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Single crystals of praseodymium tribromide heptahydrate were grown
from aqueous solution. The IR, Raman, and high resolution absorption spec-
tra were measured at room and low temperatures. The assignments of IR
and Raman frequencies are reported. The temperature dependence of in-
tensities was found and vibronic coupling in f-f transitions was analysed.
Anisotropy of the intensities of optical lines was detected and taken into
account in the Judd-Ofelt analysis of the f-f transitions probabilities. The
results are compared to the available IR and electron spectroscopic data for
other single crystals of lanthanide bromides.

PACS numbers: 78.20.Wc, 78.55.Hx, 78.20.D,ß, 78.66.—w

1. Introduction

The spectroscopic properties of NdBr•3.6H2O and ΕuBr3.6H2O monocrystals
were reported and compared by us to those of other neodymium and europium
monomeric compounds [1].

Recently, Gudel et al. [2] published the spectroscopic results for the anhy-
drous lanthanide bromides and analysed the cooperative effect in those systems [3].

Single crystals of the 4f and 5f metals bromides are assumed to be isomor-
phic with LnCI3 6 I2O [4,5]. On the basis of X-ray data for GdCl3 . 6H2O [6] and
NdCl3 .6H2O [7] it was shown that in these chlorides two Cl - anions are in the first
coordination sphere. By analogy, in isomorphic NdBr3 6H2O compound two Br-
anions are inner-Sphere higands and the point symmetry of the Nd 3+ ion should be
C20. Our spectroscopic studies of Nd and Eu tribromide hexahydrate monocrys-
tals seem to confirm the above symmetry [1]. The X-ray structure of ΡrCl3. 7H2O
differs from the heavier lanthanide trichloride hexahydrate [8]. The former com-
pound is a dimer, in which two chloride bridges are formed, with coordination

number (C.N.) = 9 for Ρr• 3+ ion: (H2O)7Ρr /Cl\ Ρr(H2O)7.. The praseodymium

tribromide heptahydrate, isomorphic with the corresponding chloride, is a dimer
with bromide bridges linking two Pr atoms. It could be reflected in spectroscopic
properties of ΡrBr3 • 7HO monocrystals.

(431)
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2. Experimental

The monocrystals of praseodymium tribromide heptahydrate ΡrBr3 • 7H2O
were grown from aqueous solutions. The concentration of Pr 3+ ions was determined
complexometrically using xylenol orange as the end-point indicator [9]. The crys-
tals were checked by X-ray diffraction (triclinic, α = 8.238(4) Å, b = 8.516(2) Å,
c = 9.368(5) Å, α = 71.9(3) 0 , β = 73.0(4) 0 , γ = 8I.2(3)°). The density of
ΡrBr3 • 7H2O (p = 2.73 g cm -3) was measured by the flotation method.

Absorption spectra at room and low temperatures were recorded on a Cary·-
Varian 5 spectrophotometer equipped with helium flow cryostat in the region
420-2200 nm. The room temperature spectra were obtained for different crystal
orientations. The intensities of optical lines were calculated using TAUS program,
transformed to tle oscillator strength values and applied to calculate the τλ pa-
rameters. The IR spectra were recorded in 50-4000 cm -1 region using a Bruker
FT-IR 113V spectrophotometer

The Raman spectra were recorded at 300 K in the 40-500 cm -1 region. As
the excitation source the 488 and 514.5 nm lines of Ar+ laser were used. A double
monochromator -WS 24 manufactured in the LOMO optical works (Russia) and a
cooled GaAs photomultiphier witl a computer detection of 2 cm -1 resolution were
applied in the measurements.

3. Results and discussion

Absorption spectra of Ρι•Cl3 •7H2O for two different orientations of crystals
(at room temperature) and in one orientation (at 4 K) are shown in Fig. 1. The os-
cillator strength values of the f-f transitions are listed in Table I. A change of the
single crystal orientation leads to significant fluctuations in the individual compo-
nents of the f-f transition intensities (markedly detected in the bands correspond-
ing to 3H4 --> 3Ρ1, 1D2 transitions), similar to those observed for ΝdBr3 • 6H2O
monocrystals investigated by us previously [1]. The anisotropy effect of intensities
is clearly seen in the changes of oscillator strengths collected in Table I. The mean
values of oscillator strengths for two orientations of the crystal were used to cal-
culate τλ parameters from the Judd-Ofelt relation (in the form given by Carnall
et al. [10]):

where u( >') are matrix elements of unit tensor operator of the order λ, fΝψJ
and fΝΨJ' are the initial and final states of electronic transitions, J is the total
quantum number, σ is the wave number of the Ψj Ψ'j, transition in cm -1 .

The size of single crystals made impossible calculation of intensities for three
orientations. The evaluated values of τλ parameters are given in Table I, including
also root mean square deviations.

