
 ORCA – Online Research @ Cardiff

This is a n  Op e n  Acces s  doc u m e n t  dow nloa d e d  fro m  ORCA, Ca r diff U nive r si ty 's

ins ti t u tion al r e posi to ry:h t t p s://o rc a.c a r diff.ac.uk/id/ep rin t/15 4 7 5 7/

This  is t h e  a u t ho r’s ve r sion  of a  wo rk  t h a t  w as  s u b mi t t e d  to  / a c c e p t e d  for

p u blica tion.

Cit a tion  for  final p u blish e d  ve r sion:

Mo n d al, P r a s e njit,  Sin g h,  P ri t a m,  Mo r g a n,  David , Bos e,  Adity a n d  S e n,  Ka m alika

2 0 2 3.  Ni-sin a pic a cid  n a noco m posit e  in t h e  s elec tive  s e n sing  of p e r m a n g a n a t e  ions.

Jou r n al  of P ho toc h e mis t ry a n d  P ho tobiology A: Ch e mis t ry 4 3 7  , 1 1 4 4 5 8.

1 0.10 1 6/j.jpho toc h e m.20 2 2.11 4 4 5 8  

P u blish e r s  p a g e:  h t t p://dx.doi.or g/10.10 1 6/j.jpho toc h e m.2 0 2 2.1 14 4 5 8  

Ple a s e  no t e:  

Ch a n g e s  m a d e  a s  a  r e s ul t  of p u blishing  p roc e s s e s  s uc h  a s  copy-e di ting,  for m a t ting

a n d  p a g e  n u m b e r s  m ay  no t  b e  r eflec t e d  in t his  ve r sion.  For  t h e  d efini tive  ve r sion  of

t his  p u blica tion,  ple a s e  r efe r  to  t h e  p u blish e d  sou rc e .  You a r e  a dvis e d  to  cons ul t  t h e

p u blish e r’s ve r sion  if you  wis h  to  ci t e  t his  p a p er.

This  ve r sion  is b eing  m a d e  av ailabl e  in a cco r d a nc e  wi th  p u blish e r  policies.  S e e  

h t t p://o rc a .cf.ac.uk/policies.h t ml for  u s a g e  policies.  Copyrigh t  a n d  m o r al  r i gh t s  for

p u blica tions  m a d e  av ailabl e  in  ORCA a r e  r e t ain e d  by t h e  copyrigh t  hold e r s .



1 

 

Ni-Sinapic Acid Nanocomposite in the Selective Sensing of Permanganate ions 

 

1Prasenjit Mondal, 2Pritam Singh, 3David Morgan, 1Adity Bose*, 2Kamalika Sen* 

1Department of Chemistry, Presidency University, 86/1 College Street, Kolkata 700073, India 

2Department of Chemistry, University of Calcutta, 92, APC Road, Kolkata 700009, India 

3Cardiff Catalysis Institute, School of Chemistry, Cardiff University, Park Place, Cardiff, CF10 3AT, 

U.K. 

Email: adity.chem@presiuniv.ac.in, kamalchem.roy@gmail.com 

 

Abstract: A polyphenolic acid assisted synthesis of Ni nano particles for absorption 

spectrophotometric sensing of MnO4
- ions in micro molar range is reported here. The synthesis 

was carried out using a green approach where sinapic acid acts as a capping agent. The 

synthesized nano particle was then characterized using UV-Vis spectroscopy, Fourier transform 

infrared spectroscopy, transmission electron microscopy, powder X-ray diffraction analysis, X-

ray photoelectron spectroscopy. The particle size is around 5 to 10 nm with the presence of both 

porosity and nano crystallinity as obtained from the transmission electron microscopic analysis. 

This nano particle can selectively sense permanganate ions in presence of different co-existing 

ions with the limit of detection 0.413 µM. The sensing mechanism was examined with the 

isothermal titration calorimetry (ITC) and X-ray photoelectron spectroscopy (XPS). Isothermal 

titration calorimetric data suggests that the interaction between permanganate and the nano 

particle is enthalpy driven process with ΔH and ΔG values are -80 kcal/mol and -5.72 kcal/mol 

respectively. XPS data confirmed the presence of Ni(II) ions in the Ni-SA NPs and the atomic 

percentage of the same differed in presence of KMnO4. There was no significant interference 

from the contemporary ions and even in the presence of Mn2+ ion. The method has also been 

applied for the natural water samples and for vegetable. ~88 to 108 % of the added KMnO4 could 

be recovered from the tap water sample using our prepared methodology. The limit of detection 

and the present technique are compared with previously reported literature and have been found 

to be comparable, even in solvent-free conditions and using simple instrumentation. 

