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ABSTRACT

Thedifferential scanning calorimetry (DSC) inNa,Rb,  NO, pseudo-binary
system are presented by varying x from 0 to 1. The formation of aninterme-
diate compound and its effect on the phase transitions of RbNO, is ex-
plained interms of redistribution of energiesinvolvedin varioustransitions.
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Corresponding phase diagramis constructed. DSC peak at about 173 C with
eutectic composition 0.46 (Na mole fraction) has been attributed to the for-
mation of a congruently melting compound NaRb(NO,),. X-Ray Diffracto
grams(XRD) indicate the formation of thisnew compound. DSC peak corre-
sponding to the melting of this compound and XRD lines related to this
compound are found to grow with x until it reaches the eutectic composi-

tion. © 2009 Trade Sciencelnc. - INDIA

INTRODUCTION

Amongall theadkali nitrates, RoNO, hasthreedis-
tinct structural phasetransitionsat high temperatures
designated as IV-III, 11I-I1, and I1-1 as we go from
room temperature. Of these IV-111 (trigonal to CsCl
cubic) andl1-I (rhombohedra to NaCl cubic) aretran-
sitionsgoing from alower to higher symmetry phase.
Contrary to these, we have asuddenfall of conductiv-
ity noticed during I11-11 transition (CsCl cubic to rhom-
bohedral). Inan attempt to understand more about the
mechanismsinvolvedin thesetrangtionswehave de-
cided to study theeffect of NaNO, in RbNO..

Severd dkdi nitrateshavebeen sudied, with differ-
ent combinations, in theform of solid solutiong¥, glass
forming ionic melts?, eutectics such as NaNO,-
KNO,B4, LINO,-KNO,® and mixed crystalsRbNO,
-CsNQO,®. None of them has considered RoNO, and

NaNQO, in the form of eutectic system. In the present
sudy weattempt to dothis. Sharp discontinuitiesa struc-
tural” phasetrangtion temperatureswerenoticedin con-
ductivity'®, dielectric constant' etc.. NaNO, was cho-
sen asthe second component from the group of alkali
nitrateswhichisdevoid of any mgor structura phase
trangtion except avery gradud lambdatrangtion at about
272°C %9, When two isovaent ionic substances are
mixed they may form solid solutionsinthewholerange
or uptocertainvaueof x. Asper Osmiableet d.M mix-
ing could result intheformation of anintermediate com-
pound NaRb(NO,), coexisting withtheindividua com-
ponentsin theform of aeutectic mixture. Thisnewly
formed compound in theeutectic hashomogeneousphase
with fixed mdting point thet isdifferent fromthoseof the
condtituents. In additionto seeing theeffect of thisnewly
formed compound onthemdting points, structurd phase
trangtionsmay a so get modified.
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EXPERIMENTAL

The eutectic system Na Rb, NO, was prepared
by thefollowing method. Therequired massesof sats
wereaccurately weighed and dissolved in doubledis-
tilled water (boththe nitratesare highly solubleinwa-
ter) and the sol ution thus obtai ned waswarmed to about
50°C. The powder obtained was ground in an agate
mortar and was sieved through mesh (No0.240). The
guantity of the sampletakenis5 mg and thedatawas
recorded on Du Pont 9900 thermal anayzer with con-
stant rate of heating (10°C per minute) and sometraces
were taken on Du Pont 1090 thermal analyzer. The
energies of endothermswere recorded automatically
by theformer instrument, where asthey were estimated
by measuring the areaunder thecurvesusing planime-
ter inthelatter. X-Ray diffractogramsfor various com-
positions of the system weretaken at room tempera-
tureon Phillips PW 1730 using CuK o radiation.

RESULTSAND DISCUSSION

Figure 1 shows the DSC curve for pure RoNO,
with endotherms corresponding to IV-I11, HI-11, 11-I
transitions and melting at 164°C, 221°C, 283°C and
310°C respectively. Figures2to 6 show DSC for x =
0.05,0.08, 0.37,0.46, and 0.87 inthe eutectic system
of NaRb, NO,. Figure7istheDSC curveforx =1
(pureNaNO,) which showsno major structura phase
transition except at about 272°C, whereit undergoesa
very gradual second order phasetransition (10). Fig-
ure 2 (x = 0.05) exhibitssome additional featureswith
respect to those of pure RoNO, (Figure 1). It can be
seen herethat IV-111 transitionisnot affected, but [11-11
isbroadened whilemelting peak mergeswith I1-1 tran-
stion. However, themelting point of theexcessRbNO,
has been lowered and broadened which isknown to
happeninaeutectic system*Y, Thereisanother digtinct
endotherm at about 173°C with energy equal t0 12.73
J/g corresponding to the newly formed compound
termed as congruently melting compound NaRb(NO,),.
Figure 3for x=0.08, reveal sthat the additional peak
observed at 173°C becomes sharper and the melting
point decreases, asaresult 11-1 transitionisnot observ-
able. Figure4 (x =0.37) indicatesthe obviousmissing
of Il1-11 transition and only the melting peak of
NaRb(NQ,), isnoticed. IV-11l transition (164°C), be-
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Figurel: DSC curvefor pureRbNO,
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Figure2: DSC curvefor Na,Rb, NO,withx=0.05
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Figure3: DSC curvefor Na,Rb, NO,withx =0.08

