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HIGHLIGHTS GRAPHICAL ABSTRACT

o BPT-BZ-CMP was synthesized and used
to adsorb FCV for the first time.

e The adsorption capacity of BPT-BZ-CMP :
was the best and reached 347.8 mg/g. \

e The hydrogen bonding, n-t and C-H:--nt !
interactions enhanced the adsorption of !
FCV.

e BPT-BZ-CMP had excellent regeneration
ability to be an outstanding sorbent.
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ARTICLE INFO ABSTRACT

Keywords: The consumption of famciclovir (FCV) has been increased dramatically since the outbreak of coronavirus in 2019,
Conju.gatet'i microporous polymer and the pollution and harm of FCV in waters are concerned. Here, by utilizing aryl halides on 2, 4, 6-tris(4-
Famc1c1?v1r bromophenyl)— 1, 3, 5-triazine (BPT) and primary amine groups on benzidine (BZ), a novel conjugated micro-
&iscf:;i:; porous polymer, namely BPT-BZ-CMP, was synthesized by Buchwald-Hartwig coupling reaction and applied in the

removal of FCV from aqueous solution firstly. The synthesized BPT-BZ-CMP were characterized by various
methods, including FTIR, SEM, BET, and Zeta-potential. Due to the micropore structure and high specific surface
area, it took only 30 min for BPT-BZ-CMP to adsorb FCV to reach an equilibrium, and the maximum adsorption
capacity was 347.8 mg-g~'. The Liu and pseudo-second-order kinetic models properly fit the adsorption equilib-
rium and kinetic data, respectively. The adsorption process was a spontaneous process, and the hydrogen bonding,
n—n interaction and C-H---x interaction enhanced the adsorption of FCV on BPT-BZ-CMP. BPT-BZ-CMP maintained
a good adsorption capacity after four consecutive adsorption-desorption cycle experiments. This study confirmed
the potential of BPT-BZ-CMP as efficient sorbent to remove FCV from aqueous solutions.
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H.-C. Tu et al.
1. Introduction

The emergence of drugs in waterbodies was reported in the United
States as early as the 1970 s [1]. The residues of antiviral drugs easily
flow into waterbodies because of their low biodegradability, and they
constitute chronic toxicity to aquatic organisms in natural waterbodies
and harm humans through bioaccumulation amplification [2]. One of
the antiviral drugs, famciclovir (FCV), is a ring-opening nucleoside drug
mainly used to treat herpes virus infections [3]. Owing to the global
presence of COVID-19, FCV was proposed as an add-on therapy after the
onset of the coronavirus disease 2019 (COVID-19) along with COVID-19
treatments [4], the environmental harm caused by the large-scale use
and bioaccumulation of FCV is evident. Therefore, removing FCV from
waterbodies should be promptly tackled.

Adsorption is an attractive candidate for the removal of antiviral
drugs because of its economic feasibility, environmental friendliness,
and simple operation [5-7]. Meanwhile, to achieve efficient adsorption,
sorbents with high capacity and fast rate are required. Many sorbents
have been utilized for adsorption, such as carbon nanotubes[8], nano-
fibers [9], powdered activated carbon [10], metal-organic frameworks
[11], covalent organic frameworks [12], etc. Advanced materials as
sorbents with excellent adsorption capacity and regeneration have
garnered substantial attention.
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Porous materials exhibit great potential as sorbents because of their
high specific surface area and limited pore space [13-15]. Of which, the
unique surface wettability and excellent selective adsorption properties
of conjugated microporous polymers (CMPs) make them show potential
application prospects as high-efficiency adsorbents in the field of
waterbodies treatment. After the first synthesis of CMPs by Cooper’s
group [16], CMPs have been continuously developed and innovated in
terms of design and synthesis, and they have demonstrated great po-
tential in gas storage [17], separation [18], sensing[19], catalysis [20,
21], and batteries[22]. The generation of C-N bonds in the polymer
network by palladium-catalyzed cross-coupling of arylamines with aryl
halides is the mainstay of the synthesis of N-containing CMPs by the
Buchwald-Hartwig (BH) coupling method, and can obtain covalent
bonds with high chemical stability, which is a great advantage for a
sorbent[23-25].

