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ABSTRACT

The Newman superposition model has been used to investigate the
substitution of Mn?* for Ni?* site in Nickel maleate tetrahydrate single
crystals. The calculated values of the spin-Hamiltonian parameters b°,, b?,
and b°, at room temperaturefit the experimental one taken fromtheliterature
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for M** in NMTH, with average intrinsic parameters calculated as b, = -
0.047 cm', t, = 7 and b~,= -0.0008 cm*, t,=10, and satisfy the empirical
equality b-, > 4b~,. The satisfactory reproduction of experimental values of
b°,, b%,, and b°, indicates that Mn?* substitutes in place of Ni* in the lattice
and does not cause appreciable local distortion in the host crystals.
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INTRODUCTION

El ectron paramagnetic resonance (EPR) investige-
tionsresulting that in most of the systemsMn?* ionsare
coordinated by oxygensand usudly thezerofield split-
ting parametersare quite sengtivewith respect to small
structura changes. Theempirica superposition model
(SPM) suggested by Newman, hasprovedto beavery
powerful method in probingtheloca structureof ionin
avariety of crystal§*® and rel ating thefine structure
constantsto theactual arrangementsof ligandsaround
the impurity ion. In this paper we reports the SPM
analysis of spin-Hamiltonian parameters of Mn?*in
Nickel maleate tetrahydrate (here after referred as
NMTH) singlecrydals.

SUPERPOSITION MODEL

The SPM of the crystal field®? based on the as-
sumptions

(i) Thecrystd field acting on the open-shell electrons
of aparamagneticion istheresultant of asum of
contributions coming from nearest neighborsindi-
vidud ligandsinthecrystd.

(i) Eachsngle-ligand contributioninthesumisaxialy
symmetric about thelinejoining itscentreto that of
the paramagneticion and the nature of theligand.
The contribution of moredistant neighborsaswell
astheinteraction between ligands, areignored. The
ZFSparametersaregiven by

b"™n=2K" (@,®)b" (R) )


mailto:rbrsbansal@gmail.com

240

Superposition model analysis of spin-hamiltonian parameters for Mn*2 doped

MSAIJ, 9(6) 2013

Full Poper =

wherethe summationistakenover al ligandsR,, ©,
and @, arethe spherical coordinates of theithligand
whenthe paramagneticionisat theorigin. Theb are
caledintrinsic parameters, which depend onthenature
of theligand and the cova ency of thebonding, and obey
asinglepotentid law

b (R)=(R/R)..b (R) @)
whereR isthenorma metd ion-ligand distanceand R
isthedistanceof ith ligand from theorigin. The power
law exponent t_ depends onthe particular system con-
sidered. Angular functionK™ (®, @) aretabul ated by
RudowicZ.

CRYSTAL STRUCTURE

The crystal structure of NMTH has been deter-
mined by K. Sarojaet. a.[ and Zhou Ping et a®. The
crystal Ni (COO-C_H,-COOH),.4H.0 belongsto tri-
clinic systemwiththespacegroupPI"andZ=1.The
primitive cell constants are a=5.1797(3) A°, b =
7.3097(4) A°,c=9.1387(3) A°, a=108.47(2)°, =
104.63(1)°, y=92.84(2)° and cell volumeis314.373
A°3. TheNi? isat theorigin of thecrystd unit cell and
coordinated by the oxygen atoms of four water mol-
eculesand two butane di-acid groupsand themolecule
ishaving central symmetry. The Ni*? has quasi-equal
bond distancesto six oxygen atomsand the average

distanceis2.0597 A°. The bond angle of O-Ni-Ois
quasi-equd and theaverage bond angleis90°, formed
anoctahedrd structuregivenin TABLE 1.

Theaverage bond distances of Ni-O aresmaller
than Mn-O but average bond anglesO-Ni-O arequas
equal and similar to O-Mn-O are 90° within = 1° cor-
rection; formed an octahedral structure. The crystal
structure of Manganese Maleate trihydrate
[Mn(C,H,0,)].3H,0 and Manganese Hydrogen Male-
ate Tetrahydrate[Mn(C,H,O,),].4H,O isdetermined
by T. Lig¥. Manganese Hydrogen Md eate Tetrahydrate
here after referred as MMTH is triclinic, Pl , a =
3.373(3) A%, b=19.755(4) A°, ¢ =5.325(4) A%, a. =
106.65(4), p=86.68(4) and y=115.44(4) with z=1.
Incrystalsof MMTH the Mn*?ionsare octahedrally
coordinated by four water o-atoms and two o-atoms
from two monodentate hydrogen maleateligands. The
digtorted octahedral coordination of Mnatomsissimi-
lar to that found in most Mn*2 carboxylate salts. The
Mn-O distancesand O-Mn-O bond anglesare given
inTABLE 1 whichiscomparedwithNMTH crystals.

