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Magnetic properties of nanocomposites of mixed oxides of iron and 

chromium synthesized under different oxidative environments 
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Abstract. Synthesis of nanocomposites of mixed oxides of Fe and Cr in a copolymer matrix of aniline and 

formaldehyde at room temperature along with IR, XRD and STFe Miissbauer studies on as synthesized as well 

as the samples on heating at different temperatures is described. The XRD and 57Fe M6ssbauer studies show 

the formation of nanosized iron oxide particles. These studies further show the formation of nanosized particles 

of metal oxides and formation of solid solution of iron and chromium oxide on heating the samples at 700°C. 

Further, the IR studies show that the polymeric backbone is strongly influenced by different reaction 

conditions and lead to variable magnetic character in the heated samples as shown by their M~ssbauer studies. 

Keywords. Nanocomposites; copolymer; solid solution; oxidants; X-ray diffraction; M~issbauer spectroscopy; 
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1. Introduction 

The field of nanomaterials is becoming increasingly 

important as it provides great opportunities for tailoring 

of the materials with new, exciting and tunable physical 

and chemical properties. The nanomaterials can be 

polycrystalline or amorphous in nature and may belong to 

inorganic, organic or combination of both classes of 

materials (Shull 1992). The nanocomposites are one of 

the very important class of nanomaterials. They can be 

distinguished from the nanocrystalline and nanophase 

materials on the basis that in case of nanocrystalline/ 

nanophase materials only one phase exists, while in the 

case of nanocomposites more than one Gibbsian solid 

phases are present and out of which at least one of the 

phases is in the nanometer size range (Komarneni 1992). 

Several synthetic routes have been reported for the 

synthesis of nanocomposite materials. They include 

physical, chemical and biomimicking in nature (Chow and 

Gonsalves 1996). Most of the physical methods are 

sophisticated and require costly equipments to produce 

nanomaterials. However, biomimetic and wet chemical 

methods are relatively simple but most of them are unable 

to give these materials in bulk quantities. 

Recently, an interesting chemical route (Pramanik 

1995) has been reported to prepare nanoparticles of 

inorganic oxides by using polymeric materials. More 

recently, a novel route for room temperature synthesis of 

nanocomposites of mixed oxides of some d-block 

elements in a copolymer matrix has been developed in 
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this laboratory (Vadera et al 1997a) which has been found 

to be successful in giving materials in bulk quantities and 

is useful for the preparation of other nanocomposites. The 

present work reports the in situ direct synthesis o f  

nanocomposites by employing mixed oxides of iron and 

chromium in the aniline-formaldehyde copolymer matrix 

at room temperature in the presence of  different oxidants. 

Results of X-ray diffraction, 57Fe M6ssbauer and FTIR 

studies on as prepared samples and the samples heated at 

different temperatures up to 700°C are also presented 

here. 

2. Experimental  

2.1 Synthesis 

The synthesis of nanocomposites has been described 

elsewhere (Vadera et al 1998). As a typical preparation, 

the sample RS3 nanocomposite of Fe/Cr oxide was 

synthesized by treating the aqueous solution of aniline 

(0.10tool), hydrochloric acid (0.12mol),  formalde- 

hyde (0.10mol) with an aqueous solution of  halides of 

iron (0.04 mol) and chromium (0.03 mol) taken in a 

fixed molar ratio. To this ammonium peroxydisulphate 

(0.0087 mol) was added as an oxidant. The resulting 

mixture was stirred thoroughly and then added to 10% 

solution of NaOH. The precipitated composite so 

obtained was washed with distilled water repeatedly till 

the filtrate was free of alkali (pH 7.5) and dried in air. 

Samples RS1-RS6 described in table 1, were prepared 

following the similar procedure by varying the oxidative 

environments while keeping the same copolymer 

backbone of aniline and formaldehyde. 
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2.2 Physical  measurements  

The IR spectra were recorded in KBr medium using 

Shimadzu model 8000 FTIR spectrophotometer in the 

frequency range 4600-400 cm -]. The heating of the 

samples at 300°C, 450°C and 700°C was done in air in a 

furnace for one hour. X-ray diffractograms were recorded 

in the 20 range of 20-60°C on Phillips Model PW 3710 

diffractometer using CuKa radiations. 57Fe M6ssbauer 

spectra were recorded at room temperature in standard 

transmission geometry. The fitting of the spectra were 

done by using a computer programme (Meerwall 1975) by 

assuming the lines to be Lorentzian in shape. 