Here, a stable CMP (BPT-BZ-CMP) with a high surface area was
prepared from 2, 4, 6-tris(4-bromophenyl)— 1, 3, 5-triazine (BPT) and
benzidine (BZ) by the BH coupling reaction, for use as a sorbent for the
effective removal of FCV from aqueous solutions. Batch adsorption
performances were systematically analyzed through kinetic and ther-
modynamic studies. The influencing factors (pH and sorbent concen-
tration) were tested, and recycling experiments were investigated to
evaluate the environmental application potentials of BPT-BZ-CMP. In
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Fig. 1. FT-IR spectra of BPT-BZ-CMP in material synthesis (a) and stability experiments (b), SEM micrograph (c), N, adsorption-desorption isotherms and pore-size

distribution of BPT-BZ-CMP (d).
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Fig. 2. Zeta-potential of BPT-BZ-CMP (a) and pH influence (C; = 0.5 g-L, T = 308 K) for FCV adsorption on BPT-BZ-CMP (b).

addition, the adsorption mechanism was explored by Fourier transform
infrared (FT-IR) spectroscopy, X-ray photoelectron spectroscopy (XPS),
and density functional theory (DFT) calculations. This study provides a
novel method for FCV removal based on BPT-BZ-CMP for practical water
remediation and elucidates the adsorption mechanism.

2. Material and methods
2.1. Chemicals and characterization

BPT, BZ, Bis(dibenzylideneacetone)palladium (Pd[dbaly), and 2-
(dicyclohexylphosphino)— 2,4,6-tri-i-propyl-1,1-biphenyl (XPhos) were
obtained from Alpha Bio Co., Ltd. (Tianjin, China). Sodium tert-butoxide
(NaOtBu) and FCV were purchased from Aladdin Biochemical Tech-
nology Co., Ltd. (Shanghai, China). An FCV stock solution (1000
mg-L~!) was prepared with purified water.

Scanning electron microscopy (SEM, SUPPATM 55, Zeiss, Germany)
was employed to observe the morphology and size of the BPT-BZ-CMP
material. FT-IR (Nicolet 710 infrared) was employed to record the
functional groups of the material at wavelengths in the range of
500-4000 cm™!. The surface area of BPT-BZ-CMP was determined by
JW-BK300C volumetric sorption analyzer. The XPS spectra were recor-
ded by Thermo Fisher Escalab 250 Xi system.

2.2. Preparation of BPT-BZ-CMP

This study polymerized BPT-BZ-CMP in an optimized manner ac-
cording to previously reported methods [26]. BPT (360.4 mg), BZ
(184.2 mg), Pd(dba); (34.5 mg,), XPhos (42.9 mg), and NaOtBu (672.7
mg) were added in a round bottom flask under a nitrogen atmosphere.
Thereafter, 1,4-dioxane (60 mL) was added to the mixture and heated to
85 °C with stirring. After 24 h, the reaction was cooled to room tem-
perature, and the solvents were removed by filtration (Fig. S1). The
remaining solid was washed with purified water (50 mL) and four times
with methanol (200 mL). The product was dried at 60 °C under vacuum
conditions for 24 h to obtain BPT-BZ-CMP.

2.3. Adsorption experiments

For the adsorption kinetics experiments, a weighed sample of BPT-
BZ-CMP was added into a 200 mg-L™! FCV aqueous solution (pH =
6.0), sonicated in ultrasound for 10 s, and shaken at 308 K. The

supernatant of the dispersion was filtered through a 0.45 pym syringe
filter at different times. For the adsorption isotherm and thermodynamic
experiments, the BPT-BZ-CMP samples were dispersed in FCV (volume,
10 mL; concentration, 0-350 mg-L’l) and shaken at 288, 298, 308, and
318 K for 12 h. The absorbance was detected at 305 nm with an ultra-
violet spectrophotometer, and the concentration of the supernatant was
determined. The amount of FCV adsorbed by BPT-BZ-CMP was get by
subtracting the mass of FCV in the treated solution from the mass of FCV
in the initial solution using Egs. (S1) and (S2).

