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Surface molecularly imprinted polymer of solanesol (SA-SMIP) was prepared by reversed phase suspension

polymerization using modified titanium dioxide (TiO,) as carrier, and operation conditions were investigated
and optimized. Structures of modified TiO, and SA-SMIP obtained at optimal conditions were characterized by
Fourier transform infrared spectrometer adopting original TiO, and non-surface molecularly imprinted polymer
as reference. The SA-SMIP synthesized under optimal conditions displayed an excellent recognition of SA from
the mixture of SA and triacontanol. The maximum separation degree of SA was 2.90. Finally, the adsorption
kinetics and isotherm were investigated and analyzed. Adsorption kinetics results indicated that the adsorption
of SA-SMIP to SA was a pseudo-second order process, and the adsorption of beginning and later stages was
controlled by homogeneous particle diffusion and adsorption reaction process, respectively. Adsorption

isotherm results documented hereby were two sorts of bonding sites, complete imprinted cavities and defective
imprinted cavities. The adsorption for two bonding sites could be well lined up with the Langmuir model.

Solanesol (SA), a nine polyisoprene primary alcohol with all-
trans configuration, was reported as the starting material for
the synthesis of coenzyme Qo, vitamin K,, and SDB, an
anticancer synergist agent [1, 2]. Besides its use as a precursor
to prepare above medicine, SA itself also possesses extensive
pharmaceutical value, such as antibiosis and antiphlogosis, and
used in cardiovascular disease treatment [3]. The demand for
SA has been increased annually because of its above pharma-
ceutical activity [4]. Driven by the growing demand, many
attempts had been made to extract pure SA from natural

resources [5, 6]. However, the application of SA requires high
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purity, and the actual contents of SA in plants are small, which
made the separation and purification of SA from natural
products become a cost and complex process naturally. For
example, reports on SA’s purification show that chromato-
graphic technology was always used, with more than one time
of chromatography steps [7, 8, 9], which meant the preparation
of SA at present is very costly and could not be used for
obtaining high purity SA. Thus, an effective separation and
purification technology or material for SA is still needed
urgently [10].

Molecular imprinted polymers (MIPs) had shown a prom-
ised prospective in separation and purification field [11, 12, 13,
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14, 15, 16] because of its special features, such as structure
predetermination, specific recognition, and extensive practica-
bility. However, reports on the preparation of MIPs were
always focused on bulk or solution polymerization, and some
MIPs prepared by suspension polymerization [5, 14]. Because
the products synthesized by bulk/solution polymerization
always have the massive shape and need grinding and
screening, which would result in the waste of raw materials
and deform the imprinting cavities inevitably, the adsorption
capacity and affinity of MIP to the template molecule would
decrease naturally. Besides, MIP prepared by both solution/
bulk polymerization and general suspension polymerization
still faces certain challenges [17]. If MIPs prepared with the
above methods, most imprinted cavities would be distributed in
the deeper range of MIP matrix and quantities of imprinted
cavities distributed on the outer surface would be small, which
would decrease the efficiency and effectivity of MIP in the process
of separating template molecular, because less specific binding
cavities on the outer surface would decrease the adsorption
capacity of MIP, while higher hindering rebinding of imprinted
cavities in deeper range of MIP matrix would prolong the
operation time [17, 18]. Comparatively, the imprinted cavities
of surface molecular imprinted composite (SMIC) was mainly
generated on the surface, and template molecular could access the
imprinted cavities and be absorbed with less steric resistance and
faster mass transfer speed [19, 20, 21] and had been evidenced as
a promising strategy for enhancing the application of separation
and purification. At present, there are many reports about the
preparation and performance of SMIC [14, 21, 22, 23, 24, 25, 26,
27, 28, 29]. However, the preparation and selectivity of SMIC for
SA are under active investigation.

Based on our previous research on MIP of SA [30], this
report focused on the design and synthesis of SA-SMIC using
titanium dioxide (TiO,) as carrier. To realize this strategy, TiO,
particles were modified with silane coupling agent KH570 to
change them to hydrophobic and polymerizable composite
monomers first and then hydroxyethyl methacrylate (HEMA)
and ethylene glycol dimethacrylate (EGDMA) were copoly-
merized by suspension polymerization to prepare SA-SMIC.
Focused on the adsorption capacity and separation degree of
SA-SMIC to SA from the mixture of SA and triacontanol (TA)
with the molar ratio of nga/npa = 1/3, the effect of the
monomer, cross-linker, initiator, etc., was investigated and
optimized. The samples prepared under the optimal conditions
showed the adsorption capacity of 30.46 mg/g and the
separation degree of 2.90. Thereafter, the structures of modified
TiO, and surface molecularly imprinted polymer of solanesol
(SA-SMIP) obtained at optimal conditions were characterized
by Fourier transform infrared spectroscopy (FTIR) adopting
original TiO, and non-surface imprinted molecular polymer
(NSMIP) as references. Finally, based on the samples prepared
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under the optimal conditions, the adsorption kinetics and
isotherm were investigated in detail, and some useful results

were obtained and discussed systemically.

Characterization of the structure of modified TiO,

Figure 1 shows the FTIR spectra of original TiO, and modified
TiO,. For original TiO,, the strong absorbency around
3430 cm™ ' related to the stretch vibration of O-H on the
surface of TiO,, the peak at 1636 cm !
bending vibration of O-H, the peak at 1415 cm™
associated to antisymmetric stretching vibration of CO;>” in
TiCOs3, and the peaks at 675 and 534 cm ! could be ascribed to
the symmetric stretching vibration and antisymmetric stretch-

corresponded to the

! was

ing vibration of Ti-O. The above signals indicated that the
original material was TiO, with some TiCO; impurity. After
TiO, modified with KH570, the spectrum of modified TiO,
showed new absorption bands at both 2913 and 2852 cm™/,
which could be assigned as the vibration of —-CH, in KH570.
Besides, modified TiO, also showed another new peak at
1083 cm ™', which was the asymmetric stretching vibration of
Si-O-Si [31]. In all, the above FTIR results indicated that

KH570 was grafted on the surface of TiO, successfully.

Characterization of the structure of SA-SMIP

Figure 2 presents FTIR spectra of SA-SMIP and NSMIP, the
strong absorbency occurred at about 3440 cm ™' was the stretch
vibration of O-H in HEMA and H,O. The peak displayed at
about 2950 cm " could be assigned as the stretching vibration
of C-H in -CHj; and -CH, of HEMA and KH570. The peak at
about 1727 cm™" was the stretching vibration of C=0 in the
HEMA and KH570. The peak at 1639 cm™" corresponded to

the stretch vibration of C=0 (which are produced by residual
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Figure 1: The FTIR spectra of TiO, and modified TiO,.
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Figure 2: The FTIR spectra of SA-SMIP and NSMIP.

acrylic acid) and bending vibration of O-H, and the peak at
1396 cm™' could be attributed to the in-plane bending
vibration of C-H. Compared with the modified TiO,, all peaks
related to HEMA and KH570 simultaneously increased at
a large degree, while Si-O-Ti-specific stretch vibration peak
at about 1086 cm ™' and Ti-O-specific stretch vibration peak at
656 and 535 cm ™' decreased and found to be too small, which
indicated that HEMA had been successfully combined in the
prepared SA-SMIP. Moreover, the peak at around 1165 cm™"
(Vcon) in SA-SMIP shifted to 1155 cm ™" in NSMIP, the peak at
1639 cm ™" in SA-SMIP shifted to 1633 cm™' in NSMIP, and
the peak at 1731 cm ™' in SA-SMIP shifted to 1727 cm™ ' in
NSMIP and increased obviously; all the above results implied
that there were some difference in the arrangement of
functional groups between NSMIP and SA-SMIP.

