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Boron fused pyrazolyl zinc salen as a self-powered ultra-sensitive 

sensor for pico-molar nicotine detection in realistic smoke 

environments  
Sasmita Dhala, ‡a Prakash Nayak,‡a Indrajit Mondal,‡b Chinmaya Sahoo, b Satyaprasad P. Senanayak, 
*bc and Krishnan Venkatasubbaiah*ac

Sensitive detection of nicotine is essential owing to its adverse effects on human health; in particular, nicotine is associated 
with increased risk of cardiovascular and respiratory disorders and multiple types of cancers.   Although a large number of 
sensors for the detection of nicotine are known, development of quick, easy and sensitive methods is in great demand. 
Herein, we report a tetra-coordinated boron-embedded zinc salen complex (TPZBSA-Zn) as a dual-mode sensor for the 
detection of nicotine. The complex exhibited a hypsochromic shift in fluorescence from green to blue upon the addition of 
nicotine. The observed luminescence shift is rationalized owing to the interaction between nicotine’s pyridine nitrogen and 
the zinc center, as confirmed by NMR. Single crystal X-ray analysis revealed the binding mode of nicotine to the zinc-salen 
which is responsible for the color change realized in fluorescence studies. We further developed a highly sensitive nicotine 
detection device based on conductivity modulation arising from Zn–N coordination, capable of detecting nicotine in both 
vapour and liquid phases at concentrations as low as 1 pM (10⁻¹² M). The device exhibited exceptional responsiveness and 
reliability, demonstrating superior performance even under real cigarette and bidi smoke exposure in indoor settings. 

Introduction

The usage of tobacco through cigarette smoking is widespread 
throughout the world and is regarded as an addiction with serious 
global health consequences. Development of several cancers, most 
notably lung cancer, as well as respiratory and cardiovascular 
disorders, have all been related to prolonged and excessive 
inhalation of cigarette smoke.1-4 The addictive nature of tobacco 
smoking is mainly attributed to the presence of nicotine. Among the 
different organic moieties and gases present in the cigarette smoke, 
nicotine is found to be one of the most harmful constituents. 
Nicotine is highly toxic and can be fatal to an adult at a dosage of 40-
60 mg. More than 5 million deaths per year are attributed to 
tobacco/nicotine intake.5,6 Nicotine is also introduced in the body of 
nonsmokers via second-hand or passive smoking, which is also 
harmful, causing health issues and deaths.7-11 Passengers and cabin 
crew of aircraft and workers of private and public companies in a 

closed environment have faced severe problems owing to passive 
smoking. Moreover, in such indoor settings, smoking is a well-known 
fire hazard. Hence, it is important to monitor the air quality in public 
and private places, especially the level of nicotine in the air. 

         Detection of nicotine has been studied mostly via 
electrochemical methods, for instance multi-walled carbon 
nanotube, nitrogen-doped graphene, graphene composites, 
graphene oxide-supported gold nanoparticles, boron-doped 
diamond, and activated glassy carbon cerium nanoparticles were 
applied for the electrochemical detection method.12-22 
Spectrophotometry, chromatography, reverse HPLC, and 
colorimetric methods were also used for the detection of nicotine.23-

35 However, most of the methods require sophisticated 
instrumentation, complicated methods and high cost. Therefore, it is 
important to develop highly selective, convenient yet sensitive and 
rapid nicotine detection methods. In this regard, fluorescence-based 
technique has emerged as a powerful approach for the detection of 
nicotine due to its high sensitivity, operational simplicity, rapid 
response and real-time monitoring. Moreover, fluorescent probes 
typically exhibit very low detection limits as well as a high signal-to-
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noise ratio. This makes them well-suited for detecting trace-level 
analytes.