2.4. DFT

DFT calculations were employed to simulate the adsorption mecha-
nism with the Dmol® program package in Material studio. The exchange-
correlation energy was calculated by the Perdew-Burke-Ernzerhof
function within the generalized gradient approximation. The c-axis of
the one-layer-four-hole slab with a 3 x 2 x 1 BPT-BZ-CMP supercell was
built to adsorb five identical FCV molecules. The guest molecular
adsorption was analyzed by the Metropolis Monte Carlo algorithm.

3. Results and discussion
3.1. Characterization of BPT-BZ-CMP

The FT-IR spectra (Fig. 1a) showed that the original characteristic
peaks centered at 3321, 3392, and 3431 cm! correlating with the amine
groups of BZ (-NHj stretching) and the aromatic C-Br stretching vi-
brations at 1171 and 1009 cm™! arising from the aromatic C-Br groups
of BPT were strongly attenuated in the BPT-BZ-CMP spectra. This indi-
cated that the two monomers were combined to form the BPT-BZ-CMP
network via BH coupling successfully. Concomitantly, the -PH-NH-
(1599 cm’l) and aromatic C-H (811 cm’l) bands corresponding to the
benzenoid rings were observed, which confirmed the successful syn-
thesis of BPT-BZ-CMP[27]. Solid-state '3C cross-polarization magi-
c-angle spinning (CP/MAS) NMR technique can be well used to
investigate the structure of insoluble polymeric material BPT-BZ-CMP
(Fig. S2). The spectra of BPT-BZ-CMP show two main resonances at
147 and 116 ppm, which were assigned to the substituted phenyl car-
bons and unsubstituted phenyl carbons, respectively. A peak at 170 ppm
was assigned to the triazine carbon of CMP. Signals derived from the
phenyl groups of the triazine unit were observed at 127, 130 and 139
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Fig. 3. The effect of sorbent concentration (pH = 6.0, T = 308 K).

The chemical stability of BPT-BZ-CMP as a new FCV sorbent is
important. Fig. 1b shows the FT-IR spectra of BPT-BZ-CMP after 48 h in
different organic solvents, including methanol, acetonitrile, 1 mol-L !
NaOH, and 1% HCI. There was no significant change in each spectrum,
indicating that BPT-BZ-CMP had high chemical stability. The thermog-
ravimetric analysis (TGA) of BPT-BZ-CMP under Ar (Fig. S3) showed
that the material was stable up to 200 °C and yielded > 85 wt% chars
when heated to 700 °C. The better thermal stability of BPT-BZ-CMP is
attributed to the multiple stable C-N bonds in its structure, forming
highly cross-linked network structures.

As shown in Fig. 1c, BPT-BZ-CMP exhibited uneven particulate-like
morphologies with nanoparticle diameters in the range of
100-500 nm. The adsorption performance was closely related to the
specific surface area and pore structure of the sorbent. Noteworthily,
BPT-BZ-CMP exhibited a large specific surface area of 368 m?.g™". This
was calculated from the Langmuir adsorption isotherm equation [Eq.
(S3)]. This large specific surface area was quite beneficial for the
adsorption performance. And the Elemental mapping of SEM confirmed
the presence of C and N atoms in BPT-BZ-CMP materials (Fig. S4). The
N, adsorption-desorption behavior of BPT-BZ-CMP (Fig. 1d) was Type I,
reflecting the pore-filling phenomenon of a microporous sorbent. The
median pore width distribution of BPT-BZ-CMP was 0.6825 nm. The
large surface area and micropore structure provided additional
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adsorption spots to improve the FCV adsorption efficiency and rate.
3.2. Effects of pH and sorbent concentration