The adsorption kinetics of SA-SMIP

Figure 3 displays the adsorption kinetics of SA-SMIP in SA
solution. It could be found that the adsorption capacity (Q,)
increased first and then remained basically unchanged. This
phenomenon could be attributed to the combined action of
slower diffusion speed and the distribution equilibrium. Due to
the special design and preparation process, there were many
active sites, including complete imprinted cavities (CIC) and
defective imprinted cavities (DIC) [30], in SA-SMIP matrix, all
of which were at their high energy state because of the suffered
non-equilibrium valence bond, active sites needed to absorb
some compounds to decrease their energy level, SA-SMIP
would absorb SA naturally. However, due to the high cross-
linking degree of SA-SMIP, the steric resistance of SA suffered
as it diffused into SA-SMIP matrix was high, which would slow
down the diffusion rate of SA. The deeper the diffusion range
meant that the slower the diffusion rate; the increased degree of

Q decreased with prolonging t naturally. Besides, the
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Figure 3: The relationship between Q; and t.

distribution equilibrium of SA in SA-SMIP matrix and solution
was another reason. Just as mentioned above, the active sites in
SA-SMIP contained CIC and DIC; because the affinity of CIC
to SA was higher, it would adsorb SA first. At this condition,
the equilibrium constant was larger, added to the quantities of
SA adsorbed on SA-SMIP was small, the desorption rate could
be neglected. As a result, Q increased quickly at the beginning
of adsorption. With prolonging ¢, the adsorption shifted from
CIC to DIC gradually, because of the weaker affinity to SA, the
equilibrium constant decreased gradually, added to the in-
creased quantities of adsorbed SA, the desorption rate in-
creased gradually, and the increase degree of Q; decreased
correspondingly. As the adsorption rate decreased to equal
with the desorption rate, Q, kept as a constant. In this work, Q;
arrived at a constant after 6 h, but it arrived at 95% of Q. after
2.5 h, both of which were far shorter than that of SA-SMIP
samples prepared by solution polymerization and suspension
polymerization, which implied that most of the active sites
distributed on the outer surface and shallow strata of SA-SMIP.
Because nearer the active sites to solution was, the smaller the
steric resistance and the shorter distance of SA diffusion were.

To study the adsorption kinetics mechanism in detail, the
above experimental data were fitted with pseudo-first order
[32] and pseudo-second order equations [33], and the results of
their regression curve and the regression equations are shown
in Fig. 4 and Table I (rows 1 and 2). It could be observed that
both the goodness of fit and Q. to experimental data of pseudo-
second order model were better than those of pseudo-first
order model, which meant the adsorption of SA-SMIP was
a pseudo-second order process.

Based on the above kinetics analysis result, the adsorption
control step was explored further. According to the reports,
pseudo-second order model related control step model could
be classified as diffusion and adsorption reaction aspects; the

diffusion aspect could be further divided into homogeneous
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particle diffusion model [34] and intraparticle diffusion model
[35]. Based on the above three models, this work explored the

control step in detail as follows.

The homogeneous particle diffusion model
equation is given as follows:

X(1) =1 Y lexp(ﬂ> ; (1)

w2 =7 r?
where X(t) is the fraction of solute adsorbed at time t, X(t) =
Qu/Qe. Q. (mg/g) is the amount of SA adsorbed at equilibrium,
and Q, (mg/g) is the amount of SA adsorbed at any time t. D,
represents the effective diffusion coefficient of SA in the
sorbent phase (m2 s), r is the radius of the adsorbent particle,
which were assumed to be spherical (1), and Z is an integer.

The Vermeulen’s approximation [34] of Eq. (1) fits the
whole range 0 < X(f) < 1 was more convenient for practical

use on spherical particles.

X(1) = {1 —exp {_”ZD 5‘” e @)

2

The Eq. (2) could be further simplified to cover most of the
data points for calculating effective particle diffusivity by using

the following expression [34]:
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Figure 4: Results of experiment data analyzed by pseudo-first-order model
and pseudo-second order model.

—In(1 —X*(r)) =2Bt , (3)
-T2 (@

Intraparticle diffusion model [35] is given as follows:
Q=Kf+C | (5)

where Q; (mg/g) is the quantity of adsorption at time ¢ (h), K is
the intraparticle diffusion rate constant, and C is a constant.
As the adsorption reaction was control step, which we
named as the reaction control adsorption, the relationship
between Q, and ¢t for second order kinetics could be expressed

as follows.

A+B—P |
t=0---CoVo---b |,
t=1 - CVo— Qb= 0

where A is SA molecular, B represents active sites in SA-SMIP,
and P stands for SA adsorbed by SA-SMIP. According to the
above expression, the differential equation between Q, and ¢ is

shown in Eq. (6):

dm _ dQwm’

dr  dr

=k(CoVo — Qun')(bm' — Q') ,  (6)

where m denotes the mass decrease of SA in solution at time t,
Q. (mg/g) is the adsorption capacity of 1.0 g of SA-SMIP at
time ¢, CyV, (mg) is the mass of SA in original solution, b is the
active sites in 1.0 g of SA-SMIP, which could be expressed
approximately by the statured adsorption capacity and could be
obtained from adsorption thermodynamics experiment, m’
represents the mass used for adsorption experiment, and k is
the rate constant.

Assigning m' = 1.0 g, Eq. (6) would change to Eq. (7):
dmn d
S av-oae-0) . )
Separated variables and the form could be expressed as
Eq. (8):

TABLE I: Equation and parameters obtained from different adsorption kinetics models.

Model Equation K Q. (mg/g) R?

