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ABSTRACT 

In general, the synthesis of maghemite nanoparticles (NPs) by thermal decomposition of 

commercially available iron stearate precursors, in the presence of oleic acid, yields spherical 

nanoparticles. However, we show in this article that the synthesis of NPs from commercially 

available precursors (Commercial grade and washed) results in the formation of uniformly 

monodisperse triangular or cubic NPs. Spherical NPs result only from the pre- cursors 

synthesized in the laboratory. The detailed Energy Dispersive X-ray spectrometry (EDS) and 

X-ray diffraction analysis performed on the commercial precursors (Commercial grade and 

washed) reveal the presence of impurities: sodium stearate and/or sodium chloride (NaCl). 

This result highlights the importance of iron stearate precursor origin (commercial grade or 

washed or home-made) in terms of reproducibility and growth of iron oXide NPs, giving rise 

to either monodisperse spherical, cubic, or triangular NPs. We emphasize that this finding 

majorly affects the development of NPs and also our understanding of the NP growth 

mechanisms, which can be biased if we do not account for this additional key parameter 
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among all the ones involved in the colloidal synthesis. The formation of the triangular 

nanoparticles in the conditions we use has never been reported. Further, the formation of both 

cubic and triangular NPs has been discussed in terms of selective adsorption on the growing 

NP of sodium stearate, sodium, and chloride salts. 

KEYWORDS: Maghemite nanoparticles, thermal decomposition, iron stearate, impurities, 

cubic, triangular, and spherical shapes.   
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1. Introduction 

 

In the last 20 years, iron oXide nanoparticles (NPs) have been extensively studied for their 

use in many technological applications such as energy storage [1], catalysis [2] and 

wastewater treatment [3]. In addition, thanks to their biocompatibility combined with their 

chemical stability, they are also widely used in biomedicine [4]. To continuously improve 

their performances, it is crucial to accu- rately control their structural characteristics 

(composition, nano crys- tallinity, size, geometry, and surface chemistry). Among the existing 

approaches to synthesizing NPs, the decomposition of metal precursors is more appropriate to 

favor uniform NPs. Using this strategy, uniform iron oXide NPs with controlled size [5–13] 

and shape [14–23] have been obtained. However, many key parameters must be controlled to 

suc- cessfully prepare well-defined populations. Hence, NP structural char- acteristics depend 

on the nature of the precursors, the ligands and the solvent, the heating rate, the reaction time, 

the reaction temperature, the precursor injection time, the surfactant to precursor ratio, and the 

presence of additives [24,25]. The reproducibility of these syntheses requires perfect control 

of all the key parameters playing a role in the formation of the NPs from the atomic scale 

(precursor decomposition, solvation of reactants, adsorp-       f   g  d    d       …)     h  

          (            g  w h   g  g    p  …). I   dd         d  p   d      d  g  f  h  

nucleation and growth mechanisms of NPs is crucial, especially to highlight novel 

nanomaterials. In this article, we report that one key parameter in the reproduc- ibility of 

spherical iron oXide NPs by the thermal decomposition of iron stearate precursor is its origin. 

In the literature, it has been reported that the use of iron stearate precursors from the supplier 

Strem Chemicals [11,12] leads to spherical iron oXide NPs. Here, we show that the same 

synthesis approach using commercial iron (II) and iron (III) precursors provided by Strem 

chemicals and TCI, respectively, yields different anisotropic shape NPs, i.e., triangular and 

cubic ones, with different sizes. Besides, a washing step performed for the iron (II) precursor 

(Strem chemicals), induces a change from triangular to cubic NPs. Finally, the spherical NPs 

are recovered by using a precursor synthesized in the laboratory. Thanks to a qualitative and 

quantitative chemical analysis study performed by energy dispersive X-ray spectrometry 

(EDS) analysis and X-ray diffraction (XRD), we evidence the presence of various impurities 