Here, the effect of pH on the adsorption of BPT-BZ-CMP was inves-
tigated at a temperature of 308 K and an FCV concentration of
200 mg-L~! in the pH range of 2.0-12.0. As shown in Fig. 2b, BPT-BZ-
CMP exhibited a poor adsorption effect on FCV at a pH of 2 because
of the instability of FCV in a strong-acid environment. The surface
charge property of BPT-BZ-CMP was determined by measuring the zeta
potentials in the pH range of 4.0-10.0 (Fig. 2a). The pH at the point of
zero charge (pHpzc) of BPT-BZ-CMP was 6.2. When pH < 6.2, the su-
perficial charge of BPT-BZ-CMP was positive, but it became negative
when pH > 6.2[28]. The pKa of FCV was 4.0, indicating that FCV was in
anion form at pH > 4.0. Hence, the high FCV removal efficiency mainly
occurred via hydrogen bond interaction, not electrostatic force within a
pH range of 5.0-10.0. When the pH decreased, the free hydrogen ions
increased and covered the negative atoms, resulting in a decrease in
hydrogen bonds. Conversely, the number of hydroxides in the solution
increased, and there were only a few free hydrogen ions to form abun-
dant hydrogen bonds as the pH increased. Therefore, excess acid or base
was not conducive for the formation of hydrogen bonds between the two
compounds. Thus, the interaction between BPT-BZ-CMP and FCV
gradually weakened while the n—n interaction responded to the
adsorption in view of a certain adsorption capacity at pH of 4.0 and
10.0-12.0.

The concentration of the sorbent is an important factor affecting the
adsorption. However, economic factors should be examined when
considering the adsorption effect. Therefore, when determining the
amount of sorbent, it was necessary to ensure the removal effect and
cost-effectiveness. As shown in Fig. 3, the total removal amount (Ay,) of
FCV increased from 0.356 to 1.822 mg, but the equilibrium adsorption
amount (ge) decreased from 284.6 to 182.2 mg-g~! with the concen-
tration of the sorbent (Cy) changing from 0.125 to 1.0 g-L 1. The high g,
at low BPT-BZ-CMP doses may be due to the complete exposure of the
adsorption sites, and the surface adsorption saturation rate was rapid.
The adsorption capacity decreased with an increase in BPT-BZ-CMP
dosage, owing to the uncovered adsorption sites. This phenomenon
was known as the C; effect [29]. Therefore, economically, the optimal
concentration of BPT-BZ-CMP should be 0.50 gL' as the optimal
choice.

300
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50

0 5 10 15 20 25 30 35 40
0.5)

Time*(min

Fig. 4. Adsorption kinetics fitted by pseudo-first-order, pseudo-second-order and Elovich models (a), and intra-particle diffusion model (b).
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Table 1
Parameters of kinetic equations for FCV adsorption onto BPT-BZ-CMP.
Kinetic model Parameter Value
ge (mg-g ") 257.4
Pseudo-first-order k1 (min~1) 0.151
R? 0.9723
g (mg-g™") 267.0
Pseudo-second-order ko (g~mg’1min’1) 0.001
R? 0.9866
a (mg-g 'min ") 7.25 x 10°
Elovich f(gmg™) 0.061
R? 0.9332

3.3. Adsorption kinetics

Adsorption kinetic experiments were performed to study the nature
of the adsorption process and adsorption mass transfer process. As
shown in Fig. 4a, pseudo-first-order [Eq. (S4)], pseudo-second-order
[Eq. (S5)], and Elovich models [Eq. (S6)] were employed to fit the
experimental data, and the parameters are listed in Table 1. The results
showed that FCV quickly reached the adsorption equilibrium within
about 30 min at the initial FCV concentration of 200 mg-L* and pH of
6.0 at 308 K. This indicated that BPT-BZ-CMP could efficiently remove

Colloids and Surfaces A: Physicochemical and Engineering Aspects 656 (2023) 130393

FCV at an extremely high adsorption speed. The correlation coefficients
(R?) of the three models were 0.9723, 0.9866, and 0.9332, respectively.
From the values of R?, the pseudo-second-order model obtained the best
fit, which implied that the adsorption process was mainly controlled by
chemical action, rather than mass transfer.

It was difficult to confirm the potential rate-controlled steps of the
adsorption process using only the aforementioned models. Hence,
intraparticle diffusion was considered to fit the obtained experimental
results, which were calculated by Eq. (S7) [30]. Fig. 4b shows that the
diffusion process followed two steps. The slower second step controlled
the main rate process, demonstrating that the adsorption process
occurred through surface and intraparticle diffusion [31,32].