Pseudo-first order —In(1 — Q/Qe) = 1.13198 — 0.76136t 0.76136 31.4364 0.9833
Pseudo-second order t/Q, = 0.00659 + 0.03179t 0.00101 31.4064 0.9996
Homogenous particle diffusion —In(1 — X2(t)) = 0.53265 + 0.74081t 0.74081 30.5659 0.9812
The intraparticle diffusion Q, = 2252854 + 3.71952¢"2 3.71952 31.6395 0.9279
The reaction control adsorption (—1/0.16752)In[(30.46037 — Qy)/(6 — Q)] = 0.12752t — 0.0828 0.12752 30.4604 0.9830

Q. obtained from the experiment was 30.46037 mg/g.

© Materials Research Society 2019 cambridge.org/JMR

www.mrs.org/jmr

Issue 19 Oct 14, 2019

Journal of Materials Research = Volume 34

w
N
N
N



Ym

Journal of
MATERIALS RESEARCH

do;
(CoVo — Q) (b — Q)

=kdr . (8)

The left part of Eq. (8) could not be integrated directly and
should be calculated using following method:
Assign

X v I
CoVo— 0 b—0 (CVo—0Q)(b—0)

then

Xb— CoVo¥ — (X - Y)Q, 1

(CoVo—Q)(b—0)  (CoVo— Q0)(b— Q)

Comparing the coefficient of two side of equation, the

following relationship could be obtained:

Xb— CyVoY = 1 1
==X=Y=—
{X—Y:() b—C()VO

Plugging the value of X and Y into Eq. (8) and integrating
two sides of it, Eq. (9) was arrived at as follows.

1 In b— 0
b—CoV  CoV — O

=kt+C . 9)

Equation (9) displays the relationship between Q, and ¢t as
adsorption reaction was the rate determining step. The results
of the models that satisfied with pseudo-second order are
shown in Figs. 3 and 4 and Table I (rows 3-5). It could be
found the goodness of fit of the reaction control adsorption
model was the largest, while that of intraparticle diffusion
model was the smallest; besides, Q. calculated from the
equation also displayed the same result, all of which indicated
that the adsorption was mainly controlled by adsorption
reaction (Fig. 5).

In fact, the adsorption of SA-SMIP to SA was a reaction
control adsorption, which could be understood easily. Because
SA-SMIP was prepared by a special design, the active sites were
mainly distributed on the surface, which meant the diffusion
resistance was low, and the diffusion distance was short
relatively, which SA could arrive at active sites in with a speeder
rate. Because of the high cross-linking, the steric resistance of
SA-SMIP matrix was high, the orientation adjustment of SA in
SA-SMIP matrix would be relative difficult, which meant that
the reaction adsorption would be a slow and time-consuming
process and became the control step of adsorption.

Actually Fig. 6 has not still fit well with the experimental data,
especially at the beginning stage, which meant that the adsorption
was not controlled by the reaction adsorption alone, and some
other factors were also influenced the adsorption. Because the

adsorption essence was a mass transfer process between two

© Materials Research Society 2019
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Figure 5: Results of experiment data analyzed by the homogenous particle
diffusion and the intraparticle diffusion model.
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Figure 6: Result of experiment data analyzed by the adsorption reaction
control model.

phases of solid-liquid, and the adsorption could not happen as
until solution arrived at, which meant that the diffusion also
played an important role in the adsorption process, especially at
the beginning of adsorption. Based on the above thoughts, the
experimental results were further analyzed through subsection
mode, ie., the adsorption beginning stage was explored by the
diffusion model, while the later stage was explored by the reaction
control adsorption model, and results are shown in Figs. 7 and 8
and Table II. It could be found the homogeneous particle diffusion
model and the reaction control adsorption model could express
the experimental results well for the adsorption beginning stage
and the adsorption later stage, respectively, because the goodness
of fit for two stages was very near to 1, which implied that the
whole adsorption was controlled by two aspects, the beginning
stage was the homogeneous particle diffusion and the later stage
was the reaction control adsorption.

The beginning stage was controlled by the homogeneous

particle diffusion model, which could also be understood easily.
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Because SA-SMIP is a high cross-linked polymer material, the
high cross-linking degree made pores in SA-SMIP matrix
constrict to a degree that solution could not enter directly;
added to the short diffusion distance, the swelling of SA-SMIP

would help gradual film diffusion process to occur naturally.

The adsorption isotherm of SA-SMIP

The relationship of the equilibrium adsorption capacity (Q.) of
SA-SMIP and the feed concentration of SA (Cy) is shown in

rl.-’z
1.4 1.2 1.0 0.8 0.6
1.45 T . |
Homogenous particle-diffusion model | ..
252
1255
..:h 5‘\_
::\ 41258 =
S 7
T s,
% 1261
Y
4264
!
|
: . . : . 126.7

t (h)3

Figure 7: Results of the beginning adsorption stage experiment data
analyzed by the homogenous particle diffusion model and the intraparticle
diffusion model.
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Figure 8: Results of the later adsorption stage experiment data analyzed by
the reaction.

Fig. 9. It displays the equilibrium adsorption capacity (Q.)
increased with the feed concentration (Cy) of SA until the
saturated equilibrium adsorption reached as C, increased to 4.4
g/L. As Cy was low, the quantities of SA were small. At this
condition, almost all absorbed SAs were entered into CIC of
SA-SMIP because of the high affinity of CIC to SA, and the
increased degree of Q. was also large because the equilibrium
constant of CIC was high. With the increase in Cy, majority of
CICs were occupied by SA gradually, and the adsorption would
be varied to DIC gradually. Due to the low affinity of DIC to
SA and the increased adsorption amounts, the desorption rate
increased, which would lead to the decrease the increasing
degree of Q., and Q. increased slower and slower gradually. As
adsorption rate decreased to equal with the desorption rate, Q.
would be kept as a constant.

To verify the above analysis, the Scatchard model was
introduced to analyze the binding and recognition abilities of
SA-SMIP to SA. The Scatchard equation [36] is shown as
follows:

Qe Qmax - Qe

10
o Lom e (10)

where Q. (mg/g) denotes the saturated adsorption capacity,
Q. (mg/g) is the equipment adsorption capacity, K4 (mg/L) is
the equilibrium dissociation constant of the binding sites, and
C. (mg/L) stands for the equilibrium concentration of SA.
The results of regression curves and equation are shown in
Fig. 10 and Table III (rows 1 and 2), respectively, from which it
could be found that experimental data could be regressed well by
two linear equations, which documented that there were two sorts
of binding sites obviously, ie, CIC and DIC, in SA-SMIP.
According to the slope and intercept of the related linear equation,
Kg and Qpux of different binding sites were obtained, and related
C. and Q. calculated are also presented in Table III, from which it
could be found that C, and Q. of the first binding site were 0.2612
g/L and 26.65 mg/g, respectively, which were smaller obviously
than those of the second binding sites (the related C, and Q. were
1.7060 g/L and 42.80 mg/g, respectively), and implied that the first
binding site was CIC and the second was DIC. This conclusion
was in accordance with the expression that the adsorption was first
carried out at CIC and then transferred to DIC gradually [30].
Besides, comparing R” of two binding sorts, it could be found that
the value of the first was 0.9982, which was much higher than that

TABLE II: Equation and parameters of experiment data at different stages analyzed by the homogenous particle diffusion model, the intraparticle diffusion model,

and the reaction control adsorption model.

