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Suspensions of solid lipid nanoparticles (SLNs) stabilized with emulsifiers have been extensively 

investigated as drug carriers since the 1990s, although details of their ultrastructure are poorly defined. 

Previously, our group reported a novel microwave- assisted microemulsion-based technique to prepare 

SLNs. To understand the detailed internal structure of these SLNs, ultra-small angle neutron scattering 

(USANS) and small angle neutron scattering (SANS) experiments were conducted on suspensions of 

hydrogenated stearic acid SLNs stabilized with hydrogenated Tween 20 surfactant in D2O. Together, 

SANS and USANS gave a combined Q range of 0.000047 to 0.6 Å
−1

 (corresponding to a size range of 

~1nm-15µm). This extended Q range allows a comprehensive understanding of the hierarchical 

structure of SLNs. The data are consistent with the multi-length scale structure of SLNs having 

polydispersed large particles with roughened surfaces at the microscale level. At the nanoscale level, 

the results are consistent with the SLNs solution having an ellipsoidal shape intermediate between 

spheres and rods, with a crossover from mass fractals to surface fractals. The elucidation of this 

structure is particularly important given that the structure influences the stability and drug release 

properties of the nanoparticles. These results will assist in the development of systems with desired 

shape and properties. 

 

1. Introduction 

Nano carriers have been explored for delivery of therapeutics for over 35 years. Several products 

have been approved worldwide since the introduction of the first liposomal system, Doxyl®. Nano 

carriers have been applied to (1) delivery of drugs and other bioactives, (2) in vitro diagnostics to 

enhance biomarker sensitivity, (3) functionalization of biomaterial surfaces to enhance the 

performance of implants and (4) in vivo imaging.[1] Various advanced nanostructures have been 
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developed for this purpose including micelles, liposomes, polymeric nanoparticles and lipid 

nanoparticles.   

Solid lipid nanoparticles (SLNs) have been extensively investigated since their inception in the 

1990s.[2, 3] SLNs are made from emulsions at high temperature that crystallize predominantly into 

SLNs upon cooling. The encapsulation of drugs within the solid lipidic matrix serves two important 

functions: (1) to protect the drugs from chemical degradation; and (2) to modulate the drug release 

profile. Suspensions of SLNs have many of the desirable features of other nanostructures 

(biocompatibility, increased drug payload, controlled release, physical stability) but with reduced 

negative effects associated with those nanostructures (drug leakage, polymer and solvent toxicity).[4] 

Cell culture studies have shown that the SLNs are non-toxic and easily taken up by human epithelial 

cells.[5] 

Our group has recently reported a novel microwave-assisted technique for producing SLNs yielding 

colloidal particles from a microemulsion template.[6] Our previous experiments indicate the 

suitability of these SLNs as potential drug carriers. A variety of characterization experiments (particle 

size analysis, zeta potential measurements, drug loading and encapsulation efficiency studies, 

thermal analysis, X-ray diffraction studies) definitively showed that the microwave-based procedure 

produces SLNs with small size, moderate zeta potential, high encapsulation efficiency and reduced 

crystallinity. A wide range of drugs with different physicochemical properties has been successfully 

encapsulated into these carrier systems.[6-9] 

SLNs loaded with drugs from different categories show diverse drug release patterns.[10] This may be 

due to the different classes of drug collecting in different locations on, or within, the SLNs. Despite 
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these differences, drug release studies generally suggest core-shell structures for SLNs with drug-

enriched cores or drug-enriched shell structures resulting in different sizes and shapes.[10-12] So far, 

very little has been reported about the physical characteristics of SLNs, such as nano- and micro-

structure, that influence the release behaviour of encapsulated drugs and their subsequent stability. 

For a better understanding of SLNs and their development as drug vehicles, it is necessary to study 

the ultrastructure of this lipid matrix. Ultrastructure generally relates to interior of the particle and 

can relate to internal partitioning through, for example, a core-shell structure. It can also relate to 

the formulation itself, including the particle itself, but can also include structures such as micelles, 

which may be simultaneously present.[13] 

                                                                                              

                                                                                      -             

demonstrated the use of small angle scattering techniques to determine the thickness of surfactant 

layers on gold nanorods.[14] Filippov et al. performed time-dependent small angle scattering 

measurements at several pH conditions to characterize the drug release and changes in size and 

shape of polymer micelles.[15] Balgavý et al. investigated the bilayer thickness and lipid interface area 

in unilamellar extruded 1,2-diacylphosphatidylcholine liposomes using SANS.[16] Although several 

reports have been published on the use of SANS in nanoparticle research, the literature on structure 

analysis of SLNs using neutron scattering is very limited and this area of research remains largely 

unexplored.  

