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X-RAY DIFFRACTION STUDIES OF Zn-DOPEDMAGNETITE�D. Fus, J. Przewo¹nik, Z. K¡kol, A. KozªowskiDepartment of Solid State Physi
s, Fa
ulty of Physi
s and Nu
lear Te
hniquesUniversity of Mining and MetallurgyAl. Mi
kiewi
za 30, 30-059 Kraków, Polandand J.M. HonigDepartment of Chemistry, Purdue University, West Lafayette, Indiana, USA(Re
eived July 10, 2002)X-ray powder di�ra
tion studies were performed on Fe3�xZnxO4 (x =0, 0:0046, 0:0072, 0:015, 0:0185, 0:0249, 0:036) in the temperature range70 K-300 K. We intended to 
he
k if stru
tural 
hara
teristi
s distinguishbetween the samples exhibiting the Verwey transition of dis
ontinuous and
ontinuous 
hara
ter, as found e.g. for resistivity and heat 
apa
ity results.We have found that within experimental error range no 
lear distin
tionbetween those two regimes of the Verwey transition 
an be dedu
ed fromthe 
ompositional dependen
e of latti
e 
onstants and mono
lini
 angle.PACS numbers: 61.10.Eq, 64.70.KbThe aim of the report is to present the introdu
tory results of the planedsystemati
 measurements of the dopant 
ontents in�uen
e on the stru
turalproperties of magnetite based materials. Here the stru
tural parameters forFe3�xZnxO4 (x < 0:04) are presented.Magnetite, Fe3O4, reveals the spe
ta
ular phase transformation at TV �120 K (known as the Verwey transition) at whi
h anomalies in many physi
alproperties were found. The 
ommon belief is that the transition is related tothe iron 
ation valen
e instability at the o
tahedral positions of the spinellatti
e. Above TV the valen
e of 2.5 may be attributed to all of the o
-tahedrally 
oordinated Fe, whereas below the transition temperature some
harge segregation on the o
tahedral positions o

urs. Even very small sub-stitutions for iron (as with Zn or Ti), or departure from ideal stoi
hiometrygreatly disturbs this strongly 
orrelated ele
tron-phonon system. Ultimately,the lowering number of Fe 
an 
hange the order of the transition: high tem-perature phase transforms dis
ontinuously into low temperature long range� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(815)



