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The system Fe203-1n203 was studied using X-ray diffraction, 57Fe MOssbauer spectroscopy and 
infrared spectroscopy. The samples were prepared by chemical coprecipitation and thermal 
treatment of the hydroxide coprecipitates. For samples heated at 600 ~ a phase, o~- 
(Fel _ xlnx)203, isostructural with 0~- Fe203, exists for 0 ~< x<~0.8, and a phase C- (Fel - xlnx)203, 
isostructural with cubic In203, exists for 0.3<x~< 1. In the two-phase region these two phases 
are poorly crystallized. An amorphous phase is also observed for 0.3 ~< x~< 0.7. For samples heated 
at 900~ the two-phase region is wider and exists for 0.1 < x < 0 . 8  with the two phases well 
crystallized. In these samples an amorphous phase is not observed. ~7Fe M6ssbauer spectroscopy 
of samples prepared at 600 ~ indicated a general tendency of the broadening of spectral lines and 
the decrease of numerical values of the hyperfine magnetic field (HMF) with increasing molar 
fraction In203 in the system Fe203-1n203. The samples prepared at 900~ in the two-phase 
region, are characterized by a constant HMF value of 510 kOe at room temperature. Infrared 
spectroscopy was also used to follow the changes in the infrared spectra of the system 
Fe203-1n203 with gradual increase of molar fraction of In203. A correlation between X-ray 
diffraction, MOssbauer spectroscopic and infrared spectroscopic results was obtained. 

1. Introduct ion 
0~-Fe203, haematite, is isostructural with ~-A1203, 
corundum. Also, haematite is characterized by a speci- 
fic magnetic behaviour [1]: it is paramagnetic above 
the Curie temperature (Tc ~ 955 K for pure bulk ~- 
Fe203), weakly ferromagnetic between Tc and the 
Morin transition (TM ~ 260 K for pure bulk ~-Fe203) 
and antiferromagnetic below the Morin transition. 
Structural, magnetic and electric properties of haema- 
tite have been the subjects of numerous investigations. 

Chadwick et al. [2] prepared iron oxides from 
Fe(NO3)3"9H20 salt under a variety of conditions 
using a simple hydrolysis and thermal treatment of the 
samples. The analysis of samples showed the presence 
of ~-Fe203 and ferrihydrite, which can be considered 
to be a disordered haematite with water molecules 
being an integral part in the structure. M6ssbauer 
spectroscopy did not show the relaxation effects in 
haematite. On the other hand, the ferrihydrite com- 
ponent clearly exhibited the effects of magnetic relax- 
ation. 

In the haematite structure, the Fe 3+ ions can be 
partially replaced with other metal cations, for in- 
stance with A13 + ions. The percentage of substitution 
of Fe 3 + ions with other metal cations varies depend- 
ing on the nature of the substituting cation. Such 
a substitution can affect significantly the structural, 
magnetic and electric properties of haematite. 

Fysh and Clark [3] calculated the recoil-free frac- 
tion at room temperature, for pure haematite and for 
haematite containing 14 mol% A1. The recoil-free 

fraction increased from 0.64 for pure 0~-Fe203 to 0.82 
for ~-(Fe1-xAl~)/O3, where x corresponds to 
14 mol % A1. 

Murad [4] investigated the influence of A1 substitu- 
tion on the absorption of 14.4 keV "f-rays in haematite. 
He also found that the absorption of 7-rays increased 
with substitution of Fe 3 + by A1 a + 

Fysh and Fredericks [5] applied Fourier transform 
infrared spectroscopy (FT1R) in the study of alumi- 
nous haematites and goethites. For high-temperature 
aluminous haematites, a linear relationship exists be- 
tween A1 content and the location of the band near 
470 cm- 1, up to 10 mol % A1 substitution. The FTIR 
spectra of haematite produced by calcining the 
goethite at 590 ~ showed a strong dependence of the 
band position and intensity on the goethite method of 
preparation. 

Barron et al. [6] found that the characteristic shifts 
in the infrared spectra of aluminous haematites de- 
pended on the content of aluminium. However, these 
infrared shifts can be affected by the morphology of 
particles. 

