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We report here our Raman studies on; E&Zn,O,(x=0,0.015,0.03) across the Verwey transition in the
temperature range 20—300 K. The changes in Raman spectra as a function of doping show that the changes are
gradual for samples with higher Zn doping. Allen’s formula has been used to estimate the strength of electron-
phonon interaction from the observed lineshape parameters. These estimates show that there is strong electron-
phonon coupling in this system and is highest forTl*Zg mode in comparison té, andng modes.

[. INTRODUCTION to disorder, as in a Wigner glass. As the temperature is in-
creased, some of the polarons dissociate, resulting in hop-
Magnetite (FgO,) is one of the earliest compounds ping type conductivity. Experiments show that the tempera-
known to exhibit charge orderingRecently it has attracted ture dependence of conductivity is that of an insulator until
renewed attention as a result of similar phenomena being00 K, beyond which it becomes metal-lik&Experimental
observed in other transition metal oxides such as manganitesupport for the polaron formation exists in the form of shift
Stoichiometric FgO, undergoes a first order metal-insulator of the transition temperature &80 isotope is replaced with
(M) transition(also known as Verwey transitiphas a func- 20 isotope!® Shifts in T, as large as 6 K have been mea-
tion of temperature at 121 K. The resistivity increasessured for 0 subsitution of 43%. The lattice undergoes a
abruptly by about two orders of magnitude on coolingrhombohedral distortion below the transition temperattre,
through the transition temperatur&,|. This transition tem- accompanied by a displacement of atoms of the order of 0.01
perature is extremely sensitive to the oxygen stoichiometryim. In the high-temperature phase, several experimental ob-
and shifts to lower temperatures as the oxygen deficiencgervations such as diffuse scattering of neuttbasound and
increases, or the system is doped with other transition metal¥etween the Bragg spots of the cubic phase suggest the for-
such as zinc or titanium. The nature of the transition alsonation of polarons and their relation to the Verwey transi-
changes from first order to second order beyond a certaition. Other physical parameters such as the elastic constant
doping level &>0.015)2 C44 (Ref. 13 and magnetic anistrop§ show an anomaly
This system has been the subject of many experimentalear the Verwey transition. This shows the underlying role
and theoretical studies over the years to understand the Velhat the lattice plays across the Verwey transition. Zinc sub-
wey transition. Optical conductivity datahows transfer of ~stitution atA sites’ affects the transport properties because
spectral weight from the low energy regions to a peak at 0.6he divalent Zn replaces trivalent Fe on tAesites. Electro-
eV assigned as a polaronic peak. These data are interpretedutrality arguments imply a corresponding number of diva-
in terms of opening up of an optical gap of 140 meV. Recenient Fe ions orB sites must be converted to trivalent state,
infrared reflectivity experiments of Gasparat al* also  thus diminishing the charge carrier concentration.
show gaplike suppression of the optical conductivity below There exists several Raman measurements on magnetite,
~125 meV. They also observe a peak in conductivty atncluding their temperature dependence to understand the
~0.6 eV which is linked to twice the polaron binding en- role of the lattice and hence phonons across the Verwey tran-
ergy Wy . Taking the transport to be among®feand F&*,  sition. In the early work of Verbf on naturally occuring
the polaron hopping energy is estimated to Wé;/2 and synthetic Fg, crystals, only theA;; mode at
=150 meV. This gives the effective mass of carriers to beb80 cn ! was followed as a function of temperature. Al-
~200m, (m, = mass of the electrgn though no phonon anomaly was observed in the line shape
Theoretically, the electronic properties have been studiegarameters, the linewidths were large 30 cm ) even at
using the local spin density approximation by Zhastcal®  low temperatures. This was interpreted in terms of the pres-
To explain the insulating nature of magnetite, the formationence of static electronic disorder due to the random arrange-
of polarons belowl, has been invoke®l’ Polaron formation ~ment of Fé* and Fé* on theB sites and the dynamic dis-
leads to the renormalization of the electron bandwidth. Ban@rder due to the hopping of polarons from?Feto Fe*
structure calculations have been carried by Ihle and L&renzsites. Unpolarized Raman measurements on polycrystalline
using the Hartree-Fock approximation, invoking only theFe;0, by Gravesetal!® showed six Raman bands at
electronic correlations where the intersite Coulomb interac706(A14),570(A14),666(E),336(E,),490(T ), and
tion is important. Another model to explain the electronic 226(T ) cm 1. The symmetries were assigned in analogy
transport by Chakraverfyconsiders the origin of the Verwey to the polarized Raman study on Nif. Degiorgiet al?°
transition to be due to a collective Jahn-Teller distortion.carried out Raman and reflectivity measurements above and
Mott also invoked polarons/bipolarons as the charge carrierbelow T, on natural single crystals of E8,. In this work for
in Fe;O,4. AboveT,, the carriers are localized randomly due T>T,, four Raman modes were observed at 672, 542, 410,



