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Molecular Imprinted Ag-LaFeO, for Highly
Selective Detection of Benzene

Abstract

Sensitivity is an essential parameter to gas sensor for the multiple pollutants
reality of the current situation. Selective recognition of a certain gas is a research
hotspot. In this paper, molecular imprint and design are adopted to solve this hot
problem. A highly selective benzene sensor was developed based on molecular
imprinting technique (MIT). Organic/inorganic combined MIT was for the first
time used to recognize small organic molecule by our group. Ag-LaFeO, was used
as crosslinker, benzene used as template, and then the molecular imprinted Ag-
LaFeO, (MI-AL) with a small dimension was achieved. The structure of the MI-AL
is orthogonal perovskite. And then the MI-ALs was printed onto an alumina tube.
Subsequently, a high selectivity molecular imprinting benzene gas sensor was
obtained. At 125°C, the response to 1 ppm benzene based on the sensor is 18.5,
and the response is lower than 5 to the other test gases. The response time and
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Introduction

As people spend most time indoors, indoor air quality has become
an important health factor. Many different compounds contribute
to the problem of potential health issues caused by the air inside
buildings. Benzene is a poisonous volatile organic compound,
which can be emitted from daily-life items, construction materials,
and various chemical processes [1,2]. Since benzene is extremely
detrimental to human health [3,4], the accurate detection
of benzene in very low concentration is of great importance.
In addition, it has been known that benzene is a recognized
biomarker for leukemia [5,6]. So it is very necessary to monitor
the concentration of benzene timely and accurately. The main
testing methods include spectrophotometry, chromatography,
fluorescence, electrochemical and gas sensor. Gas sensors based
on semiconducting oxides are thought to be the most effective
means to monitor the gases because they are small, low cost
and easy to use [7,8]. In this paper, Ag-LaFeO, has been selected
because of its good thermostability [9], controllable structure
[10], and our own experience in this field [11,12].

Molecular imprinting is an effective means to prepare specific
binding sites for given molecules in appropriate solid matrices.
In this approach, the shape and functionality of a template can
be transcribed onto microporous materials. The configuration of
the functional groups in the template may be memorized within
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the matrix. Today, this field has become dominated by the use
of organic macromolecular for chromatographic separation,
enzyme-mimicking catalysts, chemical sensors, and biosensors
[13-18]. Hawari et al. [19] demonstrated an e-nose sensor that
could detect Limonene volatiles using MIP as the sensing material.
The MIPs were prepared by spin-coating on an interdigitated
electrode (IDE), with the properties of the sensor estimated by
capacitance. The results showed that the sensor responds to
Limonene volatile gases. Hawari et al. [20] also use IDE structure
to fabricate a sensor for detecting Alpha Pinene volatile gases by
using MIP. The results showed that the IDE-MIP sensor exhibited
high sensitivity and selectivity responses towards alpha pinene
when compared to non-imprinted polymers. Lieberzeit et al. [21]
examined a formaldehyde gas sensor using MIPs. A co-polymer
thin film was prepared with styrene, MAA and EGDMA, before
the thin film was coated with QCM to form a sensor. The sensor
exhibits a detection limit of 500 ppb formaldehyde in dry air. The
device possesses great selectivity to formaldehyde. Alizadeh et al.
[22] combined the imprinted polymeric particles with graphene to
produce a nanocomposite chemo-resistor gas sensor. The results
showed that the sensor can recognize acetonitrile specifically. Jha
et al. [23] designed a sensor array with volatile acids imprinted
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with 3-element QCM for the recognition of the odorous organic
acids, which are propanoic acid, hexanoic acid and octanoic acid.
Each elementin QCM is in charge of detecting the odor of one acid
and they all show good selectivity. Jha et al. [24] also developed
a QCM sensor array to identify primary aldehydes in human body
odor. While, organic/inorganic combined MIT was for the first
time used to recognize small organic molecules by our group,
such as methanol [25] and formaldehyde [26]. The results show
that MIT could improve the selectivity of as prepared sensors.

In this paper, the target gas molecules benzene was used as
template molecule, formaldehyde as functional monomer,
azodiisobutyronitrile (AIBN) as initiator, Ag-LaFeO, as crosslinker.
Organic/inorganic combination is very popular in which the
inorganic part is benefit to build a stable structure for template
recognition and carrier transportation, and the organic part is
good for the gas adsorption.