3. Resu l t s  and d i scuss ion  

3.1 FTIR studies 

figure that in the IR spectrum of sample RS1 a broad peak 

is present at 600 cm -~ due to iron oxide (Mathur et al  

1998), which shifts to lower frequencies and broadens 

further in case of samples RS2-RS6. This shift can be 

attributed to the presence of oxides of both iron and 

chromium in the samples RS2-RS6. Further, in case of  

samples RS1 and RS2, prepared in the absence of any 

oxidant, a similar absorption pattern is observed in the 

region 1700-1000cm -~ whereas for samples RS3-RS6 

there is substantial shift and broadening of peaks in this 

region. We know that the peaks in the region 1700-- 

1000 cm -] are mainly due to the copolymer backbone 

(Vadera et al 1997b). The observed variations in the IR 

spectra of the samples RS3-RS6 in this region may be 

attributed to the formation of either of the following two 

species because of the influence of the oxidative 

environment on the polymer backbone. 

The IR spectra of  the samples prepared at room 

temperature are given in figure 1. It can be seen from the 

Table 1, Reaction conditions for the synthesis of samples 
RS 1-RS6. 

Cone. ofFeC13 Cone. of C r C 1 3  Cone. of oxidant 
Sample (moles) (moles) (moles) 

R S 1 0-061 - - 

RS2 0-04 0.03 - 
RS3 0-04 0.03 (NH4)2S208 (0.0087) 
RS4 0-04 0.03 H202 (0.127) 
RS5 0.04 0.03 KMnO4 (0.0253) 
RS6 0-04 - K2Cr207 (0-014) 
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In case of the samples heated at 450°C (figure 2), the 

polymer part is almost removed as a result of  combustion 

and the absorption peaks due to metal oxides are better 

resolved. The IR spectrum of sample RS1 shows two 

peaks at 545 cm -] and 470 cm -I, due to iron oxide, while 

in samples RS2-RS6, containing both iron and chromium, 

we observe absorption peaks i.e. peaks 590-570 cm -] and 
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Figure 1. IR spectra of samples RS 1-RS6 (of as prepared samples). 
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495--470 cm -I due to ~FezOs and a peak at 648 cm -z due 

to CrzO3 (Bentley et al 1968). Further, variations in 

absorption peaks due to iron oxide, in samples RS2-RS6, 

may be attributed to varying degrees of interactions 

between Fe 3+ and Cr 3+ ions which in turn might be 

consequence of the changes in the polymer backbone by 

different oxidative environments, in the initial samples. 

From the IR spectra of samples heated at 700°C 

(figure 3), further broadening of the metal oxide peaks is 

observed in samples RS2-RS6. This very unique 

behaviour may arise because of the increased solubility of 

Cr203 in 7-Fe203 due to their small size effects (Johnson 

et al 1986). This observation thus indicates the formation 

of the solid solution in samples RS2-RS6 on heating at 

700°C. 

