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ABSTRACT

Crystalsof mixturesof calcium chloridein sodium chloride were grownin water and thesewere characterised using
X-ray powder patterns obtained from an X-ray diffractometer. Williamson-Hall plot method wasusedto compute
crystallite size and lattice strains in these mixed crystals. These results were compared with elastic constants
computed by measuring the velocities of longitudinal and shear sound waves in these crystals. It is observed that
the strength of the sodium chloride crystal decreases with addition of calciumions.
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INTRODUCTION

Sodium chlorideisa so known ascommon salt,
tablesalt or haite, isanionic compound with formula
NaCl. It isthe most resposiblefor the salinity of the
ocean and theextracel lular fluid or many multi cellu-
lar organisms.Asthemgjor ingradient intheedible sdt.
it is commonly used as condiment and food
preservtive. Sodium Chlorideiscurrently mass-pro-
duced by evopration of seawater or brinefrom other
sources, such asbrinewed |sand salt lakesand by min-
ingrock salt called halite. Some of the characterstics
of Sodium chloridewith molecular weight of 58.44g/
mol, appearsaswhite crystalline solid, hasadensity
of 2.16 gm/cc. It hasaboiling point of 1738k and a
melting poit of 1074K. It hasasolubility of 36% at
room temperature. Itsrefractiveindex is 1.544 for
589 nmwavlength light source. Itscrystal symmetry
being Fm3m, whichisacubic system. Thelarger chlo-
rideionsarearranged in acubic close-packing,while
thesmaller sodiumionsfill dl cubic gapsbetweenthem.

Eachionissurrounded by six ions of the other kind.
Thissamebasi ¢ structureisfound in many other min-
eral andisknown asthehdidestructure. Thisarrange-
ment is knowm cubic close packed . It can berepre-
sented as two interpenetrating face centered cubic
(FCC) lattice or one FCA lattice with atwo basis. It
ismost commonly known astherock sali crysta struc-
ture. It isheld together with an ionic bond and elec-
trostatic forces. Calcium Chlorideisawhite odorless
sat that reactswith water forming hydrate . Crystals
aregranuel sor fused mases (Buduvari 1896) foundin
both anhydrous and dehydratesforms. Anhydrusforms
readly hydrates both the anhydrus salt and hydrate
release heat asthey pickup water. The heat rel eased
isusefull in melting ice and snow, and the materia is
used commerically asade-icer. Calciumchlorideis
extremely solublein water and very concentrated so-
lution are possible. Calcium is also used as dust
suppreasent on dirt and gravel roads. Some of the
charactersticsof Cacium chloridearethat it hasamo-
lecular weight of 110.99g/mol and it crystallisesas
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white crystalline solid. It hasadensity of 2.15 g/cc
with amelting point of 1045K and boiling point of
2008K. Itssolubility in water is 75%. Itsrefractive
index being 1.544(588nm). Its space group is Fn3m.

Recently thereisacontinued interest in the use of
sodium chlorideand calcium chlorideinvariousfidds
of study especially to modify the properties of poly-
mersboth natural and man-made’*”. Hereweexamine
theeffect of caciumionsin sodiumchloridecrystd sys-
tem intermsof microcrystalline parameters. We have
compared our results by measuring oneof thephysica
properties like elastic constants of these mixed
crydds.

EXPERIMENTAL

Sodium chlorideand calcium chlorideused for the
preprationistakenfrom SD finechem Limited Mumbal,
of minimum assay 99.9 and 90.0 respectively. A satu-
rated solution of sodium chlorideand anhydruscacium

chloride areprepared using distilled water in abeaker
and was covered with atissue paper. Thesolutionwas
alowed overnight to grow crystalsat room tempera-
ture. Powdered crystals are used for X-ray
diffractometer recordings. Crystal are used to measure
longitudinal and shear sound velocities. Thediferent
saturated sol utions of CaCl,, in NaCl are prepared by
varying thewei ght percentage(10 to 50%) of CaCl,.
For X-Ray Diffractometer Recordings, we have used
Rigaku-Denki (Mini-flex-11) powder diffractometer with
copper astarget material (1.5402 A). The scanning
was carried out from 10 to 60 degrees for al the
samples.

Figure 1 shows the X-ray recordings of pure as
well asmixturesof CaCl,,inNaCl. Elastic constants of
snglecrysdsof pureand mixed sysemof calciumchlo-
ridein sodium chlorideweredeterminted by finding the
veloditiesof longitudina and shear wavesusing “Digital
Ultrasonic Pulse Echo vel ocity meter” supplied by a
Bangal ore based company.
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Figure 1 : X-ray diffractometer recordings: (a) NaCl; (b) CaCl,, (c) 10% CaCl,; (d) 20% CacCl,; (e) 30% CaCl,,

(f) 40% CaCl,

ANALYSISOFTHE DATA

Cdl parametersof calcium chloride, sodium chlo-
rideand their mixed systemswere determined using
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TREOR® and CHECKCELL®™ programs. The
goodness of thefit for al the observed Bragg reflec-
tionswerelessthan 5% of themean value. Full width
at half maxima (FWHM), peak position and back-
ground was determined for all the samples using
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PEAKFIT program(9. These values are given in
TABLE L.

