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H I G H L I G H T S

• Detection of ppb level hexanal was
first realized based on QCM.

• The sensor detected hexanal vapor
stably in high humidity environment.

• The false alarm of humidity can be
ignored.

• The core sensing site was found out by
simulation calculation.
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A B S T R A C T

The detection of hexanal vapor in ppb (part per billion) concentration is an unresolved and indispensable issue.
Here we report a polydopamine-polyethyleneimine (PDA-PEI) copolymer film with rich imino groups to sense
50 ppb hexanal vapor through the formation of the reversible hydrogen bonds with hexanal. We found that the
water-resistance could be further improved by attaching superhydrophobic n-octadecylsiloxane (PODS) onto the
surface of PDA-PEI film. The chemical adsorption mode and the core role of imino group for the hexanal de-
tection have been validated by combining experiment methods with theory calculations. A quartz crystal mi-
crobalance (QCM) platform modified with this film was employed as a hexanal vapor sensor under ambient
conditions, which possessed several advantages including the high response of 34.8 Hz to 250 ppb hexanal, low
detection limit of 50 ppb hexanal at 25 °C, and good water-resistance.

1. Introduction

Among various volatile organic compounds (VOCs), organic alde-
hydes are one of volatile gases from human metabolites or by-products
generated by vegetation [1,2]. Meanwhile, as significant raw chemicals,

organic aldehydes have also been widely used in a variety of areas such
as the timber textile products, food additives, catalysis industry, etc.
[3,4]. Organic aldehydes can evaporate into air from construction
materials, inferior textiles, wastewater, factory emissions, human
sweat, etc. [5]. The excess gaseous organic aldehydes in the air would
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heavily damage human health (even causing cancer), so it is imperative
to detect gaseous organic aldehydes in trace level [6,7]. Sensors are
ideal devices for detecting toxic and harmful substances, because they
have the advantages of portability, low cost, easy-design, and quick
detection [8–16]. For detecting organic aldehydes, especially for-
maldehyde and acetaldehyde, scientists have developed a considerable
number of gas sensors [17,18]. Hexanal is also a common and neglected
organic aldehyde, and its vapor is usually released from wood products
and fruit peel oil. When its concentration is higher than 2 ppm (part per
million), hexanal vapor stimulates the eyes, nose and other parts of
human body, and even aggravates the inflammation [19]. In addition,
the concentration of gaseous hexanal in exhaled breath can reflect the
human health. For example, the concentration of hexanal in exhaled
breath of lung cancer patients is ppb (part per billion) level. As a
contrast, the exhaled breath of healthy people is almost free of hexanal
[20,21]. Therefore, in order to facilely detect the lung cancer as early as
possible and prevent its deterioration, it is necessary to develop selec-
tive gas sensors capable of detecting hexanal vapor in ppb concentra-
tion.

Quartz crystal microbalance (QCM) is a small-size mass-sensitive
device. The most obvious advantages of QCM over other sensors are
high sensitivity, low cost, and working at room temperature [22–27].
The surficial quality of QCM can be changed by adsorbing gas, resulting
in a change in its frequency [28,29]. The quality change and the fre-
quency change are converted by Sauerbrey equation [30]. Based on the
above theories, scientists constructed the QCM sensors toward specific
gases by modifying various sensing materials. The special force between
sensing material and gas is the basis to ensure the sensitivity and se-
lectivity of QCM sensor [31]. Among the developed QCM sensing ma-
terials, organic polymers are the most important ones [32,33]. Com-
pared with inorganic materials, organic polymers have a wide variety of

functional groups, which can be adjusted by post-synthesis method to
meet the detection needs of different gases [34]. The detection of am-
monia, toluene, formaldehyde and other gases has been achieved by
using various functionalized polymers [35–37]. For detecting hexanal
vapor, a QCM sensor based on hexanal-molecularly-imprinted polymer
is capable of detecting hexanal vapor in the concentration range of
1 ppm to 100 ppm [24]. However, currently no sensor capable of de-
tecting ppb hexanal vapor is reported.