In the current work, detailed studies were undertaken to characterize the SLN structure using a 

combination of ultra-small angle neutron (USANS) and small angle neutron scattering (SANS) 

                       f                   Q  T                    Q       ≥ 1 × 10-2 Å-1 provides 
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information on the ultrastructure of SLNs at nanoscale, while combined SANS and USANS data in the 

Q       ≤ 1 × 10-2 Å-1 provide information about the particle size, shape/structure and interparticle 

interaction at microscale.[17] The extended Q range used in this study allowed us to undertake an 

extensive study of the hierarchical structure of SLNs. To the best of our knowledge, this is the first 

detailed study of SLN structure using neutron scattering techniques. 

 

2. Results and Discussion 

To ensure a good fit of the data when combined, a sufficient overlap of the USANS and SANS data is 

required, allowing a combined plot of absolute intensity (cm-1) vs. Q (Å-1). The combined data from 

USANS and the three SANS configurations, demonstrating the consistency of the techniques are 

shown in Figure S1 (see Supplementary Information). This broad Q range provides information on 

the structure of SLNs on multiple length scales. The merged data shows two shoulders, and for 

easier interpretation, are split into two regimes of different Q ranges. Roughly, the low-Q to mid-Q 

region (i.e. first shoulder region in Figure S1       Q ≤ 1 × 10-2 Å) gives information on the micron 

scale. This covers the particle size of the SLNs. The mid-Q to high-Q region (i.e. second shoulder 

region in Figure S1       Q ≥ 1 × 10-2 Å) gives information on the nanoscale. This covers the 

ultrastructure in the SLN particles.  

SAS data are commonly analyzed using standard linear plots such as Guinier or Porod plots. The 

Guinier approximation [26]              f                             f ‘             ’              f 

gyration at macroscale (denoted by Rg, see Equation (1)). 
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 (Q)       (
 Q   
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          … Equation (1) 

where G is the scale factor. 

The Porod model gives an approximate physical form i.e. internal structure of the scattering entity 

from the Porod exponent at the nanoscale. Equation (2) represents the relationship that defines this 

model. 

 (Q)   
 

Q 
                         

          … Equation (2) 

where C is the scale factor and d is the Porod exponent.  

Table 1 summarizes the various Porod exponents and the corresponding physical forms of the 

scattering entity.  

 

A possible mass fractal interpretation (such as branched systems or networks) is indicated by d < 3 

    f      f    f           ≤   ≤ 4 [27] 

The Guinier and the Porod models are typically applied across a limited scattering vector range. 

Hammouda combined these two models and introduced a generalized Guinier-Porod empirical 

model.[27] This model has applicability over a wide range of scattering vectors and can be used to 

         f                                        f                          H       ’              
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Guinier-Porod empirical model has found to be applicable by many researchers.[28-31] The scattering 

            Q  f   H       ’                     -Porod empirical model is given by Equation (3). 

The Guinier form (see Equation (1)          f   Q ≤ Q1 and the Porod form (see Equation (2)) is used 

f   Q ≥ Q1. This function includes the crossover from Guinier to Porod fitting at the scattering 

variable Q1. 

 (Q)   

{
 
 

 
  
 

Q    (
 Q   

 

   
)  … f   Q ≤ Q1

 

Q 
 … f   Q ≥ Q1

 

          … Equation (3)  

These equations are useful to estimate Rg. In this equation, s is the dimensional variable and helps 

model both spherical and non-spherical objects. For scattering due to 3-D globular objects such as 

spheres, s = 0. For structures such as rods, s = 1 and for 1-dimensional objects such as lamellae or 

platelets or discs, s = 2. The dimensionality parameter Dp is defined as Dp = 3 – s. The denominator (3 

– s) in Equation (3), therefore, becomes 3 for spherical objects, 2 for rods and 1 for plates. Assuming 

there is continuity at the crossover Q1, the following relationships are obtained (see Equation (4) 

and (5)), 

Q1   
1

  
(
          

 
)
1  

 

          … Equation (4) 
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          … Equation (5) 

