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Chapter 3 Structural and Magnetic Properties...doped LiCuVOg4

3.1 Introduction

Dimensionality and the spin magnitudg play important roles in the physical
properties of interacting systems because quantwtuétion is affected significantly by
them. Quantum fluctuation enhanced both by geomdtstration and by spin
frustration may destroy antiferromagnetic (AFM) @rdnd yield a rich variety of ground
states, novel excitations, and exotic behaviowsdhrrently attract much attention. As a
matter of fact, low dimensional quantum magnetseh@ecome one of the most
important topics because of various interestingnura magnetic phenomefidt has
motivated us to work on phenomena principally goedrby quantum effects in other
classes of low dimensional systems. The 1D cupi@aVO, with spin S=1/2 (in %y
orbital) has only one crystallographically distinéu sité and it crystallizes in an
orthorhombic distorted inverse spinel structurewhich the non magnetic¥/(3d") ions
occupy the tetrahedral sites, whereasahid CG* are arranged in an ordered way on the
octahedral site5.Both LiOs and Cu@ octahedra form independent chains along the ¢
direction. The chains consist of edge-sharing edewith two nearly rectangular Cu-
O-Cu super-exchange bonds between two Cu-ionshasnstically shown in Fig. 3%°
Moreover, for this system, the exchange interactietween the nearest-neighbor*Cu
ions through Cu-O-Cu exchange path is rather waslexpected for the Cu-O-Cu angle
close to 90 (~95° ) or even weaker than the next nearest-neighbaraatiort®*?
suggesting the effects of the magnetic frustratese significant in its magnetic
properties. The magnetic susceptibility of LiCuM&xhibits a broad maximum & ~28
K and is described by a Heisenberg antiferromagroétain model with spin exchange
parameter of -45 K3 It has also been established that LiCuV@rms an
incommensurate magnetic superstructure (0, 0.532, bélow 2.1K** In this
commensurate approximation, each Guéhain in the magnetic superstructure of
LiCuVO, contains four Ctf ions per magnetic unit cell. The associated spangement
shows that the antiferromagnetic next nearest beigh (NNN) spin exchange
interaction d (<0) is much stronger in magnitude than the femgnetic nearest
neighbour (NN) spin exchange interaction This also has recently been verified by
Kremerwho fitted the magnetic susceptibility of LiCuy¥@sing the high-temperature
series expansion formula ofBiihler et%hnd they found that the value afvariesfrom
3.0 to 12.7K and that of from -43.2 to — 48.5K. Moreover, the interchgamsexchange

of LiCuVO, is much weaker than the intrachain spin exchangh tat the occurrence
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of the magnetic superstructure in LiCuy@ust largely be driven by the tendency for
each Cu@chain to have its NNN spins order antiferromagraty. However, Sirkéf
reported a strikingly different set of the spin leaisges (& 7.8 meV with |dJ] = 0.5).
Subsequently Enderle et al. from their neutrontegagg and magnetization data led to

different sets of spin exchange constants for LiOw%?

(b)

Figure 3.1Schematic diagram of (a) intrachain interactionipaetween Cu
in CuQ, unit and (b) interaction path between<Cin ab plane (solid
line) and plane shifted by c/2 (dashed line) ofuMQC).

To obtain insights into the nature of the puzzlpmperties of the S=1/2 spin-chain
compound LiCuVQ@, we have investigated the magnetic propertieh@®fGo-, Zn- and
Mn-doped compound. We have doped Zn, Co and Miraighaon the Cu site. Also, we
have attempted to resolve the aforementioned ooemsy regarding the relative
magnitudes ofJand J in LiICuVO,. We have also seen the effect of different doping
the exchange interactionsahd J. The interchain exchange interactionsgidd 4 in 18)
have also been considered. It has been observeddaging the interchain exchange
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interactions play dominairole in the magnetic propertyn effect is interesting since
is a nonmagnetic ion and therefore, it will have appreaabffect on the exchani
interaction. C6" is a magnetic ion with spin quantum number 3/2.tmother han
the Mndoping may als play a major role by inducing ferromagnetism as besn
observed in dilte magnetic semiconduct'® To the best of our knowledge this is -
first time the evolution of the ferromagnetic ordgr with doping in this low

dimensional LiCuVQ has been siwn.

