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Spectroscopy of LnBr3.6H20 at room and helium temperature 
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Abstract 

The lanthanide (Nd, Eu) tribromide hexahydrate monocrystals have been obtained from water solutions. Absorption, 
excitation and emission spectra at room and low temperatures are reported. The probabilities of f-f  transitions 
have been analysed on the basis of the Judd-Ofelt theory. The temperature dependence of intensity was found 
and the contribution of vibronic coupling in f-f  transitions was considered. The Stark components in optical 
lines were determined and vibronic bands were assigned. The intensities of vibronic transitions are briefly discussed 
in terms of existing theories. The results obtained are compared with spectroscopic data for other neodymium 
monomeric compounds. 

1. Introduction 

Recently a great effort has been made to elucidate 
the vibronic components in the luminescence and ab- 
sorption spectra of lanthanide compounds. The vibronic 
coupling is usually observed in centrosymmetric single 
crystals. Recently, however, it was stated that vibronic 
components appeared in spectra of non-centrosym- 
metric lanthanide sites [1--4]. A temperature depen- 
dence of the intensity was found in the spectra of the 
series of lanthanide carboxylates and the vibronic 
coupling was considered [5, 6]. All these compounds 
form polymeric or dimeric structures. The single crystals 
of bromides of the 4f and 5f metals are assumed to 
be isomorphic with LnCI3.6H20 [7, 8]. Thus, in 
NdBr3.6H20 two Br- ions are inner-sphere ions and 
C2~ point symmetry of the Ln 3+ ion could be stated 
on the basis of X-ray data for GdC13 • 6H20 [9] and 
NdC13.6H20 [10]. Zolin and coworkers [11], in a lu- 
minescence investigation of EuC13-6H20 crystals, con- 
firmed C2v symmetry for the E u  3+ ion. Since for the 
gaseous LnBr3 and LnI3 the extremely high intensity 
of the hypersensitive transition was explained by the 
vibronic mechanism [12], it seemed reasonable to in- 
vestigate the spectroscopy of single crystals of lanthanide 
bromides to elucidate vibronic coupling in the electronic 
band intensity. 

*Author to whom correspondence should be addressed. 

2. Experimental details 

The monocrystals of lanthanide tribromide hexahy- 
drates LnBr3.6H20 were grown from aqueous solutions. 

The concentration of Nd 3 + and Eu 3+ ions was de- 
termined complexometrically using xylenol orange as 
the end-point indicator [13]. The crystals of neodymium 
compounds were checked using Weissenberg measure- 
ment (monoclinic, a = 8.204/~, b = 6.757 ~, c = 10.002 
/~, /3=93.39°). 

The crystal density p= 2.86 g cm -3 for NdBr  3 "6H20 
was measured by the flotation method using tribro- 
momethane and sym-tetrabromoethane. 

Absorption spectra were recorded on Beckman UV 
5240 and Cary 5 spectrophotometers in the 1750-310 
nm range at 293, 223, 173, 143, 113 and 5 K. The room 
temperature spectra were recorded for different single- 
crystal orientations. An Aminco SPF-500 spectrofluo- 
rometer was used for luminescence and excitation spec- 
tra detection at 77 K. Judd-Ofelt theory was applied 
to the intensity analysis and ~-~ parameters were cal- 
culated according to the procedure described in refs. 
14 and 15. 

3. Results and discussion 

Absorption spectra of NdBr3.6H20 single crystals 
for two different orientations at room temperature are 
shown in Fig. 1. Detailed identification of the observed 
transitions and the corresponding values of the0scillator 
strength are listed in Table 1. 
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Fig. 1. Absorp t ion  spectra  of  N d B r a ' 6 H 2 0  crystal at 293 K in different  or ienta t ions  and at 113 K with identification of  4 f -4f  
transitions.  

T A B L E  1. The  oscillator s t rength values P and the  z~ p a r a m e t e r  values calculated f rom Judd ' s  relation for NdBr3-6H20 crystal at 
room (different  or ientat ions a, b, c) and low t empera tu res  

