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ABSTRACT

Mixed systems [ NaNOsz] 100.5: [ ST(NO3),] x With x = 0, 4.27, 9.12, 14.68 and 21.12 in different mole percentages were
grown by slow evaporation method. Pellets of these crystals were prepared by applying suitable pressures and
sintered at 200 °C for 20 hours. In the present study, the variation of DC ionic conductivity with temperature on
these mixed matrix solid electrolytes has been measured in both single crystal and pellet forms and it is found to
increase with temperature in all the systems. Enhancement of conductivity is noticed to increase with mole percent
(m/0) in NaNOs-S(NOs), mixed systems. The maximum enhancement of conductivity is observed to be nearly one
order of magnitude with respect to the host material in single crystals as well as pellets for x = 14.68. In all the
systems the conductivity in the pellet form is found to be higher than that of single crystal form. Analysis of the X-
ray diffraction peaks shows the co-existence of two phases i.e. NaNO; in rhombohedra phase and S(NOs), in
fluorite type phase. The experimental data indicating higher conductivity at x = 14.68 isinterpreted in terms of the
increased defect concentration at phase boundaries which are the regions of misfit of disorder, the movements of
atoms along the boundaries can be expected to occur easily and also the increase of defect concentration at the
phase boundaries. Further, decrease in conductivity is explained in terms of the reduction of phase boundaries and
decreasing of free volume available for Na* ion transport. Activation energies are obtained from the conductivity
data in the extrinsic conduction region.
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INTRODUCTION

Focus of research in the field of solid state isniE gaining importance in recent past becausdeif potential
applications in solid state ionic devices, suchezhargeable batteries, fuel cells, sensors, med®@rices and high
energy storage batteries [1, 2]. This field invaelveainly the study of transport phenomena of ionsalids.The
study of ionic conductivity plays an important raheunderstanding the lattice defects and energyédects in the
crystal structures [3]. In the beginning solid stabnics was highlighted in the crystalline soliéatrolytes,
subsequently this field expanded to other formsadid, namely polycrystalline, glassy, mixed andpgirsed solid
electrolyte systems. In solid electrolytes, conaurctdue to the migration of ions is not appreciabteroom
temperature but is substantial at high temperatBash materials exhibiting high ionic conductivityegligible
electronic conductivity and low value of activatienergy for ion migration at temperatures belowrtheelting
point, are called super ionic conductp4$ The increasing demand for alternative poweurses, high energy
storage devices and energy conversion systems awedivthe researchers to develop novel solid elgtéo by
employing various methods of synthesis in ordemmprove the ionic conduction in these solid eldgtas [5].
However, earlier investigations show that the enbarent of conductivity is not much appreciabletwsy inethod of
conventional doping [6].
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A good amount of work has already been reportetitwium and Sodium based solid electrolyte syst§frag]. AC

and DC conductivity studies on dispersed and potyrsedium electrolyte systems revealed appreciable
enhancement of ionic conductivity [6, 10, 11]. éries of pure and mixed crystals have been stuadyeseveral
researchers with the aim of identifying new materja2-16]. Electrical, dielectrical and micro-daess studies on
mixed crystals of alkali and alkaline earth halidasch as KCI - NaCl, KBr - Kl, KCI - KBr, KBr — &l, AgBr -
AgCl, and Cak- Srk, have been reported extensively [17 - 24]. Sueljterature with a view to identify newer
materials with high ionic conduction motivated thehors to look for nitrates of alkali and alkaligerth rather than
that of halides.

A normal N& ionic conductor, NaN©has been chosen and an attempt has been madprtavérthe conductivity
by mixing with Sr(NQ), another solid ionic conductor, heterogeneousludtof ionic transport in Sr(N
dispersed with AlO; showed enhancement in conductivity [25].

In the present study, [NaNfioo-[Sr(NGs);]x mixed matrices were prepared and characterizedRiy. DC ionic
conductivity was recorded and activation energiesgwith pre-exponential factors were determined.