Tle Set of Seven bands was considered in order to determine the Judd-Οfelt
parameters. Unexpectedly good estimation of the parameters was obtained from
oscillator strength values of f-f transitions evaluated from praseodymium single
crystal spectra (set I). The variations of the transitions included into calculation
procedure yielded three different Sets of parameters. TIe best fit was .reached
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when 3F3 and 3F4 transitions were eliminated (set II); in this calculation the 1G4
transition intensity was the wiont determined. The results comparable to them
could be obtained when excluding the 3F3 bands (set III). The fitting procedure
used in the Second and third variations of transitions gives almost ideal results for
3F2 band intensity. The errion of the estimation of τλ parameters are relatively low
compared to other reported results available for praseodymium systems [10, 11].

Decreasing temperature down to 4 K was accompanied by decreasing oscilla-
tor strength values. This effect was more pronounced than in single crystal spectra
of other Ρr3+ compounds reported recently [12]. Decrease in intensities with low-
ering temperature could be caused both by the changes in population of Stark
components of 3^[4 ground level of Ρr3+ ion, as well as by vibronic coupling.
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According to vibronic transitions probabilities [13,14], one would await relatively
strong vibronic coupling for lanthanide bromides, since f—d transition is located at
low energy. The measurements of absorption spectra in the UV region (for powder
PrBr3 7H2O in oil) located the first f-d transition at 42600 cm -1 (see Fig. 1),
and at somewhat higher energies than it was detected by Nugent et al. [15] for

ΡrBr63—complexes.
The absorption spectra at 4 K are presented in Fig. 1. Complex structure of

bands was recorded. Since the number of strong optical lines exceeds that expected
from X-ray results, one could assume some deviation in the crystal structure with
temperature lowering. The observed phenomenon could be also given b y cooper-
ative absorption in system with dimeric structure, with two praseodymium ions
being coupled [2, 12, 16, 17]. Careful analysis of the absorption spectra of diluted
crystals should help in explanation of the obtained results. It is worth noting that
3P0 band is composed of two components at 4 X. Confrontation of the low tem-
perature absorption spectra with the frequencies detected in the Raman ones (at
67 and 89 cm- 1) Seems to confirm the above assumption.

Temperature dependence of 3II4 —ł 3Ρ0 transition (see Fig. 2) allowed to
determine partially the scheme of energy levels of the ground state 3H4 term.
The successive Stark components could be noticed as energies 12(a), 21(b), 34(c),
45(d), 67(e?), 80(f?), 116(g?), and 147(h?) (all in cm 1).



Spectroscopic Studies of ΡrBr3 • 7H2O Monocrystal 	 435

The IR and Raman spectra for the compound studied were discussed on the
basis of real structure of the complex. The triclinic unit cell of the Ρ1(C1i) sym-
metry consists of 2 formula units comprising 50 atoms. The coordination number
of praseodymium is 9 and the site symmetry C1. Because of the dimeric struc-

ture of the complex, (H2O)7 Pr /Bra Pr•(H2O)7 , the symmetry of this cation is Ci,
\Br/

i.e. the same as the factor group one. The factor group analysis (FGA) predicts
that the 150 unit cell modes decompose into 3Αu acoustic and 75Α g + 72Au optic
phonons. 147 optical zone-centre modes contain 9Au translatory lattice modes of
the bromide anions (T'(Br)), 3Αu translatory lattice modes of the complex ion
(T'(Pr/Pr)), and 3Α g libratory lattice modes of the cation. The internal vibra-
tions of the dimer, 72Α g +- 60Α u , could be further distributed into the following
normal modes:

15Α u . The odd symmetry modesre IR active only and those of parity ones are
Raman scattering active only. It means that each vibrational mode has its Raman
and IR counterpart. The vibrational spectra obtained in this work are given in
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Fig. 3 and discussed in Table II. The energetic position of these phonons agrees
with Nakamoto et al. report [18] for lanthanide halides and Wells et al. studies
[19] for lanthanide trihalides. The vibrations of the coordinated water appear at
the standard frequency regions [20].

Table IlI includes both energies of electronic components and vibronic side
bands. The vibronic components were assigned after confrontation of the energy
level position in the absorption spectra with those of IR and Raman data. It is im-
portant to note that the vibronic transitions were associated with the modes of first
coordination sphere of Ρr 3+ ions, i.e. with oxygen involved and bromide modes.
These modes play the role of energy promoting phonons in the electron-phonon
coupling mechanism.

4. Conclusions

1. The IR, Raman and electronic spectra of ΡrBr 3 .7H2O are consistent with
the triclinic crystal structure and Ci symmetry of the complex dieter formed.

2. Judd-Ofelt intensity analysis gave a Set of τλ parameters evaluated with
quite small standa rd deviation.

3. On the basis of IR and Raman spectra, the vibronic components of
3H4 	3Ρ2 electronic transition were determined and identified.

4. The presence of two components (with the same intensity Separated by
87 cm-1 ) of 3II4 —+ 3P0 transition at 4 K, compared to Raman data, gave an
opportunity to suppose about cooperative absorption mediated by phonon.
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