and 318 cm!. Another band observed near 470 chwas  guity in the measurement of peak positions a standard neon
assigned to an optical magnon excitation on the basis dfne spectrum was recorded in each spectral range, and the
neutron scattering experimeﬁfswhich showed a zone cen- Magnetite spectra were corrected for shifts, if any. Although
ter optical magnon at 4658 cm '. The magnon mode was the incident light was polarized, no analyzer was introduced
also seen in the Raman experiments of Heiral?? Apart  in the scattered light, as the Raman signals were weak. The
from the vibrational and magnon modes, they observed fluoRayleigh background was minimized by using a thin copper
rescence when 514.5 nm or 488 nm wavelengths were usaedge between the cold finger and the sample to keep the
to excite the Raman modes. The maximum of the fluoresspecular reflection out of the spectrometer. An argon ion la-
cence band occurred at2.28 eV at 300 K and shifted to Ser line at 514.5 nm was used as the excitation wavelength,
lower energy as the temperature was lowered. Its origin wa®ith a laser power of~25 mW focused to a spot of 40
traced to electronic transitions across the spin-split gap at th@icrons on the sample. The quoted temperatures are those
B (octahedral sites. Very recently, Gasparat al® (we be- measured on the cold finger using a Platinum-100 sensor
came aware of this work only after the completion of ourcoupled to a home made temperature controller. The sample
experimentsalso followed theA;, mode at 680 cmt as a temperature is higher by about 20 K primarily due to laser
function of temperature and found drastic changes in th&eating as compared to the quoted temperatures. The tem-
linewidth acrosd, . It was suggested that the sudden drop inPeratures are accurate to2 K.

the Raman mode frequency and the increase in the linewidth

at the Verwey transition could be due to the coupling of the . RAMAN MODES

A4 phonon to the structural displacements occuring at . o _

In the present comprehensive Raman study on magnetite, we In the temperature regimé>T,, the primitive unit cell
examined all the Raman modes as a function of compositio#$ cubic with two formula units per unit cell. The space group
and temperature across the Verwey transition. One motivas Of(Fd3m) and the irreducible representation at the zone
tion to study FgO, in a detailed manner was that carefully center is given b3/

characterized crystals of high quality were now available.

The single crystals used in our studies were obtained by T'=A;4(R)+E4(R)+T1g+3T54(R)+2A5,+2E,

proper annealing procedures and hence the stoichiometry

quoted is same throughout the crystal.We have carried out +5T1,(IR)+2Tyy, (1)
measurements on very high quality single crystals of . L
Fe,_Zn,0, (x=00.015 and 0.030and Feg_504(3 where R and IR denote Raman and infrared activity of the

o = o . modes. TheT,4 mode is silent; thus there are five Raman
—0.01_,Tv—87 K). The objective in carrying out the present active modes at room temperature: Ay (e

study is to address the role of phonons in the Verwey tranS|—_669 e 1), E.(0=410 cmd) and 3, (_|91 )
tion, with emphasis on studying the changes in peak posi- 9 Zw__ 1 3, 29 f"l 29
tions and linewidths of the Raman active modes. From the 193 €M *,&(T2g) =540 cm % w(T5g) =300 cm *].