3.4. Adsorption isotherm

The adsorption isotherms allowed the visualization of important
information when investigating the g, and explaining the adsorption
properties of the adsorbate bound to the surface of the sorbent[33-37].
The equilibrium data were analyzed using the Langmuir [Eq. (S8)],
Freundlich [Eq. (S9)], and Liu [Eq. (S10)] models, and the nonlinear
fitting curves are shown in Fig. 5. Table 2 summarizes the constants and
R? values obtained from the aforementioned three isotherm models
applied for the adsorption of FCV on BPT-BZ-CMP.

( ) (h) 350
l "
250 208 K
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B0 150 L'angmulrmodel a0 . e Langmuir model
E Liu model £ —— Liumodel
= Freundlich model = 150 | —— Freundlich model
100
100 |
SO0 = 50k
1 1 1 1 1 | 1 1 1
n 50 100 150 200 250 0 50 100 150 200 250
. . : _I
Cc(mg'L-]_) Fl(mg L. )
350
(e) (d)
B0- 308K 318K .
I 300
300
250
250
_"u, r = Langmuir model +bb 200 F Langmuir model
a0 200 F Liu model B — Liu modpl
E L — Freundlich modcl fg ['reundlich model
= S 150 |
150
100 100 -
S0 - S0
1 1 1 1 L 1 1 1 1
0 50 100 150 201 0 50 100 150 200

Cmg-L")

C, mg-L")

Fig. 5. Adsorption isotherms fitted by Langmuir, Freundlich, and Liu models at 288 (a), 298 (b), 308 (c), and 318 K (d) (Cs = 0.5 g-L’l, pH = 6.0).
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Table 2
Parameters of adsorption isotherm equations for FCV on BPT-BZ-CMP.

Colloids and Surfaces A: Physicochemical and Engineering Aspects 656 (2023) 130393

Temperature (K)

Adsorption isotherm Parameter
288 298 308 318
gm (mg-g ™) 234.8 292.5 321.3 297.1
Langmuir Ky (L'mg™) 0.54 0.26 0.21 0.17
R? 0.9482 0.9287 0.9748 0.9573
Kg
. (mgg (gL 5] 97.9 100.7 103.2 85.2
ng 5.58 4.55 4.27 3.93
R? 0.9206 0.9625 0.9414 0.9468
Ky (L~mg’l) 0.04 0.03 0.04 0.04
Liu ny, 2.99 2.50 2.27 2.01
R? 0.9530 0.9829 0.9803 0.9738
Table 3
350 Thermodynamic parameters for FCV adsorption onto BPT-BZ-CMP.
K. AG? AHO AS©
T ture (K
300 emperature () ) (Jmol ™))  (Jmol™)  (Jmol LK1
288 9.5 x 10% -21.9
298 7.8 x 10° -22.2
250
= 308 9.6 x 10° -23.5 1.59 81.01
) 318 95x10° 242
oo 200
£
N’
s
150 400
100 | 350 |
300
50
1 1 1 1 1
0 50 100 150 200 250 250 -

Ce(mg-L1)

Fig. 6. Effect of temperature on the adsorption of FCV by BPT-BZ-CMP (C; =
0.5 gL', pH = 6.0).

The Langmuir model assumed that adsorption only occurred at local
sites and the same adsorption energy exists in all the adsorption sites.
The equilibrium constant, Ky, indicates whether the adsorption process
is unfavorable, linear, favorable, or irreversible, K, > 1, K =1, 0 < K,
<1 and K; =0, respectively. The K; values were 0.5398, 0.2610,
0.2136, and 0.1706 L-mg_1 at different temperatures (Table 2),
revealing that the adsorption process was favorable [38].

The Freundlich model is an empirical equation describing multilayer
adsorption on inhomogeneous surfaces. The magnitude of the Freund-
lich constant (ng) indicates whether the adsorption process is favorable
(ng > 1) or chemisorption (ng < 1). The ng values were 5.58, 4.55, 4.27,
and 3.93 (Table 2), which confirmed that the adsorption of FCV by BPT-
BZ-CMP was a favorable process [39].

The Liu model assumed that the adsorption was heterogeneous. This
was due to the existence of different active sites and different free
adsorption energies acting simultaneously[40]. The Liu model afforded
the highest R? values, which all exceeded 0.95. Therefore, the Liu model
is the best isotherm model for the adsorption of FCV onto BPT-BZ-CMP
[41,42].

