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Two samples of functionalized mesoporous silica containing anchored anthrylmethylamine groups (SiO,-Ant)
have been prepared by surface assembling (1) and one step silane immobilization (2). Both adsorbents can be
attributed to bimodal balanced hydrophobic-hydrophilic adsorbents with loading of anthracene groups about
16-33%. The adsorbents have been used for solid-phase extraction (SPE) of anthracene from organic
solvents (acetonitrile, acetone and heptane) and model solutions of lipids (myristic acid and vegetable oil).
The obtained results were compared with commercial C18 SPE cartridge. While C18 cartridge recovers
anthracene from water-containing media (acetonitrile/water, 1/1), SiO,-Ant cartridges much more efficient in
extraction of anthracene from non-polar solvent (heptane). Lipids macrocomponents such as myristic acid
and vegetable oil do not decrease the dynamic adsorption capacity and recovery of the model polycyclic
aromatic hydrocarbon (PAH) on SiO,-Ant. It was demonstrated that -1 stacking interaction with the analyte
determine the selectivity of SiO,-Ant towards of anthracene. This makes SiO,-Ant attractive for selective pre-
concentration of PAHs from high lipid content objects, such as vegetable oils.

Keywords: PAHs, Anthracene, stacking interaction, PAH-selective adsorbents

Me3onopyBaTun KpemMHe3eM i3 KOBarieHTHO iMMOOiniizoBaHUM
aHTpaueHoMm sik aacopbeHT ana TOE Buny4vyeHHAa 3abpyaHioBadiB
MAY 3 po34MHIB i3 BUCOKMM BMICTOM ninigie

Anb6iHa MixpanieBa’, Pogpiro A. loHcansect, Bonoaumup 3anues*'*

T MNancbkun katonuubkuin yHiBepeutet Pio-ge-XKanerpo, 38097, Pio-ge-XXaHenpo, Byn. Mapkeca ge Can-BiceHte, 225,
Bpasunig; *e-mail: vnzaitsev@puc-rio.br;
* HaujoHanbHun yHiBepcuTeT «Kneo-MorunsiHcbka akagemist», Byn. Ckosopoau 2, Kuis, 04070, YkpaiHa

Haginwna: 05 nuctonaga 2020 p; lNpuirHaTa: 08 notoro 2021 p
DOI: 10.17721/moca.2021.5-14

Mea 3pa3ku ¢byHUiOHai308aHO20 Me30r10py8amo20 KpeMHe3eMy i3 3aKpinneHuMu epynamu aHpunmemurt-
amiHy (SiO,-Ant) 6ynu ompumani wnsixom 36upaHHs Ha rnosepxHi (1) ma odHocmaditiHow iMmobiniauiero
cunaHy (2). Obudsa adcopbeHmu mMoxymb 6ymu eidHeceHi 00 bimodarnbHux 36anaHcogaHuUX 2idpoghobHO-
eidpogpinbHUX adcopbeHmis i3 emicmom 15-33 % aHmpaueHosux 8i0 3a2arnbHOi KinbKocmi iMMOobinizogaHux
epyn. AdcopbeHmu 6ynu 3acmocosaHi 0nsi meepdoghasHo-eKcmakyitiHo2o (SPE) euny4yeHHsi aHmpaueHy,
K MOOenibHo20 npedcmasHuUKa Kriacy roniyuKkidyHUX apomamuydHux eyaneeodHis ([1AY), 3 opeaHidHux
(auemoHimpur, auemoH, eernmax) ma 800HO-OpaaHiYHUX (auemoHimpus-eo0a) po34uHie ninidie (MipucmuHosa
Kucrioma ma pocruHHa onis). Pesynbsmamu 6ynu 3icmaeneHi 3 ompumMaHumu Ha KomepuitiHomy C18
kapmpudxi. SiO,-Ant Habazamo egheKmusHile eKkcmpazgye aHmpaueH i3 HerossPHO20 PO3YUHHUKA (2ermak),
modi sk C18 kpauwje adcopbye aHmpaueH 3 80008MiCHUX cepedosuly, (auemoHimpus/eoda). [ocrioxeHi
MaKpOKOMIMOHeHMU 11inidie He 3MeHwyrome OuHamiyHy adcopbuiliHy eMHiCmb ma cmyriHb 8U3Ha4YeHHS
molesibHogo [1AY Ha SiO,-Ant. Byro rnpoOemMOHCMpPOo8aHo, WO YMEOPeHHsI TI-TT CMekKiHey 3 aHasiimom
gusHayae criopidrHericms SiO.,-Ant no gidHoweHHt0 0o aHmpaueHy. Takum YyuHom SiO,-Ant € nepcrnekmueHuM
adcopbeHmom 0risi cenekmueHo20 KoHUeHmpysaHHs lMAY 3 po34uHie i3 eUCOKUM eMicmoM ninidie, makux siK
POCIUHHa OriSl.