(sodium stearate and/or sodium chloride) in the two commercial precursors (used as-received 

or washed), explaining, the formation of anisotropic shape NPs. First, this study evidences the 

importance of the origin of the iron stearate precursor (as received commercially or washed, 

or homemade), i.e. its purity, on the growth of maghemite NPs as well as the role played by 
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the detected impurities on the determination of the particle shape (spherical, cubic and 

triangular). Second, it highlights that the identi- fication of the nature of the impurities, rarely 

proposed in the literature, is needed for the understanding of the NP growth mechanisms, 

which are still not totally elucidated. Third, the presence of the detected im- purities in the 

commercial precursors is explained in terms of mistakes made in their fabrication. Fourth, 

triangular NPs are here formed using a strategy, that has never been reported previously. In 

the last 20 years, iron oXide nanoparticles (NPs) have been extensively studied for their use in 

many technological applications such as energy storage [1], catalysis [2] and wastewater 

treatment [3]. In addition, thanks to their biocompatibility combined with their chemical 

stability, they are also widely used in biomedicine [4]. To continuously improve their 

performances, it is crucial to accu- rately control their structural characteristics (composition, 

nano crys- tallinity, size, geometry, and surface chemistry). Among the existing approaches to 

synthesizing NPs, the decomposition of metal precursors is more appropriate to favor uniform 

NPs. Using this strategy, uniform iron oXide NPs with controlled size [5–13] and shape [14–

23] have been obtained. However, many key parameters must be controlled to suc- cessfully 

prepare well-defined populations. Hence, NP structural char- acteristics depend on the nature 

of the precursors, the ligands and the solvent, the heating rate, the reaction time, the reaction 

temperature, the precursor injection time, the surfactant to precursor ratio, and the presence of 

additives [24,25]. The reproducibility of these syntheses requires perfect control of all the key 

parameters playing a role in the formation of the NPs from the atomic scale (precursor 

decomposition, solvation of reactants, adsorp-       f   g  d    d       …)     h            

(            g  w h   g  g    p  …). I   dd         d  p   d      d  g  f  h               d 

growth mechanisms of NPs is crucial, especially to highlight novel nanomaterials. In this 

article, we report that one key parameter in the reproduc- ibility of spherical iron oxide NPs 

by the thermal decomposition of iron stearate precursor is its origin. In the literature, it has 

been reported that the use of iron stearate precursors from the supplier Strem Chemicals 

[11,12] leads to spherical iron oXide NPs. Here, we show that the same synthesis approach 

using commercial iron (II) and iron (III) precursors provided by Strem chemicals and TCI, 

respectively, yields different anisotropic shape NPs, i.e., triangular and cubic ones, with 

different sizes. Besides, a washing step performed for the iron (II) precursor (Strem 

chemicals), induces a change from triangular to cubic NPs. Finally, the spherical NPs are 

recovered by using a precursor synthesized in the laboratory. Thanks to a qualitative and 

quantitative chemical analysis study performed by energy dispersive X-ray spectrometry 

(EDS) analysis and X-ray diffraction (XRD), we evidence the presence of various impurities 
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(sodium stearate and/or sodium chloride) in the two commercial precursors (used as-received 

or washed), explaining, the formation of anisotropic shape NPs. First, this study evidences the 

importance of the origin of the iron stearate precursor (as received commercially or washed, 

or homemade), i.e. its purity, on the growth of maghemite NPs as well as the role played by 

the detected impurities on the determination of the particle shape (spherical, cubic and 

triangular). Second, it highlights that the identi- fication of the nature of the impurities, rarely 

proposed in the literature, is needed for the understanding of the NP growth mechanisms, 

which are still not totally elucidated. Third, the presence of the detected im- purities in the 

commercial precursors is explained in terms of mistakes made in their fabrication. Fourth, 

triangular NPs are here formed using a strategy, that has never been reported previously. 

 

2. Experimental section  

 

2.1. Chemicals 

Iron (III) chloride (FeCl3.6H2O, 99%, VWR), sodium stearate (CH3(CH2)16COONa, 97%, 

TCI), iron (II) stearate (9 % Fe, Strem Chemicals), iron (III) stearate (5.8 to 7% Fe, TCI), 

Oleic acid (99%, alpha aesar) and dioctyl ether (99%, sigma-aldrich). 