3.5. Adsorption thermodynamics

Fig. 6 shows the effect of temperature (288-318 K) for FCV adsorp-
tion onto BPT-BZ-CMP. As shown, 308 K was the best adsorption tem-
perature. Thermodynamic studies of the adsorption process by
calculating thermodynamic parameters like Gibbs free energy (AG°),
enthalpy change (AH?) and entropy change (AS®) (Table 3). The

Adsorption capacity (mg-g")
— ~
n [—3
] [}

2 3 4 5

Reuse cycles

Fig. 7. FCV adsorption capacities by BPT-BZ-CMP after five recycle runs.

thermodynamic equilibrium constant (K.) was acquired by the Liu
model’s constant (Kg) [Eq. (S11)] [43,44]. The spontaneity of the
adsorption of FCV onto BPT-BZ-CMP was based on the negative
AGC%value, which was calculated by Eq. (S12). Furthermore, AG°
decreased with an increase in temperature, indicating that the adsorp-
tion of FCV on BPT-BZ-CMP was endothermic [45,46]. The AH? value
calculated using Eq. (S13) was 1.59 kJ ~mol’1, which confirmed that the
adsorption was an endothermic reaction. The positive ASCof
81.01 J-mol 1K~ implied an increase in the stochasticity of the solid-
-liquid border, indicating the excellent attraction between BPT-BZ-CMP
and FCV.

3.6. Regeneration of BPT-BZ-CMP

As an excellent sorbent in practical applications, the adsorption
regeneration ability of BPT-BZ-CMP is crucial. Therefore, desorption and
resorption experiments were performed to confirm its good regeneration
ability. An acetonitrile solution containing ammonia (5%) was used to



H.-C. Tu et al.

Colloids and Surfaces A: Physicochemical and Engineering Aspects 656 (2023) 130393

()
e

After adsorption 4
(carbonyl group)1740

—

Before adsorption

" 1 " 1 " L " L 1 " 1

4000 3500 3000 2500 2000 1500 1000
Wavenumber(cm™)
(c) Raw
Fitted

—C-H

—C-C

—C-N

— C-C=N

— sp? satellite

— Baseline

1 1 1 1
295 290 285 280
Binding Energy (eV)

(b)

Cls

O1s N Is

IE———

After adsorption

Cls

Intensity (a.u.)

Before adsorption

800 600 400 200 0

1000

Binding Energy (eV)

(d)

Raw
Fitted
C-H
C-C
C-N
C-C=N
sp? satellite
Baseline

290
Binding Energy (eV)
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BZ-CMP.

desorb FCV from BPT-BZ-CMP. The recovery performance of BPT-BZ-
CMP was investigated at an initial FCV concentration of 300 mg-L ™,
pH = 6.0, and T = 308 K using 5% ammonia-acetonitrile as the eluent.
The adsorption capacity of BPT-BZ-CMP for four consecutive adsorp-
tion—desorption cycles is shown in Fig. 7. The adsorption capacity could
reach 347.8 mg-g~! initially, which was 336.2 mg-g™" after the first
desorption experiment and 330.0, 321.5, and 318.5 mg-g~ " for the three
subsequent cycles, respectively. The adsorption capacity slightly
decreased with an increase in the number of cycles, possibly due to
incomplete elution of the desorption experiment, which prevented
complete regeneration of the material. This performance confirmed the
excellent adsorption regeneration ability of BPT-BZ-CMP for the
removal of FCV and its feasibility as an outstanding sorbent for practical
application.

