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Abstract

Polarised absorption spectra of the Nd** ion in a LiYF, host are recorded at 4.2 and 150 K and at room temperature in a region of
240-2500 nm. The determination of the CF energy level scheme is completed and labelling of the levels with irreducible representations
of the S, point group is carried out. The CF wavefunctions are derived using a free-ion and CF hamiltonian which results in the
optimisation of 27 parameters. The dipole strengths of the transitions are used to optimise 12 intensity parameters. The free ion, CF and
intensity parameters are evaluated by means of the graphica comparison of simulated and experimental spectra. In addition, magnetic
circular dichroism of LiYF,:Nd*" is registered in the region of 257-875 nm at 4.2 K with the magnetic field of 0.9 T along the optical
c-axis. The Zeeman levels are analysed using the optimised free ion and CF parameters. The obtained intensity parameter set is then used
to calculate the dipole strengths of the transitions between the Zeeman levels. The comparison of simulated and experimental MCD
spectra is a test of the value of the optimised parameter sets. [0 1998 Elsevier Science SA.
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1. Introduction the same cryostat. The optical axis of the LiYF4:Nd3+

complex is positioned along the magnetic field lines of a
In this paper the polarised absorption spectra of 9000 G Oxford N177 electromagnet.

LiYF,:Nd*" are used to optimise 27 parameters to de-

scribe the free ion and crystal field perturbations. In

addition the dipole strengths of the transitions are used to . .

fit 12 intensity parameters. These parameter sets are 3. Discussion

sufficient to describe the spectroscopic properties of the , )

neodymium®” ion in a LiYF, host. This will be proved in 3.1. Smulation of the crystal field energy level scheme

the graphical comparison of the predicted and experimental . . . T TP,
magnetic circular dichroism of LiYF,:Nd*". The electronic configuration of neodymium™" (f°) is

disturbed by eight fluorine ions in the first coordination

sphere of the central rare earth ion. These form a dlight
2. Experimental details distorted. dpdecahedron with 'S, symmetry [1] . ng

parametrisation of the energy levels of the neodymium

The optical spectra are taken on an oriented LiYF, ionin a LiYF, host are given in Eq. (1) [2,3].
single crystal doped with 1.5% neodymium®*. )
The polarised absorption spectra are recorded on an E=E,+ 2 fF"+ A +al(l+1)+6G(G,)

AVIV 17 DS spectrophotometer. The optical region of k=240 _

240-2500 nm is investigated at 4.2 and 150 K and at room +yGR)+ 2 Tt+ > P,

temperature using an Oxford 1204 continuous flow cryo- i=234678 k=246

Stet. o o + 2 M‘m_+B2C2+BJC)+BSCS
The magnetic circular dichroism is registered on an k=0,2,4

AVIV 62 MCD DS CD spectrophotometer at 4.2 K using +Bj(Ci+C*)+iBy(Ci+C)+BSCS+C®))

* Corresponding author. + iB?,(Ci + 084) (1)
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Table 1
Optimised free ion and crystal field parameters (in cm™*) for LiYF,:Nd**

Parameter ~ Parameter value Parameter  Parameter value
Central field Spin—spin and spin-other-orbit
E,, 24413 M° 0.7
Electron repulsion M? 0.4

F? 72911 m* 0.3

F* 52 471 Electrostatic correlated SOC
F° 35486 p? 195
Spin-orbit coupling (SOC) P* 146

Ie 872 p° 98
Two-body interaction Crystal field S,

@ 21 B: 372

B —575 B -972

y 1488 BS -20
Three-body interaction B —1116

T? 226 iB; —599

T 43 BS —1018

T* 87 iBS —194

T® —285

T’ 320

T® 212

The parameters which appear in Eqg. (1) incorporate the
radial parts of the matrix elements (y|H|¢) and are
optimised [4] using the experimental derived energy levels.
The assignment of the energy levels is not only based on
the position of the levels [5] but aso on the labelling with
irreducible representations [6,7]. This labelling is deduced
from the selection rules of polarised absorption using
group theory for the S, point group. In addition the o
polarised measurements were found to be similar to the o
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polarisation, indicating the predominantly electric dipole
(ED) character of the transitions.

The combination of the position and labelling of the CF
energy levels makes it possible to assign the correct
eigenvalue to the observed energy level.