Murad and Schwertmann [7] studied the influence 
of the A1 substitution and crystal size on the 
M6ssbauer spectrum of haematite at room temper- 
ature. They observed that the hyperfine magnetic field 
decreased both with increasing Al-for-Fe substitution 
and with decreasing crystal size. The decrease of the 
hyperfine magnetic field values was accompanied by 
broadening of the M6ssbauer lines. M6ssbauer spec- 
troscopy was also used [8] as a technique for the 
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quantitative determination of the aluminium-sub- 
stituted goethite-haematite mixtures. 

The synthetic Mn-substituted goethites, ~-(Fea-x 
Mnx)OOH, and haematites, 0~-(Fel_xMn~)=O3, with 
x up to 0.08, were studied by 57Fe M6ssbauer spectro- 
scopy [9]. The hyperfine magnetic field is found to be 
less influenced by Mn substitution, than in the case of 
A1. It was also found that  Mn substitution suppressed 
drastically the Morin transition in haematite, which 
resulted in a weakly ferromagnetic state a t  80 K for 
compositions with x > 0.04. 

De Grave et al. [10] studied the effect of crystal- 
linity and A1 substitution on the magnetic properties 
and the Morin transition in haematite. The pore- 
containing particles disappeared gradually with in- 
creasing heating temperature, and this caused the 
Morin transition temperature to shift to higher values. 
De Grave et al. also suggested that the two low- 
temperature phases, observed in the M6ssbauer 
spectra, coexisted within the particles and that the 
canting of the spins with respect to the crystallo- 
graphic axes can be ascribed to the magnetic exchange 
interactions, which favour a uniform spin orientation 
within the same particles. 

Recently, Musi6 et al. [11] published the results of 
an investigation of the system FezO3-Ga20  3 using 
X-ray diffraction and STFe M6ssbauer spectroscopy. 
The presence of only 0~-(Fel_~Ga~)203 phase was 
detected for the compositions with x between 0 and 
~0.90. A gradual decrease of the unit-celt parameters 

of 0~-(Fel xGax)203 and the reduction of the hyper- 
fine magnetic field with the increasing gallium substi- 
tution were measured. The hyperfine magnetic struc- 
ture, which was observed for 0~-(Fet_~Ga~)203 at 
room temperature, collapsed for the composition with 
x ~ 0.50. 

In the present publication we report the results of 
an investigation of the system FezO3-In203 using 
X-ray diffraction, 5VFe M6ssbauer spectroscopy and 
infrared spectroscopy as experimental techniques. 
49In belongs to the group of elements in the periodic 
system, in which there are also sB, ~3A1, 31Ga and 
81T1. The ionic radius in the trivalent state of these 
elements increases with the atomic number, for in- 
stance 0.057nm for A13+, 0.062nm for Ga 3+ and 
0.092nm for In 3+. Chemistry of Ga 3+ and In 3+ 
shows many similarities. However, In 3+ (0.092 rim) 
has significantly greater ionic radius than Fe 3+ 
(0.067 nm). For this reason, we expected different ef- 
fects of the In 3+ ions on the haematite structure in 
relation to the Ga 3 + ions. 

2. Experimental procedure 
Analar reagent grade chemicals and doubly distilled 
Water were used. The Fe(OH)3-In(OH)3 coprecipi- 
tares were carefully washed and then dried. Twelve 
samples, S-1 to S-12 were obtained by heating the 
corresponding hydroxide coprecipitates for 1 h at 
200 ~ for 1 h at 300 ~ for 1 h at 400 ~ and for 5 h 
at 600 ~ ("step-by-step" heating). The chemical com- 
position of samples S-1 to S-12 is given in Table I. 
Samples S-1 to S-12 were additionally heated for 6 h 
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T A B L E  I Chemical composition of the samples in the system 
FezO3 In203 

Sample Molar fractions 

Fe203 In203 

S- 1 0.99 0.0 l 
S-2 0.97 0.03 
S-3 0.95 0.05 
S-4 0.90 0.10 
S-5 0.85 0.15 
S-6 0.80 0.20 
S-7 0.70 0.30 
S-8 0.50 0.50 
S-9 0.30 0.70 
S-10 0;10 0.90 
S-11 0.05 0.95 
S-12 1.00 

at 900 ~ The samples obtained at 900 ~ are denoted 
by an asterisk, S-l* to S-12". 

