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A B S T R A C T

Some lanthanide ions have electronic energy levels extending from the far infrared to the vacuum ultraviolet. 
Without cross-relaxation between levels and other nonradiative depopulation mechanisms, and with adequate 
spacing between the energy levels, luminescence can be observed. When recording a Raman spectrum of a 
lanthanide compound, care should be taken to select an appropriate wavelength to avoid luminescence. Two 
recent examples illustrate results when this is not followed.

We previously commented upon the appearance of additional bands 
in the Raman spectrum of a Nd3+ compound [1]. These bands were ‘hot’ 
luminescence transitions so that upon cooling the sample they dis
appeared. Since many lanthanide ions have energy levels spanning from 
the far infrared to the vacuum ultraviolet spectral regions [2] one must 
be cautious in choosing an appropriate laser wavelength for recording a 
Raman spectrum in order to avoid luminescence. Recently, we have 
observed two studies of another lanthanide ion, Eu3+ in Cs2NaEuCl6, 
and we comment upon these [3,4]. The vibrational and electronic 
spectra of this compound were reported many decades ago [5–16].

It is not appropriate [4] to describe the peaks in the emission spectra 
of Cs2NaEuCl6 as electric dipole (ED) transitions which split into mul
tiple components due to crystal field effects, as we now explain. In fact, 
the Eu3+ ion is located with octahedral chloride coordination at a site of 
Oh symmetry in this compound [17] and the emission spectra have been 
interpreted and fitted [8,18]. The 4f6 – 4f6 transitions of this ion are ED 
forbidden and forced ED forbidden to first order. The relevant energy 
levels of Eu3+ are shown in Fig. 1(a). Part of the visible emission spectra 
at room temperature (black spectrum, Fig. 1(b)), comprise a strong 5D0 
→ 7F1 transition (line D), orbitally allowed by the magnetic dipole (MD) 
mechanism, together, at longer wavelength, with one-phonon odd-
parity vibrational sidebands (A, B, C) based upon unobserved electronic 
origins. The multiple components A, B, C described in Ref. [4] comprise 
different and unresolved vibronic origins. At lower temperature, fine 
structure is resolved (red spectrum, Fig. 1(b)) and the vibronic assign
ments have previously been given and are not repeated here [8,14]. At 
room temperature, anti-Stokes vibronic bands (A) are observed. In 

particular, to higher energy in the green spectral region, weak emission 
is also observed from the 5D1 level (Fig. 1(a)). It is relatively stronger at 
low temperature and has been reported and assigned [6–8].

Rao et al. [3] and Bouzidi et al. [4] recently reported the Raman 
spectrum of Cs2NaEuCl6. The XPS spectrum in Ref. [3] and the electronic 
absorption spectrum in Ref. [4] indicate the presence of Eu2+ in the 
samples. The Raman spectrum differs from earlier reports since the 
vibrational energies are not the same [7,12,13] and are not typical of 
hexachloroelpasolites. The Fourier-transform infrared absorption 
spectra of lanthanide elpasolites have previously been reported [19]. 
The vibrational energies have been fitted according to the GF matrix 
method [7,11] and the experimental values for the internal normal 
modes are given in Table 1. In addition to these vibrations there are 
external modes according to the unit cell group analysis [15], with 
experimentally determined wavenumbers: S3, the t1g LnCl6 rotatory 
mode ~20 cm− 1; S5, the Cs t2g translatory mode 46 cm− 1; S8, the t1u 
Na–Cl stretch, 166 cm− 1 and S9, the t1u Cs translatory mode, 55 cm− 1. 
Hence, the Raman spectrum, comprising active gerade modes, is ex
pected to show the internal ν1 a1g 290 cm− 1, ν2 eg 228 cm− 1, ν5 t2g 
118 cm− 1 modes and the external t2g 46 cm− 1 vibration.