Reaction stage Model Equation R?
Beginning stage Homogenous particle diffusion —In(1 — X2() = 0.24953 + 0.24953t 0.9963
ginning stag Intraparticle diffusion Q. = 2350617 + 2.39347t"? 0.9885
Later stage Reaction control adsorption (—1/0.16752)In[(30.46037 — Qy)/(6 — Q)] = 0.13401t — 0.10388 0.9963
© Materials Research Society 2019 cambridge.org/JMR
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of the second, and strengthened the conclusion that the first
equation is related to the binding site of CIC. Because CICs in SA-
SMIP were all same and could adsorb SA specially, the interaction
force was same naturally, and R* was closed to 1 accordingly.
Whereas some defects always existed in DIC, and the defect degree
was also different, which would lead to the higher difference of
interaction force [37], and R* displayed a value far from 1
correspondingly.

To further explore the adsorption feature of different
binding sites in SA-SMIP, the Langmuir and Freundlich
models [38] were used to analyze the experimental data related

to each adsorption sort, and the regression equation is shown

as follows:
30+
_f‘-‘\\
‘o0 27L
£
—
u MF
Ql
21
0.0 1.5 3.0 4.5 6.0
-1
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Figure 9: The relationship between Q. and Co.
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Figure 10: Results of experiment data analyzed by the Scatchard model.

TABLE IlI: The Scatchard model analysis of SA-SMIP adsorption.

Freundlich model:

1
InQ. =-InCe +InKp (11)
n
where Q. (mg/g) is the equilibrium adsorption capacity, 1/n is
the Freundlich constant, C. (mg/mL) represents the equilib-
rium concentration, and Kg corresponds to the adsorption
equilibrium constant.

Langmuir model:

C. C.

C_C K
Oc Onm

On (12)

where C, (mg/mL) is the equilibrium concentration, Q. (mg/g)
is the equilibrium adsorption capacity, Q,, (mg/g) represents
the maximum saturated adsorption capacity, and Kj, corre-
sponds to the Langmuir constant.

The results are presented in Figs. 11(a) and 11(b) and
Table IV. It could be found the adsorption feature of both of
CIC and DIC was more accordance with the Langmuir model,
which could be understood easily. For the adsorption of CIC,
because the special imprinted cavities structure, a CIC could
only combine with an SA molecule, which was satisfied with
the basic theoretical hypothesis of monolayer absorption.
Besides, the interaction force of each CIC was almost the
same because of the same imprinted cavities structure. Thus,
the adsorption of SA on CIC was satisfied with all the basic
theoretical hypothesis of Langmuir model completely, i.e., the
uniformity of surface and the monolayer absorption, and the
adsorption of CIC would be consistent with Langmuir model
inevitably. For the adsorption of DIC, on the one hand, there
was an obvious difference in the structure of DIC, which
would lead to the different adsorption force inevitably, and
was more suitable to the first basic theoretical hypothesis of
Freundlich model, i.e., the nonuniformity of surface. On the
other hand, because DIC was resulted from the dissociation of
the self-assembly, the structure of DIC would be still confined
to adsorption one SA molecule, added to the high cross-
linking of SA-SMIP matrix, the confine of space was
strengthened. As a result, the adsorption of DIC was satisfied
with the second basic theoretical hypothesis of Langmuir
model, i.e., the monolayer absorption. However, the experi-
mental results showed the adsorption of SA-SMIP fits
Langmuir model well, which means that the influence
authority of adsorption layer was higher than that of

uniformity of surface.

Binding sorts Regression equation Goodness of fit (R?) Ce (9/L) Q. (mg/g)
1 Q./Cc = —3.82915Q, + 102.0158 0.9982 0.2612 26.65
2 Q./Ce = —0.58617Q, + 25.08732 0.9182 1.7060 427987
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Adsorption thermodynamics

The thermodynamic experiment in this work was carried out
under an isothermal condition, and the enthalpy change (AH°)
and entropy change (AS°) could not be calculated directly. But
the Gibbs free energy change (AG®) could be estimated [39].
The equation was as follows:

Qe

AG® = —RTIn=% |

c. (13)

where R is the gas constant [8.314 J/(mol K)], T (K) is the
adsorption temperature, T in this experiment is 313 K, and
Q./C, are obtained from the Scatchard equation.
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Figure 11: Results of adsorption feature for two binding sites analyzed by
Langmuir and Freundlich models. (a) CIC and (b) DIC.

From Eq. (13), AG® at each equilibrium concentration
could be calculated, the variation trend of estimated Gibbs free
energy is shown in Fig. 12, and its values are calculated and
summarized in Table V. The negative values of AG® indicated
that the adsorption process was spontaneous in a certain
concentration range and more favorable at higher
concentration.

As is known to all, the adsorption enthalpy is usually
a result of changing internal energy, large or small depending
on the interaction between sorbent and substrate. With the
increase in the concentration of SA, the adsorption capacity
increased gradually, which meant that the interaction between
sorbent and substrate at the process of adsorption became
strong, which confirmed the endothermic nature of the pro-
cesses, and AH® is greater than zero [40]. Because of the
presence of CIC and DIC in the adsorption system, with the
increase in the concentration of SA, the adsorption sites were
occupied gradually, and during this process, some side reac-
tions would occur unexpectedly, such as the collapse of
imprinted cavities. The increased in SA molecular and un-
expected side reactions induced the complexity of the adsorp-
tion system. It can be understood as an entropy increase
process, so that the change in adsorption entropy is greater

than zero. On analyzing Eq. (14), the same conclusion can be

confirmed.
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Figure 12: The relationship between Gibbs free energy and Q./C. (313 K).

TABLE IV: Equation and parameters obtained from different adsorption thermodynamic models for two binding sites.

Bonding sorts Model Regression equation Goodness of fit (R%)

1 Langmuir model Co/Qe = 0.00979 + 0.03755C, 0.9999
Freundlich model In Q. = 3.04838 + 0.16526 In C. 0.9581

2 Langmuir model C./Q. = 0.03818 + 0.02397C, 0.9943
Freundlich model In Q. = 2.93125 + 0.33582 In C, 0.9601
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TABLE V: The Gibbs free energy for the adsorption of SA onto SA-MIP at 313 K

Q./Ce (mL/q) 7.23 7.64 8.03 8.87 9.68 10.26 11.09 1.77 14.28 17.46 25.10
AG® (kJ/mol) —5.15 —5.29 —5.42 —5.86 —5.91 —6.06 —6.26 —6.42 —6.92 —7.44 —8.39
initiator could not trigger the polymerization sufficiently

AG® = AH® — TAS° (14)

Influence of preparation conditions on adsorption
performance of SA-SMIP

Influence of initiator on adsorption performance of
SA-SMIP

Figure 13 shows the influence of initiator on Qsa, Qra, and D.
It could be concluded that with the increase in azodiisobutyr-
onitrile (AIBN), Qsa, Qra, and D increased first and then
decreased, which all reached a maximum at napN/MuEma =
2%. As the amount of initiator was low, the quantity of free
radical and the polymerization rate were lower, the polymer-
ization of monomers was insufficient, which would produce
a large amount of soluble polymer, oligomer, and monomer
[41]. Because the above components would run off in the
process of extraction, the self-assembly system would be
destroyed and large amount of the imprinted cavities would
be changed to DIC and more free active loci (FAL). Due to the
strong interaction among FAL, the deformation and collapse of
SA-SMIP matrix would occur with an obvious degree. As
a result, Qsa, Qra, and D presented a low value. With the
increase in AIBN, the polymerization tended to be sufficient,
and the quantities of soluble polymer, oligomer, and monomer
in the system would decrease because the rapid reaction rate
would provide enough energy for the polymerization of
monomers. At this condition, the cross-linking degree of SA-
SMIP would be improved at a large state, and the perfection
and stability of imprinted cavities increased. Because DIC has
more affinity to SA [30], Qsa displayed a higher value than Q4
correspondingly. However, as AIBN exceeded the optimal
quantity, the explosive polymerization would happen. Because
explosive polymerization would produce large amount of
soluble oligomer, which could run off during extraction pro-
cess, DIC and FAL increased inevitably. As discussed above, the
increase in FAL related to the increase in pores collapse and
reduction of selectivity, and the decrease in Qsa, Qra, and D

could be understood naturally.