 

Keywords: Sinapic acid; nickel sulphate; nano particle; sensing; potassium permanganate; limit 

of detection  
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1. Introduction 

Nanotechnology has become one of vastly growing research fields in the modern science 

community. In recent years, metals like Fe, Co and Ni have received an immense interest as 

nanoparticles for their beneficial applications in different fields. Nano-structured materials have 

found applications in chemical sensing [1, 2], magnetic resonance imaging [3, 4], memory 

storage devices [5], catalysis [3, 6-8], drug delivery [9, 10], and very recently in the treatment of 

cancer cells [11]. One of such metal nanoparticles is Ni-based nanoparticles that can be a good 

semiconductor with their band gap energy in the range 3.6 to 4 eV [12].Additionally, Ni 

nanoparticles have a great potential for application in various pharmaceutical synthesis [13, 14], 

like magnetic biocatalysis [15], biomolecular separation [16], biosensor, [17] etc. They have 

different applications in several other fields [18], [19, 20], [21, 22], [23-25]. Various processes 

have been utilized to prepare the Ni nanoparticles of different shape and size, which include sol-

gel method [26], electrodeposition [27], thermal decomposition of organic complexes [28], 

chemical reduction [29], co-precipitation [30], solvothermal methods [31, 32], etc. In order to 

avoid the tedious protocol and the sophisticated instrumentation associated with such methods, 

green synthesis can be a better option to reduce the use of toxic chemicals and make the process 

economically more viable [33, 34]. One such green methodology to synthesis metal-based 

nanoparticles is to use plant extract or naturally occurring substances that can act both as capping 

and reducing agents. Gebretinsae et al., reported the synthesis of nickel oxide nanoparticles using 

cactus plant extract [12]. Whereas, Karpagavinayagam et al., used Avicennia Marine leaf extract 

[35] for this purpose. NiO nanoparticles can also be synthesized using egg white [36].  

Sinapic acid, a well-known phenolic acid is extensively found in nature, especially vegetables, 

fruits and a variety of beverages like tea, coffee, etc. It has various pharmacological potentials 

such as anti-inflammatory, anti-oxidant, anti-bacterial, anti-cancer, anti-anxiety, etc. [37-39]. 

Due to such activities, researchers have paid a great attention to utilise it in developing food, 

cosmetics and pharmaceutical products.  In our recently published paper, we have already shown 

that sinapic acid also acts as a Cu(II) sensor with a detection limit of 64.5 nM [40]. Most of the 

researchers confirmed that the presence of phenolic acids in the plant materials are involved in 

the reduction and stabilization of metal ions [41].  
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One of the most important applications of permanganate is its use as an oxidizing agent as the 

central metal ion (Mn) is in the highest oxidation state [42]. The reduction potential of MnO4
-

/Mn2+ redox couple is 1.51 V in acidic solution. Besides, the permanganate ion is also used in 

disinfection of water [43], removal of pollutants like As(III) [44] and harmful organisms [45-47], 

treatment of skin infections like, acne, canker sores, fungal infections, etc., [43, 48]. 

Permanganate is used in water treatment plant [49], treatment of diseases in fish [50], washing of 

vegetables, as an effective sanitary reagent for the reduction of bacterial growth [51] and so on. 