KnrouoBi cnoBa: MAY, AHTpaueH, cTekiHr B3aemogisd, NAY-cenekTuBHuiA ancopobeHT
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Mesoporous silica with covalently immobilized anthracene as adsorbent for SPE recovery of PAHs pollutants

Polycyclic aromatic hydrocarbons (PAHs) are a
group of more than 100 chemicals having aromatic
rings. Most of them are persistent organic pollutants.
PAHs are capable to stick tightly to soil particles
and contaminate underground water. Many of PAHs
have carcinogenic properties and thus water quality
control requires their determination in complex matrix
[1]. Also, because of the high lipophilicity, PAHs
can easily contaminate vegetable oils and animal
fat [2]. These dangerous chemicals accumulate in
marine organisms and through the food chain can
contaminate human bo Most common analytical
practice of PAHs n is high performance
liquid chromatogra orescence detection
(HPLC-FLD) [4,5] or S_ chromatography mass
spectrometry (GC-MS) is [6] that requires
advances in sample ration.  Particularly,
determination of PAHs nd oils requires
saponification of the sampleﬁOH in methanol
with further exhausting liquia¥iqui® extraction (LLE)
and cleaning on a silica or/and alymina packed
column [4,7,8] The objective s clean-up
procedure is to remove polar ponents.
It is obvious that such approac optimized
for determination of PAHs in high-lipid since
requires application of large columns can
lead to essential loses of the analyte trace
their unspecific adsorption on silica/alumina
Also, due to incomplete hydrolysis, triglycer
fatty acids can contaminate the extract that can-a
the detection limit of PAHs [2,13,14]. Finally, |
volumes of solvents used in LLE increase potentia
the analyte contamination with interfering impuritie
[12]. All these obstacles make the analysis of PAHs
in high-lipid matrix low reliable, long and expensive.

To improve the sample preparation procedure
several new types of adsorbents were proposed for
solid-phase extraction (SPE) [8,15]. It is clear that
such common adsorbent as C18-functionalised silica
gel (C18), which perfectly works for pre-concentration
of PAHs from water-containing media [8], is unsuitable
in lipid media since it is non-selective and can be
easily saturated with components of lipophilic matrix
[8]. Thus, more hydrophilic adsorbents than C18
are required for improving recovery of PAHs from
lipidic matrix. For example, commercially available
hydrophilic-lipophilic balanced polymers (Oasis HLB)
demonstrated better selectivity towards PAHs than
C18 adsorbent [8]. Other approach is molecularly
imprinted polymers. Because of their rigid structure
PAHs can form specific cavities in the adsorbent
matrix. Such type of adsorbent is very specific due
to their shape-selectivity [1]. The most promising
direction in development of PAHs-selective adsorbent
which are capable for specific interaction with them.
The specific feature of PAHs is conjugated system
of m-electrons which enables specific intermolecular
interaction with other molecules having conjugated
system of electrons [16]. For example, aryl-modified

silica gel demonstrates essential affinity towards PAHs
due to such n-n interaction [15,17]. Similar effect
can explain moderate affinity of hyper-crosslinked
polystyrene resin and porphyrin-containing polymers
[18] towards PAHs. Most recently hybrid materials
containing carbon nanomaterials such as graphene
[19] and multiwall carbon nanotubes [20] have been
explored for adsorption of PAHSs.

