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Introduction

Reverse micelles (RMs) are well known as water- in- oil 
microemulsions surrounded by surfactant monolayer, described 
as nanopools of water droplets uniformly dispersed in organic 
solvents where hydrophilic head groups directed towards polar 
solvents, often water and hydrophobic tails directed towards 
nonpolar solvents1,2,3,4 (Figure 1 c).  Variety of cationic, anionic and 
neutral surfactants can form RMs in nonpolar organic solvents 
but among them Aerosol-OT (AOT) is widely used  surfactant5.
Aerosol-OT (sodium bis(2-ethylhexyl) sulfosuccinate, AOT) is 
composed of a negatively charged “head” group and two nonpolar 
hydrocarbon “tails” (Figure 1 b).  The AOT RM is readily producible 
over wide range of sizes because of its great water solubilisation  

 
capacity6,7 and the size of AOT RMs is generally characterized by 
the parameter w0, which is the molar ratio of water to surfactant.

In last few decades, there have been numerous studies on 
photophysical properties of various fluorescent dye  molecules8-18 
and so many questions are answered. But, many questions on 
photophysics and location of probe molecules are yet to be answered. 
AF 647 is an excellent fluorescent dye and due to its exceptional 
photo stability and pH insensitiveness, it has been extensively used 
in super resolution microscopy and cell bioimaging19. In this work, 
we present an investigation on photophysical and hydrodynamic 
properties of fluorescent dye AF 647 in AOT reverse micelles of 
varying sizes by using steady state absorption and fluorescence 
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spectroscopy.  Our findings suggest that AF 647 behave very 
differently inside confined reverse micelle of smaller sizes as 
compared to its behaviour in aqueous environment in contrast 

to the bigger RMs where it exhibits same behaviour as aqueous 
environment.

                                         
                                           (a)                                                                                                                (b)

Figure 1: (a) Structure of AF 647. (b) Structure of the surfactant AOT. (c) Reverse micelle structure.                    
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Materials and Methods

Isooctane, nanopure water (Invitrogen), AOT (Alfa Aesar), 
AF647, Fischer Scientific) were purchased and were used without 
further purification.  AOT RMs of varying sizes used for the 
experiments were prepared by using by the lab designed protocols.  
UV-Vis absorption spectra were taken by a Shimadzu UV-1800 UV 
Spectrophotometer with quartz cuvettes of a 1.0cm optical path 
length. Fluorescence emission and excitation spectra were taken by 
a Shimadzu RF-6000 spectrofluorometer with a quartz fluorescence 
cuvette of a 1.0cm path length. 

Results and Discussion

Figure 2(a) shows the steady-state UV-Vis spectra of AF 
647 dyes in aqueous solution and in reverse micelles of varying 
sizes. The result shows that AF647 in aqueous solution exhibits 
absorption peak, 𝛌max at 650 nm. Once the AF 647 is introduced
in reverse micelle of smallest size at w0 =1, the 𝛌max has been
significantly red shifted and the dye shows absorption peak at 659 
nm. As we go from w0 from 1 to 2 and 5, the red shifting is still 
significant. For example, at w0 =2, AF 647 shows absorption peak 
at 657 nm and at w0 =5, the absorption peak is exhibited at 656 
nm. But at w0 =10 , 15 and 30, AF 647 absorbs at 650 nm, which 
means the dye in bigger size of RMs behave very similar to that of 

aqueous environment. Most importantly, even at moderately bigger 
size of the RM, i.e. at w0 =10, the dye exhibits similar phtophysical 
behaviour like the way it behaves in free water.

Figure 2(b) and 2(c) show the normalized fluorescence 
emission and excitation spectra of AF 647 in aqueous environment 
as well as in RMs of varying sizes. The steady-state emission data 
shows that the dye exhibits emission maxima at 668 nm but at w0 
=1, the emission maxima has been red shifted by 9 nm to 677 nm. 
The significant red shifting trend continues until it reaches at w0 
=10, where the emission maxima are same as water and thereafter 
at bigger RM size, the emission maxima remain same. Similarly our 
excitation spectral data supports our findings in UV-Vis spectral data. 
The photophysical parameters in our findings suggest that AF 647 
behaves very differently in smaller and smallest reverse micelles 
and it behaves very similarly as that in aqueous environment in 
moderately bigger and the biggest RM sizes. Furthermore, the larger 
water pool in bigger RMs behaves like bulk water, and therefore 
the photophysics remains similar to that of the dyes in bulk water. 
Also, our results further suggest that the confined water dynamics 
dramatically changes around w0 =106,20. Another interesting fact is 
that the dye when encapsulated in smaller RMs probably resides in 
interfacial region in contrast to the location at bigger RMs, where it 
resides majorly in the core region Figure 3. 

Figure 2(a): UV-Vis absorption spectra of 2.27 X 10-6 M AF 647 in nano-pure water (nH2O) and AOT reverse micelle.
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Figure 2(b): Normalized fluorescence emission spectra of 2.27 X 10-6 M AF 647 in nano-pure water (nH2O) and AOT reverse micelle.

Figure 3: 
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Conclusion

 In summary, we studied photophysical and hydrodynamic 
properties of AF647 by using steady-state UV-Vis and steady-state 
Fluorescence spectroscopic techniques.  Our findings suggest that 
the dye molecules behave very differently in RMs of smaller sizes, 
probably due to their location in interfacial region of RMs. On the 
other hand, the dyes in bigger RMs show similar photophysical 
behaviour to that of dye in aqueous environment. Additionally, our 
observation gives us a protocol to use reverse micelle as a model 
system to study complex biomolecule dynamics as it can mimic the 
cellular environment.
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