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Combinations of Optical 

Spectroscopy with other 

Techniques
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Combinations of SPR biosensors with other techniques for 

more complex investigations of biointerfaces, interaction 

analysis, and materials research:

• Fluorescence spectroscopy (SPFS)

• Quartz crystal microbalance (QCM)

• Electrochemistry (EC-SPR)

• Field effect transistor (FET)

• Mass spectrometry

• SERS, TERS…
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Fluorescence

4



Surface Plasmon-Enhanced 

Fluorescence
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Surface Plasmon-Enhanced 

Fluorescence (λex)
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Combination of surface plasmon resonance (SPR) and surface plasmon 

field enhanced fluorescence excitation (SPFS).



Surface Plasmon-Enhanced 

Fluorescence (λex)
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Comparison of SPR and SPFS for investigation of short oligonucleotide 

hybridization. Sensitivity motivation for low molecular weight analytes.



Surface Plasmon Resonance (SPR) and 

Surface Plasmon-Enhanced Fluorescence 

(SPFS)

8H. Park, A. Germini, S. Sforza, R. Corradini, R. Marchelli, and Knoll W. ,BioInterphases 1, 113 2006.

Example: investigation of 

peptide nucleic acid (PNA) 

probes for the detection of 

single nucleotide 

polymorphism (SNP).

Relevant to e.g. diagnosis of 

genetic diseases such as 

thalassemia.

Instrumentation: combined 

SPR and surface plasmon-

enhanced fluorescence 

spectroscopy (SPFS).



DNA Hybridization: Primer Extension
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dNTP – deoxynucleotide

KF – Klenow fragment 

Wikipeadia

G. Stengel and W. Knoll, Nucleic Acids Res. 33, 69 2005

Besides sensitivity, combined SPR and SPFS offers means to probe 

more parameters at the same time: applied for primer extension 

studies.

DNA polymerase



DNA Hybridization: Primer Extension
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Complementary information obtained:

SPR: Mostly sensitive to binding of large KF to DNA probes.

Fluorescence: “Zipping up” the duplex DNA strand (low molecular weight).

G. Stengel and W. Knoll, Nucleic Acids Res. 33, 69 2005



Ultrasensitive Detection – Relating 

Fluorescence Signal with Number 

of Molecules
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Calibration of Fluorescence Signal 

by SPR / SPFS
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Calibration: SPR allows for determining the captured molecules surface 

density (for high analyte concentrations), relate that to the fluorescence signal, 

and extrapolate (also for concentration much lower where SPR is blind)



Calibration of Fluorescence Signal 

by SPR / SPFS
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Achieved 0.5 fM limit of detection 

(SPFS with very high excitation 

power and long incubation time of 

60 min)

By SPFS related to SPR, there was 

determined that one can detect 600 

molecules / mm2.

Taking advantage of time kinetics 

and processing all data measured 

over long time (corresponding to 

averaging).



Surface Plasmon-Enhanced 

Fluorescence (Study in Early 90ties)
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Sensitivity enhancement of optical

immunosensors by the use of a

surface plasmon resonance

fluoroimmunoassay



Surface Plasmon-Enhanced 

Fluorescence (λex, λem)
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Quartz Crystal Microbalance 
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Quartz Crystal Microbalance (QCM)

Taken from Q-Sense
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Quartz Crystal Microbalance (QCM)
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QCM with Grating-Coupled SPR



Grating Coupling to PSPs

Phase-matching can be investigated by using dispersion of the modes, 

manifested as a cross-section for certain diffraction order p.
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On metallic diffraction gratings, the coupling strength to PSPs is controlled 

by the modulation depth.
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QCM with Grating-Coupled SPR

Demonstrated that upon LbL deposition the ‘optical’ and ‘acoustic’ 

thickness differs. Information on the viscoelastic properties, bound water 

molecules, ions….



Electrochemistry

24



25



26

EC-SPR Setup

SPR-active gold surface used as a working electrode.
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EC-SPR Setup

Cyclic voltammetry combined with 

SPR was used for the monitoring of 

polymerization and conductive 

polymer film stability.
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SPR Sensitivity to Ions on the 

Metallic Surface

1) the formation of an electrical double layer (ionic mechanism), and 2) changes 
in the electron density at the surface of a metal (electronic mechanism). 



29

SPR Crosstalk With Ions on the 

Metallic Surface

Under low ionic strength conditions, the electronic mechanism is dominant and the 
SPR wavelength shift is linearly proportional to the surface concentration of 
biomolecular charges. At high ionic strength conditions, both electric and ionic 
mechanisms contribute to the SPR shift.
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Field Effect Transistor (FET)
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SPR Crosstalk With Ions on the 

Metallic Surface

SPR-active gold film used as a gate electrode in electrolyte-gated field-effect transistor.
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SPR Crosstalk With Ions on the 

Metallic Surface

Dual readout of the interfacial processes manifested by changes in the refractive index 
(SPR) and charge density (FET).
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SPR Crosstalk With Ions on the 

Metallic Surface

SPR and FET response kinetics are different and peeks on different aspects of the 
process of LbL formation.



Graphene Plasmonics

3510.1126/science.aab2051

Graphene is 
semiconductive material 
and exhibits surface 
plasmons in the NIR 
spectral range (lower 
plasma frequency)

Its properties can be 
electronically tuned and 
thus enable for active 
tuning of its plasmonic 
properties.


