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Introduction
O v e r t h e l a s t c e n t u r y, o p t i c a l
spectroscopic techniques have played
a crucial role in expanding our understanding of the chemistr y behind
various materials. Amongst all the
spectroscopic techniques, Raman spectroscopy possesses a unique identity
due to its specificity, high information
content and ease of sampling. Although
a weak phenomenon, advancement
in detector technologies and efficient
spectrometers has driven the wider
application of this technique over the
last two decades. Micro-Raman spectroscopy is a popular technique in which
Raman spectroscopy, combined with a
microscope, is used to probe a variety
of materials, including cells.1 However,
the footprint of a typical micro-Raman
system and the alignment requirement have, to date, made it impractical
for portable applications.2 Fibre-optical
Raman probes have emerged as a solution to realising portability and ease of
alignment, especially as the technology has advanced to achieve hand-held
portable spectrometers and lasers for
Raman spectroscopy. 3 Despite these
advances, fibre-based probes may not
be the best choice to record the Raman
spectrum from a small amount of an
analyte. A solution to this can be found
in lab-on-a-chip (LoC) techniques,
which aim to probe and characterise a
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small amount of a sample of the order
of micro-litres or nano-litres.4–6
Optofluidics refers to the combination
of optical techniques with LoC technology. The marriage of LoC technology
with Raman spectroscopy has resulted
in our recent work in developing an
optofluidic technique called waveguide
confined Raman spectroscopy (WCRS).
This is a completely optical alignmentfree microfluidic chip in which the
Raman and fluorescence signature of
an analyte (volume of microlitres) can
be recorded.7 The WCRS architecture is
realised with a microfluidic chip within
which we embedded optical fibres in
such a way that maximum collection
efficiency of Raman scattered photons
was ensured while discarding the majority of the unwanted background signals
from both the substrate of the microfluidic chip and the optical fibres. The
WCRS microfluidic chip may be considered as an optofluidic analogue to a
fibre-optic Raman probe. The use of
soft-lithography-based fabrication and
use of standard optical fibres makes this
device at least two orders of magnitude
cheaper than commercially available
fibre-optic Raman probes.
This WCRS device has been used in a
variety of applications and was combined
with other microfluidic functionalities.
The WCRS device was used in various
applications, ranging from bio-analyte

 etection to a detailed analysis of single
d
malt Scotch whisky.8 For this latter application, pertinent to the food and drink
industry, a 20 µL whisky sample was
used and both Raman spectroscopic
and fluorescence spectroscopic information could be obtained. From these
signatures, the alcohol concentration of
the sample was predicted to an accuracy of 1%, along with additional information to classify the sample based on
its inherent aromatic features. Such an
analysis could provide a key step in identifying counterfeit samples. This article
briefly describes the scope of optofluidic
devices that can be implemented using
the WCRS technique.

The WCRS device
architecture
WCRS is a simple but power ful
o ptofluidic architecture in which an
embedded optical waveguide enables
efficient delivery of the excitation beam
and collection of Raman photons in a
completely alignment-free manner. The
WCRS architecture was realised in a
polydimethylsiloxane (PDMS) chip fabricated using soft-lithography. Two optical
fibres were embedded in a leak-proof
manner into the chip with a pre-defined
fibre insertion channel in the chip. One
fibre delivered the Raman excitation
beam into the chip and the other fibre
collected both the Raman and fluoreswww.spectroscopyeurope.com
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Figure 1. (a) Schematic of the PDMS microfluidic chip in which WCRS was implemented. (b) Schematic diagram of the WCRS signal collection
region where confined collection of a Raman signal was achieved. (c) Top view of the Raman signal collection region in the PDMS microfluidic chip.
(Reference 7; reproduced by permission of the Royal Society of Chemistry).
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performed using this device.7 The information recorded with the device is versatile for performing Raman
spectroscopy-based chemometrics on very small volumes of an analyte.
5.
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VOL.
24 NO.of2single
(2012)malt Scotch whisky
As mentioned above, the WCRS device was used to analyze single malt Scotch whisky,8 see Figure 2. The acquired
spectra showed Raman bands from ethanol and a broad fluorescence background. Using the partial least squares
(PLS) method, the alcohol concentration of the sample was predicted. Further, using the multivariate statistical
analysis approach of principal component analysis (PCA) based clustering a correlation between the broad
fluorescence background and aromatic feature of the Scotch whisky was revealed allowing a clear delineation of
whisky type.
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Figure 2. Spectroscopic analysis of whisky using the WCRS device.

Figure 1: Spectroscopic analysis of whisky using the WCRS device.
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