MATERIALS AND METHODS

The commercially available chemicals of NajN&ahdSr(NGs), (with 99.9% Purity), were taken in different mole
ratios and grown them as single crystals by usiag ®vaporation method. The small transparent sirgystals
were selected and painted with silver paste fointakonductivity data. The crystal was mountedha sample
holder and current measurements were taken irvaatol constant rate of heating of abol® 1 min. Throughout
the experiment almost same rate was maintainecbn&tant voltage of 1.5V was applied from a dry drgtt The
current value was recorded using Agilent (Previpustwlet Packard) nano ammeter. A chromel-alumetrtto
couple, with its hot junction kept very close t® ttample was used to measure its temperature. arhples was
annealed at about 20C for 2 hours before the data was recorded. Pelete obtained by grinding the single
crystals and pressed them into pellets by applgirgessure of 4 tons/sg.m. using hydraulic prekes& pellets
were sintered at 20T for 20 hours and the conductivity measurements waken as stated above.

The XRD data of pure and mixed systems [NahN@.x:[Sr(NOs),]x in the form of powdered samples were
recorded by the “Regaku Miniflex” X-ray diffractonee. The FTIR spectra of pure and mixed systemsewer
recorded using FTIR spectrometer in the region 3800cnt by KBr technique to confirm the presence of differ
groups.

RESULTS AND DISCUSSION
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Fig.1. X-ray powder diffraction patterns of [NaNOs]100x:[SI(NO3)2]x pure and mixed systems (a) pure NaNg&and x = 4.27, 9.12 (b) x =

14.68, 21.12 and pure Sr(N§)-.
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Fig.2. FTIR Spectra of Pure and mixed systems.

XRD patterns of the systems, as shown in Fig.Jafa) Fig.1 (b), reveal that there are no new peakshere exist
peaks corresponding to each of the nitrates, itidigathat there is no new structure formed. Peakghie
diffractograms show the existence of two phg2€s28]. It indicates that the compounds are pglstailine in
nature with mixed rhombohedral structure of NaN@d fluorite type structure of Sr(NJR. Sodium nitrate belongs
to the rhombohedral calcite structure with a spgosup R3c, with two molecules per unit cell and lzas
orientational disorder of nitrate ion at 215[29]. It is a Frenkel type disordered crystalthalla’ ion as the mobile
charge carrier [30] and its ionic radius is 0.95 8trontium nitrate has a fluorite type structunel & an RX type
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compound, having cubic structure with a space gf@ap and belongs to ;f Class [31] and it is an anti-Frenkel
disordered crystal, i.e. mobile carriers are anjdhahose ionic radius is 1.90°A

In order to reconfirm that the new structures aoé formed, Fourier Transform Infra Red (FTIR) spacivere
recorded on pure and mixed systems which are shoWwig.2. Sharp peaks were seen at 836amd 1385 cil in
pure NaNQ and in the case of Sr(NJ@the strong and sharp peaks were observed at 7341385 c. These
values are in good agreement with the earlier tegoralues on similar systems [32]. The presend®niis of both
NaNO;and Sr(NQ), in the mixed systems show the existence of twa@hawhich was already confirmed by the
XRD patterns.
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Fig.3. Lné) versus 1000/T for NaN@and NaNG;-Sr(NOs), mixed pellets
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Fig.4. Ln(e) versus 1000/T for NaN@and NaNGs:-Sr(NO3), mixed single crystals.

Fig.3 and Fig.4 show variation of Lw)(versus 1000/T of [NaN{Q100-x:[Sr(NOs),]x mixed systems with x = 0,
4.27, 9.12, 14.68 and 21.12 for pellets and singystals respectively, from room temperature t6°31 It is
observed that the conductivity increases linearighwhe increase in temperature for all the comipmss.
Conductivity of pure NaN©can be seen to increase linearly up to its trimmstemperature, followed by a deviation
from its linearity in both pellets and single cejlst Fig.5 shows variation of Ls) versus mole percent (x) of
[NaNOs] 1004 [ST (NOs)2]« for single crystals and pellets. The enhancememinductivity is noticed to increase
with mole percent with a threshold at x = 14.68ewehenhancement recorded was maximum in eithersforfmthe
system and starts falling with further increasemdd. The maximum enhancement at x = 14.68 isrgbdeto be
nearly one order of magnitude with respect to (Ne&lO; in the extrinsic region. It may be noticed frong Bithat
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value of Lng) for pure at about 228C is 1.81 x 16 S/cm whereas it is 1.54 x $08/cm for [NaNQ]gs.ss
[Sr(NOs);]14.68. It can be seen that the conductivity in all conifpass of [NaNQ]100-5[Sr (NO;)7]x system showed
similar behavior as that of NaN@nd the entire mixed matrix follows Arrhenius bebar. It is observed, from
Fig.3 and Fig.4, that the conductivity in pelletgniore than that in single crystals for all comfljoss of the system.
Activation energies along with pre-exponential éastof pure and mixed systems are shown in Table 1.
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Fig.5. Ln (o) versus Mole percent (x) at different temperature®f single crystals and  pellets