1 ]

. Heatflow(mw)

a ® o L & r
—_—— i i
P

5 3 WEF = LELs] L1 -1 LT - L1 - e ]

Temperature(OC)'
Figure4: DSC curvefor NaRb, NO,withx=0.37
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Figure5: DSC curvefor NaRb, NO,withx=0.46
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Figure6: DSC curvefor NaRb, NO,withx=0.87
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Figure7. DSC curvefor pureNaNO,

ing very closeto this peak(173°C), can be seen asa
shoulder (shownwith arrow mark) sincethetwo pegks
arenot clearly resolved. Theenergiesfor al thesecom-
positionswererecorded by theinstrument itsalf while
that for x = 0.37 was calcul ated from the area mea-
sured using planimeter. Figure 5, for x = 0.46, hasa
specia sgnificanceasit hasonly onepeak. Thisresults
isinaccordancewith Hopkin’g'd phasediagram show-
ing the eutectic near 0.45, which seemsto beonly a
rough sketch. Finaly, Figures6 and 7 show DSC for
x=0.87 and pure NaNO, which are on the other side
of the eutectic composition. They show themelting en-
dothermsof excessNaNQ, at about 253°C and 305°C,
| atter being the melting point of pureNaNO,,

TABLE 1 givesthetransition temperatures (onset
vaues) and energiesinvolved in each of them. Withthe
help of the above results (taking onset temperatures)
we have constructed aphasediagram for thissystemn
thelinesof Wiedemann3, Theenergiesassociated with
melting of NaRb(NO,), for x = 0.02, 0.05 and 0.08
arerespectively 3.63, 12.73, and 19.79 Jg. We know
fromthephasediagram (Figure8) that RbNO,:NaNO,
forms eutectic composition in the mol e percent (m/o)
ratio 54:46. So, for each value of x the ratio of
NaRb(NQ,), to the excess RbNO, can be estimated.
Our caculationsfor other two valuesof x based onthe
value of energy for x =0.02 gave 11.39 J/g and 19.88
Jgrespectively for their corresponding peaks. These

£ = /’T S

O i E ()

% mens B | P :-3.‘5
s Sl ‘ o

o I z

g Al wr — i RS i . g
mRo - Eu tmet e corrs peoesa ¥ e

= = — | O

= =
PP SR [ .

Figure8: Phasediagram of RoNO, : NaNO, system

TABLE 1: Transition temperaturesand energiesin Na,Rb;,(NO3),

Transition temper atures (onset valuesin degr ee centigrade) Energies (J/g)
Xvalue IV-l111 New Peak Ill-lI [-1 Melting  IV-lIl  New Peak 1l1I-11 [-1 Melting
0 164.41 - 22092  283.08 310.09 29.09 - 24.14 9.71 37.03
0.02 163.91 171.98  209.11 283.4 293.36 2321 3.63 16.35 8.08 13.7
0.05 164.18 17252 21155  276.92 - 25.42 12.73 16.56  29.57 -
0.08 164.14  173.16 213.7 248.03 - 19.66 19.79 1035 1461 -
0.15 164 173 - - - 8* 62.22* 8* - -
0.37 169 1735 - - - - 98.4* - - -
0.46 - 175.26 - - - - 99.57 - - -
0.87 - 170.36 - 271.75 253** - - - - -
1 - - - 305.1 - - - 13.87 187.3

*Evaluated by using planimeter, ** Approximate
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Figure 9: X-Ray diffractograms for Na Rb, NO,(a)
x=0(pureRbNO,), (b) x=0.15, (c) x=0.37, (d) x=0.46, (€)
x=0.87, (f) x=1(pureNaNO,)

vauesarein excdlent agreement with the above-men-
tioned recorded values by the instrument. We made
similar calculationsfor IV-111 transition based onthe
estimated value of excessRbNO, inthe eutectic sys-
tem, and they were a so found to bein good agreement
with therecorded val ues.

X-Ray diffractogramsof Na Rb, NO_forx=0,
0.15, 0.37, 0.46, 0.87 and 1 are shown in figure 9.
Though recorded, we have excluded someof XRDsin
order toreducethe number of figures. Infigures 9(b-d)
wesee RbNO3 linesand extralines (neither belonging
to RbNO, nor NaNQ,) due to NaRb(NQ,),. These
lines can be seento grow inintensity withincreasing
valueof x just asthe energy of corresponding melting
peaksincreased in DSC. To distinguish different lines
inthediffractogramsthe RoNO, and NaNQ, linesare
denoted as ‘A’ and ‘B’ respectively and lines corre-
sponding to NaRb(NO,), as ‘E’1*.

CONCLUSIONS

Addition of isovaent NaNO, to RbNO, lead to
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theformation of anew congruently melting compound
NaRb(NQ,),. Its melting was found to be at about
173°C which happensto be above V-1 transition of
RbNQ,. DSC endotherms corresponding to the melt-
ing of thiscompound werefound to grow asx increased.
Themelting peak influencesthelll-1l and II-I transi-
tionsand thereby energiesinvolved inthem got redis-
tributed. X-Ray diffractograms confirmed theforma-
tion of thisnew compound and linescorrespondingtoit
werea so found to grow withincreasing x.
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