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Synthesis and Characterization of Partially Metallic Chromium Hollow Nanospheres: 
A Step toward the Tuning of Magnetic Property
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Summary: At present hollow nanostructures have been intensive topics of research due to their 
superior properties over their solid nano counterparts. In this study uniform size chromium hollow 
nanospheres were synthesized by polyol method followed by simple corrosion etching using a 
proper solvent combination strategy. Fourier transform infrared (FTIR) and UV Visible spectroscopy 
have been applied to follow the conversion of precursor into metal particles and then hollow 
nanospheres respectively. Particle size and morphology have been characterized by particle size 
analyzer and Field Emission Scanning Electron microscopy (FE SEM). The crystal structures of 
chromium species such as CrO2 and Cr2O3 resulted from CrOOH have been determined by X-ray 
diffraction technique (XRD). X-ray photoelectron spectroscopy (XPS) has been applied to evaluate 
the surface binding energy of chromium ions. Self arranged hollow nanospheres have shown 
temperature-dependent magnetization. In this way magnetic property of solid chromium nanospheres 
has been tuned by converting them into hollow nanospheres.
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Introduction

Hollow spheres with diameters ranging from 
nano to micro-scale dimensions have recently 
attracted special attention due to their unique 
properties such as low density, high specific surface, 
and large surface area with unusual mechanical/ 
thermal stability. Such structures have wide range of 
applications in catalysis, sorption, chemical & 
biological separations, coatings, drug delivery, 
cosmetics, inks, dyes and bio-medical electronic 
devices [1–7]. Now they have been utilized in energy 
related systems such as dye-sensitized solar cell, fuel 
cell, Li-ion batteries, super capacitors, etc [8, 9]. 
When used as fillers in preparing conductive 
composites, the hollow nanostructures also offer 
some advantages over their solid counterparts in 
terms of lighter weight, saving of material and 
reduction of cost. Moreover, Oldenburg et al. have 
reported the expanded spectral range of surface 
plasma resonance (SPR) of gold nanoshells from 600 
nm to 1200 nm by varying their diameter and shell 
thickness [10, 11]. Methods to synthesize hollow 
materials include either template free or the use of 
various template precursors as reported elsewhere 
[6]. The later preparation often requires the removal 
of the template after synthesis utilizing separation 
techniques such as acid or base etching and 
calcinations [9, 12-16]. The development of simple, 
mild, and effective methods for creating hollow 
nanospheres is of importance to nanotechnology and 
remains a key research challenge. 

As reported in literature, chromium metal 
and chromium oxide based compounds play an 
important role in the reduction of pollutants emitted 

from automobiles and serve as the primary catalysts 
for wide varieties of basic and industrial reactions 
such as polymerization (Philips catalysts), 
hydrogenation, dehydrogenation, oxidation, and 
isomerization reactions [17-25]. Chromium 
nanomaterials have improved the fluorescence of 
close proximity fluorophores up to eight times as 
reported recently [26]. Beside these, a great interest 
has been found in the ferro-magnetic chromium 
compounds, especially in half-metallic CrO2 at room 
temperature because of its fully spin-polarized band 
structure at the Fermi level [27-29]. This makes CrO2

a good candidate to be used as magnetic components 
in magneto electronic devices that require a large 
spin polarization such as magnetic tunnel junctions 
and spin valves [30-33]. Magnetic tapes prepared 
from CrO2 are used for magnetic recording 
applications [34]. Now chromium oxide porous nano 
tubes have been applied as an ethanol sensor [35].

The performance of chromium based 
nanomaterials can be further tuned or improved for 
most of these applications through their 
nanostructures into hollow ones. Herein we report for 
the first time the synthesis of half metallic hollow 
chromium nanospheres and their characterization 
through sophisticated techniques.