Influence of polymerization temperature on
adsorption performance of SA-SMIP

Figure 14 displays the influence of temperature (T) on Qsa,
Qta, and D. It could be found that Qgs, Qra, and D first
increased and then decreased, and Qgy and D reached their
maximum values when T = 64 °C, while Qs reached its
maximum values when T = 60 °C. At the low temperature, the

© Materials Research Society 2019

because small amount of active initiator would result in the
slow reaction rate for both polymerization and cross-linking
[42], which would lead a majority of monomer and soluble
polymer existed in the network of SA-SMIP. Because monomer
and soluble polymer would be eluted from SA-SMIP, the self-
assembly system would be destroyed, and large amount of DIC
and FAL would be produced. Due to the increased difficulty of
phase separation, added to the small cross-linking degree, the
collapsed degree of pores would kept at a high level, and Qsa
and Qra showed a low value correspondingly. At the same
time, because of the low selectivity of CIC, D would also be at
a low level accordingly. With the increase in temperature, the
number of activated molecules in the initiator increased, both
the polymerization and cross-linking reactions were speeded
up, more and more monomers would polymerize; meanwhile,
the cross-linking degree would increase, which would facilitate
the formation of CIC. As a result, DIC and FAL decreased
gradually. Because decreased FAL meant the decreased pores
collapse degree, the efficient active sites increased naturally and
Qsa and Qra increased gradually. Besides, because the in-
creased CIC related to the increased selectivity of SA-SMIP to
SA, the increase degree of Qs was higher than that of Qra and
D increased naturally. With the further increase in tempera-
ture, the majority of initiators would be at the active state,
which would quickly decompose and produce numerous
radical and further trigger large amount of monomer to react,
and as a result, explosive polymerization and stepwise cross-
linking would happen because large reaction heat could not be
released. Owing to the explosive polymerization and unwanted
cross-linking, CIC would be destroyed, while large quantities of
DIC would be produced. Because the produced DIC would lead
to certain decrease in Qs accordingly, D showed a decrease
trend with the further increase in T.

Influence of Necpma/NHEMA ON adsorption
performance of SA-SMIP

Figure 15 shows the relationships among npgpma/fnuema and
Qsa» Qra, and D. It could be found that with the increase in
negpma/Maema> Qsa and D increased and reached a maximum
at the ratio of nggpma/fupma = 5 and 6, respectively, while
Qra displayed a reversed variation trend with that of Qgs. The
cross-linking degree of SA-SMIP was the main reason to the
above phenomena [43]. At low nggpma/fHEMa the quantities
of nggpma were small, which means that the cross-linking
degree of synthesized SA-SMIP was low. At this condition, the
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rigidity of imprinted loci in SA-SMIP matrix was poor, and
they would deform the imprinting cavity in the process of
drying and extraction, which would lead to low Qss and D
relatively. Besides, low cross-linking degree would also result in
large amount of uncross-linked polymer, which would run off
from the original region in extraction process and caused
a more serious deformation of the imprinting cavity. Thus, Qsa
and D presented a lower value naturally. With the increase in
EGDMA, the cross-linking degree of SA-SMIP increased, the
rigidity of imprinted loci strengthened, while the uncross-
linked polymer reduced, the amount of CIC increased, which
would increase the affinity of SA-SMIP to SA at a large degree
because the predetermined shape of cavities and distribution of
functional groups in cavities in the preparation process were
well conserved. As a result, Qsp and D increased, while Qrp
decreased. However, as EGDMA exceeded the optimal quan-
tity, severe cross-linking degree of polymers causes a large
extent of internal stresses, which would make CIC deform its
shape [44], and further resulted in the decreased affinity of
imprinted cavity to SA and Qs decreased. While for TA, due

to the smaller molecule size, it could still enter into the above
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Figure 13: Influence of AIBN on the adsorption performance of SA-SMIP.
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Figure 14: Influence of polymerization temperature (7) on the adsorption
selectivity of SA-SMIP.
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deformed cavities and be adsorbed and Qr, increased natu-
rally. As for D related EGDMA was larger than that of Qsy,
which could be ascribed to the decreased DIC and increased
CIC.

Influence of polymerization time on adsorption
performance of SA-SMIP

Figure 16 presents the influence of polymerization time on Qsa,
Qa, and D. It could be found that with the increase in reaction
time, Qga, Qra, and D increased first and then decreased, but
the maximum value related time was different, Qsy and D
related time was 28 h, while that for Qs was 24 h. The above
phenomenon could be attributed to that there existed two types
of polymerization reaction during the SA-SMIP preparation,
namely chain polymerization and stepwise polymerization [45];
in contrast to stepwise polymerization, chain polymerization
was more conducive to generate CIC, but during the process of
SA-SMIP synthesis, stepwise polymerization with slower re-
action rate and higher reaction energy occurred inevitably,
which was not conducive to generate stable CIC. At the start of
polymerization, chain reaction was not sufficient to form
a stable cross-linking network, and there were many soluble
components in the system, and the extraction of SA process
would change the position of the soluble components and even
remove them. Because both of the above cases would destroy
the imprinted cavities and increase the level of FAL, the phase
separation between SA-SMIP and solvent would be difficult
and the pores collapse degree increased [14], and Qsa, Qra,
and D showed a low value correspondingly. With prolonging ¢,
the polymerization and cross-linking reactions tended to be
completed and the quantity of soluble components decreased,
which means the majority of CICs would be reserved. Because
of the decreased quantity of soluble components, FAL would
decrease, the phase separation would become easier, and the

pores collapse degree would reduce, and Qss, Qra, and D
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Figure 15: Influence of Nggpma/NHema ON the adsorption performance of SA-
SMIP (necpma/NHema: the molar ratio of EGDMA to HEMA).
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Figure 16: Influence of polymerization time (t) on the adsorption perfor-
mance of SA-SMIP.

increased relatively. As the polymerization time prolongs to
a given time, all self-assembly groups would be fixed at their
original position gradually because of the increased polymer
molecular weight and cross-linking degree; thus, CIC would
increase and DIC would decrease quickly. Meanwhile, because
the reaction rate of chain polymerization was much faster than
that of stepwise polymerization, the influence of stepwise
polymerization on CIC formation was negligible under these
circumstances, and the deformation of CIC could be ignored
accordingly. Due to the special selectivity of SA-SMIP to SA,
Qsa and D still increased, while Qr, decreased. However, with
the further increase in ¢, the type of cross-linking reaction
changed from chain cross-linking to stepwise cross-linking
among the remained acrylic acid and HEMA, because the
stepwise cross-linking would destroy the structure of CIC and
produce DIC, and FAL would increase correspondingly. Due to
the weakened phase separation ability and the increased pores

collapse, Qsa, Qra, and D decreased.

