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ABSTRACT

The Newman superposition model has been applied to second-order zero-
field splitting parameter b.° for Mn?* inNd,Mg,(NO,),,.24H,0. Itisshown
that calculated value of b,” isin agreement with the experimental value if

local |attice rel axations are taken into account.
© 2012 Trade ScienceInc. - INDIA

INTRODUCTION

Sincethe e ectron paramagneti c resonance (EPR)
of S-stateionsiseasily detectable even at room tem-
perature, many EPR investigationsresulting inthe de-
termination of zero-field splitting (ZFS) parametersin
singlecrystashave been reported intheliterature. In
most of these systems the S-state ions were coordi-
nated by oxygen and the ZFS parameter b,° is quite
sensitivewith respect to small structure changes. The
cd culationsof ZFSfollow two gpproaches. Inthefirg,
whichisreferredto asab-initio calculation, the ZFSis
generally cal culated using an e ectrostatic mode of the
crystal field, together with one or more of the splitting
mechanisms. Thesecond method of estimatingthe ZFS
isby theNewman empiricd superpositionmodd (SPM)
relating thefinesructure constantsto theactud arrange-
mentsof ligandsaround theimpurity™. The SPM has
proved to beavery powerful tool in probingthelocal
structureof Sgtateionsinavariety of compounds?. In
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particular, the method has been successfully applied to
ganvery detaledinformation onthelaticesteand crys-
taline environment of Mn?* inanumber of systems.
Thispaper describesthe SPM analysisof thetrigona
spectraof Mn*inNd,Mg,(NO,),,.24H,0

(NMN) at room temperature. The EPR datahave
been taken fromtheliterature® and theanaysisisre-
dtricted tothelargest ZFS parameter b,°.

SUPERPOSITION MODEL

The SPM isbased ontwo assumptions. (i) thetotal
ZFS experienced a anionin acrysta isdueto the
close neighbour ionsonly and (ii) the ZFSat oneion
caused by thesecondionisintringctothat ionpair, i.e.
isdependent upon exactly what ionsare present and
the distance between them, irrespective of the other
surrounding. Inthe SPM, thetotal ZFSat the central
ionisthereforegivenby asum of axidly symmetric con-
tributionsof theligandsi of M X, unit only. The contri-
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butions of moredistant neighboursaswell astheinter-
actionsbetween theligandsareignored. Two sources
of ZFSmay bedistinguished (i) contribution of theover-
lap and covalency and (ii) contribution of the crystal
field. The former mechanism was shown to be
superimposableaslong aschargetransfer and overlap
remainsmal®. Theandysisof thesuperimposability of
thecrystd field contributionto ZFSisvery complicated.
The SPM must hold for crystal field itself and second
the spin-Hamiltonian parameter must belinear incrys-
tal field. Theanalysisof Gd* ion ZFSindicated that
contributionto b,™ nonlinear inthe crystal fieldisin-
deed smal and thesamehold for Mn?*ion®. Theabove
conclusionjustifiestheassumptionsof SPM quite sat-
isfactorily. However, itisvery unlikely that SPM postu-
lateshold precisely. There may besignificant contribu-
tionfromionsmoredistant thanthenea ghbouring ligands.
Zhou'®, has shown, using point chargemodel, that in
BaZnF,:Mn*, contribution to ZFSfrom next nearest
Zn?* and Ba?* ionsaretoo small to betaken into con-
Sideration. Themain limitation in applying SPM isto
determine exactly the position of theligands*4 EPR
study isusually done on the paramagneticion diluted
with diamagnetic host | attice. One hasto usethe posi-
tional parameters of the pure host lattice, but thetrue
bond distancesand distortionsfor theimpurity ion may
differ appreciably. However, therelaxation effectsare
likely to besmallest for pairsof host and impurity ion
having thesamevadency and similarionicradii.

The ZFS parameter b,’ iswrittenas
bzo =Z Kzo (0 i’ ¢i) bz (Ri) (1)

whereK ° = (1/2)(3 cos* 0 - 1) isthe coordination
factor, thesummationrunsover dl ligands, R, 6, ¢, are
the spherical coordinates of thei-th ligand (paramag-
neticionisplacedat theorigin). b, (R) isascaar quan-
tity, called the second-order intrinsic ZFS parameter. It
dependsontheionicity of ligandsandisgenerdly agreed
to be gpproximately constant for different compounds
with thesame metal-ligand combination®. Inthe SPM
framework itisassumed™, that the changeof b,(R) on
going fromareferencedistanceR to another R isgiven
by theempirical power lawt4.,
b,(R)=b,(R) (R,/R),

wherethe power law exponent t,is7+ 1 for Mn?".
R,=0.22 nmisthe reference distance for Mn** sur-

rounded by six oxygeng¥. Thevalueof b, (R ) =-0.05
cmtisused. Thisvaueisobtained experimentally
fromtheanalysisof thespin-Hamiltonian parameter b,
correspondingto Mn?* placed in different | attices, al of
which have same ligands (oxygen or water) and the
same coordination number 64,

