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Peculiarities of electron-phonon interaction
in Pr3+ centers of SrCl,:Pr single crystals
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The luminescence excitation and emission spectra of SrCl,:Pr single crystals containing
0.2 mol. % Pr were investigated at T = 10 K using vacuum ultraviolet synchrotron radia-
tion. From analysis of the fine structure of the low-energy excitation band of an activator,
the following main frequencies associated with the local structure of the activator centers
were found in the phonon spectrum of SrCl,:Pr crystal: 194; 210; 266 and 298 cm L,

IIpu Temneparype 10 K wucciemosan croekTp Bos3OYyKIeHUSA aKTHBATOPHOI JIOMUHECIIEH-
nuu moHokpucrasaos SrClyPr (0,2 M %) nox BosjgeiicTBueM CHHXPOTPOHHOIO MBJIy4YeHUS B
obyiacTu BakyyMHOro yiabrpaduosaera. IlocpencTsoM aHaamM3a TOHKOW CTPYKTYPhl HU3KOIHEP-
TeTUYECKOl IIOJIOCHI AKTUBATOPHOrO BO30OYMKIeHWA HANIEHBI CJIEIVIOIHE IJIaBHBIE YaCTOTHI
(ononnoro cmexTpa Kpuctamra SrCly:Pr: 194; 210; 266 u 298 em~l, KoTOpBIe CBABAHLI ¢
JOKAJILHOM CTPYKTYPOH aKTUBATOPHUX I[€HTPOB.

Oco6ausocmi enexmpon-pononnoi 63aemodii 6 Pr3* yenmpax MOHOKPUCTMANLLE
SrCl,:Pr. O.T.Anmonarx, A.C.Borowunoscvruii, B.B.Bicmoecvruil, .M. 9oprodonvcvicuil.

3a remueparypu 10 K pmocaimxeno cuexTp 30ymKeHHA AKTHBATOPHOI JIOMiHecmeHiii
monoxpuctanis SrCly:Pr (0,2 M %) mig BIIMBOM CHMHXPOTPOHHOTO BUIPOMIHIOBAHHA B 06-
JacTi BAaKyyMHOTO yabTpadiosery. 3 aHanisy TOHKOI CTPYKTYPU HUSLKOEHEPTreTUUHOI CMYyTHU
aKTUBATOPHOrO 30yAsKeHHs 3HANJeHO TaKi roJoBHI YacTOTU (POHOHHOTO CIEKTpPa KPUCTAJA
SrCl,:Pr: 194, 210, 266; Ta 298 em™l, Mo TOR’A3aHI 3 JOKATBHOI CTPYKTYPOI AKTHBATOD-
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HUX T€HTPiB.

1. Introduction

SrCl, single crystal belongs to the cubic
fluorite-type structure [1] and turns out to
be a suitable crystalline matrix for model-
ling the electron structure of rare-earth ac-
tivator centers. The activator trivalent lan-
thanide ions (Ln3*) replace Sr2* cations in
regular sites of a crystal lattice. The intro-
duction of trivalent lanthanide ions into the
SrCl, crystal lattice leads to formation of
activator centers with different local struc-
tures which depend on the mechanism of
excess charge compensation and concentra-
tion of impurities [2, 8]. In particular, the
tetragonal (C4,) Ce3*-centers are the major
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centers in SrCl,:Ce single crystals with
small concentrations of the activator
(2.0-1074 < Cce < 1.2:1073 mol.%) [4]. For
these centers, the fine electron-phonon
structure of the absorption and lumines-
cence spectra caused by both crystalline and
pseudolocal vibrations was revealed in
SrCl,:Ce crystals [4]. An increase of cerium
concentrations leads to formation of rhombic
(C5,) and more complex cluster centers of the
activator in SrCl,:Ce (Cgg = 1.5:1071 mol.%)
crystals, which is accompanied with in-
crease of the electron-phonon interaction
and with complication of the phonon spec-
trum [5]. Thus, there is a correlation be-
tween the local structure and the activator
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center frequencies of pseudolocal and local
vibrations of the matrix in vicinity of the
activator ions. Therefore, we have con-
ducted the detailed analysis of the fine
structure of luminescence excitation spec-
trum of SrCly:Pr (Cp, = 0.2 mol.%) crystals
characterized by intense activator lumines-
cence [6], trying to connect the frequencies
of phonon spectrum with the local structure
of the activator centers in SrCl, matrix.

