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DIMENSIONALITY OF CoFe2O4/LA/SDS-Na/H2O 
FERROFLUID SAMPLE WITH DIFFERENT DILLUTION 

FROM SANS - CURVES MODELLING 

Maria BĂLĂȘOIU1, Daniela BUZATU2, Olexander IVANKOV3, Alexandra-
Maria BĂLĂȘOIU–GĂINĂ4, Sergei LYSENKO5, Svetlana ASTAF’EVA6 and 

Cristina STAN7 

Small-angle neutron scattering (SANS) experimental curves for 
CoFe2O4/LA/SDS-Na/H2O ferrofluid sample with different dilution have been 
analyzed and modelled using SASView program. The radius of gyration, the mean 
particle dimension, and Porod exponent are computed for different values of particle 
volume concentration in the range 1-0.04% at two different temperatures. Dilution 
effects on the dimentionality of CoFe2O4/LA/SDS-Na/H2O ferrofluid ample are 
detected. 
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1. Introduction 

In the last few decades, ferrofluid nanoparticles attracted the interest of a 
large scientific community, due to their special properties based mainly on the low 
dimensionality and superparamagnetic properties that opens new possibilities for 
nanotechnology engineering, biosensing and nanomedicine, environmental 
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protection and not only [1, 2]. Among possible magnetic fluid nanocomposites, 
relatively easily to be synthesized, cobalt ferrite nanoparticles are extensively used 
for their controllable physical and chemical properties that can be tailored for 
biological and biomedical use [3, 4]. Studies on the stability of the properties of 
magnetic nanoparticles suspensions and also for of their toxicity and fate in the 
environment and are also reported [5-7].  

Small-angle neutron scattering (SANS) investigation is a powerful 
technique for obtaining valuable information related to the dimensionality and 
morphology of the colloidal particle samples and consequently on the modification 
of these properties at different volume concentration of nanoparticles and 
temperature variation [8, 9].  

  

1. Experimental data 

Using the small-angle neutron scattering (SANS) experimental study on 
different concentrations samples of CoFe2O4/LA/SDS-Na/H2O ferrofluid have 
been performed. The ferrofluid was prepared from CoFe2O4 nanoparticles obtained 
by coprecipitation of Fe(OH)3 and Co(OH)2 and stabilization by the adsorption of 
lauric acid (LA) on ferrite particles followed by peptisation of hydrophobic 
precipitate in aqueous solution with sodium n-dodecyl sulphate (SDS) at the 
Institute of Technical Chemistry, Perm [10, 11].  

SANS measurements were performed on the time-of-flight spectrometer 
with two detector modes [12, 13] in function at the IBR-2 high flux pulsed reactor 
(JINR Dubna). The SONIX+ software system accomplished the control of the 
spectrometer [15]. The experiments were carried out at a sample-to-detector 
distances of 4.5 m and 13 m, resulting in a scattering vector (Q) range of 0.006÷0.6 
Å-1. 

The scattering intensities (Fig.1) were recorded from ferrofluid samples 
with the following volume particle concentrations: 1%, 0.5%, 0.25%, 0.16%, 
0.07%, 0.04%, as function of the scattering wavevector, Q=4π sin2θ/λ, where 2θ is 
the scattering angle and λ is the neutron associated wavelength. 

For characterizing the sample structure, the most used approximations in 
small-angle scattering are:  

(a) the Guinier approximation for small values of scattering vector [15] 

   𝐼𝐼(𝑄𝑄) = 𝐴𝐴𝑒𝑒−
𝑄𝑄2𝑅𝑅𝑔𝑔2

3   for  𝑄𝑄𝑅𝑅𝑔𝑔 < 1.3   (1) 
where 𝑅𝑅𝑔𝑔is the radius of gyration and A is a calibration parameter. The radius of 
gyration is the second moment of the spatial distribution function of the particle 
around the center of its scattering. 