Influence of suspended dispersant agent on
adsorption performance of SA-SMIP

Figure 17 presents the influence of the amount of span80 on
Qsa> Qra, and Dj it could be found that with the increase in
Span80, Qs and D reached a maximum at Mgyango/Mupma =
384.2%, while the maximum of Q4 related #gpanso/Mupma =
115.3%. The reason could be attributed to the interaction
among SA, HEMA, and water. Because the solubility of SA and
HEMA was much smaller in water than in chloroform, they
mainly existed in chloroform. However, due to the presence of
hydroxyl group in SA and the hydroxyl group and ester group
in HEMA, both of which could interact strongly with water
through hydrogen bond, the self-assembly between SA and
HEMA becomes more difficult. As a result, the prepared SA-
SMIP could form CIC hardly. Span80, an esterification de-
rivative of sorbitol, was always used as a stabilizer of surface
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Figure 17: Influence of the amount of Span80 on the adsorption perfor-
mance of SA-SMIP (Mspango/Muema: the mass ratio of Span80 to HEMA).

polymerization due to the suitable hydrophilicity [46]. During
the preparation of SA-SMIP, the function of Span80 was to
isolate SA and HEMA from water and help the formation of
stable monomer droplet that contained modified TiO, because
Span80 was more hydrophilic than SA and HEMA. Thus, the
variation of Qsa, Qra, and D with Span80 could be understood
easily. As the amount of Span80 was low, monomer droplets
could not be isolated from water completely, and SA and
HEMA, which are exposed outside, would interact with water,
which would damage the self-assembly structure and produce
more FAL. Because higher FAL content means difficult phase
separation of reaction system and higher degree of pores
collapse, the efficient active sites were lower and Qsa and
Qra presented a lower value naturally. As for D, because the
dissociation of self-assembly structure would decrease the
amount of CIC while increase the amount of DIC, which
means that the special selectivity of sample decreased, and D
also presented a low value naturally. With the increase in
Span80, monomer droplets were gradually isolated sufficiently,
and the stability of monomer droplets was also improved
gradually. Because the increased stable monomer droplets
means the decreased damage degree of self-assembly system,
the quantities of CIC increased, while DIC and FAL decreased,
which would lead to the decreased pores collapse degree. As
a result, Qsa, Qra, and D increased correspondingly. As the
amount of Span80 increased to a certain degree, the self-
assembly system could almost be maintained sufficiently, the
majority of active sites would be CIC. Because of the special
selectivity of CIC to SA, Qss and D would still increase, while
Qra start to decrease. However, as Span80 exceeded the
optimal quantity, the droplet of monomer and modified TiO,
would be split into smaller size because more quantities of
Span80 means more micelle produced in the reaction system at
the same condition, and more micelle further means smaller

size of reactive droplets. Due to the decrease in droplets size,
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more self-assembly group would be seen on the outer side of
prepared SA-SMIP, which would be damaged in the process of
extraction and drying and resulted in the decrease in efficient

active sites, and Qsa, Qra, and D decreased correspondingly.

Influence of nga/nyema ON adsorption performance
of SA-SMIP

Figure 18 shows the influence of nga/nyEpma on Qsa, Qra, and
D. Tt could be found that Qsa, Qra, and D presented
a maximum with the increase in nga/fEma, but the maximum
related nga/nypma was different. Qga, Qra, and D related nga/
npEma Was 0.25, 0.26, and 0.2, respectively. At low value of ng,/
nuema, HEMA was surplus after self-assembly. Due to the high
solubility of HEMA in chloroform, excessive HEMA would
distribute in the obtained SA-SMIP matrix random and elevate
the level of FAL. Sourced from the interaction among groups of
free HEMA, the phase separation between SA-SMIP and
chloroform was difficult. Thus, the collapse level of pores
would be large during the process of extraction and drying,
which would lead to amount of active sites, i.e., CIC and DIC,
lose efficacy, and Qsa and Qra presented a low value naturally.
With the increase in nsa/fgpma, surplus HEMA would de-
crease after self-assembly. Due to the decreased FAL, the phase
separation ability between SA-SMIP and chloroform increased,
which would reduce the degree of pores collapse, as a result,
and the number of efficient CIC and DIC in samples increased,
and Qss and Qry increased naturally. However, as nga/naema
increased to an unsuitable degree, HEMA would be insufficient
to form the complete self-assembly system with SA. At this
condition, the self-assembly system would produce imperfec-
tion and even defect gradually because of the decrease in the
coordination number. As a result, the quantity of CIC de-
creased and D decreased correspondingly. But for Qss and
Qra, because of the self-assembly equilibrium, the increase in
SA in a given range would increase DIC, while decrease FAL
reversely, which would decrease the collapse level of pores to
certain extent and lead to the increase in efficient active sites,
and Qss and Qra still displayed an increase trend. With the
further increase of SA, the self-assembly system would be
destroyed and became more and more unstable gradually,
which would lead to the phase separation between chloroform
and SA-SMIP became difficult again, the collapse degree of
pores increased again relatively, and Qss and Qra decreased

naturally.

Comparison on the effects of different preparation
conditions on adsorption performance of SA-SMIP

Table VI shows the effect of different conditions, such as
initiator, polymerization temperature, nggpma/fHEmas POLY-
merization time, suspended dispersant agent, and nga/nyEmas

© Materials Research Society 2019
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Figure 18: Influence of nsa/nuema on the adsorption performance of SA-SMIP

(nsa/Npema: the molar ratio of SA to HEMA).

TABLE VI: Influence of preparation conditions on adsorption performance of
SA-SMIP.

Factor Qsamax (Mg/q) Qra (mg/g)°® Drmax
Npn/Nrema (%) 30.46 24.80 1.22
T (0 30.46 14.52 2.09
NeGDMA/MHEMA 30.42 13.94 218
t (h) 30.46 10.30 2.95
mSpanBO/mHEMA (%) 30.46 10.54 2.88
Nsa/NHEMA 3146 22,52 3.00

*Qra under the corresponding conditions when Qsp was at its
maximum value.

on the adsorption performance of SA-SMIP. It could be found
that the maximums of Qgs under different conditions were
almost the same, the difference was only 1.40 mg/g, however,
the maximums of Qr, under different conditions were differ-
ent, the difference was 12.22 mg/g. Among the above con-
ditions, the conditions corresponding to the maximum and
minimum values of Qrs were SA concentration and polymer-
ization time, respectively. The reasons for the above phenom-
enon could be referred to the influence of time and nga/nyEMa

on adsorption performance of SA-SMIP.

