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Cooperative luminescence sensitisation and spontaneous Raman
scattering in a borate glass doped with Pr 3* and Nd>" ions

G.F. Chanturia, L.M. Kutaladze, R.A. Tatarashvili, A.N. Shchegolikhin

Abstract. Cooperative sensitisation of luminescence of Nd*"
ions at the *F; 2 — ‘I3 /25 I /2 transitions by Pr" ions was
observed in a borate glass doped with Pr¥* —Nd*" ion pairs.
The luminescence was excited by a 800-mW, 1.064-pm
Nd*":YAG laser. Simultaneously, spontaneous Raman
scattering was observed in glasses containing Pr3t-Nd**
ion pairs or only Pr3" ions. The Stokes shift from the 9398-
em ! excitation line is 794 cm~'. The mechanism of
nonradiative energy transfer is discussed.
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The sensitisation and quenching of luminescence in inor-
ganic glasses doped with donor—acceptor pairs of trivalent
rare-earth ions occur due to nonradiative energy transfer
between interacting rare-earth ions and between excited
ions and a glass matrix. In the latter case, the excitation
energy of a rare-earth ion transfers to a glass matrix due to
multiphonon nonradiative relaxation, which is present in
glasses of all types at any dopant concentrations [1].

The processes of energy transfer have been most
extensively studied in oxygen-containing glasses, in parti-
cular, silicate glasses doped with the Pr’* — Nd3*, Tb*" —
Yb**, Eu*t - Yb3*, and Tm>" — Ho*" ion pairs [2-5].
Cooperative nonradiative energy transfer from excited Pr>*
ions to the ground-state Nd>" ions in a silicate glass doped
with Pr¥" — Nd*" pairs accompanied by the cooperative
sensitisation of luminescence at a wavelength of 1.35 um
was studied in Ref. [6].

Because the efficiency of nonradiative energy transfer
depends substantially on the glass base, modifiers, compo-
sition, and dopants, it is interesting, both from the scientific
and practical points of view, to study this process in oxygen-
containing glasses of other types, for example, in borate
glasses, where the efficiency of multiphonon nonradiative
relaxation is the highest.
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In this paper, we have found for the first time, to our
knowledge, that resonance Raman scattering is observed
simultaneously with cooperative sensitised luminescence in a
borate glass doped with donor—acceptor Pr** — Nd** jon
pairs.

We studied glass samples containing components at the
following weight concentrations: 65% of B»Os, 17% of
Al;O3, 15% of K>0, 1% of Pr,O3, and 2 % of Nd»Os. The
glasses were synthesised from chemically pure and extra
chemically pure reagents and the samples were prepared in
the form of rectangular plates of size 1.5 x 1.5x 0.3 cm. The
luminescence spectra were recorded using a setup consisting
of a 1.064-um, 800-mW cw Nd**: YAG laser, MDR-23
monochromator, and a FEP-4 photoelectric detector. The
experiments were performed at room temperature.

Luminescence was excited by a cw laser radiation at the
H, —'G, transition from the ground state of a Pr’" jon
(Fig. 1). Tt was established that two Pr®* jons absorb
separately one pump photon each and simultaneously
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Figure 1. Simplified energy level diagram for the Pr** and Nd>** ions
demonstrating nonradiative energy transfer in a borate glass. The solid
arrows directed upward and downward denote absorption and emission,
respectively. The dashed and wavy arrows denote nonradiative energy
transfer and multiphonon relaxation, respectively.
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transfer their energy to a Nd** jon in the ground state. This
ion is excited to the G, /2 level and then relaxes to the 2 /2
metastable level, from which luminescence observed in our
experiments occurs (see details in Ref. [6]). Absorption to
the 'G, level represents a broad band with a maximum at
1.02 um and the optical density ~0.04 at the maximum.

Silicate and borate glass samples doped with Pr3*—
Nd*" ion pairs exhibited luminescence bands of Nd*" jons
at the 4F3/2 — 4113/2, 419/2 transitions with maxima at 1.35
and 0.88 um, respectively (Figs 2, 3).

