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Abstract. Molecularly imprinted polymers of triphenylphosphine oxide (MIPs-TPPO) were synthesized
and evaluated for use as a solid scavenger to remove triphenylphosphine oxide from reaction mixtures, a
byproduct commonly formed during organic synthesis reactions involving triphenylphosphine (PPh3) reagent.
The efﬁciency of synthesized polymers was initially investigated using a variety of functional monomers and
cross-linkers. Precipitation polymerization in acetonitrile was carried out at 80 °C for 6 h with benzoyl
peroxide as an initiator, then template removal with dichloromethane. The MIPs-TPPOs afﬁnity was evaluated by rebinding study with template molecule; additionally, the effect of binding time, selectivity, and
reusability of synthesized MIPs-TPPOs were investigated. From the results, polymers containing styrene as a
functional monomer and ethyleneglycol dimethacrylate as a cross-linker demonstrated the highest performance (86.00%Bound) after only 1 h. Moreover, the selected MIPs-TPPO can be reused at least ﬁve times,
and this selective material can act as a solid scavenger of triphenylphosphine oxide.
Keywords. Molecularly imprinted polymer; Solid scavenger; Triphenylphosphine oxide; Organic synthesis;
Solid sorbent.

1. Introduction
Triphenylphosphine (PPh3:TPP) is frequently used in
organic synthesis for various reactions involving the
conversion of carbonyl compounds to alkenes and the
activation of various functional groups for nucleophilic substitution, such as alcohols, carbonyl compounds, carboxylic acid, and derivatives. While this
reagent is advantageous for well-known reactions such
as the Mitsunobu1 and Witting2 reactions, the
unavoidable conversion of TPP to triphenylphosphine
oxide (TPPO) cannot be avoided. Due to the formation
of TPPO byproducts during reactions, it is necessary to
use a higher equivalent of TPP to obtain a high yield
of products, which complicates product puriﬁcation.3,4
Chromatography,5,6 precipitation,3,4 and liquid-liquid

or solid-phase extraction4 were all investigated for
TPPO separation; however, their application was
contingent on the uniqueness of the reaction products.
Recently, the TPPO byproduct of the reductive
cyclization of 4,4’-dibromo-2-nitrophenyl was precipitated using zinc(II)chloride (ZnCl2), resulting in a
yield of over 75%.4 While solid-phase extraction is
one of the most advantageous separation methods due
to its ease of use,7,8 low-cost materials, selectivity, and
reusability of the solid sorbent are still required.
Molecularly imprinting polymers (MIPs) have
emerged as promising materials for solid-sorbent
applications due to their ease of preparation, stability,
high selectivity, and reusability.9–12 The lock and key
mechanism of MIPs, which results in high recognition
of the target molecule, is generated by the self-
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assembly process between target molecule (template)
and suitable functional monomers by covalent or
noncovalent interactions prior to polymerization with
cross-linkers. Following template removal to form the
selective cavities within the polymers, the target
molecule is not only rebound but also removed from
MIPs.13–15 Numerous applications in separation,15–17
sensors,13,18,19 pharmaceutical,20,21 organic synthesis,22 and puriﬁcation23,24 have been reported based on
the advantages of MIPs.
Therefore, this study was the primary to report the
synthesis and evaluation of molecularly imprinted
polymers using TPPO as a template molecule for use
as a solid sorbent in TPPO scavenging. Various
functional monomers and cross-linkers were investigated, as well as the effect of binding time, selectivity,
and reusability.
2. Experimental
2.1 Synthesis of molecularly imprinted polymer
for TPPO (MIPs-TPPO)
All polymers were synthesized in accordance with the
literature review.25 In 150 mL round-bottom ﬂask,
MIPs-TPPOs were synthesized via precipitation
polymerization; 0.25 mmol TPPO and 1 mmol functional monomer were added and dissolved in 25 mL of
acetone: acetonitrile (1:1, v/v). After 15 min of incubation, 5 mmol of cross-linker was added, followed by
0.125 mmol of benzoyl peroxide and 25 mL of acetone: acetonitrile (1:1, v/v). The solution was then
stirred for 5 min at room temperature before being
bubbled with N2 gas for 15 min. Polymerization was
carried out at 80 °C for 6 h, followed by acetonitrile
washing of the precipitated polymer. The template
removal step was carried out by stirring synthesized
polymers in 100 mL of dichloromethane for 2 h (5
times) or until no traces of TPPO were detected using
thin-layer chromatography. The polymers were then
washed with acetonitrile and acetone before being
dried overnight in a hot air oven at 80 °C to obtain
MIPs-TPPOs. In the absence of TPPO, Non-imprinted
polymers (NIPs) were synthesized using the same
procedure as MIPs. The yield of synthesized MIPs was
calculated using equation (1), and the scanning electron microscope (SEM) was used to examine the
morphology of synthesized TPPO.
%YieldMIP ¼