 

2.2. Synthesis of iron (III) stearate precursor  

 

Iron (III) stearate (FeSt3) was prepared by reaction of sodium stea- rate (NaSt) and iron (III) 

chloride salts (FeCl3) in an aqueous solution [13]. Sodium stearate (9.8 g, 32 mmol) is 

transferred into a two-necked round-bottomed flask (RBF) and solubilized in 320 mL of 

ultrapure water. The solution is heated to   f  X    120 ◦    d       d f   30 m         

complete dissolution of the stearate. Separately, FeCl3 (2.9 g, 10.7 mmol) is dissolved in 160 

mL of ultrapure water and added to the so- dium stearate solution under vigorous stirring. A 

light orange precipitate formed immediately. The solution is kept under stirring at this tem- 

perature for 25 min. Thereafter the solution is allowed to cool to room temperature. The 

obtained precipitate is washed with 4 L of ultrapure water and filtrated with a Buchner funnel 

and oven-d   d    64 ◦  f   22h. 

 

1.3. Transmission Electron Microscopy (TEM) 

TEM study is performed using a JEOL JEM-1011 microscope at 100 kV. For this study, some 

drops of the colloidal solution are deposited on an amorphous carbon-coated TEM grid. The 



 6 

average diameter and the polydispersity of NPs are determined from more than 500 NPs using 

ImageJ. 

1.4. Microanalysis 

The chemical compositions were determined by energy dispersive X-ray spectrometry (EDS) 

analysis using a scanning electron microscope (SEM, JEOL 5510 LV, Ltd, Tokyo, Japan) 

with IXRF Systems 500 digital processing. 

 

1.5. X-ray diffraction  

Powder X-ray diffraction (PXRD) diffractograms were recorded on a D8 DISCOVER of a 

Bruker XRD machine with a copper tube operating at 40 kV. All the samples were in the form 

of powder by which low background silicon sample holders were filled. 

 

2.6. Synthesis of oleic acid coated -Fe2O3 nanoparticles  

Synthesis of oleic acid-     d γ-Fe2O3 nanoparticles is based on the thermal decomposition 

approach reported in a previous study by Begin- Colin et al., [10,11] however some with 

slight modification i.e., a smaller volume of dioctyl ether (10 mL instead of 20 mL) and a 

h gh   h     g      (45 ◦ /m         d  f 5 ◦ /m  ). 0.69 g (1.1 mm  )  f      (II)          

(FeSt2) precursor (or 1 g (1.1 mmol) of iron (III) stearate (FeSt3) precursor), and 0.63 g (2.2 

mmol) of 

oleic acid are dissolved in 10 mL of dioctyl ether. This miXture is heated to the boiling point 

 f d    y    h   (287 ◦ ) w  h   h     g       f 45 ◦ / m      f  X d f   2 h    d  h        d 

to room temperature. A black solution is formed and washed with a large excess of acetone 

followed by centrifugation (4900 rpm, 5 min). The oleic acid-coated NPs are finally dispersed 

in chloroform. Five oleic acid-     d γ-Fe2O3 NP syntheses are performed with the same 

recipe described above with commercial iron (II) stearate pre- cursor  from  Strem  

Chemicals,  as  received  (P1),  and  washed  (P1
w
 ),  and iron (III) stearate precursor from 

TCI, as received (P2) and washed (P2
w
), and iron (III) stearate precursor synthesized in the 

laboratory, (P3). The commercial FeSt2 and FeSt3 precursors are washed as follows: 10 g of 

precursor in powder form is miXed with 150 mL of ultrapure water under vigorous stirring 

  d    h    d    65 ◦  f   15 m  . Th    h  mixture is cooled to room temperature. The 

precursor is then washed with 4 L of ultrapure water and filtrated with a Buchner funnel and 

oven- d   d    64 ◦  f   22 h. 