3.2 Experimental

The polycrystalline samples were prepared by -state reaction from high puri
Li,CO;, CuO, W05 ZnO, CiO, and MnO powders. Powders were taken
stoichiometric ratioThe mixture was ground and pressed into pelletseigdin air at
550°C for 48 hours with intermediate grindit and furnace coole The process of

synthesis is given by below flow chart diagr

Mixed ,ground and pelletised,Sintered at

550°C for 48 hours with one intermediate
grinding.

4

LiCu, M, VO, (x=0.05)

The X+ay powder diffraction has been characterized fRigaku MiniFlex I
DEXTOP X+ay Diffractometer with C-Ka radiation[Filtered source] and samg
mounted horizently Magnetic measurement was done using MPMS SC
(Quantum Design) magnetometer with the bulk sambeda were collected upc
warming up the sample. Magnetization as a funct@dntemperature has be
measured at different magnetic fielThe Neutron diffaction measureme was
performed on the neutron powder diffractometer (PB2Bhabha Atomic Resear
Centre, Mumbai, India using neutrons of wavelengti,.244:A. X-ray photoemission
spectroscopic (XPS) measuremewas performed on the samples using pecs

(Germany) system with a hemispherical energy aealys nor-monochromatic Mg K
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X-ray (1253.6 eV) was used as the excitation soomerated at 10 kV and with an

anode current 17 mA. The residual pressure ofyses was ~18 mbar.
3.3 Results& Discussion
3.3.1 X-Ray Diffraction Study

Figure 3.2 shows X-ray Diffraction pattern of Li§gdVo.0sVO4 (M=Zn, Co, Mn)
samples which clearly indicates the single phasm§istent with card no 18-0726].

L|CuO 9g\/ln

0.05

LICu 0O VO

0.05

LiCu_Zn VO,

0.05

Intensity (a.u.)

132 23
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Figure 3.2:X-ray Diffraction patterns of LICUVE LiCuy.95ZNg g5V Os,
LiCug.95C .05V Os4, and LiCuy ogVIiNg 0sVO4 Samples.

332 Study of Magnetic Property

3.3.21 Analysisof Magnetization (M) Vs Temperature (T)

Fig. 3.3 shows the Field cooled (FC) dc-suscejitybi{y=M/H, M is the
magnetization) as a function of temperature at refigriields H= 100 Oe (inset: at

magnetic field 5000 Oe) for doped and undoped LiOySamples.
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Figure 3.3: Magnetic susceptibility vs Temperature cu(@,), ofLiCuVvQ,
LiCUo.95ZI’b.05VO4, LiCLb.9£00_05V04 and LiCld)_ng'l’]o_osVO4 samples
at 100 Oe (Insety(T) at 5000 Oe).

For LiICuVQO, as temperature decreases the susceptibility p#ssesgh a wide
peak at |,~26K and then increases somewhat at 10K. The behmsvconsistent with
those already reportéd.?> 21t is observed that with doping of Zp(T) behavior
remain same except slight increased value of stibdép and also an appreciable
enhancement is occurred around 250K. At low tentpexdhe Co-doped sample shows
a sharp increase without any peak. Co-doping saaipteshows a small enhancement
around 242 K. The(T) curve of Mn-doped LiCuV@also shows a broad peak around
21K. As the magnetic field increases the broad paiakinishes but the signature

remains there even at higher magnetic field (ins€ig. 3.3).

3.3.2.2 Modified Curie-Weiss (MCW) Fitting Analysis

Due to weak magnetic interaction in LiCuY,@Ghe magnetic susceptibility at high
temperature is a measurement of the concentratidreanagnetic copper ions, and can
determine the effectiveness of chemical dopings tibserved with doping of different

ions (magnetic/nonmagnetic) the magnetic momenmeases. The effect of doping can
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also be estimated quantitatively by the calculatbthe effective moment. In order to
study the doping effect we have fitted the magnsetisceptibility data to the the
theoretical susceptibilities given by

Xen = Xspin(T) + Xo 1)

where the spin susceptibilitys,in(T)can be described by Curie-Weiss susceptibility
Xspin =C/(T+0) 2)

where C is the curie constant ahis the Weiss constant.

