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In the present note, additional information is provided regarding the imaging technique 

and image analysis. Both DLVO and non-DLVO supramolecular contributions to disjoining 

pressure in the foams films made with aqueous SDS solutions are described and the 

representative thickness dependent disjoining pressure is plotted for two micellar solutions.  

S1. Imaging system 

The IDIOM method can be realized with a variety of cameras and light sources. To 

illustrate this, we carried out the thickness measurement of stratifying foam films with three 

different cameras, including a commercial, consumer-grade digital camera. The properties of the 

cameras are listed in Table S1. Two light sources are also used: a Fiilex P360EX LED light and a 

Schott ACE 1 halogen light. The thicknesses of stratification layers are recovered (similar to 

Figure. 1(a) in the main text), using all cameras and light sources.    

High-resolution videos and images of the stratification process are captured by this 

imaging system. The images are post-processed in MATLAB R2014a with specially written 

codes and using Equation 1 (see main article), changes in the film thickness are computed from 

the intensity of reflected light. While similar digital filtration and thickness determination via 

reflected light intensity has been used for measuring film thicknesses with thicker, colored soap 
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films, 1, 2  we extend the application to thicknesses below 100 nm, and to determination of 

topographical map of thickness. The thickness computed using Equation 1 is an “equivalent film 

thickness” obtained by assuming that the refractive index of thin film is same as that of the bulk 

fluid. Prior studies3-5 show that corrections based on the measured refractive index for different 

SDS concentrations, or based on calculations that treat foam as a multilayered structure are 

negligible and can be ignored. Through an extensive literature survey, we were able to find 

several examples of the use of consumer-grade, off-the-shelf DSLR cameras a photometers, 

spectrophotometers, colorimeters and photodiodes in star gazing and astronomy,6-8 contrasting 

color of polymer nanocomposites made with gold nanoparticles dispersed in a polymer matrix,9, 

10 detection of fluorophores in so-called photoscopy applications,11 forensic investigations,12 and 

for investigation of colors in biology.13-16  In the present study, we are able to quantitatively 

analyze the nanoscopic topographic structures in freely-standing foam films with a variety of 

cameras. 

 
Table S1. List of cameras tested with IDIOM protocol 
Camera name Record format Bit depth Pixel resolution Frame rate (fps) 

Photron FASTCAM 

Mini UX100 

High speed movie 

(.mraw) 
12 1280*1024 

Up to 4000 (full 

frame) 

Tucsen ISH1000 CCD Movie (.avi) 8 3664*2748 ~3 (full frame) 

Nikon D5200 DSLR 
RAW image (.nef)* 14 6000*4000 ~1 

Movie (.mov)** 8 1920*1080 30 

* The RAW images are converted to .tiff without compression using open source program 
DCRaw. The resulting .tiff images are analyzed with specially written code in MATLAB. 
** The movie format in the consumer camera applies a lossy compression, resulting in a non-
linear relation between output RGB values and the actual light intensity. This non-linear 
compression is taken into account through careful intensity vs. RGB output calibration. 
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Finally we discuss the theoretical limits of the IDIOM method. In an ideal case, the 

camera converts light intensity with no signal noise, and utilizes its entire dynamic range (i.e., 

max 2 1BitDepthI = − , min 0I =  in calculating Δ in Equation 1 in the main text). The intrinsic 

minimum measurable thickness and measurement error are then results of the quantization of 

light intensity to integer values as RGB output. With different camera bit depth, the available 

number of integers varies as 2BitDepth . Therefore the theoretical thickness resolution and lower 

limit of the measurement vary. For each color channel, the minimum measurable thickness is 

reached when the light intensity is enough to be distinguished from the background, i.e. 

min 1I I− = . The intrinsic error ε  associated with rounding up the light intensity to integer RGB 

values can be estimated by 

 ( ) ( ) ( )0.5 0.5
2

h I h I
Iε

+ − −
=                                              (S1) 

Where ( )0.5h I ±  is computed by using Equation 1 in the main text. Due to the inherent non-

linear nature of the Equation 1, the error is different at different thickness. As shown in Figure 

S1, it approaches maximum when the intensity is close to the extrema. The minimum measurable 

thickness (reached in blue channel) and the maximum error (reached in red channel) are listed in 

Table S2 for several bit depths for typical cameras. 

As shown in Table S2, even with low camera bit depth, IDIOM method could measure 

thicknesses well below 10 nm with reasonable accuracy. However, the discussion above is based 

on an ideal case, and aimed to find the limits of the IDIOM method in the best case. In real 

experiments, outside stray light, imperfect lenses and noises of CCD or CMOS camera sensors 

can all contribute to errors in determining intensity I. On the other hand, intensity acquired in 



	   4	  

single pixel can be averaged both spatially and temporally to reduce the noise. Error can also 

come in determining interference extrema Imax and Imin, which are measured with care and 

averaged from multiple measurements. Possible error could originate from the digital filtration, 

since we use a single averaged wavelength value for each color channel, while the actual filtered 

light has a spectrum of wavelengths near the averaged value. However, we recognize that the 

thickness is linearly proportional to the wavelength ( h λ∝ , see Equation 1 main text), so an 

uncertainty in wavelength of ±10 nm would only result in a ~2% relative uncertainty (λ ~500 nm) 

in estimated thickness.  

