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Preparatiun or aci cular maghemi te containing dopan ls li ke Mg. i and Gd and their characleris,llion us ing different analytica l 

techniques have been reported. These in vestigat ions reveal that the addition of dopants li ke Mg. Ni and Gd modifies the magnetic 

properties without cfrecting any structural changes. T he opt ical bandgaps o f these doped compositions have ,li S() hecn 

determ ined. Evidence is ,li so av,li lab le from spectroscopic investi gation s suggest ing thalmaghcllli te prepared vi,l the ()xa l,ltc 

precursor route does nm exhi bit a hydrogen ferrit e structure. 

I Intmduction 

Maghemite (y-Fe20~) and materi als derived from y
Fe20 , in the acicul ar form find appli cations as a mag
netic storage medium ' . About 90 % of audio/video and 
computer diskettes employ these needle shaped gamma 
ferric ox ides either in the parti cul ate or thin film form2 

The y-Fe20 , is a widely used materi al fo r recording 
medi a because it has the ideal combinati on of hys teresis 
loop pa rameters such as saturation magnet isation (Ms) , 
coercivity (Hc) and squareness rati o (MrlMs). Tt is gen
erall y preferred in the fo rm of ac icu lar single domain 
pa rticles ' . The need fo r single domain particles is for 
obtaining optimum va lue of coercive force4 The ac iClt
lar shape is fo r better ali gnment of partic les while on 
recording which in turn is related to signal to noise ratio). 
Ga mma ferri c ox ide is also used as a potential catal ys t 
in petroc hemica l industr/, . Hence studi es relatin g to 
ga mma fe rri c ox ide ant.! gam ma ferri c ox ide based ma
te rial s are co mmerciall y very importan t. It has also been 
discovered recentl y that po lymer nanocomposites con
ta ining ga mma iron ox ide ex hibit novel properties li ke 
superparamagneti sm and are potenti al mate ri als for 
maanetic refri a erat ion7

.X. 
b b 

Ga mma fe rric ox ide is a vacancy ordered spinel hav-
ing the structure Fe ~+1 (Fe ' +).;I1D 113 10-1 where the vacan
cies are exc lu sive ly concentrated on the octahedral 
sites') . These vacanc ies give scope for doping gamma 
fe rric ox ide with cati ons having octahedral site prefer
ences, thereby lead i ng to mod ifica ti on of magneti c prop
erties without altering its bas ic .~ tructure. Thi s will lead 
to thermal stability'O There are also reports statin g that 

y-Fe20 , ex hibits a structure similar to hydrogen fe rri te 
havi ng the formul a Fe~ rH-IFedO'2 (Ref. I I). The addi
ti on of dopants into the y-Fe20 , lattice has been kn own 
to modi fy the magnetic properties' 2. Here in thi s study 

pure and doped acicul ar y-Fe20 , have been prepared 
using acicul ar ferrous oxalate dihydrate precurs01·s ". 
Dopants like magnes ium, nickel and gadol ini um were 
incorporated in to the lattice. These were then charac
teri sed using XRD, UV-VIS-NIR, FTIR and magnetic 
measurements. Doping may effect changes in sy mmetry 
and also on the optica l bandgap. Changes if any, i ntro
duced by doping can be detected by usin g spectroscopy 
as an analyti ca l tool. 

2 Experimental Details 

2.1 S)'nthesis of gamma iron oxide containing dopants 

Gamma fe rri c ox ide containing dopant s were pre
pared in the fo rm of acicul ar particles by employ ing 
ac icular oxalate prec urso rs' -I . The oxa late prec ursors 
containing the approp ri at e dopants were decomposed in 
an inert atmosphere containing oxygen free nitrogen at 

around 400 °C to yie ld Fe,O" which was then carefu ll y 
ox idi sed to doped gamma fe rri c ox ide at around 2no 0c. 
The preparati on sc heme is depi cted in the form of a flow 
chart (Fig. I). 