measured linewidths and peak positions of Raman modeserPle hlad assigned the Raman moije observed at 300" cm
we have estimated the magnitude of the electron-phonofP Pe Tz However, Gasparoet al.” assign the mode at

coupling parametex for different symmetry phonons. Itwill 193 cni ' observed at room temperature to B, and at-
be shown that thé'gg mode has the highest tributed the 300 cm! mode as arising from the lowering of

the symmetry belowr, . Although FgO, is not a molecular
solid, the treatment of vibrational modes of ferrites in terms
of a molecular model, as proposed by Waldfdmakes it
The well characterized single crystals of magnetite use@asy to visualise the eigenmodes of different Raman active
for the experiments were grown by the standard skull meltmodes.
technique. Detailed characterization studies have been re- As the temperature is lowered beldvy, the symmetry of
ported earlief® For the sample withk=0 and a transition the crystal is lowered. Verbl@ treated the low temperature
temperature~121 K, there is a discontinous jump in the phase as orthorhombic with a body centered space group
resistivity atT,. The jump in resistivity for sample 2x( D35(Imma) as proposed by Hamiltdhon the basis of neu-
=0.015) withT,=106 K is much smaller than for sample tron diffraction studies. The unit cell doubles along the
1. Sample 3%=0.030) withT,=87 K also stays insulating direction and the diagonals of the earlier cubic unit cell be-
at all temperatures but without any discontinuity in resistiv-come the faces of the low temperature unit cell. In this phase
ity at T, . A (100 crystalline face of a single crystal of size [space groupD3:(Imma)] there are fifteen Raman active
2x2Xx2 mn? was polished using diamond pagarticle  modes. Recent neutron scattering measurertfetitshow,
size~1 um) and mounted on the cold finger of the closedhowever, that the crystal structure beldw is monoclinic,
cycle helium cryostafRMC model 22C CRYODYNEusing  with space group@c). The analysis of the low-temperature
thermally cycled GEM/s. General Electric, USAvarnish.  structure of magnetite is complicated by the presence of a
Raman spectra were recorded in the temperature range 27 ltiigh degree of pseudosymmetry and a complete refinement
300 K. The spectra were recorded in the spectral range dias not been possible from the neutron diffraction data.
150 to 800 cm! in the back scattering geometry using a However, the presence of a rhombohedral distortion of the
DILOR XY spectrometer equipped with a liquid nitrogen cubic unit cell, doubling of the cell along theaxis and the
cooled charge coupled device detector. To remove any ambexistence ofc-glide point to a monoclinic structure have

Il. EXPERIMENTAL DETAILS
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FIG. 1. Raman spectra for
sample 1, Fg ,Zn0O,(x=0)
with T,=121 K at selected tem-
peratures in the range
200-800 cm'. The thick
smooth line shows the Lorentzian
fits to the data. The lower panels
show the variation of the line-
shape parameters of th%,, and
T,y modes as a function of tem-
perature. The dashed lines are
drawn as a guide to the eyes.

Temperature (K)