As a bio-inspired organic polymer, polydopamine (PDA) acts as
QCM sensing material to detect formaldehyde gas with ppb con-
centration. The imino group of PDA plays the key role in the sensing
process and has shown good sensing performance to aldehyde group in
formaldehyde molecule at room temperature. The sensing mechanism is
based on hydrogen bonding adsorption [38]. To target ppb level sen-
sitivity to hexanal vapor containing aldehyde group, it is necessary for
sensing material to possess more imino groups to largely adsorb hex-
anal through hydrogen bonds. Polydopamine-polyethyleneimine (PDA-
PEI) copolymer can be facilely synthesized by adding poly-
ethyleneimine (PEI) in the self-polymerization process of PDA. This
copolymer has more imino groups than PDA [39]. Inspired by these
theories, we hypothesized that imino-rich PDA-PEI copolymer might
have strong adsorptive sensing ability to hexanal vapor.

Herein, we synthesized PDA-PEI film on the surface of QCM and
examined the sensing performance of hexanal vapor. We found that
these sensors could detect ppb level of hexanal vapor effectively.
Afterwards, a water-resistant hexanal sensor was obtained by covering
a layer of superhydrophobic n-octadecylsiloxane (PODS) on the surface
of PEI-PDA film to protect the sensing material from environmental
humidity [40], as shown in Fig. 1 and experimental section. In different
high humidity environments, this sensor showed excellent stability in
hexanal vapor detection. The sensitivity of this sensor is also prominent,

Fig. 1. (a) Scheme of preparation of PODS covered PDA-PEI-QCM. (b) QCM schematic view.

Table 1
The comparison of hexanal sensing properties between the reported sensing materials and PODS-PDA-PEI in this work.

Reference Material Limit of detection Response time Recovery time

[23] 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-[methoxy (polyethylene glycol)2000] 140 ppm >200 s > 180 s
[24] hydrophobic molecularly imprinted polymers (MIPs) 2 ppm 45 s > 200 s
[25] Span 80 10 ppm – –
[26] hexanoic acid template based polyacrylic acid-MIP 5ul/100 ml – –
[27] hydrophobic Cu(I)-Cys composite 5 ppm – –
This work PODS-PDA-PEI 50 ppb 24 s 23 s
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and its response to 50 ppb hexanal reaches 6 Hz, demonstrating that it
is the best water-resistant hexanal sensor reported to date because of
this important sensitivity (ppb level). Table 1 lists the hexanal sensing
parameters of the reported hexanal sensing materials and PODS-PDA-
PEI based on QCM, including limit of detection, response time, and
recovery time. The response time (recovery time) was defined as the
time taken by the sensor to achieve 90% of the total response (recovery)
change. Compared with the previously reported sensing materials, the
material we designed has lower detection limit, shorter response time,
and shorter recovery time. Due to its excellent performance, the hex-
anal sensor is expected to be used to detect additional additives in wood

products and fruit additives, as well as diagnose lung cancer by detect
exhalation in the future.

2. Experimental section

Tris (hydroxymethyl) aminomethane hydrochloride (Tris, 99%),
dopamine hydrochloride (98%) and polyethylene-imine (PEI,
Mw = 600 Da) were purchased from Aladdin, octadecyltrichlorosilane
(OTS) was purchased from Acros Organics, and other chemical reagents
were from Gaojing Chemical Plant.

Fig. 2. (a) Cross-section SEM image of the PDA-PEI-QCM. (b) Cross-section SEM image of the PODS-PDA-PEI-QCM. (c) Top view SEM image of the PODS-PDA-PEI-
QCM, and the insert show its contact angle test result.

Fig. 3. (a) The survey scan and (b) N 1s XPS spectrum of PDA-PEI.
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2.1. Preparing PODS covered PDA-PEI film on QCM

QCM was cleaned with acetone and DI water. PDA-PEI copolymer
and PODS was synthesized according to the previous reports [39–41].
First, PEI (1.8 mg ml−1) and dopamine hydrochloride (1.8 mg ml−1)

were dissolved into a Tris buffer solution (pH = 8.5) with a molar
concentration of 50 mmol/L. Then, the cleaned QCM was immersed in
the above solution under shaking for uniform deposition at 298 K for
4 h. After that, uniform PDA-PEI thin film was adhered on the surface of
QCM. The coated QCM was washed with DI water and dried in a va-
cuum drying oven at 313 K for 20 h. The QCM coated with PDA-PEI
film was named as PDA-PEI-QCM. Subsequently, we took the PDA-PEI-
QCM out of the oven and dropped OTS on its surface. Then, the QCM
was spun at high speed (typically with 4000 rpm) to create a uniform
coating. The coating QCM was immersed in acetone for 5 s, and then
taken out, dried in the air for 60 s, and cured in a vacuum drying oven
at 363 K for 0.5 day. The PODS-deposited PDA-PEI-QCM was named as
PODS-PDA-PDA-QCM. Finally, PODS-PDA-PEI on the surface of QCM
(except electrode) was erased by medical cotton swabs infiltrated with
alcohol.