At high temperatures where the spin susceptibiditgmall enough, the fitting
analysis of the observed magnetic susceptibilityigmificantly influenced by the sign
of the temperature independent magnetic suscaptilpl yois given byyo = ydiat xvv;
whereygia is the diamagnetic contribution from the closest&bn shell ions anglyy is
the temperature-independent Van Vleck contributidn. order to extract the values
ofyo and 6 for all the samples the high temperature rang®ofsusceptibility were
fitted [Fig. 3.4] to the modified Curie-Weiss latzg (1). The obtained values pfand

0 are shown in Table3.1.

Table3.1
J; and 3} values obtained from HTSE fitting of magnetic spsobility
dataofLiCuVQ, LiCuy 057Ny 05V Oy, LiCuy 0sC0p 05VOs and

LiCup.ogMng psVOssamples in temperature range 50-300 H0. and 6 values
obtained by fitting with modified Curie—Weiss lawtlhe temperature region 150—
300 K.

Sample/Parametel’_iCuVO4 LiCUo_g5Zn0_05VO4 LiCUo_g5COo_o5VO4 LiCUO_gd\/lno_05VO4

J/ks (K) 13.23 4.9 11.84 16.15
o= 3 -5.37 -13.19 -6.53 -0.4
vO (HTSE fity  -4.87E-5 4.69E-05 6.90E-04 2.12&-0
0 (K) (HTSE fit) -28.91 -29.87 -32.74 83.
%0 (CW fit) -4.48E-5  -29.78E-5 -12.767E-5 12.16E-
0 (K) (CWfit)  -25.2 -29.8 -39.24 45

The effective magnetic momengg.can be obtained by evaluating the relation:
C=Npx*/3ks

Where N is the number density of magnetic ionsypér gram, I is the Boltzmann’s

constant. Since the Zn, Co and Mn are doped irCiffé site the theoretical expected

magnetic moment of Zn-doped and Mn-doped LiCy\an be calculated from the

equation: =g[SadSagt1)]" Where g factor is 2.28he effective moments from the

Curie constant are calculated to be 21126k, 2.4215 and 2.06g respectively, for
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undoped, Zn-doped, Co-doped and Mn-doped samplbs. theoretical values of
effective  moments for LiCuVg LiCuposZNgosVOs, LiCugosCyosVO4 and
LiCug.9gMng0sVO, respectively, are 1.9511.89k, 2.091 and 2.21g which are in
good agreement with the experimentally observedeglBut for Zn-doped sample the
values differ much. In actual case Zn is nonmagraetd therefore with doping of Zn the

magnetic moment should decrease as has been abseree hole-doped LiCuV?
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Figure 3.4: Modified Curie-Weiss Law fitting of th€T) data of LICuVQ
LiCUo.95ZI’b.05VO4, LiCLb.9£00_05V04 and LiCld)_ng'l’]o_osVO4 samples
in the temperature range 100K-200K.

But in the present investigation it has been olegthat with 5% Zn doping at low
temperature the magnetization value increasestislijtoreover, with Zn doping the
AFM correlation length of magnetic €uincreases leading to the increase) ofalue.
The increase in thg.smight be due the change of the canting angle oCinspins. Co
ion also increases the AFM correlation length ath o dopingd value increases.
Moreover, the spin quantum number of’Cis larger (3/2) than that of €uand as a
matter of fact the magnetization value increasdb doping of Co. It is observed from
the Curie-Weiss fitting for the Mn-doped samplet tharalue becomes positive which
is the indication of the induced of ferromagnetism.
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3.3.2.3 High-Temperature Series expansion (HTSE) Analysis of the
M agnetic Susceptibility