 

3.  Results and discussion  
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3.1. Synthesis of -Fe2O3 NPs using precursors P1 and P1
w
  

Fig. 1a and 1   h w  h  TE   m g    f γ-Fe2O3 NPs synthesized  using commercial grade 

iron (II) stearate (FeSt2), P1. Low and high- magnification images reveal a population 

composed of almost uniform NPs with triangular shape. The corresponding size histogram 

(Fig. 1d), shows a mean triangle height and a size polydispersity of 9.7 nm and 16% 

respectively. Surprisingly, the synthesis performed with the same precursor  but  after  being  

washed,  P1
w
 ,  leads  to  a  single  population  of nanocubes. As shown in Fig. 1e and 1f, they 

are characterized by flat facets and sharp edges and their mean side diagonal is 10.5 nm. 

Thanks to a very low size polydispersity, 11% (Fig. 1h), they tend to self- organize in 2D 

superlattices. 

 

3.1.1. Synthesis of -Fe2O3 NPs using precursor P2 and P2
w
  

Replacing iron (II) stearate (FeSt2) precursor P1 with iron (III) stea- rate (FeSt3) precursor P2, 

while keeping other chemical components the same, results in a drastic change in the NP 

shape. Considering the as- received precursor (not washed), Fig. 1i and 1j clearly show that 

the population is made of nanocubes and not nanotriangles, which have rather similar 

characteristics compared to the sample prepared with the precursor P1, i.e., a mean side 

diagonal and size polydispersity of 11.7 nm and 13% respectively (Fig. 1l). In this case, no 

washing effect on this precursor is observed as the population obtained with P2
w
, remains 

composed of nanocubes (Fig. 1m,1n) with similar mean side diagonal and size polydispersity 

of 11.7 nm and 11.7% respectively (Fig. 1p). 

 

3.1.2. Synthesis of -Fe2O3 NPs using precursor P3 

Finally, using a precursor we synthesized in the laboratory iron (III) stearate (FeSt3), P3, 

     g   p p         f  ph       γ-Fe2O3 NPs form (Fig. 1q, 1r). The size histogram (Fig. 

1t) shows a mean diameter of  6.7 nm with a size polydispersity of 12%. From previous 

studies reported in the literature [9–13], a similar approach used to synthesize maghemite 

NPs induces the formation of spherical ones. In our study, we find that spherical NPs are 

only formed with the use of the home-made precursor P3 and never with the com- mercial 

ones (as-received and washed). In addition, our results clearly evidence a drastic impact of 

both the supplier and the washing of the commercial product in the anisotropic shape of 

NPs. To understand this puzzling result, elemental analysis and X-ray diffraction studies 

have been performed for the different precursors to determine the possible impurities 
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qualitatively and quantitatively, which could explain the differences we observe in the NP 

growth that in turn their final shape. 

 

Fig. 1. TEM images, corresponding electron diffraction patterns, and size histograms of 

m gh m    (γ-Fe2O3) nanoparticles synthesized with P1 (a,b,c,d), P1
w
 (e,f,g,h), 
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P2 (i,j,k,l), P2
w
 (m,n,o,p) and P3 (q,r,s,t) precursors. 

 

 

 

3.2. Study of the crystalline structure of the nanoparticles 

3.2.1 Electron diffraction 

 

The crystalline structure of the five populations of NPs obtained with P1, P2, P1
w
, and P2

w
 and 

P3 precursors have been investigated by the selected area (electron) diffraction (SAED). 

Whatever the precursor used and the shape of the NPs are, the electron diffraction patterns 

(Figs. 1c, 1g, 1k, 1o,1s) show five rather thin diffraction rings at 1.47  1.60  2.08  1.51    d 

2.95   corresponding to the (440), (511), (400), (311), and (220) planes of a maghemite iron 

oxide phase according to the JCPD 39-1346 database. However, it's important to note that the 

lattice spacings of the maghemite and magnetite phases are very close. This is thus difficult to 

conclude that our samples consist of pure maghemite. To address this uncertainty, we use the 

X-ray diffraction technique to gain a more comprehensive understanding of the crystal 

structures of our NPs. 