The slope at low Q provides information on particle conformation; plateaus indicating spherical 

particles with an increasing slope indicating an elongated shape.[30] The slope in the low-Q region of 

the scattering intensity indicates qualitatively that they are elongated in solution. Non-linear least 

squares fits to the generalized Guinier-Porod model were performed in the two different Q ranges (i) 

4.7 × 10-5 – 1.1 × 10-2 Å-1    f              f           ‘f            -P           ’  and (ii) 1 × 10-2 – 6 

× 10-1 Å-1    f              f           ‘              -P           ’                               

Guinier-Porod model applied here is an empirical model applicable to objects of arbitrary shape and 

provides an estimate of the radius of gyration, Rg and the dimensional variable, s. The merged data 

and the generalized Guinier-Porod model fits are shown in Figure 1(a). The parameters for the 

generalized Guinier-Porod fits are summarized in Table 2. 

The first Guinier-Porod region gives an excellent fit and provides information about the SLN sample 

at the microscale level (particle size characteristics). Over the reduced region 6 × 10-4 Å-1 < Q < 1 × 10-

2 Å-1, the behaviour is a power law with slope of 2.5. This value was fixed for the Guinier-Porod fits 

over the larger Q range, to reduce the number of fit parameters. Similarly, d was fixed at 4.0 for the 

second Guinier-Porod region. A Porod exponent d < 3 indicates a possible mass fractal scattering 

from a scattering entity with a very rough surface.[27] The dimensionality parameter Dp = 1.67, 

indicates a possible oblate structure intermediate between rods and lamellae or a sphere with high 

polydispersity. In one of the previous study, particles were characterised using multi-angle SLS/DLS 

and the results indicated particles with high polydispersity of 60%.[10] Using the values from Table 2 

and Equation (4), the value of Q1 becomes 9.871 × 10-4 Å-1 (marked as QG-P1) in Figure 1(a). 
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We know from previous studies that scattering in the USANS region comes from the SLN 

suspension.[10] The hydrodynamic radius of the SLNs, measured by dynamic light scattering (DLS), 

was approximately 1360 Å.[10] In this study, the radius of gyration Rg was found to be ~1001.3 Å (see 

Table 2). If the particles are spherical, this corresponds to a radius of ~1293 Å. The s value of 1.33 

suggests an oblate structure or sphere with high polydispersity. As such structures have two length 

parameters, there is no easy way to relate the Rg to a physical dimension without further 

information. This is also true of the hydrodynamic radius, which has contributions from both length 

and radius. So further analysis is not possible, however we can comment on the fact that the 

hydrodynamic radius (1360 Å) is slightly larger than the radius assuming a sphere. This is due to the 

following reasons that are well known within scattering community:  

 the SLNs are stabilized with a layer of solvated Tween® 20 micelles, which has a hydrodynamic 

radius of 27 Å.[32] As the layer is solvated it will not contribute to the SANS scattering, but it will 

contribute to the hydrodynamic radius, making it larger by ~30 Å;  

 particles moving under Brownian motion may carry a layer of solvent with them, further 

increasing the hydrodynamic radius; and  

 if the particles are rough, the SANS radius represents the radius where there is a significant 

change in scattering length density (SLD), which will be closer to the inner radius of the 

“         ”   L                                                                        

                                 f     “         ”                            

Thus, DLS will always give a slightly larger radius than techniques that rely on Q-dependent 

scattering (e.g. SANS or Static Light Scattering).[33, 34]  
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The second Guinier-Porod region provides information about the smaller scale structure of the 

sample, including the internal structure of the SLN particles, as well as the structure of possibly co-

existing Tween 20 micelles. The radius of gyration Rg of the scattering entity was found to be 20.3 Å. 

The value of Q2 was determined to be 9.02 × 10-2 Å-1 using the fitting parameter values from Table 2 

in Equation (4). This value is marked as QG-P2 in Figure 1(a). 

To confirm the approach used in fitting the generalized model, the experimental data over the entire 

Q range were fitted using a custom plugin model created in SasView. Figure 1(b) illustrates the 

customized model fir to the merged data. The plugin model function, which comprises of the sum of 

two Guinier-Porod functions, is shown in Equation (6). 

 (Q)     Q1      Q   

          … Equation (6) 

where I(Q1) and I(Q2) are the intensity scattering functions from first and second Guinier-Porod 

regions respectively. 