WMIP
 100
Wm þ Wc

ð1Þ

where WMIP is weight of synthesized MIP after template removal (mg), Wm is weight of functional
monomer used in synthesis (mg), Wc is weight of
cross-linker used in synthesis (mg).
2.2 Binding study of MIPs-TPPO
By rebinding polymers with TPPO solution (template
molecule), the binding of synthesized MIPs-TPPO and
its corresponding NIPs was studied in triplicate. 5 mg
polymer and 1 mL of TPPO 5 ppm in acetonitrile were
added to a 1.5 mL microcentrifuge tube. All prepared
tubes were then incubated at room temperature in the
shaking incubator for the duration of the binding time
studied and then centrifuged at 6,000 rpm for 5 min.
The supernatant was then separated into another
microcentrifuge tube, and the absorbance of TPPO at
kmax = 272 nm was determined using a UV-Visible
Spectrophotometer. The concentration of TPPO in the
supernatant was then calculated from the calibration
curve of TPPO (y = 0.0063x?0.0008, R2 = 0.999).
The %Bound and imprinting factor (a) of the polymer
were calculated following equations (2) and (3), which
indicated the efﬁciency of rebinding and selectivity of
polymer,26 respectively.
%Bound ¼

Q0  Q
 100
Q0

ð2Þ

where Q0 is initial concentration of TPPO before
binding with polymer (ppm), Q is the average concentration of TPPO in supernatant after binding with
polymer (ppm)
a¼

%BoundMIP
%BoundNIP

ð3Þ

where %BoundMIP is %Bound of MIP, %BoundNIP is
%Bound of corresponding NIP.
2.3 Reusability of MIP
The reusability of MIP was determined using the
selected polymer that demonstrated the highest performance in the binding study. TPPO solution (5 ppm)
was added to selected MIP in the ratio of MIP:TPPO
as 5 mg: 1 mL. Firstly, the binding study was conducted according to the method described previously,
using 50 mg of MIP in 10 mL of TPPO solution for
the ﬁrst cycle. After UV-Visible spectrophotometer
analysis of the supernatant, the left MIP was washed
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with 100 mL of methanol: acetic acid solution (8:2
v/v) for 2 h (5 times) to remove TPPO from MIP and
washed with water, acetonitrile and acetone, respectively, before being dried in a hot air oven. The prepared MIP was then weighted as 40 mg for the second
cycle of binding studies and combined with 8 mL of
TPPO solution (as previously determined by the
MIP:TPPO ratio) to avoid MIP loss during template
removal and washing step, which recovered less than
50 mg. The reusability was continued to the ﬁfth cycle
by using 30, 20, and 10 mg of MIP in a solution of 6,
4, and 2 mL of TPPOs, respectively, and the study was
done in triplicate.
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Table 1. Synthesis of MIPs-TPPO.
%Yield
Entry

Functional monomer

Cross-linker

MIP

NIP

4VP
Sty
4VP-co-Sty
4VP
Sty
4VP-co-Sty

EGDMA
EGDMA
EGDMA
DVB
DVB
DVB

80.65
62.05
71.67
–
43.76
15.41

80.63
68.19
65.86
–
19.13
44.18

1
2
3
4
5
6

3. Results and Discussions
3.1 Synthesis of MIPs-TPPO
Three different types of functional monomer systems
were used for synthesis: 4-vinylpyridine (4VP), styrene (Sty), and 4-vinylpyridine-co-styrene (4VP-coSty), with two types of cross-linkers: ethylene glycol
dimethacrylate (EGDMA) and divinylbenzene (DVB)
(Figure 1). All MIPs and their corresponding NIPs
were synthesized via precipitation polymerization
using TPPO as a template molecule. Each polymer
was obtained as a white powder, and the %yield was
expressed in Table 1. SEM with a diameter less than 1
lm revealed semi-spherical beads morphology in
synthesized polymers (Figure 2).
According to the results shown in Table 1, the
%yield of the synthesized polymer was between 62.05
and 80.65 when EGDMA was used as cross-linkers
(entry 1–3) and between 15.41 and 43.76, which less
than when using DVB as a cross-linkers (entry 4–6).
Using EGDMA as a cross-linker appeared to yield a
higher yield than DVB; additionally, none of the
polymers (MIPs and NIP) could be obtained when
4VP was combined with DVB (entry 4). This could be
explained by the effect of the structure of the functional monomer and the cross-linker. Since EGDMA
contains two branch chains containing two vinyl
groups (-CH=CH2) in the molecule, this structure

Figure 2. SEM image of MIP-TPPO synthesized by using
Sty and EGDMA.

may be the more favorable structure for the polymerization more than DVB, which is a more rigid structure.27,28 Moreover, it was discovered that some
prepared NIPs had a higher yield than MIPs. This
could be explained by the synthetic process, in which
NIPs were prepared solely through the polymerization
step, whereas MIPs were synthesized via self-assembly step prior to polymerization, with the binding
interaction between monomer and template having a
signiﬁcant effect on the completion of the polymerization reaction. Due to the very low yield of polymers
synthesized using DVB as a cross-linker, the binding
study will be conducted using three different types of
MIPs prepared using EGDMA as a cross-linker.