In this work, SA-SMIP was prepared by reversed phase
suspension polymerization using modified titanium dioxide
(Ti0O,) as carrier, SA as template, azodiisobutyronitrile (AIBN)
as initiator, HEMA and EGDMA as functional monomer and
cross-linker, span-80 and polyvinyl alcohol (PVA) as surfac-
tant, and chloroform as solvent. The operating conditions were
investigated and optimized, and optimal conditions were
obtained as follows: the ratio of nga/nMypMaa/fEGDMA Was
0.25:1:5, the ratio of napn/nHEMa Was 2%, the ratio of mgyqn.
so/Mugma Was 384.2%, and the reaction temperature and time
were 64 °C and 28 h, respectively. Under optimal conditions,

the prepared sample displayed an excellent separation

cambridge.org/JMR

www.mrs.org/jmr

Issue 19 Oct 14, 2019

Journal of Materials Research = Volume 34

w
N
[o5]
N



Ym

Journal of
MATERIALS RESEARCH

performance, ie., the adsorption capacity of SA-SMIP was
30.64 mg/g, the separation degree of SA-SMIP in the solution
of SA and TA with molar ratio of ngy/nra = 1/3 was arrived at
2.90. Thereafter, structures of modified TiO, and SA-SMIP
obtained at optimal conditions were characterized by FTIR
adopting original TiO, and NSMIP as reference, and the results
implied that both the modified TiO, and the SMIP were
prepared successfully. Finally, based on the samples prepared
under the optimal conditions, the adsorption kinetics and
isotherm were investigated and analyzed. Adsorption kinetics
results indicated the adsorption of SA-SMIP to SA was
a pseudo-second order process, and the adsorption of begin-
ning stage was controlled by homogeneous particle diffusion,
but the later stage was controlled by adsorption reaction
process. Adsorption isotherm results documented that there
were two sorts of bonding sites, CIC would adsorb SA
preferentially, DIC could not adsorb SA until the adsorption
of CIC was finished. The adsorption for two bonding sites
could be well expressed by Langmuir model, but CIC could be

expressed better.

Materials and equipment

Titanium dioxide (TiO,, rutile type) was obtained from
Lanzhou Guangyuan Chemical Co., Ltd. (China, Lanzhou).
Silane coupling agent KH570 (AR, >98%) was supplied by
Wuhan Chenxi Chemical Co., Ltd. (China, Wuhan). Methanol
(CH;0H, AR, >99.5%) was purchased from Shanghai Chunz-
hang Fine Chemical Research Institute (China, Shanghai).
Hydrochloric acid (HCl, 37.5%) was supplied by Dongguan
Shengneng Chemical Research Institute (China, Dongguan).
Ammonium molybdate [(NH,4),MoO,, 56.5%] was purchased
from Tianjin Chemical Reagent Factory Kaida Chemical Plant
(China, Tianjin). Sulfuric acid (H,SOy4, AR, 98%) was obtained
from Dongguan Shengneng Chemical Industry Co., Ltd.
(China, Dongguan). L-ascorbic acid (vitamin C, AR, >99.0%)
was purchased from Tianjin Deen Chemical Reagent Co., Ltd.
(China, Tianjin). PVA was received from Tianjin Guangfu Fine
(China, Span80
(C24H440¢) was received from Tianjin Baishi Chemical In-
dustry (China, Tianjin). EGDMA (AR, 98%) was purchased

from Liaoning Fushun Chemical Industry (China, Liaoning).

Chemical Research Institute Tianjin).

SA (95%) was supplied by Shanghai Jiachen Chemical Industry
(China, Shanghai). Chloroform (CHCl;, AR, 98%) was
obtained from Shanghai Baolong Chemical Industry (China,
Shanghai). TA (C;0Hg,0, 90%) was purchased from Huzhou
Sifeng Natural Wax Refinery (China, Huzhou). HEMA (99%)
was supplied by Tianjin Chemical Reagent Research Institute
(China, Tianjin). AIBN (98%) was obtained from Jinan
Zhengyu Chemical Industry (China, Ji’'nan), and other
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Figure 19: Structural formulas of SA, TA, and KH570.

presented regents in this paper were used as received. The
structures of SA, TA, and KH570 are shown in Fig. 19.

The instruments used in this study were as follows: 752N
UV spectrophotometer (Shanghai Precision and Scientific In-
strument Co., China) and FTIR (Nicolet NEXUS 670; Thermo

Nicolet Corporation, America).

Preparation of stock solution
Preparation of KH570 stock solution

0.5000 g of KH570 was added to a 100 mL beaker and dissolved
with methyl alcohol, then transferred it into a 100 mL volu-
metric flask and diluted with methyl alcohol to volume, and
a standard stock solution of 5 g/L KH570 was obtained.

Preparation of SA stock solution

At first, 5 g of SA was added to a 1000 mL beaker and dissolved
with chloroform, then transferred it into a 1000 mL volumetric
flask completely and diluted with chloroform to volume, and

SA stock solution of 5 g/L was obtained.

Preparation of TA stock solution

Ten grams of TA was dissolved with chloroform in a 1000 mL
beaker, then the solution carefully transferred into a 1000 mL
volumetric flask completely and diluted with chloroform to the
volume, and TA stock solution of 10 g/L was obtained.

Determination of maximum absorbance
wavelengths

The maximum absorbency of SA and TA was detected with
a 752N spectrophotometer (Shanghai Precision and Scientific
Instrument Co., China, Shanghai) by full wavelength scanning

cambridge.org/JMR

www.mrs.org/jmr

Issue 19 Oct 14, 2019

Journal of Materials Research = Volume 34

w
N
3]
w



Ym

Journal of
MATERIALS RESEARCH

method using chloroform as reference. The wavelength scope
was fixed on 200-380 nm and the scan interval was 2 nm, and
the obtained results are shown in Fig. 20. The figure displays
the maximum absorbency related wavelengths of SA and TA
were 328 and 244 nm, respectively. At the maximum absor-
bency wavelength of one compound, the absorbency of the
other was almost zero, which meant the concentration de-
termination of each compound in solution could be carried out

at its maximum absorbance wavelength directly.

Preparation of standard curves
Preparation of KH570 standard curve

A series of KH570 with concentration from 0.6000 g/L to
1.0000 g/L were prepared, and the absorbency of each standard
solution was measured with silicon-molybdenum blue photo-
metric method at 660 nm [47]; the relationship between
concentration (C) and absorbency (A) was curved and
regressed, and results showed a well linear relationship between
Cand A (A = 1.0438C — 0.5499, R* = 0.9994) in the
concentration range of 0.6-1, which documented the variation
of concentration could be determined directly as the concen-

tration was fell in the range.