As it can be seen from above, rational design of
the adsorbent surface that balance it lipophilicity
and affinity towards PAHSs is crucial. In this research
preparation of anthracene-functionalized silica gel
(SiO,-Ant)is reported. To manage hydrophilic-lipophilic
balance of the adsorbent as well as its potential to
form m-complexes with PAHs two—different synthetic
approaches were explored. Also, different silica gel
matrixes with pore size varied from 6 to 11 nm have
been investigated as the support. It was allowed to
control the anthracene loading and the materials
lipophilicity. Adsorption properties of the SiO,-Ant were
studied for model solution of PAHs in water, acetone
and heptane, as well as for contaminated vegetable
oil in SPE mode.

Materials and methods

Chemicals and solutions. Silica gels with pore
size (d) 6 and 11 nm, annotated as SiO,(6) and
SiO,(11), respectively, (3-Aminopropyl)triethoxysilane
(APTES, 298 %), toluene anhydrous, diglyme, N-[3-
(Trimethoxysilyl)propyllethylenediamine (EDAS),
N,N-Diisopropylethylamine (DIPEA), 9-(chloromethyl)
(9CMA), 9-Anthracenecarboxaldehyde

racene
*ACA), anthracene (Ant), acetonitrile (MeCN, 299 %),

m borohydride (NaBH4, 99 %) were purchased
igma—Aldrich (USA). Ninhydrin (99%) were
EMIS (Brazil). Anthracene was recrystallized
tone. Toluene was kept in a dark bottle over
lar sieves (4-8 mesh, Sigma-Aldrich) after
calcium hydride (from Sigma-Aldrich)
. Empty SPE Tube (with frits) volume
3 mL was used to preparation SPE cartridge packed
with synthegg aterials. The aqueous solutions
were prepa g ultra-pure water from a water
purification s e PURELAB Classic, Elga, UK).

Instruments Iytlcal conditions. The specific
surface area an e of silica gel samples were
determined using adsorptlon desorption
method at 77 K o 2020 (Micromeritics,
USA). Elemental an of carbon, hydrogen
and nitrogen (CHN)) f caIIy modified silicas
were determined by elemental analyzer
(Perkin Elmer, USA). Electronic (UV-Vis) absorption
spectra (in 200450 nm range) were measured by
Cary 100 UV-visible spectrophotometer (Agilent,
USA). The surface composition of composited was
analyzed by X-ray photoelectron spectroscopy (XPS),
using a K-alpha X-ray photoelectron spectrometer
(Thermo Fisher Scientific, UK) equipped with a
hemispherical electron analyzer and an aluminum
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anode X-ray source (Ka = 1486.6 eV), providing an
energy resolution ~1 eV.

Preparation of Working Solutions. The stock
standard solution containing 1-10-* mol L' of anthra-
cene in acetonitrile were prepared from weighted
mass of anthracene. Then several working standard
solutions at 1-10-° mol L' of anthracene were prepared
by diluting of stock solution.

The stock solution of MY in acetonitrile at
1-10® mol L' were prepared from weighted mass of
MY. Working solution of MY 2-:10-° mol L' was prepared
by dilution of its stock tion in acetonitrile water
mixture 1:1 (v/v). S unflower oil in acetone
and heptane (1%) red by dilution of the

oil in corresponding solve he lipidic solutions were
spiked with stock soluti nthracene to receive
final concentration of con t1-10° mol L.
Concentration of the a
from absorption of leaching

were determined
at 365 nm (for
acetone) and at 250 nm (for a€etorfitrile and heptane)

using calibration curve.
Determination of the concent,

of grafted
ps on the
etermined

Si0,-NH,

Cl

CHClg
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Si0,-Ant-1
'd 2\
NH ?HZ
é Si
—3Si Z\\
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X = OEt, OMe, OH