2. Experimental

SrCl,:Pr (Cp, = 0.2 mol. %) single crystal
was grown in the evacuated and pre-graphi-
tized quartz ampoules using Bridgman-
Stockbarger method. Raw materials were
purified from oxygen-containing impurities
using treatment of the melt by CCl, [7]. Pr
impurity was added to the erystal composi-
tion in the form of PrCly compound. Meas-
urements of luminescence excitation and
emission spectra of SrCly:Pr (0.2 mol. %)
crystals were performed using the equip-
ment of SUPERLUMI Laboratory (HASY-
LAB, DESY, Hamburg) [8]. Temperature
measurements at 10 K were carried out in
the helium cryostat. The luminescence spec-
trum was measured in 200-550 nm spectral
range with resolution of 1 nm using a
monochromator-spectrograph ARS "Spectra
Pro 308" with a focal length of 30 cm,
equipped with a CCD detector and
HAMAMATSU R6358P photomultiplier.
The luminescence excitation spectrum was
measured in 5—22 eV range using a mono-
chromator with a focal length of 2 m and
resolution of 4.0 A. The luminescence exci-
tation spectrum was corrected on the inten-
sity of the incident photon flux.

3. Results and discussion

Luminescence of SrCly:Pr crystals excited
by synchrotron radiation at 10 K

The luminescence spectrum of SrCl,:Pr
(Cpr = 0.2 mol. %) crystal obtained under
excitation by a quanta hv,, =5.7 eV at
10 K, consists of two main groups of emis-
sion bands: a short-wave group in the UV
region and a long-wave group in 480-
500 nm spectral range (Fig. 1). The short-
wave group contains two pairs of close
emission bands having peaks at 248.5 nm
and 261 nm, 283 nm and 295 nm, and one
separate band with a maximum at 325 nm.
Among the observed emission bands, the
band at 248.5 nm was the most intensive,
whereas the band having a peak at 325 nm
was the weakest. The group of the long-
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Fig. 1. Luminescence spectrum of SrCl,:Pr
(0.2 mol. %) crystal excited with hv, =
5.7 eV synchrotron radiation at 10 K.

wave bands has peaks at 488 nm and
495 nm, the first of which dominates at
10 K. One can notice that the short-wave
luminescence bands are characterized by a
half-width ~ 0.2 eV, that is one order
greater than the half-width of the long-
wave bands (~ 0.03-0.04 eV). Location of
these luminescence spectrum bands is, in
general, in a good agreement with the data
of [6]. The bands correspond to the follow-
ing transitions in Pr3+-centers: 4f15d — 3H,

(248.5 nm); 4fl5d —»3H, (261 nm);
4f15d — 3Hg (283 nm); 4f15d — 3F4
(295 nm); 4f15d > 1G, (325 nm);
3Py > 3H, (488 nm) and 3P;; —3H,
(495 nm).

These data well coincide with the results of
[6], obtained for polycrystalline StCL:Pr (0.5 %)
samples, except of 4f15d — 3Hg (283 nm)
band, fixed by us for better separation of
the luminescence spectrum in the single
crystals.

Narrow (~ 0.03 eV) band at 488 nm of
the long-wave part of the luminescence
spectrum is obviously responsible for intra-
configuration transition between 4f2 con-
figuration levels, the provisions of which
are consistent with described in other crys-
tals doped with praseodymium, in particu-
lar, in [6]. This leads us to referring this
band to 3P2 - 3H4 transition. Complex lu-
minescence band of 495 nm obviously corre-
sponds to 3Py ; — 3H  transitions.