A tota of 27 parameters (free ion and crystal field) are
optimised together in one diagondisation fitting to 149
labelled energy levels. The values and significations of the
parameters are listed in Table 1 and the calculated energy
levels are compared with the experimental labelled levels
in Table 2.

It appears that the values for the imaginary parts of the
B, and B; are of considerable magnitude when the only
dlight distortion of the dodecahedron (D,,), where the
imaginary parts iB; and iBS are absent, is taken into
account. The values for the iBj and iB{ are caused by the
mixing of the wavefunctions of the neodymium complex
when J-J-mixing is allowed. In addition we prefer not to
work with an arbitrary choice of the position of the axes
[5] but to follow the conventions of Koster et a. [8].

32 Smulation of the transition probability

The transition probability in the polarised absorption
spectra can be expressed as a dipole strength D. As was
concluded earlier the transitions of the neodymium ion in
LiYF, posses predominantly an electric dipole character.
In order to calculate the electric dipoles one needs the
wavefunctions of the system and an additional set of
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Fig. 1. Comparison of the experimental
LiYF,:Nd*".

energy (cm’ )

and simulated *F,,, —“l,,, transtions in the polarised absorption and magnetic circular dichroism spectra of
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Table 2
Comparison of the labelled experimental and simulated energy levels (in cm™) of LiYF,:Nd*" according to the S, symmetry
Multiplet Label Eer Ecac Multiplet Label Eop
o2 T, 0 0 *Gus | 21812
Tq 130 136 %K 1572 Tye 21830
Tse 180 190 ‘GL)s T, 21 902
| 247 275 K 152 | 21948
| 523 531 *Gu/n Tee 21985
*11a | 1988 K 1e/2 T, 21 994
| 2033 P, | 23 404
Tq 2036 *D(1)s,, T 23898
Tse 2077 Tse 23 942
| 2228 | 24038
Tq 2266 P, Tq 26 264
*1a/a | 3933 3942 Tse 26 344
| 3949 3965 ‘D,), | 28110
BB e © a2
T 4204 4208 o . 28529
5,6 5,6
Toe 4221 4243 T, 28584
T, 4241 4246 ‘D,,, I, 28 803
152 | 5854 5868 o | 29 206
Tee 5913 5926 T, 29 296
T, 5946 5964 Tse 29 377
| 6026 6037 | 29 467
| 6314 6327 Tae 29719
Tse 6348 6367 I, 29 734
T, 6392 6402 e |
Tee 6434 6443 Toe
*Fa/s T, 11542 11 540 Tse 30235
| 11 602 11 580 | 30292
*Farn T, 12 540 12531 | D 30375
Tse 12 550 12 566 I,
| 12 632 12 675 ‘D,,, | 30 450
2H(2)o,5 T, 12 647 12 636 Tye
Tse 12 670 12 690 Ly I, 30548
T, 12736 12791 ‘D,,, |
Tee 12 809 12 806 Liesn Tae 30574
T, 12 843 12 881 ‘D,,, Tse 30599
*Faa | 13 499 13516 A 1asa | 30672
Tee 13524 13533 Tae 30720
*S,,» T, 13 630 13643 Tse 30 758
*Faa | 13 640 13 660 | 30898
*S,,, Tee 13 650 13649 Toe 30925
*Fas | 13 662 13 662 T, 31062
*Fo/z | 14753 14 765 |
Tq 14 783 14 788 Lo I, 31645
T, 14 882 14 884 T, 31743
| 14 896 14903 | 31800
T, 14 954 14951 Tee 31858
’H(2),,,, | 15928 16 012 T, 31890
| 15 976 16 011 | 31934
T, 16 002 16 031 T, 31940
Tse 16 063 16 044 I, 32 048
T, 16 136 16 070 | 32 096
| 16 147 16 100 *H(1)o/» I, 32920
‘G, | 17 163 17 185 T,
T, 17 274 17 278 | 33019
Tee 17 301 17 333 Tee 33104
’G(1),,, | 17 412 17 404 T, 33155
T, 17 423 17 396 ’D(2)s,, | 33433
| 17 479 17 479 T, 33516
Tse 17 653 17 668 *H(1),,,5 Tse 34232
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Table 2. Continued