Fig.1. Two synthetic routes for preparation of SiO,-Ant.

based on elemental analysis. The concentration of
immobilized aminopropyl functional groups (C,""#?)
was calculated from the results of CHN analysis using
equations (1):

10 - P,
Ay ne‘

C,(mmol g™*) = (1)
where, is content of the element (C or N) in %; is the
element atomic mass, is the number of atoms of the
element under determination in the grafted fragment.

Since surface of silica gels modified with
anthracene groups SiO,-Ant samples contains mixture
functional groups, the equation (1) cannot be applied
for determination of anthracene fragments loading
(C,*) [21] instead, system of equations (2) shall be
applied [22]:

i
P,/100 =ZA$ k- Ct (2)
=1

Synthesis of adsorbents

General scheme of the adsorbent preparation is
presented in Fig. 1.

~N
/O'Si/\/\N/\/NHZ
0 H

N

OOO , Diglyme

Diglyme
NaBH4

Diglyme
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Mesoporous silica with covalently immobilized anthracene as adsorbent for SPE recovery of PAHs pollutants

Silica gel with immobilized aminosilane (SiO,-NH.,).
As-obtained silica gel was refluxed under agitation
in aqueous nitric acid HNO, (3 mol L") during 10 h
for purification and activation. Then it was filtered,
washed with deionized water and dried at 550 °C
for 5 h. Typically, to 10 g of the activated silica gel
suspended in 100 mL of dry toluene in a round bottom
flask equipped with a magnetic stirrer bar and a reflux
condenser, solution of APTES (3.0 mL in 70 mL of
dry toluene) was added under constant stirring. The
reaction mixture was gently refluxed for 10 h under
stirring. After slowly coolj wn to room temperature,
the solid phase wa by filtration, washed in
a Soxhlet apparatu luene. The efficiency
of washing procedure wa¥® monitored using ninhydrin
solution: in the presence S in the supernatant,
the color of the solution blue. After washing
the product SiO,-NH, was 15 °C for 7 h under
vacuum.

Silica gel with immobilize¥ anthracene obtained
by modification of aminosilane SiO,-Ant-1. Typically,
1.2 g of SiO,-NH, was added under
to the solution containing mixt
2 mmol) and DIPEA (3.0 mL, 17
chloroform at about 0 °C. Then the s
at room temperature for about 2 h. A solid
phase was separated by centrifugation and ed
with chloroform in apparatus Soxhlet to re
excess of 9CMA. The completeness of the
procedure was verified by qualitative test on
with copper wire (Beilstein test) and quantitatively
UV-Vis spectroscopic investigation of supernatant

9CMA presence at 375 nm. Finally, SiO,-Ant-1 wa

dried under vacuum at 120 °C for 5 h. Two samples‘

of SiO,-Ant-1 were prepared from SiO,-NH, having

UV-Vis
spectrometer

|
Y
\
{ \.
N
™,
\\\

/b

Waste

Abs

0 —_—

200 300 400
Wavelength, nm

Fig.2. Schematic diagram of SPE adsorption study.

pores size 6 and 11 nm, annotated as SiO,(6)-Ant-1
and SiO,(11)-Ant-1, correspondingly.

Synthesis and immobilization of anthracene-
containing silane (SiO,-Ant-2). To 60 mL of diglyme
in 100 mL flask equipped with a magnetic stirrer
and reflux condenser, 0.2 g (1 mmol) of 9ACA and
0.2 mL (1 mmol) of EDAS was added under stirring.
After 12 h of refluxing, the solution was cooled down
to room temperature and 20 mL solution of NaBH,
(0.2 g, 5 mmol) in diglyme was added into the reaction
mixture and further stirred at room temperature for
48 h. Resulted light yellow solution was separated
from the precipitate by filtration and was transferred in
a flask with SiO,(11) (1.0 g). The reaction mixture was
agitated at 110 °C for 24 h under nitrogen atmosphere,
then the solid phase was separated and washed in
Soxhlet apparatus with chloroform for 24 h and finally
dried at 115 °C in vacuum. One set of SiO,-Ant-2 was
obtained from silica gel having 11 nm pores size,
further annotated as SiO,(11)-Ant-2.