O
N
4VP

O
Sty

O

EGDMA

O

DVB

Figure 1. Functional monomers and cross-linkers used in this study.
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and had no cavity inside the polymer. However, MIPs
synthesized by Sty showed a very good binding efﬁciency to template molecules with %Bound = 84.81
and imprinting factor value of 1.88. This would be
caused by the strong binding interaction between the
cavities inside MIPs with functionalized by p- p
interaction between phenyl ring of TPPO and Sty, as
shown in Figure 4. This MIP and their corresponding
NIP were therefore selected for further study.

3.3 Effect of binding time

Figure 3. Binding study of MIPs-TPPO synthesized by
various types of functional monomer using EGDMA as a
cross-linker.

3.2 Binding study of MIPs
The efﬁciency of MIPs was investigated through a
binding study in which TPPO was rebound to MIPs
and their corresponding NIPs. The %Bound and
imprinting factor (a) indicated the binding afﬁnity and
selectivity of MIPs, respectively, as previously
described. Firstly, three different types of synthesized
polymer according to entries 1–3 in Table 1 were
investigated using 5 mg polymers bound with 1 mL of
TPPO solution (5 ppm) for 24 h at room temperature.
The results of the binding study are depicted in Figure 3. The low binding efﬁciency was observed with
low %Bound as 12.12% and 26.35% for MIPs synthesized using 4VP and 4VP-co-Sty, respectively.
Moreover, non-selective binding was observed in both
previous MIPs, which could be shown by the low
value of imprinting factor (a nearly or less than 1)
since NIPs were synthesized by the absence of TPPO

MIP-TPPO synthesized by Sty with EGDMA was
selected to study the effect of binding time. The
binding experiments were also done by previous procedure with varied incubation times as 30 min, 1 h, 2
h, 4 h, 8 h, 12 h, and 24 h at room temperature. Results
in Figure 5 showed the uncertainly %Bound of NIPs
when increasing time which could be explained by
non-speciﬁc binding.29 For MIPs, high %Bound was
observed from both of polymers from only 30 min
(65.11%) of binding time then increased when
increasing of time before slightly decreased and
stabled. This binding behavior is attributed to the
rebinding of the template at the cavities created from
the self-assembly process and binding equilibrium.30
Nevertheless, the highest %Bound (86.67%) and the
highest imprinting factor value (2.25) were observed
with a binding time of 1 h. Therefore, this protocol
was selected to study the reusability of MIPs.

3.4 Reusability of MIPs
The reusability of selected MIP-TPPO was studied in
ﬁve cycles for binding with 5 ppm of TPPO solution
for 1 h, and results showed in Table 2. The ratio
between MIP:TPPO solution was 5 mg:1 mL, and all
MIPs were scaled up to 50 mg in the ﬁrst cycle to

Figure 4. Binding interaction of MIPs-TPPO.
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Figure 5. Effect of binding time for the binding efﬁciency
of MIP-TPPO.
Table 2. Reusability of MIP-TPPO.
Entry

Cycle of reuse

%Bound of MIP-TPPO

1st
2nd
3rd
4th
5th

86.12
82.48
81.28
81.36
81.44

1
2
3
4
5

prevent the loss of MIPs during the study in ﬁve
cycles. It could be seen that the %Bound of MIP was
slightly decreased when continuously reused from the
ﬁrst cycle to the ﬁfth cycle, which was from 86.12% to
81.28%. However, this MIP-TPPO could be reused at
least ﬁve times with less than 5% of %Bound
decreasing.
4. Conclusions
Molecularly imprinted polymers selective for triphenylphosphine oxide (MIPs-TPPO) were ﬁrst synthesized via precipitation polymerization using various
types of functional monomer and cross-linkers. The
binding efﬁciency of synthesized MIPs was determined under various conditions, including polymer
type, binding time, and reusability. Styrene (Sty) was
chosen as the functional monomer and divinylbenzene
(DVB) as the cross-linkers for the synthesis of MIPTPPO, which demonstrated the highest performance of
MIP with high binding afﬁnity and high selectivity at
only 1 h of binding time. Additionally, when compared to their initial use, the studied MIPs could be
reused at least ﬁve times with moderate afﬁnity.
Supplementary Information (SI)
Table S1–S3 are available at www.ias.ac.in/chemsci.
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