       Tetra-coordinated boron-based fluorophores36-42, especially B-N 
coordinated fluorophores, have gained attraction owing to their 
stability and tunable optical properties. B-N coordinated 
fluorophores display remarkable properties, such as oxygen sensing, 
photochromism, etc.43-59 The incorporation of boron atom into a 
polyhydrocarbon framework not only provides structural rigidity by 
suppressing the non-radiative decay pathways, but also modulates 
the electronic distribution, thereby increasing fluorescence 
efficiency and improving response to the environment. Recently, we 
reported the synthesis of monomers and dimers of B-N coordinated 
phenanthroimidazoles and tri-aryl pyrazoles and studied their optical 
properties.46,48-60 We further utilized the B-N coordinated 
phenanthroimidazoles to make zinc(II) salen and utilized them for 
the transformation of carbon dioxide and epoxides/aziridines to 
cyclic carbonates/oxazolidinones respectively under mild reaction 
conditions and also for lanthanoid discrimination.61-63. Taking 
advantage of strong emission characteristics, tunable photophysical 
properties and remarkable photostability of the B-N coordinated 
compounds with the chelating capability of salen ligands, here, we 
report a boron-functionalized pyrazole-based Zn-salen complex for 
the detection of nicotine. To our delight, our complex exhibited two 
independent modes of detection, namely fluorometric and 
conductivity modes. Using fluorometric method it was possible to 
detect up to 10 µM of nicotine concentration in the solution state, 
whereas with the conductometric technique method the nicotine 
can be detected at the picomolar concentration both in the solution 
and vapor phase. 

Results and Discussion

Synthesis and Characterization

The synthetic procedure to boron-fused pyrazole imine ligand 
TPZBSA is shown in Scheme 1. Compound TPZB was synthesized 
according to the literature reported methods.60 Synthesis of the 
desired ligand TPZBSA was realized in good yield (88%) by simple 
condensation of trans-1,2-diaminocyclohexane with two equivalents 
of TPZB in dry methanol. The targeted Zn(II) complex TPZBSA-Zn was 
prepared in 84% yield by reacting TPZBSA and zinc acetate in 1:1 
ratio in CH3OH/ CH2Cl2 for 12 hours under reflux conditions. TPZBSA 
and TPZBSA-Zn were analysed using multi-nuclear NMR 
spectroscopy and HRMS. The absence of phenolic -OH peak at 13.39 
ppm of TPZBSA and the shift (up-field) of two protons of cyclohexyl 
from 3.41 ppm in TPZBSA to 3.23 ppm in TPZBSA-Zn establishes the 
formation of Zn2+ compound. To our excitement X-Ray quality 
crystals of TPZBSA-Zn were grown in DMSO/MeOH solvent system.  
Complex TPZBSA-Zn crystallizes in a monoclinic P21/c space group. 
The crystal structure reveals a distorted square pyramidal five-

coordinate geometry around zinc atom (Fig. 1). The axial position is 
coordinated with DMSO solvent molecule with a bond length of 
2.029 Å. The zinc atom deviates by 0.447 Å with respect to the N2O2 
plane of the salen motif. The zinc-oxygen/nitrogen bond angles and 
distances noticed for complex TPZBSA-Zn are in agreement with 
literature reported Zn2+salen compounds.61-66 Selected bond angles 
and bond lengths are listed in table S3. The bond angle investigation 
reveals that two boron centers attain distorted tetrahedral 
geometry. At the B1 center, C-B1-C bond angles ranges from 113.0 ° 
to 115.2 ° and C-B1-N bond angles ranges from 94.6 ° to 112.4 °. 
Similarly, at B2 center, C-B2-C bond angles ranges from 110.3 ° to 
114.7 ° and C-B2-N bond angles ranges from 94.6 ° to 109.5 °.

Photophysical Properties

After successfully characterizing the TPZBSA-Zn complex, we 
studied its photophysical properties in CHCl3. Complex TPZBSA-
Zn displayed a red-shifted absorption maxima at 375 nm in 
comparison to ligand TPZBSA, which has absorption maxima at 
327 nm in CHCl3. Similarly, complex TPZBSA-Zn showed 
emission maxima at 484 nm in comparison to ligand TPZBSA 
which showed emission maxima at 457 nm. Complex TPZBSA-
Zn showed an intense emission and better quantum yield (ɸF = 
13.3 %) compared to the ligand. TPZBSA-Zn exhibited 
mechanofluorochromic property. As shown in Fig. 2, it was 
observed that the prepared powder of TPZBSA-Zn emitted 
bright blue color under UV irradiation. The solid-state emission 
band of TPZBSA-Zn in as-synthesised powder was found at 474 
nm and shifted to longer wavelength of 535 nm after grinding 
using mortar and pestle. This suggests that the grinding 
treatment resulted in a spectral bathochromic shift of 61 nm for 
complex TPZBSA-Zn. Further, prepared TPZBSA-Zn showed 4.3 
% quantum yield in the solid state which got reduced to 1.1 % 
upon grinding. When we exposed the ground powder of 
TPZBSA-Zn to dichloromethane vapor, the luminescence 
recovered to cyan color with emission maximum at 502 nm, 
close to the original powder. It should be noted that repeated 
grinding–fuming cycles of TPZBSA-Zn resulted in interchange of 
the luminescence spectra with 32 nm difference in emission 
maxima (Fig. 2). 