Preparation of packed SPE cartridges. Suspen-
sion of SiO,-Ant (200 mg) in 1.5 mL of MeOH
was transferred into empty SPE cartridge (3 mL,
polypropylene) with polyethylene frit. After adsorbent
precipitation it was covered another frit a subtle hand
pressure was applied using a cylindrical glass rod, to
make the packing compact. The prepared cartridge
was stored under solvent before use.

Adsorption studies. Adsorption of PAHs from a
model solution has been studied in dynamic mode.
For this 3 mL SPE cartridges packed with 200 mg of
-Ant have been introduced to the flow system,
ving plunger pump and UV-Vis spectrometer
pped with 0.1 mL quartz flow-through cuvette,

SPE cartridge ample solutions

8 © Methods and objects of chemical analysis, 2021, Vol. 16, No. 1, 5-14
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The adsorption experiment was performed with
flowrate 1 mL min'. The absorption spectra of the
solution were recorded in the wavelength range
225-390 nm with scan rate 600 nm sec' and cycled
every 0.3 min. The concentration of the analyte in
the solution was determined from the calibration
curve obtained from anthracene solution at 250 nm
and 365 nm. The dead volume (V,_ ) of the system
was determined from the blank as V__, = 2.0 mL. The
breakthrough curves were obtained by subtracted of
V s from experimental results.

Adsorption studies Hs were performed in
the next mobile p a) MeCN, b) acetone,
c) heptane and d) =1/1 w/w at pH=3.0
and 6.0. SPE cartridges conditioned with water
(10 min) and MeCN (10 orption of anthracene
from SPE cartridges ha tudied using MeCN
and MeCN/water buffer s ith pH 8.5 (90:10)
or acetone.

Three types of model solutfonsWwere investigated:

a) pure solvents, b) myristic acid (MY. 2:40-° mol L") in
MeCN:water (50 %, pH=23) mlxture solution of
commercial sunflower oil (1% in h Isolutlons
were contaminated with anthracene moI L")
the corresponding liquid media.

The effective dynamic adsorption ca
the SPE cartridge was determined for 10 %,
90 % of the cartridge saturation (X) from equ

of
nd

x)
( x|/
C 0" VX

where V - volumes of the solution passed through
cartridge to reach corresponding.

Partition coefficient (K ) of anthracene between the
solid phase and solution phase is expressed as:

Kqg=— (4)

where Ads — adsorbed concentration of anthracene,
C, — total concentration of anthracene in solution.

900

——SiO,(11), ads
800- ——SiO,(11), des
o 7001 SIO(11}NH,, ads
9= —o—SiO(11)-NH,, des
% 600- —— SiO,(11)-Ant-1, ads
2 5001 SiO,(11)-Ant-1, des|
5 —+— SiO,(11)-Ant-2, ads .
7} ) 2P,
) 400+ - SiO(11)-Ant-2, des V
§ 200
&
100
o 5—Ceo e > O—O—OOOCOTECIIAA T
0 ,._\)_g—.<1—r—0< =8 : :
0.0 0.2 0.4 0.6 0.8 1.0
a Relative pressure (p p;)

Fig.3. a) Adsorption and desorption isotherms of N, on SiO,-Ant and parent SiO,-NH, and SiO,,

distribution in SiO,-Ant-1 and SiO,-Ant-2.