X-ray diffraction measurements were performed us- 
ing a counter diffractometer with monochromatic 
CuK0~ radiation (Philips diffractometer, proportional 
counter and graphite monochromator). 

M6ssbauer spectra were recorded using a commer- 
cial M6ssbauer spectrometer by Wissel. A 57Co-Rh 
source was used. The standard absorbers, a-Fe, 
0~-Fe203 and SVF~Rh were also used. 

The infrared spectra were recorded using a 580 B 
Perkin-Elmer spectrometer. The specimens were 
pressed in KBr discs. 

3. Results and discussion 
3.1. X-ray diffraction 
The crystallographic data for 0~-Fe20 3 and cubic C- 
In203 are shown in Table II. In the present work, the 
system Fe/O3 In203 was investigated by X-ray dif- 
fraction over the whole concentration range. The X- 
ray diffraction results can be summarized as follows. 

For samples heated to 600~ a phase cx- 
(Fel ~Inx)2Oa, as, isostructural with ~-Fe/O3, exists 
for 0 ~< x<0.8  (samples S-I to S-9), and a phase C- 
(Fel-~In~)/O31 Cs, isostructural with cubic In203, 
exists for 0 .3<x  ~< 1 (samples S-7 to S-12). In the 
two-phase region these two phases are poorly crystal- 
Iized. For 0.3 < x < 0.7 (samples S-7 to S-9) an amorph- 
ous fraction is also present. 

In the single-phase regions a shift of diffraction lines 
toward smaller 0 values takes place, due to a gradual 
replacement of Fe with In. The corresponding increase 
of the lattice parameters of the 0~s-phase from x = 0 to 
x ~ 0.3 amounts to 1.1%, and the increase of the 
lattice parameter of the Cs phase from x ~ 0.8 to 
x = 1 is 1.0%. Sample S-7 is very poorly crystallized, 
while samples S-8 and S-9 exhibit very broad diffrac- 
tion lines. Broadening of diffraction lines is also ob- 
served for samples S-5 and S-6 and S-10 to S-12. 
A characteristic part of the X-ray powder diffraction 
pattern of sample S-8 is shown in Fig. 1. 

For the samples additionally heated at 900 ~ the 
results are similar to those obtained for the samples 
heated up to 600~ The two-phase region is wider 



TABLE II Crystal data for ~-FezO3 and cubic C-In203 

JCPDS PDF Compound Space group Unit-cell 
card no. [24] parameters (nm) 

hexagonal axes 
13-534 ~-Fe203 R3c(167) a = 0.5034 

c = 1.3752 
6-416 C-IntO3 I213(199) a = 1.0118 

[ I I ~ I I ,  I P I 

18 16 I4 12 
(3 (deg) 

Figure 1 Characteristic part of X-ray powder diffraction pattern of 
sample S-8 (50 tool% Fe203 + 50 tool% In203). Radiation: mono- 
chromatic CuK~. Phases: (I~') ~s, isostructural with ~-FezOa, (V) 
Cs, isostructural with cubic C-InzO 3. 

and exists for 0.1 < x < 0 . 8  (samples S-4" to S-9"). The 
two phases, as and Cs, are well crystallized. Samples 
S-4" to S-9" exhibit only a small broadening of diffrac- 
tion lines. No amorphous phase is present. The in- 
crease in the lattice parameters of the as-phase with 
x from x = 0 - ~  0.1 amounts to 0.7% , and the in- 
crease of the lattice parameter  of the Cs-phase from 
x ~ 0.8 to x = 1 amounts to 1.0%. In the two-phase 
region the diffraction lines of both as and Cs phases do 
not move with x in both cases, for samples heated to 
600 ~ and for those additionally heated at 900 ~ 
Characteristic parts of the X-ray powder diffraction 
patterns of samples S-l*, S-6", S-8" and S-11* are 
shown in Fig. 2. 

On the basis of the X-ray diffraction results it can be 
concluded that in the system FezO3-In203 solid solu- 
tions exist in narrow concentration regions, at the 
Fe-rich side and at the In-rich side. On the other hand, 
in the system Fe203 Ga203  I11] solid solutions ap- 
pear over the whole concentration range, i.e. the phase 
a - (Fe l -xGax)203,  isostructural with a-Fe/O3 and a- 
Ga203,  exists from x = 0 ~ 0.95, and [3-(Fel_~ 
Gax)2Oa, isostructural with 13-Ga203, for x > 0 . 9 5 .  
These effects can be attributed to a big difference 
between the ionic radii of Fe 3 + and In 3 + in the first 
case, and the similarity of the ionic radii of Fe 3 + and 
Ga 3 + in the second case. 