On the other hand, Mn(II) is an essential trace element in human body governing the metabolic 

activity [52, 53], it can also be an important constituent for the accurate function of brain, 

nervous system, enzyme actions, lipid metabolism, growth of bone [54, 55], etc. Dysfunction of 

central nervous system, neurological disorder, hallucination, mental depression, harmful effects 

on respiratory, cardiac and reproductive system, problem with DNA mutation, are the most 

severe consequences of exposure to the excess concentration of Mn(VII) ions. It is therefore 

important to measure and control the amount of Mn(VII) entering into the body. Adulterated 

foods often contribute as a major source of Mn(VII) to the human body. At the same time 

drinking water treated with a requisite amount of Mn(VII), can also be considered as a potential 

source of this species. WHO has recommended a lower limit of Mn is 9.1 µM in the drinking 

water [56]. Therefore, it is essential to develop an appropriate method to detect Mn(VII) 

accurately and efficiently in food and water samples. Quite a few number of analytical methods 

like, spectrophotometry [52], inductively coupled plasma-optical emission spectrometry [52], 

inductively coupled plasma-mass spectrometry, atomic absorption spectroscopy [57], ion 

chromatography [57], etc., are reported in the literature for detection of Mn. But these methods 

either use toxic solvents or need high temperatures or complicated reagent synthesis or are not 

sensitive to the oxidation state. A detailed literature report describing the sensing of 

permanganate ion with their limit of detection and methodology is provided later in this article 

(Table S1). 

Here we report an easy and economically favourable methodology for selective and sensitive 

detection of permanganate ions in water sample. First we have synthesized Ni- SANPs in water-

ethanol mixed solvent. Then the synthesized nanocomposite was characterized using different 

analytical tools like, Fourier transform infrared spectroscopy (FTIR), transmission electron 
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microscopy (TEM), powder X-ray diffraction (PXRD) analysis, etc. It is important to understand 

the background of the interaction process between KMnO4 and Ni-SA NPs in thermodynamics 

point of view. Isothermal Titration Calorimetric (ITC) titration was taken up as they provide 

direct values of ΔH, ΔS as well as stability constant and help to interpret forces of interaction 

involved [58, 59, 60]. The synthesized nanocomposite was then utilized towards 

spectrophotometric sensing of permanganate ion in water sample. The method was then further 

employed for the detection of permanganate ion in natural water samples and in vegetable.  

 

2. Materials and Methods 

2.1. Materials 

Sinapic acid (SA) was purchased from Sigma Aldrich, USA. Nickel(II) sulfatehexahydrate 

(NiSO4. 6H2O) (≥98 %) were purchased from Merck, India. Potassium permanganate (KMnO4) 

(≥99 %), sodium arsenate dibasic heptahydrate (Na2HAsO4.7H2O) (99-102 %), sodium chloride 

(NaCl) (≥99 %), sodium iodide (NaI) (≥99 %), sodium fluoride (NaF) (≥99 %), potassium 

dichromate (K2Cr2O7) (≥99 %), sodium molybdate dehydrate (Na2MoO4.2H2O) (≥99 %), sodium 

peroxidisulfate (Na2S2O8) (≥99%), sodium selenate (Na2SeO4) (≥99 %), sodium selenite 

(Na2SeO3)(≥99 %), sodium sulfate (Na2SO4) (≥99 %), sodium sulfite (Na2SO3) (97-100 %), 

sodium thiosulfate (Na2S2O3) (99-100 %) were purchased from Merck, India. Sodium arsenite 

(Na3AsO3) (≥98.5 %) was obtained from S.D. Fine Chem, India. All the required experimental 

solutions were prepared using triple distilled water. Boring water samples were collected from 

Garia, Dist.-South 24 parganas, West Bengal, India and from Sonarpur, Dist.- South 24 parganas, 

West Bengal, India. Tap water sample was collected from Rajabazar, Kolkata, West Bengal, 

India. Sweet potato was purchased from the local market. All other reagents were of analytical 

grade and used without further purification. 

 

2.2. Apparatus 

A powder X-ray diffractometer Rigaku Smart Lab Automatic High Resolution Multipurpose PC 

Controlled X-Ray Diffractometer System was used for the X-ray diffraction pattern of the 

nanoparticles. The analysis of functional groups was performed using a Perkin-Elmer L120-00A 

Fourier Transformed Infrared Spectrometer with sample as KBr pellets. The morphological 

features of the Ni based NPs was studied using transmission electron microscope (TEM) JEOL 
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JEM 2100 HR with EELS. The planes obtained from the selected area electron diffraction 

(SAED) pattern of the NP sample have been assigned with the help of imageJ software. UV-Vis 

spectroscopy was done using Agilent 8453 diode array spectrophotometer and Hitachi UV-Vis 

U-3501 Spectrophotometer. The change in thermodynamic parameters was examined using 

Malvern MICROCAL PEAQ-isothermal titration calorimetric (ITC) instrument. A Kratos Axis 

Ultra DLD system was used to collect X-ray photoelectron spectra (XPS) using monochromatic 

Al K X-ray source operating at 144 W (12 mA × 12 kV).   

