CHAPTER IV

4

OPTICAL AND MAGNETIC STUDIES OF DIVALENT 3d8 )

ION IN CeCdCl, AT IOW TEMPERATURE

Since the valency state of vanadium in its doped crystal
prepa;ed by us could not be properly estimated, we measured the
'absorption spectrum and megnetic susceptibility and anisotropy
of the nickel doped crystal, CsCdCly s Ni** only.

RESUITS AND DISCUSSION
I. Optical Studies

The configuration of eight 3d electrons permits the

states 3F,‘3P, 1D, 1G and 1S ptates, of which according to Hund's

rule 3F lies lowest. OFf the three stark levels in which the

3F eplits under an octahedral environment, the non-

degenerate 3A2g lies lowest. The other two are triply degene-

ground

rate, 3T and 3T1g in order of increasing energy. The separa-

28
tion of this level from the lowest orbital nop~degenerate 3A2g

state is 10 Dq and 18 Dq, respectively (Fig. 16).

In order to explain our room temperature specirum
(Fig. 17a dotted line) we have ignored the effect of spin~-orbit
interaction in the first . trial calculation. Of the three spin
allowed transitions, the broad band (Fig. 17a) from 5650 cm™L
to 6000 cm™L has been ascribed to OA '“*'5T23 trangition.

2g
Taking the centre of the band at 5850 cm’l, the value of Dq
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Pig.16.  Octahedral energy level scheme of various
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separations are indicated by arrows (Not
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is found to be ~ 585 cm™+. With this value of Dg, the
state zmlg (3P) should be ~ 10620 cm™ ' higher than 5A2g. In
our room temperature spectrum the moderately wide band at

10250 co~! has been assigned to Sy, —> 3T1g (F) transition.

.28
The sharp main band at 20300 om~! has been identified for the

last remaining spin allowed transition 5Azg — 9 (P). The

1

1g
shoulder of the main band at 18540 cm ~ has been assigned to

the spin-forbidden transition 3A2g~4> 1

1

T,.» a split component of

) 28
D terms 1In addition to the above bands, there is also a small

1 1

hump in the region 12000 ecm™ ~ to 12250 cm™ ~ which appears to

arise from 3A18——+- 1p (1D) as will follow from our later dig-

24
cugsion. From the above transitions ‘and using the following
relations for 3d8 ions
5% = F_ - 8P, - 9F
o 2 4
3 .
P = Fo + 7F2 - 84F4 (104)

1

where F's are Slater integrals, the evaluated values of

- - AN
Fng 1304 cm 1 and F4 ~ B84 cm 1 are found to be reduced from

their free ion values. With the Dq value of 585 cm'l, the

3 1

term distances “P - P ~ 13280 cm-1 and D - 5P ~ 10290 cm”
are also found to be less than their free ion values (Table 16),

Though some of these reductions may be accounted for as the

effect of covalency, at least some may be accounted for by
configurational interaction148. The values of these optical
parameters along with their free lon values are given in

Table 16. As in the case of Co2t in Cs0acl,, §¥12+ has also
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Fig.17(a). Absorption spectrum of 72+ in OBCdCl The
dotted line is the room temperature epectrum and
the s014d 1line that taken at 77°K. The compik ed

 energies with (Dg = 585 il , Fp = 1302 om 1,
F4'= 84 cm -1 and A = -240 cm 1) of the spin-

‘ .orbit levels are shown by vertical arrows.
Fig.17(b). Shows the band (3T1 ) observed in PGS-2

spectrograph in single beam recording arrangemeut.
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& low Dq in comparison withvdxide octahedra (860 cm™T) (in

(20)3%, but it is near to‘that of the octahedral chlordde

KugCl, + 1%+ (552 am™1)11%,

At 1iquid nitrogen temperature almost all the bande
(Fig. 17a so0lid line) shifted towards shorter wave lengths and

became narrower with less optical density. The broad band of

is found to be split into three components at 54562 cm'1,

1 1

3
ng

5714 em™~ and 6136 cm —, presumably due to spin-orbit splitting,
since we could not observe appreoiable'polarization effects in
these components. It would appear that the effect of the small
trigonal field is mostly masked by the large spin-orbit coupling
in the present casé, and hence mixed polarigation results. Of -
%), (F) and Smlg (P) which