3.2. 57Fe M6ssbauer  spect roscopy 
Fig. 3 shows the M6ssbauer spectra of samples S-l, 
S-2, S-6 and S-7. In this figure the standard lines of 
well-crystallized a-Fe203 are also shown: The 
M6ssbauer spectroscopic results indicate the general 
tendency of the broadening of M6ssbauer lines and 

/o/ l 

i i 

V 

18 16 I4 12 
(3 (deg) 

Figure 2 Characteristic parts of X-ray diffraction patterns of sam- 
ples (a) S-l*, (b) S-6", (c) S-8" and (d) S-11". These samples were 
obtained at 900 ~ Radiation: monochromatic CuKa. Phases: (I?) 
ms, isostructural with 0~-Fe203 (V) Cs, isostructural with cubic 
C-In203. 

the decrease of the numerical values of the hyperfine 
magnetic field (HMF) with increasing of content of 
In 3+ ions. Table III  shows the average values of the 
hyperfine magnetic field calculated on the basis of 
recorded M6ssbauer spectra for samples S-1 to S-6. 
Broadening of M6ssbauer lines is very pronounced in 
the spectrum of sample S-6. Also, there is a gradual 
increase of the intensity of inner lines, particularly of 
lines 2 and 5. The M6ssbauer spectrum of sample S-7 
recorded at room temperature does not show hyper- 
fine magnetic splitting; only the asymmetrical central 
doublet is observed. As already mentioned, for sam- 
ples S-1 to S-6 only one phase, a- (Fel-xlnx)203,  
isostructural with a-Fe203,  is observed by X-ray dif- 
fraction. For the same samples the M6ssbauer spectra 
show hyperfine magnetic splitting at room temper- 
ature. 

In the region of the formation of solid solution 
(samples S-1 to S-6) the In 3 + ions are dissolved in the 
haematite structure. In these samples there is a non- 
uniform (statistical) distribution of In 3+ ions. The 
presence of In 3 + ions in a haematite structure affects 
the electronic environment of the 57Fe resonant 
atoms, and this reflects on their contributions to the 
M6ssbauer effect. Generally, the 57Fe M6ssbauer ef- 
fect in the system Fe203-Me203  (Me 3+ = metal ca- 
tion) can be interpreted in the sense of the electronic 
relaxation and the superparamagnetism. Morup et al. 

[12] discussed the influence of substituting cations on 
the 57Fe M6ssbauer spectra of different iron oxides. 
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Figure 3 5VFe M6ssbauer spectra of samples (a) S-l, (b) S-2, (c) S-6 
and (d) S-7, recorded at room temperature. 

T A B L E III Hyperfine magnetic fields (average values) for samples 
S-1 to S-6 measured at room temperature 

Sample H s / 2  (kOe) 

S-I 514 
S-2 511 
S-3 506 
S-4 500 
S-5 477 
S-6 488 

V', �9 

Fig. 4 Shows the M6ssbauer spectrum of sample 
S-8 recorded at room temperature. The asymmetry ~ 
of the M6ssbauer lines is pronounced and this spec- 
trum can be regarded as a superposition of two 
doublets, Q~ and Q 2 .  Their M6ssbauer para- 
meters are: 6~ = 0 .354mms -~, Aa = 0.758 mms -~, 
~ 2  = 0.337 mm s-  1 and A 2 = 0.999 mm s-  t. Isomer 
shifts, 61 and 62, are given relative to 0r This result 
indicates the presence of the 57Fe resonant atoms in 
different structural environments, which is in agree- 
ment with the X-ray diffraction results. Fig. 5 shows 
the 57Fe M6ssbauer spectra of samples S-9, S-10 and 
S- 11 recorded at room temperature. These spectra are 
characterized with the asymmetrical doublet, and they 
are similar to the spectrum of sample S-8. 

The additional heating of the samples at 900~ 
produced significant changes in the corresponding 
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Figure4 SVFe M6ssbauer spectrum of sample S-8, recorded at 
room temperature. 