Table 1: Activation Energies and Pre—exponentialdictors for both pellets and single crystals.

Pellet
Activation Energy in eV Pre-exponential factor

Single crystal
Activation Energy in eV Pre-exponential factor

Mole percent (x)

0 1.16 13.88 2.07 46.15
4.27 121 15.78 213 34.47
9.12 1.48 2291 2.77 49.33
14.68 1.29 19.10 2.35 40.45
21.12 1.44 20.59 2.03 31.70

The ionic conductivity in NaN@follows Arrhenius behavior upto its transition teengture[11], where as ionic
conductivity in Sr(NQ), was explained with different regions of conductj83]. The enhancement of conductivity
in mixed crystals is interpreted as follows: Thgndicant increase in conductivity of the mixed t&ya with
increasing Sr(Ng), can be directly attributed to the co-existencénaf phases [34]. Careful examination of X ray
patterns as seen in Fig.1 (a) and Fig.1 (b) cosfithe co-existence of two phases. Presence of hasgs in the
same sample facilitates the formation of phase @aues, which are the regions of misfit of disorded most
probable sources of cationic defects. The movenwrasoms along the boundaries can be expecteddar @asily
[35]. The increase of number of mobile ions at pihase boundaries enhances the defect concenteatibhence
conductivity. Furthermore, the transition temperatin NaNQ is lowered (Fig.3) by the introduction of*Sions
into NaNQ; structure i.e. the lowering of the enthalpies airfation of N&ion by the resulting lattice strain [36].
Decreasing of the transition temperature of mixeatrix with increasing m/o of Sr(N{} could be due to the
increased concentration of lattice defects asultref lattice strain produced by heterovalent sobstitution.

Further, decrease in conductivity with increasintp of Sr(NQ), could be mainly due to the reduction in phase
boundaries between sodium and strontium phases.cbhild also be due the reduction in free volunalable for
Na' ion transport because the ionic radius 6f §.22 &) is greater than that of Ng0.95 A )[37].

CONCLUSION
The mixed system [NaN{Doo. [Sr (NGs),] «, X = 0, 4.27, 9.12, 14.68, 21.12 in different mpkrcentages were

grown by slow evaporation method. X-ray diffractmais were recorded for this mixed matrix. Analydishe X-
ray diffraction peaks shows the co-existence of plvases. The variation of DC ionic conductivitylwiémperature
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on these mixed matrix solid electrolytes has beeasured in both single crystal and pellet formsiadaeement of
conductivity is noticed to increase with m/o in ik matrix of NaN@-Sr(NQG;), systems. The maximum
enhancement of conductivity is observed to berlyeme order of magnitude with respect to the hmoaterial in
both single crystals and pellets for x = 14.68 niZohancement of conductivity is interpreted inmterf increased
defect concentration at phase boundaries. Furtlemease in conductivity is explained in terms exfuction of
phase boundaries and free volume available féribtatransport.

REFERENCES

[1] Archana Gupta, Anjan Sil, Verma N.kgdian J. of Eng. and Mater. Sci., 2004 11 212-216.

[2] Padma Kumar P, YashonathJ5Chem. <ci., 2006 118, 135-154.

[3] Chiranjeevi T, Saibabu KBull. Of Electrochem, 1985 118, 585-588.

[4] Chandra S, Super lonic Solids Principles anglations, Amsterdam, North — Hollant®81

[5] Shukla A.K, Vaidehi N, Jacob K.T, In: Proc. iad Acad. Sci., Chem. Sci., 98986 533.