3.2 XRD studies 

o = 

From the X-ray diffraction studies, the metal oxides in 

unheated samples RS1-RS6 were found to be amorphous, 

while on heating the samples RS2-RS6 at temperatures 

> 300°C, were found to be crystalline in nature. The 

observed diffraction peaks were indexed to identify 

different phases present in the samples. XRD spectra of 

the samples RS1-RS6, heated at 300°C, are shown in 

figure 4. From the figure we observe a very broad peak at 

20 value of 35.7 ° (d = 2-51/~) which corresponds to the 

strongest diffraction peak due to spinel 7-Fe203 (Li et al 

1998). The broad peak indicates that the size of y-Fe203 

particles is very small. The particle size was calculated by 

using Scherrer equation (Azaroff and Buerger 1958) and 

has been found in the range 10-15 nm. The diffraction 

peak at 20 value of about 33.2 ° (d = 2.69/~), the strongest 

peak of Cr/O3/a-Fe203 phase (Bhattacharya et al 1997), is 

not observed in any of the samples. Further, the XRD 

spectra of all the samples heated at 450°C, given in 

figure 5, show the presence of diffraction peaks due to 

both ~Fe203 and Cr203/c~-Fe203 except for samples RS5 

where KMnOa has been used as an oxidant. In the later 

sample we observe the peaks only due to spinel phase 

(Mathur et al 1999) indicating the formation of Mn-Cr 

ferrite. In all the samples i.e. RS1-RS6, the width of 

diffraction peaks reduces, however, the lines are still quite 

broad and the estimated particle size still lies in the range 

30-40 nm. The XRD spectra of the samples heated at 

700°C show very interesting behaviour. As can be seen 

from figure 6, in the case of sample RS1 we observe 

the diffraction peaks only due to c~-FezO3 phase while in 

the samples RS2, RS3 and RS6 we observe increase in the 

intensities of peaks due to spinel phase and decrease in 

intensity of the diffraction pattern due to CrzO3/t~-Fe203 

phase. In the case of sample RS5, we still observe 

diffraction peaks due to Mn-Cr spinel ferrite phase only. 

The above studies show that in case of sample RS1, 

with pure iron oxide, the formation of ~-Fe203 takes 

place at room temperature which on heating at 700°C 

transforms into t~-Fe203. This is quite usual of ~Fe203. 

However, presence of chromium in the samples RS2, 

RS3, RS4 and RS6 prepared under varying oxidative 

environments show some very interesting behaviour 

wherein at 300°C we observe the formation of 7-Fe203 

with very small crystallite size while Cr203 is still in 

amorphous state. At 450°C the spinel phase due to 
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Figure 2. IR spectra of samples RS1-RS6 (heated at 450°C). 
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Figure 3. IR spectra of samples RS 1-RS6 (heated at 700°C). 
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Figure 4. XRD spectra of samples RS1-RS6 (heated at 
300°C). 

Fe203 persists and the peaks due to Cr203/o~-Fe203 phase 

also appear. Further heating at 700°C shows that 

intensities of the peaks due to Cr203/a-Fe203 decrease 

and particularly for sample RS3 Cr203/a-Fe203 phase 

disappear and only spinel phase is observed. It may be 

noted that both a-Fe203 and Cr203 are isostructural and it 

is difficult to distinguish between the two from the XRD 

studies, however, disappearance/reduction in the inten- 

sities of the peaks due to Cr203/~x-Fe203 on heating the 

samples from 450°C to 700°C, in the present studies rules 

out the possibility of formation of o~-Fe203 in the samples 

RS2, RS3 and RS6 as it cannot convert into y-Fe203. Thus 

in these samples Cr203 is formed together with ~-Fe203. 

Moreover, on heating the samples RS2, RS3 and RS6 at 

700°C CrzO3 starts penetrating into )'-Fe203 matrix 

forming their solid solution. Furthermore, the possibility 

of formation of chromium ferrite is ruled out as both iron 

and chromium are in + 3 oxidation state. The studies also 

show that the extent of reduction in the intensity of 

diffraction pattern due to Cr203 phase is greatly influ- 

enced by varying nature of the oxidative environment 

present during the preparation of the initial samples and 

its solubility behaviour. It can be stated (Johnson and 

Alexander 1986) here that in nanoparticle solute solubility 

may enhance due to elastic strains. 

3.3 MOssbauer studies 

The values of the computed M6ssbauer parameters for all 

unheated and heated samples are given in table 2. From 
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the table it can be seen that in case of all the unheated 

samples a single quadrupole doublet due to Fe 3÷ ions is 

observed (Greenwood and Gibb 1971). The higher 

values of QS as compared to bulk iron oxide is a clear 

indication of the particles to be in nanometer size 

(< 10 nm) (Bhattacharya et al 1997). Further, for the 

samples RS2-RS6, the IS and QS values are higher as 

compared to those of sample RS1 containing only iron. 