But in the present investigation it has been olexkthat with 5% Zn doping at
low temperature the magnetization value increadightly. Moreover, Zn doping
increases the AFM correlation length of magnetié'@ading to the increase @fvalue.
The increase in the peff might be due to the chafhgiee canting angle of the Cu spins.
Co ion also increases the AFM correlation lengtlwak Co dopingd valueincreases.
Moreover, the spin quantum number of € larger (3/2) than that of Cuand as a
matter of fact the magnetization value increasdb doping of Co. It is observed from
the Curie—Weiss fitting for the Mn-doped samplée thaalue becomespositive which is
the indication of the induced ferromagnetism. M@s¥0yspin Can also be described by a
high-temperature series expansion (HTSE) of thenetagsusceptibility for a frustrated
S=1/2 Heisenberg chain defined Qyadd J. For sucha chain, the HTSE of the magnetic

susceptibility is expressed'as
AXspin = (I/T) D Cnik ak(_jl/kBT)n (3)

where the expansion coefficientgxavere calculated by Buhler et al. [16] up to the
10" order in  n and k. At high temperatures the spisceptibility is small enough,
therefore the sign of the temperature independegn@tic susceptibility plays the
significant role. The fitting analysis based on HiESE is expected to be valid in the
high-temperature region where the Curie-Weiss laovke as well as in the lower
temperature region where short-range AFM correfetioccur. Thus, we carried out
the HTSE fitting of the susceptibilities using etjoa (1) taking the susceptibility
data set for the HTSE fits covering 50-300 K. Lestiares fits to the selected data
set usinga, yo, and J as free parameters have been performed. Thegdfittimalysis
indicates thaty, is more likely to be negative than positive (exctdpe Mn-doped
sample). Figure 3.5 displays the results of the HT8s of the experimental
susceptibility data of doped and undoped LiCuVdhd Table 3.1 summarizes the
results of the HTSE fitting analyses. The HTSE dbses the high-temperature
susceptibilities well and is also able to captime ¢ssence of the short-range magnetic
ordering at lower temperatures. It is observed, Gheie-Weiss temperaturé =~
(h+3)/2ks™ is negative for undoped, Zn and Co doped sampsMn doped sample it
becomes positive.We have also fitted the suscéftidata taking into consideration the

interchain exchange interactions &hd J)*® into the HTSE model. The fitted parameters
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are shown in Table 3.2. It is also observed thattgn of6 ~ (4 +L+J+2%)/2ks value is

consistent with that observed in Table 3.1.
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Figure 3.5:HTSE fitting of the }(T) data of LiICuVQ, LiCuy.95Z2Nnp 05V Os,
LiCUpofCmo0sVO; and LiCuwodMngosVO,; samples in  the
temperature nga 50K-300K considering,J
Jo, Jy and & interactions (Inset: HTSEfitting of samples in the
temperature range 50K-300K consideringahdy} interactions).

For undoped sample tltevalue is ~-29K (Table 3.1) which is larger thaatth
reported earliet>?But when interchain exchange interactions takea attcount the
observed® value becomes consistent with those reported.6Tha&lues thus obtained
are also consistent with those obtained from CWfesss fitting [Eqn.2]. From both the
HTSE fitting it is observed that when Mn is dopkd ] (nearest neighbor interaction)
dominates over,J(next nearest neighbor interaction). On the otterd for both Zn
and Co doped samplesidcreases and, dlecreases than those of the undoped sample.
From Table 2 (when,dand g are introduced) it is observed that for undopeda the
values of interchain exchange interactions are sergll but when Zn, Co and Mn are
doped the values become significant. In Zn and &xed samples both theand Jare

positive whereas for Mn doped sampjasJpositive but slis negative.
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Table 3.2

HTSE fitting of magnetic susceptibility data €UV Oy, LiCuy 952Ny 0sV Oy,
LiCuo.95C0p.0sVO, and LiCuy ogVing 0sVO4 samples in temperature range 50-300
K considering d, %, J; and & interactions.

Sample/ParametdriCuVO, LiCuggsZNyoeVO,s  LiCUggC0yeVO,  LiCuUgogVing gV Oy

Jks (K) 10.14 9.8 12.1 12.25

Jks (K) -50.2 -70.5 -90.3 -6.06

Jks (K) -0.36 4.20 9.32 5.20

JIks (K) -2.15 2.42 4.01 -4.21
%0 -3.14E-5 -2.08E-6 44E-5 27.2E-5
0 (K) -21.29 -27.04 -32.44 3.59

Moreover, in actual case Zn is nonmagnatid therefore with doping of Zn the
magnetic moment should decrease as has been ath$ertke hole-doped LiCuVsJ?
But in the present investigation it has been olegmhat with 5% Zn doping at low
temperature the magnetization value increases tlifhe increase in the
magnetizationmight be due to the change of theimmgnéngle of the Cu spins.
Moreover, the spin quantum number of’Cis larger (3/2) than that of €uand as a
matter of fact the magnetization value increasdb @oping of Co. Furthermore, for
Co ion with S=3/2, single—ion anisotropy might albe involved for reliable
guantitative analysis. But in the present invesitgathat can be ignored because of the
very low concentration of Co. It is observed foe thIn-doped sample that value
becomes positive (mentioned above) which is theicaibn of the induced

ferromagnetism.