Experimental

Materials

A.C.S. grade Tri-ethylene glycol, methanol, 
chloroform, polyvinylpyrrolidone (PVP) and 
Chromium acetate were purchased from Beijing 
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Chemical Reagent, Co. Ltd, China and used without 
further purification. The conversion of chromium 
acetate into chromium metal nanostructures was 
confirmed by Fourier-transform infrared (FTIR) 
spectroscopy. The spectra were obtained on Perkin 
Elmer Infrared Spectrometer using KBr disc in the 
range of 400–6000 cm-1. UV/ Visible spectra of the 
solutions at different stages of the reaction were 
recorded by Jenway 6405 spectrophotometer. Particle 
size was measured by Particle Analyzer (Brookhaven 
Instrument Corp.) using 90 Plus Particle Sizing 
Software Ver.3.48. SEM images of hollow spheres 
were obtained by Field Emission Scanning Electron 
Microscope (JSM-6700F, JEOL, JAPAN). After 
precipitation, nanospheres were re-dispersed in equal 
volumes of methanol and chloroform. Then 5µl of 
this solution was drop cast on the surface of 
aluminum foil and allowed to dry in open 
atmosphere. 

The crystalline structure of the samples was 
characterized by XRD on a D/MAX-RC 
diffractometer operated at 30 kV and 100 mA with 
Cu Kα radiation (λ = 1.5406 A°). The XPS 
measurement of the hollow nanospheres surface was 
performed on an ESCALab220i-XL spectrometer 
operated at 15 kV and 20 mA at a pressure of about
3×10−9 mbar using Al Kα as the exciting source (hν 
= 1486.6 eV). The binding energies were calibrated 
with respect to the signal for adventitious carbon 
(284.8 eV). The magnetic measurements were carried 
out in a SQUID magnetometer (MPMS) of Quantum 
Design. The zero-field cooled (ZFC) and field-cooled 
(FC) magnetization vs. temperature patterns was 
studied across a temperature range 2-390 K at the 
field 100 Oe.

Methods

Synthesis of chromium metal nanospheres

Chromium nanospheres were prepared by a 
modified polyols process as demonstrated in our 
previous work [36]. In experiment 1; a desired 
amount of PVP (5.00 M) was dissolved in reaction 
flask containing 60 ml of tri-ethylene glycol with 
constant stirring at 60 oC. Chromium acetate powder 
(0.814 M) was added and stirred by magnetic stirrer 
at 120 oC for 20 min to dissolve the solid chromium 
precursor as well as to remove any traces of water. 
The resulted mixture was refluxed under vigorous 
stirring at 285 oC. After 14 hrs a transparent dark 
brown homogeneous colloidal solution of Cr0

nanoparticles was obtained without any precipitate. 
In experiment 2; other size nanostructures were 
obtained by the variation of molar ratio of PVP (4.0 
M) to the same amount of chromium precursor and 
increasing the reflux time up to 20 hrs. Generally, as 

prepared polyol dispersion of Cr0 structures was 
precipitated using anhydrous acetone. The 
precipitates were centrifuged, washed with acetone 
and re-dispersed in ethanol.

Conversion into partially metallic hollow 
nanospheres

Similarly two different size half metallic 
hollow spheres were prepared by the corrosion of 
above particles refluxing in a proper combination of 
ethanol, water, and chloroform .For example 
48.3±1nm size chromium hollow nanospheres (Fig. 
3) were obtained from first batch (named as Exp-1) 
after refluxing in ethanol, water and chloroform 
(4:3:3) for 20 hrs at 60 oC. Whereas second batch 
(named as Exp-2) chromium particles refluxed in 
same combination of solvents and reaction 
conditions, resulted 314.56±0.86 nm size hollow 
spheres (Fig. 4).

Results and Discussion

In this paper a very simple approach for the 
synthesis of half metallic chromium hollow 
nanospheres is being reported through etching 
process. First size controlled chromium metal 
nanoparticles was synthesized using modified polyol 
method [36], and then converted into very similar 
size and well-arranged hollow nanospheres. This 
conversion of chromium acetate into chromium metal 
nanostructures was confirmed by IR spectroscopy. In 
the spectrum of chromium metal nanostructures, the 
IR vibrational band due to Cr-O bond stretching of 
chromium acetate that appeared in the low zone at 661 cm-1

was completely disappeared [36-37] (Fig. 1). 

Fig. 1: FTIR spectra of Chromium Acetate (A) and 
Chromium Metal Nanomaterials (B).