2.2 Characterisation 

2.2. 1 Structured studies - Powder diffractograms 
were recorded on a Phil ips PWI1 40 di ffrac tometer us
ing CuKn rad iati on. The latti ce parameters for pu re alld 
doped y-Fc]O ; were eva luated assumin g cu bic symme
try. 
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Fig. I - Preparati on details or do ped acicular gamma fe rri c ox ide 
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2.2.2 M o /'ph o [o{;y sludies - The o ptica l mI 

c rographs and TEM of some representati ve samples 
were recorded by using optica l microscope (v e rsamet 

Table I - Latti ce parameter. magnetisation da ta and opti ca l bandgap 

2) and TEM (Philips EM 30 1) respectively. 

2.2.3 Magnetisafiol1l1leasuremenfs - Magneti sation 

measurements on magnes ium and nicke l doped samples 

were carri ed out using hysteres is loop trace r (HL T) (Ref. 
15). Magneti c properties such as saturation magneti sa

ti on, coerciv ity and squareness rati o were evaluated by 
usin g HL T. 

2.2.4 Speci roscop ic sludies - UV -vIS- NIR absorp

ti on spectra of pure and doped y-FezO, samples were 
charted by using Hitachi Uv -vIS-NIR spec trophotome

te r (model U34 1 0) . The optica l band gap of these sam
pl es was eva luated from the spectra by noting the 

wavelength A~ correspondi ng to the absorption edge. 
The energy corresponding to thi s wavelength was ca l

culated usin g the formu la 

E~ = hdA~ 
FTIR spectra of these sampl es were a lso recorded to 

find out different JR absorpti on bands. The spectrum 
was charted on a FTIR spectrophotomete r (Schimadzu 
810 1) in the range 1500-400 cm- ' . 

3 Results and Discussion 

3.1 Structura l stud ies 

X-ray powder diffrac tograms were recorded for pure 
and doped compositi ons. Lattice paramete rs for pure 
and doped samples were calculated under the assump
ti on that they c rysta lli ze in the spine l structure. The 
de tai ls are given in Tabl es I , 2 and 3 for magnesium, 
ni cke l and gado linium doped samp les respec tivel y. The 

lattice parameters were found to be 0 .833nm, 0 .830 nm 
and 0 .832 nm for M g, Gd and Ni doped samples. It can 

1'01' magnesium doped y-FC20 ~ sa mples 

Dopant Lattice Saturation Coercivily Optical 
concen tra- parameter magnetisa- 1-1 " in A/m bandgap 
tion in in nm ti on M, in in eY 
atomi c % Am2/kg 

0 0.834 77 19900 1.84 

0.833 8<) 2595() un 

2 0.833 100 2 14<)2 IX, 

4 0.833 70 18308 Uti 

6 0.833 91 2 14<)2 U '; I 

8 0 .834 8 1 16716 1.84 

10 0.833 80 15920 1.84 

16 0.833 86 15920 1.84 

Table 2 - Latt ice parameter. magneti sation data and opti cal bandgap 
1'01' nickel doped y-Fe20 , samples 

Dopant Lattice Saturation Coercivit y Opti cal 
concen tra- parameter magneti sati o 1-1 " in A/m bandgap in 
tion in in nm n M, in eY 
atomic % Amz/ Kg 

0 0.834 77 I <)<)()() 1.84 

0 .832 83 17910 1.83 

4 0 .832 78 19900 1.72 

8 0.832 73 18308 1.72 

16 0 .834 74 I 990() I Xl 

be seen that doping do not effect any notab le change in 
lattice paramete r. The absence of any inc reas ing or 



X44 INDIAN .r PURE APPL PI-IYS. VOL 37, NOVEMBER 1999 

decreasing trend in latti ce parameter with increase in 
dopant concentration can be att ributed to the foll ow ing. 

These cati ons have the ri ght ioni c radii to fill the 
octahed ral vo id~ of the spinel lattice. An idea l close 
packed st ructure consist ing of ri gid ions in the tetrahe
dra l interstices should permit ions with max imum ionic 
r;1dii of 0.04 nm and whereas the octahedral ones ca n 
have a maximum rad ius oro.on nm (Refs. 9, 16). Since 
the ioni c radii of ni ckel, magnesium and gad olinium are 
greater than 0.04 nm, it is ri ght to assume that they 
occupy octahedral sites. Normall y in order to accommo
date larger sized ions the lattice should ex pand . Since 
we do not observe any increase in lattice parameter it is 
pres umed th at these ions occupy octahedral vacancies . 

