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Abstract— This work demonstrates, for the first time, the use 

of lithium niobate as a biosensor that detects local refractive 

index changes triggered by the presence of biomolecules on its 

surface.  The sensitivity of the sensor was found to be 242±16 

nm/RIU.  As a case study, we immobilized proteins (IgG 

antibodies) using micro-contact printing to demonstrate sensing 

capabilities of the device.  The validated proof of concept lays a 

foundation for developing lithium niobate based novel optical 

biosensors. 

I. INTRODUCTION 

 Lithium niobate (LiNbO3) is one of the most multifaceted 
synthetic materials. It is uniaxial, highly birefringent and has a 
remarkable combination of piezoelectric, optical properties 
and photorefractive response [1-3]. These properties of 
LiNbO3 have been used to develop a number of surface 
acoustic wave and electro-optical devices for sensing 
applications [4,5]. The optical properties of LiNbO3 can also 
be exploited to develop a biosensor that detects changes in 
refractive index upon binding of an analyte.  

In the past few decades, gold-based plasmonic sensors 
have been primarily used to sense local refractive index 
changes [6,7]. Even though gold is a biocompatible material 
and provides a suitable environment for the attachment of 
biomolecules, it relies heavily on standard thiol chemistry to 
bind molecules on its surface [8]. One major disadvantage of 
thiol chemistry is that it is prone to non-specific attachment of 
molecules and it is often necessary to create a complex 
anti-fouling surface [9,10]. In this respect materials 
compatible with silanes, for instance (LiNbO3) provides an 
advantage of easily creating self-assembled monolayers 
(SAM) of biomolecules with high specificity. In addition, the 
photosensitive absorption properties of LiNbO3 are subjected 
to less losses as compared to plasmons. This makes LiNbO3 as 
one of the potential candidates to replace surface plasmon 
sensors in the course of evolution of refractive index sensors.  
In this work, we show a proof of concept study for measuring 
direct changes of refractive index of LiNbO3 upon binding of 
biomolecules on it. This work also demonstrates how proteins 
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can easily be immobilized on LiNbO3 using micro contact 
printing (μ-CP) [11-14].  

II. EXPERIMENTAL SETUP AND METHODS 

A. Preparation of LibNO3 sensor 

First, 10 mm ×10 mm samples of LibNO3 were diced from 
a 0.7 mm thick wafer. The samples were then sonicated in 
acetone for 10 minutes. This was followed by 5 minutes of 
sonication of samples in iso-propanol (IPA) to remove acetone 
stains. The samples were then ready for immobilization of 
chemical species. Subsequently, a reading of optical 
absorbance in air, deionized (DI) water (18.2 MΩ), acetone, 
ethanol and IPA was taken from the samples to calibrate their 
refractive index sensitivity. The samples were then exposed to 
silane and proteins were transferred on it using μ-CP [13-14]. 
Refractive index changes were recorded after silanisation and 
protein immobilization steps respectively.  

B. Instrumentation and measurement 

The measurements were done in reflection mode as shown 
in the schematic on figure 1. The setup was a homemade 
system comprised of a reflection probe (R400-7UV-VIS), 
halogen light source (HL-2000) and a spectroscope 
(USB4000-UV-VIS-ES), which were all purchased from 
Ocean Optics. 

It was calibrated for dark and light spectrum modes, before 
recording signals from the scope. 200 nm of aluminum was 
deposited on a glass slide using e-beam evaporation, and the 
coated slide was used to obtain the light reference spectrum.  

 

 

Figure 1. Schematic of the intrumentation setup for the 
measurements  

The optical signal was then recorded in absorption mode 
by observing the wavelength dependence of the light absorbed 
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by LiNbO3 via Ocean View, a cross-platform spectroscopy 
operating software from Ocean Optics.  

C. Micro contact printing (μ-CP) 

μ-CP is a technique to pattern surfaces using self 
assembled monolayers of silanes and thiols. To study μ-CP, 
two patterns were designed using AutoCAD® 2015 (Figure 1 
(a) & (b)). A silicon master of this design was prepared by 
spin-coating DWL-40 negative photoresist onto a silicon (Si) 
wafer to achieve a film thickness of 25 μm. The wafer was 
processed using a Maskless Lithography System (Nano 
System Solutions, Japan). PDMS stamps were then made by 
pouring the PDMS: curing agent (10:1) (Sylgard® 184 
silicone elastomer kit, Dow Corning) mixture onto the Si 
wafer followed by degassing and baking at 60°C for 4 hours. 

 

Figure 2 Design of stamps for microcontact printing 

D. Protein immobilization 

As a case study we choose immunoglobulin antibodies 
linked with fluorophores (Alexa-fluor 488 chicken anti-goat 
Ig-G). The LiNbO3 surfaces were first silanised using 5% of 
3-Aminopropyltriethoxysilane (APTES) in acetone for 1 hour 
in a vacuum chamber. Individual PDMS stamps, were 
incubated with 7.5 μl of antibody mixture (0.01 mg/ml Ig-G 
solution, 0.0045 mg/ml N-hydroxysuccinimide (NHS) and 
0.002mg/ml1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide 
(EDC) in 1x PBS) under a plasma-activated cover slip for 10 
minutes. The stamps were rinsed with sterile PBS and DI 
water for 10 s each, and dried with a strong puff of nitrogen 
gas. The inked stamp was then pressed gently onto the APTES 
coated LiNbO3 wafer bits and incubated at room temperature 
for 10 minutes. 