(o} 

(b) 

(c )  

"% .=: 

. j  . '  
...: 

';;:: ~!::i ;::::~ :"-!~:~":.:i-: -."-':'"~":-:::"..~"::,~ 

?. :: :: 

:=;~;'~:"~-"~::/'::::"..:~-. . ./::::#i '{':;~:''~;;i 
- ;  ;:" 

I l I I I 
-4  -2 0 Z 4 

Velocity (ram s -1} 

Figure 5 STF'e Mfssbaur spectra of samples (a) S-9, (b) S-10 and (c) 
S-t 1, recorded at room temperature. 

T A B L E  IV Hyperfine magnetic fields (average values) for samples 
S-l* to S-9" measured at room temperature 

Sample Hs/z (kOe) 

S-l* 517 
S-2" 517 
S-3" 510 
S-4" 5t0 
S-5' 510 
S-6" 510 
S-7" 510 
S-8" 510 
S-9" 508 
S-10* No hyperfinemagnetic splitting 

M6ssbauer spectra. Fig. 6 shows the STFe M6ssbauer 
spectra of samples S-l* to S-10* recorded at room 
temperature. Hyperfine magnetic fields (average 
values), for samples S-l* to S-9", are given in 
Table IV. 

4 2 2 8  
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F i g u r e  6 STFe M6ssbauer spectra of samples S-l* to S-10*, recorded at room temperature. (a) S-t*, (b) S-2", (c) S-3", (d) S-4", (e) S-5", ((f) 
S-6", (g) S-7", (h) S-8',  (i) S-9", (j) S-10*.. 

The hyperfine magnetic splitting spectra, without 
a central quadrupole doublet, are recorded for sam- 
ples S-l* to S-6". A central quadrupole doublet of 
very small intensity is observed in the M6ssbauer 
spectrum of sample S-7", whereas the relative intensity 

of the central quadrupole doublet is bigger in samples 
S-8" and S-9". The M6ssbauer spectrum of sample 
S-10* shows only the asymmetrical quadrupole doub- 
let. The hyperfine magnetic field of samples S-l* and 
S-2" is 517 kOe. This value of HMF is generally 

T A B L E V Characteristic in~ared absorption bands observed for different haematite samples (literature data) 

Sample In~ared absorption bands (cm 1) Re~rence 

Haematite 560 468 370 325 [13] 
540 470 345 [t4] 
530 445 305, 297 
530 445 390 308 233 [15] 
543 468 333 233-240 

640 525 395 295 [16] 
542 470 380 340 

3400 950 630 540 470 385 330 300 230 [17] 
540 470 440 385 325 230 

(TO)" 299 526 227 286 437 524 [18] 
(LO) b 414 662 230 368 494 662 
observed - 575 485 385 360 - 
estimated 585 595 485 386 358 230 
observed 650 525 440 300 - 
estimated 660 525 440 412 296 230 [19] 

"Protohaematite" 

Haematite 
"Protohaematite" 
Haematite 
"Hydrohaematite" 
Haematite 
Haematite 

Haematite 
sphere 
Haematite 
lath 

"Transverse-optical-phonon frequencies. 
b Longitudinal-optical-phonon frequencies. 
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measured for the well-crystallized haematite. Samples 
S-3" to S-8" are characterized by a constant HMF 
value of 510 kOe and for sample S-9" this value is little 
reduced (508 kOe). These results can be connected to 
the X-ray diffraction results, which showed, for sam- 
ples S-4" to S-9", the presence of the two-phase region 
and that in this region the diffraction lines of both as 
and Cs phases do not move with x. 

3.3. Infrared spectroscopy 
The infrared spectrum of haematite has been exten- 
sively investigated by many researchers. Table V 

shows the characteristic infrared absorption bands 
(cm-1) observed for haematite samples. 

McDevitt and Baun [13] published the character- 
istic infrared bands of haematite at 560, 480, 370 and 
325 cm-1. Schwertmann and Taylor [14] suggested 
that characteristic infrared bands at 540, 470 and 
345 cm-1 in the low-frequency region can be used as 
fingerprints in the identification of a haematite. Differ- 
ences in the location of the characteristic infrared 
bands of natural haematite can be ascribed to the 
presence of foreign ions in the haematite structure. 
Also, the degree of crystallinity strongly affects the 
infrared spectrum of haematite. 