2.2. Characterization, gas sensing performance test, and simulation
calculations

The characterization methods of the as-synthesized materials are

Fig. 4. (a) The relationship between the responses of the sensors and the hexanal concentrations. (b) The relationships between the responses of the sensors and the
corresponding relative humidity. (c) Response of PODS-PDA-PEI-QCM sensor exposed to 10, 50, 100, and 200 ppm of hexanal at some relative humidity en-
vironments. (d) Response of PODS-PDA-PEI-QCM sensor exposed to four kinds of organic aldehydes (10 ppm) at some relative humidity environments.

Table 2
The summary of sensing materials for detecting 50 ppb hexanal based on QCM.

Material Response Response time Recovery time Lifetime Sensitivity value

PDA-PEI-QCM 6.1 Hz 22 s 24 s < 2 weeks 0.122 Hz/ppb
PODS-QCM 0 – – – –
PODS-PDA-PEI- QCM 5.9 Hz 24 s 23 s > 4 weeks 0.118 Hz/ppb

Fig. 5. Superhydrophobic PODS prevents water clusters from contacting PDA-
PEI film.
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shown in the Supporting information (Note S1). The test process of the
QCM-based gas sensor is described in the Supporting information (Note
S2, Note S3, Fig. S1, and Fig. S2). The method and parameters of
Gaussian simulation can be found in the Supporting information (Note
S4).

3. Result and discussion

3.1. Morphology and structural characterization

PODS can self-polymerize on all surfaces facilely and quickly to
enhance hydrophobicity without destroying the surficial structures
[41]. The synthetic process of materials and the fabrication process of
sensors are illustrated in Fig. 1 (more details in the Experimental Sec-
tion). Fig. 2 shows the SEM images of the PDA-PEI-QCM and PODS-
PDA-PEI-QCM. The PDA-PEI film in Fig. 2a is relatively dense and
uniform with a thickness of approximately 240 nm. According to the
literature, the crosslinking reaction between PEI and PDA occurs in Tris
solution to form Schiff base [42]. As shown in Fig. S3, the infrared
spectrum of the PDA-PEI film illustrates that this copolymer film con-
tains C]N bonds (a new absorption band at 1663 cm−1), which do not
exist in PDA, confirming the formation of Schiff base and the occur-
rence of the crosslinking reaction [39]. The result of XPS test in Fig. 3a
also shows that the PDA-PEI film consists of three elements: C, N, and
O. As shown in Fig. 3b, the N 1s spectra of PDA-PEI film displays the

C]N component, which is consistent with the results of infrared
spectrum [42]. In addition, as shown in Fig. S4, the UV–vis spectrum of
PDA-PEI exhibits an absorption peak around 367 nm, which was as-
sociated with the formation of C]C–C]N and C]C–C]O. Meanwhile,
the absorption peak around 410 nm of PDA disappears. These char-
acterizations demonstrate the successful synthesis of PDA-PEI [39]. As
shown in Fig. 2b, the PODS layer is much thicker than PDA-PEI layer,
reaching about 7 μm. The infrared spectrum (Fig. S5) and XRD pattern
(Fig. S6) of PODS demonstrate the successful synthesis. Besides, Fig. 2c
shows that the as-synthesized PODS is petal-like and has some gaps that
can expose part of the underlying PDA-PEI. The related characteriza-
tions for three compared materials (PDA-PEI, PODS, and PODS-PDA-
PEI) are listed in Supporting Information, including TEM (Fig. S7), XRD
(Fig. S8), FT-IR (Fig. S9), and XPS (Fig. S10). TEM images show that the
PDA-PEI is particle-like, and PODS is sheet-like. PODS-PDA-PEI con-
tains the above two substances. The XRD spectrum of PODS-PDA-PEI
contains two corresponding peaks of PDA-PEI and PODS. The FT-IR
spectrum of PODS-PDA-PEI has many characteristic peaks. These
characteristic peaks can be found dividedly in PDA-PEI and PODS at the
same position. The XPS survery spectrum of PODS-PDA-PEI contains
four elements of O, N, C, and Si. N element is derived from PDA-PEI,
and Si element is derived from PODS. The above characterization re-
sults prove that there are two substances co-existing in the final PODS-
PDA-PEI, including PODS-PDA and PODS. Meanwhile, the water-dro-
plet contact angle of PODS-PDA-PEI-QCM is 151°, which is bigger than

