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A B S T R A C T

Isopthalamide based probe DPI has been synthesized by an easy two-step substitution reaction. Unique fluo-
rescence properties of probe DPI were exploited for sensing of CNˉ and chloroform. Various spectroscopic 
techniques such as NMR, LC-MS, SEM, DLS, UV-Vis. and fluorescence spectroscopy in combination with DFT 
studies were used to confirm efficient detection of CN‾ through a non-covalent interaction of cyanide with probe. 
Furthermore, probe showed fluorescence emission at 360 nm which shifted significantly to 415 nm upon 
addition of water exhibiting unique AIE characteristics and formation of desired J-aggregates. Mechanistically, 
CN‾ and chloroform were selectively detected through fluorescence quenching with 9 nM and 0.2 % v/v limit of 
detection (LOD), respectively. Photoinduced electron transfer (PET) was proven to be involved as a sensing 
mechanism. Moreover, DPI exhibited interesting solvatochromism properties. DPI was proven to be a highly 
sensitive probe which showed solid-state and vapor phase on-field detection of CN‾. Similar sensing behavior of 
DPI probe towards CN‾ was seen in food and water samples.

1. Introduction

Cyanide being reactive but deadly anion has caught the attention of 
environmental protection experts for ages (Kumar et al., 2023). How-
ever, cyanide production per year exceeds over a million tons as it finds 
its use in electroplating metallurgy, tanning, plastic, and chemical pro-
cesses (Chen et al., 2017; Suna et al., 2023). This increased chances of 
cyanide exposure leads to blockage of adenosine triphosphate and in-
hibition of cellular respiration becomes a cause of death (Jackson et al., 
2014). Even at low concentrations cyanide can cause histotoxic anoxia 
(Promchat et al., 2017). It can get absorbed into the human body and 
become a source of detrimental health issues such as convulsions, loss of 
consciousness, and vomiting (Xie et al., 2023). Bitter almonds and cas-
sava along with some other plants produces cyanogenic glycoside and 
improper consumption of cassava roots without processing can cause a 
neurological condition called ‘Konzo’ (Kumar et al., 2020; Andrea et al., 
2024). Other than cyanide, chloroform is another carcinogenic sub-
stance that requires special attention. Numerous cyanide detection 
techniques are present in literature such as liquid chromatography 

(Madmon et al., 2021), cyclic voltammetry (Zhang et al., 2020), ion 
chromatography and potentiometric titration (Ghosh et al., 2023; Raina 
et al., 2020). However, these techniques suffer from complicated and 
less sensitive procedures. Among various techniques fluorescent sensors 
or chemosensors have proven to be most promising due to easy opera-
tion and high sensitivity (Waseem et al., 2022). Fluorescent sensor is a 
compound that produces a noticeable signal through a physical or 
chemical change when it interacts with an analyte (Kaur et al., 2017). 
Fluorophores can develop non-covalent or covalent interaction with 
analyte (Majeed et al., 2022). For a non-covalent bonding, a host-guest 
type of interaction is developed between sensor (host) and guest (ana-
lyte) through hydrogen bonding, π – π or electrostatic interaction (Yan 
et al., 2021). Other than that, photophysical compounds have been used 
in numerous applications such as semiconductors (Tene et al., 2023), 
hardware engineering of detectors etc (Suwarno and Purwono, 2023; 
Mufrodi et al., 2023). Here are some examples of fluorescent sensors 
found in literature that have provided reliable and efficient detection of 
certain analytes, for example, sensor for drotaverine (Javid et al., 
2024a), a mefenamic acid sensor (Rafique et al., 2023a), triazine probe 
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for hydrogen peroxide (Assiri et al., 2023a), triphenylamine based 
sensor for 4-nitrophenol (Khan et al., 2023), triazene-based Hg2+ de-
tector (Irshad et al., 2023), and isophthalamide (Pervaiz et al., 2024), 
naphthalamide (Khadija et al., 2023), stilbene (Rafique et al., 2023b), 
and deferasirox (Ullah et al., 2024a) based sensors for nitrobenzene 
(Brzechwa-Chodzyńska et al., 2021; Wu et al., 2017). Fluorophores have 
capability of showing enhanced emission intensity once they form ag-
gregates when added to a solvent in which they have poor solubility 
known as aggregation induced emission (AIE) (Würthner, 2020). 
Sometimes changes in emission wavelength are also linked to different 