(o) 

(b) 

(c) 

(d) 

I t I I 

800 600 z, O0 200 
(cm -I l 

Figure 7 Characteristic parts of the infrared spectra recorded for 
samples (a) ~-F%O3, (b) S-l, (c) S-3, (d) S-4 and (e) S-5. 

4230 

(o) 

(b) 

(e) 

(d) 

I I I 

800 600 ~00 2OO 
( c m  -1 ) 

Figure 8 Characteristic parts of the infrared spectra recorded for 
samples (a) S-?, (b) S-8, (c) S-9 and (d) S-12. 



TAB LEVI  Characteristic infrared bands (cm -1 ) measured for samples ct-Fe203 and S-1 to S-12 

~-Fe203 S-I S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9 S-10 S-I1 S-12 

605 vw 605 w 605 m 605 m 605 m 

535 s 540 s 538 s 530 s 535 s 530 s 535 s 560 s, b 570 sh 565 w 570 m 565 m 565 m 

540 sh 540 sh 540 sh 540 w 538 w 

470 sh 470 m 465 m 460 s 465 m 460 m 460 m 470 m,b  450 s 440 s 430 s 420 vs 420 vs 

445 m 

380 sh 380 sh 380 vw 380 vw 380 sh 380 sh 375 m 375 m 370 m 370 m 

3 2 0 m  310sh  3 1 0 w  3 0 5 m  3 1 5 m  3 1 0 m  3 0 5 w  330 w,b 3 3 5 v w  3 3 5 w  340sh  3 3 0 w  3 3 0 m  

s = strong, m = medium, w = weak, vw = very weak, sh = shoulder, b - broad. 

Yariv and Mendelovici [15] investigated the effect 
of the degree of crystallinity on the infrared spectrum 
of haematite. In their paper, the poorly crystalline 
haematite was termed "protohaematite", whereas well 

(a) 

(b) 

(c) 

(d) 

q 

I I I I 

800 600 400 200 
( c m  -1 ) 

Figure 9 Characteristic parts of the infrared spectra recorded for 
samples (a) ~.-Fe20* , (b) S-l*, (c) S-3" and (d) S-4". 

crystalled oxide produced at temperatures above 
700 ~ was haematite. The infrared spectrum of "pro- 
tohaematite" is characterized by three strong absorp- 
tion bands at 530, 445 and 308 cm 1, which were 
assigned to 0 2- displacements. When the infrared 
discs were prepared without grinding, the infrared 
spectrum of "protohaematite" showed a doublet at 
305 and 297 cm-  1. Infrared absorption bands at 543, 

(a) 

(b) 

(r ] 
(d) 

I I I I 

800 600 400 200 
(cm -1) 

Figure lO Characteristic parts of the infrared spectra recorded for 
samples (a) S-5", (b) S-7", (c) S-8" and (d) S-9". 
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T A B L E  VII Characteristic infrared bands (cm - I  ) measured for samples ~-Fe20* and S-l* to S-11' 

~-F%O* S-l* S:2" S-3" S-4'  S-5" S-6" S-7" S-8" S-9" S-10* S-I 1" 

605 sh 605m 610 s 605 s 

540 s 560 s 570 s 570 s 570 s 575 s 585 s 580 s 570m 570m 570 s 
535 s 540 sh 540 sh 545w 540m 

475 sh 475m 480m 475 sh 475m 475m 475m 470 s 460 s 470 sh 470 sh 

445m 435 sh 440 sh 435m 440 sh 430 s 425 s 425 vs 

380 sh 380 vw 380 vw 375 sh 380 sh 380 sh 380 sh 380 vw 375m 375m 370 s 

340s 325 W 335 w 320 w 340m 335 w 345m 340m 335m 330 w 330 w 330m 

s = strong, m = medium, w = weak, vw = ver~ weak, sh = shoulder. 

468 and 333 cm-~ were recorded, when goethite or 
"protohaematite" was heated above 700~ The in- 
frared band at 233-240 cm-1 was ascribed to Fe 3 + 
displacement. 

Mendelovici et al. [16] also investigated the solid 
state conversion of pure ~-FeOOH into distinctive 
~-Fe203 using the dry grinding method. The effect of 
particle size on the infrared bands assigned to O z-  
displacements was suggested. 