       To further explore the mechanofluorochromic property of 
TPZBSA-Zn, X-ray diffraction (XRD) measurement for the 
powdered sample was analysed. As given in Fig. 2e, the freshly 
synthesized powder of TPZBSA-Zn showed many strong and 
sharp peaks, suggesting well-defined microcrystalline-like 
structure prevails in the freshly prepared sample. On the other 
hand, the ground powder showed very weak or no noticeable 
diffraction peaks, indicating the amorphous nature exist in this 
state. Upon fumigating with DCM, crystalline nature was 
restored to a certain extent with few sharp and diffused peaks. 
To further investigate the mechano-luminescence property, the 
crystal structure of complex TPZBSA-Zn was investigated.

Page 2 of 11Materials Advances

M
at

er
ia

ls
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

3 
A

pr
il 

20
26

. D
ow

nl
oa

de
d 

on
 4

/1
5/

20
26

 2
:2

1:
45

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
DOI: 10.1039/D6MA00242K

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6ma00242k


Journal Name  ARTICLE

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 3

Please do not adjust margins

Please do not adjust margins

Scheme 1: Synthesis of zinc complex TPZBSA-Zn.

According to previous reports, weak intermolecular interactions 
play an important role in mechanoluminescence.67-71  Strong 
intermolecular interactions, like π–π stacking were not 
detected in TPZBSA-Zn, and only multiple short interatomic 
contacts were found within the crystals. As shown in Fig. 2f and 
2g, complex TPZBSA-Zn has C-H···π interactions. The emission 
color change on grinding is may be due to change in these 
intermolecular interactions between molecules. From the 
above studies, it is clear that the mechanoluminescence of 
TPZBSA-Zn is due to changes in both conformational and 
intermolecular interactions. 

As the crystalline form has  C-H···π interactions, they help to restrict 
the torsional motion of the rings which help to release the excited 
state energy by radiative decay process, hence, the crystalline form 
is more emissive, however, in the amorphous phase the weak 
interactions are absent, hence, energy decay by non-radiative decay 
become prominent thus the quantum yield is low in the ground 
sample. To evaluate the stability of the probe, the fluorescence 
emission of TPZBSA-Zn was monitored over a period of 60 minutes 

Fig. 1: (left) Molecular structure of TPZBSA-Zn-DMSO. (right) Absorbance and emission spectra of complex TPZBSA-Zn in CHCl3 at 1 x 10-5 M 
concentration.
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Fig. 2: (a) Normalized fluorescent spectra of TPZBSA-Zn and TPZSA-Zn in different solid-states: as-prepared and grinding, λex = 340 nm; (b) 
Photographs of TPZBSA-Zn and TPZSA-Zn color changes under grinding and recrystallization; (c) Reversible switching emission of complexes 
TPZBSA-Zn by repeated grinding–fuming cycles; (d) Emission spectra of complex TPZBSA-Zn after repeated grinding-fuming cycles; (e) PXRD 
patterns of complex TPZBSA-Zn in different solid-states: as-prepared, grinding and DCM fuming. Inset: Photographs of complex TPZBSA-Zn 
in different solid-states (as prepared, grinded and fumed) under hand held UV-lamp; (f) CH...π interactions in complex TPZBSA-Zn; (g) H-
bonding interactions in complex TPZBSA-Zn.
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  at regular interval of 5-10 minutes, which showed negligible 
changes in emission intensity, confirming its good photostability over 
prolonged durations (Fig. S2). Additionally, the thermal stability was 
examined by recording the emission spectra over a temperature 
range of 25 °C to 55 °C. The absence of significant changes in the 
emission spectra indicates that the probe retains its photophysical 
properties, depicting good kinetic stability (Fig. S3).

