
Sensors & Transducers, Vol. 197, Issue 2, February 2016, pp. 34-38 

 34 

   
Sensors & Transducers

© 2016 by IFSA Publishing, S. L. 
http://www.sensorsportal.com 

 
 
 
 
 

Hybrid of Platinum Nanoparticles and 1-Dimentional 
Single-walled Carbon Nanotubes Based  

Chemiresistive Biosensor 
 

1, 2 Vikash SHARMA, 2 Nitin K. PURI, 1 Rajesh 
1 CSIR-National Physical Laboratory Dr. K. S. Krishnan Road, New Delhi-110012, India 

2 Department of Applied Physics, Delhi Technological University, Bawana Road, Delhi-110042, India 
1 E-mail: rajesh_csir@yahoo.com 

 
 

Received: 11 January 2016   /Accepted: 11 February 2016   /Published: 29 February 2016 
 
 
Abstract: We report a functionalized Pt nanoparticles (PtNP) modified single-walled carbon nanotube (Pt 
NP/SWNT) hybrid based chemiresistive biosensor for the quantitative detection of human cardiac biomarkers 
troponin I (cTnI) in normal human serum. The highly specific human cardiac troponin I antibody (Ab-cTnI) was 
covalently immobilized to site-specific carboxyl groups on Pt NP anchored over SWNT device. The biosensor 
device was characterized by the source-drain current-voltage measurements. The device performance was 
investigated with a change in conductance in SWNT channel upon exposure to different concentration of cTnI. 
Pt NP provided large surface area for high protein loading and improved electrical signal by inducing charge 
density in SWNT, resulting in a low level detection of cTnI over a concentration range of 0.001 ng mL-1 to 
10 ng mL-1 with a sensitivity of 15 % change in resistance per decade. Copyright © 2016 IFSA Publishing, S. L. 
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1. Introduction 

 
The burden of cardiovascular disease (CVD) is 

rapidly increasing worldwide and accounts for large 
number of the deaths all over the world. Therefore, 
there are a huge number of demands for portable, 
rapid, high sensitive and low cost sensing devices  
for the detection of CVD. Cardiac markers continue 
to play a major role in the diagnosis and management 
of patients suspected of having myocardial damage  
or AMI [1].  

Cardiac Troponin I (cTnI) is considered as the 
standard marker as comparison to other biomarkers 
such as C reactive protein (CRP) and Myoglobin 
(Mb) as its presence only resulting from direct 
damage of myocardium. The cTnI levels are 

measurable in serum within 4-6 h after the onset  
of AMI. The serum concentrations peaks at about 
12 h, and remain diagnostic for at least 7 days post 
AMI [2]. A cut-off value for cTnI greater than  
1.2 ng mL-1 is taken as the definition of AMI, making 
a cut off value of 0.1 ng mL-1 of cTnI to identify 
patients at higher risk [3]. The cardio-specificity of 
cTnI, along with its long persistence in the blood, 
makes it the “gold standard” biomarker that provides 
an extended diagnostic window for the detection of 
AMI. Therefore there is need to develop a rapid, high 
sensitive and low cost device for quantitative 
detection of cardiac biomarker cTnI for the  
diagnosis of AMI. The conventional methods like 
enzyme-linked immunosorbent assay (ELISA), 
radioimmunoassay (RIA), optical [4] and  
electro-chemical [5-7] are currently used for the 
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detection of cTnI. However, these techniques  
suffer from disadvantages such as long analysis  
time, multi stage process and the requirement of 
labeled reagents.  

One-dimensional (1D) nanostructures (nanowires, 
and nanotubes) based chemiresistive/field effect 
transistors (FET) nanobiosensors have found 
tremendous interest to the researchers in the recent 
years due to their high sensitivity, ease of 
miniaturization, and low power requirement. Among 
these single-walled carbon nanotubes (SWNTs) due 
to their excellent electrical, chemical, and mechanical 
properties [8-10] are extensively used as sensor 
transducer. The electrical characteristics of the 
SWNT chemiresistive/FET devices are highly 
sensitive to surface biomolecular adsorption and the 
analyte charge [11] with large, easily measurable 
changes in device resistance/conductance [12-13] 
allows it in highly sensitive and rapid analyte 
detection [14-17]. 

Here we demonstrate the fabrication of 
chemiresistive/FET biosensor based on Pt nano 
particles decorated single-walled carbon nanotubes 
for the quantitative detection of cardiac troponin-I in 
normal human serum. These Pt NPs capped with 
mercaptopropionic acid (MPA) are attached to p-type 
semiconductor SWNT through an organic molecular 
linker 1-pyrenemethylamine via carbodiimide. The 
capping of MPA provided the carboxyl functional 
groups for the covalent immobilization of protein 
antibody through carbodiimide linkage. This strong 
bonding together with the high surface-to-volume 
ratio of the Pt NPs resulted in a sufficiently high 
loading of protein antibody, Ab-cTnI, which acted as 
a probe for immunoreaction with the target cTnI. The 
sensor fabrication, performance and the sensing 
mechanism were investigated by the measurement of 
current-voltage (I−V) characteristics. 