The influence of both Guinier-Porod regions was studied using the sum function. The major 

correlation occurs between the d value of the first Guinier-Porod region and the s value and Rg of the 

second Guinier-Porod region. The fitting was, thus, performed keeping all parameters fixed at the 

values determined earlier (see Table 2) while allowing d value of the first Guinier-Porod region and s 

value and Rg of the second Guinier-Porod region to vary. It was found that Rg decreased slightly from 

20.2 (± 0.1) Å to 19.6 (± 0.1) Å and s value decreased slightly from 0.84 to 0.82, though the fit in the 

                             f                                      χ2 = 14.06). 
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The dimensionality parameter Dp of the scattering particles was found to be 2.16, which implies that 

the scattering particle has an intermediate ellipsoidal structure between spheres and rods,[27] which 

is consistent with surfactant micelles.[35]  This was further supported by fitting the data in mid-Q to 

high-Q region (5.6 × 10-3 Å ≤ Q ≤ 7   × 10-1 Å) to an ellipsoidal model.[36] Equation 7 gives the 

scattering intensity function for randomly oriented ellipsoids, 

  Q    ∫    [Q   (1     
  (     1))

1
 ]  

1

0

 

          … Equation 7 

where  

    
  
  

 

          … Equation 8 

  Q            
    Q     Q      (Q   

 Q   
 

          … Equation 9 

For 

       
           

       
1  

 

… Equation 10 
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where                                  f                   
Q
→  and V is the volume of the ellipsoid 

given by, 

   
4

 
     

  

… Equation 11 

where Rp is polar radius along the rotational axis of the ellipsoid, Re is the equatorial radius 

                                      f                               ff                                

densities of the scatterer and the solvent. 

Tween 20 is a low molecular weight non-ionic surfactant with a very low critical micelle 

concentration (CMC) of 0.06 mM. The concentration of Tween 20 used in the formulation of SLNs is 

approximately 0.003 M, which is 50 times that of its CMC. Figure 2 shows the scattering intensity 

from stearic acid and Tween 20 at volume fractions equivalent to that used in the SLN preparation. 

The SANS data for a 0.003 M Tween 20 solution in D2O f            χ
2 = 1.46) to the ellipsoidal shape 

of Tween 20 micelles is shown in Figure 2.  

The scattering length densities of the sample and the solvent were fixed at 5.94 × 10-5 Å-2 and 6.39 × 

10-6 Å-2 respectively. The value of the semi-minor axis and semi-major axes were 19.2 ± 0.1 Å and 

38.4 ± 0.1 Å respectively and the scale factor was estimated to be 0.002. Mahajan et al. [35] suggested 

similar values for Tween 20 micelles in their study. The radius of gyration Rg of tween 20 micelles 

was calculated the using Equation 12,  

     √
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          … Equation 12 

The Rg of Tween 20 micelles was found to 21.1 Å. This value aligns well with the Rg = 20.4 Å obtained 

from the Guinier-Porod model fitting (see Table 2). 

In our previous study, the SAXS investigation of stearic acid-based SLNs showed a sharp peak at Q = 

0.153 Å-1.[10] Similar results were obtained by de Souza et al. [37] and Maruyama et al. [38], who 

demonstrated by SAXS that stearic acid is arranged in a lamellar lattice structure. Stearic acid crystals 

suspended in D2O also showed similar results by SANS (Figure 2). We see no evidence of such a 

structure in the SANS data for SLNs. A likely explanation for this is that the internal structure of the 

particles consists of mostly lamellar crystalline sheets of stearic acid, with almost no D2O between 

the sheets, so there would be very low scattering contrast inside the particles, leading to no 

discernible peak.  

The Tween 20 molecules, on the other hand, would be mostly excluded from these lamellar 

structures: a small fraction would stabilize the surface of the lamellar particles, with the vast 

majority forming separate micelles, due to their inherent hydrophilicity. Thus, it is likely that most of 

the scattering in the high-Q region comes predominantly from the Tween micelles. Excess of Tween 

20 used in the formulation form separate micelles and most likely contribute to most of the 

scattering intensity in the high Q region. The volume fraction of Tween 20 in the SLNs is much higher 

than the volume fraction of stearic acid and this could explain the absence of a sharp peak 

corresponding to the lamellar structure of stearic acid in the SANS data for SLNs. 