been demonstrated. Of the two possible space groups sugeuld not clearly identify additional Raman modes expected
gested for the low-temperature phase by neutron scatteringt T<T,. The observed data were fitted to a sum of appro-
D3+(Pbcm) and C3 (Pmc2,), the latter was ruled out by priate number of Lorentzians and a second degree polyno-
Gasparowet al? on the basis of Raman and infrared experi-mial baseline. The lineshape parameters, peak positign (
ments. The space gro@, does not have an inversion cen- and full width at half maximunT (FWHM) thus obtained as
ter, so that the modes should be both Raman and infrared function of temperature are presented in bottom panels of
active, which was not the case experimentally. For the spacgig. 1. Here the dashed lines are drawn as a guide to the
groupPmca the unit cell contains 56 atoms and there are 78yes. The intensity did not show any specific temperature
Raman active and 72 infrared active modes. Here it shouldependence, possibly due to experimental difficulties.,
be noted that though the number of modes belbware  we do not have an internal reference to normalize the inten-
different in the pictures of Verbt& and Gasparoet al.,* the sities. We note that the temperature dependence oft
symmetry of the modes is the same in the two possible lowmode frequency is similar to the one observed by Gasparov
temperature space groups. However, it is clear that the lowet a4 The line widths of theA,, mode in Fig. 1 is compa-
temperature phase with lower symmetry has a large numbegple to that of Gasparoet al* at room temperature. How-
of modes. Some of these arise due to the folding of thewer, this linewidth in our case is much larger than that ob-
Brillioun zone consequent to the doubling of the unit Ce||served by Gasparogt a|_4 at low temperature_ The |arger
upon charge ordering. The degeneracy of g andEy;  linewidth at low temperature could possibly arise also due to
modes gets lifted below,, i.e., theT,y modes split into  the polishing-induced strain in the surface layer.
B1g+Byg+Bsg. The Ay mode in the cubic phase persists  Figure 2 (top panels shows the Raman spectra for
below T, as anAy mode. Fey_,ZnO,(x=0.015T,=106 K) at two temperatures in
the spectral range 150—-800 Ch In this sample we ob-
serve three modes at  307;),538(T5,), and
669 cm‘l(Alg). The thick smooth lines are fits to the
We will now present Raman spectra for the four sampled-orentzian functions. Th&, mode at 410 cm' is not ob-
described earlier. The top panels in Fig. 1 shows the Ramaserved in the spectra. The temperature dependeneeanid
spectra of stoichiometric E®, in the spectral range FWHM are plotted forAlg,ng, and ng modes in Fig. 2
150-800 cm! at two temperatures. In this region we ob- (bottom panels Here also the dashed lines are a guide to the
serve four modes at room temperature: the strongggt eyes.
mode at 669 crﬁl,ng modes at 300 and 540 ¢rh, and a Figure 3 shows the Raman spectra of sample 3,
weak Ey mode at 410 cmt. We did not observe the weak Fe;_,Zn,0,(x=0.029T,=87 K) at a few temperatures in
Tég mode reported in earlier studies at 193 ¢mand the the spectral range 500—800 Cf In this sample the inten-
mode at~470 cm'! attributed to magnons. The symmetry Sity of the modes is weaker in comparison with samples 1
assignment has been done as per the earlier assignments@yd 2, so much so that only two modes were observed at
Verble'® and Gasparoet al (The modes will be either re- 671 cni *(A;g) and 54075,). The Eq and T3, modes were
ferred by there symmetry assignments or their room temnot seen. The temperature variationsoind the FWHM are
perature peak positionsDue to the weak Raman signal, we plotted in Fig. 3.

IV. RESULTS
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FIG. 2. Spectra in the range
200-800 cm?! at selected tem-
peratures  for  sample 2,
Fe;_,Zn,0,(x=0.015) and T,
=106 K. The solid smooth line
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Apart from the stoichiometric and zinc doped;Bg, we  will, therefore, discuss our results only for stoichiometric
have also carried out experiments on nonstoichiometri@and Zn doped samples.
Fe;0, with changes ob in Fey(; - 50,4. For §=0.01, sample
4 shows a second order Verwey transition at 87 K. The Ra-
man spectra of sample 4 are shown in Fig. 4 at a few selected
temperatures. The modes occur at 232, 253, 299, 312, 424, For a systematic behavior of the peak positions of the
641, and 685 cm'. It appears that most of these modes areobserved modes as a function of Zn doping i F&n,0,,
closer to those of B©; which has seven Raman mode€at we have plottedo(x) — w(x=0)/w(x=0) versusx for the
226, 245, 293, 298, 413, 500, and 612 ¢mThis is not  Ajq ,ng, andTgg modes at 30 and 300 K in Figs(éh and
surprising because fat> 5.~ 0.0039, the samples cannot be 5(b), respectively. The changes inwith T also depends on
readily produced as single phases because of the proximitie doping as shown in Fig. (&, where the quantity
of the FgO,-Fe,0; phase boundary. In contrast to the sto- Aw/w(300 K) [Aw=w(30 K)— (300 K)] has been
ichiometric and Zn doped K®,, the A;; mode at plotted versus for all the Ay ,ng, andng modes.
~685 cm ! is very weak. More work is needed to under- In stoichiometric FgO,, the A1y mode frequencyw
stand the Raman spectra of non-stoichiometriglze We  shows an abrupt change by3 cm ! nearT, [see Fig.