 
 

2. Experimental 
 
2.1. Materials  
 

The SWNTs (P3-SWNTs > 90 % carbonaceous 
purity; bundle diameter: 4-5 nm) were purchased 
from Carbon solution Inc. CA, USA.  
3-mercaptopropionic acid 99 % (MPA), Dihydrogen 
hexachloroplatinate (H2PtCl4), N-(3-dimethyl 
aminopropyl) -N-ethyl carbodiimide hydrochloride 
(EDC), N-hydroxy succinimide 98 % (NHS),  
1-pyrenemethylamine hydrochloride and 6-mercapto-
1-hexanol(MCH) were obtained from Sigma–Aldrich 
Corp. Normal human serum was obtained from 
Innovative research Inc., USA. Ab-cTnI (Cat 4T21 
MAb 19C7) and Human cardiac troponin I, cTnI  
(Cat 8T53) were obtained from Hytest (Turku, 
Finland). Mouse IgG was obtained from Bangalore 
Genei, India. All the chemicals used were as 
purchased without further purification. 

 

2.2. Synthesis of Platinum Nanoparticles 
 

The Pt nanoparticles with MPA capping were 
prepared by following a reported procedure [18]. 
Briefly, 1 mL of 100 mM aqueous Pt salt 
(H2PtCl6·6H2O) solution was reduced by NaBH4  
(48 mg in 2 mL) under constant stirring, followed by 
adding immediately 10 mL aqueous solution 
containing 46 µL MPA to stabilize the Pt colloidal 
solution and the final volume of the reaction mixture 
was kept at 50 mL. The color of the solution changed 
from yellow to dark brown indicated the formation of 
nanoparticle. Stirring was continued for 2 h at room 
temperature for the completion of reaction. 
Thereafter, the colloidal solution was washed  
2-3 times with ethanol, centrifuged at 15000 rpm and 
finally vacuum dried for 12 h to obtain the MPA 
capped Pt NPs of approximately 5-7 nm size. 
 
 

2.3. Device Fabrication 
 

0.1 mg SWNT was suspended in 10 mL N,  
N-dimethylformamide (0.01 mg mL-1) followed by 
90 min sonication and the resultant SWNT solution 
was centrifuged at 12,000 rpm for 90 min and 
finally the supernatant was collected. 1.0 µL drop of 
the above supernatant was pipetted out in between 
the 3 µm apart gold electrodes and then the SWNT 
were aligned by ac dielectrophoresis by applying an 
AC voltage at a frequency of 4 MHz and 1.5 V 
peak-to-peak amplitude until a desired resistance 
was obtained. The aligned SWNTs were then 
annealed in inert flow environment (95 % N2 and 
5 % H2) for 1h at 300oC to remove residual solvents 
and improve the contact between SWNTs and 
electrodes. The aligned SWNT channel was 
modified with a bilinker, 1-pyrenemethylamine 
hydrochloride (PyMe-NH2) by incubation the device 
channel with 6 mM PyMe-NH2 in DMF, for 2 h, 
followed by extensive washing with DMF and then 
dried under N2 gas flow. The gold microelectrodes 
were passivated with 6 mM 6-mercapto-1-haxanol 
(MCH) in DMF for a period of 1 h to prevent the 
nonspecific binding sites at the electrode surface. 
An aqueous solution of 0.1 mg mL-1 Pt(MPA) 
containing 0.15 M EDC and 0.03 M NHS was 
dispended on PyMe-NH2 modified SWNTs for 1 h, 
rinsed thoroughly with double distilled water and 
dried under N2 gas flow and was subsequently 
treated with 100 µg mL-1 antibody, Ab-cTnI in PBS 
(pH 7.4) at 4oC, under humid atmosphere, for about 
12 hrs, followed by washing repeatedly with PBS to 
remove the unbound protein molecules and dried 
under N2 flow to obtain the Ab-cTnI/Pt(MPA)-
PyMe/SWNT device. The device was further treated 
with a blocking reagent of 0.1 % bovine serum 
albumin (BSA) in PBS to block the nonspecific 
binding sites of both the residual free carboxyl 
groups of Pt NPs, and SWNT surface. Fig. 1 
represents the schematic illustration of the 
chemiresistive biosensor for cardiac biomarker cTnI.  
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Fig. 1. Schematic representation of the chemiresistive 
biosensor device. 

