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ABSTRACT

The absorption spectrum of single crystals of sodium nitrate using pqlarized infrared radia-
tion has been recorded from 2-5u4 to 15x. The spectrum has been interpreted.in terms of funda-
mental modes of NO; jon and lattice modes and their overtones and combinations subject to
selection rules worked out by using group theoretical methods. Some of the lattice frequencies
which are inactive in infrared as well as Raman effect have been estimated from combination
bands and their polarization characteristics. . The specific heat of sodium nitrate has been
evaluated from 20° K to 300° K using data obtained from the present invedtigation and the data
on elastic constants and thermal expansion. The calculated values are found to be in good
agreement with observed values.

INTRODUCTION

Sodium nitrate presents a simple case where polarized infrared radiation
can be used with advantage in studying its vibrational spectrum. The crystal
being uniaxial, the infrared active modes involve changes in dipole moment
either along or perpendicular to optic axis. The use of polarized infrared
radiation would enable one to distinguish between the different species of
vibration. :

A oconsiderable amount of theoretical as well as experimental work has
already been done on sodium nitrate and its isomorph caloite. Bhagavantam
and Venkatarayudu (1939) applied the group theoretical methods to sodium
nitrate and calcite to analyse the vibrational modes and their activity in
infrared and Raman effect. Raman spectrum of oriented crystals of sodium
nitrate was studied by Nedungadi (1939) in great detail. The infrared
absorption speotrum of sodium nitrate single crystals was studied by Schaefer
and Schubert (1918), Ramdas (1953) and Hifele (1957). The lopg wave-
length studies in infrared on sodium nitrate were made by Liebisch and Rubens
(1919). However, due to lack of polarization data, the assignments of
frequencies appearing in infrared absorption have hitherto been arbitrary.
Reocently, Greenberg and Hallgren (1960) have reported the infrared
absorption spectrum of sodium nitrate film deposited over fine platinum mesh
by melting the salt overit. A detailed study of infrared absorption spectrum
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of sodium nitrate using polarized radiation has, therefore, been made and the
results are presented here.

EXPERIMENTAL

Single crystals of sodium nitrate were grown by the method of slow
evaporation of saturated aqueous solution of pure salt over concentrated
sulphuric acid. The orystal was cut into a section containing the optic axis
and was ground and polished to a thickness of 0-2 mm giving quite intense
bands. The spectra were recorded on a Perkin Elmer Model 112 single beam
double pass.instrument equipped with interchangeable optics. LiF optics
was used in the region 2-5u to 5-5u and NaCl optics from 5u to 15u. The

polarizer used was a set of six parallel plates of silver chloride crystal set at
Brewster angle.

REsuLTs AND DISOUSSION

In Figures 1 and 2 are reproduced the spectra of sodium nitrate with
vibrations parallel and perpendicular to the optic axis. The frequencies of
the absorption maxima are listed in Table I. The values reported here are in

general agreement with those reported by Ramdas (1953) and Hifele (1957),
in the region 5u to 15p.
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The regioﬁ 2:5p to bp, howefref, shows many finer details because of LiF optics
“used in the present investigations. Even the region 6:5u to 8-5, though of
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intense absorption, shows many structural details. The polarization charac-
teristics of the different absorption bands are given in columns 2 and 3 of
Table I.

Sodium nitrate belongs to the rhombohedral system (space group Dj,)
and the unit cell contains two molecules of NaNQOg. The plane of NOjs ion is
perpendicular to the optic axis. Application of group theoretical methods to
NO; of symmetry Dy, which it possesses in free state yields four distinct
" fundamental modes with approximate values of frequencies given below:

v1(A47) — Sym. N-O stretohing. 1050 cm-1
vo{A3) — N in and out of NO; plane. , 820 cm-1
vg(E") — Doubly degenerate ant. N-O stretching. 1385 em—1
v4(E") — Doubly degenerate O-N-O bending. 725 em-1

Table II gives the connection between the oscillations of the free ion
and the internal oscillations in the orystal.

In the crystal, modes marked ’ are active in infrared, undashed are active
in Raman effect and * are inactive in both. In Raman effect, one therefore
expeots three internal oscillations A1g+2Eg, and in infrared three, namely,
dq 128,

The Raman effect data on internal osoillations are given by Nedungadi
(1939). The frequency shifts observed by him are entered in Table II against
(4,), E,and E,. The mﬁ'ared a.bsorptlon frequencles 845, 1385 and 727 em™1
lmve been a.seugned to vy (4,), v (E,) and v, (E,). Though the mode v; (4;,)
is theoretically inactive it appears weakly in infrared absorption. Similarly
the frequency of the inactive mode v; (4,,) is taken very nearly equal to
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TanLs I

INFRARED ABSORPTION SPECTRUM OF NaNO,

Polarization
Frequency of . character
absorption Assignments
maxime
I 1

7217 - 8 vy

742 - VW, —

797 - V.W. " vetLg

815 V.W. V.W. ve+ Ly

840 ..