 

3.2.2 X-ray diffraction 

 

To discriminate between magnetite and maghemite phases of the iron oxide nanoparticles 

synthesized by using the different precursors (P1
w
, P2, P2

w
, P3), we follow the method 

developed by Kim et al. [26] based on the X-ray analysis. The X-ray corresponding patterns 

are presented in Fig. 2. For all the samples, we detect the peaks characteristic of maghemite or 

magnetite, i.e., while peaks corresponding to hematite and wüstite are noticeably absent. The 

two peaks (210) and (211), which are the signature of exclusive maghemite are observed for 

the spherical and cubic NPs obtained with the precursors P3 and P2
W

 respectively. The cubic 

NPs synthesized with P2 precursor show the (210) peak but not the (211) peak while the cubic 

NPs obtained with the P1
w
 show the opposite trend. The presence of the (210) and/or (211) 

peaks, coexisting with the others ((220), (311), (400), (422), (511), (440)), is indicative of 

either pure maghemite or a mixture of maghemite and magnetite. However, as reported by 

Kim et al. [26], the position of the peak (511) is essential as it allows to discriminate between 

magnetite 
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and maghemite phases. Indeed, they show that the (511) peak sh f   f  m 57◦    57.3◦ f  m 

pure magnetite to pure maghemite phase. In the case of a combination of both phases, they 

observe a larger peak, with a shoulder, composed of the lower and the higher angle peak [26]. 

As shown in the inset of Fig. 2, which repr        h  m g  f  d   g        w    50◦   d 60◦ 

 f  h  d ff        p              h  (511) p  k      f   d            2 Th     f 57.3◦   d  pp    

symmetric. No shoulder characteristic of a mixture of maghemite and magnetite is observed. 

This feature, which agrees with the presence of the (210) and/or (211) peaks, allows us to 

conclude the formation of pure maghemite NPs for the spherical and cubic NPs obtained with 

the P1
w
, P2, P2

w
, and  P3 precursors. Unfortunately, the triangular colloidal NP solution 

obtained with the P1 precursor, could not be studied by XRD. This is explained by the too-low 

concentration of the colloidal solution. Indeed, we noticed that the triangular NP powder 

appears light red, in contrast to the black color of the other shape samples. This color 

variation is attributed to the presence of the precursor (color and texture). The low 

concentration of this 

population is explained by the low yield of this thermal decomposition reaction. However, the 

electron diffraction signature of the triangle NPs is like that of the spherical and cubic NPs. 

This permits us to conclude the formation of maghemite triangular NPs. In summary, thanks 

to a comprehensive structural study with both electron and/or X-ray diffraction techniques, 

we conclude the formation of pure maghemite for the spherical, cubic, and triangular NPs 

synthesized with the P1,  P1
w
, P2, P2

w
, and  P3 precursors. This result evidences that the 

impurities involved in the reaction, through the precursor, do not impact the crystalline 

structure of the iron oxide NPs. Conversely, it has a drastic effect on NP growth and therefore 

on the final shapes. 



 11 

 

 

Fig. 2. XRD patterns of nanoparticles synthesized with P1
w
, P2, P2

w
, and P3 (e) precursors. 

I      m g  f  d   g        w    50◦   d 60◦  f  h  d ff        p       . 

 

3.3. Characterization of P1, P2, P1
w
 and P2

w 
and

 
P3 precursors 

3.3.1. Elemental analysis study on P1, P2, P1
w
 and P2

w 
and

 
P3 precursors 

 

Elemental analysis spectra performed for the five precursors are shown in Fig. 3. In addition 

to the iron, and while not expected, sodium and chlorine elements are detected for the 

commercial precursors. The relative atomic composition of the three elements obtained by 

quantification of the spectra is reported in Table 1. If we focus on the precursor P1 from Strem 

Chemicals, it appears that it contains a high atomic percent of sodium elements, 48%. After 

its washing, (P1
w
), this value remains almost unchanged, 49%. Besides, 27% of chloride is 

detected on the as-received precursor while this value drops to 3% after its washing (P1
w
). 

