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We have successfully prepared mesoporous FeO(OH) nanorods by the solvothermal method using 2-

butanone and water mixture solvent for the first time, which are about 30 nm in diameter and 50 nm in 

length, and it can be converted to mesoporous Fe2O3 nanorods via calcination at 300℃. The as-

prepared samples were characterized using X-ray diffraction, scanning electron microscopy and 

transmission electron microscopy. The results showed that the product is mesoporous Fe2O3 and some 

of them are connected. Electrochemical tests demonstrated that the mesoporous Fe2O3 nanorods had an 

initial discharge capacity up to 1187 mA h g-1 and the discharge capacity of 570 mA h g-1 after 50 

cycles at 200 mA g-1. After 100 cycles, the discharge capacity is still maintain at 503 mA h g
-1

. 

 

 

Keywords: Solvothermal synthesis / Mesoporous Fe2O3  / Electrochemical properties 

 

 

 

1. INTRODUCTION 

Iron oxides are of great scientific and technological importance in fields of catalysts, pigments 

and gas sensors [1-3]. Among the iron oxides, α- Fe2O3, which is the most stable iron oxide with n-

type semiconducting properties under ambient conditions, is the most researched and most frequent 

polymorph in nature as the mineral hematite. Hematite has a rhombohedrally centered hexagonal 

structure of the corundum type with a close-packed oxygen lattice in which two-thirds of the 

octahedral sites are occupied by Fe
3+

 ions[4]. Recently, α- Fe2O3 has attracted an enormous amount of 

interest because of its low cost and nontoxicity as an anode material for lithiumion secondary 

batteries[5-7].  
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As we know, nanoscale materials often exhibit physical and chemical properties that differ 

greatly from their bulk counterparts. Various α- Fe2O3 with nanostructures have been prepared in 

recent years, such as nanoparticles[5], nanorods[8], nanotubes[9-10] and flower-like structures[11]. α-

Fe2O3 hollow spheres were synthesized by a facile quasiemulsion-templated method, which manifested 

greatly enhanced Li storage properties[12]. α-Fe2O3 nanowall arrays grown on Ni foam was 

advantageous in electron transport and electrolyte diffusion efficiency, which could accelerate the 

electrochemical reaction[13]. α-Fe2O3 dendrites with lengths of 1–4.5 μm along the trunk were 

synthesized by a low-temperature hydrothermal method and their electrochemical performance as 

anode material for lithium-ion batteries was also evaluated by charge–discharge measurement[14]. The 

Fe2O3-based thin film electrodes were prepared and exhibited special characteristics regarding the high 

value of conductivity compared with that of bulk samples[15]. Nanosized α-Fe2O3 powders with ca. 

50 nm were synthesized via gel polymer route and their capacity was 1300 mA h g-1 at after 200 

cycles (0.20 mA/cm2)[16]. In fact, the morphology and particle size of Fe2O3 powders had an 

important influence on the electrochemical performance[17-18]. Moreover, various Fe2O3 based 

materials have been synthesized, such as α-Fe2O3 submicro-flowers[19], porous Fe2O3 thin films[20], 

α-Fe2O3/C nanocomposite[21], Reduced graphene oxide/Fe2O3 composite[22], Fe2O3/graphene 

composite[23] and α-Fe2O3/MWCNTs[24], some of which exhibited excellent electrochemical 

properties. 

 

2. EXPERIMENTAL SECTION 

2.1 Materials  

Ferric nitrate (Fe(NO3)3·9H2O ≥ 99.0 %), and 2-butanone (C4H8O, MW = 72.11) were 

purchased from Shanghai Chemical Reagents Co., Ltd. and were used as-received without further 

purification. 

 

2.2 Synthesis. 

In a typical experimental synthesis, 0.1 g of Fe(NO3)3∙9H2O were dissolved in 3 mL of 

deionized H2O under stirring. Then, 37 mL of 2-butanone was added to the above solution. The 

mixture was stirred for about 10 minutes and then was sealed in a Teflon-lined stainless steel autoclave 

(50 mL capacity). The autoclave was maintained in an oven at 80 °C for 12 h. The raw products were 

washed with anhydrous ethanol for three times, and finally dried in a vacuum chamber at 60 °C for 6 h. 

The obtained precursor was FeOOH. Then it was annealed at 300 °C for 1 h in air atmosphere, the 

Fe2O3 products were obtained. 

 

2.3 Characterization. 

The products were characterized by powder X-ray diffraction (XRD) performed on a Philips 

X’Pert diffractmeter with Cu Kα radiation (λ = 1.54178 Ǻ). Scanning electron microscopy (SEM) 
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images were taken on a JEOL JSM-6700F scanning electron microscope. Transmission electron 

microscopy (TEM) images and high-resolution TEM (HRTEM) images were obtained on the JEOL-

2010 transmission electron microscope operating at 200 kV. The corresponding selected area electron 

diffraction (SAED) patterns HRTEM images were taken on a JEOL 2010 high-resolution TEM 

performing at 200 kV. The samples used for SEM, TEM and HRTEM characterization were dispersed 

in absolute ethanol and were slightly ultrasonicated before observation.  

 

2.4 Electrochemical measurements. 

The electrochemical performance was tested by using coin-type cells (CR2016) at room 

temperature. The working electrodes were made by mixing the products, acetylene black and 

polyvinylidene fluoride (PVDF) in N-methylpyrrolidone (NMP) at a weight ratio of 8:1:1. The 

resulting paste was uniformly coated onto a Cu foil and dried in the vacuum chamber at 100 °C for 10 

h, before being cut into disks with a diameter of 8 mm. The coin-type cells were assembled in an glove 

box under argon atmosphere with the prepared disks as working electrodes, lithium metal as the 

counter electrodes, microporous membrane (Celgard 2300) as separators and 1M LiPF6 mixed in a 

solution of ethylene carbonate (EC) and dimethyl carbonate (DMC) (1:1) in volume as electrolyte. The 

charge–discharge measurements were conducted on a Land CT 2001A automatic battery tester 

(Wuhan, China). 