The identified experimental luminescence
transitions were used in constructing an en-
ergetic scheme of the lower levels of Pr3+
ions (i.e., 4f2 configuration) in the SrCl,
crystal lattice (Fig. 2).
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Fig. 2. Energetic scheme of the lower 472 con-
figuration Pr3* levels in SrCl, crystal lattice.

Phonon structure of the luminescence ex-
citation spectrum of SrCly:Pr (Cp, = 0.2 mol. %)
crystal under synchrotron emission excita-
tion in the region of 5-22 eV at 10 K is
only revealed for the low-energy region (5—
6.5 eV), which corresponds to 4f2—4f5d ab-
sorption of the activator centers (Fig. 3).

Detailed consideration of the lumines-
cence excitation bands for the low-energy
region shows that they contain several zero-
phonon lines corresponding to electron (f—d)
transitions accompanied with vibrational
repetitions (i.e., phonon sidebands) (Fig. 2).
The analysis of this region of the lumines-
cence excitation spectrum reveals several se-
ries of vibrational replicas with different
frequencies of phonons. The following main
phonon series in the low-energy range can
be distinguished: 1) zero-phonon line A
(5.147 eV) with its four vibrational repli-
cas: A; (5.180 eV), Ay (5.218 eV), Ag
(5.246 eV) and A, (5.279 eV) — with pho-
non energy hvy,, = 0.033 eV (266 em™1); 2)
zero-phonon line Bj (5.858 eV) with two vi-
brational replicas B; (5.382 eV) and B,
(5.406 eV) with hvy,, = 0.024 eV (194 em1);
3) zero-phonon line Cj (5.527 eV) with two
vibrational replicas: C; (5.564 eV) and C,y
(5.601 eV) — with hvgp, = 0.037 eV
(298 cm™1); and 4) zero-phonon line D,
(56.640 eV) with two vibrational replicas: D;
(6.666 eV) and D,y (5.692 eV) — with hv4ph
=0.026 eV (210 em1). The above men-
tioned electron-vibrational bands in the low-
energy region of the luminescence excita-
tion spectrum can be ascribed to vibration
of the Pr3* activator centers in the regular
positions of the lattice. Moreover, in the
considered region of the luminescence exci-
tation spectrum there were observed addi-
tional weak bands denoted as X, (5.105 eV)
with one vibrational repetition X,
(5.187 eV) (vj,, =258 cm™!) and Y,
(5.442 eV) with two vibrational repetitions:
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Fig. 3. Fine structure of the low-energy f-d
band of the excitation spectrum for emission
band peaked at 291 nm in SrCl,:Pr (0.2 mol. %)
crystal at 10 K.

Y, (5.465 eV) (vy,, =185 em™!) and Y,
(5.502 eV) (Vph = V2ph + Vgon = 185 cm_l +
299 cm1)). These additionaf X and Y weak
series can be assigned to the vibrations of
Pr3* ions located in ecrystallographic in-
equivalent positions of SrCly:Pr crystal lat-
tice.

The spectral parameters of vibrational
structure of the low-energy f—d band in the
luminescence excitation spectrum of the
centers of Pr3+ in SrCly:Pr crystals are col-
lected in Table. Among the four observed
main phonon frequencies (194 cm™1,
210 ecm™1, 266 ecm™!, and 298 ecm™1) in the
luminescence excitation spectrum  of
SrCly:Pr crystal, one of them (210 em 1) is
close to A;, frequency of the fully symmet-
ric vibration of the crystal lattice forming
the vibrational structure of absorption and
luminescence spectra in SrCI2:Yb2+
(209 em ™1 [9], 210 em ™! [10]), in SrCl,:Sm2*
(218 em™! [11]), in SrCl,:Eu?* (210 cm™!
[12]), and in SrClyTm?* (212 em™1 [13])
crystals, where Ln2* lanthanide ions are lo-
cated in the cubic crystal field. Therefore,
it was logical to suppose that the phonons
with frequency V4p§l =210 ecm™! can occur
in the cubic (Op) Prot centers with non-local

compensation of the excess charge in
SrCI2:Pr3+ crystal.
Four vibrational repetitions of A