(b) the power-law approximation [16] 
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 𝐼𝐼(𝑄𝑄) = 𝐵𝐵
𝑄𝑄𝑚𝑚

            for           for 𝑄𝑄𝑄𝑄 ≫ 1     (2) 
where ξ is a length that characterizes the size of the structure producing the 
scattering and B is a scale constant. 

For the experimental data processing the SASView program was used. For 
the best fit in the Q region, 0.006 0.07Q≤ ≤ , the following functional form was 
chosen [17]: 

𝐼𝐼(𝑄𝑄) = �
𝐺𝐺
𝑄𝑄𝑠𝑠

exp �−𝑄𝑄
2𝑅𝑅𝑔𝑔2

3−𝑠𝑠
�

𝐷𝐷
𝑄𝑄𝑚𝑚

    (3) 

The first branch of I(Q) according to the above proposed relation (3) 
represents the generalized Guinier law, where s is a nondimensional parameter that 
characterizes the shape of the scattering objects ( 1s =  for rods, 2s = for plates), 
used as scale constant and:  

𝑄𝑄1 = 1
𝑅𝑅𝑔𝑔
�(𝑚𝑚− 𝑠𝑠)(3 − 𝑠𝑠)/2.      (4) 

The second branch describes a power law dependence characteristic to the 
self-affine structure in the form of mass fractals or of surface fractals. In the case of 
mass fractal, the fractal dimension varies between 2 and 3 and is equivalent to the 
Porod exponent. For the surface fractals the fractal dimension is higher than 3 [18, 
19]. 

In Figures 1(a), 2 and 3 the recorded SANS curves at 22 ºC, 43 ºC and back 
to 22 ºC temperatures are given. In Fig.1 (b) the resulted SANS model curves for 
different particle concentration for each of the corresponding experimental data set 
for the temperature 220 C are depicted.  

The radius of gyration for a spherical particle is  𝑅𝑅𝑔𝑔2 = 3
5
𝑅𝑅2 [20] and 

respectively the radius of the particle in the real space is obtained as: 𝑅𝑅𝑝𝑝 = 𝑅𝑅𝑔𝑔�
5
3
. 

For processing the SANS data, we choose the cases s=0 for spherical 
objects. 

From the SANS model curves we have extracted the following parameters: 
radius of gyration ( gR ) and Porod exponent ( m ) for different values of volume 
particles concentration.    

1Q Q≤

1Q Q≥
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Fig.1. SANS experimental curves for 1%, 0.5%, 0.25%, 0.16%, 0.07% and 0.04% particle vol. 

concentration of CoFe2O4/LA/SDS-Na/H2O ferrofluid sample SANS for t=22oC (a); experimental 
data and model curves (b). 

The computed values of the parameters of interest extracted from the simulated 
curves for each temperature are given in Tables 1, 2, and 3, respectively. 
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Table 1 
Values for radius of gyration (Rg), radius of particle (Rp), Porodexponent ( m ) 

for all the sample concentrations in the case 𝐬𝐬 = 𝟎𝟎 and t=22oC. 
Concentration 

[vol.%] 
Radius of gyration 

gR [Å] 

Radius of particle 

pR  [Å] 

Porod 
exponent 

m  
1 69.3±0.2 89.4±0.25 3.4 

0.5 74.2±0.6 95.7±0.77 3.00 
0.25 77.1±0.3 99.5±0.38 2.8 
0.16 78.5±0.7 101.3±0.9 2.68 
0.07 79.9±1.0 103.1±1.29 2.56 
0.04 84.2±2.0 108.6±2.58 2.4 
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Fig.2 SANS experimental curves for 1%, 0.5%, 0.25%, 0.16%, 0.07% and 0.04% particle vol. 

concentration of CoFe2O4/LA/SDS-Na/H2O ferrofluid sample at t=43oC. 
 