Wolska and Szajda [17] suggested that the presence 
of hydroxyl groups in the haematite lattice ("hy- 
drohaematite") is the major factor affecting the in- 
frared spectrum of haematite. In a recent publication 
[20], Wolska also suggested that the differences be- 
tween the infrared spectra and X-ray diffraction pat- 
terns have a structural, rather than morphological 
origin and that they are caused by the occurrence of 
water in the haematite crystal lattice. 

On the other hand, Serna and co-workers empha- 
sized the influence of the particle shape on the infrared 
spectrum of haematite [19, 21,22]. Hayashi and 
Kanamori [23] found that the infrared transmission 
spectra of cz-Fe203 microcrystals can be explained 
taking into account the optical anisotropy, particle 
size and broadening mechanisms. 

In the present study we investigated the influence of 
In 3+ to Fe 3 + replacement on the changes in the in- 
frared spectrum of haematite. The characteristic parts 
of the infrared spectra, recorded for ~-Fe203 and 
samples S-l, S-3 to S-5, S-7 to S-9 and S-12, are shown 
in Figs 7 and 8. The numerical values of the corres- 
ponding infrared bands (cm- x ) are given in Table VI. 
The results of these measurements can be summarized 
as follows. The strong absorption band at 
53(~540 cm- ~ is broadened with increasing In 3 + con- 
tent. Replacement of Fe 3 :~ with In 3 + causes a shift of 
the infrared band at 455 cm -1 with a shoulder at 
475 cm- ~ to a position at 460-470 cm- 1. The infrared 
band at 320 em - t  and a shoulder at 380 cm-~ are 
present in the spectra of all samples S-1 to S-6. How- 
ever, the infrared band at 320 cm- 1 becomes broader 
and shows a tendency to shift to the lower wave 
numbers as the In 3 + content increases. 

Significant changes in the infrared spectrum of 
sample S-7 were observed. This infrared spectrum is 
characterized by infrared bands which are very broad 
and poorly separated. The infrared bands at 535 and 
320 cm-~ are shifted to 560 and 330 cm-1, respect- 
ively. Evidently, infrared spectroscopy is sensitive to 
the structural changes in the system Fe203-In203.  In 
a previous discussion, it was shown that in sample S-7, 

in addition to a phase ~-(Fel-xlnx)203, there is also 
present a phase C-(Fel_xlnx)203 and an amorphous 
fraction. On the other hand, SVFe M6ssbauer spectro- 
scopy showed for sample S-7 the disappearance of the 
hyperfine magnetic field at room temperature. 

In the infrared spectrum of sample S-8 (50 mol% 
Fe203 and 50 mol% In203), all the infrared bands 
characteristic of C-In203 (prepared at 600 ~ begin to 
appear (the infrared bands at 605, 570, 540, 380 and 
330cm-1).  The strong infrared band at 450cm 
is significantly broadened, while that at 

530--540 cm-  ~ disappears. In the infrared spectra of 
samples S-9 to S-12 the new infrared bands are more 
and more pronounced. The infrared band at 450 cm- 
(sample S-7) gradually shifts to 420 cm-~ (sample S- 
12) with increasing indium content. 

Figs 9 and 10 show the characteristic parts of the 
infrared spectra of ~-Fe20* and samples S-l*, S-3" to 
S-5" and S-7" to S-9". The numerical values of the 
characteristic infrared bands (cm -~) are given in 
Table VII. 

Additional heating of ~-Fe203 at 900~ caused 
only a shift in the infrared band at 320cm -~ to 
340 cm- 1. The replacement of Fe 3 + with In 3 + caused 
a shift of the infrared band at 540 cm- 1 to higher wave 
numbers. A weak or medium intensity band at 
~310 cm -1 also shifts to higher wave numbers 

(325-345 cm-  1 ). 
The thermal treatment of samples S-7 and S-8 at 

900 ~ caused changes in the corresponding infrared 
spectra. Generally, the spectral lines of these samples 
are more sharpened than those recorded for samples 
prepared at 600 ~ Also, the resolution of the infrared 
peaks increases from sample S-9" to S-11*. These 
effects can be ascribed to better crystallinity and the 
absence of amorphous phase. 
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