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Turbidity measurements and steady-state fluorescence measurements 

The turbidity measurement of oleic acid/SAIL solutions with varying oleic acid content was 

performed using a Shimadzu (model no.UV-2450) absorption spectrophotometer and the 

absorbances of the solutions were noted down at 500nm where there is no absorption of the 

individual components. To locate the dyes in different self-assemblies steady-state emission 

spectra were taken using a Hitachi (model No. F-7000) spectrofluorimeter. 

Dynamic light scattering (DLS) measurements and transmission electron microscopy 

(TEM) measurements 

Dynamic light scattering (DLS) measurements of oleic acid/[C16mim]Cl solutions with 

increasing oleic acid mole fraction were performed using Malvern Nano ZS instrument 

employing a 4 mW He-Ne laser (λ =632.8 nm) and equipped with a thermostatic sample 

chamber. In Malvern Zetasizer Nano ZS DLS instrument, the detector angle is fixed at 173° and 

we have used this instrument for DLS measurement. All measurements were performed at 298 

K. Transmission Electron Microscopy (TEM) measurements were carried out for the

characterization of vesicles by using JEOL model JEM 2010 transmission electron microscope at 

an operating voltage 200 kV. Images of the vesicle have been taken by using 0.1 wt.% aqueous 

solution of uranyl acetate as the staining agent. 

Atomic Force Microscopy (AFM) 

AFM is performed on Agilent 5500 in the tapping mode. A drop of the prepared solution is 

placed on a newly cleaved mica surface, and the sample is spin-coated and air-dried overnight 

before imaging. 

Zeta potential (ζ) Measurement 

Malvern Nano ZS instrument with 4 mW He-Ne laser (λ=632.8 nm) and thermostated sample 

holder is used to determine the zeta potential (ζ) of oleic acid/[C16mim]Cl solution in presence of 

different concentration of NaCl solution. In this instrument, the detector is positioned at 173° 

angle and we have performed all the measurements at 298 K. 
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Fluorescence correlation spectroscopy (FCS) measurements 

FCS experiments of oleic acid/[C16mim]Cl solutions were carried out using DCS 120 Confocal 

Laser Scanning Microscope (CLSM) system (Becker & Hickl DCS-120) with an inverted optical 

microscope of Zeiss (Carl Zeiss, Germany) which is equipped with a 40X water-immersion 

objective (NA = 1.2). Samples were placed on a glass coverslip and excited at 488 nm from a 

picosecond diode laser (bh BDL-SMC). The laser was operated in the CW mode. Scanning of 

the sample was controlled by bh GVD-120 scan controller. A main dichroic filter was used to 

separate the fluorescence signal from the excitation light.The fluorescence signal was then split 

into two channels after focusing onto a 50/50 beam splitter through a pinhole and finally 

collected by two single photon avalanche diodes (SPADs) connected with two channels. A 

correlator card was used to record the fluorescence autocorrelation traces from the signals of two 

detectors.  

The correlation function G(τ) which is used to describe the temporal fluctuation of fluorescence 

intensity is defined asS1

where,  represents the fluctuation of fluorescence signal as deviations from the 

temporal average of the signal  at time t such that, . For the diffusion of 

a single component system, a three dimensional (3D) fitting model can be defined as 

 is called autocorrelation function for a simple solution containing one diffusing molecule 

(excluding the contribution of triplet state). In this equation, N is the average number of 

fluorescent molecules in the detection volume, and  is the average time of fluorescent 

molecules diffusing in the detection volume. S is the structure parameter which is equal to the 

 where  is the longitudinal radius and  is the transverse radius of the confocal volume. 

is related to the translational diffusion coefficient by the following 
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equation

The structure parameter (S) of the excitation volume was determined using R6G in water as a 

reference sample of known diffusion coefficient (  = 426 μm2s-1). The value of structure 

parameter is found to be 5. This value has been fixed for the analysis of all data obtained in our 

systems. Fitting of the FCS data of R6G in water resulted in the diffusion time of ~78.2 μs which 

has been used to calculate the transverse radius and the confocal volume of our set-up. The 

calculated transverse radius is ~365 nm and the confocal volume is 1.39 fL. 

From the calculated diffusion coefficient values, one can easily determine the 

hydrodynamic radius of the diffusing species using well-known Stokes-Einstein equation as 

given below

Fluorescence lifetime imaging microscopy (FLIM) measurement 

Fluorescence lifetime images of the vesicular solutions at different experimental conditions were 

taken using the same DCS 120 confocal laser scanning FLIM system (Becker & Hickl DCS-120) 

equipped with an inverted optical microscope of Zeiss. Detection of fluorescence lifetime was 

achieved with a polarized dual channel confocal scanning instrument (Becker & Hickl DCS-120) 

attached to an output port of the microscope and controlled by a galvo-drive unit (Becker & 

Hickl GDA- 120). The DCS-120 is equipped with a polarizing beam splitter and two single-

photon avalanche photodiode (SPAD) detectors for the acquisition of fluorescence lifetime 

images. Polarized fluorescence transients used in the generation of images are acquired using 

time-correlated single photon counting detection electronics (Becker & Hickl). This system is 

characterized by an instrument response function of less than 100 ps fwhm (full width half 

maximum) 



S6 

Figure S1. Time dependent study of DLS intensity size distribution profiles of oleic 

acid/[C16mim]Cl vesicles (f = 0.54). 

Figure S2. Confocal images of oleic acid/[C16mim]Cl vesicles (f = 0.54) (a) after 1 h, (b) after 

28 h and (c) after 48 h. 
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Figure S3. Variation of DLS intensity size distribution profile of (a) DMPC lipid and (b) oleic 

acid/oleate vesicle (pH= 9) in absence and in presence of NaCl; the control experiment provides 

direct evidence that the fatty acid vesicles or lipid vesicles do not fuse in presence of low 

concentration of NaCl. 

Figure S4. Cryo-TEM images of (a) oleic acid/[C16mim]Cl vesicles ( f = 0.54) after 15 min 

probe sonication, (b) a vesicle is zoomed in (bilayer is indicated by red arrows). 
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Figure S5. Zeta potential (in mV) of oleic acid/[C16mim]Cl vesicles in presence of different 

concentration (in mM) of NaCl solution. 

Figure S6. Steady state fluorescence spectra with normalized steady state fluorescence spectra of 

(a) R6G ( ), (b) DCM ( ), and (c) PM597 ( ) in 

[C16mim]Cl micelle, and oleic acid/[C16mim]Cl vesicle.  
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Figure S7. Fluorescence auto-correlation curves of (a) R6G, (b) DCM and (c) PM597 in oleic 

acid/[C16mim]Cl vesicles (f = 0.54) with the variation of pH. 

video 1.avi

Movie S1. Confocal images of fusion of oleic acid/[C16mim]Cl vesicles (f = 0.54) in presence of 

60mM NaCl solution; the collection time of each image is 1 second and the zoom was kept at 

8.00 during the collection of images.  
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