V. DISCUSSION
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FIG. 4. Raman spectra in the range 100—-800" trat selected 0.9-
temperatures for the samplegre 504(5=0.01) withT,=87 K.
1(a)]. Above T, ,w is nearly flat as the temperature is raised 0.6+
up to 300 K. As compared té,;y mode, theTgg mode at
540 cm ' and theT3; mode at 300 cm’ soften to a much 0.3
greater extent{10 cm '), nearT, (Fig. 1). The changes
are more gradual in Zn doped samples, as seen in Figs. 2 ar
3, and the magnitude of the changes between 30 and 300 K i
higher in Zn doped samples as shown in Fig)5At a given
temperature, the mode frequency increases withr all the
three modes, the change being largest forTﬁg mode as
quantified in Figs. 8) and 8b). Magnetite crystallizes in the
inverse spinel cubic structure with 8 formula units per unit
cell and can be thought of as made up of Fand F&™ ions
in the ratio of 2:1 and arranged on two interpenetrating lat-
ticesA andB. The A sites are tetrahedrally coordinated with
respect to oxygen while theB sites are octahedrally
coordinated:'®*For theA sites, the interstices of coordina-
tion oxygen tetrahedra are too small to accomodate large
FE* ions and hence these sites are occupied only By Fe
species, whereas tiesites are occupied by Fe and Fé™.
Since Zn replaces Bé at the A sites’ around which the
vibrating oxygen ions are situated, the changes inan be
expected. The increase inwould imply that the Fe-O bond FIG. 5. Plots of[ &(X) — w(x=0)]/o(x=0) versusx (doping
length should decrease withThis is perhaps not so because for Asg,T2,, and T3, modes at 30 and 300 K. Also shown,
the lattice constant of R©, increases with Zn doping. [0(30 K)— (300 K)]J/w(300 K) versusx for theAlg,ng, and
This would suggest that the increase dnwith x should ng modes.
derive from the enhancement of the Fe-O bond strength due
to increased effective charge. The reason¥ar/w(300 K)  wherey;, is the Grineisen parameter for thieh phonon mode
[Aw=w(30 K)—w(300 K)] being higher forT3, mode, and AV/V is the fractional volume change. Typically for
followed by T3, andA, 4 is that the electron-phonon interac- perovskites such as SrTiQy,~1.62° The temperature de-
tion is largest forng, as will be discussed later. pendence of the lattice parameter measured using neutron

The temperature dependence of phonon frequency cascattering experimerftsshow that the cube length expands
arise due to the following reason®) As the lattice expands by 0.1% in the temperature range of 125 to 275 K, with a
due to thermal expansion, resulting in the lowering of thejump of 0.05% afl, . This does not account for the magni-
force constants between ions and hence lowering of théude and trend of the observed changeswirifFor T<T,,
mode frequency. Quantitatively, this effect can be expressethere is a lattice expansion which can cause softening instead
in terms of the mode Gneisen parameter as of hardening as seen in our experimegnts

(b) A second contribution tédA w arises from the intrinsic
A_V) @) anharmonic interactions at constant volume due to the
Vv )’ change in the phonon population. In the temperature regime

0.0

((X) - 0(x=0))/w(x=0) (%)

