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Total internal reflection (TIR) (or evanescent wave (EW)) induced fluorescence techniques 
can be used to study the photophysical properties of dyes and polymers in close (~100 nm) 
proximity to interfaces.  Varying the angle of incidence of the excitation light affords a level 
of control over the penetration depth of the evanescent field into the medium of lower 
refractive index, and thereby provides a means to probe properties that vary from the 
interfacial region to the bulk solution. By recording fluorescence decay information following 
EW-excitation provides significant advantages and additional information to that accessible 
through steady-state measurements. 
The unique capabilities of TIR fluorescence methods can also be exploited by using polarised 
excitation and emission detection.[1] We have performed time-resolved EW-induced 
fluorescence anisotropy measurements to probe molecular photophysics, motion and 
conformational change in the interfacial region. This approach allows some discrimination of 
phenomena to be probed between processes occurring in- and out-of the plane of the interface. 
 
We have also implemented polarised, steady-state fluorescence anisotropy mapping on the 
µm scale using both conventional and TIR fluorescence wide-field microscopy. Through this 
approach spatial variations in emission depolarising phenomena, such as molecular rotational 
motion or energy migration, can be visualised, and changes in this behaviour can be 
monitored.  

 

Figure 1. Fluorescence anisotropy histogram of air-dried Coumarin 
6 ~100 nm thin films cast from a range of solvents 
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Coupled with time-resolved fluorescence imaging, fluorescence anisotropy imaging can 
provide a great deal of detail on the microenvironment within a thin film. The results of 
fluorescence anisotropy imaging measurements on a range of systems, included dyes in 
polymer films (Fig. 1), aligned molecular and polymeric systems and probing molecular 
crowding effects within cells (Fig. 2),[2] will be discussed.  

 
Figure 2. Real time monitoring of cytoplasmic crowding effect in 
live cells. (A–E) Fluorescence anisotropy images of TPE-Py-NCS 
stained Neuro 2A cells taken at different time 55 points after being 
exposed to 450 mM sorbitol. (F) Fluorescence anisotropy 
distribution histograms from panels A–E. [TPE-Py-NCS] = 10 mM. 
Scale bar: 5 µm.[2] 
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macromolecular crowding effect in cells induced by the change
in osmotic pressure. Fluorescence anisotropy imaging was
performed under a wide-field fluorescence microscope with a
polarisation splitter to facilitate the simultaneous collection of
both the horizontally and vertically polarised emission light
from each sample spot on the same CCD camera (Fig. S5,
ESI†).27 Because the dye does not enter the nucleus (Fig. S3
and S4, ESI†), we set a threshold to remove signals from the
unstained area before we subtracted the intrinsic background
noise of the detector from the whole image. The pseudo-red
colour indicates regions with larger fluorescence anisotropy
(low molecular rotational motion) while the pseudo-blue colour
indicates low anisotropy regions corresponding to more rota-
tional freedom of the fluorophore molecules as a whole.

Sorbitol was used as an osmotic stressor to increase the
crowding effect in cells.15,28 Fig. 2A–C shows the anisotropy
map of Neuro 2A cells without and with the treatment of
increasing concentration of sorbitol. The cells were first stained
with the dye and treated with different concentrations of
sorbitol for 30 min before fixation. The distributions of the
anisotropy value collected from each pixel in the image are
shown in Fig. 2D for comparison. The broad distribution of
the anisotropy of TPE-Py-NCS reflects the heterogeneous
environment in cells. With sorbitol treatment, the anisotropy
distribution became broader with more populations exhibiting
higher anisotropy values. The peak indicating the anisotropy

value of the largest population changes from approx. 0.29 for the
control to 0.35 after the cells were exposed to 450 mM sorbitol. An
increasing population with lower anisotropy (0.1–0.2) was also
observed with the increase in sorbitol concentration. This obser-
vation suggested that the dye molecules labelled on the proteins
experienced two distinct environments upon the osmotic upshift.

To gain more information on the micro-environment the dye
molecules experience, we used time-domain FLIM to detect the
lifetime change of the fluorophore under the same treatment
(Fig. 2E–G). To focus on the intracellular region, the extra-
cellular unlabelled areas were masked and the lifetime of the
fluorophore from the cell interior was analysed with the varia-
tion ranging from 1.3 to 1.9 ns (Fig. 2H). The lifetime of the
majority of the TPE-Py-NCS molecules from the untreated cells
was around 1.67 ns Q4. The lifetime was slightly shorter (B1.65 ns)
when the cells were exposed to 175 mM sorbitol. Interestingly, a
large population of shorter-lived species with lifetime B1.5 ns
emerged when the sorbitol concentration was increased to
450 mM, while the lifetime of the longer-lived species remained
at B1.66 ns. The constant lifetime of the long-lived species
indicated that the local viscosity of the protein network did not
change significantly under osmotic stress Q5. The emergence of
the short-lived species with 450 mM sorbitol, which was con-
sistent with the FAIM data, implies that further increasing the
osmotic pressure causes some of the dye molecules to loosely
bind to the protein network.
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Fig. 3 Real time monitoring of cytoplasmic crowding effect in live cells. (A–E) FAIM images of TPE-Py-NCS stained Neuro 2A cells taken at different time
points after being exposed to 450 mM sorbitol. (F) Fluorescence anisotropy distribution histograms from panels A–E. [TPE-Py-NCS] = 10 mM. Scale bar: 5
mm.
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