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ABSTRACT

In the present studies spotlight on the structural investigation of Mn(11) doped diaquacesiumdiaquamal onatozincate
(DCDMZ) carried out room temperature using single crystal EPR, UV-Visible, FT-IR and powder XRD
techniques. Obtained EPR spectra result shows that 30 lines hyperfine patterns, it indicates manganese present in
the host lattice. Angular variation of EPR spectra in the three orthogonal planes shows that presence of only one
site having large D value, with orthogonal symmetry. The spin Hamiltonian parameter evaluated using three
orthogonal crystal rotations are g, = 1.8586, g,y = 2.0001, g, = 2.0641; A = 8.30, A,y = 9.04, A, - 9.20; Dy =
5.48, Dy, = 18.89 and D, = -24.38 mT. The large zero field tensor due to steric interaction of Malonato Bridge. The
direction cosines of metal ligand bond Zn-O did not matched with direction cosines obtained from EPR-NMR
confirms that Mn(l1) impurity present in zZinc malonate lattice is in interstitial position. Observed optical spectra
data shows the characteristics of Mn (I1) ionsin distorted octahedral symmetry.
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INTRODUCTION

Spectral and structural studies of transition metahtaining carboxylate ligand have great attention their
potential application in the field crystal enginegr metal organic frame work, supramolecular béray
biological properties, molecular electronics, cg@ and molecular based magnetic materjal2]. From the
coordination chemistry point of view, malonate isgaod chelating versatile ligand and it exhibitfefiént
configurations like syn-syn and anti-anti throughecor both carboxylate group. In, addition carbate/lgroup
provides an efficient pathway for coupling magnegntre either ferromagnetic or antiferromagnet]3in these
kinds of systems, the coupling constant is inflehby structural factors such as the conformatfdiridged or the
geometry of the metal environment. Single crystRRE is the only technique, gives more informatefout
symmetry, defect and covalence of metal ligand bdeER technique is used to study paramagnretis in
diamagnetic angaramagnetic host lattices to understand phassititars, defects, orientation effectfvalence
of the metal-ligand bond, relaxation times, symmetic[10-17]. Theprobability of gathering information from
magnetically concentrated system is vanisloest to very broad resonances, arising from dipdipolar
interaction. Hence, tanderstand the symmetry and covalence around thedded ion, generallparamagnetic
ions are doped either in diamagnetic or paramagmeist lattices oknown symmetry. In the past few years, our
research group has been concentrating on the tiansnetal ions doped diamagnetic malonato comsler
focus on diaquacesiumaquabismalonatozincate in@ate because this is very interesting host lattibizh holds
alkali metal as well as transition metal. Singlgstal EPR studies also exposes the location ofnpagaetic
impurity, i.e., interstitial, substitutional or totin this view, we select diaquacesiumaquabisnsdtmincate (here
after abbreviated as DCDMZ) as good host to inc@igoMn(ll) as dopant that has been undertakemtbtiie spin
Hamiltonian parameters, the location of dopanticstiral and bonding parameters.
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EXPERIMENTAL SECTION

Single crystals of manganese doped DCDMZ was peepby literature procedure [18]. Solid zinc carlienaad

been added to an aqueous solution of malonic agitth was kept under stirring. These solutions vatieed for

30 min and followed by refluxing on water bath.thAis stage, 0.1% by weight of manganese sulphaseagded as
dopant. An aqueous solution (10 ml) of cesium caat® (0.116 g, 1 mmol) was added gradually to thevea

reaction mixture with continuous stirring and refhg. After half an hour, the reaction mixture wamled down to
the room temperature [18]. The resulting soluti@swllowed to stand at room temperature. Afteptoaf weeks,
as a result, good and well shaped crystals wer@atga out from the solution.

2.1 EPR Studies

The EPR spectra were recorded at room temperatueeJ&EOL JES-TE100 ESR spectrometer operating kzang-
frequencies, having a 100 kHz field modulation ain the first derivative EPR spectrum. DPPH wssduas the
standard for magnetic field correction and for gtéa calculations. Angular variation was made abmmo
temperature by rotating the crystal along the thregually orthogonal planes a, b, c¢* in at 10° ivéds. An

Isofrequency plot of each plane was simulated uBIRR-NMR program. The EPR spectrum of the powderpde

was simulated using Simfonia program developedsapghorted by Bruker Biospin.