Concerning the TCI commercial precursor, P2, it also contains a high atomic percent of 

sodium elements, 34%, however only 14% of chloride is detected. P2 washing mainly induces 
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the drop of this last value to 4%. The same analysis performed on the home-made precursor 

(P3) clearly shows that neither sodium nor chloride are detected. 

 

Fig. 3. EDX patterns of P1 (a), P1
w
 (b), P2 (c), P2

w
 (d), and P3 (e) precursors 

 

Table 1: Relative atomic percentage of Fe, Na and Cl of the P1, P1w, P2, P2w and P3 

precursors. 

Precursor Atom% 

Fe Na Cl 

P1 25 48 27 

P1
w
 48 49 3 

P2 52 34 14 

P2
w
 58 38 4 

P3 100 0 0 
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3.3.2. X-ray diffraction study on P1, P2, P1
w
, P2

w 
and P3 precursors 

 

To determine, the nature of the compounds present in the commercial P1, P2, P1
w
 and P2

w 

precursors, an X-ray diffraction study has been performed. The XRD diffractograms are 

shown in Fig. 4. For P1 and P2 p                   d       w  p  k     31.7◦    d 45.5◦ 

(marked with *) corresponding to the (200) and (220) plane reflections respectively, of NaCl 

salt [27]. After their washing, (P1
w
,
 
P2

w
), these peaks are not anymore observed. If we focus 

on the smaller angle diffraction pattern, and for all the commercial precursors, P1, P2, P1
w
 and 

P2
w
              p  k         d 22◦ (m  k d w  h ◦)           d. Th   p  k             d    

NaSt [28]. The XRD pattern of the home-made precursor (P3) is characteristic of the pure 

lamellar structure Fe(St)3 without any evidence of the presence of neither NaCl nor NaSt. 

This XRD study is in good agreement with the elemental analysis. The presence of NaCl and 

NaSt is evidenced in the two as-received commercial precursors. After their washing, NaCl 

salt disappears. Finally, the home-made precursor is characterized by pure FeSt3. 

 

Fig. 4. XRD patterns of P1, P1
w
, P2, P2

w
, and P3 precursors. 
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3.4. How to explain the presence of the detected impurities in the commercial precursors?  

 

The results obtained by chemical and XRD analyses are interpreted as the following. The 

home-made precursor, P3, has been synthesized in the stoichiometric conditions of the 

reaction:  

 

FeCl3 + 3 NaSt => FeSt3 + 3NaCl 

 

i.e., 3 sodium stearate for 1 iron chloride (see experimental section). Once the iron precursor 

is obtained, the solution is washed with a large amount of ultrapure water (4L) to remove the 

totality of the amount of sodium and chloride ions by-products. Considering the chemical 

analysis (Table 1), the absence of detection of these two by-products confirms that the iron 

precursor P3 obtained is pure. Conversely, for the as-received (not washed) commercial 

precursor P1, a large amount of sodium and chloride ions are detected (Table 1). In addition, 

we note that the amount of sodium (48 %) is higher compared to that of chloride ions (27%). 

This result makes us suggest that first, P1 synthesis has not been performed in the 

stoichiometric conditions of the reaction but with a ratio of the sodium stearate to the chloride 

iron concentration higher than 3, leading to the presence of remaining sodium stearate and 

sodium chloride as by-products. Second, the washing step of the solution has not been 

optimal, otherwise, chloride ions would not be present. Our explanation is confirmed through 

the analysis of the precursor after its washing with 4L of ultrapure water (P1
w
). The amount of 

detected chloride drops from 27 to 3 %, while that of sodium ions remains high (49 %) (Table 

1). Conversely to the chloride ions, sodium ions cannot be removed during the washing with 

water as it forms the sodium stearate complex, which is not soluble in water. So, one can 

conclude that P1
w
 precursor contains a mixture of iron and sodium stearate in almost  equal 

concentration. For the as-received commercial precursor P2 (not washed), sodium (34 %) and 

chloride (14 %) are also detected. (Table 1). After its washing, the amount of chloride drops 

to 4 %. Similar findings as for P1 apply. However, the lower amount of sodium and chloride 

compared to P1 suggests that P2 has been produced in closer stoichiometric conditions 

compared to the synthesis of P1.  