 

2.3. Synthesis of sinapic acid based Ni- nanoparticles (Ni-SA NPs) 

A 10 mM SA solution was prepared in 1:4 ethanol-water mixture of pH~11. A10 mM NiSO4 

solution was also prepared in water. Equal amounts of these two solutions were then mixed and 

kept at 40 °C for 24 hours. The solution was evaporated using an IR-lamp. The residue was 

washed with 1:4 ethanol-water mixture and collected for further experiment. 

 

3. Characterization 

 

3.1. UV-Vis Spectroscopy 

After the formation of the NPs, the characterization of the NPs was carried out using absorption 

spectroscopy. 5 mg of the solid NPs was taken in 0.5 mL of water and then sonnicated for 30 

min. This NP solution was then analyzed using UV-Vis spectrophotometer and then compared 

with the spectra obtained for pure sinapic acid.  

 

UV-Vis spectroscopy was further applied for the sensing study. 2 mL of water was taken in a 

quartz cuvette and treated with measured aliquots of the NP-solution. Different examined 

analytes of definite volume was then added to this solution and the results were analyzed using 

UV-Vis spectroscopy.  

 

3.2. Fourier Transform Infrared Spectroscopy (FTIR) 

The bond vibrations of the NPs were determined using FTIR analysis. Using a mortar-pestle, a 

small amount of the solid NPs was thoroughly mixed with dry KBr. The sample was then 
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pelletized using a hydraulic press at a pressure of around 5 ton. The pellet was then placed in the 

analyzer instrument's sample holder.  

 

3.3. Transmission Electron Microscopy (TEM) 

The sample for TEM analysis was obtained after dissolving 2 mg of Ni-SANPs in 2 mL of 

water-alcohol (1:1) combination and sonication for 1 hour. The dispersed solution was then 

dropped on a Cu grid with carbon coating. The grid was dried under an IR lamp prior to TEM 

imaging. 

 

3.4. Powder X-ray Diffraction Analysis (PXRD) 

The crystalline nature of the produced NPs was determined using powder XRD. Before the X-

ray crystallographic study, the powder sample was placed on a rectangular glass holder and then 

introduced in front of the X-ray. 

 

3.5. X-ray Photoelectron Spectroscopy (XPS) 

XPS data was collected with pass energies of 160 eV for survey spectra, and 40 eV for the high-

resolution scans with step sizes of 1 eV and 0.1 eV respectively. Samples were pressed into 

copper washers attached, using doubled sided Scotch tape (type 665), to a UV-Ozone cleaned 

glass microscope and pressed flat with a second clean glass slide. 

 

The system was operated in the Hybrid mode, using a combination of magnetic immersion and 

electrostatic lenses and acquired over an area approximately 300  700 µm2.  A magnetically 

confined low energy electron charge compensation system was used to minimize charging of the 

sample surface, and all spectra were taken with a 90° take of angle.  A base pressure of ~ 110-9 

Torr was maintained during collection of the spectra. 

 

Transmission corrected spectral data was analysed using CasaXPS (v2.3.25) [61] after 

subtraction of a Shirley background and using modified Wagner sensitivity factors as supplied 

by the manufacturer. Charge calibration was made to the lowest binding energy component from 

the fitted C(1s) spectra of each sample, the value of which was taken to be 285 eV. 
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3.6. Sensing Experiment 

The sensing experiment was carried out using different anions viz., MnO4
-, HAsO4

2-, AsO3
3-, Cl-, 

Cr2O7
2-, F-, I-, MoO4

2-, S2O8
2-, SeO4

2-, SeO3
2-, SO4

2-, SO3
2- and S2O3

2-. 5 mg of the solid nano 

particle was taken in 0.5 mL of water and then sonicated for 30 mins. This solution was called as 

the nanoparticle solution. Then 20 µL of this solution was taken in 2 mL of water in a cuvette. 

Finally, this solution was treated with different aliquots of 0.1 mM of different analytes. The 

results were analyzed using UV-Vis spectroscopy. 