Nicotine Sensing

We took advantage of the Lewis acidic nature of zinc center to detect 
nicotine. The fluorescence spectra of TPZBSA-Zn were recorded 
upon excitation at 374 nm with the addition of different amounts of 
nicotine. Sequential addition of nicotine (0 - 40 equiv.) to TPZBSA-Zn 
resulted in gradual decrease of fluorescence band at 484 nm with 
simultaneous appearance of an emission in the range of 387 nm to 
413 nm (Fig. 3). The fluorescence lifetime of TPZBSA-Zn measured in 
the absence and presence of nicotine was found to be consistent (life 
time for TPZBSA-Zn in CHCl3 is 1.60 ns; life time for TPZBSA-Zn+20 
equivalent of nicotine in CHCl3 is 1.67 ns) suggesting that quenching 
follows a static-mechanism. The observed lifetime measurements 
reveal that a ground-state complex is formed between TPZBSA-Zn 
and nicotine. The detection limit of nicotine using TPZBSA-Zn was 
determined to be 1.4 µM, which motivated us to make a device using 
our complex for the detection of nicotine in the solution as well as in 
the solid state, which will be discussed vide infra. In order to 
investigate the interaction between TPZBSA-Zn and nicotine, we 
performed NMR studies and single-crystal X-ray diffraction analysis. 
The IH NMR of nicotine with TPZBSA-Zn showed a shift in CDCl3 for 
the pyridine-H, which reveal the complexation of pyridine with zinc 
center in the solution state as observed in other zinc-complexes.61-66 
To further support this observation, we grew single crystals of 
TPZBSA-Zn-nicotine in methanol/DMSO solution. Single crystal-XRD 
analysis showed the formation of a 1:1 adduct, in which the pyridine 
nitrogen of nicotine binds with the zinc atom of TPZBSA-Zn to form 
a penta-coordinated zinc complex. The bond angles and bond lengths 
are reminiscent to the literature-reported values of similar 
compounds (Table S4).61-66 Paper strip of compound TPZBSA-Zn was 
prepared by immersing Whatman filter paper in CHCl3 solution of 
compound TPZBSA-Zn followed by drying in open air. A solution of 
nicotine in CHCl3 was used to make encryption ‘NISER’. A change in 
fluorescent color was realized in the encrypted place, which indicate 
the usefulness of the paper strip for the detection of nicotine (Fig. 
S7). The surface morphology of TPZBSA-Zn and nicotine-coordinated 
TPZBSA-Zn were analyzed using SEM. The TPZBSA-Zn exhibited a 

lamellar morphology (Fig. 3d-left), whereas the nicotine-coordinated 
TPZBSA-Zn showed spherical morphology (Fig. 3d-right). To access 
the selectivity of the probe, we examined its response towards 
nicotine in the presence of various primary (10) and secondary (20) 
amines as well as pyridine (40 equivalents). Notably, only nicotine 
and pyridine showed a significant hypsochromic shift in the 
fluorescence, indicating selective interaction. This behaviour can be 
attributed to coordination through the pyridine nitrogen moiety, 
thereby enhancing the selectivity of the probe toward nicotine over 
other amines (Fig. S4).

                 To explore the nicotine sensing potential of the synthesized 
material going beyond conventional fluorescence-based detection, 
we fabricated two-terminal devices. For the device fabrication, 
patterned Au-electrodes were prepared via thermal evaporation on 
which TPZBSA-Zn complex was spin-coated (Schematic in Fig. 4a, 
details in the method section). Nicotine was systematically diluted 
from 10-12 M to 0.1 M, and a controlled volume (~ 20 µl) of each 
concentration was drop-casted onto the device surface. Conductivity 
is estimated in the low voltage regime from a linear fit to the I-V 
characteristics. Pristine TPZBSA-Zn complex exhibited an initial 
conductivity of (465 ± 11) μS/cm, which sharply decreased to (400 ± 
30) μS/cm even upon exposure to an extremely low nicotine 
concentration of 10-12 M, demonstrating its remarkable pico molar 
level sensitivity. As the nicotine concentration increased further, the 
conductivity continued to drop progressively, reaching as low as (10 
± 2) μS/cm at 0.1 M, over four orders of magnitude lower than that 
of the unexposed device (Fig. S11). Channel current variation with 
nicotine concentration is depicted in (Fig. 4b), and the corresponding 
increase in device resistance is shown in Fig. 4c. The relative 
conductivity variation by nearly one order of magnitude across the 
sensing window (10-12-10-2 M), as shown in Fig. 4d. A clear 
morphological change is observed when the devices were exposed 
to higher concentration (0.01 M) of liquid phase nicotine which 
renders the device conductivity irreversible (Fig. S12). Notably, these 
self-powered devices exhibit a measurable current output (13 nA) 
even at zero applied bias, indicating autonomous device operation 
driven by intrinsic charge separation. In the self-powered mode 
these nicotine sensors exhibit a current of ~ 7 nA even with 1 pM 
concentration. These conductometric trend highlights the 
exceptional interaction between nicotine molecules and the TPZBSA-
Zn complex, leading to significant modulation of charge transport 
pathways within the film. The zinc-based organometallic complex 
interacts with nicotine through a dative bond formation between the 
Zn atom and the nitrogen of the pyridine ring (Fig. 3a), resulting in 
the formation of a ground-state charge-transfer complex between 
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Fig. 3: (a) Structure of TPZBSA-Zn-nicotine. (b) Molecular structure of TPZBSA-Zn-nicotine (Hydrogen atoms, disordered cyclohexyl were 
removed for clarity) (c) Titration curve for TPZBSA-Zn (1 x 10-5 M) with increasing equivalents of nicotine in CHCl3 (Inset: Before and after 
addition of nicotine under hand held UV lamp). (d) SEM image of TPZBSA-Zn (left) and nicotine-coordinated TPZBSA-Zn (right).