 

 

 

3. RESULTS AND DISCUSSION 

 
 

   Figure 1. XRD pattern of the prepared FeOOH. 
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Figure 2. XRD pattern of the mesoporous Fe2O3. 

 

The phase purities of FeOOH and Fe2O3 were examined by X-ray diffraction. Fig 1 shows the 

XRD pattern of the typical FeOOH sample, in which all the peaks can be assigned to orthorhombic 

phase FeOOH (JCPDF Card No. 29-0713, Pbnm). All peaks of the XRD pattern shown in Fig 2 can be 

indexed to the standard rhombohedral hexagonal phase Fe2O3 (JCPDF Card No.86-0550 R c), and 

there are no additional peaks of impurities, indicating that it is pure Fe2O3. 

 

 
 

Figure 3. SEM and TEM images of mesoporous FeOOH: (a), (c) Low-magnification SEM and TEM, 

respectively; (b), (d) high-magnification SEM and TEM. 
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The morphology of the FeOOH sample has been studied by SEM and TEM. The SEM images 

are a little unclear because of its too small size, but obviously, the sample is composed of many small 

nanorods (Fig. 3a and b). From the TEM images (Fig. 3c and d), the FeOOH nanorods are uniformly 

dispersed. These FeOOH nanorods are about 30 nm in diameter and 50 nm in length, smaller than the 

reported results[25]. Usually, several nanorods bundle together due to the hydrophobic interaction. It is 

very surprising that these nanorods possess a uniformly narrow mesoporous structure with an average 

width of about 2～3 nm. 

 

 
 

Figure 4. SEM and TEM images of mesoporous Fe2O3: (a), (c) Low-magnification SEM and TEM, 

respectively; (b), (d) high-magnification SEM and TEM. 

 

 
 

Figure 5. (a-c) HRTEM images of mesoporous Fe2O3 nanorods. (d) The corresponding SAED image 

from the marked part in (a). 
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Because Fe2O3 sample was prepared by annealing the above-mentioned FeOOH, the 

morphology and microstructure of the Fe2O3 sample were researched by SEM and TEM as well, which 

are shown in Fig 4. It is very easy for us to observe that the Fe2O3 sample still reserves its 

microstructure and size. Comparing with the FeOOH precursor, the mesopores are not completely 

connected each other. 

For further investigating the particular structure of the mesoporous Fe2O3 nanorods, the 

HRTEM images of the typical sample are demonstrated in Fig 5. It can be clearly observed that a lot of 

mesopores exist in the product, some of which are still connected. The HRTEM image shows resolved 

lattice fringes of (012) and (110) planes with a spacing of ca. 0.37 and 0.25 nm (Fig 5a-c), consistent 

with the XRD result. Fig 5d exhibits the SAED pattern taken from the marked part in Fig 5a, which 

can be indexed to a rhombohedral hexagonal phase (space group R c) with lattice constants a = 0.5035 

and c = 1.3747 nm. 

We evaluated the electrochemical properties of the mesoporous Fe2O3 nanorods by a 

galvanostatic method. The charge-discharge voltage profiles of the Fe2O3 sample are shown in Figure 

6. A distinct voltage plateau can be clearly identified at ∼0.75 V, corresponding to the Li insertion into 

Fe2O3 and the formation of Li2O, which agrees well with the previous reports[10, 12]. The cycling 

performance of the sample is depicted in Figure 7 at a constant current density of 200 mA h g
-1

 

between 0.05 and 3 V. This reaction provides the dominant contribution to the Li storage capability of 

the material, giving rise to a high first-cycle discharge capacity of 1187 mA h g
-1

. The capacity fade of 

the first cycle is about 8.4%. However, the capacity remain stable at about 570 mA h g
-1

 after 50 

cycles, whose capacity retention (48%) approximates to the value of  Fe2O3 submicro-flowers[11]. 

After 100 cycles, the discharge capacity is still holding at 503 mA h g
-1

, which indicates good 

coulombic efficiency and high specific capacities, compared with the previous reports[11,14,18,]. 

Furthermore, these values are higher than the capacities of α-Fe2O3 microparticles[12].  

 

 
 

Figure 6. The charge-discharge voltage profiles. 
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We could also probably attribute this electrochemical performance of the mesoporous materials 

to its much larger pore size in nanorods, which allow the electrolyte flood completely into the pores 

and leading to a higher electrolyte/electrode contact area and more facile Li
+
 transport in the 

electrolyte within the pores, and the distinct mesopores interior allowing the material to effectively 

buffer the stress induced during the charge-discharge process[26-28]. 

 

 
 

Figure 7. The cycling performance of the mesoporous Fe2O3 nanorods. 

 

 

 

4. CONCLUSIONS 

In summary, we have successfully prepared mesoporous FeO(OH) nanorods by the 

solvothermal method using 2-butanone and water mixture solvent for the first time, which are about 30 

nm in diameter and 50 nm in length, and it can be converted to mesoporous Fe2O3 nanorods via 

calcination at 300℃ . The created pore size is very small, and some of them are connected. 

Electrochemical performance of mesoporous Fe2O3 nanorods exhibited improved cycling behavior 

performance and enhanced discharge capacities compared with the electrochemical properties of Fe2O3 

micoparticles ever reported. 
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