The wavenumbers of Raman modes reported in Refs. [3,4] are 
included in Table 2 with the assignments made by these authors in 
column 3. Our Raman spectrum between 30 and 750 cm− 1 was recorded 
using 514.5 nm radiation at 120 K [7]. We previously noted [7] that the 
use of 457.9 nm radiation, and of 514.5 nm radiation outside this range, 
gave Eu3+ emission spectra. The laser wavelength given in Refs. [3,4] is 
532 nm. This corresponds to a frequency-doubled YAG:Nd laser 
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operating at 1064.45 ± 0.03 nm. Hence the energy is 18789 cm− 1. The 
excitation is then into the 7F0A1g → 5D1T1g + S8 t1u vibronic band, where 
the labels correspond to irreducible representations of the Oh point 
group. Our analysis is therefore based upon the thermal population of 
the one 5D1 T1g level.

The determined energies of peaks on a cm− 1 scale are listed in col
umn 4 of Table 2. In the next column 5 we have reassigned these bands 
according to emission from the 5D1 T1g level. Our previous assignment of 
the 5D1 T1g → 7F0 A1g transition was at 18959 cm− 1 at 120 K and 
18968 cm− 1 at room temperature [7] so that the terminal electronic 
state in Table 2 is 7F1 T1g, at ~360 cm− 1 to lower energy of 7F0. The 
value in column 4 of Table 2 differs by 9 cm− 1 from this value, attributed 
to differences between air and vacuum wavenumbers, measurement 
temperature, experimental resolution and/or calibration errors.

In Table 2, according to the assignments in column 5, the zero- 
phonon line 5D1T1g →7F1T1g is observed at 18617 cm− 1. Stokes and 
anti-Stokes bands are observed for this transition. Only one Stokes band 
is observed at 82 cm− 1. The band is so broad that the 105 cm− 1 

component merges into it. However, the anti-Stokes bands are observed 
for both the t1u and t2u bending modes. The calculated intensity ratio of 
these Stokes and anti-Stokes bands at room temperature, using the 
average frequency (79/105) of 92 cm− 1 is 0.64. Consistent with this, the 
measurement of integrated areas in the brown and blue spectra of Fig. 5 
in Ref. [4] gives the Stokes: anti-Stokes ratio of 0.59 ± 0.01. The 
assignment of the “414 cm− 1 band” in Ref. [3] is incorrect and it clearly 
corresponds to the ν3 vibronic origin of the 5D1T1g →7F1T1g + ν3 
transition.

In summary, one must be cautious when recording the Raman 
spectra of luminescent materials and choose an exciting wavelength that 
does not lead to emission. It is advisable to employ different excitation 
wavelengths for comparison and to investigate the effect of cooling upon 
the spectrum of the sample. In the present case the latter choice would 
be appropriate to remove luminescence, or to use near 785 nm diode 
laser near infrared excitation. However, in the case of lanthanide ions 
with energy levels that can be excited by near infrared radiation an 
alternative choice of excitation wavelength may be required.
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Table 1 
Observed vibrational wavenumbers (cm− 1) of internal modes in Cs2NaEuCl6 [7]. 
The energies of ungerade modes are taken from vibronic spectra and are aver
aged over transverse and longitudinal components where applicable.

Mode ν1 ν2 ν3 ν4 ν5 ν6

Symmetry (Oh) a1g eg t1u t1u t2g t2u

Wavenumber 290 228 260 105 118 79

Table 2 
Reassignment of the bands in Figure 1e of Ref. [3] and Figure 5 of Ref. [4].

Reported 
Raman 
shift 
(cm− 1) [3]

Reported 
Raman 
shift 
(cm− 1) [4]

Assignment 
[3]

Approximate 
energy (cm− 1)

Assignment and 
symmetry 
representation in 
Oh

66 67 t2g 18723 5D1T1g →7F0A1g 

+ ν3 t1u 
5D1T1g →7F1T1g - 
ν4 t1u

99 100 t2g 18690 5D1T1g →7F1T1g - 
ν6 t2u

172 172 eg 18617 5D1T1g →7F1T1g

254 255 a1g 18535 5D1T1g →7F1T1g 

+ ν6 t2u, ν4 t1u

414 413 2a1g 18375 5D1T1g →7F1T1g 

+ ν3 TO t1u
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