 

3.7. Isothermal Titration Calorimetric (ITC) Analysis 

Isothermal Titration Calorimetry (ITC) provided information on the thermodynamic parameters 

arising out of the interaction of MnO4
- with Ni-SA NPs. 300 µL of the NP solution was taken in 

the sample cell. 5 mM KMnO4 was taken in the syringe and 2 µL aliquots were gradually added 

into the cell. During the experiment, deionized water was used as blank. The calorimetric 

titrations were carried out for 50 mins at 25º C. The molecular interaction between KMnO4 and 

NPs can be defined by the following thermodynamic equation (Eq. 1) based on an ITC analysis: ∆𝐺 = ∆𝐻 − 𝑇∆𝑆                               (1) 

Where ∆G is the change in Gibbs free energy, ∆H is enthalpy change, ∆S is entropy change, and 

T is the absolute temperature. The binding stoichiometry can also be measured using the ITC 

experiment.  

The value of ΔG can alternatively be calculated using the following equation with the value of 

the association constant (Ka) (Eq. 2) ∆𝐺 = −𝑅𝑇𝑙𝑛𝐾𝑎                       (2) 

The universal gas constant, R, is used in this equation. 

 

3.8. Interference Study 

The interference study was carried out using different co-existing ions viz. HAsO4
2-, AsO3

3-, 

CrO4
2-, Cr2O7

2-, ClO4
-, PO4

3-, SeO4
2-, SeO3

2-, K+, Mn2+, Cr3+ and Fe3+ of equimolar concentration 

(0.003 mM) to that of the permanganate anion. 40 µL of the nano particle solution was taken in 2 

mL of water. 60 µL of each of the interfering ions (0.1 mM) were added separately to this 

solution and then treated with 60 µL of KMnO4 solution (0.1 mM). The sensing ability of the 

nano particle towards the permanganate ion was then analysed using UV-Vis spectrophotometer. 
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3.9. Analysis of natural samples 

Boring water and tap water samples were collected and used as obtained. Sweet potato weighing 

~70 g was chopped with a knife and then soaked in 150 mL of distilled water. After 90 min of 

soaking, the solution was filtered with a Whatmann-42 filter paper. 2 mL of distilled water was 

treated with 40 µL of nanoparticle solution and then a small aliquot of these sample solutions 

were individually added and the data were analysed using UV-Vis spectrophotometer. The 

amount of MnO4
- ion present in the sample was estimated using a pre-calibrated equation. 

Recovery percentage was also checked with tap water by addition of small aliquots of the 

KMnO4 solution of known concentration. The absorbance data were collected at 593 nm and 

with the help of a suitable calibration plot, the recovery % of KMnO4 was calculated. 

 

4. Result and Discussion 

Mixing of equimolar concentrations of NiSO4 and sinapic acid solutions causes the light yellow 

colour of sinapic acid to change into dark brown. This change in color indicates the synthesis of 

Ni-sinapic acid (Ni-SA NPs) nanoparticles.  

 

4.1. UV-Vis spectroscopy 

The formation of Ni-SA NPs was characterized using UV-Vis spectroscopy shown in Fig. S1. 

The characteristic absorption peak of SA (355 nm) at pH 11 disappeared upon formation of the 

nanocomposite and a new peak appeared at 298 nm. This also indicates that the formation of Ni-

SA NPs [62, 63, 64].  

 

4.2. FTIR 

Due to the interaction between the NiSO4 and sinapic acid, a major shift in the IR frequency was 

observed as compared to the pure sinapic acid. Fig. 1 shows three relevant regions: region (a) 

around 3500-2400 cm-1, region (b) around 1800-1000 cm-1, and region (c) around 1000-500 cm-1. 