the Lewis acidic Zn centre and the Lewis basic pyridine nitrogen of 
nicotine. This interaction perturbs the electronic structure of 
TPZBSA-Zn, modifying the conjugated π-system for efficient charge 
transport.72 The static quenching observed in lifetime measurements 
further confirms that a non-emissive, electronically altered complex 
forms in the ground state. This interaction leads to a blue shift in the 
emission spectra with increasing nicotine concentration, indicating 
an increase in the effective bandgap of the nicotine-TPZBSA-Zn 
complex which possibly decreases the overall electrical conductivity. 
We also performed similar measurements by utilizing vapour phase 
nicotine obtained by heating nicotine solutions at 70 °C and inducing 
reaction between nicotine vapours and TPZBSA-Zn complex, which 
exhibited similar conductivity trends (Fig. 4d).

        To obtain a detailed understanding of the conductometric 
trends and reliability of the sensing device, we fitted the conductivity 

response (∆𝜎
𝜎

) as a function of nicotine concentration. The 

conductivity response followed a sigmoidal (S-shaped) trend (Fig. 4d 
and Fig. S11), typical of systems limited by binding saturation or 
diffusion kinetics. This behaviour was successfully modelled using a 
logistic function (details in SI section 5), enabling quantitative 
comparison of device response and insights into the underlying 
interaction dynamics. From this modelling we obtain three specific 
parameters: a) dynamic range which depicts the concentration range 
over which the sensor is sensitive, (b) inflection point which 
corresponds to the operational sensitivity threshold, (c) slope 
parameter which depicts a comparative sensitivity to different 
samples at lowest sensing concentration.  For liquid nicotine 

200 nm

(a)

(b)

(c)

(d)

200 nm
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exposure (Fig. 4d and Fig. S11), the logistic model yielded a dynamic 
range of 0.8, indicating that the sensor is effectively able to sense in 
80 % of the concentration range between the initial and final 
conductivity states. The midpoint concentration (6 ± 4) × 10-8 M 
corresponded to the inflection point where the response rate of the 
sensor is maximal, defining the operational sensitivity threshold. The 
low slope factor (k = 0.3) indicated a gradual, well-regulated 
transition, demonstrating predictable sensing behaviour over a 
broad concentration range. In contrast, logistic analysis of vapour-
phase nicotine sensing (Fig. 4d and Fig. S13) revealed enhanced 
device performance, with an expanded dynamic range of 0.98 and a 
steeper slope parameter (k = 0.5), indicating more rapid and efficient 
molecular interaction with the sensing layer. The lower midpoint 
concentration ((5.2 ± 2.1) × 10-9 M) suggests higher sensitivity under 
vapour exposure relative to liquid exposure. Collectively, these 
parameters confirm that nicotine vapour induces a faster and more 
pronounced change in conductivity, offering improved sensitivity 
and dynamic resolution suitable for real-environment sensing.