Multiplet Label Eerp E.c Multiplet Label Eerp E.c
*G,,, T, 19072 19 042 Tos 34289 34303
Toe 19 082 19 081 T, 34338 34310
T.e 19 185 19 196 L., 34 429 34436
T, 19215 19214 T, 34 460 34437
‘G, T, 19 464 19 462 | 34501
T.e 19 564 19 556 L., 34523 34508
T, 19 618 19 620 ’D(2)s,» T, 34641
K 1ar2 Toe 19 668 19 668 Toe 34644
T.e 19 691 19711 F(2)s), L., 38 458 38533
T, 19 700 19 702 Toe 38672 38628
Gy, T, 19 719 19 738 T, 38704 38693
%K 112 T 19727 19 757 F(2),,, Tye 39924 39983
Gy, Toe 19 792 19 742 T, 39970 39 968
K 1312 oo 19 823 19 808 Toe 40070 40 051
T, 19 950 19 976 T, 40 179 40 143
Toe 19973 19 992 ’G(2),,, T, 48010
2G(1),, | 21020 | 48121
T, 21 063 21054 L., 48138
Toe 21072 21001 T, 48235
T, 21083 21098 Toe 48 262
T, 21111 21182 ’G(2),,, Tq 48 925
’D(1)4/5 T, 21283 21318 Toe 49 028
Toe 21335 21335 T, 49 165
*Guas T.e 21 440 21 457 L., 49218
T, 21462 21470 *F(1);,» T, 67 030
Toe 21555 21586 Toe 67 329
K 15/ Tye 21713 21688 Tq 67 566
T, 21730 21721 Tos 67 595
| 21750 21754 ’F(1),), | 68 309
T, 21776 21785 T, 68 739
T, 21806 21818 Tos 68 767

intensity parameters A, values which will be optimised
[9] using the experimental dipole strengths. The expression
of the global dipole strength [10,11] is given in Eq. (2)
where y are the local field corrections. The optimised
intensity parameters are given in Table 3.

2
D = xumo <¢| — pe(l + 28):;|¢’> ‘ *+ Xeo
2
'eZI:Z a‘/\tpAAtp:l (2
Atp

3.3 Smulation of the magnetic circular dichroism

The simulation of the magnetic circular dichroism

Table 3
Intensity parameters (in 10 ** cm) for LiYF,:Nd>* according to the S,
symmetrie

Parameter Parameter value
Ay tiAL, 186+i263

A tiA,, 79+i155

Ao TiA e, —179+i26
Agsp TiAgsy —525-i10
A, tiAg, 228—i434
AgretiAgg 9-i14

requires the Zeeman energy levels and the difference in
dipole strengths for left and right circular polarised light.

The Zeeman levels are calculated by means of one
diagonalisation introducing the free ion, crystal field and
Zeeman perturbations together using the optimised param-
eter sets.

The dipole strengths for left and right circular polarised
light are calculated using the Zeeman wavefunctions and
the optimised intensity parameters. The dependence of the
optimisation of the parameter sets is clear.

3.4. Graphical comparison of experimental and
simulated polarised absorption and magnetic circular
dichroism

The graphical simulation is performed using Eqg. (3) for
the polarised absorption spectra and Eq. (4) for the
magnetic circular dichroism [12].

I L)
€(ver,T) = 327, g—a Deac for(®) (3)
Ae(;Zeeman’T) _ 327;Zeemanxa(T)(DiaJc — D(r:ajc) fZeeman(;)

H B H

(4)
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with: €, extinction coefficient (1 mol ~* cm™*); v, position
of the crystal field (CF) or Zeeman transition (cm™); T,
temperature (K); H, magnetic field (G); X,, population of
the ground field level; g,, degeneration of the ground field
level; D, caculated dipole strength (Debye?); (),
form function (Lorentz or Gauss).

These graphical simulations are carried out for the
complete optical region. We present here (Fig. 1) the
*Fg,, s, transiions [12] which illustrate the
neodymium®" spectra in a single crystaline state. The
bands are very narrow and the transitions are not well
separated with an overlap of the bands.

4, Conclusions

In this paper the optimisation of the free ion, crysta
field and intensity parameters of LiYF4:Nd3+ is carried out
and evauated by means of a graphic comparison between
the simulated and experimental data. Not only are the used
experimental polarised absorption spectra to optimise the
parameters compared but, also, another phenomenon can
be predicted: magnetic circular dichroism. The position of
the transitions is very well predicted, and the comparison
of the intensity of the transitions is satisfying.

This shows the independence of the parameter sets of
one technique, and proves its value in predicting other
properties.
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