3.3.24 Analysis of Magnetization (M) as function of Magnetic field

(H) andy(T)*T Product as Function of Temperature

Fig. 3.6 displays the M-H hysteresis loop of aé #amples at 5K. No hysteresis
is observed for undoped sample. For Zn and Co dspatples small non-linearity is
observed. But for Mn doped sample the value ofctiercivity is significant (shown in
the inset of Fig. 3.6). The changeover in respaiske magnetic Cu ion with doping of
Zn, Co and Mn is further illustrated in Fig. 3.7uhich they(T)*T product is shown as a
function of temperature. For temperature indepensiins, and temperatures far above
the effective interaction temperature, it is foutitht this product is temperature
independent. The(T)*T value changes with doping of different traitmi metal ions

indicating essentially change of interactions agndime magnetic Cu ions. At low
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temperatureg(T)T of LiCuVO, is below the other curves. This supports that the
effective antiferromagnetic interaction among thagmetic Cu ions decreases slightly
when Zn/Co is doped and when Mn is doped it deeseappreciably. The Mn-doped
sample also shows clearly the deviation from ambf@agnetic ordering and signature
of ferromagnetism.
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Figure 3.6:Variation of magnetization with magnetic fieldT-to +5T) of
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Figure 3.7:x(T)*T as a function of temperature of LICu¥QiCup.95ZNy.05VOs,
LiGYsCp.0sVO, and LiCuy ogMng 0sV O, samples at 5000 Oe.
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Furthermore, the ¢T)/dT is known as the ‘Fisher specific heat’ and is
commonly used to determine the Curie temperatu&?fBut the d¢T)/dT vs. T plot
lack a peak, only hump is observed for the un-dogredl Zn and Co-doped samples.

Same hump like behaviour is also observeg(T) plot.

This is usual for low-dimensional system and iasged with the appearance of the
magnetic correlation within the copper chains. ButMn-doped sample only a kink is
observed. Moreover, if in bot(T) andyT(T) plots peak is observed then it indicates
the magnetic ordering. For the un-doped, Zn andi@ued samples neither ¥(T) plot
nor inyT(T) plot any peak is observed within the measuesdperature range. But in
Mn-doped sample in both the curves peak is obser&#dhese indicate that there
might be a FM ordering in this Mn-doped sample.

3.3.3 Neutron Diffraction Study

Neutron diffraction (ND) is a powerful tool to stuthe structural and magnetic
properties of material due to the different dopiagd pristine sample. Mn-doped
LiVCuO, induces ferromagnetism as above discussed. Thgnoof ferromagnetic
ordering and what type of ordering e.g. long orrshange that can be confirmed by
Neutron diffraction pattern analysis. So, Neutdiffraction (ND) was performed on all
the samples (shown in Fig. 3.8 (a) and 3.8 (b)pltain the insight feature of the
magnetic and structural properties. The cell dinmarsswere refined using the program
FULLPROF?°A full refinement was performed in the space grommaby varying the
positional parameters of the V and O atoms, thiapic temperature factors of the V,
Cu, and O atoms, the scale factors and the exdimpirameter. The structure refinement
was performed with least squares method. It istwdiile to mention that we have taken
both XRD and Neutron diffraction data for refinerfjeince Neutron diffraction does not
provide any information regarding V ions. The résualf these refinements are listed in
Table 3.3.It is observed that for all the samples lattice parameters decrease as the
temperature decreases. There is no indicatiorstliatural phase transition down to 5K.
Thus the temperature does not cause any significaamige in the crystal structure.
Moreover, no superlattice peak is observed at dkaetemperature neutron diffraction
data and hence there is no indication of the magnetnsition. Therefore, the FM
ordering observed in the magnetization data forMinedoped sample is the short-range

ordering only. It is also observed with doping tla¢tice parameters increase. The
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parameters ‘a’ and ‘b’ increase from LIiCuY@ Zn-doped sample through Co and

