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ABSTRACT. The theory of magnetw amsotropy and susceptibility of Kot i Tution
salts has beon worked out on the busis of Abragun and Pryees’ method  Jtos found that
the ammotropic part o the erysial feld hanges wath temperature due to the thormal expan.

ston of the crystal Inttice  Tho spmn-orbit coupling cocflicient has to he decrensed by 209

ftom ts free von vuluo of — 103 em + wlieh incheates somo amount ol overlap bptweon the
B -Fezand o and p- 02- chwge clouds The agreement of the theoretieal v\t]m\n with
the experimont a8 exeellent

INTRODUCTION

The five-fold degeneracy of the ground state 3d. °D of Fe2t 1on m the free
state w spht up by the predommant cubwe component of the erystal field mio
an orbital doublet and a trplet, the latter hemg lower hy about 100 ¢m~!, m
the octahedrally co-ordimated Te2t salts, ¢ g, the Tutlon salts (van Vieck, 1932)
In these salls the octahedron of six water molecules surrounding each Fe2t jon
has very nearly a tetragonal symmetry with the z-axis elongated as observed
from paramagnetic resonance measurements (Tinkham, 1955). This tetragonal
component ot the clectrie field and the spin-orbit couplmg acting together partly
removes the remaming degeneracy of the orhital levels imelusive ol the five-fold
spin degeneracy of cach ovhital level  The complete secular problem s highly
complicated and a complete theory of the susceptability of Fe?! salts has not,
yoeb been worked out  In the case of the trgonal symmetry, the expression
{or the susceptibity has been approxmately worked out by Pryce (1957) and
m some detarls by Palumbo (1958). but the agreement with Jacksous (1959)
measurements in Fe Silfg, 6H,0 1s not very satisfactry at all ranges of tempera-
ture.

We have derived the theoretacal expressions tor the magnetic susceptibility
and amsotropy m the tetragonal case 1e., for the Fe?! Tutton salts on the basis
of Abragam and Pryces’ theory (1951) and compared these with the experimental
results on Fe (NH,SO,),, 6H,0 of Bose (1947) and Jackson (1924) and also with
the resonance data of Tinkham.
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Since the Fe** jon is in the 1 state, we huve assumed a=a’~1 (Abragam and
Pryce) in this cuse  Under the aetion if the tetragonal ticld and the spin-oInt,
coupling. our fifteen ovder secalar determuunt hreaks up mto  six R
three | 0 . Aour | 5 2 ~and two [-1 3 - levels, one of the six | - 1 levels,
Iving lowest. Al these levels e within a span of about 800 em 7 We next
apply maguetic perturbation on these levels and get the expression for the
magnetic susceptibity and finallv for the square of the effective moment

3k

- Npe
converted into wwe values of 12 talang two 1Fe2! jons m the wut cell equally
melmed Lo the crystallographic y, aais, in 1he usual manner

Here again we find that unless A s varied apprecably as in T8+ (1959q)
and Co%* (19590) salts, the agreement with experiment at all {emperatures is
unpossible.  Thus the cvystal ficld changes quite appreciably due to  thermal
expansion of the cevstal lattice.  The facts that at ligh temperatures the spin-
lattice relaxation time is very small making paramagnetic resonance lines too
wide to he observable and that it increases sufliciently at about 20°K 1o give
well-resolved lnes ave also mdications that the erystal field changes considerahly
with {emperature,  Moreover, the spin-orbit coupling coefficient has 10 be
decrveased by 209, from its free ion value of - 103 em ' This indicntes a corres-
ponding overlap between the 34 Fe*' and s- and p- 0= charge clouds.

TABLE T
Fe(NH,80,),. 6H,0 (- - 80 em~1

Temp 1n 1 Aem 1 Vict] rz, rz—p2 ;| g-valnes
‘K ! i
_ | | |

300 650 36 26 206 31 9 96 —
(36 25) (26.22) (10.02

160 500 44 12 24,72 19 39
(44 01) (24 506) (29.44)

90 400 51 80 2128 30.61 —
(51.77) (21 23) (30 52)

20 2710 — - [ gy —— 8 989

4 (8 97 1 02)

[ g = 0(0)

The values m the parentheses indicate the mean of the expermmental moment
results ol Jackson (1924) annd Bose (1948) The g-valuos within parenthoscs wre
Tinkham’s (1955).

The agreement with the magnetic anisotropies is quite excellent as can he
seen in Table T, but the theoretical absolute P?-values agree with the mean
values of Jackson and Bose. The g-values given by Tinkham at 20°K also agree
quite closely with our theoretical values.
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The mathematical details will he published elsewhere shortly.
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