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SYNCHROTRON SAXS CHARACTERIZATION OF 
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Small angle X-ray scattering (SAXS) has been used to characterize 
nanoparticles, normally in forms of colloidal suspension. In this study, FePt3 
nanoparticles were self-assembled at the liquid-air interface, transferred to SiO-
coated copper grids and then measured by synchrotron SAXS. The scattering profile 
displays a single broad peak. The scattering vector at which this peak occurs (qpeak) 
varies with the concentration of FePt3 colloidal suspension used in the liquid-air 
interface assembly. When the concentration is increased from 0.2 to 0.4 mg/ml, the 
qpeak is decreased signifying the increase in particle spacing. The result is consistent 
with transmission electron microscope (TEM) images that the voids in self-assembly 
pattern are increasingly observed at higher concentrations used. 
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1. Introduction 

Properties of nanoparticles are primarily governed by their size and shape. 
For the application in forms of nanoparticle assembly, the variation in collective 
properties is not only due to the individual morphology but also their arrangement 
[1]. Several methods including Langmuir-Blodgett and liquid-air interface 
assembly have been used to regulate the nanoparticle assembly and resulting 
patterns are routinely inspected by transmission electron microscope (TEM). 
Other characterizations are also needed to complement TEM images of limited 
areas [2-7]. Like dynamic light scattering (DLS) [2-4], small angle X-ray 
scattering (SAXS) has normally been used with nanoparticles suspended in carrier 
liquids [5-7]. In addition to particle size distribution, SAXS is able to characterize 
the periodicity of nanostructure. So far, such works are mostly applied to 
macromolecules [8,9]. 
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When X-ray is scattered at nanoparticle assembly, the amplitude of 
interference intensity on each detection plane depends on the orientation and 
distance of the particle relative to each other. The particle arrangement gives rise 
to the characteristic 2D interference pattern, when measured in a circle around the 
primary beam. The scattering intensity is usually presented as a function of the 
scattering vector (q) which is a difference between scattered and incoming wave 
vector. The scattering angle (2θ) and X-ray wavelength (λ) are related to this q as; 

 
(1) 

 
When nanostructured assembly is highly ordered and periodic, the distance 
between aligned particles (d), also known as d-spacing, can be determined from 
the scattering vector at which the SAXS peak occurs (qpeak) [8]. 

peakq
d π2
=                                                     (2) 

In this study, SAXS profiles of dried nanoparticles on TEM grid substrates 
obtained by the direct dropping and the self-assembly at the liquid-air interface 
were compared. Superparamagnetic iron-platinum (FePt3) is selected for this 
characterization because its conversion to ferromagnets after heat treatment is 
primed for data and energy storage [10,11]. 

2. Materials and Methods 

FePt3 nanoparticles suspended in hexane were synthesized by using the 
procedure detailed in the published article [12]. Samples in two forms, i.e. drying 
droplet and monolayer self-assembled at the liquid-air interface, were 
characterized. The drying droplets were obtained by dropping FePt3 colloidal 
suspensions directly on carbon-coated copper grids. The precursors in the 
synthesis were also investigated by comparing Sample 1 (prepared by using 
Fe(acac)3) and Sample 2 (prepared by using Fe(hfac)3). For the self-assembly at 
the liquid–air interface, the method followed that proposed by Dong et al. [13]. 
FePt3 colloidal suspensions was dropped on the diethylene glycol (DEG) and then 
transferred to SiO-coated copper grids. The concentration of colloidal suspensions 
synthesized by using Fe(dbm)3 were diluted to three different concentrations, i.e. 
0.2, 0.3 and 0.4 mg/mL, respectively referred to as Samples A, B, and C. All 
samples were dried at room temperature before characterization. TEM images 
were obtained by using JEOL, JEM-2010 and FEI, Tecnai G2 20 with 200 kV 
accelerating voltage.  