2.2 Optical Absorption
Optical spectrum of Mn doped DCDMZ was recordedoaim temperature using a Varian Cary 5000 Ultratiol
(UV-Visible) near infrared spectrophotometer in thgion of 200-1200 nm

2.3 FTIR and Powder XRD Studies

FTIR spectrum of manganese doped DCDMZ was recoatl@adom temperature. In our present study, theRFTI
spectra was recorded on a Shimadzu FTIR -8300/8p86trometer, 4ctresolution, automatic gain, 20 scan, in
the region of 4000-400 cin The measurements were made using almost transpéBerpellets containing fine
powder sample at room temperature. In the crystalihaterial, the powder X-ray diffraction patteXRD) was
used to identify, characterize and confirm the pemshmple possessing long and short range ordsgsatively. In
the present investigation, the powder XRD was edrout with doped and undoped materials on a PAlaly
Xpert Pro diffactometer with Mndkradiation of wavelength 0.15406 nm artvalues of 5-7%

3. Crystal Structure

Diaquacesiumaquabismalonatozincate is abbreviag@&CDMZ with molecular formula §,,Cs2n;0,, DCDMZ

is iso-structured with §H;,C5Cu 05, and belongs to a triclinic crystal class with spgoeup P1, having unit cell
parameters a = 0.71166, b = 0.71316, ¢ = 0.7521Ama = 87.33°, 3 = 79.42 y = 86.69° and Z = 1 [18]. The
structure of DCDMZ is made up of [Zn(mg,0),]* anion and [Cs(kD)]" cations which is attracted by hydrogen
bond thus leading to 3D network. Two complexes have metal atoms namely zinc and cesium. Zinc atom
coordinates with six oxygen atoms; four among them carboxylate oxygen atoms from two differentaonate
carboxyl groups and two oxygens from water mole@uid thus exhibits an elongated octahedral geomé&hg
cesium atom is eight coordinated thus exhibits ghli distorted square antiprism environment. Twotewa
molecules and two carboxylate malonate oxygen atouilsl one basal plane of the square antiprism. dther
basal plane of the squre antiprism, which was @@auboxylate oxygen atoms from three different matergroups,
was slightly distorted. The structure of the DCDMZ&hown in Fig 1.
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Fig 1: Molecular packing diagram for DCDMZ [18]

The optical adsorption spectrum was recorded anhrtamperature and shown in Fig 2a. The opticabigiti®n
studies of manganese doped DCDMZ shows two band® &35 and 15 649 ¢ The strong band has been
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observed in the range of 42 735 tmnd which is assigned as charge transfer bandhwisually occurs in the
range of 35 000-50 000 ¢m Another broad band at 15 649 tis an attribute of the manganese ion in tetragonal
distorted octahedral symmetry. According to thig broad band is assigned for the transition betv?Beg— ZBzg.
Psing the above mentioned transition, we have tatied tetragonal distortion parameter (Dg) 10Dg5=649 cm
[19].
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Fig 2a: Powder optical absorption spectrum of Mn(l) doped DCDMZ at room temperature.

The FTIR spectrum of Mn (Il) doped DCDMZ is recoddat room temperature is shown in Fig 2b. The band
observed at 1655 chis responsible for carboxylate (CQ@ymmetrical stretching and the bands observednaro

at 3436 crit and 3105 cr are owed for O-H bending corresponding to waigarid. Three bands are noticed at
975, 788 and 732 chcorresponding to the bending modes of O-C-O bdree band observed at 1445 ‘tm
corresponds to C=C stretching. However, this spetis supportive to confirm that there is no stuual changes
has been taken place after doping DCDMZ with sa@bunt of Mn(Il) impurity.
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Fig 2b: The FTIR spectrum of Mn (IlI) doped DCDMZ

The powder XRD pattern of Mn (lI) doped DCDMZ andr@ DCDMZ have been recorded at room temperature is
shown in Fig 2c. Crystal lattice parameters a, orcmanganese doped DCDMZ and pure DCDMZ have been
calculated from powder XRD. These values are sangeresemble the reported value of DCDMZ and ificois

that the formation of lattice DCDMZ. Moreover thew concentration of manganese impurity does nadr alt
structure.
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Fig 2c: Powder XRD pattern of Mn(ll) doped DCBZ