Region (a) was developed mainly due to the hydroxyl group and -CH3 group. Region (b) was 

obtained for C=O stretching frequency of –COOH group, aromatic ring, and C-O-C stretching 

frequency. Region (c) was formed mainly due to the bending vibrations. 
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The result showed that the admissible change in the vibrational frequency was observed mainly 

in region (a) and region (b) suggesting the participation of the –COOH group along with the 

benzene ring of the sinapic acid towards the complexation with NiSO4. The peak observed at 

3383 cm-1 and 3311 cm-1 in the pure sinapic acid was shifted and developed a higher intense 

peak at 3425 cm-1 in the nano particles. The peaks in the range of 3021 cm-1 - 2837 cm-1 were 

also modified due to the formation of nano particles. The conjugated carbonyl peak at 1663 cm-1 

coming from the –COOH of the pure sinapic acid was diminished upon formation of the 

nanoparticle. The intensity of the peaks in the range 1594 cm-1 – 1433 cm-1 was also modified in 

presence of NiSO4 solution. The peaks due to –CH3 bending and –C-O-C- stretching either 

disappeared or their intensities diminished due to the interaction between the NiSO4 and sinapic 

acid. The region (c) was also modified upon nanoparticle formation. Table S2 shows the results 

of individual bond vibrations with their possible functionalities [65]. 

 

 

Fig. 1.FTIR spectra of pure sinapic acid and Ni-SA NPs. 

 

 

 

region (a) region (c) region (b) 

Wavenumber (cm-1) 
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4.3. TEM  

The nano dimension of the Ni-SA NPs was confirmed from the TEM images of the NPs (Fig. 2a 

and 2b). The particle size was around 5 to 10 nm with intermittent pores. Clear lattice fringes 

were observed from a slightly zoomed in TEM image suggesting the nano crystallinity of the 

NPs (Fig.2b). Fig. 2c shows the histogram for particle size distribution of the NPs with 

maximum number of particles having 7 nm size. The selected area electron diffraction (SAED) 

pattern of the NPs showed concentric rings again confirming the nano crystallinity of the NPs 

(Fig. 2d). The spots arose due to the diffraction from (231), (310), (049), (2210), (703) and (126) 

planes which are shown in the SAED pattern. 
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Fig. 2.(a) and (b) represent the TEM images of Ni-SA NPs and (c) histogram showing particle 

size distribution of Ni-SA NPs (d) SAED pattern of the Ni-SA NPs. 

 

4.4. PXRD 

The obtained PXRD (Fig.S2) data were then compared with the unique number from the Joint 

Committee on Powder Diffraction Standards (JCPDS) (Table S3). For Ni-SA NPs, the major 

diffractions came from 2θ values 23.024°, 33.886º and 60.164° which correspond to (211), (310) 

and (115) and (322) planes respectively. The PXRD data suggested that the possible 

crystallographic systems are monoclinic, tetragonal, anorthic and cubic with majority of them 

having primitive lattice. The obtained PXRD pattern is similar to the β-phase of Ni(OH)2 [66, 

67]. The presence of Ni as Ni(OH)2 was further verified from the XPS data discussed later. 

 

4.5. XPS 

XPS analysis of the Ni-SA NPs reveals the presence of C, O, N and Ni, the total concentrations 

of which are given in the table (Table S4) and confirms the presence of SA with the Ni NPs. The 

atomic percentage of C, O, N and Ni are 66.30 %, 29.30 %, 0.50 % and 3.90 %respectively. 

The binding energy of the Ni(2p3/2) peak is found at 856.30 eV, which we attribute to Ni(OH)2.  

Whilst this value is approximately 1 eV higher than that observed for bulk Ni(OH)2 [68], it is 

consistent with many examples reported in the NIST XPS database [69]. It is also well 

established that both electronic and particle size effects can influence the observed binding 

(12  )

(703)

(310)

(231)

(2210)

(049)

d 
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energy [70], with nanoparticulate materials often having higher than expected binding energies 

[71]. Furthermore, the Ni(2p) spectrum (Fig. S3) exhibits a spectral envelope broadly consistent 

with that of Ni(OH)2 which supports this attribution and the Ni-O frequencies observed in the 

FTIR analysis. It is likely that NiOOH species are also present based on the spectral envelope, 

however whilst fitting the data using published models [71] did not yield a satisfactory fit, we do 

not exclude some small amount being present. 

 

4.6. Sensing 

The sensing study was carried out using absorption spectroscopy. There was no spectral change 

observed for any of the analytes except permanganate ions. Gradual addition of very small 

aliquots of permanganate ions, results in the formation of a new peak at 603 nm and decrease of 

characteristic absorption peak of the Ni-SA NPs (298 nm) (Fig. 3).The increase in absorption at 

603 nm was observed up to 2 µM concentration of the analyte which symbolizes the interaction 

between Ni-SA NPs with the permanganate ion and the decrease in the absorption peak at 298 

nm was due to dilution of the nano particle solution in presence of minute amount of analyte. 

