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Polarised absorption spectrum of Fe?* doped

in CsCdCl; at 77°K
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In order to study the energy levels of Fe?+ in a ligand field provided bv an octa-
hedron of chloride ions, we have grown a single crystal of Fe*+.doped CsCdCl,
from melt at 485°C by Stock-Berger’s method. The crystal structure of CsCdCl,
has boen reported by Siegel and Gobert (1964). The space group 1s Cg/mmC,
Z = 6. Six Cl- ions form a trigonally distorted octahedron around the central
metal ion. The polarised absorption spectrum of the doped single crystal, cooled

to 77°K in a cold-finger type dewar, was moasured with Zeiss VSU-2 spectro-
photometer.

The electronic ground torm D of Fe?+, which incidentally is the only quintet
torm for the d¢ configuration, splits under the octahedral erystalline field into an
upper doublet °E, and a lowor triplet 5Ty, state. Tho separation between them
gives the measure of 10 Dg. The small trigonal field present in CsCdCl, splits the
lower triplet further into a singlet 54,(Cy,) and a doublet E(Cy,) leaving the upper
F,(0y) unsplit (figuro 1). The upper state might be split by the spin-orbit inter-
action or by tho combined action of the trigonal field and spin-orbit interaction,
but such splittings should be small (<100 em=2, Low 1960). A large splitting of
the uppor B, state, may, however, bo caused by tetragonal Jahn-Teller distortion

through the vibronic mechanism. Figuro 2 shows the recorded polarised spectrum
at 77°K,

We have assigned the absorption band at 6452 cm=? to the *T',;— 5, transi-
tion and calculated the observed Dg to be ~ 645 cm=1. This is low in comparison
with the Dg observed with Fe?* in oxide (~1030420 cm-?, Low 1960) and in
OH- complex (~1080 em~2, Cotton & Mayers, 1960). This low value of Dg is
obviously due to the large 0d—Cl distance in our case (2.594) and the difference
in the ionic radii of Fe*+ (0.834) and Cd®t+ (1.034). It is interosting to mote
that the present octahedral value of Dg is comparablo to the tetrahedral

Dg~-510 om-1 observed for FoCl 3~ in chloride melt (LiCl-KCl, Gruen and McBeth
1962),

59



I 60 Ranajit K. Shaha and A. Bose

Tho ahsorption spectrum at 77°K (figure 2) shows that 87y, —»°E, band splits
mto two components at 5210 e and 6370 cm™!.  This splitting is prosumably
due to the Jahn-Tellor distortion of tho upper 8B, state. The lack of polarisation
of the hands agroos with this asignment. The separation of 1160 em™? of the
components, which measures the magnitude of the Jahn-Teller distortion, is less
than that observod for Fe* surrounded by an octahodron of (OH)™ ions (~2000¢m=1
Liohr & Ballhausen 1958). This is in conformity with the low strength of the
crystal field in the presont case

Tn addition. wo have obsorvoed a hand at 25040 em=2 with high extmction coeffi-
ciont. 'This is ascribed to the charge-transfer transition involving transfer of an
oloctron from the Clligand to the motal ion. In the molecular orbital schemeo
it 1s assigned to the transition (figure 3) fy, (ligand)—> 4, (metal). The direct
product of t,X 1, breaks into 7'y, 7'y, A;. A, Under Oy, symmotry there should
ho three transitions polarsed perpendicular to €' and one transition polarised along
(' From the observed polarised spectrum at 77°K (figure 2) it is scen that there
are two transitions in the €| dircction at 25160 cm~=? and 24390 cm’ T and there is
one transition at 25565 cm® 1 in the Cy direction  The magnitude of the trigonal
field splitting is estimated to he nearly 400 em™?

The authors have undortaken the magnetic susceptibility and anisotropy
measurement to corroborate the above finding. .

REFERENCES

Cotton F. A. & Meyers M D. 1960, J, Am. Chem. Soc. 82, 5023.

Gruen D. M. & McBoth R. 1962, Nature, 194, 468.

Gruen D. M & McBeth R. 1963, Pure and Applied Chemistry, 8, No. 1, 23.
Low W. 1960, Phys Rev. 118, 1130.

Liohr A. D. & Ballhausen C. J. 1958, Ann Phys (N.Y.) 3, 304,

Indran J. Phys. 4, 60-63, (1970)

Statistically linear mass relation of elementary “particles
and its representation by a polynomial curve fitting equation
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Tt is found that when the atomic weights of oloments aro plottoed against the atomic

numbers, a paraholic curvo 1 obtained for the first 86 elements which however

does not hold for the rest of the elemonts (figure 1). Tn tho case of elementary





