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Introduction
The development of tools which enable
the measurement of biological responses
to external stimuli, in situ, unobtrusively
and in a chemically informative way, is
integral to our ability to deliver results
for biomedical applications. Fourier
transform infrared (FT-IR) and Raman
spectroscopies are already making
significant contributions in this field.1
Producing molecularly specific, information-rich spectra, these non-destructive
techniques offer the opportunity to interpret bonding and environmental changes
in biologically important situations. Using
FT-IR spectroscopy, coupled with a focal
plane array (FPA) detector, it is now
possible to obtain chemical images of
living cells.2,3 Here we highlight some
initial developments in this field.
Historically, it was challenging to
obtain meaningful information from
FT-IR measurements in aqueous envi-

ronments due to the strong absorption
of water in the mid-IR region. Dominant
absorption bands occur around 3600
cm–1 and 1640 cm–1 as a result of OH
stretching and bending modes, respectively. Nevertheless, dried samples such
as tissues and cells have been well characterised by FT-IR spectroscopy. In recent
years, the challenge presented by aqueous environments has been mitigated by
the use of attenuated total reflection (ATR)
FT-IR spectroscopy2 or, in transmission
measurement mode, by careful preparation of samples,3 or use of infrared radiation from a synchrotron source.4 The
ability to measure FT-IR spectra in aqueous environments is important because it
allows FT-IR imaging to be applied to live
cells. Imaging, as opposed to mapping,
records all spectra simultaneously and
simple treatment of the acquired data
produces “chemical photographs”; this is
shown schematically in Figure 1.

FT-IR imaging
FT-IR imaging is made possible by
coupling a spectrometer with a focal
plane array (FPA) detector. Instead of a
single spectrum being produced, the FPA
detector—a grid of detectors (typically of
64  × 64 or 128 × 28 elements)—allows
thousands of spectra to be concurrently recorded. Since a full spectrum
is obtained at each point of the sample
simultaneously, the resulting images
are spectrally, spatially and temporally
resolved. This has significant implications
in the study of dynamic systems.

ATR FT-IR spectroscopy
Technical details and biological applications of ATR FT-IR spectroscopy have
previously been described. 5–7 Some
features are described briefly here which
explain the suitability of this approach
to the analysis of aqueous biological
samples. ATR FT-IR spectroscopy is made

Figure 1. A schematic of ATR FT-IR imaging. IR light is incident on an ATR crystal above the critical angle. An evanescent wave penetrates the sample
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transparent windows suffer from chromatic aberration resulting in a wavelength-dependent spread of focus in the z-direction. The use of two CaF2 lenses, carefully positioned, above
and below the windows eliminates this chromatic aberration
by allowing all wavelengths to focus at the same point, Figure
4(a).3 By using this approach, it was possible to clearly image
cell position according to the amide II band, Figure 4(b).
There was a magnifying effect of the pseudo-sphere arrangement which allowed sub-cellular differences to be resolved.
Extracted average spectra from the cell indicated a change in
DNA/RNA conformation upon cell spreading, Figure 4(c). The
transmission measurement mode methodology was further
extended to study live cells in droplets of media which were
created in oil flow. 3 Individual droplets were produced in a
microfluidics device which contained one or two cells per
droplet. Although the cells could not be imaged during flow,
once stationary, the imaging of single cells could be achieved,
opening up the possibility for single cell studies in discrete
environments with chemical imaging.
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Live cell spectroscopic imaging studies using a standard globar
IR light source show promising results in both the ATR and
transmission measurement modes. This is an exciting area of
biomedical research with opportunities to examine the influence of various environmental stimuli. By combining FT-IR
imaging methodology with microfluidics devices, the opportunity to study live cells by FT-IR imaging in controlled environments is now possible and further work in this area is underway
in the authors’ laboratory.
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