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ABSTRACT Seg_l_a_nt

Geraniol is a commercially significant u +
terpene alcohol found in the essential oils of a
variety of aromatic plants. It is one of the most
important molecules in the flavor and fragrance
industries, and a common ingredient in consumer
products. In order to detect geraniol in real samples,
silicone sealant, a readily available commercial
product, was used as the polymer to prepare a
molecularly imprinted polymer (MIP) based quartz
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crystal microbalance (QCM) sensor and is presented
in this paper. Optimum ratio of sealant was = gw==
dissolved in dichloromethane and then geraniol was
added as the template molecule to synthesize the
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QCM with silver electrode was modified using the
synthesized MIP solution by the drop coating
method. The developed sensor showed reasonably
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good sensitivity and selectivity to geraniol and was employed to detect the concentration of geraniol at ppm level in different palmarosa
essential oil samples. Good correlation was obtained with the responses from gas chromatography.
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INTRODUCTION

Palmarosa oil is extensively used for its preventing and
inhibiting properties of both bacterial and viral infections,'?
aiding in digestion, fighting depression® and anxiety, boosting
respiratory system, and reducing fever. Geraniol is a key
component of palmarosa essential oil. It is extensively used in the
flavor and fragrance industries and is a common ingredient in
consumer products produced by these industries.* In addition to
its pleasant odor, geraniol is known to exhibit insecticidal and
repellent properties® and used as a natural pest control agent
exhibiting low toxicity. Geraniol has been suggested to represent
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a new class of chemoprevention agents for cancer.’ Other
biological activities such as antimicrobial, anti-oxidant, anti-
inflammatory and some vascular effects have also been reported
in different literatures. So, it is very important to detect geraniol
using an accurate and cost-effective method.

The conventional assay technologies for the analysis of
volatile organic compounds using high end analytical
instruments i.e., Gas Chromatography Mass spectrometry (GC-
MS) have high sensitivity and selectivity, but they are costly and
cannot be tailored for real time analysis. Hence, there is a
practical demand for low-cost, low-power and portable device for
VOC detection.”® Apart from GC-MS, other promising sensor
technologies are metal oxide semiconductor (MOS) sensors,°
optical waveguides, acoustic oscillator device, chemically
sensitive field effect transistor (FET) and different metal
nanoparticle interfaces.!**” Recently polymer materials are
surging as effective coating materials on quartz crystal
microbalance (QCM) sensors, where QCMs are modified to
detect volatile organic compounds,*® heavy metal ions,*® water
vapor,? and other organic compounds.?! Different polymers in
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the polymethylemethacrylic group, chloromethane siloxane
group and poly-aniline composites are, in general, used for the
QCM based sensors. Molecularly Imprinted Polymer (MIP) is a
designed material that can be explained in analogy with the "lock
and key model".?? The MIPs have many cavities that are
complementary to their template molecules in shape, size, and
chemical functionality, giving them a distinct and predetermined
selectivity toward those target molecules.?? MIP research has
received a lot of attention due to their advantages such as simple
and convenient preparation, predetermined  selectivity,
robustness in organic solvents, acidic or basic reagents, and high
temperature durability.?®

There are many earlier work reports related to detection of
geraniol in different commercially available products. Detection
of geraniol was carried out previously by patch test or B-
cyclodextrin as the sensing material on Quartz Crystal
Microbalance (QCM) platform.”

We have developed MIP coated QCM sensor using
commercially available Silicone sealant as the polymer and
geraniol as template. The presence of geraniol has been detected
using a low cost portable QCM sensor device.?* For the
measurement, initially we have calibrated the sensor with
standard geraniol and then applied it on the real samples. The
integration of a MIP-based QCM sensor in a portable gas sensing
device that can be modified to get a dedicated system for quick
measurement of the target analyte in real samples is a novel
feature of our work.

EXPERIMENTAL DETAILS

A. Materials and Standards

Silicone sealant was purchased from Dow Corning and
geraniol [CioH150], dichloromethane [CH:CI;], chloroform
[CHCI;] and ethanol [C,HsOH] were purchased from Merck.