 

3.5. Interpretation of the -Fe2O3 nanoparticle shape, in light of the nature of the impurities 

detected in the commercial iron stearate precursors  
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In light of the chemical and XRD analyses, the variety of maghemite NP shapes obtained can 

only be explained in terms of the purity of the iron precursors. All the other synthesis 

conditions are equal (ligand, solvent, heating rate, temperature, and reflux time).  

When the synthesis is performed with the home-made iron stearate precursor (pure), oleic 

acid plays the role of universal stabilizer on each facet of the NPs, and the final NPs are 

spherical. In the literature, this behavior is well illustrated in several papers [10, 11] reporting 

the formation of spherical iron oxide NPs by the thermal decomposition of iron stearate in the 

presence of oleic acid, without any additives. Begin-Colin et al. have evidenced that, 

regardless of the number of stearate chains of the iron precursor, FeSt2 or FeSt3 leads to 

spherical NPs [13, 29]. It is noteworthy that spherical iron oxide NPs have also been obtained 

with oleate precursors, always in the presence of oleic acid and without any additives [6, 8].  

Conversely, when additives are present in the reaction medium, anisotropic NP growth can 

occur, resulting from their selective adsorption on the NP facets. For example, the addition of 

sodium oleate is expected to lead to cubic iron oxide NPs [14, 18, 21, 30, 31]. In this case, 

nanocubes are induced by the selective adsorption of the sodium oleate on the {100} facets of 

iron oxide. This induces the faster growth of the NP along the [111] direction over the [100] 

leading to surfaces composed of {100} facets. Comparative studies show, without any 

ambiguity, that the same approach performed in the absence and in the presence of sodium 

oleate, gives rise to spherical and cubic NPs respectively [14, 31]. Therefore, one can 

conclude that cubic NP growth formed by using the commercial precursors (P1
w
, P2, and P2

w
), 

could be determined by the key role played by the sodium stearate.  

 

The formation of the triangular NPs (tetrahedral geometry), is more puzzling. Chemical 

analysis indicates that the precursor P1, yielding this shape, contains both sodium stearate and 

NaCl salt. Sodium stearate, here, is expected to bind to the {100} facets of iron oxide to form 

cubic NPs and then, does not seem to play a role in the formation of triangular NPs. However, 

it has been reported by Kovalenko et al. [14] that the thermal decomposition of iron oleate in 

the presence of sodium oleate gives rise to either nanocubes or a mixture of nanocubes and 

bipyramidal NPs. The first ones are obtained with a NaOL/Fe(OL)3 molar ratio of 1 and a 

heating rate of 3.3°C/min. The second ones are formed using similar growth conditions as for 

cubes, but by decreasing the NaOL/Fe(OL)3 molar ratio to 0.67 and by reducing the heating 

rate to 1°C/min. Besides, using the same approach with iron oleate precursor and sodium 

oleate ligand, Zhou et al. [21] observed, in mild conditions (with octadecene as solvent), the 

formation of Fe3O4 {111} facet exposed tetrahedrons, while in a higher boiling temperature 
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solvent (tri-n-octylamine), they form nanocubes. These two examples indicate that sodium 

oleate may play various roles in different conditions. Concerning our study, the question is 

“Does the presence of NaCl in the commercial precursor P1, could favor such a versatility of 

the role of sodium stearate?” At this moment, this question remains open. Otherwise, another 

question arises regarding the role played by Cl
-
 or Na

+ 
ions, in excess in the precursor P1. Gao 

et al. [32] have shown that Cl
-
 adsorbs on the {100} facets of magnetite-yielding nanocubes. 

If we focus on the tetrahedral geometry, one hypothesis is that Na
+
 ions selectively adsorb on 

the {111} facets of maghemite. This strategy is not excluded in a previous study reported by 

Liz-Marzan [31]. Besides, in a previous study performed in the laboratory, the use of Cl
- 
and 

Br
-
 ions has been shown to control the shape of copper NPs from nanorods to nanocubes [33]. 