[6] Anantha P.S, Ph.D. Thesis, Dept. of Physid¢sl.IMadras (India2004).

[7] Douglas R. MacFarlane, Junhua Huang and Masiaykh,Nature, 1999 402, 792-794.

[8] Arup Dey, Karan S, De S.K, of Phys. and Chem. of Solids, 201Q 71, 329-335.

[9] Nasreddine Ennaceufhaled Jarraya]. of Phys. and Chem. of Solids, 2012 71, 418- 422.

[10] zaidan K.M, Talib R. A, Rahma M. A and F. Hhileel,Der Chemica Snica, 2012 3(4) 841-848
[11] Madhava Rao M.V, Narender Reddy S, SadanarayCA, Physica B, 2005 362, 193-198.

[12] Adejoh Adu Zakariah, Aloko Duncan FolorunsiAdadeitan Yetunde Mariam and Kachalla Yakakeyances
in Applied Science Research, 2012, 3 (1): 280-298

[13] Shenoy, Bangera K.V, Shiva Kumar G@®ryst. Res. Technal., 201Q 45, 825.

[14] Sawant D. K and Bhavsar D. &chives of Physics Research, 2012 3(1), 29-35

[15] Alpana Tiwari, Gaur N.K, Singh R.K, of Phys. and Chem. of Solids, 201Q 71, 717-721.

[16] Pan Gao, Mu Gu, Xiao Lin-Liu,Cryst. Res. Technol., 2008 45 (4), 365-370.

[17] Veeresham P, Subba Rao U.V, HariBabryst. Res. & Technol., 1983 18 (12), 15811584.

[18] Kumar G.S, Bhema Shankaram T, Prasa@i@st. Res. Technol., 1993 28 (7), 1001-1008.

[19] HariBabu V, Subba Rao U.V, Venkata RamaialiPKysica Status Solidi (a), 1975 28(1), 269-277.
[20] Cain L.S and Silifkin L.M, Jof Phys. & Chem. of Solids, 198Q 41 (2), 173-178.

[21] Subramanya Sarma M.V and Surya Narayana SN Sate lon., 199Q 42, 3-4 227-232.

[22] Lumbreras, Protas at &plid State lon., 1985 16, 195-199.

[23] Kawai T, Sugata Y, Shimanuki $,of Luminescence, 200Q 87-89, 636-638.

[24] Lala A. Akhmedova-Azizova]. Chem. Eng. Data, 2006 51,2088-2090.

[25] Narender Reddy S, Sadanada Chary A, Saibalthifanjeevi T Solid Satelon. 199Q 42 1-2, 101-107.
[26] Padma C.M, Mahadevan C.Rhysica B, 2008 403, 1708-1714.

[27] Priya M, Mahadevan C.Khysica B, 2008 403, 67-74.

[28] Nagabhushanam M, Nagabushan E, Jaya PrakaBulIDMater. Sci., 2009 32 (1) 109-115.

[29] Badr and Kamel R]. Phys. Chem. Solids, 198Q 41, 1127-1131.

[30] Cerisier P, Chim JJ. of Solid State Chem., 6, 74-49.

[31] Wyckoff, R.W.G., Crystal Structures, Inter 8ece Publishers I, pp 480964

[32] Foil A. Miller, Charles H, WilkinsDepartment of Research in Chemical Physics, Mellon Institute, Pittsburgh
13 Pa 1952 24 (8), 1255-1256.

[33] Saibabu K, Chiranjeevi Tolid State lon., 1984 13, 7.

[34] Kumar P.S, Balaya P, Goyal P.S, SunandanaJCdbPhys. and Chem. of Solids, 2003 64, 961-966.
[35] GhadekaS R and Deshmukh B T, Phys. D: Appl. Phys., 1982 15, 22412246.

[36] Shahi K at alsolid Sate lon., 1988 31 (1), 5-8.

[37] Senthil Kumar P, Tyagi A.K, Sunandana C1)f Phys. and Chem. of Solids, 2006 67, 1809-1816.

2604
Pelagia Research Library