3.7. Adsorption mechanism

Compared with the full FT-IR spectra of BPT-DMB-CMP prior to and
after adsorption (Fig. 8a), a new characteristic peak at 1740 cm !
ascribed to the carbonyl group of FCV appeared after adsorption, which
revealed the successful adsorption of FCV by BPT-BZ-CMP. The XPS
characterizations of BPT-BZ-CMP prior to and after FCV adsorption were

analyzed and compared (Fig. 8b-d). The bond contents of C—C
(284.5 eV) and C-N (285.5 eV) were significantly different in the Cls
spectra of BPT-BZ-CMP after FCV adsorption (Table S1). These phe-
nomena indicated n—r interaction between the aromatic ring of FCV and
the benzene ring of BPT-BZ-CMP [47,48]. The bond ratio of C~-C=N
after adsorption was significantly higher than that before adsorption,
which explained the successful adsorption of FCV by BPT-BZ-CMP.
DFT analysis was employed to confirm and reveal the interaction
mechanism between FCV and BPT-BZ-CMP from a molecular structure
perspective. The generalized gradient approximation (GGA) method with
Perdew-Burke-Ernzerhof (PBE) function was employed to describe the
interactions between core and electrons. For the binding energy and
adsorption conformation simulations, the DFT-D functional to include the
physical van der Waals interaction, which was demonstrated to be very
important in the simulation of CMP adsorption. The force and energy
convergence criterion were set to 0.002 Ha A and 107 Ha, respectively.
Fig. 9a depicts the adsorption configuration of FCV adsorption on BPT-BZ-
CMP. Some of the FCV molecules were accommodated in the hexagonal
pore walls of BPT-BZ-CMP after adsorption. Fig. 9b and ¢ demonstrate the
possible - interactions and nonbond weak interactions among the
benzene ring and C-H on BPT-BZ-CMP and the n-electron-rich aromatic
ring of FCV, respectively. Hydrogen bonds were mainly generated
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Fig. 9. Five molecules of each FCV@ 3 x 2 x 1BPT-BZ-CMP unit cell configuration; FCV@ 3 x 2 x 1BPT-BZ-CMP (a); n—= interaction (b); C-H---x interaction (c) and

H bond interaction (d, e and f) between the FCV@BPT-BZ-CMP system.

between the triazine or imino groups on BPT-BZ-CMP and the aromatic
rings or carbonyl groups on FCV molecules (Fig. 9d—f). Thus, the
enhanced adsorption behavior of BPT-BZ-CMP may be based on the
following reasons. First, the n—r and C-H---n interactions formed between
the benzene ring and C-H on BPT-BZ-CMP and the n-electron-rich aro-
matic ring of FCV strengthened the van der Waals force, therefore, the
nonbonding interaction and the adsorption energy were enhanced. Sec-
ond, the N-H:--N and N-H---O hydrogen bond interactions between the
triazine or imino groups on BPT-BZ-CMP and the aromatic rings or
carbonyl groups on FCV molecules enhanced the intermolecular in-
teractions. The binding energy of the FCV@BPT-BZ-CMP system (Epinq)
was — 34.9 kcal-mol L. Additionally, the BPT-BZ-CMP with high surface
area increased the adsorption sites and induced van der Waals in-
teractions. Based on the aforementioned analysis of potential mecha-
nisms, the theoretical explanations correlated with the experimental data
in terms of the excellent FCV removal capacity of BPT-BZ-CMP.

4. Conclusions

In conclusion, BPT-BZ-CMP was synthesized by the BH coupling re-
action and was applied firstly to remove FCV from an aqueous solution.
The morphological characteristics of BPT-BZ-CMP were investigated by
FT-IR, SEM, BET, XPS, and Zeta-potential analyses. The results showed
that the solution pH of 6.0 and sorbent concentration of 0.50 g-L~! were
the optimal adsorption conditions. With its micropore structure and high
specific surface area, BPT-BZ-CMP only required a short time (30 min)
to reach the adsorption equilibrium for FCV, and the maximum
adsorption capacity can reach 347.8 mg-g~!. Meanwhile, the adsorption
kinetics, isotherms, and thermodynamics of FCV onto BPT-BZ-CMP were
studied. The results showed that the Liu and pseudo-second-order ki-
netic models fit the adsorption equilibrium and adsorption kinetic data
well, respectively, and the adsorption was a spontaneous endothermic
process. The hydrogen bonding, n—r interaction and C-H---n interaction

enhanced the adsorption of FCV on BPT-BZ-CMP. The adsorption ca-
pacity of BPT-BZ-CMP remained well after four consecutive adsorp-
tion—desorption cycles. This study provides a feasible method for the
efficient and high-adsorption removal of FCV from the synthetic efflu-
ents of hospitals and pharmaceutical factories.
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