The analysis of possible energy transfer processes
performed in Ref. [6] suggests that these bands belong to
cooperative sensitised luminescence of Nd** jon as well.
However, the intensity of this luminescence in the borate
glass is lower, while the bands are broader (Figs 2 and 3).
Glasses doped separately only with Pr’t or Nd*' ions
exhibit no luminescence when excited at the same wave-
length.
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Figure 2. Spectra of cooperative sensitised luminescence of Nd** at
1.35 pm in borate (/) and silicate (2) glasses doped with Pr3* —Nd>*
ion pairs.
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Figure 3. Spectra of cooperative sensitised luminescence of Nd>* at
0.88 pm in borate (/) and silicate (2) glasses doped with Pr3* —Nd**
ion pairs.

Glass samples doped with Pr’* —Nd** pairs showed,
along with cooperative sensitised luminescence bands, the
1.162-pm band of small width AA ~ 30 A (Fig. 4a). Emis-
sion at this wavelength was also found in samples doped
only with Pr*" ions, its intensity being almost five time
higher than that in samples doped with Pr¥*—Nd** jon
pairs (Fig. 4b). Glass samples of the same thickness that did
not contain rare-earth ions exhibited emission at 1.162 pm
upon the same excitation, the emission intensity being half
the luminescence intensity of sample doped with Pr*—
Nd** ion pairs.
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Figure 4. Spectra of cooperative sensitised luminescence and the Raman
line in a borate glass doped with Pr3* —Nd** ion pairs (a) and only with
Pr** jons (b). The line intensities are presented at the same scale.

It is obvious that this emission cannot be assigned to
luminescence of Nd** or Pr®* ions because they do not
have the appropriate energy levels. The wavelength and
width of this emission line corresponds to the spontaneous
Raman line in a borate glass matrix [7]. According to
Ref. [7], the frequency shift Av of the Stokes component of a
spontaneous Raman line in a single-phase B>Os glass is
808 cm~!, while this shift in glasses studied here is
794 cm™'. The discrepancy by 14 cm™' is explained by a
more complex composition of our samples, which contain
along with the glass forming B,Os3 also Al,O3 and K,O
modifiers. Unlike Ref. [7], we observed a variant of sponta-
neous Raman scattering — resonance Raman scattering
whose intensity increases when excitation is performed
into the electronic absorption band of matter [8]. We failed
to observed the anti-Stokes component of spontaneous
Raman scattering.

Cooperative sensitised luminescence and Raman scatter-
ing are observed simultaneously due to a competition
between two types of nonradiative energy transfer: coope-
rative transfer, which 1is responsible for cooperative
sensitisation of luminescence, and multiphonon nonradia-
tive relaxation, which is responsible for Raman scattering.

Glass samples doped only with Pr** ions do not exhibit
cooperative sensitised luminescence bands, but the Raman
line intensity increases in them. Therefore, cooperative
nonradiative energy transfer is absent in the absence of
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Nd** ions, and Raman scattering is determined by multi-
phonon nonradiative relaxation. Among oxygen-containing
glasses, a borate glass has the most intense and broad
spectrum of fundamental vibrations of the matrix (of the
B—0O bond) with the high-frequency boundary v, achieving
13801480 cm™' [9]. The efficiency of multiphonon non-
radiative relaxation strongly increases at such high values of
V- This results in a low quantum yield of luminescence of
rare-earth ions in borate glasses. In our case, the Pr®" ion is
excited to the 'G, level by absorbing a laser photon at
1.064 pm. Luminescence from this level in silicate and
borate glasses is very weak [10] due to efficient multiphonon
nonradiative relaxation. All the energy accumulated on this
level transfers to a glass matrix due to multiphonon
relaxation going successively through all the lower electronic
states, resulting in the enhancement of the intensity of the
B—-O bond vibrations. These vibrations should be man-
ifested in the spontaneous Raman spectrum.

Therefore, we have observed simultaneously cooperative
sensitised luminescence in the regions at 0.88 and 1.35 pm
resonance Raman scattering at 1.162 ym shifted by
794 cm™! and having a linewidth of 25 cm™! in a borate
glass doped with Pr’*—Nd** donor—acceptor pairs.
Glasses doped only with Pr* ions exhibited only resonance
Raman scattering. These results stimulate further studies of
resonance Raman scattering in optical fibres for the
development of Raman fibre lasers and amplifiers. It is
promising to use 1-pm high-power laser diodes for pumping
in these studies.
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