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INTRODUCTION
Gold nanoprisms (AuNPrs) 

Anisotropic nanoparticles that exhibit localized surface plasmon resonance (LSRP) in 
the near infrared region (NIR), with sizes >100 nm.1

AuNPRs size

1 μm

Transducers in Biosensors

Biomedical applications: 
LRSP band in the biological window

This optical property 
allows AuNPrs to 

convert light energy 
into heat: 

Photothermal effect

HOT

NIR laser

AuNPrs bound to a biological receptor
can act as physical-chemical transducer.

The biosensors are analytical devices, based on specific biochemical reactions, capable of 
detecting in real time and with a high sensitivity and selectivity biological agents.

AuNPrs characteristics
Synthesis with different
functionalizing ligands

AuNPrs as Transducers 

Biological receptor

Analyte

Biological recognition with the analyte as a 
quantifiable thermal signal proportional 

to the concentration of analyte.

Ligand: COOH-PEG-SH-AuNPrs

Functional groups on the surface 
of the receptor biomolecule: NH2

Easy chemical and 
electrostatic binding to 
receptor biomolecules 

Temperature (˚C)

Analyte concentration

Transduction-detection methods Plasmonic phototermal biosensor development
 Synthesis and characterization of different AuNPrs
 Best photothermal efficiency when irradiated with a 1064 nm laser.
 Released heat detected with an IR camera: optimization 
 The thermal signals: evaluated by different treatment methods 
 Thermosensitive paper coupled to this methodology

Binding of a receptor (antibody, Ab) with AuNPrs
by biological interaction (streptavidin-biotin)

A TermoELISA sandwich immunological assay 
has been developed and optimized.

OBJETIVES

RESULTS

 Higher sensitivity with lower laser 
power than with thermal image

 Amplify the thermal signal 
 Translate it into a colorimetric signal (grayscale) easily quantifiable

Thermosensitive
paper

Movilphone app 
(RGB colour coordinates)

Transduction-detection methods
Synthesis and characterization AuNPrs

PE of AuNPrs in solution:  Laser: 1064 nm, 1224 mW, 15 min irradiation. 

PE of AuNPrs of 1230 nm (higher PE) at several concentrations immobilized on cellulose 10%.
Laser: 1064 nm, different powers,  40 s irradiation, 140 s decay w/o irradiation. 

NIR laser

Stirring

Higher PE

NIR laser
90˚ mirrow

AuNPrs
on 

cellulose

IR Camera: thermal image

IR Camera: thermal image

 Synthesis of three types of AuNPrs, with different LSPR (λmax)
 Average sizes obtained by Scanning Electron microscopy (SEM)
 Caracterization of  photothermal efficiency (PE) of AuNPrs

AuNPrs λmax  (nm) Size (nm)
846 277 ± 36 
1026 219 ± 35 
1230 197 ± 47

Camera parameters:
Emmisivity*: 0.9 

Angle: 0˚

Instrumental assembly

Instrumental assembly

*proportion of thermal radiation emitted by a 
surface or object due to its temperature

Camera parameters:
Emmisivity*: 0.6 

Angle: 90˚ [NPrs] ug/mL 614 mW 750 mW 890 mW
0 2.5 2.5 3.8
50 37.3 47.2 53.1

100 47.8 72.1 79.1
150 81.7 86.0 145.5

Sensitibity 0.49 0.55 0.90

∆Tmax (˚C)

This methodology is coupled with the use of 
thermosensitive paper:

Instrumental parameters

Laser 750 mW

∆Tmax [AuNPrs]

0 ug/mL

50 ug/mL

100ug/mL

150 ug/mL

614 750 890
pte R 0.716 0.644 0.748
pte G 0.73 0.644 0.75
pte B 0.696 0.584 0.712

Laser (mW)

 Similar sensitivity with all the coordinates 

Plasmonic phototermal biosensor development
Development and optimization of an immunological TermoELISA sandwich assay for
the thermal detection of the tumor marker carcinoembryonic antigen (CEA).

1) Biofuctionalization of AuNPrs with streptavidine by covalent binding
Sulfo-NHS/EDC (carbodiimide) crosslinking reaction

2) Optimized TermoELISA protocol

Streptavidine Abdetection
biotinylated

Abcapture CEA Antigen

1064 nm laser

Thermal image

AuNPrs@streptavidine

1) Incubate Abcapture (over night)
2) Block with bovine serum albumin (1 h) + wash 2x
3) Incubate CEA (1 h) + wash 3x
4) Incubate Abdetection biotinylated (30 min) + wash 3x
5) Incubate AuNPrs@streptavidine (30 min) + wash 3x 

3) Thermal signals: evaluation by different treatment methods (temperature variation, 
photothermal conversion efficiency** and emission-decay signal area***). 

Laser: 900 mW,  120 s irradiation, 140 s decay
IR camera parameters: Emmisivity: 0.1;  Angle 90˚ 

[CEA]
5 - 200 ng/mL

∆Tmax **Photothermal conversion efficiency (PCE): mathematical
calculation considering decay of temperature after irradiation2

1Pelaz, B., et al. Langmuir, 2012, 28(24), 8965-8970. 
2Liu, Xijian, et al. Dalton transactions, 2012, 43(30), 11709-11715.

***Emission-decay signal area (E-D area): area under the curve

∆Tª max PCE E-D area
Sensitivity 0.153 0.514 69.67

The linear adjustment of these parameters versus the different
[CEA] provides three analysis methods that show the following
sensitivities: Best sensitivity

The method allows the detection of 
CEA in the range of 5 - 200 ng / mL

CONCLUSIONS
 The thermosensitive paper amplifies the signal provided by the IR camera as a 

detection method
 The TermoElisa results confirm the transducing capacity of these nanomaterials in 

biological assays, as well as their possibilities in the development of biosensors.
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