816 D. Fus et al.
harge-ordered phase for low dopant 
on
entration, whereas for the 
on-
entration ex
eeding 
ertain level the low- temperature short range orderedphase develops 
ontinuously (�se
ond order� Verwey transition). These tworegimes 
an also be seen in 
ompositional dependen
e of several physi
alproperties, e.g. resistivity and heat 
apa
ity [1℄. Sin
e the transition is re-�e
ted in the 
hange of the 
rystal stru
ture from high temperature 
ubi
(Fd3m) to presumably low temperature mono
lini
 (C
; although both thesymmetry as well as the a
tual atomi
 arrangement are the subje
t of 
on-troversy, see e.g. [2℄), it is interesting to 
he
k if the �rst and se
ond orderregimes are also distinguished by the stru
tural 
hara
teristi
s. The pre-liminary studies of powder neutron di�ra
tion on zin
 ferrites were already
ompleted. Here, the same problem has been addressed by X-ray di�ra
tionmeasurements.Single 
rystalline zin
 ferrites Fe3�xZnxO4, were grown from the meltby the 
old 
ru
ible te
hnique (skull melter) [3℄, and then subje
ted to sub-solidus annealing under CO=CO2 gas mixtures to establish the appropriatemetal/oxygen ratio [4℄. After quen
hing the samples were trimmed and �nelypowdered, and the transition temperature (i.e. sample quality) was 
he
kedby AC sus
eptibility. The 
omposition x was read from the universal TVvs x relation [5℄.Temperature dependent X-ray di�ra
tion (XRD) measurements in thetemperature range 70�300 K were performed on a Siemens D5000 di�ra
-tometer equipped with the OXFORD 
ontinuous �ow 
ryostat, and a reargraphite mono
hromator using CuK� radiation. The Fe3�xZnxO4 sampleswere mixed with high purity tungsten powder (Puratroni
, 99.999%) inweight ratio 3:1 and loaded in the 
avity holder, whi
h was mounted onthe 
old �nger of the 
ryostat. Tungsten powder was used in temperaturedependent measurements as an internal standard. The 
omplete XRD s
ans(16 deg � 2� � 114 deg) were generally 
olle
ted at 300 K, 70 K and, insele
ted 
ases, at some other temperatures to 
larify stru
tural problem. Tofollow the temperature behavior of the latti
e parameters of Fe3�xZnxO4
ompounds only restri
ted 2� ranges, 
omprising 10 or 12 sele
ted Braggpeaks, were 
olle
ted at temperatures in the vi
inity of the transition with astep of 0:02 deg in 2�. Prior to ea
h 2� s
an the temperature of the samplewas stabilized for 30 min. The XRD patterns were �tted using FULL-PROF [6℄ program assuming the pseudo-Voight fun
tion for peak shape andpolynomial fun
tion for the ba
kground intensity.X-ray di�ra
tion patterns of Fe3�xZnxO4 
ompounds were indexed be-tween 300 K and TV on the base of the a� a� a 
ubi
 unit 
ell and Fd3mspa
e group. Next, below TV the patterns were indexed in the rhombohedralsymmetry (spa
e group R�3m) and on the basis of the distorted a � a � aunit 
ell (a is the latti
e parameter of the RT 
ubi
 unit 
ell), instead of the
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tual mono
lini
 symmetry to avoid problems with strong overlap of peaksthat are not observed but are permissible by mu
h lower symmetry. Sin
eno a

urate model of the low temperature 
omplex stru
ture of Fe3�xZnxO4
ompounds is available in the literature the pattern mat
hing method wasapplied (re�nement without stru
tural model) to re�ne these patterns andto obtain the most reliable values of the latti
e parameters. Mono
lini
 unit
ell (p2a�p2a� 2a) parameters were then 
al
ulated from �tted rhombo-hedral unit 
ell data, and the temperature dependen
ies of mono
lini
 �Mfor two representative samples undergoing �rst and se
ond order type tran-sitions are shown on Fig. 1. Compositional dependen
e of rhombohedral aRand mono
lini
 �M are presented on Fig. 2 and 3, together with the relevantresults from powder neutron di�ra
tion studies [7℄.
60 80 100 120 140

90.0

90.1

90.2

90.3

x = 0.0249

x = 0

 

 

�β
0�
>G
H
J
@

Temperature [K]Fig. 1. Temperature dependen
e of mono
lini
 �M angle for representativeFe3�xZnxO4 samples of di�erent 
hara
ter.The Verwey transition is manifested by the jumps in all latti
e param-eters (in parti
ular those presented on Fig. 2 and 3) in their dependen
eupon temperature. Although these jumps diminish with the 
ompositionno 
lear distin
tion between �rst and se
ond order Verwey transition 
anbe inferred from Fig. 2 and 3: latti
e parameters 
hange 
ontinuously with
on
entration both below and above the Verwey transition. So, although thelatti
e dynami
s di�ers for �rst and se
ond order regime, as seen from heat
apa
ity studies [1℄, these 
hanges are too subtle to be observed dire
tly bythis preliminary latti
e parameters 
hara
teristi
s and the problem requiresfurther studies.In 
on
lusion, we have measured temperature dependen
e of X-ray pow-der di�ra
tion in a series of Zn doped magnetite. Although 
lear anomaly inall stru
tural 
hara
teristi
s is present at the Verwey transition this anomalydoes not di�erentiate between 
ontinuous and dis
ontinuous Verwey transi-tion, at least within experimental error of our te
hnique.
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 xFig. 2. Compositional dependen
e of rhombohedral latti
e parameter aR at T =70 K.
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 xFig. 3. Compositional dependen
e of mono
lini
 �M angle at T = 70 K.This resear
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