Results and discussion

Characterization of the adsorbents

Two approaches were used in SiO,-Ant synthesis:
a) surface assembling, where target products were
prepared in step-by-step synthesis on silica surface;
and b) silane immobilization, where target silane was
prepared first and then immobilized on silica surface,
Fig. 1. Formation of Schiff base product was a principal
step in the synthesis of anthracene-containing silane
in the synthetic rout (b). To prevent oligomerization
of the alkoxysilane in this rout a Dean-Stark trap was
used to collect water produced during a chemical
reaction between the aldehyde and the aminosilane
(Fig.1).

Textural characteristics of the materials were
determined from on nitrogen adsorption-desorption
isotherms, Fig. 3a. The calculated textural parameters
for the samples are presented in Table 1.

According to IUPAC classification, our porous
samples are close to type |V isotherms and associated
with H1 hysteresis loop type. Such type of the
hysteresis loop is related to capillary condensation
taking place in mesopores with narrow pore size
distributions [23].

Table 1. Textural characteristics of the adsorbents.

BJH
)

Material Dy, NM S, m*g? Z,’ins g
SiO,(6 —1 480 0.80°
O (6 -NH, 6.8 279 0.63
6)-Ant-1 5.6 278 0.51
94 410 1.36
8.4 290 1.10
7.8 234 0.68
13 95 0.39

—e— SIO,(11)-Ant-1
—=— SIO(11)-Ant-2

dvdp -t (cm3 g'1 nm'1)

b Pore Diameter (nm)

b) pore-size
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Mesoporous silica with covalently immobilized anthracene as adsorbent for SPE recovery of PAHs pollutants

The presented shape of hysteresis is attributed
to cylindrical pores. Surface modification show
changes in textural characteristics of pure silica matrix
(Table 1). Based on the data, the porosities for the
carbon-containing samples and surface area are
smaller than for pristine silica. This effect is always
observed in the silanization process and is a marker
of the immobilization mechanism. Changes in surface
area up to 30-40% indicate silane immobilization in
the porous with domination of monolayer bounding.
This mechanism probably dominates in SiO,-Ant-1
synthesis, while SiO - demonstrate essential
(73%) lost in thei urface area, indicating
multilayer immobili e-polymerized silane
[24], Fig. 1.

Chemical compositi he adsorbents was
determined from X-ray lectron spectroscopy
(XPS) and elemental a CHN). The XPS
survey scan of anthracene—bﬁca gels revealed

predominantly the presence o®matifx component Si2s

Si0,(11)-NH,

Si0,(11)-Ant-1 /
CN /!
264¢eV | |

-

=< S
294 292 290 288 286 284 282 T 280
Binding energy (eV)

a

and Si2p, O1s and modifier components N1s and
C1s. The deconvolution of C1s high resolution XPS
spectrum of SiO,-Ant (Fig. 4) reveals three spectral
components in the range 282-290 eV. Based on
energy position these peaks can be attributed to the
next bonds: C-O (287.6 - 288.2 eV), C-N (286 - 286.4
eV), and C-C/C-H (285 - 285.1), respectively [25]. In
addition, both samples (SiO,-Ant-1 and SiO,-Ant-2)
demonstrate peak with binding energy at 292.0 eV
(Fig.4), indicating the presence of conjugated
aromatic system that can be assigned to anthracene
fragments [26].

Concentration of residual aminopropyl (C),,,,) and
target anthracene (C*) groups on different samples
of SiO,-Ant was determined from CHN analysis using
equations (2). The results presented in the Table 2
demonstrate that all samples of SiO_-Ant have bimodal
composition of the immobilized layer with balanced
combination of lipophilic anthracene and hydrophilic
aminopropyl fragments.

Si0,(11)-EDA
CN

Fig.4. a) High-resolution C1s spectra of pair SiO,(11)-NH, and SiO,(

and b) SiO,(11)-EDA and
SiO,(11)-Ant-2.

Table 2. The results of elemental analysis.