The limit of detection is 413 nM and the linear range for this detection is 1.25 to 1.70 µM with 

correlation coefficient of 0.95. The different analytical parameters for the detection of the 

KMnO4 ion is tabulated in Table 1. 

 

No spectral change was observed for all the other analytes and the respective UV-Vis spectra are 

presented in the supplementary file (Fig.S4-S16). The selectivity of the Ni-SA NPs towards the 

permanganate ion is represented in Fig. S17. 
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Fig. 3. Spectral change of nano particle solution in presence of permanganate ion (0-3 µM). 

 

 

 

Table 1 

Different analytical parameters for the detection of the KMnO4. 

Parameter Data 

Regression equation Y = sX+C 

Slope (s) (µM-1) 0.01 

Intercept (C) 0.03 

Correlation coefficient (R2) 0.95 

Standard deviation (σ) 0.001 

Limit of detection (LOD = 3.3× σ/s) (μM) 0.41 

Limit of quantification (LOQ = 10× σ/s) (μM) 1.25 

Linear range (μM) 1.25 to 1.70 

λ (nm) 603 
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4.7. Sensing Mechanism 

The sensing mechanism was studied using two different techniques viz., ITC and XPS analysis.  

 

4.7.1. ITC 

ITC was used to investigate the sensing mechanism and obtain a comprehensive picture of the 

thermodynamic parameters for the interaction of KMnO4 with the NPs. At 298 K, the interaction 

between KMnO4 with the NPs was investigated in aqueous medium. The stoichiometry of 

interaction between KMnO4 with the NPs was found to be 1:1, with an association constant (Ka) 

of 1.54 × 104 M-1 (Fig. 4). The changes in enthalpy (ΔH) and entropy (ΔS) associated with this 

interaction are -80 kcal/mol and -2.97 kcal/mol/deg, respectively. The ΔG value obtained from 

the experiment is -5.72 kcal/mol. 

 

Therefore, the interaction process between KMnO4 with the NPs appears to be an enthalpy driven 

process. 
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Fig.4. ITC data for binding isotherm for interaction between KMnO4 with the NPs at 298 K. 

 

4.7.2. XPS 

Analysis of the permanganate treated sample revealed the presence of K and Mn in addition to 

the C, O and Ni previously noted for the Ni-SA NPs. The Ni(2p3/2) binding energy here is found 

to be 855.4 eV (Fig. 5(a)), almost 1 eV lower than Ni-SA NPs sample.  Whilst remaining in the 

Ni(II) oxidation state, the shift downward in energy is accompanied by a change in the spectral 

envelope with a somewhat sharper signal in the satellite structure above 860 eV (Fig.5(b)). The 

binding energy of 855.4 eV is broadly consistent with that of bulk Ni(OH)2 and NiOOH species, 

with the sharper satellite structure likely indicative of a greater hydroxide content. 

 

Analysis of the Mn(2p3/2) signal (not shown) is slightly complicated by its superposition on the 

Ni Auger. Nevertheless, a broad asymmetric peak centred at 642.5 eV is observed. This binding 
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energy is significantly lower than KMnO4 (645.5 eV), so cannot be ascribed solely to the 

permanganate, an observation which is confirmed by the relative percentages of K and Mn in the 

atomic % table (Table S5).  The atomic percentage of C, O, Ni, K and Mn are 22.4 %, 47.2 %, 

5.4 %, 4.3 % and 20.8 % respectively. Analysis of the spectral envelope shows no sharp peak 

structure associated with MnO2, and hence we attribute the Mn speciation to be Mn2O3 and/or 

MnOOH based on the data envelope alone [72]. 

 

 

 

Fig. 5.(a) Ni(2p) core-level spectrum from the KMnO4 treated Ni-SA NPs and (b) normalised 

overlay of the Ni(2p) spectra from the two materials. 

 

Upon treatment with KMnO4, the organic part containing SA was found to become oxidized by 

the MnO4
- ion. The amount of inorganic Ni content increased while the C content was found to 

decrease. The atomic percentage of O was increased due to the simultaneous oxidation of the 

organic sphere and the presence of Mn as Mn2O3 and/or MnOOH (Table S4 and S5). 