To analyze the corrosive etching process 
that transformed Cr particles into hollow spheres, 
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UV/ Visible spectra of the solution were recorded at 
different stages of the reaction (Fig. 2). Change in the 
UV spectra within few hours indicated that the 
oxidative etching of the Cr clusters by air started at 
the early stages. The mixture of solvents such as 
water, ethanol, and chloroform dissolves the PVP 
from the surface of chromium particles. Chloride ions 
are generated by chemical activation of chloroform 
by electron transfer from nanoparticles to solvents 
and adsorbed on the nanoparticles surface [38, 39]. 
The peaks at 248 correspond to the complex 
formation of Cr to the ions of the chloroform within 5 
hrs. While after 15 hrs the peaks at 298, 416 and 510-
775 can be attributed to the water substituted 
chromium complexes. The concentration of water 
substituted chromium complexes increased with the 
passage of time as the particles were etched by 
corrosive pitting. Similarly for the corrosion of the 
bulk metal, O2, Cl- ions, and water all are the basic 
reasons for the initiation of the pitting at the surface 
of the chromium nanoparticles [16]. As reported in 
literature, corrosion commonly starts when the O2 in 
air is dissolved in water on the surface of metal, 
picking up electron from the cathode to form 
hydroxide ions and then migrating towards the anode 
[38-40]. In this way the presence of chloroform and 
water plays a very important role in starting the 
corrosive etching by providing appropriate 
environment [38-40]. Therefore in the absence of 
either water or chloroform no hollow spheres were 
found.

Fig. 2: UV Visible spectra showing different stages 
of oxidative etching during the conversion 
of chromium metal nanoparticles into
hollow nanospheres

Fig. 3: Hollow nanospheres prepared at concentration of 
PVP(5.0M) & refluxing time 14 hrs. Brookhaven 
graph showing particle size 48.3±1nm.

Fig. 4: Hollow nanospheres prepared at concentration of PVP(4.0M) & refluxing time 20 hrs. Brookhaven 
graph showing particle size 314.56±0.86nm and inset are enlarged hollow nanospheres.
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The graph of particle size analyzer showed 
that the particles were well uniform in size and not 
agglomerated in clusters. It was observed that the 
concentration of PVP and the reaction time during 
the formation of metal particles play an important 
role in controlling the size of final nanospheres. For 
example in first experiment the concentration of PVP 
(5.0 M) and refluxing time 14 hrs generated 
48.3±1nm chromium hollow spheres.

While in second experiment the decrease of 
concentration of PVP (4.0 M) and the enhanced 
reaction time up to 20 hrs resulted in 314.56±0.86nm 
size hollow spheres. The increase in diameter at low 
concentration of surfactant and the extended heating 
time is due to the intra or inter particle repining 
process as we have described earlier [36]. It was also 
noted that the hollow spheres were well arranged in 
chain forms perhaps due to their ferromagnetic 
property as reported in literature [41].

Fig. 5: XRD spectra of hollow nanospheres from 
Exp 1&2 calcined for 4hrs at 300 oC (A), 
calcined for 6 hrs at 450 oC, Exp-1 (B) and 
Exp -2 (C).

To evaluate the crystal structure of hollow 
nanospheres, both the materials were calcined at 300 
oC for 4 hrs and subjected to powder XRD, which 
showed same pattern with no significant X-ray 
diffraction peaks indicating the materials are 
amorphous powder or poorly crystalline (Fig.-5A). 
Then materials were heated at 450 oC for 6 hrs and 
again XRD was carried out, but no typical peaks 
were observed for Exp-1 (Fig. 5B) which indicated 
that the material at this temperature is also in mixed 
phase of CrO2 and CrOOH thermal transition species 
and the crystalline Cr2O3 is still at early stage. These 

transition species were either amorphous or in low 
concentration and could not be detected. While the 
X-ray diffraction pattern of nanomaterials from Exp-
2 (Fig.-5C) showed a mixture of peaks for Cr2O3

resulted from CrOOH and CrO2. After careful 
evaluation it was found that the diffraction pattern 
indexed to the rhombohedral structure as per 
literature JCPDS card Nos. 01-084-314 for Cr2O3

with poor peaks of CrO2. It is important to note that 
the rhombohedral Cr2O3 has the corundum type 
structure of space group R-3c with hexagonal close 
packed layers of oxygen atoms and two third of the 
octahedral holes in between filled by chromium 
atoms[42].