B. Polymer Optimization

A set of ten sensors have been prepared with different ratios of
sealant as polymer with four solvents viz. acetone, chloroform,
ethanol and dichloromethane. The response of these sensors has
been observed for a fixed concentration of geraniol vapor to
choose the most suitable polymer-solvent combination.

C. MIP Synthesis and Sensor fabrication

The optimum ratio of sealant was dissolved in
dichloromethane for the synthesis of MIP solution. The template
molecule, geraniol, was added to the solution after the sealant
was completely dissolved in dichloromethane. The solution is
then sonicated for half an hour to prepare the final solution with
which the surface of the QCM has been coated.

We have used mass-sensitive quartz crystal microbalance
(QCM) with the fundamental resonance frequency of 10 MHz as
the transducer. QCM surfaces were cleaned with pure ethanol
solution before the experiment. The coating on the surface of the
QCM was carried out by drop casting method. The
polymerization conditions were optimized to obtain a stable and
highly selective polymer network. The MIP coated QCM was
then dipped into the ethanol solution for 15-20 minutes to remove
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the template. The non-imprinted polymer (NIP) film was
prepared in the same manner as that of the MIP film except the
addition of the template.

D. Instrumentation

In this experiment, we have used the low cost portable QCM
sensor device developed in our lab.?* Figure 1 shows the block
diagram of the sensing interface. The target molecule vapor at
different concentrations was injected in the sensor chamber using
a syringe pump so that maximum impact in a short period of time
could be achieved. The frequencies were recorded before and
after the injection once the sensor reached to equilibrium.

After use, the QCM sensors were dipped into ethanol for 15-
20 minutes for purging, so that they can be reused.

Sensor
chamber

Oscillator
circuit

Frequency
counter

Data saving
unit

Power
supply

Display
unit

Figure 1. Block Diagram of portable gas sensing device

E. Geraniol Vapor Generation

Geraniol vapor was generated by keeping the chemical in
liquid form in a 10L desiccator. Different amounts of the analytes
were kept in order to generate various concentrations of geraniol
vapor. Each sample was incubated in the desiccator for almost 24
hours, so that the chemical was completely evaporated to
generate the aroma headspace. 1mL to 50mL glass syringes were
used to draw the vapor of the aroma from the desiccator and
injected into the sensor chamber. The concentration has been
calculated using equation (1) where Vs and Vs,,. imply volume
of the sensor chamber and syringe respectively, whereas, Ss. and
Ssyr are the gas concentration of sensor chamber and syringe
respectively.

Vsc X Ss¢ = Vsyr X Ssyr (1)

F. MIP Coating Thickness

The MIP coating thickness is optimized in terms of initial
frequency shift of the QCM and after template removal from the
MIP.% To standardize the thickness, at least six QCM sensors
were fabricated in different batches by varying the mass
deposition and consecutive frequency deviation of the sensor is
noted.

RESULTS AND DISCUSSIONS

Table 1 demonstrates different compositions of solvents and
sealant. Ten sensors were prepared by varying the ratios of
acetone, ethanol, chloroform and dichloromethane with fixed
amount of sealant labeled as S1 to S10. These sensors were
exposed to 100 ppm of geraniol vapor.
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A. MIP Optimization

Table 1: Different compositions of sealant and solvents

Sample Solvent Amount of solvent (in mL)
Id used to dissolve 0.1 gm Sealant
S1 Acetone 25
S2 Acetone 15
S3 Ethanol 25
S4 Dichloromethane 25
S5 Dichloromethane 10
S6 Dichloromethane 15
S7 Dichloromethane 20
S8 Dichloromethane 25
S9 Chloroform 15

S10 Chloroform 25
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Figure 2. MIP optimization plot at 100ppm

B. Coating Thickness optimization

The optimization of the coating thickness is shown in Figure.3.
Here, the coating thickness is measured in terms of frequency
deviation caused by different mass deposition on the QCM
surface. In Figure 3, molecularly imprinted polymers from 2 to 5
kHz have been shown. The frequency shift has been measured
for a fixed concentration of geraniol vapor with increasing
coating thickness. The maximum frequency deviation has been
obtained for the coating thickness of 3500Hz.
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Figure 3. Coating Thickness Optimization
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C. Sensitivity Analysis