Table 2 
Values for radius of gyration (Rg), radius of particle (Rp), Porodexponent ( m ) 

for all the sample concentrations in the case 𝐬𝐬 = 𝟎𝟎 and t=43oC. 
Concentration 

[vol.%] 
Radius of gyration 

gR [Å] 
Radius of particle 

pR  [Å] 

Porod 
exponent 

 
1 69.0±0.2 89.0 ±0.25 3.43 

0.5 73.9±0.4 95.4±0.51 3.10 
0.25 77.7±0.5 100.3±0.64 2.89 
0.16 79.6±0.7 102,7±0.91 2.71 
0.07 83.6±1.3 107.9±1.76 2.47 
0.04 81.6±1.8 105.3±2.32 2.37 

m
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Fig.3 SANS experimental curves for 1%, 0.5%, 0.25%, 0.16%, 0.07% and 0.04% particle vol. 

concentration of CoFe2O4/LA/SDS/H2O ferrofluid sample at returning to 22oC.  
Table 3 

Values for radius of gyration (Rg), radius of particle (Rp), Porod exponent ( ) for all the 
sample concentrationsreturning to 22oC temperature. 

Concentration 
[vol.%] 

Radius of gyration 

gR [Å] 

Radius of particle 

pR  [Å] 

Porod 
exponent 

m  
1 69.7±0.2 89.9±0.25 3.4 

0.5 74.7±0.4 96.4±0.51 3.07 
0.25 77.7±0.5 100.3±0.64 2.84 
0.16 78.5±0.7 101.3±0.9 2.75 
0.07 78.8±0.4 101.7±0.51 2.47 
0.04 82.1±1.8 105.9±2.32 2.43 

The plot of the dependence of the gyration radius versus concentration for the 
analyzed SANS curves are shown in Fig. 4. 

m
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Fig4. Dependence of radii of gyration Rg versus the particle concentration for t=22oC, t=43oC and  

for returning temperature t=22oC. 
 

As clearly seen, in all the cases from Fig. 4, the graphical representations 
reveal the same typical nonlinear dependences of the gyration radius versus 
concentration. It abruptly decreases for high dilution and it is followed by an almost 
linear variation as the particle concentration increases. Consequently, the gyration 
radius can be considered as a good descriptor for differentiating the effect of the 
increasing concentration in each sample spatial arrangement.  

Plot of the Porod exponents versus particles concentration show an opposite 
dependence than the gyration radius. As can be observed from Fig. 5, there is a 
stronger increase for the samples with small dilution and then an almost linear 
dependence for higher concentration. At higher temperature (43oC) the values of 
Porod exponents are systematically larger than for 22oC and returns, excepting for 
the case of high dilution. As expected, the points corresponding to the return of 
22oC are placed in between the two cases. 
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Fig5. Dependence of the Porod exponent with the particle concentration for t=22oC, t=43oC and  
for returning temperature t=22oC. 
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An increasing in the Porod exponents also suggests the possibility of 
aggregation of particles in conglomerates, which are more probable to be generated 
in an environment with small dilution. 

6. Conclusions 

SANS curves analysis and modelling of the concentration effects on the 
CoFe2O4/LA/SDS-Na/H2O ferrofluid system have been performed. It is also 
analyzed the structural effect of temperature variation from t=22oC to t=43oC and 
return to 22oC. 

In the simulation of the experimental curves, a spherical particle 
approximation is considered. The radii of gyration have been determined in each 
situation. The values of the radius of gyration increases with decreasing the particle 
concentration, while the Porod exponents have an opposite variation. It increases 
as the particles concentration increases, in a specific nonlinear dependence.  

The increase in the Porod exponents following the increase of the particle 
concentration is noted for each temperature. Higher values for the high temperature 
can be explained as a consequence of the aggregation of some particles. In each 
case, the Porod coefficient gives a measure of the fractal properties characteristic 
for specific particle agglomeration behavior. 
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