types of aggregates formation such as formation of H-aggregates shift 
emission wavelength towards left and J-aggregates show red shift in 
λmax (Kim et al., 2015).. Red shift in J-aggregates is said to be associated 
with a reduced energy gap between electronic levels as compared to 
H-aggregates resulting in emission of less energy and longer wavelength 
photons (Heyne, 2016). Considering these features for desired applica-
tions, we are working to develop fluorescent probes (Majeed et al., 2024; 
Ullah et al., 2024b; Assiri et al., 2023b; Junaid et al., 2022; Khalid et al., 
2024; Sania et al., 2024; Alzahrani et al., 2023; Khurshid et al., 2024). In 
this regard, we have designed an isophthalamide based probe for 

Fig. 1. Fluorescence spectrum of DPI with increasing water fraction (a) and CIE chromaticity diagram (b) 3D SV plot of probe DPI against various anions (c), 
Emission of probe DPI with increasing CNˉ concentrations (d), and SV plot of DPI against CNˉ concentrations (e).
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cyanide and chloroform detection. Synthesizing a probe that has above 
mentioned qualities and can detect more than one harmful substances in 
multiple phases with greater sensitivity and selectivity is a challenging 
task. Designed probe has sensed CNˉ in solid, solution and vapor phase 
with sensitivity higher than most available sensors which makes this 
probe a convenient and easy to use tool.

2. Results and discussions

2.1. Synthesis and characterization of compound diphenylisopthalamide 
(DPI)

Compound diphenylisopthalamide was prepared through acid chlo-
ride formation followed by simple nucleophilic substitution reaction. 
Structural characterization of the said compound was performed 
through 1H, 13C, DEPT-135 NMR and LC-MS techniques. Details of 
materials and methods along with chemicals and instruments used are 
provided in the supplementary information.

2.2. Fluorescence emission and aggregation

Probe DPI (40 µM in THF) was when scanned at 290 nm excitation 
for fluorescence emission spectrum, its maximum emission wavelength 
was recorded at 360 nm. With the addition of water in solution of probe 
emission intensity increased thus showing AIE behavior. However, a 
dramatic shift appeared in wavelength and intensity once the water 
fraction reached 60 %. Emission intensity at 415 nm is increased in 
-80 % aqueous medium as molecules of DPI start losing their ability to 
freely rotate. This restricted rotation hinders non-radiative pathways, 
however, emission intensity starts decreasing with further increase in 
water fraction owing to excessive stacking (Wang et al., 2020). This 
55 nm red shift in the wavelength from 360 nm to 415 nm was the result 
of J-aggregates’ formation (Fig. 1a). In the CIE chromaticity diagram 
50 % and 80 % water fraction represented by black dots can be seen in 
the blue region at 0.142,0.05 and 0.149,0.03 as per changes in the 
wavelength (Fig. 1b). Furthermore, formation of aggregates was 
confirmed through DLS analysis as particle size changed from 455.7 nm 
for 0 % water to 550.9 nm for 80 % water (Figure S1).

3. Sensing studies

3.1. Analyte sensing

Different concentrations of analytes (up to 40 µM) including CNˉ, 
NO3ˉ, SO4

2ˉ, Brˉ, Clˉ, Iˉ, Fˉ, HSO4ˉ, ClOˉ, CH3COOˉ, and H2O2 prepared in 
the similar solvent system (THF:H2O 1:4 v/v) were scanned along with 
the probe DPI (40 µM) to study its emissive response. No visible change 
was noticed in the fluorescence emission of DPI in the presence of above- 
mentioned analytes except CNˉ ion which showed that this particular ion 
can be sensed selectively by probe DPI (Fig. 1c). For further confirma-
tion different solutions of CNˉ were prepared with 40 µM DPI and 
recorded spectral results showed quenching behavior exhibited in the 
emission intensity of probe DPI as the concentration of CNˉ increased 
from 0 µM to 40 µM. (Fig. 1d). From these results Stern-Volmer plot was 
drawn (Fig. 1e) for further clarification of sensitivity supported by 9.75 
× 105 value of Ksv which was calculated by emission intensities of DPI in 
the absence (Iº) and presence (I) of CNˉ in 40 µM concentration [Q], in 
the equation provided below. 

