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odium bromate (NzBrog) single crystals have been
om velocity measurernents along
1 and ’ﬁl!} direct "Une results [egn==5 &g, £,=2 033 and ¢yu==1.54; in
soits of 101 Ao ut €] are compared with other available data. The stic
constants of sodium bromate are discussed in relation to those of sodium chiorate,

determ

1. INTRODUCTION

Sodium bromate NaBrO; C?yst‘.}h‘;cs in the cubic tetrahedral group, A
ziudy of the elastic wave velocities in NaBrO; and in the isomorphons Nal1 O,
iginally sug esmd‘ in order to detect possible deviations from the
J“s"rc aviour, but a precision pulse echo study® of NaClQ,
sartures greater than 0.1% from classical theory.  The present
» was part of the programme., Even though the substance has
ed earlier™, 0 accurate pulse ccho determination of e has
far and further, these carlier determinations show rather
among Lhmnsd. Hence an lavestigation of the elastic

the preci spie pulse echo technigue was considered
snd, o view

above, the new resulfs are b

disc rdance among the earlier values mentioned
ed

iy reporied here.

Lo MoasumreMENTS AND RESULTS

independent elastic constants ¢y, ¢y and ¢y
ot showed that in NaBrOy. as in NaC1QOy, no
cotir from the classical infinitesimal theory of slasticity.
vert with classical theory to within 0.1% has been
& few other cases where careful and specific studies were made®~%,
werefore be concluded that at present the classical theory is perfectly

ple ervstels of sodivm bromate, approximately 15 % 15 x 8 mm® in size,
were growa by slow  evaporztion of the agueous solution, Velocities of
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fongitudinal and trangverse acoustic waves along the {100} and [111] divections
were measured by a pulse echo technique using wnrectificd pulses at 10 Mz,
The dstzils of the set up are found elsewhere”. The longitudinal and shear
wave velocities atlong the [100] direction readily yield ¢y and ¢y respectively,
while ¢;; emerges out from velocity measurements in the {111} girection. ‘The
present value of ¢jp it the average of those obtained from longitudinal and
shear wave velocities along the [111] direction, the vaiues between themsslves
agreeing to within © 04%- The absolute accuracy of the present arrangement
is +0.4% in ¢;y 2nd g 3nd 4 0.2% in gq

Tasre 1

Llastic Constants of NaBrOs

Author Method [N 43 s E
Mason Resonance 6.16 2.36 1.54 27.6
Sundara Rao Wedge 5.45 1.91 i.50 32.4
Bechmann Resonance 5.73 176 1.52 32.4
Bridgman Staiic compression — - - 44.1
Present values Pulse echo 5.64; 2.03, 1.54, 30.84

Table § furnishes the present values of the elastic comslants cjand the
cubic compressibility &£ of sodivm bromate, together with the results of the
earlier workers. The ¢; values are expressed in 10" W/m®, while the compres-
sibility is in units of 107" m?/N.  Mason’s and Bechmann’s compliance values
were mwairix-inverted to obizin the stiffness coefficients.

A comparison of the present values with those of others clearly shows
a good agreement in the case of ¢4y ¢;; lies mid-way between the values of
Sundara Rao and Bechmann, while Mason’s value is too large by zbout 10%.
The present value of ¢y is virtually the mican of the three earlier values as is
aiso the case with the cubic compressibility & Bridgman’s measurement of
the compressibility at high pressure gives a zather high % Bridgman’s valoe
is the isothermal compressibility, while the others are adiabatic values. But &
{isothermal) is larger than k {adiabatic} by only a few per cent. It is commonly
found in a number of other cases that static measurements give a rather large
value of &, probably becanse of appreciable plastic deformation in the
wessureraent of (linear) compressibility at high pressures. However, it has
not been possible to explain the discrepancies among the sarlier measurements
of elastic constants. The wedge method is admittedly susceptible to large
er1ors of the order of § - 10% in oy and cy, but the resonance methods used
by Mas?m and by Bechmann are generally regarded as correct to within
about 1%.
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Ths effect of p iezo electricity on elastic constants, zs with WaCl0;" and
poelectric crvmsls“ is too small to be detected experin.entally ia