In the SAXS experiment at BL1.3W of Synchrotron Light Research 
Institute (Public organization) Thailand [14], each sample was installed on an 
aluminum frame at 1475.8 mm away from a CCD detector (Mar SX165). The 

λ
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silver behenate powder was measured to align of the measured patterns and 
calibrate the sample-detector distance. The signal from empty frame and grid 
substrate were also collected as references. Each sample was exposed for 300 s, in 
which the maximum recorded intensity was close to saturate the detector. The 
scattering patterns were recorded and normalized with an integrated incident beam 
intensity measured by an ionization chamber. The sample transmissions were 
corrected using the measured beam intensity after the sample from a photodiode 
installed in front of the beam stop. The SAXS intensity plots against q were 
finally obtained after background subtraction and circular averaging. 

3. Results and Discussion  

 
 
 
 
 
 
 
 
 
 
 
  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. SAXS scattering profiles from drying droplets of Samples (a) 1 and (b) 2. Their TEM 
images are shown in the inset. 

(a) 

(b) 
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In Fig. 1, SAXS intensity profiles of drying droplets exhibit the decrease 
with the increase in q before reaching the saturation around 1.5 nm-1. With 
increasing q, the decrease in slopes particularly marked in Sample 2 is an opposite 
trend to that measured in forms of nanoparticles suspended in carrier liquids [7]. 
The difference between Samples 1 and 2 is atttributed to the different size and 
spatial distributions shown by TEM insets. Nanoparticles in Sample 1 have 
averagely smaller diameter and particle spacing. In both samples, particles do not 
spread into monolayers but agglomerate on some parts of TEM grids.  
Interestingly, the intensity is greatly varied when the measurement is repeated on 
two grids from the same sample. While some features are similar, the SAXS 
intensities are not comparable between grids 1 and 2 from Sample 1 in Figure 1(a)  
as well as between grids 3 and 4 from Sample 2 in Figure 1(b). This 
irreproducibility emphasizes the influence of particle arrangement on SAXS 
profiles since the patterns of drying droplets from the same sample of similar size 
distribution are highly diverse. 

SAXS profiles of monolayers assembled at DEG-air interface in Figure 2 
have contrast characteristics to those of drying droplets. Instead of the monotonic 
decrease in SAXS intensity, all samples from three different concentrations 
display single broad peaks locating around q = 1 nm-1. Whereas the SAXS 
intensities in the case of two grids from the same sample are not reproducible, the 
peak remains at the comparable position. Apparently, the peak position is solely 
dependent on the pattern of monolayer obtained from the varying concentrations 
of FePt3 colloidal suspension.  

SAXS profiles around qpeak are magnified for further analysis as 
exemplified in Figure 3. The qpeak is clearly shifted to a lower value when the 
concentration of FePt3 colloidal suspension is increased from 0.2 to 0.4 mg/mL. It 
follows that the d-spacing in Table 1, calculated from qpeak following Eq. (2), is 
increased with this concentration. The results indicate larger distances between 
two particles in the case of the higher concentrations. This finding agrees well 
with TEM images and the published articles [12] that the particle spacing is 
approximately 6 nm, slightly larger than particle diameter. Also, the voids are 
increasingly observed with increasing concentrations used in the liquid-air 
interface assembly. 
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Fig. 2. SAXS scattering profiles from nanoparticles assembled at the liquid-air interface using  
(a) 0.2 (b) 0.3 (c) 0.4 mg/mL. Their TEM images are shown in the inset 
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Fig. 3. Variation in position of SAXS peaks with the concentration of colloidal suspension in 
liquid-air interface assembly 

Table 1 
Variations of qpeak and average d-spacing with the concentration of FePt3 colloidal 

suspension in the liquid-air interface assembly. 
 

Sample Concentration (mg/mL) qpeak (nm-1) d (nm) 

A 0.2 1.08 5.78±0.03 1.09 

B 0.3 1.05 5.79±0.20 1.12 

C 0.4 0.98 6.26±0.13 1.03 
 

4. Conclusions 

This study demonstrates that synchrotron SAXS cannot only be used in 
morphological characterization but also the arrangement of FePt3 nanoparticle 
assembly. The liquid-air interface assembly enabled more control on nanoparticle 
arrangement. In contrast to drying droplets, the SAXS profiles exhibited the broad 
peak in the case of nanoparticles assembled at the DEG-air interface. The position 
of such peak was varied with the concentration of FePt3 colloidal suspension used 
in the liquid-air interface assembly. The particle spacing computed from the 
position of SAXS peak was in good agreement with TEM imaging. 
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