III. RESULTS AND DISCUSSION 

A.  Sensor sensitivity 

On shining white light, an absorbance at 486 nm was 
observed in lithium niobate (figure 3).  

 

Figure 3: Optical characteristics of LiNbO3 surfaces when exposed to 
solutions of different refractive indices: DI-water (1.3330), Acetone 
(1.3590), Ethanol (1.361) and IPA (1.3776) 

This peak is attributed to the evanescent wave reflected 
back by the acoustic waves on the surface, which are actuated 
upon absorption of light. We observed redshifts of this peak 
when local refractive index of lithium niobate is changed upon 
exposure to solutions of known refractive index. 

A shift of 12-14 nm is observed for a change of 0.0446 
RIU (Refractive Index Units), for the difference between 
refractive indices of DI-water and IPA. The shifts of the 
resonance peak were linear with the change in refractive index 
and the sensitivity of sensor was 242±16 nm/RIU. This value 
is slightly better than the sensitivities of gold/silver based 
commercial plasmonic sensors, which varies between 110-160 
nm/RIU [6, 15,16].      

B. Fluorescence microscopy  

 Fluorescent IgG antibodies printed onto the LiNbO3 wafer 
by μ-CP were imaged using fluorescent microscopy (Nikon 
Eclipse Ti-E). The images were acquired at 10 s exposure, 
using an epifluorescence filter to detect wavelengths of 488 
nm. 

 

(e) 

 

Figure 4: Fluorescence microscopy images of Alexa-fluor 488 
chicken anti-goat Ig-G patterns printed onto APTES coated LiNBO3 
substrate (a) & (c) before wash; (b) & (d) after brief wash with a 
stream of double distilled water. (c & d are zoomed in versions of 
figure 2b) 
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The prints were briefly rinsed with a stream of deionised 
water to check for the loss of antibodies from the substrate 
surface. Figure (a) and (c) depicts the prints prior to the wash 
and, (b) and (d) after the wash. The fluorescence intensities 
were not significantly reduced after the wash (figure 4 e). The 
observed minimal decrease in fluorescence intensity is 
attributed to the removal of non-specifically bound antibodies 
from the substrate following washing. This indicates that 
stable covalent bonds are formed between the APTES 
monolayer and the antibodies printed by μ-CP on the 
substrate. (Note: the varying intensities of the prints in each 
image could be due to uneven coating of the IgG solution on 
the stamp prior to printing).  

C. Protein detection 

 As shown in the figure 5, upon immobilization of APTES 
an average redshift of 10 nm in the resonance properties of 
LiNbO3 was observed. A further redshift of 15-20 nm was 
observed after transfer of proteins (IgG antibodies) on 
silanized LiNbO3 substrate. The whole experiment from 
sample preparation to detection took just over 2 hours. 
However, the detection time of the proteins was less than 5 
seconds.     

 

 

Figure 5: Change in resonance properties of LiNbO3 upon 
silanisation with APTES and immoblisation of proteins 

 As emphasized in the preceding text, the interaction of 

electromagteic field of light with LiNbO3 is responsible for 

creating mechanical resonanaces in the structures. The 

resonance is characterized by strong absortion of light at 486 

nm. These mechanical resonances are damped by the mass of 

biomolecules that bind to the surface. As a result, full width 

half maximum (FWHM) increases and strong resonance 

shifts are observed. The increased FWHM also corresponds 

to an increase in the surface energy upon attachment of 

molecules. This is also responsible for the increase in the 

amount of absorption that increases with the addition of 

molecules.  

IV. CONCLUSION 

Optical biosensors have proven to be highly selective and 

sensitive systems. The evanescent field detection techniques 

have provided improved detection limit for microarray 

applications and has simplified the sample preparation 

because of the confined electromagnetic field illumination of 

the molecules at the sensor surface [15]. In this work we 

showed how optical properties of lithium niobate can be 

potentially utilized for biosensing applications. We also 

showed the ease of combining two techniques on the same 

platform i.e. fluorometric and refractive index sensing. 

Multiplexing techniques on a single platform often increases 

the reliability of measurement and makes the system robust 

for sensing applications [16].  This opens a great opportunity 

to develop novel refractive index based sensors for use in 

applications such as chemical sensing, drug discovery and 

disease diagnostics. In near future we would aim at 

integrating microfluidics and work towards development of 

an electronically automated optical immunoassay platform.  

In addition, µ-CP of biomolecules simplifies, accelerates, and 

improves the fabrication of bio-arrays. Gaining a full 

understanding of the transfer properties of proteins and 

surface energies of the substrates will enable researchers to 

embrace the technique of µ-CP for the production of precisely 

defined protein arrays with well-characterized densities of 

proteins on optical biosensors. 
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