Viateral E;o, Sjo, I‘:/lo’ mrigﬁ,g'1 mrr?(;:ig'1 |.|rf1:<§”IL{-2r’n2 |JmC(::IA-’m2
SiO,6)-Ant-1 114 6.10 0.98 0.63 0.18 2.3 0.65 (22%)
SiO,(11)-Ant-1  1.05 4.61 0.80 0.64 0.11 2.7 0.47 (15%)
SiO,(11)-Ant-2 213 9.12 3.87 0.51 0.25 5.3 2.6 (33%)

10 © Methods and objects of chemical analysis, 2021, Vol. 16, No. 1, 5-14
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The adsorbents obtained in the surface assembling
synthesis (SiO,-Ant-1) have smaller segment the target
anthracene groups (up to 22 %) than that obtained
in one-step silane immobilization (33%). It seems
that enlargement of the pore size does not increase
loading of the anthracene on SiO,-Ant-1. Finally,
average density of the immobilized layer (umol m?)
calculated as sum of and increases with pore size
enlargement and for SiO,(11)-Ant-2 is higher than
maximum density of monolayer indicating multilayer
immobilization.

Adsorption studie

The performanc
anthracene from mao
breakthrough curves. Pa

rtridges in adsorption of
has been studied from
larly next parameters of

CICo
0,5-

0,41

0,3+

0,2

0,1

0,0

Fig.5. a) Breakthrough curves of anthracene from its s
b) dynamic adsorption capacity of SPE the cartridges.

Table 3. Parameters of the breakthrough curves of anthrace

0,8
0,6
O
2
0,4+
)
<
<
—e—C18
+—Si05(11)-Ant-2

the curves were determined for all adsorbents: a) the
breakthrough point (C,,), when the concentration of
analyte (C,) in eluate reached 0.1 of C ; b) the dynamic
capacity of the column (C,,), when C, = 0.5C; and
c) the operation limit of the column (C,, ). Adsorption
studies were performed in the next mobile phases:
acetonitrile, acetonitrile:water=1:1 (v/v), acetone and
heptane.

It is obvious that, because its hydrophobic nature,
C18 cartridge recovers PAHs from water media better
than any other more hydrophilic adsorbent, including
SiO,-Ant. Fig.5 demonstrates that in acetonitrile/
water mixture both the breakthrough point (C,,) and
dynamic adsorption capacity of C18 cartridge are
much higher than for SiO_-Ant-2.

0,4
[n], pmol L-1

b
MeCN:H,0=1:1 (v/v) mixture with pH=3.0 and

0,2 0,6 0,8

) solution (10° mol L) in various mobile

phases: the breakthrough point (C, ), the dynamic capacity lumn (C,,,), the operation limit of the
column (C,,, ) and partition coefficient (K,).
H C10"/
Mobile phase Adsorbent >
ANT in CH,CN/H,0O C18 239
ANT and MY (2:10°®) in
CH,CN/H,0 o8 e
ANT in CH,CN/H,O SiO,(11)-Ant-2 33
ANT and MY (2:10®) in :
CH,CN/H,0 SiO,(11)-Ant-2 38
ANT in CH,CN C18 13 52 229 2260
SiO,(11)-Ant-1 6.0 35 108 1770
SiO,(11)-Ant-2 36 74 153 3160
ANT in Acetone C18 14 55 237 1690
SiO,(11)-Ant-1 7.4 34 113 1530
SiO,(11)-Ant-2 40 74 163 2290

© Methods and objects of chemical analysis, 2021, Vol. 16, No. 1, 5-14
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Mesoporous silica with covalently immobilized anthracene as adsorbent for SPE recovery of PAHs pollutants

Nevertheless, increasing the mobile phase lipo-
philicity sharply reduce affinity of C18 adsorbent
towards PAHs. For example, in acetonitrile and
acetone breakthrough points of anthracene for C18
cartridges decrease about 10 times from 158 to
14 nmol g, Table 3. The column operating limit
(Cqy,) and partition coefficients (K,) also essentially
decreased for C18 cartridge, while for the proposed
adsorbents C, ,. and other parameters of the dynamic
adsorption do not undergo essential changes. It is
important to mention that adsorption characteristics
of SiO,-Ant-2 to anth e in organic solvent is
essentially better nt-1 and even C18,
Table 3. Consideri ,-Ant-2 has a higher
loading of anthracene fr ents, this fact indicates
importance of n-x intera adsorption properties
of the investigated mater