Mn-doped. On the other hand ¢ parameter is maxifiourivin-doped sample.
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Figure 3.8:Neutron diffraction pattern of LiCuVQLICu.9sZNp 05V Oy,
LiCup 95C0p.05VO4 and LiCu.9gMNg 05V O, samples at (a) 5 K and
(b) 300 K.
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Table 3.3:Structural parameters (lattice parameters, bondjts) of LiCuVQ,
LiCUo.95ZI’b.05VO4, LiCLb.9£00_05VO4 and LiCld)_nglﬂo_osVO4 samples
obtained from Reitveld refinement. The structuratadhave been
refined with space group Imma, Li (4d) (1/4 1/4)3/@u (4a) (0 O
0); V (4e) (0 1/4 z); O1(8h)(0 y z); O2(8i)(x 1M z

Sample/ LiCuv® LiCug 9gMNg 0sVO4 LiCug ¢:C0y 0sVO, LiCug 95ZNg VO,
Parameter 300K 5K 300K 5K 300K 5K 300K 5K

a(d) 5.6517(5) 5.6522(6) 5.6582(6) SRB(4) 5.6595(4) 5.6561(4) 6994(5) 5.6544(4)
b (A) 5.8001(5) 5.7938(6) 5.8070(6) 8(R5(4) 5.8098(4) 5.7997(4) .8199(5) 5.7995(4)
c(A) 8.7453(7) 8.6958(8) 8.7484(8.6991(6) 8.7153(7) 8.6682(6)  .72BI(7) 8.6769(6)
Volume 286.676  284.767  287.446 285.605 286.562  284.348 287.061  284.537

(0.043)  (0.048) (0p5  (0.037) (0.038) (0.037) (0.040) (0.035)
V(4e)z 0.6121(4) 0.6121(4) 0.6133(3).6133(3) 0.6129(4) 0.6129(4) OFB} 0.6133(3)
O(8h)y 0.5151(9) 0.5153(9) 0.5157(10) 163(7) 0.5164(7) 0.5152(7) 0.5157(85166(6)

z 0.2744(3) 0.2732(4) 0.2744(49.2731(3) 0.2733(3) 0.2724(3)2735(3) 0.2729(3)
O (8i) x 0.2356(5) 0.2348(5) 0.2347(5) 2314(4) 0.2364(4) 0.2364(4) 0.23920.2358(4)

z -0.0005(13) 0.0003(13) 0.0a()( 0.0039(7) -0.0010(10) -0.0043(9) 0eM4(11) 0.0002(9)
Distances
Cu-01 (A) 2.401(3) 2.377(4) 2.402(4) 2(3)8 2.384(3) 2.363(3) DB 2.370(3)

Cu-02 (R) 1.969(2) 1.965(2)1.968(2) B 1.975(2) 1.973(2) M®) 1.970(2)
V-01 (A) 1.686(5) 1.686(5)1.678(5) 618(4) 1.681(4) 1.686(4) 682(4) 1.676(3)
V-02 (A) 1.785(7) 1.790(7) 1.803(7) 1.816(4) 1.782(5) 1.763(5)1.789(6) 1.789(5)

Atom Coord D_aver Distost1(0™®  Valence BVSum

Li 6.0 2.1301(30) 4.129 1.000 0a3(7)
Cu 6.0 2.1129( 9) 93.192 2.000 12(6)

v 4.0 1.7357(80)5.203 5.000 .825(105)
o1 40 2.0741(43) 46 D15 -2.000 BED)
02 4.0 1.9760(49) .55 -2.000 133(46)