Preparation of SA standard curve

Based on the prepared stock solution, a series of SA with
concentration from 0.2000 to 3.0000 g/L were prepared, and
the absorbency of each solution was determined at 328 nm.
After that, the relationship between concentration (C) and
absorbency (A) was curved and regressed, and the result
showed a well linear relationship between C and A (A =
0.2889C + 0.0149, R> = 0.9993) in the concentration range of
0.2-3, which documented the variation of concentration could
be determined directly as the concentration was fell in the

range.
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Figure 20: The maximum wavelength of SA and TA.
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Preparation of TA standard curve

Based on the prepared stock standard solution, a series of TA
with concentration from 2.0000 g/L to 12.0000 g/L was
prepared, and the absorbency of each solution was determined
at 244 nm. Thereafter, the relationship between concentration
(C) and absorbency (A) was curved and regressed, and the
result showed a well linear relationship between C and A (A =
0.03749C — 0.00932, R> = 0.9990) in the concentration range
of 2-12, which documented the variation of concentration
could be determined directly as the concentration was fell in

the range.

Modification of TiO,

Thirty milliliters of 5.00 g/L of KH570 methanol solution was
added into a dried 100 mL conical flask, which had been loaded
with 1 g dried TiO, particles. After nitrogen purge for 30 min,
the conical flask was fixed in a 40 °C oil bath equipped with
a magnetic stirrer and reacted for 24 h under nitrogen
atmosphere. Thereafter, the sample was filtrated and then
washed with isopropanol till the absorbance of elution was
smaller than 0.001, as it was detected with silicon-molybde-
num blue photometric method (during detection, the reference
was prepared with the same way as silicon-molybdenum blue
photometric method, except the elution solution was altered by
analytical isopropanol). Finally, the obtained particles were
dried at 60 °C under a vacuum condition (vacuum degree, 0.8-
0.9) for another 24 h and then stored in desiccators for further

use.

Characterization of graft ratio

The graft ratios (G,) were characterized by silicon-molybde-
num blue photometric method [47]. After determining the
absorbance of original solution and raffinate, the concentration
of each of them was calculated, then G, was calculated using
Eq. (15).
30(Cy — Cy

G = (IOOOW L (15)
where G, stands for the graft ratio of KH570 on TiOy; C, and
C; (g/L) are the concentration of KH570 in original and
raffinate solution, respectively; 30 (mL) is the volume of
KH570; and W (g) is the mass of TiO,. Under the above given

conditions, G, of prepared sample was 34.13%.

Characterization of the structure of modified TiO,

The structure of modified TiO, was characterized by FTIR
(Nicolet NEXUS 670; American Nicolet Corp.). During this
process, FTIR of unmodified TiO, was also presented to help
the analysis of modified TiO,. The samples used for FTIR
characterization were dried at 120 °C for 48 h to ensure most of
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water be evaporated, then it was grounded into a proper
powder, prepared to tablet with potassium bromide, and finally

scanned at the wavelength range of 4000-400 cm ™.

Synthesis of SA-SMIP

First, 3 g of PVA was dissolved in 120 mL distilled water under
95 °C and cooled the solution (1#) to room temperature. Then,
0.5 g of Span80 was injected into a beaker with 30 mL
chloroform (CHCIl;), which was solution 2#. Thereafter, well-
mixed solution 1# and 2# and added it into a 250 mL flask with
three necks which with 1 g modified TiO,. Finally, 5 mL
(100 mmol/L) SA chloroform solution and 10 mL (200 mmol/
L) HEMA were added in turn. After the mixture was agitated
for 10 min, 20 mL 500 mmol/L chloroform solution of
EGDMA was added and purging nitrogen to the flask for 30
min, then 20 mL (2 mmol/L) AIBN chloroform solution was
added through the constant pressure funnel. After that, the
flask was immersed in a 64 °C water bath for 28 h. Finally, the
obtained polymer microsphere was filtered using a 200-mesh
nylon gauze and extracted with a mixture of methanol/AA (9:1,
v/v) in a Soxhlet extractor until the absorbency of the mixture
at 328 nm kept as a constant. Drying the extracted particles at
60 °C under a vacuum condition (vacuum degree, 0.8-0.9) for
48 h, the obtained SA-SMIP sample was stored in desiccators
for further use.

NSMIPs were prepared and treated simultaneously under
the same conditions except SA was not added.

Characterization of SA-SMIP and NSMIP

FTIR (Nicolet Corporation) was conducted to explore the
structural difference between SA-SMIP and NSMIP, and the
method was similar as that introduced in section “Synthesis of
SA-SMIP”.

Determination of adsorption selectivity

0.20 g of SA-SMIP was added into a 150 mL conical flask, which
contained with 60 mL of above prepared SA and TA stock
solution mixtures with the volume ratio vsa/vra = 1/1 and stayed
for 6 h; after that, SA-SMIP was removed and the absorbance of
raffinate was detected at 328 nm and 244 nm. Thereafter, the
adsorption capacity and separation degree of SA-SMIP to SA and
TA were calculated with Egs. (16), (17), and (18).

(Cosa) = Cisa)) x 60

Osa = 1000W '

(16)

Ora = (C()(TA) - C(TA)) x 60
™ 1000W ’

(17)

where Qs and Qra (mg/g) stand for the adsorption capacity of
SA-SMIP to SA and TA, respectively, C and C, (g/L) are the
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initial concentration and concentration of SA and TA after
adsorption for 6 h, 60 (mL) is the volume of the mixture
solution, and W (g) stands for the mass of SA-SMIP.

_ QO

D - 9
Ota

(18)
where D stands for the separation degree of SA-SMIP to SA
and TA.

Determination of adsorption kinetics

A series of 0.20 g SA-SMIP were sealed into 200-mesh nylon
bags (10 x 60 mm) and marked first, and then, these nylon
bags were loaded into a series of 500 mL flasks marked with the
same code. Thereafter, 240 mL of 5 g/L SA solution was added
into each flask and ensured the tea bag be submersed. Fixed
these flasks in a 40 °C water bath, and after 0.5 h, the tea bags
were removed according to the number of mark with 0.5 h
interval in turn. The absorbency of each raffinate was tested
immediately, and the adsorption capacity (Q,) was calculated

according to Eq. (19):

(Co — C) x 240

&= ""T000w ’

(19)
where Cy and C (g/L) are the initial concentration and
concentration of SA in solution at time t and W (g) stands
for the mass of SA-SMIP.

Study of adsorption isotherm

A series of 500 mL flasks were marked, and then, each flask was
loaded with 0.2 g SA-SMIP and 240 mL SA solution with the
concentration range of 0.8-5.6 g/L. After that, these flasks were
put into a 40 °C water bath for 6 h. Removing SA-SMIP in
flasks, the concentration of each raffinate was tested immedi-
ately. Thereafter, the equilibrium adsorption capacity (Q.) was
calculated as given in Eq. (20):

(Co — Ce) x 240

Q. = 1000W,

, (20)

where C, is the equilibrium concentration of SA and W, (g)
stands for the mass of SA-SMIP.
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