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Neutron Scattering

Small-angle neutron scattering experiments were conducted at the Dhruva reactor, BARC, 

India. As a function of wave vector transfer Q (= 4πsinθ/λ, where λ is the wavelength of the incident 

neutrons and 2θ is the scattering angle), the coherent differential scattering cross-section (dΣ/dΩ) 

per unit volume is measured in SANS. The monochromatized neutron velocity selection beam has 

a dispersion of 15% and a mean wavelength of 5.2 Å. Using a 1 m long one-dimensional He3 

position sensitive detector, the sample's scattering of neutrons at different angles is measured. The 

sample slit size of the instrument is 1.3 cm, and the source slit size is 5x3 cm. It has a Q-range of 

0.017 to 0.35 Å-1. Data were fitted using the SASFIT tool after the scattering data were adjusted 

for the background and empty cell contributions were normalized to the absolute cross-sectional 

unit using the conventional techniques.7,8,10-13

In SANS experiments, the coherent differential scattering cross-section per unit volume 

(dΣ/dΩ) was measured as a function of Q. For monodisperse particles in a medium, it can be 

written as 

                                       (1)

𝑑Σ
𝑑Ω

= 𝐼(𝑄) = 𝑁𝑉2(∆𝜌)2𝐹𝑚𝑖𝑐 (𝑄) 𝑆(𝑄) + 𝑏𝑘𝑔

(where N is the number density of the micelles of volume V, Δρ is the scattering length density 

difference between micelle and solvent (D2O), ) is the form factor and S(Q) is the inter-𝐹𝑚𝑖𝑐 (𝑄

particle structure factor. The bkg is a constant term that represents the incoherent background 

scattering mainly from the hydrogen atoms present in the sample). 

The form factor which is a function describing the intra-particle scattering has been 

calculated for various morphologies. The intermediate range of the profile is the region in which 

the form factor contains information regarding particle size and shape. In this regime, the scattering 

results from the dimensionality of the scattered particle were estimated from the calculated slopes. 

For example, the scattered intensity for unimers/Gaussian coil scales as Q-2, for spherical micelle 

scales as Q-4, and for ellipsoidal micelle scale as Q-3 following the derived analytical expression 

proposed by Debye:

𝐹𝐺(𝑄) =
2

𝑄2𝑅4
𝐺

[exp ( ‒ 𝑄2𝑅2
𝐺) + 𝑄2𝑅2

𝐺 ‒ 1]                                               (2)
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(where RG is the chain radius of gyration and qRG < 1, In the intermediate range ).
𝐹𝐺(𝑄) =

2

𝑄2𝑅2
𝐺

Fmic (Q) for spherical micelles can be written as

                                                  (3)
𝐹𝑚𝑖𝑐 (𝑄) = [3(𝑠𝑖𝑛⁡(𝑄𝑅𝐶 )) ‒ 𝑄𝑅𝐶 𝐶𝑂𝑆 (𝑄𝑅𝐶)

(𝑄𝑅𝐶)3 ]2

where  is the hydrophobic core radius which is attributed to the size of the micellar core.𝑅𝐶 

The aggregation number is calculated knowing the value of core sizes following (𝑁𝑎𝑔𝑔) 

the equation:

                                                                                 (4)
𝑁𝑎𝑔𝑔 =

4𝜋(𝑅𝐶)3
𝑃𝑂

3𝑛𝑉𝑃𝑂

where n is the number of propylene oxide monomers in the PO block, (RC)PO is the radius of the 

core due to PO only and VPO is the volume of propylene oxide monomer.45

Fmic (Q) for ellipsoidal micelles can be written as

                                                              (5)
𝐹𝑚𝑖𝑐 (𝑄) =

1

∫
0

𝐹2(𝑄,𝜇)𝑑𝜇

                                                                   (6)
𝐹(𝑄,𝜇) =

3(𝑠𝑖𝑛𝑥 ‒ 𝑥𝑐𝑜𝑠𝑥)

𝑥3

                                                        (7)𝑥 = 𝑄[𝑎2𝜇2 + 𝑏2(1 ‒ 𝜇2)]1/2

where a and b = c are semi-major and semi-minor axes of micelles, respectively. The variable μ is 

the cosine of the angle between the directions of a and Q. The Nagg is calculated by following 

equation:

                                                                         (8)
𝑁𝑎𝑔𝑔 =

4𝜋𝑎𝑏2

3𝑛𝑉𝑃𝑂
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Throughout the data analysis, corrections were made for instrumental smearing. The 

parameters in the analysis were optimized using a non-linear least-square fitting program.18, 38, 46,47