Moreover, it is found that the V-O(1) and V-O(23tdnces are changed slightly
or remain constant with doping of Zn and Co. Noaktts when Mn is doped the
change in the average V-O distances is more. Tlssilgle reason for the observed
ferromagnetism can be explained as The antiferroetaginteraction between the two
spin sites of a spin dimer can be written @sJAe)f/Uex, whereAe is the spin-orbital
interaction energy between the two magnetic ombitapresenting two spin sites and
Uett is the effective onsite repulsidbles is nearly constant for closely related magnetic
systems. Thereforeadis well approximated by the correspondinge). TheAe is the
energy difference between the bonding level andathi&bonding level of the spin

dimer.
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Along the a-direction, the empty d orbital of teatom forming the O-V-O bridge
with the oxygen atoms of the Cu-O...0O-Cu path intesr&e-phase with both £ orbital
tails of the antibonding level, thereby lowering tantibonding level.Consequently
theAe is reduced in the LICUVfAs a matter of fact the exchange interaction gilan
direction is negligible compared to nearest neighbad next nearest neighbor
interactions. But with Mn doping somehow the exd®interactions are modified
which in effect might be inducing the short rangeegdmagnetic ordering in Mn-doped

sample.
3.34 XPS (X-Ray Photoemission Spectra) Study

To get the effect of doping on oxidation stateCaf cations in LiCyuM,VO4
(where M= Zn, Co, Mn and x= 0.00 and 0.05), we hals® investigated the X-ray
photoemission spectroscopy on these systems (Big. The XPS data of Cu2p region
of all the samples have been shown in Fig. 3.1@pOwegion of undoped LiCuVQ
sample shows main peaks around 933.5 eV and 9%3wh&h corresponds to Cuzp
and CuZ2p, respectively. Peaks around 943.9 eV and 960.9akéspond to satellite
peaks of Cu2g, and Cu2p, respectively.

LiCu  Mn_ VO, W

st

1 1 1 1 1 1

LicuO.QSCOO.OSVO4

1 1 1 1 1 1

LiCUo.95zno.05VO4AJL\/\/\JJ\’u\\—_/

st

LICUVC4

Intensity (a.u.)

1 1 1 1 1

0 260 400 é_OO éOO iOOO i200 1400
Binding Energy (ev)

Figure 3.9:X-ray Photoemission spectroscopy survey scan ofu\V@,
LiCUo.052Ng.0sVOs and LiCu 95C0p.05VOs and LiCup gsMnp o5V Os.

Binding energy values match well with the Cu@l)which indicates the +2

oxidation state of Cu in our system. Due to doph@n and Co there is no significant
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change observed in the binding energy of Cu catidbhis means that due the doping of
Zn and Co, not any appreciable change observeldeiroxidation state of Cu cation.
But there is small peak around 935.7 eV in Cu2moregf Mn doped LiCuVQ system.
This peak clearly indicates the presence of soragy/(fiew) Cd* cations in this system.
But the percentage of &ucations are quite low as compared td'Qwhich is due to
very low doping of Mn cations) due to which no sfgant shift has been observed in
the binding energy of Cu region. Mn2p region shaWws presence of mixed Mn
valences (Mfi" and M* cations) in the Mn doped LiCuVOThis could be the case
that the mixed valences of Mn cations produce th& €ations in this system. The
CU®* is non-magnetic which in effect might decrease ribgt nearest neighbor anti-
ferromagnetic interaction. But in the present ctise CJd* cations are very less.
Therefore, it deserves further study to throw ligbavards the actual origin of the

observed ferromagnetism.

ap @
= | | T
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2
2 | | G
(€D)
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| | @

a0 ' ' %0

940 950
Binding Energy (eV)

Figure 3.10:X-ray Photoemission spectroscopic study of Cu2@ptiCuvQ, (b)
LiCuo.95210.05VOs, (C) LiCly 05C00.0sVO, and (d) LiCyg.9MNg.0sV O
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3.4 Conclusion

Neutron diffraction, Magnetic properties aXéS of Zn, Co and Mn-doped
LiCuvO, were investigated. When Zn and Co are doped thd@eaomagnetic
interaction increases. On the other hand Mn-dopinduces the short range
ferromagnetic ordering. It is also observed from fitting with the HTSE model that
interchain exchange interactions play significaaterin doped samples. Neutron
diffraction study does not show any indication ohdg range magnetic ordering.
Neutron diffraction study also indicates that wiin doping the V-O lengths are
changed. The exchange interactions are somehowfigtbaith Mn doping which in
effect induces short range ferromagnetism. Moreodeping of Mn on the Cu site of
LiCuVO, converts very few Cii ions into Cd" ions. Further study is required to

explain the actual origin of ferromagnetism in LMDy with Mn doping.
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