we have obgerved at 10250 cm™+ and 20300 cm"l, respectively, at

the other two spin allowed triplets

room temperature, 3T1g (F) is found %o be split up inte 10350
om™! and 9620 en~! ana ®,, (2) has shirted to 20500 om~t at
liquid nitrogen temperature. The spin-~forbidden transition of
3A2g '“>1T2g is now clearly separated from the main transition
of 3T1g (P) having peak position at 17980 cm~ L. The 12000 om™ L.
band (3A1g“>1Eg) (1)) observed at room temperatuie, becomes
prominent and shifts to 12200 cm™t at low temperature. Besides
these, we have obgerved a sharp band at 19010 cm'l, assignment

of which is considsred later.
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In order to explain the fine structure of the gpeotrum
at 77°K we used Iiehr-Ballhausen model52 of 3&8 in cubfo environ-
ment. The four parametérs in this model (Dg, F Fos F4 and 'h ) are
-¢reated as empirical variables. Of these four parameters, Dq, F2
and F4 are evaluated earlier from our room temperature gpeoﬁrum,
and the value of the spin-orbit coupling cﬁnatantA r (A ie
equal to one half the Condon andehort1y4 spin orbit coupling
constant 3 ;,) was ‘taken from our magnetic measurement. As we
are unable to observe any polarization effect and also from
magnetic measuremsnt the axial field is found to be small, we
did not take into consideration the trigonal fielq effect in
'thé present context, thodgh this 15 certzainly preéent, and is
important in accounting for the magnetic anisotropy. We used
1130 IBM daﬁa prooessing machine at Comﬁutation Centre, Calcutta
University, Calcutta, and the roots and energy matrices are given
in Table 17. The best fit of our calculated values with those |

" observed transitions is found %o be at Dq = 585 cm'l, = 84 Cw!

, 4
and A = =240 cm'l. Calculated energy levels along with

L 2N

observed values are given in Table 18.
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The matriz olements of secular equation of Ni%t (aB)

Tabie 17 3
(14ehr, Ballhausen, 1959)52 with the set of parame ter
Dq = 585 cn” Y, B, = 16.5Fu. ., F, = 84 on " and N =
240 cm‘;. The eigenvalues are in 2nd colaum from the '
left.
Term Eigen4 53
values 3 b 3 3 i 0
T (L€ &) )
= Az?(h,%) 23(‘%“) ‘3’35 T( a) 153 za%
-18279.6 -18192.0 -~ 878.8 0.0 =-480.0 0.0 0.0
-12215.9 - 878.8 =12222.0 - 207.8 169.7 415.6,.-587.8
r_' - 787705 000 - 20708 "'204600 293.9 505200 -339.4 '
> |- 394.9 | - 480.0 169.7  293.9 594.0 587.8 2494.6
2488.8 B0 A & 3] L1658 “s0% ST 8 587.8 ~339.4
8175.2 0.0 - 587.8 =- 339.4 2494.6 -339.4 7326.0
T : .
o 3 .5 3, 3 1
Term fiiggvalues (tBg g) Tlg(tzg eg) Tig . ,ng
.(tgg eg) (42 og g)
ﬂ-12521.5 -12462.0 - 207.8 - 4315.6 - 293.9
r, - 8525.7 - 207.8 -1806.0 -5532,0 ~-'169.7
4 2716.0 | - 415.6 -5532.0 -4044.0 - 339.4
4142.2 - 293.3 - 169.7 - 339.4 4122.0

L
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Table 17 (Contd.)

Terg Ei;gjnvalues 1E (egz):;) :”ng 3'.]!1g BTlg . lEg )
. | (g ) (554 3) (té;%g) (t2g%?)
-12632.7 | -5256.0 - 587.8 =~ 587.8 0.0 3055.3
f7 - 7990.6 | - B87.8 -12462.0  360.0  720.0 0.0
® | - 5765.7 | - 587.8 . 360.0 -2046.0 -5062.0 678.8
'2329.4 0.0 = 720.0 -5052.0 -3564.0 339.4
8057.6 3055.3 0.0  678.8  339.4 7326.0
Term | Eigenvalues 1A18(9821:")5T1 (’662~ 93) 3011 (1:24 n@; 1A2 (tzz' ég)
B 1 : g 18'°28 8 g '2g g 28
- 8951.8 76800 831.5 0.0  11522.4
N 1745.5 |  831.3  -1686.0 -5772.0  678.8
2884.1 | . . 0.0 -5772.0  -4326.0 - 678.8
) 30074.3 | 11522.4 678.8 - - 678.8  24084.0
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Table 18 ¢ Observed and predicted energies of the spin-orbit