These higher values of IS and QS are attributed to the 

interaction of Cr 3÷ ions with Fe 3+ ions (Bhattacharya et al 

1997). In case of samples heated at 300°C we continue to 

observe a quadrupole doublet with still higher values of 

QS except in sample RS1 where a six-line pattern with 

Herr value of 485 kOe, corresponding to ~-Fe203 (Vadera 

et al 1997b), is observed. The smaller HCff value as 
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Figure 5. XRD spectra of samples RSI-RS6 (heated at 
450°C); (a) 7-FezO3/Mn-Cr ferrite and (b) Cr203/a-Fe203. 

compared to bulk ~-Fe203 is due to small particle size. 

The higher values of QS in the samples RS2-RS6 heated 

at 300°C indicate increased interaction between Fe 3÷ and 

Cr 3+ ions due to removal of organic part on heating. 

57Fe M6ssbauer spectra of samples heated at 450°C 

(figure 7) show very interesting behaviour. The obser- 

vation of broad and relaxed spectra in all the samples, 

except for RS1, indicates the magnetic particles to be in 

nanometre range. Different degrees of  relaxation is 

however observed for different samples depending on 

their reaction conditions. In case of RS1, a six-line pattern 

is obtained which is resolved into two sextets with Heff 

values 497 kOe and 513 kOe corresponding to )~Fe203 

and ct-Fe203, respectively. Definite ordering of spins is 

also seen in samples RS2-RS4 as two sextets could be 

fitted in their M6ssbauer spectra. The lower effective 

magnetic field values below 500 kOe (table 2) in these 

samples suggest the formation of only ~Fe203 phase. 
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Figure 6. XRD spectra of samples RS1-RS3 and RS5-RS6 
(heated at 700°C); (a) 7-Fe203/Mn-Cr ferrite and (b) Cr203/ 
a-FezO 3. 



996  Rashi Mathur et al 

Tab le  2. MOssbauer parameters for heated and unheated samples of mixed oxides of  iron and chromium. 

Doublet  Sextet 1 Sextet 2 

IS QS Area IS QS Heff Area IS QS Heft" Area 

Sample (mm/s) (ram/s) (%) (mm/s) (mm/s) (kOe) (%) (mm/s) (mm/s) (kOe) (%) 

RS 1 - RT 0.28 0.65 100 . . . . . . . .  

300°C - - - 0-28 - 0.01 485 56-6 0.48 0.02 445 43.4 

450°C - - - 0.29 - 0.09 513 52.7 0.27 - 0-05 497 47.3 

700°C - - - 0-31 - 0-09 511 100 . . . .  

RS2 - RT 0.33 0.73 100 . . . . . . . .  

300°C 0.31 0.87 I00 . . . . . . . .  

450°C - - - 0.36 - 0.10 494 34-2 0.29 - 0.09 466 65.8 

700°C - - - 0.33 - 0.04 483 33.1 0.33 0.03 462 66.9 

RS3 - RT 0.34 0-74 100 . . . . . . . .  

300°C 0.30 0.90 100 . . . . . . . .  

450°C 0.28 0.98 63-5 0.27 0-13 495 14-3 0-37 0-13 467 20-2 

700°C - - - 0.30 0.02 471 39.2 0.31 - 0 - 0 2  451 60.8 

RS4 - RT 0.33 0.73 100 . . . . . . . .  

300°C 0.32 0.87 100 . . . . . . . .  

450°C 0.25 1.34 29-5 0-33 - 0 . 0 6  494 63.9 0.31 - 0 . 1 0  410 36-1 

700°C - - - 0.31 0.02 468 34.7 0.30 - 0.01 444 65-3 

RS5 - RT 0-34 0.75 100 . . . . . . . .  

300°C 0-32 0.80 100 . . . . . . . .  

450°C - - - 0.38 0.04 414 55.7 0.33 - 0.07 358 44.3 

700°C - - - 0.31 0.01 432 35.6 0.33 0.01 394 64.4 

RS6 - RT 0.34 0-77 100 . . . . . . . .  

300°C 0.29 0.90 100 . . . . . . . .  

450°C 0.29 0.89 100 . . . . . . . .  