 
 

3. Results and Discussion 
 

The PtNP/SWNT hybrid device was characterized 
at each step of surface modification by monitoring 
the current-voltage (I-V) characteristics from -0.5 V 
to +0.5 V (Fig. 2) and the resistance was calculated 
by taking the inverse of the slope of I-V curve 
measured on PGSTAT302N, AUTOLAB instrument 
from Eco Chemie, The Netherlands connected to a 
Micromanipulator model 450PM-B, probe station for 
making electrical contacts to the source and drain 
electrodes. The SWNT device showed a decrease in 
current upon functionalization of SWNTs with a 
cross linker, PyMe-NH2, due to π- π stacking 
interaction occurred between SWNTs and pyrene 
ring moiety. A further decrease in the current was 
observed after the passivation of gold 
microelectrodes with MCH due to the formation of 
self-assembled monolayer of thiols on the gold 
surface, resulting in a shift of Au Fermi level away 
from the valence band of SWNT, modulating the 
local work function, which causes an increase in the 
charge injection barrier and imparted a contact 
resistance (Schottky barrier) [19]. However, a reverse 
trend with an increase current was observed after the 
attachment of Pt NP on PyMe-NH2/SWNTs device. 
This may ascribed to the difference in the work 
function between the SWNT (Ф=4.3-4.9 eV) and Pt 
NP(Ф=6.35 eV), which facilitates the electron 
transfer from SWNT to Pt NP, resulting an increase 
in the charge density (holes) in p-type SWNT 
channel. The insets of Fig. 2 showing the scanning 
electron microscope (SEM, LEO 440 PC; UK) image 
with corresponding energy dispersive X-ray spectra 
further confirmed the attachment of 5-7 nm PtNP on 
SWNT device. Subsequent declines in current were 
observed after the covalent biomolecular 
immobilization of PtNP-PyMe/SWNTs with cardiac 
protein antibody, Ab-cTnI, and also thereafter on 

further treatment with a blocking protein reagent 
(BSA), respectively, with both the measurements 
taken after washing with PBS and dried under N2 gas 
flow. This is may be ascribed to the transfer of 
electron from the base residues (arginine, histidine 
and lysine) of protein backbone chain with each 
donating 0.04 electrons [20] to SWNT and thereby 
decreasing the hole charge density in SWNT. 

 
 

 
 

Fig. 2. I–V characteristic curves at different stage  
of device fabrication. 

 
 

For sensing performance, the device was exposed 
to 2 µl sample volume of different concentration of 
cTnI spiked normal human serum for a period of 
10 minutes to sufficiently complete the antigen-
antibody immunoreaction, followed by washing with 
water and dried under N2 gas flow before taking  
the I-V measurements. Fig. 3 represents the sensing 
performance of the device with I–V curves at 
different concentration of cTnI from 0.001 ng mL-1 to 
10 ng mL-1 in normal human serum.  
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Fig. 3. I–V response of the device for individual cTnI 
concentration from 0.001 ng mL-1 to 10 ng mL-1  

in human serum. 
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Fig. 4 shows the normalized response of the Ab-
cTnI/PtNP-PyMe/SWNT hybrid [(R-R0)/R0, where 
R0 and R is the resistance of the device measured 
before and after exposure to cTnI in normal human 
serum, respectively] as a function of cTnI 
concentration. The resistance was calculated as the 
inverse of the slope of the I–V plot between -0.5 V 
and +0.5 V (linear range). It was observed that the 
conductance of the SWNT hybrid device decreases 
(increasing resistance) with increasing concentration 
of cTnI. The device exhibited a linear response 
(normalized resistance change) to target cTnI from 
0.001 ng mL-1 to 10 ng mL-1 concentrations with 
sensitivity (slope of the calibration curve) of about 
15 % per decade ng mL-1 cTnI concentration. 

 
 

 
 

Fig. 4. Concentration dependent calibration curve  
of the device for cTnI in normal human serum; inset 
shows the device sensing response for non-specific 

biomarkers, e.g. CRP, Mb and mouse IgG  
with respect to cTnI. 

 
 

The device showed a better detection of cTnI than 
the earlier reported methods in terms of low level 
cTnI detection of 1 pg mL-1 with a wide linear 
dynamic range of detection [21-24]. The specificity 
of the device towards the target cTnI was 
investigated by exposing it with other cardiac specific 
biomarkers e.g. 1.0 ng mL-1 concentration of 

individual protein antigen of C-reactive protein 
(CRP), myoglobin (Mb) and non-specific mouse IgG. 
The change in the normalized response (%) of the 
device for CRP, Mb and mouse IgG was found to be 
insignificant with respect to target cTnI (the inset of 
Fig. 4) demonstrating the specificity of the SWNT 
hybrid device to cTnI only due to the antibody-
antigen immunoreaction. 
 
 

4. Conclusions 
 

We report a PtNP/SWNT hybrid chemiresistive 
biosensor for the ultrasensitive detection of cTnI. The 
PtNP capped with a reagent containing pendent 
carboxyl terminal groups are utilized for the site 
specific biomolecular immobilization of cardiac 
specific antibody, Ab-cTnI on SWNT conducting 

channel. The device exhibited a wide linear range of 
cTnI detection from 0.001 ng mL-1 to 10 ng mL-1 
with a sensitivity of about 15 % change in resistance 
per decade cTnI concentration in normal human 
serum. The high surface to volume ratio of PtNP 
bioconjugate provided site-specific biomolecular 
orientation for the ease of antigen-antibody 
immunoreaction on SWNT channel responsible for 
an ultrasensitive current/resistance response to low 
level concentration of cTnI. This makes it a better 
label-free detection method than other recently 
reported techniques. 
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