These findings give an estimation of the hierarchical structure of the SLNs. At the microscale, the 

findings suggest that the SLNs are oblate ellipsoidal in shape. These findings are based on the 
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assumption that the particles are monodispersed ellipsoids or spheres with high polydispersity. Our 

earlier findings have also suggested spherical structures with high polydispersity of 60%.[10] At the 

nanoscale, stearic acid could be forming lamellar structures and surface-stabilized with Tween 20 

micelles. A customized model comprising of the Guinier-Porod and ellipsoidal models was used to fit 

           U           χ2 = 41.99) as shown in Figure 1(c). All parameters were fixed at values 

determined earlier while allowing Rg (for Guinier-Porod model at low Q) and scale factor (for 

ellipsoidal model at high Q) to vary. This custom model is shown in Equation 13, 

 (Q)     Q1      Q   

          … Equation 13 

where I(Q1) and I(Q2) are the intensity scattering functions from the Guinier-Porod and ellipsoidal 

models respectively. 

It was found that Rg (at low Q) increased marginally from 1001.3 (± 45.3) Å to 1046.6 (± 2.6) Å. The 

mid Q slope could have some of underlying lamellar structure. The effect of underlying lamellar 

structure can be studied using deuterated stearic acid and/or deuterated Tween 20 solution and will 

be the subject of future research. At high Q, the scale factor (representing the volume fraction of 

Tween 20 micelles in the solution) reduced from 0.002 to 0.0012 when the SLNs were prepared. This 

further supports our understanding of the behavior of Tween 20 micelles in the formulation that a 

small fraction stabilizes the surface of the particles and the remaining forms separate micelles. 

Further shape-dependent analysis will be useful to ascertain the structure of SLNs. The structure 

may well differ when a drug is encapsulated within and/or on the surface of SLNs. This will be the 

subject of future research. 
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3. Conclusion 

The results of this study provide important insights into the structure of SLNs, suggesting that the 

particles could have an intermediate oblate structure or spherical structure with high polydispersity 

and a rough surface at the microscale level. At the nanoscale level, the results suggest that particles 

are possibly made of intermediate ellipsoidal structures between spheres and rods of co-existing 

Tween 20 micelles and possibly lamellar stearic acid structures. The lamellar structure is being 

obscured by the scattering from excess Tween 20 micelles and therefore is not visible. A contrast 

variation SANS study using deuterated stearic acid and/or Tween 20 in the future will further our 

understanding of the structure of SLNs and aid in engineering of particles to impart controlled 

release properties to SLNs. 

 

4. Experimental Section 

Preparation of solid lipid nanoparticles (SLNs): The method of preparation of SLNs has been 

described previously.[10] Briefly, accurately weighed quantities of stearic acid (0.10 g, Sigma-Aldrich, 

Australia), Tween® 20 surfactant (0.15 mL, Merck, Germany) and D2O-water (1.35 mL, Sigma-Aldrich, 

Australia) were heated for 10 min at 80°C, with variable microwave power (not exceeding 18 W) and 

constant stirring, using a 2.45 GHz Discover LabMate microwave synthesizer (CEM Corp., USA). This 

constitutes a single-pot synthesis of an o/w microemulsion. The o/w microemulsion, while still hot, 

was dispersed in cold D2O (50 mL, ~ 6 - 8°C) under constant magnetic stirring for 30 min, resulting in 

precipitation of SLNs. 
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Small angle neutron scattering (SANS) measurements: The SANS measurements were performed on 

the 40 m QUOKKA instrument at the OPAL reactor.[18, 19] Three configurations were used to cover a Q 

range of 7 × 10-4 – 6 × 10-1 Å−1. Q is the magnitude of the scattering vector and is defined by Equation 

(14), 

Q   
4 

 
   

 

 
  

          … Equation (14) 

                           Å                                  

The configurations used were: 

(i) Source-to-sample distance (SSD) and sample-to-detector distance (SDD) = 20.0 m with 

f                              8 1 Å          10% ;  

(ii)               1  0               0 Å          10%      

(iii)       1  0             1                 0 Å          10%  

The source and sample aperture diameters were 50.0 mm and 10.0 mm, respectively, for all 

configurations except for configuration (i) where the source aperture diameter was 10.0 mm. The 

SLNs were measured in quartz Hellma cells. 