700°C - - - 0.28 - 0.01 404 39.9 0-29 0.01 360 60.1 

Isomer shift values are with respect to natural iron. 
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Figure  7. Room temperature 57Fe M~ssbauer  spectra of the 

samples RS1-RS6  heated at 450°C. 

Fur ther ,  t he re  are  c o n s i d e r a b l e  v a r i a t i o n s  in the  

M 6 s s b a u e r  spec t r a  o f  s a m p l e s  R S 2 - R S 4 .  T h o u g h  it  is 

d i f f icu l t  to e x p l a i n  these  va r i a t i ons ,  h o w e v e r ,  t hey  m i g h t  

h a v e  re su l t ed  due  to v a r y i n g  i n t e r a c t i o n  b e t w e e n  the  m e t a l  

ox ides  and  the  c o p o l y m e r  b a c k b o n e  or  d u e  to s o m e  

c h a n g e s  in the  c o p o l y m e r  b a c k b o n e  i t s e l f  f r o m  the  

ox idan t  used  for  s y n t h e s i s  o f  in i t i a l  s a m p l e s .  I t  h a s  a l so  

b e e n  r epo r t ed  ea r l i e r  tha t  the  c o p o l y m e r  m a t r i x  p lays  a 

ve ry  i m p o r t a n t  ro le  in b r i n g i n g  a b o u t  the  m a g n e t i c  

o rde r ing  o f  i ron  o x i d e  pa r t i c l e s  ( V a d e r a  et al 1998)  in  the  

n a n o c o m p o s i t e  s amples .  In s a m p l e  RS5  we  o b s e r v e  two 

s ix- l ine  pa t t e rns  wi th  Heel v a l u e s  o f  4 1 4  k O e  and  358  k O e  

ind ica t ing  tha t  M n  ions  o f  K M n O 4 ,  used  as the  o x i d a n t  in  

the  syn thes i s  o f  the  s ample ,  a lso  p r e c i p i t a t e  in the  r e a c t i o n  

to f o r m  M n - C r  sp ine l  f e r r i t e  sys tem.  In the  s a m p l e  R S 6  

on ly  a p a r a m a g n e t i c  d o u b l e t  is o b s e r v e d  t h e r e b y  sugges -  

t ing  no  m a g n e t i c  o r d e r i n g  in th i s  case .  

A pu re  s ix - l ine  pa t t e rn  is o b s e r v e d  in al l  t he  s a m p l e s  

h e a t e d  at  7 0 0 ° C  t h e r e b y  i n d i c a t i n g  the  m a g n e t i c  o r d e r i n g  

in all the  s amples .  Fu r the r ,  the  low e f f e c t i v e  m a g n e t i c  

f ie ld  va lues  (< 5 0 0  kOe)  in  the  s a m p l e s  R S 2 - R S 6 ,  e x c e p t  

for  RS5,  sugges t  tha t  no  a - F e 2 0 3  p h a s e  is p r e s e n t  in  t he se  

s amples .  In the  s a m p l e  R S 5  we c o n t i n u e  to o b s e r v e  

two s ix- l ine  pa t t e rn s  due  to M n - C r  sp ine l  fer r i te .  In  ca se  
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of sample RS1 a six-line pattern due to c~-Fe203 is 

observed. 

4. Conclusions 

The IR, XRD and M6ssbauer studies clearly indicate a 

definite interaction between iron and chromium ions in 

the as prepared samples thereby suggesting the formation 

of composite of the two oxides. The studies also indicate 

that the size of iron oxide particles in these samples is 

very small < 10 nm. Further, the interaction between the 

metal ions increases on heating the samples-at tempe- 

ratures > 300°C with formation of solid solution at 700°C. 

Further, it is interesting to note from the M6ssbauer and 

XRD studies that ~Fe203 phase, which normally trans- 

forms into c¢-Fe203 on heating at 500°C, still persists up 

to 700°C in the present samples containing chromium 

ions. From IR studies it has been found that the oxidative 

environment exerts a strong influence on the copolymer 

backbone which in turn affects the solubility of Cr203 in 

~/-Fe203 on heating the samples thereby resulting into 

variations in their magnetic properties. 
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