Electrostatic Functionalization of Carbon Based
Nanomaterials and Their Applications in Chemical, Gas
and Bio-Sensing

Vasuda Bhatia

Amity Institute of Renewable and Alternative Energy and Amity Institute of Advanced Research and Studies-Materials & Devices
Amity University, Noida-201303 (U.P.) — INDIA
E-mail address: vasudabhatia@live.com



Sensor Development

1. Sensors based on 2. Sensors based on
Nanoparticles Composite
Decorated Multi-Wall B Nanomaterials
CNTs

= FElectrostatic " Polymer Composites

Functionalization :
= Amorphous Material

= Decoration with Composites
Nanoparticles

3. Non-enzymatic Bio-
Sensors based on
Nanomaterials

= Glucose Sensor based
on CNT

= Cholesterol Sensor
based on
Nanographitic Oxide




1. Electrostatic Functionalization...



Electrostatic Functionalization of MWCNTs
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*‘New technique to deposit thin films of carbon nanotubes based on electrostatic charge deposition and their applications for alcohol detection’, V. Bhatia, V. Gaur,

V.K. Jain, Int. J. Nanosci, Vol 8, pp 443-453, 2009.



Gas Detection
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*‘New technique to deposit thin films of carbon nanotubes based on electrostatic charge deposition and their applications for alcohol detection’, V. Bhatia, V. Gaur,
V.K. Jain, Int. J. Nanosci, Vol 8, pp 443-453, 2009.



Grafting of Nanoparticles



In-Situ Decoration of Electrostatically Functionalized Multiwall Carbon Nanotubes with B-Ni(OH), Nanoparticles

Ni(NH3)42 Ni(NH3)42 Ni(NH3)42 Ni(NH3)42

O-H O-H

Ni(OH), Ni{OH)> Ni(OH)z Ni(OH);

e Sonication of solution of f-MWCNTs and NiNO.6H,0 (3:2 ratio by wt.) in presence of KOH. Followed by reduction with sodium hydrogen
borate (NaBH4). Finally allowed to sonicate for 7-8 hours in an ice bath to get a homogenous mixture.

* The polar oxygen functional groups introduced by electrostatic functionalization act as nucleation sites. The Ni(NH3)4%* ions in the solution
are adsorbed onto these sites. Subsequently, OH- reacts with the Ni(NH3)42* via electrovalent bonding to form Ni(OH), nanoparticles.
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Results



Room Temperature Detection of NO, Vapors with B-Ni(OH), Nanoparticles Decorated Multiwall Carbon Nanotubes

o 0 Thin film fabrication
* Thermal embedding technique on a parafilm.
* Ni(OH)2-f-MWCNTs was dispersed in ethanol and sonicated for several hours to provide a
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* The dispersed solution of nanocomposite was cast on cleaned glass surface and allowed to
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2. Composite based ...



Organic Vapor Detection using MWCNTs/PMMA (poly (methyl methacrylate)) Composites

* Hydroxyl and oxygenated functional groups physically interact with the matrix of PMMA, resulting

* in a strong interfacial adhesion and a better dispersion of electrostatically functionalized CNTs in the
polymer matrix. o =

* Composite dispersed in dichloroethane and drop coated. - F—

* PMMA and f-MWCNTs :: 33.33:1 (by wt.)

* Higher sensitivity for f-MWCNTs-PMMA films.
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Electrostatically Functionalized Multiwalled Carbon Nanotube/ PMMA Composite Thin Films For Organic Vapor Detection, P. Shukla, V. Bhatia, V. Gaur, V. K. Jain, Polymer-
Plastics Technology and Engineering, 50, 1179-1184, 2011.




Detection Theory
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» CNTs in polymer matrix reduce the percolation threshold to a much lower filler volume

» Enhancement of physical interaction between nanotubes and polymers and dispersion
in the polymer matrix can be achieved by surface modification of nanotubes

> Detection based on swelling of polymer matrix on absorption of organic vapors that
increases the distance between adjacent nanotubes. "

» Change in conductivity of MWCNT/polymer upon exposure to chemical vapors occurs as
a result of the charge transfer induced by adsorption of polar organic molecules. @ -Fill Particle
[ ] -Bulk Phase or Matrix

» f-MWCNTs introduced hydroxyl and oxygenated functional groups interfacial adhesion

Polar raolecule

and a better dispersion of f-MWCNTs in the polymer matrix. Thus, the volume of the om alcohol
conducting channel through the PMMA matrix was large so that a small swelling of the
matrix induced a large increase in resistance. This explains the large increase in Hydmgm
response for f-MWCNT composite when exposed to toluene, dichloroethane and | T aig

-H

chloroform that could swell the polymer matrix to a large extent. The polar groups on
the nanotube surface also increase by adsorption of solvent molecules, and give a
better response.
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Electrostatically Functionalized Multiwalled Carbon Nanotube/ PMMA Composite Thin Films For Organic Vapor Detection, P. Shukla, V. Bhatia, V. Gaur, V. K. Jain, Polymer-
Plastics Technology and Engineering, 50, 1179-1184, 2011.