Thecyrstallitesizeand | attice strain parameters
werecomputed usngtheWilliamson-Hall plot method™
13 and the equation used for this purposeis

BcosOA=1/D+4gsn0O/r 1)

TABLE 1: Cell and microcrystalline parameter sof NaCl,
CaCl, and their mixed systems.

“a” “hH” “n” * *

Sample inaA i nbA i nCA <€ i nDA3 I:i)n(lﬁo) Din(iim
NaCl 566 566 566 17.970 732.20 189.58 206.23
CaCl, 1371 11.05 649 6.087 24749 138.86 134.73
10% CaCl, 6.45 6.45 1093 4.830 349.48 183.78 92.83
20% CaCl, 9.74 9.74 363 6.690 47127 27310 173.38
30%CaCl, 9.75 974 363 1005 317.87 26820 108.55
40%CaCl, 9.79 979 743 8240 338.75 203.38 83.16
50% CaCl, 6.43 6.43 837 3619 31880 14942 267.12

*computed using scherrer method.

where betais FWHM in radians, thetais the Bragg
angleat thepeak, D isthecrystdlitesize, andepsilonis
thelatticestrain. In each crystalline samples, we have
observed severa Bragg reflectionsand wehave deter-
mined the FWHM for all thesereflectionsand for all
the samplesusing PEAKFIT method to determine D
and epsilon by fitting aleast squareline. The computed
vauesof D andlatticestrainaregivenin TABLE 1. For
each reflections, we have al so determined the crystal -
litesizefor various Bragg refl ectionsin each samples
using Scherrer equation®. Using cell parametersand
computed crystalitevauesfrom Scherrer equation, we
could project themto 2-dimensiond planeand theap-
propriate D .., and D, values are also given in
TABLE 1.

RESULTSAND DISCUSSION

A cursory glanceat the X -ray powder patternsshow
that thereare significant changeswith addition of cal-
cium chloridein sodium chloride. Thereisanincrease
inthecdl volumewith addition of calciumchloride. This
isalso assoicated with the changein crystal symmetry
of themixed system. Further thecrystdlitesizeand lat-
tice strain parameters computed from W-H plot show
sgnificant changes. Initidly crystdliteszeincreasesand
decreases above 30% of calcium chloridein sodium
chloride. Crystdlitesizeestimated using Scherrer equa
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tion is a bit over estimated because of the fact the
Scherrer equation does not consider lattice strain.
However, the val ues obtained from Scherrer equation
areprojected on atwo-dimensiond planeascrysallite
shaped lipsoidfor abetter perspectiveandisshownin
Figure2.
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Figure2: Crysalliteshapeelipsoid computed from scherrer
method

The following results emerge from the above
cdculaions

1) Insodium chloride, the crystallite sizeis more
comparedto cacium chloride.

2) With addition of calcium chloride, we observe
that thereisaslight increasein the crystallite
size and thereafter the size decreases. Essen-
tidly, the caciumionreducestheinter-atomic
interactionsand hencetheir binding. Thisinturn
reduces the strength of the crystals that are
formed with those of appropriate concentrations
of calcium chloride. A cursory glance on the
measurement of elastic constantsfor various
concentrations of calcium chloridein sodium
chloridejustifiestheresults obtained from X-
ray measurements.

3) Theextent of decreaseintheinter atomicinterac-
tions can be gauged by the appropriate changein
thedastic constant values of mixed crystals.

4) Laticedranisrdatively smalinsodiumchloride
crystdscomparedt cdcium chloridecrystas. With
addition of calcium chloride, thestrainincreases
slightly and decreases after 30% of calcium
chloride within the experimental errors. These
resultsindicate that the disorder increases with
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increase in calciumions, which also lead to an
unstablecrystadlineorder.

5) A plotof easticconstant with crystallitesizeand
|attice strain indicate that stength of the crystal
increaseswithincreasein crystallineorder. Here
we havequantifiedintermsof both crystdlitesize
and latticestrain.

6) Further, we aso observe that with addition of
calcium chloride, thereisaslight changeinthe
crysta symmetry.

7) Itisevident from crystallite shape ellipsoid in
Figure2, that with addition of CaCl,,, thecrystal-
linevolumedecreasesabit and after 30% of CaCl,
itincreases.

CONCLUSIONS

With addition of calciumions, weobservethat the
crystal symmetry, crystalline order and strength in
sodium chloridecrysta changeindicating that thereis
an absence of necessary interaction with neighbouring
atoms. Such crystal system are more fragile and
beyond certain concentration, itisdifficult togrow sngle
crystal of themixed system.
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