Table S2. Ideal minimum measurable thickness and maximum intrinsic error in IDIOM method 
Bit depth Intensity levels Minimum measurable 

thickness [nm]  
Maximum intrinsic error [nm] 

8 0 - 255 3.39 1.31 

12 0 - 4095 0.84 0.33 

14 0 - 16383 0.42 0.16 

16 0 - 65535 0.21 0.08 

 

Figure S1. The intrinsic error,ε  vs. RGB intensity, I, computed by Eqn. S1 for a 8-bit camera. 
The intrinsic error in thickness measurement is associated with rounding up light intensity to 
integer values as RGB output. 
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S2. Supramolecular Oscillatory Structural Contribution to Disjoining Pressure 

The simplest expression for disjoining Pressure ( )hΠ  includes the two contributions by 

dispersion forces (van der Waals attraction) ( )vw hΠ  and electrostatic double layer repulsion, 

( )el hΠ  that are invoked together in the DLVO theory of colloidal stability. Additional non-

DLVO supramolecular oscillatory structural forces ( )os hΠ   can arise in thin films made with 

particles, micelles and polyelectrolytes due to confinement-induced layering of these structures. 

Here we describe the typical values of disjoining pressure, to highlight how the supramolecular 

structural force contribution underlies the formation of stratified foam films. Several reviews, 

papers and texts can be consulted for detailed arguments and discussion.17-27 We primarily use 

the equations and assumptions from a paper by Anachkov, Danov, Basheva, Kralchevsky and 

Ananthapadmanabhan.22 

The disjoining pressure within a foam film can be described as a sum of different 

contributions including van der Waal dispersion forces, electrostatic double layer forces and 

supramolecular oscillatory forces. The relevant parameters, corresponding symbols and their 

characteristic values are listed in the Table S3 and Table S4, and the contributions are plotted in 

Figure S2.   

( ) ( ) ( ) ( )vw el osh h h hΠ =Π +Π +Π      (S2) 

The van der Waals contribution22, 24 can be calculated by using a thickness dependent Hamaker 

constant A(h), and the following expressions: 

3

( )( )
6vw
A hh
hπ

Π = −
     

(S3a) 
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02 ( 1) /e w wh v hn n cπ

∧
= +                                                (S3c) 

 

In the electrolyte solution, ‘’zero-frequency” contribution 0A  to the Hamaker constant is 

negligible. Therefore the van der Waals attraction is only dependent on dispersion forces.24 The 

electrostatic component of disjoining pressure can be calculated through osmotic pressure 

difference in the film28, 29 by using the following expressions. 

( ) ( )el osm midplane osm bulkP PΠ = −                                               (S4a) 

1 3( ) [2( ) ( 1) ]osm bulk pP kT c c Z c= + + +                      (S4b) 

1 3( ) [( )( ) ]m m m mZ
osm midplane p pP kT c c e e Zc e c eΦ −Φ Φ − Φ= + + + +                       (S4c) 

  

Figure S2 Intermolecular and surface forces in the thin film. (a) Contributions to the 
disjoining pressure in 80Mm SDS thin film are shown. The DLVO forces calculated using

( ) ( ) ( )DLVO vw elh h hΠ =Π +Π  are decay at a thickness of 30 nm while the supramolecular 
oscillatory structural forces are longer ranged. (b) Concentration-dependence of supramolecular 
oscillatory structural forces is shown using calculated value for 50 mM and 80 mM. 
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The pZc  term describes concentration of dissociated ions. mΦ  is the dimensionless 

electrostatic mid-plane potential, m
m

e
kT
ψ

Φ =  that is obtained by solving Poisson-Boltzmann 

equation given below numerically.  

2

1 32 4 [2( )sinh ( )]Z
B p

d L c c Zc e e
dx

π Φ − ΦΦ = + Φ+ −      (S5) 

Finally the supramolecular oscillatory structural force contributions are computed using the 

following expressions 30.  

3

0 2
1 1 2 2

2cos( )exp( )os
h d hP
d d d d
πΠ = −  , for h d>     (S6a) 

0os PΠ = −  , for 0 h d< <       (S6b) 

2 3

0 3

1
(1 )

P kT ϕ ϕ ϕρ
ϕ
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−

    3

6
d
ϕρ

π
=                                              (S6c) 
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Table S3 Parameters, symbols and values used in calculation of representative disjoining 
pressure.  
Parameter Symbol Value  

Film thickness h   10-60 nm 

Hamaker constant A  10-19  J 

Planck constant  ph   6.63×10-34  J·s   

Main electronic absorption frequency ev   3×1015 Hz 

Speed of light in vacuum  0c   3.0×108  m/s 

Refractive index of water  wn  1.333 

Boltzmann constant  k   1.3806×10-23  m2 kg s-2 K-1 

Temperature  T   298.15 K 

Number density of surfactant monomers 1c   CMC×NA 

Number density of added electrolyte 3c   0 

Number density of  micelles pc   ( ) /A aggc CMC N N− ×   

Charge of the macroions Z   35-37 

Bjerrum length  BL   0.72 nm 

Thickness of two adsorption layers at the film ah   5.26 nm 

Aggregation number  aggN   65 

Dimensionless surface potential  sΦ   5.5  
 

Table S4 Concentration dependent parameters used in calculation of representative disjoining 
pressure.* 
Concentration 

(mM) 
Period  d1 
(nm) 

Debye length 
1κ−  (nm) 

Volume 
fractionϕ   

Effective micelle 
diameter d (nm)  

Decay length  
d2 (nm) 

50 13.84 2.67 0.190 12.12 5.62 

60 12.89 2.52 0.219 11.23 5.75 

80 11.56 2.31 0.267 10.64 6.45 

100 10.65 2.16 0.307 9.92 6.96 
*In the table, 1d , 1κ−  are calculated based on ref 28; 2d ,d ,ϕ  are calculated based on ref 30. 
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