Ultra-small angle neutron scattering (USANS) measurements: The USANS measurements were 

performed using the KOOKABURRA instrument at the OPAL reactor.[20] The experiments were 

performed on samples identical to the ones used for SANS measurements. Using a neutron 
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wavelength of 4.74 Å and a Gd aperture with a diameter of 29 mm, a Q range of 4.7 × 10-5 – 7 × 10-3 

Å−1 was accessed. 

Data Reduction and Analysis: SANS data were reduced using NCNR SANS reduction macros in the 

Igor software package (version 6.3.7.2, Wavemetrics, Lake Oswego, OR) originally written by Kline [21] 

and modified to accept HDF5 data files from the QUOKKA instrument.[22] The data were corrected for 

empty cell scattering, transmission, and detector response, and transformed onto an absolute scale 

by the use of an attenuated direct beam transmission measurement.[21] The USANS data were 

reduced with an empty Kookaburra cell data as background using Python scripts running in Gumtree 

based on the standard procedure[23] and converted to an absolute scale. The reduced slit-smeared 

data were de-              L   ’                  q   [24] as implemented in the NIST data 

reduction macros[25] and subsequently merged with the SANS data. De-smearing the USANS data 

makes it easier to compare with the SANS data. Merged USANS/SANS data over the entire Q range 

were characterized using model-independent and model-dependent analysis using the SASView 

software package (version 4.1.2, http://www.sasview.org/). 
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(c) 

 

Figure 1. Model fits to the merged data from SLNs. (a) Generalized Guinier-Porod model fits. In the 

figure, ▬ indicates model within 4.7 × 10-5 Å-1 ≤ Q ≤ 1 1 × 10-2 Å-1 and ▬ indicates model fit within 1 × 

10-2 Å-1 ≤ Q ≤ 6 × 10-1 Å-1. QG-P1 = 9.871 × 10-4 Å-1 and QG-P2 = 9.021 × 10-2 Å-1. (b) Customized model 

(Guinier-Porod + Guinier-Porod) fit. In the figure, ▬ indicates model fit within entire Q range i.e. 4.71 

× 10-5 Å-1 ≤ Q ≤ 6 × 10-1 Å-1. (c) Customized model (Guinier-Porod + ellipsoidal) fit. In the figure, ▬ 

indicates model fit within entire Q range i.e. 4.71 × 10-5 Å-1 ≤ Q ≤ 6 × 10-1 Å-1. 

 



 

  

 

This article is protected by copyright. All rights reserved. 

26 

 

 

Figure 2. SANS data from stearic acid and Tween 20 at volume fractions equivalent to that used in 

SLN preparation. In the figure, Ο indicates SANS data from stearic acid crystals suspended in D2O, Ο 

indicates SANS data from Tween 20 in D2O and — indicates ellipsoidal model fit to the SANS data 

from Tween 20 in D2O. 

 

Table 1. Porod Exponents and the physical forms they represent.[27] 

Porod Exponent Physical form of the scattering entity 

4  Particles with smooth surfaces 

3  Particles with very rough surfaces 

 ‘Collapsed’ polymer chains (in a bad solvent) 

2  Two-dimensional structures such as lamellae or platelets 

 Gaussian polymer chains 

5/3  ‘Fully swollen’ polymer chains (in a good solvent) 

1  Thin cylinder or a rigid rod 
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Table 2. Generalized Guinier-Porod model fit parameters. 

Parameter First Guinier-Porod region Second Guinier-Porod Region 

Qmin (Å
-1
) 4.7 × 10

-5
 1 × 10

-2
 

Qmax (Å
-1
) 1.1 × 10

-2
  6 × 10

-1
 

Rg 1001.3 ± 43.6 Å  20.3 ± 0.1 Å 

S 1.33 ± 0.02 0.84 ± 0.01 

Dp 

d (fixed) 

1.67 ± 0.02 

2.5 

2.16 ± 0.01 

4.0 

Scale 0.1098 0.0349 

Background (fixed) 0 0.0024 

χ
2
 6.86 5.91 

   

 

 

The table of contents entry  

 

Neutron scattering techniques were successfully used to probe the hierarchical structure of Solid 

Lipid Nanoparticles (SLNs). The results indicated multi-length scale structure of SLNs having 

polydispersed large particles with roughened surfaces at the microscale level and at the nanoscale 

level, the SLNs solution have an ellipsoidal shape intermediate between spheres and rods, with a 

crossover from mass fractals to surface fractals.  
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