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Uranium(3+) doped single crystals of CszLiYClg with a 0.3 and 2.0%
Ut concentration have been obtained by the Bridgman-Stockbarger method.
Luminescence spectra of the crystals were recorded at 27 and 15 K, respec-
tively. The emission bands observed in the visible and near infrared regions
have been assigned to transitions from the *112, *F3/2, and ‘Gy; levels to
the 419/2 ground level.

PACS numbers: 33.50.Dq, 33.55.Be, 71.70.Ej, 81.10.Fq

1. Introduction

In this paper we present an analysis of luminescence spectra of uranium(3+)
doped Cs,LiYCls single crystals at 15 and 45 K. A preliminary study of similar,
CsaNaYClg : U3t single crystals, has been presented earlier [1]. Since in the in-
vestigated elpasolite crystals the central metal ion posses the Op site symmetry
vibronic transitions are an order of magnitude stronger than the electric .dipole
ones and are very snitable for spectroscopic investigations.

2. Experimental

Uranium(3+) doped single crystals of<Cs3LiYCls with a 0.1% uranium con-
centration were grown by the Bridgman—Stockbarger method using Cs,LiUCl¢ as
the doping substance. Polished plates of ca. 6 mm in diameter and 1 to 5 mm thick
were used for measurements of the luminescence spectra.

For the preparation of CssLiUCls a well-grinded stoichiometric mixture of
CsCl, NaCl and NH4UCl4-4H20 [2] was first heated in a quartz tube at a non-static
vacuum of ca. 10=6 hPa. In order to convert NH4UCIy - 4H,0 into UCl3, the tem-
perature of the furnace was slowly increased from 20 to 350°C. Next the tube was
sealed off and the mixture heated for 24 h at 300°C. Subsequently the temperature
was slowly decreased and the mixture heated at 400°C for 7 days. An ink blue
fine crystalline powder was obtained. The compound was stored under nitrogen in
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sealed tubes. CsaLiYCls was obtained by evaporating stoichiometric amounts of
Cs2COs, LiCl and Y203 from a 10 M HCI solution.

The emission spectra were recorded at 15 K and 45 K on a Jobin-Yvon
HR 1000 monochromator using an Oxford cryogenic cryostat. As detectors the
Hamamatsu R928 photomultiplier and a PbS diode were used. The emission spec-
trum was obtained by selective excitation of particular f-f lines with a YAG laser
pumped dye laser.

3. Results and discussion

In TFigs. 1, 2 the emission spectra of the CssLiYClg : U3+ single crystals in
the visible and infrared range are presented. The bands observed in the 12000-
13000 cm™! range were assigned to transitions from the 4Gz, level to the three
crystal-field components of the %o/, ground level. In this range one does not
observe zcro— phonon transitions but only the vibronic structures connected with
these transitions. The positions of the zero-phonon transitions were determined
basing on the Stokes and anti-Stokes transition symmetry as well as on an analysis
of the observed r-petitive vibronic structures.
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Fig. 1. Fluorescence spectra showing the 4F3/2 — 419/2 transitions at 15 K in the
U3t: Csz LiYClg crystals.

A similar rich and well-resolved vibronic structure was observed in the 6000-
7000 e~ range from which emission to the three crystal-field components of the
ground manifold al's, I's and bI's takes place from the lowest crystal-field com-
ponent of the 4F3/-_> level. In this range one may observe also two zero-phonon
lines most probably connected with magnetic-dipole transitions at 6995 em—!
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. . TABLE
fal/g I—:—» Iyj2 and ‘G7/2 — *Iy)2 luminescence spectra of the U3+:Cs;LiYCls crystals
a {.

Gz y2 — gy, transition F32 — ) transition
Line? | Wave number | Assignment of lower | Line | Wave number| Assigment of lower
[em~1) level® [em™1) level®
(1) 12967 al} 1 6995 aly
2 6955 als + S5(40)
2 12918 als + Se(50) 3 6945 als + S5 (50)
3 12902 als + S10(65) 4 6933 als + $10(62)
4 12884 al's + S10(83) 5 6914 al's + 510(81)
(5) 12874 I 6 6902 T
6 12872 als + S7(95) 7 6898 als + S7(97)
8 6887 als + S7(108)
7 12828 I'c + S (46) 9 6855 Is 4 Sp(47)
10 6834 Is + $10(68)
11 6817 I's + 510(88)
8 12777 I 4 57(97)
9 12735 als + S6,52ZB(232) | 12 6764 al's + Sg,5,ZB(231)
10 12726 als + Ss(241) 13 6752 als 4 Sg(243)
1 12649 I6 + S6,5:ZB(225) | 14 6701 I's + Sg,S2ZB(201)
12 12632 Is + Ss(242) 15 6668 I's + Ss(234)
(13) 12371 bl 16 6400 bl
14 12321 bl + Sg(50) 17 6350 bl + S5(50)
15 12305 bl + S10(66) 18 6337 bl + S10(63)
16 12289 bl + S10(82) 19 6319 b5 + S10(81)
17 12274 bls + S7(97) 20 6302 bI's + S7(98)
18 12242 bl + S7(129) 21 6291 bl + S7(109)
19 12150 bl + S6,52ZB(221) | 22 6169 bIs + Ss,S52ZB(231)
20 12128 bl 4 Sg(243) 23 6157 bl + S5(243)

@ Lines in brackets are zero-phonon lines, not observed in the spectra.
% The upper level is 4G7/2(F7).
¢ The upper level is 3/2(13).

(I's — al's) and 6400 em™! (I's — bI's). The third one is most probably cov-
ered by the strong vibronic side bands.

In the 4000-4400 cm™! spectral range one observes together with some low
intensity vibronic transitions, two distinct zero-phonon lines connected with the
forbidden electric-dipole transitions from the lowest crystal-field level of the T /2
manifold to the cxcited crystal-field components of the ground level.

The performed analysis enabled the determination of the energies of the
excited components of the ground level equal to 93 (I%s) and 595 (bI's) em™! as
well as the assignment of the observed vibronic modes which are summarized in
Table. In the assignment of the vibronic bands we followed the earlier reported
analysis of Nd3* [3] and U3+ [4] ions in CsaNaYClg single crystals.



370 M. Karbowiak, E. Simoni, J. Draz'd?:'yriski, S. Hubert

: 4
35 |
16 e
3
%0
15
17
2
25 |-
20 |-
2019 g
15
ALY AR S TR NN NEPRN RPN S S S

12000 12100 12200 12300 12400 12500 12600 12700 12600 125800 13000 13100
WAVENUMBER {cv1)

Fig. 2. TFluorescence spectra showing the 4G'-;/g — 4I,;/z transitions at 15 K in the
U3+: Cs, LiYClg crystals.
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