Therefore, it is reasonable to think that either sodium stearate and/or Na
+
, Cl

- 
ions, could be 

the key parameters in the growth of the triangular maghemite NPs. 

 

3.6. Does the nature of the precursor, FeSt2 and FeSt3 play a role in the growth of cubic 

and triangular maghemite nanoparticles?   

 

In recent papers, Begin-Colin et al. has reported the role played by the number of stearate 

chains (2 and 3) of the iron stearate precursors on the growth of iron oxide nanoparticles [13, 

29, 34 and 35]. They have studied the influence of the ratio sodium oleate (NaOL) / oleic acid 

(OA) with FeSt2 and FeSt3 iron stearate precursors differing by their hydration state, on the 

shape of nanoparticles. The authors demonstrate clearly, the important role played by the 

presence of NaOL on the NP shape. Nanospheres are obtained in the absence of NaOL, i.e., 

with only OA. Facetted shapes are obtained, when NaOL is added, even at low concentration.  

They also show that the evolution of the shape with the amount of NaOL can depend on the 

nature of the precursor, FeSt2 and FeSt3, and on their hydration degree. For the NaOL/OA 

ratio (20/80), less-rounded NPs are obtained for all precursors. When this ratio increases, 

FeSt2 and dehydrated FeSt2 are allowed to obtain nanoplates while FeSt3 and dehydrated 

FeSt3 lead to nanocubes. The change in the NP shape is explained in terms of the thermal 

stability of the precursors, which differs from FeSt2 to FeSt3 iron stearate precursors.  

In our study, we evidence that maghemite nanocubes are obtained with both FeSt2 washed 

(P1
w
) and FeSt3 washed and not washed (P2

w
, P2) precursors. In addition, for all three cases, 

we identify a constant environment, i.e., the presence of sodium stearate, which is known to 

drive the nanoparticle growth toward cubic shape (see &3.4). This result thus does not allow 

us to conclude an effect of the nature of the stearate precursor on the NP shape. However, it 
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evidences the crucial role played by the presence of sodium stearate in the formation of 

maghemite nanocubes.  

Focusing on the triangular maghemite NPs, we show in this paper that they are obtained with 

FeSt2 not washed (P1) precursor in the presence of NaSt, Na
+,

 and Cl
-
 ions. However, the 

same precursor, FeSt2 washed (P1w) leads to nanocube growth. In addition, the triangular NPs 

are only obtained in the presence of NaSt, Na
+,

 and Cl
-
 while the nanocubes are obtained in 

the presence of NaSt. This behavior makes us conclude  with the importance of the 

“ mp       ”     h  f  m       f  h       g       h    h     h       p  y d  y  h          f the 

precursor.  

Therefore, from the study presented in this paper, a possible impact of the nature of the 

precursor on the growth of anisotropic shape NPs cannot be evidenced.  

 

This study clearly shows that the supplier, i.e. the purity of the iron stearate, must be taken 

into account in the reproducibility of maghemite NP syntheses. This clearly constitutes 

another key parameter in the formation of NPs. Such finding has already been reported for 

other colloidal syntheses for example [36] and constitutes an impediment to the development 

of NPs as well as to the understanding of the growth mechanisms involved in these syntheses. 

 

CONCLUSION 

 

In the literature, the thermal decomposition of commercial iron stearate precursor in the 

presence of oleic acid surfactant (in the absence of additives) yields spherical iron oxide NPs. 

We show that the use of similar commercial iron precursors (used with and without a washing 

step) does not yield any more to the spherical but to a uniform and single 

population of               g     m gh m     P . Th  p         f “ mp       ”  d    f  d    

NaSt and NaCl by accurate chemical analysis and XRD study made on these precursors allow 

(1) to explain the cubic NP growth and (2) to highlight a new route to synthesize triangular 

maghemite NPs. Very few studies have been reported in the literature regarding triangular 

iron oxide NPs, whose growth remains unexplored. However, for highlighting novel magnetic 

properties, these NPs are very interesting. Further work will focus on the study of their 

formation mechanism to accurately control their structural properties and explore their 

magnetic properties. 
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