Iº/I = 1 + Ksv[Q]                                                                                

From this SV plot we obtained 29.9 nM limit of quantification (LOQ) 
through 10 σ/S formula and 9 nM detection limit (LOD) through 3σ/S 
formula for CNˉ which compared to most available probes in literature 
was quite low (Table S1). We obtained a binding stoichiometry of 1:1 
through a Job’s plot which was plotted by using different mole fractions 

of CNˉ from 0 to 1 with total concentration of probe remained constant 
at 40 µM (Figure S2). Some fluorophores have tendency to show 
quenched emission because of inner filter effect (IFE) thus to confirm 
that absorbance and emission spectra of probe DPI were studied. No 
significant overlap of absorbance and emission band showed that inner 
filter effect doesn’t play any role in changing emission intensity of DPI 
(Figure S3).

Additionally, SEM analysis was performed to examine morphological 
structure of probe DPI. Morphological structure of probe changed after 
DPI-CNˉ complex formation which confirmed that probe had interacted 
with CNˉ (Figure S4). This interaction was also supported through dy-
namic light scattering analysis (DLS) analysis in which particle size of 
probe DPI was noticed to be changed from 550.9 nm to 615.3 nm after 
CNˉ interaction thus facilitating its detection (Figure S5).

3.2. Mechanistic studies

For understanding the mechanism involved in sensing of CNˉ initially 
NMR titration was performed with one equivalent of probe and CNˉ. In 
titration NMR, only a slight change in chemical shift was seen in 1H- 
NMR spectrum of complex as a singlet and triplet shifted from 
10.44 ppm and 8.55 ppm to 10.43 ppm and 8.54 ppm, respectively 
(Fig. 2a). Similarly, in 13C-NMR spectrum carbon peaks at 165.53 ppm 
and 139.53 ppm are shifted to 165.54 ppm and 139.52 ppm after CNˉ 
addition (Fig. 2b). Hence, no new peak appeared in the titration NMR 
spectra strongly suggesting non-covalent interaction (Irshad and 
Qvortrup, 2024; Halder et al., 2010). In LC-MS spectrum peak of probe 
appeared at 315.5 m/z (actual mass = 316.5 m/z) which remained 
intact after addition of CNˉ and slight difference of retention time from 
1.77 to 1.76 was seen after addition of 1 equivalent of CNˉ into the probe 
solution. No significant change in mass spectrum confirmed 
non-covalent interaction (Fig. 2c) (Javid et al., 2024b). Through UV-Vis. 
titration experiment absorbance of probe DPI was studied with 
increasing CNˉ concentration (0–40 µM). Maximum absorption 
appeared at 277 nm which did not change even after addition of CN‾ 
and no appearance of new peak was seen (Fig. 2d).

Fluorescence titration experiments strongly supported non-covalent 
interaction of probe DPI with CN‾ (Fig. 1d). No new peak was 
observed in the titration spectra of emission and absorption of DPI probe 
with CN‾ that ruled out the possibility of formation of ground state 
complex (GSC). No hypso or bathochromic shift in the emission or ab-
sorption wavelength of the probe DPI is observed upon interaction with 
CNˉ that clearly suggests the absence of ICT as a sensing mechanism 
(Balakit et al., 2020; Rabale et al., 2024). As the NH group of probe DPI 
is conjugated with a carbonyl group which withdraw the electrons from 
the NH group and make it electron deficient. CN‾ ion with strong 
nucleophilic character can interact with the NH group through Van der 
Waals’s interaction and this interaction between NH group of DPI and 
CN‾ˉ ion activated the internal PET (photo induced electron transfer) 
process from CN‾ to both NH and electron withdrawing carbonyl group 
which resulted in the quenching of fluorescence emission after interac-
tion with CNˉ ion (Bozdemir et al., 2010). Furthermore, the interaction 
of probe with CNˉ was supported theoretically by exploring the ground 
and excited state energy values of the probe before and after interaction 
with the analyte. The ground state energy value of probe DPI was 
− 6.36 eV and its excited state energy was at − 1.85 eV after interaction 
with CNˉ these ground and excited state were changed to − 4.51 eV and 
− 1.68 eV respectively. Likewise, the DOS spectra were obtained for 
probe and complex. Appearance of new peaks in the spectra of complex 
and the alteration in the energy values of the ground and excited state of 
complex and the reduction of energy gap from 4.51 eV to 2.83 eV 
justified the interaction of probe DPI with CNˉ. To verify the electro-
philic site that is NH group in the DPI probe, MEP was determined by 
using B3LYP/6–311 G (d, p) in optimized geometry. Intensive blue color 
at NH group in the DPI probe molecule demonstrate that it possesses 
electrophilic reactivity and this site is the suitable site for the attack of 

A. Pervaiz et al.                                                                                                                                                                                                                                 Journal of Hazardous Materials Letters 5 (2024) 100132 

3 



nucleophilic CNˉ ions (Figure S6a). After interaction of CNˉ ions at NH 
group in the DPI probe molecule the electron density increases at this 
specific site (represented by the intensive red color) (Figure S6b) that led 
to activate the internal PET process which consequently led to quench 
the overall emission intensity of the DPI molecule (Fig. 3a).