845} V.8. and B. — Vgs ¥

900 V.W. V.W. v+ Ly

935

955 w w va+ Ly,

980 V.W. V.W. v+ Lg
1010 w A v+ Ly
1048 V.W. w v
1220 w — ,,; + L;
1255 .
1280 v +Ly
1385 .
1460 V.S, and B. V.8. and B. , vg
1545 vgtL
1572 ,
1798 - 5 vity,
1880 8 - n+v,
2120 vg+ve,
T R s

vg+ve+ L
2465 ;
2510 - 8 v1tvg
2776 sty
W, S .

2830 v.W { 2v] g
3026 V.W. - -
3160 - w v1+vatv,
3320 — w ,
3405 2vy+w,

8 = Btrong. W = Weak. V.W.= Very weak, V.8. and B. = Very strong and broad.

that of v5(4,,), as the coupling of the modes of two NOg ions in the lattice is
not expected to show much splitting.

The group theoretical analysis as given by Bhagavantam and Venkata-
rayudu (1939) shows that there are 10 distinct lattice frequencies distributed
under the different species as follows:

(*) Sy ) ()
2A2g+2E(+A1r;+ . A2u+3Eu
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TasrLe IT

VIBRATIONS OF THE NOgz ION

TSt | mewsal | TR |
, vy (Agg) 1069 P
V1 (Al) {,; (41x) 1048 1
. vy (Asg) 840 -
Vg (AZ) {v; (A2q) 845 1l
" vy (Eg) 1385 dp
s () {v; (By) 1385 1
; vy (Bg) 720 dp
v (E7) {v; (By) 727 1

The symbols ' and * have the same significance as for the internal modes.
Thus there are two Raman active and five infrared active lattice modes,
while three lattice modes are inactive in both. The two low frequency lines
98 and 185 observed in Raman effect by Nedungadi (1939) have been assigned
to (&,). They may be denoted as L, and L, respectively.

The infrared active lattice frequencies have been derived from the
Restrahlen studies of Liebisch and Rubens (1919) and are given below:

Ly = T1(dy) Ly = 133 (E,)Ls = 217(d,,)Ls = T1(E,)L, — 217(E,)

These assignments agree with the polarization characters of the combination
bands observed in this investigation. The inactive lattice frequencies have
been estimated from the polarization character of bands at 955 cm™1, 980 ecm™1
and 1010 em™! which point to the presence of three additional lattice
frequencies Lg= 145 cm™1, Ly =170 em™1, L;p =120 em™*. Tt should be
mentioned that the notations L, to L, are quite arbitrary.

Using the data on the fundamental lattice frequencies and the frequencies
of the internal oscillations, satisfactory assignments have been given in Table
T for the absorption maxima observed in the overtone region, i.e. 2:-5¢ to 5-5p.

SprcrIFIC HEAT

Using the 18 distinet fundamental frequencies of oscillation of sodium
nitrate, the molar specific heat has been evaluated.
The expression for specific heat at constant volume (C,) per mole is

C,= kg[zfz‘ (’”‘)+2 dE(th)+3D(0D)] T
i=1 . )
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The first term is the contribution to specific heat by eight distinct internal
modes, d; being the degeneracy of mode », The second term is the contri-
bution to specific heat by ten distinct lattice modes, d; being the degeneracy
of mode ». FE(x) is the Einstein function of (). The third term is
the Debye term ocontribution due to elastic waves, §, is average Debye
temperature for elastic waves. D(z) is Debye function for (z).

The elastic constants of sodium nitrate have been determined by Bhima-
senachar (1945). Using the Christoffel equation for velocity of elastic waves
in any direction in the crystal, solution for the velocities of propagation
along four different directions in the erystal have been obtained and from
the 12 calculated velocities (C)) 0"1.3 has been computed.

The Debye temperature § —’”[3@8]”3
e Debye temperature 6y = T
V, is the volume of unit cell.
Cj® = 74:92 X 1015 (om/seo)s.
fp = 250° K.

From the Einstein functions given by Shermann and Ewill (1942) and Debye
functions given by Nernst (1926) C, has been calculated using (1) from 20° K
to 300° K at intervals of 20° K,
| pvr
X
B = coefficient of volume expansion.

Also C, =0t has been computed.

¥V = molar volume.
X = isothermal compressibility.

o+~ EXPERIMENTAL
+  THEORETICAL

SPECIFIC WEAT C, soi/mds /
[ 12 I8 [’ 2 28
~

30 40 Y 1 20 100 120 140 160 180 200 320 240 60 280 300
TEMPERATURE *K

Fia. 3,
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Thermal expansion data have been taken from Hiilsmann and Biltz (1934).

In Figure 3 is shown the curve exhibiting the variation of C , With tem-
perature observed experimentally by Southard and Nelson (1933). The
theoretical values are shown by crosses.” Theoretical points fall on the experi-
mental curve till about 150° K. Above this temperature the error is only
3 per cent. This agreement can be considered to be fairly satisfactory in
view of the approximate methods employed for computing the Debye tem-
perature (6,). If one takes into consideration the lowering of the frequencies
with temperature, the theoretical curve will be pushed upwards at higher
temperatures and the agreement will then be more perfect.
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