4.1 EPR Studies

Manganese ion has 3dlectronic configuration witASs, ground state (based on Hund’s rule). In crystalfield
low symmetry, the ground state splits into threarders doublet specially £1/2, £3/2 and =5/2. la #pplied
magnetic field, the degeneracy is completely elaténd and it gives rise to five fine structure tiioss. Each line
will be further split-up into six hyperfine linemtally it gives 30 lines. The observed single tay&PR spectrum of
Mn(Il) doped DCDMZ in a*c*plane are shown in Fig,3@here the crystal c* axis is parallel to appliedgnetic
field. Single crystal EPR measurements of Mn(lIpéd DCDMZ shows well separated 30 hyperfine lintgpas.
Lines are occurred due to the coupling of elecBon5/2 (electron spin) of manganese, with its @aickpin | = 5/2
and it clearly says that only one site presenh@lattice. Because the unit cell have one mole@#d) there is no
other way to enter into another site. This samenpimenon has been monitored for vanadyl and coppped
DCDMZ. Two more EPR spectra are given in Fig 3b &gl 3c for ab and bc* planes respectively withirthe
respective orientationsSingle crystals of optimum size have been chosetRR rotation. Selected crystal has
been mounted into the EPR cavity rotate at 10°ediffice at room temperature. Any system with tdedteon
spin of 5/2 will give rise to only one EPR line, the absence of zero-field splitting. In the abseat applied
magnetic field, the ground state of Mn(l1) ity splits into three Kramer’s’ doublets with separasi@f 4D and 2D
dueto electron-electron interactioBuring crystal rotation most of the planes givesliB@ patterns it's due to
the electro spin of Manganese S =5/2 and | = 5 dbserved spectrum clearly shows five transiti@mely -5/2
--3/2, -3/2 - -1/2. -1/2 — 1/2, Y- 3/2 and 3/22.5/Transitions between these levels will give tisdive equally
spaced lines, each of them will further split-upoia sextet due to hyperfimeteraction from the nuclear
spin of >®®*Mn (I = 5/2). Hence a five set pattern of simmponents each (i.e., 30 line pattern) is expected
Characteristic EPR spectra at 300 K, when the egptiagnetic field (B) is parallel to axis a, axiaru axis c*, are
shown in Figures 7.4a, 7.4b and 7.4c respectivatgular variation plots of hyperfine lines in tHade orthogonal
planes ac*, bc* and ab are drawn from observed.ufargvariation plots are shown in the fig 4a-4cthiase figures,
solid circle represents the experimental valuesrede the continuous straight line represents siedlaalues
obtained using EPR-NMR program.
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Fig 3a: Single crystal EPR spectrum of Mn(ll) dopedDCDMZ recorded, when A parallel to axis c. Frequeny = 9.06849 GHz.
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Fig 3c: Single crystal EPR spectrum of Mn (II) dopd DCDMZ, when applied magnetic field (B) isparallel to axis a. Frequency = 9.07554
GHz.
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Fig 4a: Angular variation plots of Mn (11))DCDMZ in a*c*plane at room temperature. Here@ = 140° corresponds to the c* axis anfl =
50° corresponds to the crystallographic axis.
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Fig 4b: Angular variation plots of Mn (I))DCDMZ i n bc* plane at room temperature. Hered = 40° corresponds to the c* axis anfl =
50° corresponds to the crystallographic b axia = 9.06856 GHz
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Fig 4c: Angular variation plots of Mn (11))DCDMZ in ab plane at room temperature. Here 6 = 0° corresponds to the a* axis an® =
80° corresponds to the crystallographic b axis» = 9.07554 GHz

4.2 Calculation of spin-Hamiltonian parameters
All the observed transitions are fitted to thedaling spin Hamiltonian parameters.

Jbs = guBBSc + 9,BByS, +0:BB.S, + AuSdx + AyS)ly + A S/,

Here, first term represents the Zeeman energy tlamdecond term is due to hyperfine interactiore &Rial and
rhombic components of the zero fields splitting @eresented by the third and fourth terms.S3 S, are the spin
operators with respect to the cubic field axese parameters D and E are zero fields splittingtdudiombic and
axial crystalline field matrix and E represents tlawiation from the axial symmetry. Using the abeg@ation spin
Hamiltonian parameters is calculated, shown in &&bhklong with respective direction of cosines.nfrrbable-1
without a doubt it shows that g/A/D is nearly codent, and additionally we know that the geometfy o
Mn(Il)/DCDMZ distorted octahedral symmetry. Theluwa of D is relatively higher than for normal Mrj(ll
complexes. In order to identify the position oéthin in DCDMZ, the direction cosines of various @nbonds
have been calculated using X-ray data (assumingasistructure for DCDMZ) and given in Table-2. laiion of
dopant has been identified by direction cosinescBmwparison of direction cosines are obtained fEPR-NMR
program and direction cosines values calculateah toystal X-ray, if both the values match with eather [20]. It
indicates that the dopant present in the lattidga substitution way, but the values are dissimiléth each other, it
signifies that dopant present in the lattice isterstitial position. The calculated values ofedition cosines for the
present case are shown in Table-1 and 2, andatlgleays that dopant present in the lattice imiaBly instead of
substitution due to steric nature of malonate lga@rientation of the dopant has been discussemirbdhe road
maps are also simulated for all the three planesdgagreement have been obtained. The spin Haniaitto
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parameters observed from single crystal analysigwuather confirmed by taking polycrystalline EPpestrum. The
powder EPR spectrum of Mn(ll)/ DCDMZ is shown irglH. The calculated spin Hamiltonian parametegsgae
2.0078,A=9.6 and D = 52.24 mT. These values are almosedo those parameters acquired from single aryst
analysis. The powder EPR spectrum is simulatedgufiese values which confirm the accuracy of treduated