To further investigate the chemical 
composition of the hollow nanosphere surfaces, X-
ray photoelectron spectroscopy (XPS) was 
performed, because spectral results from the 
interaction with chromium metal valence electrons 
can provide significant information about the metal 
ion. Chromium metal high resolution (Cr 2p) 
spectrum shows spin orbit splitting into Cr 2 p1/2 and 
Cr 2p3/2 components and both contains similar 
qualitative information. Therefore here we are 
discussing only Cr 2p3/2 bands. The high resolution 
spectra of Cr 2p3/2 and O1s of the chromium hollow 
spheres are shown in Fig. 6A and 6B. The 
components of Cr 2p3/2 spread over 574- 578.7 eV 
and can be assigned to Cr0 (574 eV), CrO2 (576.3 
eV), and Cr2O3 (576.8 eV) which are agreed in the 
literature values [31, 43, 44]; whereas higher side 
band up to 578.7 eV is attributed to CrOOH and H2O 
species. Since the peak positions of above species are 
much closer so they are not separating to each other. 
All the components of O1s are in consistence with 
the values assigned to Cr 2p band. Here it is notable 
that Cr 2p3/2 band of Exp-1 is at higher energy side 
than that of Exp-2 indicating the presence of CrOOH 
in excess. While in Exp-2 oxides are dominated over 
CrOOH, which are completely in agreement with the 
results of XRD. The higher peak intensity for Cr2O3

than CrO2 in Exp-2 is due to less stability of later 
species and readily conversion to chromium oxide at 
high temperature. Therefore the surface is almost 
covered by Cr2O3. As shown in the Fig. 6C, the peaks 
for N 1s in Exp- 2 band can be observed at 399.6 eV, 
which corresponds to the free nitrogen in five 
member ring of PVP, whereas the peak observed at 
400.5 eV in the spectrum of Exp-1 can be attributed 
to the ionic nitrogen (-N+-) species. This suggests that 
the chromium cations in Exp-1 still have interaction 
with the nitrogen of PVP. Due to the attraction of 
metal cation electrons move toward the metal causing 
the increase in binding energy of nitrogen to higher 
side as described elsewhere [45]. 
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Fig. 6: XPS Spectra of hollow nanospheres for Cr 2p (A) ,O 1s (B) N 1s(C) and C 1s(D).

The self-alignment of hollow nanospheres 
was the indication of their magnetic property [41]. 
Therefore they were subjected to determine the 
temperature dependent-magnetization at 100 Oe field 
to collect the data from 2K-390K as shown in Fig. 7. 
It was noted that hollow nanospheres showed phase 
transitions at different temperature and reached the 
limit of equipment. Different factors for phase 
transition, such as particle size, influence of magnetic 
field, uniform pressure, first order transition in super 
conductors etc have been reported in literature [46-
49]. But we believe that the phase transition here is 
due to the various thermal transition species of 
partially metallic hollow nanospheres, as discussed 
above in XRD and XPS results. Nanoporous 
materials composed of metal-assembled complexes 
may be expected to display some humidity response 
because materials in this category can show 
functionalities such as gas storage and molecular 
recognition [50-51]. However a detailed study in 
future will reveal the actual reason of such behavior 
of hollow nanospheres.

Fig. 7: The temperature-dependent magnetization 
curve of partially metallic chromium hollow 
nanospheres (48.3±1nm) at 100 Oe
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Conclusions

It is concluded that the successful 
preparation of chromium metal nanomaterials by 
polyols method and then their conversion into 
partially metallic hollow nanospheres using solvent 
combination is very simple and feasible approach. 
Chloroform and water are the essential parts to start 
the corrosion process on the surface of metal 
nanoparticles. The size of hollow nanospheres 
depends upon the size of metal nanoparticles that can 
be increased or decreased by changing the amount of 
PVP and reaction time. Hollow nanospheres are 
monodispersed but well aligned as shown in SEM 
images. Cr (0), CrO2, CrOOH, and Cr2O3 are the 
major components of hollow nanospheres as revealed 
by the XRD and XPS. At last, hollow nanospheres 
have tuned magnetic property of their solid 
counterparts. Therefore we hope that chromium 
hollow nanospheres may improve other properties 
such as catalytic activities. 
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