T T
0.02 0.03

0i(T)—wi(0)=—1y




T<0p, the Debye temperature, cubic anharmonicity giving 032 ——-"7—"—T—+—T—T——T—
rise to the decay of a phonon into two phonons dominates the {| m Fe, ZnoO,(x=0)T,=121K
self-energy of the quasiparticlghonon. The real part of X Fe. ZnO, (x=0.015)T =106 K
. . 3-x x 4 v

self-energy results in the shift of the frequency and the 0.3019] o Fe. Zn O (x=0.03)T =87K 1
imaginary part leads to broadening of the linewidths. Phe- ] o x s -
nomenologically, assuming the decay of a phonon of fre- .
quencyw into two phonons of frequencies; and w,(=w 0.28 = — ]
_ 30 ; R

w1),>" we write A

Awani= ALN(@3) + () +1], 3) 0261

whereA is a constant representing the phonon-phonon inter-
action. FgO, has a Debye temperature ®f,~450 K?2’We
believe that the anharmonic contributions are very small be-
cause theA;, mode frequency for sample 1 changes by less 022] *°F% K4
than 1 cm - in the temperature range of 125 to 300 Kg. /7
1). This is also the case for all the modes in nonstoichiomet- 1 . /°
ric sample 4. 0204 o 7o

(c) Another contribution to changes in mode frequency
can arise from the electron-phonon interaction, e.g., changes
in the density of states at the Fermi leW(Eg) can affect 0.18 - i
the phonon softening in a subtle manner which we discuss — T T T
later, after presenting our observations about the FWHM of 0 50 100 150 200 250 300
the modes observed.

A common feature to all the Raman modes in the three

samples (1-3 is that the linewidths are very large  FiG. 6./ #w? for the stoichiometric and zinc doped samples as

(~30-40 _Cm_l) even at low temperature, as was also noteds function of temperature. The lines are drawn as a guide to the
in the earlier report&!® Verble interpreted the large line- eyes.

width of the A;4 at low temperatures as due to electronic

disorder arising as a result of random arrangement 6f Fe intraband electron-hole pair excitation. Therefore, Allen’s
and FE* ions on theB sites™® prescription to deduck from Raman linewidths will not be
Another striking feature in Figs. 1 and 2 is that the line- applicable. However, in the presence of disorder, wavevector
width of ng mode is higher at low temperature as comparectconservation rule is relaxed and one can apply Allen’s for-
to its room temperature value. At first sight this appearsmula to the Raman linewidths. Such is the case igCze
anomalous. The Infrared active mode i;Bgat 350 cm*  above the order-disorder transition temperaftige’® For a
also shows such an anomaly; this was interpreted in terms @fth phonon, the FWHM' ', and frequencyw,,, are related
lowering of the crystal symmetry beloWw, which lifts the  py Allen’s formula
degeneracy of the triply degenerate médée neutron scat-

0.24 1

I(T) Inw’(T) (eV")

Temperature (K)

tering experiments show that the Fe-O distancesfandB . 2
sites are within the estimated standard deviations; therefore —g‘=—)\mN(EF), 4
the splittings are smalf giving rise to a large apparent Wy Im

width. We believe that a similar explaination holds for the ] ) )
threefold degenerate Ramar, mode, where the lowering wherehr, is the electron-phonon coupling strenggiy, is the
of crystal symmetry splits th@ggg mode into nondegenerate gg%ggjffgeogetpﬁtlgvgwe' andN(Eg) is the density of
B1g+ Bagt+ B3y modes. In view of this, we will only discuss Fiqure 6 shows the tém erature dependencB(@0)/ o2
the linewidth of theA;; mode at all temperatures aﬁ'(ig 9 P P @

3 . 9 . the A;; mode in FgO,,Fe;_Zn,O,(x
?nn;nﬁzegr modes at room temperature in a more quantitative_ 0.015),Fg_,Zn,0,(x=0.03). Since the observed line-

A tioned lier th h . tribution i widths are much larger than the instrumental resolution, we
S mentioned earlier, the anharmonic contribution 1S NO%ave not corrected the linewidths to deconvolute the instru-
adequate to explain the temperature dependenaeafdl’.