Ni*2issurrounded by three setsof oxygen ligands
Ni-O,, Ni-O, and Ni-O, each as nearest neighbors.
Usingtheatomic positionsand lattice congtants, theva-
uesof the polar angle ®, that Ni-O bond makeswith
the c-axisand azimuthal angle @i are calculated and
aregiveninTABLE 2.

TABLE1
NMTH Ref.®® MMTH Ref.!

M-O Bond Bond Length (A°) Nameof Bond Bond Angle(®) M-O Bond Bond Length (A®) Nameof Bond Bond Angle (°)
Ni-O, 2.077 (0) O(1)-Ni-O(5) 90 Mn-O, 2.214(2) O(1)-Mn-O(5)  92.5(1)
Ni-Os 2.021 (0) O(1)-Ni-O(6) 90 Mn-Os 2.205(0) O(1)-Mn-O(6)  90.0 (0)
Ni-Og 2.081 (0) O(5)-Ni-O(6) 89.2 Mn-Os 2.128(3) O(5)-Mn-O(6)  87.3(1)

TABLE2 ate concept for theobservance of EPR of Mn?* in para:

Ni-O Bond ®;in degree @i in degree magnetic host lattice. It wasfound that Mn?* substitute
Ni-O; 36.19 -8.22 for Ni2* ions. The observed spectrum showsthat the
Ni-Os 71.96 57.16 metal-water octahedral has orthorhombic distortion.
Ni-Og 67.10 -41.21 Theexperimenta valuesof spin- Hamiltonian param-

RESULTSAND DISCUSSION
EPR study of M inNMTH singlecrysta sat room

temperature and liquid nitrogen temperature hasbeen
published™® and the results discussed the appropri-

etersD, E and ahave been determined by N.O. Gopal
et. al®¥ asD = (223 + 6)10“ cm?, E = (62 + 2)10*
cmtanda=(6.5+0.5) 104 cm™

We have performed superposition model calcula
tionsand the spin-Hamiltonian parametersk’,, b?,and
b°, for Mr?* inNMTH isdetermined by using therela-
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tions
b% =X 1/2(3c0s’®; — 1) [R/R]5 b, 1)
i

b% = T3/2 (sin’® cos2@) [R/R;]% b
i

ad (2

b%=X1/8 (35 cos'® — 30 cos’® + 3) [R/R]4 by (3
1

Using equations (3) and (4) dongwithR, 0,0,
giveninTABLE 2,t,=7 for Mn*, R thereference
distance for Mn** surrounded by pair of oxygensO,,
O,and O, respectively [TABLE 1], and taking experi-
mental valuesof zerofield splitting parametersb®, and
b?, reported in publication*, the val ues of respective
intrinsic parameter b-, are evaluated as-0.048 cm™*
and -0.044 cm?, which liein the range -0.0267 to -
0.1000 cmr'*#1. By using average value of b, = -
0.47 cmt and t, = 7+1, the calculated values of b°,
and b?, fairly matched with experimental oneswithin
error limits. Using eq. (5) dongwithvaluesof R, ©,
@, andt, = 10, and experimental value of b°,, thein-
trinsic parameter b-, iseva uated -0.00085 cm* which
satisfy theempirical inequality b, >4 b~ [*9.

CONCLUSION

Theionicradii of Mn?* and Ni?* are comparable,
so themanganeseion on substituting thenickel cation
steinNMTH, causesminimum changein bond lengths
and bond anglesfrom theva ues obtained for purecom-
pound, henceloca distortion should be minimum for
thehost lattice. By using b, =-0.047 cm™* for there-
production of experimental valuesh’, and b?, indicates
that Mn?* substitutesin place of Ni?* inthelatticeand
doesnot cause appreciablelocal distortioninNMTH
snglecrysas.
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