Multiwalled Carbon Nanotubes Reinforced Portland Cement for Smoke Detection

P. Shukla, V. Bhatia, V. Gaur, R. K. Basniwal, B. K. Singh, V. K. Jain; Solid State Phenomena, Vol. 185, pp. 21-24, 2012.
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3. Amorphous Carbon based ...



Low Cost Liquefied Petroleum Gas (LPG) Sensor Based on Activated Carbon for Room Temperature Sensing Application
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* LPG chemical analytes are essential for environment
monitoring, human and homeland security.

* LPG is a flammable mixture of hydrocarbon gases and is
used as a fuel in heating appliances and vehicles.

* I|tisincreasingly used as an aerosol propellant and a
refrigerant, replacing chlorofluorocarbons in an effort to
reduce damage to the ozone layer.

* Due to its highly flammable characteristics, even low level
concentration (ppm) poses a serious threat.

Activated amorphous carbon of particle size 100 um and pore surface area 10 um?

A Novel Low Cost Liquefied Petroleum Gas (LPG) Sensor Based on Activated Carbon for Room Temperature Sensing Application
Budhendra Singh, Abhishek Verma, Ajay Kaushal, Igor Bdikin, Somik, Nitin Bhardwaj, Prashant Shukla, Vasuda Bhatia, and V. K. Jain,

Accepted Sensors Letters, Vol 12, 1-7, 2014



Sensing of LPG with Activated Carbon Film
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4. Blosensors ...



Glucose
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Generation
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Glucose
d
Cofactor =
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reduced
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Bhawana SINGH, Vasuda BHATIA, V. K. JIAN; Sensors and Transducers, Vol. 146, pp. 69-77, 2012.

eBiggest biosensor success
story!

e Motivation to develop enzyme
— |less systems



* Gamry electrochemical workstation with a conventional three-electrode
setup, including f-MWCNTs as a working electrode and an Ag/AgCl (3MKCI)
electrode and a platinum wire as reference electrode and counter electrode

respectively.

* The electrolyte solutions were purged with high purity nitrogen for at least
30 minutes prior to each electrochemical measurement and the nitrogen
environment was maintained over the electrolyte to protect the solution

* All the measurements were performed under a continuous magnetic
stirring at 250 rpm of 5 ml electrolytic solution to provide convective mass

Interference Response
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Bhawana SINGH, Vasuda BHATIA, V. K. JIAN; Sensors and Transducers, Vol. 146, pp. 69-77, 2012.




Enzyme Free Detection with
Nanoparticles Grafted.....



Pd Nanoparticles Decorated Electrostatic Functionalized MWCNTs

* In-situ decoration of Pd nanoparticles achieved by reducing PdCl,.

* Electrodes have been fabricated by self-assembly method during thermal embedding
onto para-film.

* XRD and EDX data showed peaks of C and Pd only.

e SEM and TEM microscopy revealed uniform dispersion of Pd-nanoparticles on the side
walls of MWCNTs. The average size of the nanoparticles was determined to be < 10 nm.

Pd-LA Cu-KA

Intensity counts (arb.)

MWCNT-pd 20 nm



Palladium Nanoparticles Decorated Electrostatically Functionalized MWCNTs Non Enzymatic Glucose Sensor
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Cholesterol Sensor-Enzyme Free



Synthesis of Nano-Graphitic Oxide:

* Nano-graphite oxide was prepared by modified Hummers’ process.

* Vacuum dried graphite was subjected to concentrated sulfuric acid in a three-neck
flask under appropriate cooling and stirring conditions for a duration of 16 hours.

* Graphite intercalation compound was then obtained and subjected to a thermal
shock at 1050 °C for 15 seconds in a muffle furnace to form exfoliated graphite (EG).

* The EG was further saturated with alcohol and ultra-sonicated to get a uniform
dispersion of foliated graphite (FG).

* FG was filtered and dried to obtain FG powder for fabricating the electrodes for the
electrochemical analysis of cholesterol.

| 2um EHT = 18.00 kv Signal A = SE1 Date 23 May 2012 17 ZEISS|
- WD = 85mm Mag= 7.5 KX

3500 T T T

100nm 3000 |- (002) -

HYV =2000 KWV |

Direct MMag: S000:c

AIF - THUO 2500 -1

" L
8 2000 | i
- = L
o ‘@
N: § 1500 -
& = L |
- =
Q 1000 =
c
§ L |
b~ 500 -
£ . L\ (004) _
2 ot " :
o 1650 . . . . . . . .
(= 1225 1060 o 10 20 30 40 50 60 70 80
8338 2 theta /degree
3500 3000 2500 2000 1500 1000
Wavenumber (cm™)
oy T— A Novel Nanographite Based Non-Enzymatic Cholesterol Sensor, Bhawana, Nitin Bhardwaj, Vinod K. Jain and Vasuda Bhatia; Physics of Semiconductor Devices;
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Electrochemical Results: Experiments were performed with a conventional three-electrode setup, using nano-
graphite oxide as working electrode, Ag/AgCl (3 M KCI) electrode as reference electrode and platinum wire as
counter electrode in 0.1 M NaOH electrolyte. CV measurements with and without addition of 200 mg/di
cholesterol displayed enzyme-free oxidation at -0.6 V. The electrode provided sensitivity of 1.0587 pA/mg and a
correlation coefficient, R, as 0.99784 was obtained. Response to interfering species was negligible.
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