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ABSTRACT

Sodium Cyanide crystal shows many interesting pt@sewhich arise from the molecular character log tCN ion
group. Higher order elastic constants of Sodium iiga crystal in orientationally disordered crysfakk (ODIC)

phase have been evaluated by a method based omfiifel of ionic solids. NaCN exhibit NaCl-type faeatered
cubic crystal structure above critical temperat@@8K. Starting from the nearest neighbor distannd hardness
parameter the second and third order elastic camtstaf NaCN have been computed at elevated temypesatup
to the nearest melting point).The computed valdelsigher order elastic constants have been usedatoulate

anharmonic property related other constants likstforder pressure derivatives of third order ¢iagonstants.
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INTRODUCTION

Elastic constants are one of the fundamental mécdlaand the thermodynamic properties of any sult&ta
Several physical properties and crystal anharmiegcisuch as thermal expansion, specific heat ghehi
temperature, temperature variation of acousticoigi@and attenuation, the first order pressurevédgiies (FOPDS)
of second order elastic constants( SOECs), Grignaismbers and temperature derivatives of SOECdiaaetly
related to SOECs and third order elastic constandtCs). In the last few decades, considerabledstéas been
taken in the investigation of anharmonic propertiésmaterials of various kinds [1-10]. In this pras work
formulations have been developed for quantifyinaamonic properties such as higher order elastistents of
materials which possess face centered cubic (FB@Gjat structure starting from primary physical graeters viz.
nearest-neighbor distance and hardness paramétgrlosg- and short-range potentials. The elasiergy density
for a deformed crystal can be expanded as a pavigrssof strains using Taylor’'s series expansidre doefficients
of quadratic, cubic and quartic terms are knowithessecond-, third- and fourth-order elastic camst{SOECs,
TOECs and FOECSs) respectively. The model we haed has been proved to be highly successful in giadithe
elastic properties of alkali halides. The specmériest in NaCN lies in the fact that this exhilite NacCl like
structure above critical temperature 288K. It israérest to test the applicability of our presemidel to Sodium
Cyanide (NaCN).

NaCN is an ionic crystal with a pseudo cubic (N&2h3m) high temperature phase. It undergoes am-diserder
transition from a cubic (Fm3m) structure with thé&l"Gon distributed randomly along [1 1 1] directiom &n
orthorhombic (Immm) structure with the Chbns along one of the cubic [1 1 0] direction fi7],Since the
discovery by Haussuhl [13bpf the anomalous behavior of the,Celastic constant in the orientationally
disordered(ODIC) crystalline phase of KCN,the étaptoperties of this material and of NaCN [13-18lve been
the subject of many theoretical and experimentatstigations.

The present work is concerned with the formulatorevaluate the TOECs and the FOPDs of the TOESIagu
long- and short-range potentials starting fromrbarest-neighbor distance and hardness parametdiors2 deals
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with the brief description of the theory. In Seati8, the theory is tested for NaCN. The results thiotained are
widely discussed in Section 4.

FORMULATION

The elastic energy density for a crystal of a cudyimmetry can be expanded up to quartic terms asrsielow
[19];

Ug =Uy + Us + U,= [1/2!] Gy aij o + [1/3!] Cijiimn 0ij ot mn + [1/4!] Cijkimnpg %j Okt Gmn Olpq (1)

Where Gy, Gjmn and Gumnpg are the SOECs, TOECs and FOECs in tensorial fagmare the Lagrangian strain
components; The SOECs, TOECs and FOECs are as lyiew:

Cy =Cyy =(0°U/0a;0ay),, C
C

—— O (U /aaijaaklaamn)a=0 an

=Cyy =(0"U /0a,0a,0a,,0a

d

ijkimnpg pq)a=0 (2)

Ci, Gk and Gy are the SOECs, TOECs and FOECs in Briigger’s diefinand voigt notations [20].

The free energy density of a crystal at a finitagerature T is
3sN

Usow =Uo U™, U =[KT/NV,]> In2SinHaw / KT) 3)

i=1

WhereU, is the internal energy per unit volume of the taysvhen all ions are at rest on their lattice pgib*" is
the vibrational free energy, is the volume of the primitive cell, N is the nuenlof the primitive cells in the crystal
and s is the number of ions in the elementary Gghler notations used in this equation have th&ialmeanings.