Experimental
Preparation of MI-ALs

Based on our previous experiments [11], the sample Ag-LaFeO,
with Ag: La=1:99 mole ratio (Ag-LaFeO,) was found to be the most
promising gas sensing material with low operating temperature.
In this study, Ag-LaFeO, was further modified with MIT. Benzene
as template mixed with formaldehyde (FA, functional monomer)
was treated by ultrasonic concussion for 30 min, and stand for 8 h
as solution A. x= FA : Ag-LaFe0,=3:10, 4:10, 5:10 and 6:10, molar
ratio. Then, AIBN was dissolved in 10 mL benzene and mixed
with solution A and Ag-LaFeO, according to the ratio x. The final
mixture was treated by ultrasonic concussion for 30 min, stirred
at 60°C for 12 h and dried. The MI-AL was finally prepared.

Fabrication of gas sensor

The prepared MI-AL was further mixed with distilled water and
ground to form a paste, which was subsequently printed onto an
alumina tube. There are two Au electrodes placed at the both
end sides of the tube. The length of the alumina tube is 4 mm and
the diameter is 1.2 mm. In order to improve their stability and
repeatability, the gas sensors were aged at 150°C for 170 h in air.

Characterization

The X-ray Diffraction (XRD) patterns were obtained for the
phase identification with a D/max23 diffractometer using Cu K
radiation (A=1.54056 A), where the diffracted X-ray intensities
were recorded as a function of 26. The accelerating voltage was
35 kV and the applied current was 25 mA, and the sample was
scanned from 10 ° to 90 ° (26) in steps of 0.02 °. The particle
morphology of the sample was tested by transmission electron
microscope (TEM, JEM-2100).

Results and Discussion

Gas sensing properties of the MI-AL with x=4:10 is better than
those with x=3:10, 5:10 and 6:10. In this paper, we mainly discuss
the MI-AL with x=4:10.

Structure and micro-morphology characterization

X-ray powder diffraction patterns of MI-ALs are showed in Figure 1.
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The patterns indicate that the structure of MI-ALs is orthogonal
perovskite which include only one phase of LaFeO,, indicating
that the MI-ALs are with high purity and crystallinity. The average
crystallite size was estimated by means of Scherrer formula
(D=kA/BCos9, k=1, where A is the wavelength of X-ray, & is the
diffraction angle, and 8 is the true half-peak width.) through
measuring the half-peak widths of the lines in the pattern. The
average crystallite size for the MI-ALs with x=3:10, 4:10, 5:10 and
6:10 are about 42 nm, 39 nm, 44 nm and 41 nm, respectively.

Transmission electron micrographs for the MI-AL with x=4:10
is shown in Figure 2. For this sample, there are many spherical
shaped particles. The particle size was in the range of 20 nm-
70 nm. Thus the specific surface area of the compound is large,
which can adsorb benzene more easily and enhance the response.
Comparing with the XRD results, TEM images reveal that there
were various sizes of particles in the MI-ALs. The big particles are
composed of small crystallites.
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Figure 1 XRD patterns of MI-ALs (3:10 < x £ 6:10).
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Gas-sensing properties

The relationship between response and operating temperature of
the sensors based on MI-ALs (3:10 < x £ 6:10) to 1 ppm benzene
gas were depicted in Figure 3a. The gas response B was defined as
the ratio of the electrical resistance in gas (Rg) to that in air (Ra).
As it shows, the sensor with x=4:10 exhibit higher response to
benzene gas at the operating temperature of 125°C. If the amount
of the functional monomer (FA) is lower (x=3:10), the interaction
between the template molecule and functional monomer is
weak, and specific recognition sites in the MI-ALs for benzene
are reduced, which result in bad gas sensing properties. On the
contrary, if the amount of the functional monomer is higher (5:10
< x £ 6:10), FA molecules will form poly-FA via intermolecular
hydrogen bond interaction, which lead to poor gas sensing
properties. Taking the conception of sensing properties and cost
conservation into consideration, the sensor with x=4:10 is chosen
as an optimal element to do further study. Figure 3b shows the
response to 1 ppm benzene, formaldehyde, ammonia, acetone,
toluene, gasoline, methanol and ethanol based on the MI-ALs
with x=4:10. It can be seen from the figure that the response to
1 ppm benzene is 18.5, while the response to the other gases are
all lower than 5, which indicate that the MI-ALs with x=4:10 has
very good selectivity to benzene, even compared to toluene of
which the molecular structure is very similar with benzene.