states of Ni%* in CsCdCl, with Dq = 585 om~ 1,

F, = 1302 on™}, P, = 84 on " and A = -240 en™
Excited  Spin-orbilt Calculated Observed (77°K)
states designat;?n x 10—3 ,cm"l : x 10-—3 cm'l
- f; ' :  B5.65 : 5.45
N : '5.76 ~ 5.71
3m2 -
& s 6.06
6.02 —-— 6021
I 6.18 |
Iy 9.33
9.62
31,1 |
10.35
'Fs - 10040 ‘
‘s, . 12.50 12.20
o rs 17.88  °  17.98
ri ‘ . 20.02 19.01*
s rs 20.61 ;
T,, (P) [ 20,50
1 5
& 20.77 )
1A1g Fl 21.16 | 22.00

* This was observed in PGS 2 spectrograph (Fig. 17b) Yeenvded £a
o ?%W plier (1P-28) o a s«'-wak beam dﬂaur'mi~
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II1. Magnetic Studles

Since this crystal has very small anisotropy (0.7% %o
0.9%), great care was taken in grinding the crystal to a symme-
tric shape to eliminate shape effects. Ionic susceptibi;ities
and a&isotropies, obtained from experimentél crystalline values
hsing Eqn. (75) and (76) has been plotted -in Table 19 at inter-
vals of 20°K. The product AK.T vs. P and K ve T are given
in Fig. 18. ' |

Table 19 3 Magnetic susceptibility and anisotropy of
CsCd,_,Fi,Cl;, where x = 3.1 mol % (graphi-
cally interpolated values)

‘Temperature AX x 106 (Ky =K,) x 108 x X 108 K z 108

- og
300 18.4 27.7 4181 4187
280 19.9 29.9 4447 4464
260 21.6 32.5 4761 4768
240 23.8 - 35.7 5125 5133
220 26.4 39.7 5561 5560
200  29.8 44.8 6086 6076
180 34.5 51.8 6695 - 6707
160 39.6 59.5 7483 7496
140 47.2 70.8 8488 8504
120 58.0 87.0 9824 9844
100 3.2 109.8 11696 11720

80 . 98.4 147.7 14467 14500
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A. PFine Structure Energy Tevels .and M%netic Suscegtibilitx

of Tr:_]g 1ly Distorted Octahedral Ni<t

5 \

Energies of the trigonal doublet and singlet which are
3

the split components of the exclited orbital triplets of “F term

and of the ground orbitally non—degenerate state are given by
. = o 3 27, T 3 -4 i
Byl *R 6Dq + LA+ 2 Ay +{(‘8'D°b + Tt z':;'q)
- 2
+ %(3/\2_ 5A )‘/ﬁ } ]

» L
By, = %.U"D‘*"%’* QAAL) F {(QW“" 0 = BAy)

75 (3A; - “‘OA‘I) } ]

E

5 =-2Dq + 3/2 A, + 9/2 4, ' (105)

where the first and the second subscripts on E refer to the
-ve or +ve sign appearing within the square brackets in Eqn.

(1056), and A, and A, and Dg are the 1ligaend field parameters.

Writing the spin Hamiltonian of non-degenerate ground

state (Eqn. 55 ) for trigonally distorted Cs(!d(!l3 H H12+

H UL to Z, the axis of the trigonal symmetry, we ‘have

i

Hy = D[sZ-Fsce+d + % Hz S= — %, K s (106)

and fo’r H- ‘ f z

J—-}S - :D[g: “‘!'3‘ sCs+1) - Caj_FHxSx - J_PZKEH;.-
(106)
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where y
D= - (KN - K )
T, = 2 (1 = oy Ky, )
L = 201 = & Kiny)
where |
« = 2(zacay, - Va[f72 ooy +@/23)b,b)
E‘ - Eo'
+ 2((24, b, - (1124572 bobt - (3/2/3b, bf)‘L
Es - E, |
Ly = (28 + /Eby)/(E, - &) (107)
the wavefunction coefficients a’s and b4 are given by
a, ={(( 3/5)A2 —{5A,)/(E, + 12 Dq, - 7/\4)}50 ;
a + £; = 1
(108)

a" = {~((3/4@)A2 - (2/5)AL) /(B + 2Dq, + (34)A,+ C‘(Z)A«} by

%2 3 '

The effect of overlap of ligand charge clouds with central .
metal charge clouds has been incorporated in the spin ,Haniiltonian
through the introduction of orbital reduction factor K, and K_L‘

and the anisotropic reduced spin-orbit coupling coefficient X,
and A, .