The study of the sensitivity of the developed sensors under
optimum condition was experimented by injecting saturated
geraniol vapor into the sensor chamber. The difference between
the initial frequency and the stabilized frequency after adsorption
was noted to obtain the frequency deviation profile of the sensor.
The real time frequency deviation profile of the sensor sample S6
with dichloromethane as solvent and geraniol as template for the
concentration of 100 ppm vapor is presented in the Figure.4.
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Figure 4. Sensor response (frequency deviation vs time) of S6 when
100 ppm geraniol vapor was introduced

Molar volume and viscosity play important roles here.??7
While geraniol molecule can easily penetrate into the film other
volatile molecules cannot because of the cavities generated due
to molecular imprinting. The calibration curve was acquired for
the linear response range from 5 ppm to 200 ppm, by plotting the
vapor concentration with the frequency shift. The response curve
of S6 sensor with varying concentration of the vapor in the range
of 5-200ppm is exhibited in Figure 5. The sensitivity (Hz/ppm)
of the sensor towards the target analyte geraniol were calculated
from the slope of the calibration graph (Figure.5.).
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Figure 5. Sensitivity analysis of the QCM sensor
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D. Real Sample Analysis

Five different Palmarosa essential oils (PEO-1 to PEO-5)were
purchased from local market within one week of experiment; and
their GC-MS spectra and consecutive QCM Sensor responses
were observed for the samples-MS analysis was carried out using
Thermo Fisher Trace 1300 (Thermo scientific, Milan- Italy)
connected to a triple quadruple mass spectrometer (Thermo MS-
TSQ 9000) with wall coated open tubular column (WCOT), TG-
5MS (30 m x 0.25 mm x 0.25 um), a 10 m Dura guard capillary
column. Table 2 shows percentage peak area of geraniol by GC-
MS for five different Palmarosa essential oil samples and their
corresponding frequency deviations using the sensor. The
geraniol contents in these real samples (PEO-1 to PEO-5) have
been measured through GC-MS. The percentage peak areas are
different for different samples which infers that the geraniol
content of the samples is different. When the sensor responses
have been taken for these five samples, the maximum deviation
was observed for the PEO-1 sample and the minimum deviation
was observed for the PEO-4 sample, which clearly shows that the
sensor responses are correlated with the results obtained from
GC-MS.

Table 2: Analysis of real samples

Sample Name GC-MS Deviation in QCM
Spectra % Sensor (Hz)
PEO-1 84% 32
PEO-2 82% 28
PEO-3 72% 20
PEO-4 62% 16
PEO-5 81% 24

E. Comparison of the Proposed Technique with Other
Reported Literature

The performance of the proposed technique has been presented
in Table 3 by comparing the sensitivity, linear range with the
other reported literatures. All the comparisons have been done
with different analytical and chromatographic methods.

Table 3: Comparison of proposed work with the previous
reports

Material/Method Linear range  Sensitivity Ref.
(ppm) (Hz/ppm)
QCM-MAL 10-900 0.028 [28]
QCM-D-GLU 10-900 0.16 [28]
QCM-PEG 10-900 0.019 [28]
QCM-PFBBr 10-900 0.002 [29]
B-CD/QCM 10-900 0.48 [7]
Sealant-MIP/QCM 10-200 0.52 This work

CONCLUSION

Palmarosa oil is extensively used for the preparation of
perfumes and the amount of geraniol plays a crucial role in the
fragrance. This research work was taken up to develop a low-cost
field-deployable sensor for this estimation. Here, molecularly
imprinted polymer technology was used on quartz crystal
microbalance platform to develop a sensor using a low-cost
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polymer material — Sealant. The sensitivity of the sensor was
obtained as 0.52 Hz/ppm. The correlation with GC-MS results
presented in this paper prove the efficacy of the sensor. Thus, this
simple, easy to fabricate, reusable sensor integrated with low-cost
portable device can be used for field-level quality assessment of
commercially available palmarosa essential oil.
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