CoMpaRISON OF THE ¢ OF NaBrQ; wiITH NaClO;y

oxpc:m!ﬁmal investigation defenitely establishes the
of the bromate over the chlorate of sodium {¢;; — 4 92,
in units of 10*° M/m?* for NaClO; as compared with
s of 565 204 and 1.55 for NaBrQ3).  Both sodium
sudivm b omate belong to the cubic tetrabedral {space group
; Xeray studies show that the unit cell contains four molecules
0 has the cdoes gp= 5570 A for NaCiO arnd ag=$£8% A for NaBrOJ.
The densites are 2483 .\g/m3 for NaCl10, and 3335 for NaBrO; The Ci0; and
© groups are pyramidal ; the oxygen atoms are arranged at the corners of
. silateral triapgle, but the cation is displaced from the plane of the
triangle, the displacement of the central cation from the basal plane being
greater for Br than for CL Therefore, the Na-Br distance (3.72 AY is
recinbly shorter than the Na-Ci distance (4 02 1),

i should first be noted that, according to the contact law for ionic
distances suggested by Bragg®, one should expect the elastic constants of the
bromate shouid be smoller because the bromate ion is larger in size The
i situation is compietely to the comtrary. There is evidence from
arites as well that sodium bromate has stronger inter-atomic forces.
point of NuBrO, {381°C) is higher than that of NaClG; (2557 CJ.
TM‘ nal expansien studies ™ ® show that the coefficient of thermal expansion
as weil as its temperature variation is much smaller for the bromate than for
the chlerate.  The Raman spectra and the low frequency lattice lines
{< 150 cm™ "7 show that the bromate frequencies are only slightly less than
shiornie {requencies. If the substantially beavier muss of the bromate ion is
taken o account, this would also snggest stronger inter-atomic forces in the
bromste,  Tiis is probably connected up with the sherter Na - Br bound
distence whick iz only 3.72 A as compared with the Nz - Cl distance of
4.0% A o the chlorate.

Thnis gualiiative relationship between the bond distznce and the elastic
astant {irrespective of the size of the unit cell) is indirectly supported by
case of sodivm chieride and sodium bromide. The imu atomic distances
e, for Nal 281 A {op=~5.63 A} and for NaBr 2.98 A {(g,=5.96 A). The
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ehsn* Sonstanis ¢y, ¢y and ey are for NaCl respectively 4.93, 1.31 and 1.28
and for NaBr reap P eerively 402, 115 and 0.99.  The melting points are 801°C
for Wali end 755 C for NaBr. Thus in this set the larger ion size and the

By

tget inter-atomic distances ressit in WaBr having weaker bonding and
saustguentiy Jower slastic coustants znd lower welting poist.
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in the csse of NallO,, NaBrO; set it moust therefore be concluded that
the shorter Na ~ Br distance is responsible for the larger elastic constants of
NaBr0,, even though its unit cell size apd the Br ion size are larger,
& full discussion can obviously be made only if the complete lattice dynamics
je worked cut for this structure. HBot this is a formidable problem snd has
not been done so far.
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NOTE ADDED IN PROQF

Haussihl {Phys. kondens. Materie. 1964, 3, 130} has determiined the
eiasilc constants of silver chiorate, sodium chlorate and sodium bromate by
the Sehasfer-Bevgmann method and the resuits have become available to us
very recestly. On comparing his values of ¢; of NaBrQ; (Cn =347, ¢jp = 167
and ca= 1505 x 10° N/m®) with the preseat values, ¢iq and ¢y are slightly
less {~ 2 — 3%) than the new values while ¢y is considerably low {by ~ 20%).
It {s worth noting that Haussithl’s values of NaClO, also differ from the pulse-
echo and resonance results,  For instance, his values of NaClO, (c“ =5.00;,
f13e= 154 and ¢gq = 1154 % 10 M/m®} agree somewhat well {~ 1—2%), as far
as ¢y and ¢q are concerned, with the pulse echo values® (e =4.92, ¢y = 1.42
and =116 x 100 N/mz) and those obtained from the resonance method due
to Mason® {e; =489, ¢p=138 and cy =117 x 16°° N/?) and due to
Bechmann® {c; = 4.99, ¢ = 1.42 and Cap = 1.16 % 10" N[n). But again in the
case of e the differences are comsiderable (~ 10%). The origin of this
dis.repancy is not quite known.