3.3. Interference studies

Different solutions of metal ions, neutral compound and single 
molecules were prepared and probe DPI was scanned against CNˉ in the 
presence of these interferences (Figure S7). Similarly, experiments were 
performed with probe DPI against CNˉ by varying temperature 
(Figure S8a), time (Figure S8b) and pH (Figure S8c). Additionally, so-
lutions of DPI and CNˉ were also observed for photostability test. 
However, quenching in emission intensity of DPI remained same 
showing high photostability (Figure S8d).

3.4. Chloroform sensing

The probe DPI was also utilized to detect the presence of chloroform 
in the DCM or to check the purity of DCM (Fig. 3b). When 50 µM DPI 
dissolved in DCM was titrated against 1–6 µL of chloroform. A signifi-
cant decline in the emission intensity of DPI is the clear demonstration 
of interaction of DPI with chloroform (Fig. 3c). To find the binding ef-
ficiency 2D Stern-Volmer plot was obtained and LOD for chloroform 
came out to be 0.2 % v/v (Fig. 3d).

4. Solvatochromism

Solvatochromism of DPI was investigated in ethyl acetate (EtOAc), 
methanol (CH3OH), acetonitrile (CH3CN), dimethyl sulfoxide (DMSO), 

dichloromethane (DCM), and chloroform (CHCl3). Bathochromic shift in 
emission of DPI was seen from EtOAc to DMSO (334 nm to 352 nm) 
depending on the polarity (Figure S9). However, DCM and CHCl3 red 
shifted the wavelength further to 396 nm. Due to solvent relaxation 
phenomenon excited state energies of fluorophores gets stabilized and 
reduced gap in molecular energy levels leads to red shifted emission in 
polar solvents leading to a positive solvatochromism (Nigam and Rutan, 
2001). Other than solvent polarity, charge transfer phenomenon, po-
larization of dipole moment leading to stabilized excited or ground state, 
viscosity of solvents, and interaction of molecules with solvents such as 
though halogen bonding are some reasons associated with bathochromic 
shift in less polar solvents. Especially in chlorinated solvents where 
interaction of halogen group of solvent can stabilize the ground state of 
compound more as compared to other polar solvents showing greater 
dipole moment leads to red shift in λmax (Ponnusamy et al., 2018; 
Mohammad-Jafarieh et al., 2021; Naresh et al., 2021)

5. Theoretical studies

5.1. Interaction energy

A stable interaction site for probe DPI and CNˉ complex was selected 
based on interaction energy. As a high value of interaction energy is an 
indication of greater thermodynamic stability so the site with interac-
tion energy value − 87.16 kcal/mol was selected to be the most stable 
interaction point between probe DPI and CNˉ. These results were ob-
tained in the presence of solvents i.e. THF and water as these were 
involved in contributing to the energy values through PCM.

Fig. 2. 1H-NMR (a) 13C-NMR (b) LC-MS (c) and UV-Vis. titration spectra (d) of probe DPI against cyanide.
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5.2. Electronic properties

FMO and DOS analysis showed that HOMO and LUMO levels of DPI 
are at − 6.36 eV and − 1.85 eV with 4.51 eV of energy gap (Fig. 4a). Once 
this probe interacted with CNˉ a reduction was seen in the energy gap for 
complex and new values obtained for HOMO, LUMO and energy gap 
were − 4.51, − 1.68, and 2.83 eV respectively which was an indication of 
good sensitivity of probe DPI towards CNˉ (Fig. 4b).

5.3. Non-covalent interactions and charge transfer analysis

Further exploration of type of interaction and charge transfer phe-
nomenon it was seen in a 2D RDG plot that there were some Van der 
Waals forces as indicated by blue and green spikes from − 0.02 to − 0.01 
(λ2ρ) and then there were also some red spikes showing presence of 
repulsive forces (Fig. 4c).