RESULTSAND DISCUSSION

The crystal structure of Ce,Mg,(NO,),,. 24H,0
(CMN) isomorphous to NMN has been studied by
Zakinetal. Theprimitivecell of NMN containing
oneformulaunit isrhombohedral. Thespacegroupis

R3 . Thelaticeparametersin hexagond settingarea=

1.1 nm, ¢ =3.459 nm!".. The unit cell parametersfor
CMN area=1.1004 nm, ¢ = 3.4592 nm. Therhom-
bohedra unit cell containsthreedivalentionssituated
a two different | atticesites. Oneoccupiesthe C, point
symmetry site (sitel) and the other two occupy the C,
point symmetry site(sitell). Thedivalentionsaresur-
rounded by six water moleculesforminganearly octa
hedral complex. Each Nd® iscoordinated with twelve
oxygenionsbeongingto six nitrateions, located at the
cornersof asomewhat irregular icosahedron.

The EPR of Mn?*in NMN showsthe presence of
twoinequivaent Mn?* centresof unequd intengity. The
Mn? substitutesfor Mg? and shows the spectrum of
two Mn?* complexes. It wasfound that the principal z
axes of two [Mn(H,0)]** complexesarealongthec
axisand x axisisperpendicular tothecaxis. Thezero-
field splitting parameter b,°(D) of Mr#* at sitel isand |
are-187.2 x 10“* cm'and 19.4 x 10* cm'?, respec-
tively®®. Mg? in NMN at site | is surrounded by six
water molecules at adistance of 0.2058 nm. Thede-
tailed crystal structure of NMN has not been deter-
mined. However, it isexpected that bond lengths of
Mg*-H,OinNMN would not bevery different from
that of Mg*-H,O in CMN. Inthe SPM analysisthe
structural dataof CMN isused. Mg inNMN at sitel
issurrounded by six water moleculesat adistance R=
0.2058 nmand at site Il is surrounded by two sets of
three water mol ecul es each as nearest neighbours at
distances 0.2056 nm and 0.2058 nm'™. The angle ¢
that Mg-O makeswiththecaxisat sitel is54.10°and
for sitell are54.83°and 123.69°. Thecalculated value
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of ZFSparameter D is- 75.7x 104 cm*and 104.8x 10
“cm. The SPM predictsthe correct sign. The calcu-
lated valueof D for Stel issmdler thantheexperimen-
tal valueandlarger for sitell.

Inthesecd culations, the assumption hasbeen made
that the crystalline structurein the vicinity of the mag-
netic ion isunchanged from those of the host | attice.
Thedifferencein ca culated and experimentd va uesof
D may be, inprinciple, dueto local relaxation. It has
been shownthat if R (metal-ligand bond distance) >
normal Mn-ligand bond distance, theintroduction of
substitutional Mn?* givesriseto aninward relaxation
whilethe oppositeoccursfor R<Mn-ligand bond dis-
tance. Theionicradii of Mg?* and Mn?* are0.066 nm
and 0.080 nm@, Therefore, Mn?* substitution for Mg?*
would alow someexpansion of O% octahedron around
manganese. A movement of oxygen alongthecaxisis
assumed such that M n-oxygen bond length increases
fromtha Mg- oxygen. Thiscausesachangeinthevaue
of 6. Itisfound that an increase of about 1.454%in
bond Iengths (from 0.2058 to 0.2088 nm) causesthe
angledto changeto 53°for sitel. Anincreaseof about
0.9% in bond length for sitell causes 6 to change to
54.33% and 124.33°. Thesevalues of R and 6 leads to
b,? values-187 x 10“cm* and 19.5x10“cm* for site |
and Il respectively. A change of bond lengths of about
3%-4% is observed from EXAFS measurementsin
KZnF, and K CdF, doped with Mn?9],

In conclusion, with the use of the SPM, itispos-
sibleto obtainthe ZFS parameter b,° for M in host
lattice studied from crystal structuredataby takinginto
account thelocal relaxation effects.
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