3.2 Morphological studies 

The opti ca l and TEM micrographs of some repre
sentative samples are show n in Figs 2(a) and 2(b). These 

mi crographs confirm the aci cular nature of the prec ur
sors as well as that of l1laghemite. 

Tahle 3 - Lalli cl: parameter and optica l bandgap fur gadoliniulTl 

eloped y-FezO, samples 

Dopant concentra- Latt ice p;lramctcr Opti c;1 1 
ti on in atomic % in nm bandgap ill cV 

0 O.X34 I .X4 

O.X3() 1.':>:1 

2 OX34 I Xl 

4 O.X34 IX4 

6 O.X3:2 I N) 

X O.S]3 I H:) 

Fig. :2 - (;1) Opti cal micrograph of acicular ferrous oxalate dihydrate precursors: 

( 11 ) Trall smiss ion electron micrograph or y-Fe20 1 prepared using precursors 
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3.3 Magnetil: measurements 

Satu rati on magneti sa ti on (Ms) and coerc ivity (Hc) 
of pure as well as magnes ium and nickel doped samples 
are li sted in Tab les I and 2 fo r magnesium and ni ckel 
doped samples respectively. Doped gamma ferric ox ide 
exhibits hi gher saturati on magneti sati on than that of 
pure gamma ferri c ox ide. Theoretica ll y one should ex
pect a steady increase in Ms with increase in dopant 
concentrat ion. The ex pected gradual increase in Ms is 
not observed probabl y because due weightage for parti 
cle size effects is not given. Moreover, the presence of 
superparamagnetie particles even in small quantities can 
bring down the saturati on magneti sati on value consid
erabl y. Si nce the parti cle sile measurements have not 
been ca rried out it is hard to conclude that onl y super
paramagnet ic parti cles are responsible for reducti on in 
sat urat ion magneti sa ti on. It is also possible that some 
amount of alpha iron ox ide is present in these sampl es 
which is out of the detectable limits of XRD. These 
doped samples ex hibit a relati ve increase in saturati on 

magneti sa ti on wi th respcct to pure y-Fe20 , . Since the 
dopant concentrat ion is very small and a thorough 
chemi cal anal ys is is not performed on these samples. 
these inferences are onl y tentati ve. Coercivity (Hc) 
largely depend s on magnetocrystalline ani sotropy, and 
in this case it does not show any specific trend . 

3.4 Spectroscopic studies 

Absorpti on spectra were rccorded to determine the 
influence of dopant s on the bandgap of these materials. 
From the UV- VTS-N IR absorpti on spectra the opti cal 

bandga p for pure and doped y-Fe20 , were calculated and 
are li sted in Tables 1,2 and 3 for magnes ium, nickel and 
gadoliniulll doped samp les respecti ve ly. The bandgap 
ca lcul at ion cmpl oying the method of absorpti on edge 

invo lves an error of < ~. (k . It is seen that pure y-Fe20 1 
exhibi ts a bandgap of 1 . ~4 cV. while doped composi
tions exce pt6 Ole gadol iniu m and4 and 8 ryo ni ckel doped 
sampl es have almost the same bandgap as that of pure 

y-FC20 1. This gives complemcntary evidence to the in 
re rence drawn frolll the structu ral characterisati on that 
no significant struct ura l changes are e lTecred by dopi ng. 
In t he case of 6 'lc gadol i n iUIl1 and 4 and 8 r;, !1 ic kcl doped 
sampl es the handgap is found to be Icss th eln that ofpurc 
gamllla fe rric oxidc. Thi s may be due to the presence of 
,dph a rern c ox ide which Illay he present in the form or 
impurities. 

Spectro ,~copy has been a valuabl e tool for detecting 
the fundamental vibrati ons of OH strelching l 7

. This is 
espec iall y true fo r determining the OH vibrat ions on 

oxide surfaces. Extensi ve in vesti gati ons were carried 

out on y-AI20 , which resemble the structure ofy-Fe~O, . 