Similarly, green patches shown in a 3D RDG plot suggested that Van 
der Waals forces are present at interaction site of probe DPI and CNˉ. The 
red patches present between benzene ring were a representation of 

Fig. 3. Graphical representation of mechanism (a) and emissive behavior of DPI (b), Emission of DPI against chloroform (c), and SV plot of DPI against Chloro-
form (d).
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repulsive forces. (Fig. 4d). Through NBO it was inferred that − 0.02366 
e- charge transfer took place between excited orbital of DPI and CNˉ.

6. Applications

6.1. Solid state on-field detection

The probe DPI was used for solid state detection of CN‾ using filter 
paper and TLC. For this experiment a filter paper was soaked with DPI in 
THF solution and after drying it in oven for some time it was placed in 

spectrofluorometer to scan its fluorescence emission. In a similar way, 
different concentrations of CN‾ were applied and scanned. Emission 
intensity kept decreasing as the CN‾ concentration increased thus 
showing DPI can successfully detect CN‾ in solid state (Fig. 4e). SV plot 
was drawn and 91 nM LOD was calculated (Figure S10).

Similarly, detection of CN‾ through quenching in emission was also 
observed visually. TLC plates containing probe were checked under UV 
lamp (365 nm). Emission of DPI appeared to be highly quenched after 
CN‾ addition (Inset Fig. 4e). This showed that probe DPI can be used for 
on-field visible detection of CN‾.

Fig. 4. DOS spectrum of probe DPI (a) and of DPI-CNˉ complex (b) 2D NCI (c) and 3D NCI of DPI-CNˉ complex (d) Solid-State detection (e) and vapor phase 
detection (f) of CN‾ through probe DPI.
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6.2. Vapor phase detection of cyanide

Detection of HCN in vapor phase through probe DPI was attempted 
with TLC strips. A solution of DPI in THF was dropped on the TLC strip 
and observed under UV lamp (365 nm). Meanwhile, 6 mL HCN was 
taken in an air tight vial and kept still for a while for accumulation of 
HCN vapors. After that the TLC strip with probe was placed on the open 
vial for 60 seconds that contained HCN vapors. After one minute this 
TLC strip was checked under UV radiations and it was seen that the 
original emission of probe diminished to a significant level and color of 
TLC strip changed. This suggested that cyanide vapors had interacted 
with the probe DPI on the TLC strip. It is possible to use our probe for 
detection of CN‾ in vapor phase (Fig. 4f).

6.3. CN‾ in food and industrial waste samples

DPI was further tested for cyanide detection in cassava powder. 
Different concentrations of processed cassava powder were tested 
against DPI and relative emission intensity was plotted and compared 
against standard calibration curve. (Figure S11a). Probe DPI was also 
tested for CN‾ detection in industrial wastewater. Prepared sample so-
lutions when scanned for fluorescence emission showed similar 
quenching response in the presence of CN‾ thus highlighting that DPI 
can be used as a probe in real water samples (Figure S11b). Recovery of 
99 % was obtained with RSD value in the 1.10–1.15 range (Table S2).

7. Conclusion

In this work, an isophthalamide probe has been successfully syn-
thesized and used for sensing of CN‾ and chloroform. Fluorescence 
emission of probe was initially noticed at 360 nm and emission wave-
length was red shifted to 415 nm upon addition of water. Quenching in 
fluorescence emission for DPI was seen with LOD of 9 nM and 0.2 % v/v 
for CN‾ and chloroform respectively without being affected by any 
interfering species and changing environmental conditions. Other 
studies such as SEM and DLS showed changes in morphological structure 
and particle size. Furthermore, NMR, UV-Vis. and fluorescence spec-
troscopy, LC-MS and DFT studies supported non-covalent interaction. 
PET mechanism was proven to be involved as a main sensing mecha-
nism. The interaction energy − 87.16 kcal/mol and − 0.02366 e- charge 
transfer was obtained through DFT studies. DPI exhibited sol-
vatochromism plus solid-state and vapor phase on-field detection of CN‾ 
along with similar sensing behavior in food and water samples. 
Currently, not many potential applications of probe were explored. 
However, we believe that in future our developed organic probe can be 
used for In-vivo studies after binding it to peptides or other biological 
molecules. With the help of present studies further organic probes can be 
developed that have abilities to selectively bind to certain targets.
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