Fig. 6. (a) Response of PODS-PDA-PEI-QCM to various hexanal concentrations. (b) Reproducibility of PODS-PDA-PEI-QCM for successive detection of 50 ppb
hexanal. (c) Long-term stability of PODS-PDA-PEI-QCM and PDA-PEI-QCM to 10 ppm hexanal. (d) Selectivity of 10 ppm for various gases.

L. Wang, et al. Chemical Engineering Journal 399 (2020) 125755

5



150°, showing its superhydrophobic property [43].

3.2. Gas sensing studies

Fig. 4a and b exhibit the hexanal-sensing and humidity-sensing
performances of these three fabricated sensors, including pristine QCM,
PDA-PEI-QCM, and PODS-PDA-PEI-QCM. Within all concentrations of
hexanal (10–200 ppm), PDA-PEI-QCM and PODS-PDA-PEI-QCM sensors
exhibit higher response in comparison with pristine QCM. The response
is positively correlated with hexanal concentration (Fig. 4a). At the
same time, the response of PODS-PDA-PEI-QCM is very close to that of
PDA-PEI-QCM. Conversely, as shown in Fig. 4b, the responses of PODS-
PDA-PEI-QCM to high humidities (69–97% RH) are much smaller than

those of PDA-PEI-QCM, indicating the water-resistant role of super-
hydrophobic PODS. Compared with PDA-PEI-QCM, PODS-PDA-PEI-
QCM has matched response to hexanal vapor, and it is not easy to have
false alarm response to high humidity. There is no doubt that PODS-
PDA-PEI-QCM is a better sensor for further exploration. Table 2 lists the
main sensing parameter data of the three sensors to 50 ppb hexanal,
including PDA-PEI-QCM, PODS-QCM, and PODS-PDA-PEI-QCM. The
response time is defined as the time taken by the sensor to achieve 90%
of the total response, and the recovery time is defined as the time taken
by the sensor to achieve 90% of the total recovery change. PODS-QCM
has no response to 50 ppb hexanal. Comparing PDA-PEI-QCM and
PODS-PDA-PEI-QCM, it is obvious that the introduction of PODS has
little negative effect on hexanal sensing performance, including

Fig. 7. Responses of PODS-PDA-PEI-QCM at (a) 298 K and (b) 313 K to hexanal with different concentrations of 50, 100, and 150 ppb. Based on temperature-varied
micro-gravimetric curves, the plotted isotherms are used to extract the ΔH. (c) Based on the experimental results of (a) and (b), two isotherms are plotted to calculate
the value of ΔH.

Fig. 8. The structural formula of PDA-PEI monomer.
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response, response time, recovery time, and sensitivity value. Notably,
PODS enhances the lifetime of PDA-PEI-QCM. Superhydrophobic ma-
terials work by blocking the formation of intramolecular hydrogen
bonds between water molecules. Therefore, in high relative humidity,
superhydrophobic PODS layer can block water molecules connected
with each other by intramolecular hydrogen bond, and prevent water
molecules from coming into contact with PDA. In contrast, there is no
intramolecular hydrogen bond between hexanal molecules, and the
affinity between hexanal molecule and water molecule is negligible, so
hexanal molecules can pass through the PODS layer and contact the
PDA layer.

The effect of environmental humidity on the hexanal sensing per-
formance is also investigated in this work. As shown in Fig. 4c, when
the environmental humidity increases from 50% to 90% RH, the re-
sponse change of PODS-PDA-PEI-QCM to hexanal vapor is trivial, in-
dicating the good anti-interference of humidity. It should be attributed
to the blocking of water molecule clusters by superhydrophobic PODS,
as shown in Fig. 5. Besides, unlike hydrophilic molecules like for-
maldehyde, hexanal is hardly soluble in water and does not adsorb
water molecules. Therefore, water clusters are not pulled by hexanal
molecules to enhance the adsorption mass and response in the process
of hexanal sensing. Fig. 4d shows the responses of PODS-PDA-PEI-QCM
to other three kinds of organic aldehydes (10 ppm) under different
humidity environments, including formaldehyde, acetaldehyde and
propionaldehyde. In the vacuum environment (~0% RH), the response
to hexanal vapor is significantly higher than those of other three al-
dehydes. It should be attributed to the largest molecular weight of
hexanal. However, the increase of environmental humidity causes the