Operating with the spin Hemiltoniam H, Egn. (106) on
the spin state |1> ’ 10$ and |-1) , we have the energies



() .. H N 4

. = (/DD + g pH, -o(." Ky W -
B, = _(;a/ajb v—-»‘d,,KT](a‘LH: o

E, = (/9D - @"(mz — oy, K"‘}L(;H;

(b) g 1 z ' o

By = é‘[—('/?»)ZD - 2oclK1‘P‘H;(+/i>y+ 4%:PLH1 .
: : PRt
By = CV@bv»o&nﬁHx

Ao

By o= (@[UDD - 20w DT agigH

The expression of mégnetic gsusceptibilities (c.f. Bgn. 57 )

can be written. as

Ky = (N 2Ky + (2% 37) - (ém%;/gk—r.‘)} . .
| | | (110)
K = (iw,;s‘/&){, 2%o<lK:4~_C25,tI/3T) + (bod;:/.ah”)}

t Dr

=, -
U ..

(%7&)[62/3?& Gaky + 200 W)+ (2373T) - dw)
= (2p/5kT) (9, 90)]
and AK = (NBH) [ 2k ki - o kL) + (2/3D) (G - 1)

- (2/ok") (23 + 9]
» . - - 3
1:—%;'_’ was found to be small compared to G = 1/5[“3,, "'.2'35,] o

(112)
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B. Parametric Fittings and Discussion

In correlating our experimental values with the*above
theory we have found'by trial and error a set of value of ’
“Np and K’» which fit best with our observations. Calculated
and observed values are given in Table 20. We are able fo
explain our optical observation with spin-orbit coupling as
-240 om,"1 and this is in good agreement with magnetic TEH =
-238.5 and A, = -235. Our parametric values of zero field

1

2+ ot 300°K,

D = -1.92 and % = 2.27 by McPherson'®®. Though in case of

300°K is very near to e.s.r. findings of CsMgCl, 3 Ni

Fez+ and 002+ we could fit our experlimental results with same

set of parameters, we ﬁere not able to fit our results in the
present case for the whole range of temperature with a fixed set
of parameters; though the agreement between calculated and
observed K is very good, there is large difference in AK.

In the previous cases the discrepancy, which is very small but
systematic may be due to small changes in the crystal field with
temperaturej which, however,~cou1d not make much difference in
the large anisotropy involved in those cases. In our present
case, where the votal aﬁisotropy is small, it is much more~
affected due to even small changes in «'A i.e. parameters
"connected with trigonal field. So keeping K)» and A  fixed
we have changed o 'A and so also the related parameters by very
small amount at different temperatures to fit our experimental

datsa.
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‘ : 24
Table 20 3 Calculated ligand field parameters for CsCdCl; 32 Ni &

Dy = 585 cu r
Ny = -238.5 . | A, = -235 cn”
Ky = 0.74 - K = 0.761
Temp.  , x 10% % -Dem ! AR z 105 ¥ x 10°
°k v 4
. i = 5.621 %U = 2.1984
300 | 1.95 = R7.7 4146,6
o] = 5.452 D= 2.1950 (2?-?) (4187)
O(U>= 5.51 ‘ ?u-‘-’— 2.1945 6a-7d.
' 45.43 ,
=00 1.685
O(l = 5,37 cglg 2.1920 (44.8) (6076)
«, = 5.241 ' Fu= 2.1850
140 1.47 70.78 asg1
« = 5.131 3= 2.1835 (70.89) (8504)
ALy = 4.72  Qu= 2.1660
80 | 1.17 148.6 14820
o = 4.65 9= 2.1660 (147.2)  (14500)

Fi'gur es within parenthesis are experimental values.



	Chapter 8