An elastic constant consists of two parts as fallow

—_ 0 vib — 0 vib — 0 vib
CIJ = CIJ + CIJ : CIJK = CIJK +CIJK andClJKL _CIJKL+CIJKL ) (4

The first part is the strain derivative of the imm@ energyJ, and is known astatic elastic constant and the second
part is the strain derivative of the vibrationaédr energyU"™ and is called vibrational elastic constant. The
superscript 0 has been introduced to emphasizéhtbatatic elastic constants correspond to 0 K.

The energy density of the non- deformed crystakigressed as:

U, = [1/2Vc]i D Q. (R¥) =XQ,,(R)/2V, (5)

uzv

Where "\10 is the distance between the v-th ion in the odh &nd the u-th ion in the m-th cell and,@s the

interaction potential between the ions. The indipgso) and (u, m) are sometimes dropped when mdusmn
occurs. One assumes that, @ the sum of the long-range Coulomb and the sfamge Bérn-Mayer potentials.

Qu(ry) = %(e?/r,) + Aexp(-r,/ q) 6)

Where e is the electric charge; sign apply to like and unlike ions respectively,ig the nearest-neighbour
distance, q is hardness parameter and A is

A=029126q 2> /1) [expEr, [ q) + 22 expEr /21 g )

It is assumed that the crystal is deformed homomgesig. When the crystal is deformed homogeneousiy,
distance between (v, 0) and (u, m) ion in the deéat and non- deformed statdR,,” andr,,’, are related to the
Lagrangian strains,gas follows:

(RurUO)Z_(rmO)Z :ZYmOYmoeab :Zzun\;o (8)

uv uvi uvj
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Where Y, is the i-th Cartesian component of the vedtdf’. The definition of the quantity,” is also expressed

in Eq.(8). The internal energyy\diven by Eq. (5) can be expanded in termZ@?, which will yield cubic terms as
given below:

U3 = [1l2vc] Z:I[Z3D3(9(R)/3|]Fz=r = [1/12\/c][eabecdemn ZI YinYkYIYmYnDSQ(R)]R=r
9)
With reference to Egs. (3) and (4) and comparidoBgs. (1) and (9), one may obtain the static elaginstants.

For a central force model, there are only threepmsthdent TOECs at absolute zero temperature. Awigase of
the internal energy §)the vibrational free energy is also expandeeims of strains, the cubic terms are as below:

U, =[WVIIXEX[Z'Z"Z(D'D" D) "1, = [1/6V,]€,Eu4€m Fimn (10)

Where
fijklmn = Z'Z'Z;'[YinYlefYn:Yr:(D”D' DU VIb]R=r

On comparison Egs. (1) and (10); one determinesvitiational elastic constants. Vibrational contitibns to
TOECs are shown as a combinatioreg$ andn, s which are evaluated by taking crystal’s symméity account
and the expressions fey andn, are presented below. By adding the vibrationadtelaonstants to the static elastic
constants, one may get TOECs at any temperaturedapvalent FCC crystals.

Expression for the TOECs for fcc Crystals

C,, =10.263% —a, -2a,+ &) + £,10,07, + &/,

Cuy, =1.208625 -, + &1 + &0, (275 +17,) + €476,

C,,, =0.67837%0 + £ +3€.1.17,,

C4, =0.67837%x + £,07.175,

C, =1.2086251 - a,,

Cus =0.678370 + €715 + E175,

Where; a =z2€%Ir?, a, =(Lr, +1/q)Q(r,) qr,, a, =( ~2/2r, +1/q)Q (r,~/2)/ ar,
s =(3Irg +3/q1, +1/9°)Q (1), a, =32/ +6/qr, +2+/2/97 )Q (ry+/2)/4q

£=68 & =EIXIE)+E2; & =&[(2X*F3E)+ (X&) +E)/48;
£, =-6[(X°6,126) + (X31647) + (X?8 &) + (B5XI4E) +(584))/144;

£, = hay/8r°; X =hayl 2KT; af = (1/m +1/m)laryg7,;
& =CothX;é = SinhfX
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Expression forn,’s for fcc Crystals