response advantage of hexanal vapor to disappear. In high humidity
environments, formaldehyde, acetaldehyde and propionaldehyde are
mutually soluble in water and therefore have a strong affinity with
clusters, so water clusters are introduced during the sensing process.
These additional clusters enhance the adsorptive mass and response.
Since formaldehyde, acetaldehyde, propionaldehyde, and hexanal all
contain aldehyde group, they can be absorbed by the imino group of
sensing materialall through weak hydrogen bond adsorption. Therefore,
the selectivity difference at low concentrations is not obvious. However,
the molecular weight of hexanal is larger than that of the other three
organic aldehydes, so when the concentration of gas is increased, the
response advantage will be amplified, as shown in Fig. S11.

The dynamic-sensing response of PODS-PDA-PEI-QCM sensor was
investigated for detecting trace amount of hexanal vapor. In Fig. 6a, the
dynamic-sensing response or frequency change (Hz) versus time is de-
monstrated, with the hexanal concentration varying from 50 to
250 ppb. All response curves are continuous and stable without obvious
basic frequency drift during adsorption and desorption processes. As
shown in Fig. S12, the response time distribution of the sensor to low
concentration and high concentration hexanal is listed. Obviously, the
response time of the sensor to low concentration is longer. It should be
attributed to the chemical adsorption between sensing material and
hexanal gas with low concentration. On the contrary, too high gas
concentration often leads to physical adsorption, because sensing ma-
terials can only chemically absorb part of the gas molecules, and most
of the remaining gas molecules will physically agglomerate in a short
period of time, resulting in rapid response. In Fig. 6b, the sensor re-
sponds to 50 ppb hexanal three times in succession. The hexanal

Fig. 9. The Gaussian simulations of hydrogen-bonding adsorption between hexanal molecule and various imino groups of PDA-PEI monomer.
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sensing process exhibits excellent recovery performance, quickly re-
turning to the initial state without response change. This result de-
monstrates good short-term reproducibility. In addition, as shown in
Fig. 6c, the response decrease of PODS-PDA-PEI-QCM to 10 ppm hex-
anal does not show obvious change for one month in sharp contrast to
the rapid decrease of PDA, indicating that the response of PODS-PDA-
PEI-QCM to hexanal vapor is also long-term stable. This should be at-
tributed to the self-cleaning ability of superhydrophobic PODS, which is
able to withstand environmental pollutants well [44]. As shown in
Table 2, the response of PDA-PEI-QCM cannot keep stable within two
weeks, while PODS-PDA-PEI-QCM can keep stable in more than one
month, indicating a strong contrast in the lifetime of these two sensors.
Fig. S13 shows the cyclic response of three different batches of PODS-
PDA-PEI-QCM sensors to 50 ppb hexanal. The response values of three
batches of sensors in 10 cycles are generally stable, indicating their
favorable reproducibility and repeatability. Furthermore, selectivity is
considered as another important parameter for gas sensors [45,46].
Fig. 6d exhibited the responses of PODS-PDA-PEI-QCM to several
common gases. The response to hexanal vapor is better than other gases
with the same concentration, indicating its favorable selectivity for
hexanal vapor. In order to further enhance the selectivity of hexanal in
the future work, the proportion of PEI in the PDA-PEI copolymer can be
increased to introduce amino group (–NH2). Based on the Schiff base
interaction, the (–NH2) group can detect the gases containing aldehyde
group with strong selectivity [5]. Therefore, it has the potential to se-
lectively adsorb the hexanal gas containing aldehyde group.

3.3. Thermodynamic study of the sensor towards hexanal vapor

As a typical mass sensitive device, the response of QCM-based gas
sensor depends on the change of the mass, which is caused by the ad-
sorption between gases and sensing materials [47]. The adsorption

enthalpy (ΔH) can determine whether the adsorption process is selec-
tive and reversible [48]. So far, many reports have revealed that the
sensing process is selective and reversible when the ΔH is between −40
and −80 kJ mol−1 [49,50]. Fig. 7a and b show the responses of PODS-
PDA-PEI-QCM to various concentrations of hexanal vapor at 298 and
313 K. The response of PODS-PDA-PEI-QCM declined with the increase
of temperature, revealing the hexanal adsorption exhibits negative
Arrhenius temperature dependence. Fig. 7c shows two isotherms, which
express the relation between hexanal uptake and hexanal partial pres-
sure at 298 and 313 K. Based on Clausius-Clapeyron equation, ΔH was
calculated to be −60.64 kJ mol−1. Therefore, the absorptive sensing
process of the sensor to hexanal vapor can be considered as selectivity
and reversibility [48].