         To assess real-world usability, we utilized cigarette and bidi (a 
local form of tobacco) smoke, and exposure was carried out in a 
sealed 100 mL chamber (Fig. 4e). Both smoke types produced 
conductivity suppression by approximately by around 20% and 30 % 
respectively, after 2 minutes of exposure, consistent with pristine 
nicotine results in liquid and vapor states. Interestingly logistic fitting 
of both these tobacco sources exhibited sensitivity values between 
that of the liquid nicotine and vapor nicotine. Notably, the slope 
factor indicates that bidi owing to its larger concentration of nicotine, 
exhibits a stronger sensitivity in comparison to cigarette. This level of 
sensitivity encouraged us to validate our sensor deployment 
potential, which involved a direct human smoking trial inside a 45 ft³ 
controlled chamber, a volume comparable to that of a standard 
aircraft lavatory. The nicotine-sensing device was positioned 
approximately 15 cm from the volunteer, who exhaled cigarette 
smoke directly toward the sensor. Before introducing smoke, a 

Fig. 
4. 

(a)Schematic diagram of the device architecture illustrating nicotine sensing. (b) I-V characteristic of the device upon liquid-nicotine exposure 
of different concentrations. (c) Variation of the resistance of the device upon nicotine exposure of different concentrations. in the liquid 
phase (d) Relative conductivity of the device on nicotine exposure of different concentrations in the vapor phase for 60 minutes (e) Relative 
conductivity of the device with time on Bidi and Cigarette exposure (f) I-V characteristic curves before and after exposure to cigarette. 
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control experiment was performed in which the participant gently 
blew plain air toward the device to rule out any artefacts from 
temperature, humidity changes, or airflow disturbance. The pristine 
device exhibited an initial conductivity of 264 ± 4 μS/cm. After five 
controlled air blows, the conductivity showed only a minor reduction 
to 250 ± 3 μS/cm, corresponding to roughly a 5% change, confirming 
that environmental perturbation alone does not significantly affect 
the sensing response. In stark contrast, when exposed to five 
exhalations of cigarette smoke, the conductivity dropped sharply to 
175 ± 3 μS/cm, representing an approximate 30% decrease (Fig. 4f 
and Fig. S14). Moreover, control experiments with human subject 
blows without smoking exhibited insignificant variation in 
conductivity, indicating that environmental and humidity-driven 
artefacts do not affect these sensors. This level of performance 
highlights the applicability of our device in real smoke sensor 
applications & highlights the strong affinity and rapid interaction of 
nicotine with the TPZBSA-Zn sensing layer. We also checked the 
reversibility of the sensor to ambient nicotine exposure and realize 
significant reversibility (Fig. S15) and observe reasonable reversibility 
for multiple cycles of detection. These findings underscore the 
device’s potential for deployment in enclosed public spaces for 
exposure monitoring, smoking compliance enforcement, and real-
time air-quality assessment. A comparison of previously reported 
nicotine-sensing methods with the present TPZBSA-Zn system is 
presented in table S5. Notably, the present system offers several 
advantages, namely dual mode of detection (fluorescence and 
conductometric detection), a detection limit at the picomolar level 
and the ability to sense nicotine in both liquid and vapor phases. 
Furthermore, the fabricated device responds to real cigarette and 
local tobacco smoke, highlighting its practical applicability for 
environmental nicotine monitoring.

Conclusions

In conclusion, we have successfully developed a B-N co-ordinated 
triaryl pyrazolyl zinc-salen complex TPZBSA-Zn as a dual-mode 
sensor for nicotine detection. The complex TPZBSA-Zn exhibits 
unique photophysical properties, including mechanochromism and a 
remarkable fluorescence shift upon nicotine binding, driven by 
coordination of the pyridine nitrogen of the nicotine to the zinc 
centre.  The binding mode of nicotine with zinc-salen TPZBSA-Zn was 
confirmed using 1H NMR and single-crystal X-ray analysis. Further, 
we fabricated devices using TPZBSA-Zn and studied its relative 

change of conductivity with different concentrations of nicotine in 
the solution and in the vapor phase which suggest that our device 
can suitably detect nicotine concentration as low as 1 picomolar in 
both vapor and liquid state. The system also effectively responded to 
nicotine from real sources such as cigarette smoke from human 
subjects in closed chambers emulating real-time environmental 
application. These findings establish TPZBSA-Zn as a promising 
candidate for low-cost, portable, and real-time nicotine monitoring 
technologies applicable in environmental and health surveillance. 
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