The response and recovery times are defined as the time
required reaching 90% response (recovery) when gas is in (out)
[27]. Figure 4a presents a response-recovery characteristic for
the sensor based on the MI-ALs with x=4:10. As seen in Fig. 5,
the resistance of the sensor increases sharply when benzene
flow is in but returns to its original state while the gas flow is
out although with some delay. When benzene is in, the sensor
begins to response which takes 55 s and when benzene is out,

2018

Vol.2 No.1:1

Journal of Molecular Sciences

the sensor begins to recover which takes 40 s. After the sensor
has recovered about 90%, it became slower. The reason is when
the concentration of benzene on the surface of the materials
is very low, the interaction between this part of benzene and
sensor is chemisorption [28]; it is very difficult for the benzene to
desorb from the surface [29,30]. The response and recovery time
are about 55 s and 40 s, respectively. Then the relationship of
response-benzene concentration is fitted, the results are showed
in Figure 4b. It can be seen from Figure 4b that the response to
benzene is near linear to the concentration of benzene. Thus, the
sensor based on the MI-ALs with x=4:10 could be applied to real-
time detection of benzene.

Reproducibility, reusability and stability are another three
important properties for a gas sensor. Hence three repeated
experiments of MI-ALs with x=4:10 were performed and get
sample-1, sample-2 and sample-3. Then fabricated sensor-1 and
sensor-2 from sample-1, sensor-3 and sensor-4 from sample-2,
sensor-5 and sensor-6 from sample-3. The 40-day-stability of the
six sensors were tested. It can be seen from Figure 5 that all six
sensors possess almost equal response (15-19) to 1 ppm benzene,
showing the good reproducibility. It also can be seen that the
sensors keep a certain response tested every five days, indicating
that the sensors based on the MI-ALs with x=4:10 possess good
reusability and stability to 1 ppm benzene.

Gas-sensing mechanism

As atypical p-type semiconductor in air, LaFeO, detect gases based
on the changes of the resistance before and after being exposed
to the test gas [11]. After Ag-LaFeO, polymerized with FA, the gas
sensing mechanism is similar to that of LaFeO,, because LaFeO, is
the only phase in MI-ALs Figure 1, XRD patterns). The mechanism
of the specific recognition of benzene is illustrated in Figure 6.
A number of recognition cavities complementary to benzene
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(a) Response-operating temperature curves for 1 ppm benzene of MI-ALs (3:10 < x < 6:10) sensors. (b) Response-operating
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temperature curves for 1 ppm different tested gases of the sensor based on the MI-ALs with x=4:10 at 125°C.
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in shape, size and chemical functionality can selectively adsorb
benzene so the sensor selectivity can be improved obviously. As
illustrated by Figure 6, when the template (benzene) is mixed
with functional monomers (FA), benzene is allowed to interact
via hydrogen-bond with FA, and then a benzene-FA complex is
formed [31]. The resulting complexis subsequently copolymerized
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with a large excess of crosslinker. Finally, after the removal of
the template, recognition cavities complementary to benzene
molecules were formed on the surface of Ag-LaFeO,, which have
much accessible sites, high recognition and binding ability for
benzene and result in the improvement of the selectivity of the
sensor.
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Figure 4

(a) Response-recovery time curve of the sensor based on the MI-ALs with x=4:10 at 125°C. (b) Fitted curve of the response-
benzene concentration based on the MI-ALs with x=4:10 at 125°C.
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Figure 5 The 40-day-stability of 6 sensors to 1 ppm benzene at 125°C.
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Conclusions

The selectivity of Ag-LaFeO, can be improved by using molecular
imprinting method. The optimal amount of functional monomer
is x=4:10. The structure of MI-ALs is of orthogonal perovskite and
the average grain size of the MI-ALs with x=4:10 is about 39 nm.
The MI-ALs has good selectivity for low concentration benzene. To
1 ppm benzene, the response is 18.5 at the operating temperature
of 125°C, and the response time and recovery time are 55 s and
40 s, respectively. These finding may present a new feasible way
for exploring modified LaFeO,-based sensing materials. With
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