Exploring the interaction mode between functional group and gas
molecule is a way to obtain sensing mechanism. However, there are
many different imino groups in PDA-PEI copolymer. It is impractical to
use experimental method to explore their roles in the hexanal-sensing
process. Therefore, we used simulative calculation to carry out related
exploration. Xu and coworkers reported that the covalent crosslinking
between PDA and PEI produced a new monomer named PDA-PEI, and
the molecular structure is shown in Fig. 8 [39]. The molecular structure
is used for the simulation calculation by using Gaussian 09 software.
We calculated the ΔH between hexanal and all imino groups in the
copolymer monomer by hydrogen bond adsorption. In order to define
what situation ΔH1, ΔH2, ΔH3, ΔH4, and ΔH5 represent, we marked
the amino groups in different positions (adjacent –NH-1A and –NH-1B,
–NH-2, –NH-3, –NH-4, and –NH-5) on the formula of polymer
monomer, as shown in Fig. 8. Since the five amino groups at different
positions can adsorb hexanal molecules by weak hydrogen bond ad-
sorption, we define the adsorption enthalpy of hexanal at –NH-1A and
–NH-1B (two H atoms of adjacent imino groups), –NH-2, –NH-3, –NH-4,
and –NH-5 as ΔH1, ΔH2, ΔH3, ΔH4, and ΔH5, respectively. As shown in

Fig. 10. The Gaussian simulations of hydrogen-bonding adsorption between hexanal molecule and various hydroxyl groups of PDA-PEI monomer.
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Fig. 9, the values of ΔH1, ΔH2, ΔH3, ΔH4, and ΔH5 can be worked out:
ΔH1 = −62.36 kJ mol−1, ΔH2 = −11.28 kJ mol−1,
ΔH3 = −10.76 kJ mol−1, ΔH4 = −10.92 kJ mol−1, and
ΔH5=−12.03 kJ mol−1. Besides, four hydroxyl groups in the polymer
monomer may also adsorb hexanal. We marked the hydroxyl groups in
different positions (–OH1, –OH2, –OH3, and –OH4) on the formula of
polymer monomer, and we defined the adsorption enthalpy of hexanal
at –OH1, –OH2, –OH3, and –OH4 as ΔH6, ΔH7, ΔH8, and ΔH9, re-
spectively. As shown in Fig. 10, the values of ΔH6, ΔH7, ΔH8, and ΔH9
and can be worked out: ΔH6 = −17.63 kJ mol−1,
ΔH7 = −16.78 kJ mol−1, ΔH8 = −17.01 kJ mol−1, and
ΔH9=−16.91 kJ mol−1. For ΔH1, two synergistic H-bond adsorptions
are formed between the O atom of hexanal and the two H atoms of
adjacent imino groups in the copolymer monomer. Its adsorption en-
thalpy (ΔH1) is −62.36 kJ mol−1, which is smaller than other ad-
sorption enthalpies. The above calculation results indicate that all
imino groups and hydroxyl groups of copolymer monomer can play a
role in the sensing process, but the two adjacent imino groups are the
most important for detecting hexanal.

4. Conclusions

In summary, we reported that a PDA-PEI film containing rich imino
groups can induce reversible hydrogen bond adsorption with hexanal
molecules, leading to the detecting of ppb-level hexanal vapor. The
PODS layer greatly enhances the water-resistance and stability of the
PDA-PEI film. The adsorptive sensing mechanism of hexanal vapor has
been demonstrated through temperature change experiments and si-
mulation calculations, indicating the important role of the imino sites.
Based on QCM, the sensor showed the response of 5.9 Hz and 34.8 Hz to
50 ppb hexanal and 250 ppm hexanal at 25 °C, respectively, and the
detection limit of hexanal is even lower to 50 ppb. The strategy in this
work may be broadly applicable to other research fields through in-
troducing different functional groups into polymers or copolymers for
enhancing stronger adsorptive interactions with gases, thus improving
the sensing performance.
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