 

Overall, the mechanism can be summarised as an oxidation of the organic sphere attached to the 

Ni(II) of Ni-SA by the permanganate ions which itself gets reduced from Mn(VII) to Mn(III). 

Mn remains in the system as Mn2O3 and/or MnOOH as has been revealed by XPS. Reduction of 

Mn(VII) to Mn(III) occurs in neutral medium as can be observed from the experimental findings 

which also agrees with previous reports [73, 74]. The absorption spectral sensing (Fig.3) shows 



17 

 

appearance of the new peak at 603 nm which gradually increases with increasing permanganate 

concentration. This appears due to n→π* transition of unshared electrons of O present in Mn2O3 

to one of the antibonding orbitals of the oxidized organic sphere. The intensity of the peak grows 

with increasing population of ‘n’ which again is dependent on the concentration of the added 

analyte (permanganate, which gets reduced to yield Mn2O3). 

 

4.8. Interference 

The interference experiment was carried out in the presence of other cations and anions at the 

same concentration as that of MnO4
- ion. The obtained results (Fig.S18) indicated that there was 

no significant interference from any of the ions in the detection of trace amounts of MnO4
- ion. 

Hence, this process offers a high selectivity for sensing of MnO4
- ion in the presence of other co-

existing cations and anions. 

 

4.9. Analysis of natural samples 

Practicability of the present technique has been examined upon analyses of the natural samples. 

The analyses suggested that, all the studied samples have permanganate contamination and this 

has been proved using the current methodology. The maximum contamination was obtained for 

the water sample from Sonarpur area (256.25 µM). The water sample from Garia also contains 

measurable amount of KMnO4 (94.88 µM). The source of this contamination may have come 

from the water treatment done using KMnO4 at the reservoir of the water. The colour of the 

sweet potato in most of the cases is due to the addition of KMnO4 and other contaminants. The 

extract of sweet potato was in fact found to contain KMnO4 in a measurable amount (~154 µM). 

The tap water collected from Rajabazar area did not show any measurable amount of KMnO4.  

 

The spectral changes were instantaneous and the spectra remained unaffected with longer 

incubation times. Each experiment was repeated for three consecutive times and the precision of 

the results is reflected standard deviation shown in the table. The recovery percentage of KMnO4 

from tap water was also examined and the results (Table 2) show that ~88 to 108 % of the added 

KMnO4 could be recovered. Hence the methodology can be equally applicable towards the 

environmental samples. 
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Table 2 

Recovery percentage of KMnO4 in tap water. 

Added (µM) Found (µM) Recovery (%) 

0.49 0.43 (± 0.02) 88 (± 4.10) 

0.97 1.00 (± 0.05) 103 (± 5.05) 

1.44 1.43 (± 0.07) 99 (± 5.00) 

2.86 3.00 (± 0.15) 105 (± 5.13) 

3.32 3.57 (± 0.18) 107 (± 5.45) 

3.77 3.86 (± 0.19) 102 (± 5.40) 

 

5. Conclusion 

The Ni-SA NP material is a suitable candidate for a simple cost effective absorption based 

spectrophotometric sensing of MnO4
- ions. The method of synthesis of the nanoparticles is also 

simple and environment friendly as the polyphenolic acid chosen for nano-synthesis is nature 

derived. Moreover, the methodology is also hazard free. The prepared NPs can sense MnO4
- ions 

at micromolar range (µM) and the sensing technique involves no interference from contemporary 

ions. The enthalpy driven interaction between Ni-SA NPs and the KMnO4 was further studied 

using XPS analysis. The atomic percentage of different atoms including Ni(II) was varied in 

presence of the MnO4
- ion. The organic compound (SA) was found to get affected upon 

permanganate treatment, which was ascertained from the XPS analysis. However, a short linear 

dynamic range is a drawback of the present method which may be overcome be judicious sample dilution. 

Applicability of the present technique has also been studied towards natural water samples and in 

vegetable. Around 88 to 108% of KMnO4 could be recovered from natural sample. The 

technique and limit of detection of the present method has been compared (Table S1) with the 

literature and is found to be at per even after using solvent free conditions and simple 

instrumentation. 
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