 −7.9553 6.8531 I
49 Benzo[rst]pentaphene −1.1838 −7.865 6.6812 I
50 Benzo[g]chrysene −0.7660 −8.2705 7.5045 △
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Table 4: Continued.

PAHs name 𝐸lumo (eV) 𝐸homo (eV) GAP (eV) Photocatalytic degradability
51 2.3:5.6-Dibenzophenanthrene −0.9636 −8.0436 7.0800 I
52 Naphtho[2.1.8-qra]-naphthacene −1.3169 −7.7299 6.4130 I
53 Dibenz[a.e]aceanthrylene −1.2806 −8.1423 6.8617 I
54 Acenaphthylene −0.9359 −8.9429 8.0070 △

55 Dibenzo[a.k]fluoranthene −1.2992 −7.9435 6.6443 I
56 Naphtho[2.3-k]fluoranthene −0.9127 −7.9781 7.0654 I
57 Dibenzo[k.mno]fluoranthene −0.9755 −8.4001 7.4246 I
58 1.2-Dihydroacenaphthylene −0.2132 −8.4945 8.2813 ×

59 Benzo[c]fluorene −0.6415 −8.2836 7.6421 △

60 Benzo[ghi]fluoranthene −0.9911 −8.6996 7.7085 △

61 Benzo[a]aceanthrylene −1.3219 −8.085 6.7631 I
62 Indeno[1.2.3.cd]pyrene −1.2835 −8.1363 6.8528 I
63 Indeno[1.2.3.𝑐𝑑]fluoranthene −1.3350 −8.5435 7.2085 I
64 Cyclopenta[cd]pyrene −1.3123 −8.2727 6.9604 I
65 Benzo[j]fluoranthene −1.1767 −8.3165 7.1398 I
66 Dibenz[e.k]acephenanthrylene −1.0702 −8.2215 7.1513 I
67 Benzo[b]fluoranthene −0.9654 −8.6166 7.6512 △

Total — — — 46 17 4
(I)means having photocatalytic degradability (GAP≤ 7.4529 eV); (△)means having indeterminate photocatalytic degradability (7.4529 ev≤GAP≤ 8.2086 eV);
(×) means having nonphotocatalytic degradability.

4. Conclusions

The present study was undertaken to probe the correla-
tion between the photocatalytic degradability of PAHs over
Pt/TiO

2
-SiO
2
in water and their quantitative molecular

structure. Six PAHs, NP, FL, PHE, PYR, BaP, and DahA, were
experimentally tested in a Pt/TiO

2
-SiO
2
suspension under

UV irradiation. The results show that the degradation of
HMW PAHs, PYR, BaP, and DahA, was accelerated signifi-
cantly in the presence of Pt/TiO

2
-SiO
2
, while the degradation

efficiency of low molecular weight PAHs, NP, FL and PHE,
was inhibited under the same experimental conditions. Both
the photolysis and photocatalysis of PAHs fit the pseudo-first-
order equation very well, except FL. This might be attributed
to FL’s 5-carbon ring structure. Quantitative analysis of
molecular descriptors of 𝐸lumo, 𝐸homo, and GAP suggested
that GAP was significant for predicting PAHs’ photocat-
alytic degradability. By comparing to the maximum GAP
(7.4529 eV) of PAHs (DahA) that could be photocatalytically
degraded and theminimumGAP (8.2086 eV) of PAHs (PHE)
that could not be photocatalytically degraded in this study,
the photocatalytic degradability of 67 PAHswas predicted: 46
PAHs were potentially photocatalytically degradable, 4 PAHs
were predicted to be not photocatalytically degradable, and 17
PAHs were predicted to exhibit indeterminate photocatalytic
degradation. The experiments of photocatalytic degradation
of AN and InP verified the above prediction. This prediction
indicates that Pt/TiO

2
-SiO
2
can offer a very promising

method for biorefractory HMW PAHs removal. It can also
be a very good complement for biological treatment of PAH
contaminated water.
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[37] C. Raillard, V. Héquet, B. Gao et al., “Correlations between
molecular descriptors from various volatile organic compounds
and photocatalytic oxidation kinetic constants,” International
Journal of Chemical Reactor Engineering, vol. 11, no. 2, pp. 799–
813, 2013.

[38] G.-H. Lu, C. Wang, and X.-L. Guo, “Prediction of toxicity of
phenols and anilines to algae by quantitative structure-activity
relationship,” Biomedical and Environmental Sciences, vol. 21,
no. 3, pp. 193–196, 2008.

[39] J.-Y. Hu and T. Aizawa, “Quantitative structure-activity rela-
tionships for estrogen receptor binding affinity of phenolic
chemicals,”Water Research, vol. 37, no. 6, pp. 1213–1222, 2003.

[40] F. A. de Lima Ribeiro and M. M. C. Ferreira, “QSAR model of
the phototoxicity of polycyclic aromatic hydrocarbons,” Journal
of Molecular Structure: THEOCHEM, vol. 719, no. 1–3, pp. 191–
200, 2005.

[41] J. Chen, X. Quan, W. J. G. M. Peijnenburg, and F. Yang, “Quan-
titative structure-property relationships (QSPRs) on direct
photolysis quantum yields of PCDDs,”Chemosphere, vol. 43, no.
2, pp. 235–241, 2001.

[42] J. Chen, X. Quan, Y. Yan, F. Yang, and W. J. G. M. Peijnenburg,
“Quantitative structure-property relationship studies on direct
photolysis of selected polycyclic aromatic hydrocarbons in
atmospheric aerosol,” Chemosphere, vol. 42, no. 3, pp. 263–270,
2001.

[43] J. Chen, W. J. G. M. Peijnenburg, X. Quan, and F. Yang, “Quan-
titative structure-property relationships for direct photolysis
quantum yields of selected polycyclic aromatic hydrocarbons,”
Science ofThe Total Environment, vol. 246, no. 1, pp. 11–20, 2000.

[44] J. Chen,D.Wang, S.Wang, X.Qiao, andL.Huang, “Quantitative
structure-property relationships for direct photolysis of poly-
brominated diphenyl ethers,” Ecotoxicology and Environmental
Safety, vol. 66, no. 3, pp. 348–352, 2007.

[45] G. D. Veith, O. G. Mekenyan, G. T. Ankley, and D. J. Call, “A
QSAR analysis of substituent effects on the photoinduced acute
toxicity of PAHs,” Chemosphere, vol. 30, no. 11, pp. 2129–2142,
1995.

[46] O. G. Mekenyan, G. T. Ankley, G. D. Veith, and D. J. Call,
“QSARs for photo-induced toxicity: I—acute lethality of poly-
cyclic aromatic hydrocarbons to Daphnia magna,” Chemo-
sphere, vol. 28, no. 3, pp. 567–582, 1994.

[47] B.-C.Wang, J.-C. Chang,H.-C. Tso,H.-F.Hsu, andC.-Y. Cheng,
“Theoretical investigation the electroluminescence characteris-
tics of pyrene and its derivatives,” Journal ofMolecular Structure:
THEOCHEM, vol. 629, no. 1–3, pp. 11–20, 2003.

[48] H. Wang, C. Wang, W. Wu, Z. Mo, and Z. Wang, “Persistent
organic pollutants inwater and surface sediments of Taihu Lake,
China and risk assessment,”Chemosphere, vol. 50, no. 4, pp. 557–
562, 2003.

[49] Y. Li, J. Niu, L. Yin et al., “Photocatalytic degradation kinetics
and mechanism of pentachlorophenol based on Superoxide
radicals,” Journal of Environmental Sciences, vol. 23, no. 11, pp.
1911–1918, 2011.
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