Mo =1/1(ds -2)(Q (1) +2(dy -~ 2)Q (1, V'2)), o = 1,/0;
n, = 2[(2 + 20, -92)Qr, )+ 2(V2+ 24, -2 a2)Q(r, v2)17,;

N, = 2(-6-60,-95 +d5)Q (ry) Qo + 2773;

Ny =(-3J2 -60, - v205+203)Q(r, V2 )1,

N, = 2(-210 -210q, -75q, -505 +40ds +0g)Q (ry) 7, +215;
Ns = 2(-30-30q, -9q5 +dg -4y ) Q (ry)7, +275;

ns =15/~ 2 ) +15q, -(9/ V2) aZ - a3 - V2q5 1Q (1, V2 ),;

n, =[-(105/ 24/2')-(105/2) q, - (75/ 2/2)) g2 - (5/2) a2 +2~2q} +aS1Q (r,v/2 )1,

EVALUATION

The theory for the calculation of different anhamueoproperties of the substances possessing FCatstructures
is given in the preceding section 2. The TOECINfaCN is evaluated from 300K to an elevated tempegainear
melting point). Throughout this temperature ranggCN exhibits FCC crystal structure. Selecting a fata
obtained in this study, the values of TOECs at réemperature are given in Tables 2. The FOPDs d#@©have
been evaluated utilizing data of TOECs and SOE@stlaa results are shown in Tables 3. The wholeuatin is
based on the assumption that the FCC crystal steictf the material does not change when temperatanies up
to their melting point. The valug6] of the nearest-neighbor distance (r0) and hardpaesameter (q) are given in
Table 1.

RESULTS AND DISCUSSION

The TOECs in 18dyne/cni at room temperature for NaCN are given in Table$te FOPDs of the TOECs are
presented in Table 3. The temperature variatioantiarmonic properties TOECs and FOPDs of TOECSI&EN
are represented graphically in Fig 1 — 4. Theresar¢hird order elastic constants. Among the dakewl third-order
elastic constants of this material; (5 are the largest in their absolute values andrder of magnitude larger than
the SOEC. Magnitude of othe& are markedly smaller than those qiC

For NaCN, the values of,g, C;1, and Ggg are negative in nature, while 4 Ci44 and Gsg are positive in nature.
The values of G; Ci3 Ciugsand Geg increase, the values of gdecrease as temperature increasgg,r€maining
constant. The temperature variations of TOECs aengn Fig. 1, 2.

The values of dG./dp, dGJ/dp, dG,4dp, dG44/dp, dGeddp increase as temperature increases, and thesvafu
dCssddpdecrease as temperature increases.

The higher order elastic constants are stronghtedlto other anharmonic properties; such as tHezrpansion,
thermo elastic constants and thermal conductiviitye knowledge of TOECs along with other physicalparties
may provide further critical data for testing thechines for non-destructive-testinbhese elastic constants are
used to compute ultrasonic parameters such assati@ velocities, thermal relaxation time etc [2B]. The
variation of elastic constants [24-27] with respicpressure can reveal many important featurekeothort range
forces at high pressure. The ultrasonic studies32Bcan provide interesting information on thedficities of ion-
solvent interaction related to the structure of sb&ute and the reciprocal effects which arisethasolvent. The
data obtained in present investigation will be hdlpo those workers who are engaged in studyiegtémperature
variation of anharmaonic properties of solids atleigtemperatures [30, 31].

Table 1: The nearest neighbour distance § and hardness parameter (q) in 16 cm and SOECs in 18 dyne/cnt of NaCN at room
temperature

MP(K) | ro q Cll | c12 ]| ca4
836.7 | 2.0721] 0.266 16.066 5.186 5.523

Table 2: The TOECs of NaCN in 18" dyne/cnf at room temperature

Cl11 C112 Cl123| Ci144 Cleq C45p
-164.238| -46.178 10.65]1 9.406 -21.93 8.489
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Table 3: The FOPDs of TOECs of NaCN at room tempetare

dCi111 | dC112| dC123] dC144 dC16 dC456
-5.342 | 9.423 2.252 0.973 2.13]L 2.287
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