Adsorption of anthrac lipidic solutions

Since dispersive interacti“mine adsorption
of chemicals on C18 phases,’evell small quantity of
lipophilic compounds essentially reducegaffinity of C18
SPE cartridge towards PAHSs, even i r-containing
media. Indeed, even two-fold ex
added as competitive compound 10
solution of anthracene reduces con
anthracene breakthrough point on C1
158 nmol g'. Contrary, in similar conditions
Co Csp, @nd K, even increased for SiO,(
(Table 3) confirming intramolecular n-n intera
dominating mechanism of adsorption.

Considering the data received, adsorptio

anthracene from vegetable oil spiked with anthracene
was studied from dipolar acetone and apolar heptane.
The results presented in Table 4 demonstrates
that C18 SPE cartridge has nearly zero affinity to
the model PAH: amount of anthracene captured
from 1% solution of vegetable oil in acetone before
the breakthrough point is only 6 nmol g' versus
239 nmol g in acetonitrile/water mixture, Table 3. At
the same conditions C, , for SiO,-Ant adsorbents is in
4-5 times higher than for C18, Table 4.

More profound difference between C18 and
SiO,-Ant in adsorption of the model PAH from lipidic
solution has been revealed for heptane solution of
spiked oil. The results of the dynamic adsorption
of anthracene from heptane solution presented in
Fig.6 shows that both adsorption capacity and affinity
of SiO,-Ant to anthracene are higher than C18.
Moreover, complete recovery of the model PAH from
1% solution of oil in heptane can be achieved on
SiO,-Ant cartridges (Fig. 6¢). It is it is worth noting that
all adsorption characteristics of SiO,-Ant are higher
in heptane then in acetone, including K, Table 4.
Also, it can be seen that essential (about 3500-fold)
excess of lipids does not decrease recovery of model
PAH from heptane solution: C, , of anthracene on
SiO,-Ant is about the same or even higher that C, ,
from oil-free solutions. This indicates dominating
of m-n stacking interaction between analytes and
immobilized fragments in adsorption mechanism of
PAHSs on SiO,-Ant from non-polar solutions.
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Fig.6. Dynamic adsorption of anthracene from 1% solution of sunflower oil in acetone, contaminated with
1-10° mol L' of anthracene: a) the breakthrough curves, b) dynamic adsorption capacity of SPE the cartridges,

C) recovery.
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Table 4. Parameters of the breakthrough curves of
anthracene from 1% solution of spiked sunflower oil in
acetone and heptane.

Adsorbent Co% Coe  Coon K, :
nmol g mLg
Acetone

Cc18 6 36 104 1327

SiO,(6)-Ant-1 29 63 178 2733

SiO,(11)-Ant-1 20 46 113 1626

SiO,(11)-Ant-2 6 140 1512

C18 5 143 1306

SiO,(6)-Ant-1 57 316 3714

SiO,(11)-Ant-2 44 207 2270

Conclusions “

Thus, in contrast to C18, SiO,-Agd can adsorb
PAHSs from lipidic solutions in non- lvents. The

adsorbent selectivity can be ca ability to
form intermolecular 1-1T complexes Hs. The
adsorbents do not demonstrate selecWards
lipophilic macrocomponents such as MY ower
oil. This can be explained by hydrophilicity of t,
which have only about 15-33% of lipophilic fr. ,
Fig. 7. Therefore, when adsorption of the a
occurs due to non-selective hydrophobic interac,
(for example in acetonitrile/water media), SiO,
demonstrated feeble adsorption properties. Contra
in apolar solvents SiO,-Ant demonstrate specifi
adsorption of aromatics due to -1 interaction.
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