On alumina surfaces three bands are detected in the 
range 3700 to 3800 cm- I 

. However at hi gher resolutions 
5 bands can be observed. The fi ve OH stretching bands 

which were observed during dehydrox ylation ofy-A l20 1 
surfaces were attributed to OH groups in di stinct lateral 
surface environments. Thus the hi gh wave number band 
at 3800 cm- I was assumed to be characteri stic for OH 
(t roup with four ox ide neighbours in the surfaces 
o _ I 
whereas the lowest band at 3700 cm correspond to the 
OH group that has no ox ide neighbours. The other OH 
groups which give ri se to intermediate wave numbers at 
37 11 ,3744 and 3780 cm- I were assumed to be located 
at one, two and three nearest neighbour ox ide ions 
respecti vely. If gamma ferric ox ide crystalli zes in the 

. d' d b I I x hydrogen fernte structure as pre tcte y researc lers . 
then bands due to OH should have been present in the 
spectra. We did not detect OH bands in the FTfR spectra. 
Our attempts to detect OH overtones in UV-VTS-NIR 
spectra was also in va in. Thus it may be noted th at these 
conclu sions drawn from the structural : tudi es also 
points to the formati on of a vacancy ordered spi nel 
structure of gamma ferric ox ide. Th is leads us to bel ieve 
that gamma ferri c ox ide prepared via the oxalate precur
sor route has crys talli sed in the vacancy ordered sp inel 
structure. 

Normall y compound s ex hibiting spinel structure 
should possess four lR act ive modes leadin g to fo ur IR 
bands in the spectra (Refs 19, 20). Tn the spinel latt ice 
every oxygen anion is bonded to three octahed ral and 
one tetrahedral cations as shown in Fig. 3. The three 
octahedral bond s arc perpendicul ar to each other and 
hence oro vide an isotrooic fie ld . The tetrahedral cation 

Fig. ~ - Bonding of Ihe Ictrahedral and octahedral c ati () n ~ 

with oxygen in thc spinel lallice 
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C1 introd uces a restoring force in a direction along Cr-O 
hond and this appears as stretching vibration of the 
tetrahed ral group. Considering the vibration of oxygen 
atom at ri ght angl es with the preceding one thi s res toring 
force due to tetrahedral cati on C r wi II be negl igible . This 

leads to v ~ mode which can be considered as the stretch
ing vibration of the octahedral group. Two other modes 

v ~ and V4 are related to the displacement of cations in the 
latlice. 

FTIR spectra of the pure as well as doped gamma 
ferric ox ide were charted in the range 1500-40() cm- I and 

a representati ve spectrum is shown in Fig. 4. Bands 
characteristi cs or these samples were obtained in the 
range 700-400 cm- I 

. Peaks were obtai ned at around 636, 
555 and 443 cm- I

. Bands at 636 and 555 cm- I may be 
assi gned to the stretchin g vibrations of tetrahedral and 

octahedral groups respectively. The bands related to Vl 

and v~ can be assigned to the motion of Fe'+ ions to the 
tetrahed ral sites against those at the octahedral sites and 

the O-E>O bonding mode of the tetrahed ral to octahe
dralmode respectively. These bands are reported to be 
at 268 and 178 cm·1 which could not be detected be
cause of the instrument limitations. The band at around 
44() cm- I may be assigned to the alpha phase of iron 

oxide that may be present in the sampl e. However dis
crepancy exists in the 4 and 8 c/o nickel doped samples, 
whi ch may be due to impuriti es present in minute 

amounts . 
o 
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4 Conclusion 
The present studies conducted on doped ga mma iron 

oxide indicate that saturation magnetisalion (Ms) ca n be 
modified by an appropriate choice of ca ti ons . The ad
vantage of employing oxalate precursor route is that 
doped oxides can be prepared in the acicular form. It can 
be concluded that spectroscopic studie~ can be used ill 
conjunction with X-ray d iffraction for evaluatin g the 
role of dopants and it s effect , if any on the crystal 

st ructure. Though literature reports on the y-Fe20 3 are 
varied our investigations indicate that it crystallises in 
the vacancy ordered spinel structure. 
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