We beli that th - tribution to the i idth ari mental resolution width. As noted before , there can be some
¢ believe that the major contribution to the INEWITIN ariSeS,, ih ytion to the linewidth from the strain induced by pol-

from strong electron-phonon interaction inglR associated  jsing the crystal surface. Since this contribution is similar

with the decay of phonon into electron-hole pair. Aflthad for all the crystals studied and is temperature independent, it

shown that for _metallic_ systems, the strengthof the is justifiable to compare the temperayure dependence of
electron-phonon interaction can be estimated from the aveT(T)/wz for three samples, as done in Fig. 6. It is seen that

age of the phonon linewidth over edi wave VeCtOI’Sf. For the Changes are more gradua| for zinc dopemie'n com-
ordered systems, energy and momentum conservation alloWsarison to the stoichiometric compound. This is in line with
excitation of only|g|~0 phonons which cannot decay in an the fact that the transition becomes second order on zinc



TABLE I. I'/w? (at 300 K, AN(Ef), and deformation potential alizing that the electronic states halg, symmetry near the
D for the A4, T3, and T3, modes for samples 1, 2 and 3. Fermi leve? and hence would couple strongly D,
phonons as compared #,4 phonons.

r We have also attempted to estimate the deformation po-
Mode —(ev)t A D(eV/A) tential D of the three modes from the data. It has been shown
@ tha}1 the electron-phonon coupling constant is relatedto
Asg 0.86 0.045 0.11 by?
2
ng 1.30 0.20 0.18 5 N(Eg) ,
TSy 3.22 0.51 0.16 N== D2. (5)
6 Mw?2 '
r @i
Mode —_(ev) ! A D(eV/IA i ) )
o2 ev) ( ) The estimated values @f are also given in Table I, show-
ing that D~0.18 eV/A for the T,y modes and
Agg 0.87 0.045 0.11 ~0.11 eV/A for theA;; mode.
T2 1.19 0.19 0.18
ng 3.90 0.62 0.18 VI. CONCLUSIONS
Mode E(evyl N D(eV/A) Our Raman measurements on st0|ch|omet(|c and doped
P Fe;O, show that strong electron-phonon coupling occurs in
these systems. This scenario is in agreement with the po-
Ay 0.74 0.04 0.10 laronic picture of transport in these systems. The changes
ng 1.08 0.17 0.17 observed in phonon line shape parameters are gradual for
T3 higher Zn doped samples as expected for systems showing a

crossover from a first order transition to a higher order tran-
sition. We do not have a satisfactory explanation to under-
doping higher than a critical concentration. The decrease iftand the origin of large linewidth &&;4 mode even at low
['(T)/w? nearT, clearly showsN(Eg) [see Eq.(4)] de- temperatures. More experiments are requweq to un_derstand
creases by-15 to 20%. Such decrease in the density ofthe nature of _dlsorder. f‘ new noteworthy finding in our
states is also seen in photoemission experin@rits. present study is that thg;, mode has the hlgzhest electron-
Taking the calculated valtef N(Eg)=3 states/eV per Phonon coupling as compared to the; and T3, modes. It
Fe, at room temperature for all Samp|eS, and ugnﬁg,z will be very interesting to Study the diSperSion of ﬂﬁég
values at room temperature, we have estimated the electroRhonons as a function of temperature using inelastic neutron
phonon coupling constant for the three modes, as shown igcattering.
Table I. The value oh seems reasonableompared to the
ones in doped & (Ref. 34]. The most interesting aspect is

that N is highest for T3, mode N[T3,1/A[T5,] A.K.S. thanks Department of Science and Technology, In-

=2.6,)\[T§g]/)\[A1g]=11.4. This can be understood by re- dia for financial assistance.
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