spin Hamiltonian parameters is shown in Fig.5.
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Table 1: Spin Hamiltonian Parameters obtained fronthe single crystal rotations for Mn(ll) in DCDMZ using program EPR-NMR [19]

50 mT

Fig 5: Powder EPR spectrum of Mn (Il) doped DCDMZ recorded at RT (Top) whereas bottom one simulated gy simfonia program.

Table 2: The direction cosines of Zn —O bonds in DBMZ obtained from the crystallographic data [18].

N

325 mT

Frequency = 9.08161 GHz

Direction cosines
M-L bood

a* ¥ c*
Imlln §EEH OETE IR
Inl2n 01653 04314 0T
InO, 08051 04185 00588

2730




Geetha. Pet al J. Chem. Pharm. Res,, 2012, 4(5):2724-2732

Orientation of the Mn(ll) ions in the lattice: The location of the paramagnetic impurity site ated for Mn (11)
doped in DCDMZ is interstitial. We have analyzegstal structure of DCDMZ depicted in Figl. DCDMzagses
one molecule per unit cell (Z = 1) under the spgroaip P1. Zinc atom coordinates with six oxygen, four frowo
different malonate groups builds the equatoriahpland two oxygen from two symmetrical water moleguade
of elongated octahedral geometry. Cesium atomgitaioordinated with square antiprism environmém.[ For
the present case dopant ion is manganese angritfisrred to replace host zinc ion because botlke kamparable
ionic radii and same oxidation state. But not peiged to replace cesium atom because it is unividen The 3d
ion with s =5/2 and | = 5/2 exhibits 30 line hypeef pattern from a Mn (II) doped DCDMZ single cmist Mn(ll)
ion has been planned to enter in the host laititerstitially because both metal atoms (Zn and &s) strongly
coordinated with malonate bridge and also breakihgnetal ligand bonds (Zn-O and Cs-O) is very difft.
Suppose zinc atom coordinates with six water mdéedu is very easy to replace by dopant mangamaseout
present system is very complicated due to carbtxgeoup. Spin Hamiltonian parameters are goodemgeat with
literature values [21-22]

4.3. Covalency of metal ligand bonds

The covalence of the bond between manganese argkoXigand can be calculated using matumura’s flbée
covalence of a bond between manganese and itsdigdapends on the magnitude of the isotropic hiperf
coupling constant “A”. An approximate relationsHigp the covalency of a bond between the atom popadd their
electro negativitieg, andyy is given R0].

C = [1 - 0.16,))-0.035f(,-1)1/n

Here, n is the number of neighboring atoms surrmgnthe Mn(ll) ion. Using the valueg,, = 1.55 andyo = 3.44,
(Pauling’s scaleand the percentage of covalency obtained for ose aaing the above equation is 8.5%, indicating
that compound is almost ionic in nature. Also, tb®alency of the bond between manganese andyéads will
influence the magnitude of the isotropic hyperfioeipling constant. The hyperfine coupling constaig obtained
from Matamoras’s plot matches well with the caltedbvalue [21-24].

CONCLUSION

Structural studies on Mn(Il) doped DCDMZ has beewcsssfully performed at room temperature. FTIR and
powder XRD data support the confirmed formationatfice DCDMZ and also finalize the presence of attpdo

not alter the structure of host lattice due to lmamcentration. Single crystal rotation in the thpdgnes indicates
that only one site is noticed for manganese imputiat is present in DCDMZ lattice. The spin Haonlign
parameters for the Mn (II) doped DCDMZ have bednutated from single crystal rotation in the thi¢hogonal
planes. The principal g, A and D values are evatliasing EPR-NMR program. The spin Hamiltoniarapaaters
have been calculated and direction cosines valoeSrm that the impurity has entered the latticeaminterstitial
position. The large D and E values reveals theodieh present in the crystal lattice due to stefiects of the
malonic acid in the lattice. The isofrequency platsl the powder EPR have also been simulated, venelised in
the evaluation of spin Hamiltonian parameters.
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