(5.147 eV) zero-phonon line are caused by
the phonon with frequency v;,, — 266 em™1,
which is close to the phonon frequency
242 em™! detected in SrCl,:Ce3* crystal [4]
and attributed to the pseudolocal vibrations
of CI~ compensator in the structure of
tetragonal Cy,-centers. This result indicates
the presence of C,,-centers with local compen-
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Table. Vibrational structure of the low energy f—d excitation band of Pr3* centers in SrCl,:Pr
(0.2 mol. %) crystals at 10 K (v, — frequency of the electronic transition)

Excitation E;, eV Vi, em ! Av,y) = V; = Vg, Excitation E;, eV Vi, em~ L Av,y) = V; = Vg,

band cem 1 band cem 1
Ay 5.147 41511 0 Cy 5.527 44575 0

A, 5.180 | 41777 vO + 266 c, 5.564 44874 vO + 299
Ay 5.213 42043 v, + 266 C, 5.601 45172 v; + 298
Ag 5.246 42309 v, + 266 D, 5.640 45486 0

Ay 5.279 42575 vg + 266 D, 5.666 45696 vy + 210
B, 5.358 43212 0 D, 5.692 45906 v, + 210
B, 5.382 43406 vo + 194 Y, 5.442 43890 0

B, 5.406 | 43599 vl + 193 Y, 5.465 44075 VO + 299
X, 5.105 41172 0 Y, 5.502 44374 v; + 299
X, 5.137 41430 vy + 258

sation of Pr3* excess charge by CI~ anions
located in the neighboring interstitial sites of the
SrCly:Pr (0.2 mol. %) crystal lattice.

Phonons with frequencies Voph = 194 em™
and vg,;, = 298 ecm™! were not observed ear-
lier in pure and activated SrCl, crystals.
These phonons can be attributed to the local
vibrations of anionic environment of Pr3+
centers including Pr3* clusters in SrCly:Pr
(0.2 mol. %) crystal. Using the analogy
with SrCI2:Ce3+ crystals containing
0.15 mol. % Ce, which show the presence
of Ce3* tetragonal centers (local symmetry
— Cy,) and complex clusters of Ce3+ centers
with the local symmetry C,, and more com-
plex clusters [5], it was supposed that in
SrCly:Pr (0.2 mol. %) crystal there are sin-
gle (i.e. isolated) Pr3*+ centers and complex
clusters of Pr3*+ centers. Using site-selective
laser spectroscopy in CaF2:Pr3+ crystals,
which are isostructural to SrCl, crystals,
there were registered 10 main types of Pr3+
centers including clusters containing two or
more Pr3* ions [14]. Recently, having ana-
lyzed the luminescence and luminescence ex-
citation spectra, there were found three
types of Pr3t-centers with different local
symmetry in CaFZ:Pr3+ crystals [15, 16].

Thus, we can argue that the fine struc-
ture of the low-energy region of lumines-
cence excitation spectra in  SrCl,y:Pr
(0.2 mol. %) crystal is formed by zero-pho-
non lines corresponding to 4f2 — 4f5d tran-
sitions of the single and complex Pr3+* cen-
ters with different local structure and by
their vibration replicas.

1
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4. Conclusions

The fine structure of the luminescence
excitation band of Pr3* in SrCly:Pr
(0.2 mol.%) single crystals formed by zero-
phonon transitions and its vibrational repli-
cas in Pr3* centers was revealed at 10 K.
After analysis of the fine structure, the fol-
lowing main phonon frequencies were
found: 194 em™1, 210 em™1, 266 em™! and
298 em 1. Two of these frequencies
(210 ecm™! and 266 em™1) were attributed to
pseudolocal vibrations that occur within
cubic (Op) and tetragonal (C,,) centers of
Pr3+, respectively, the other two frequencies
(194 cm~ ! and 298 em™1) were attributed to
the local vibrations in the cluster praseo-
dymium centers.
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