S ' ,  L ' ,  J '  P X 108 at the following temperatures 

293 K 293 K 293 K 223 K 173 K 143 K 113 K 5 K 
(orientation a) (orientation b) (orientation c) 

4Fa/2 144.94 164.24 225.67 244.84 163.51 110.61 
4Fs/2, 2H9/2 477.87 592.74 786.13 600.54 514.69 147.49 
4FTa , 4S3/2 493.44 627.01 801.31 639.78 530.02 184.15 
4F9/2 47.72 50.85 53.98 44.63 45.76 21.28 
2H t I/2 11.72 15.65 19.57 20.55 21.39 6.96 
4G5/2, 2G7,, 2 1352.80 1606.08 2007.73 1370.83 1339.73 1283.46 1073.59 372.09 
2K13/2 , 4G7/2, 4G9/2 559.63 604.96 741.80 654.77 576.43 146.74 
2KIs/2 , 2G9/2, (2D, 2F)3/2 , 4Glu2 144.56 157.15 172.37 162.12 180.48 60.35 
2pi/2, 2D5,. 2 31.95 31.51 38.96 34.40 35.36 11.08 
4D3/2, 4D5/2, 2111/2 , 4DI/2, 2Lzs/2 718.66 856.93 983.99 756.16 562.48 284.78 
2113/2 , 407/2, 2Lt7/2 154.74 165.96 169.70 181.27 116.70 

"/'2 X 109 5.21 -I- 0.53 6.18 4- 0.53 8.04 4- 0.55 "r* X 109 6.54 4- 0.57 
~'4X 109 4.204-0.48 4.904-0.48 5.55+0.49 ~'* X 109 4.584-0.52 
~'6 × 109 5.65 4- 0.69 7.30 4- 0.69 9.24 4- 0.71 ~'* X 109 8.97 4- 0.90 

~'* values are mean  ~-~ values. 

The change in the single-crystal orientation leads to 
significant changes in individual components of the f-f  
transition intensity. The shape of the bands differs 
especially in the regions of 419/2---~4F5/2, 2H9/2; 4Fw2 , 

4S3/2 transitions and of hypersensitive transitions, which 
is valid for each spectrum. Since the NdBr3.6H20 and 
EuBr3.6H20 single crystals are biaxial, such an effect 
can be observed. 
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Fig. 2. Absorpt ion  spectra  of NdBr3"6H20 crystal at 5 K with identification of 4f-4f  transitions. 

The values of the oscillator strengths and calculated 
~'A parameters are summarized in Table 1. Judd's equa- 
tion [16] contains neither polarization nor angular terms 
so the total integrated absorbances are required in 
order to fit the theory. Since significant fluctuations of 
intensity for the different single-crystal orientations were 
found, in intensity analysis the mean values of the 
oscillator strengths were used (from three orientations 
of single crystals). The values of the oscillator strengths 
Pc,~ were evaluated theoretically by a fitting procedure 
within the framework of the Judd-Ofelt theory [16, 
17]. It is noteworthy that greater intensity changes of 
the two transitions: 419/2 ~ 4F7/2, 483/2; 419/2 --~ 4F5/2, 2H9/2 
result in the decrease in the % parameter. Such effects 
have never been observed by us in our studies before. 

The low temperature (113, 5 K) spectra are presented 
in Fig. 1 and Fig. 2. They reveal a rich fine structure 
especially for the hypersensitive transition and 419/2 
4F5/2, 2H9/2; 4F7/2, 453/2. 

The oscillator strength values of f-f transitions at 
room temperature are comparable with those for aquo 
ion, but the intensity of the hypersensitive transition 
differs significantly. This intensity is higher than that 
of distorted octahedral neodymium hexahalide 
[(CrHs)3PH]3NdCI6 [18]. Unfortunately, the intensities 
of non-centrosymmetric neodymium single crystals are 
known for only a few cases. In other cases (Nd 3+- 

doped crystals) the metal ions usually occupy more 
than one site; their intensity is known but the intensities 
for a particular site symmetry have been determined 
for few systems only [21]. The neodymium nitrates and 
chloroacetates and some neodymium carboxylates 
(amino acid system), with a well-determined point 
symmetry of the Nd 3+ ion, were recently investigated 
by others and by us [5, 6, 19, 20]. All carboxylates form 
polymeric or dimeric structures with variable Ln-O 
distances and distortion from the ideal polyhedron. 
Consequently two or more site symmetry positions may 
be considered for those systems [5]. The symmetry of 
those positions in the same single crystal does not vary 
too much. Thus the intensity for separate sites does 
not change significantly. 

Intensities of monomeric centrosynunetric and non- 
centrosymmetric single crystals of simple lanthanide 
salts are known for only a few systems [1, 2, 18, 22]. 
Since in our case the C2v point symmetry can be expected, 
the observed intensity could be related to that of 
neodymium carboxylate with C2v symmetry [5]. 

A decrease in intensity for the chosen transitions 
with temperature decrease was observed. This could 
be due to both a change in the population of the Stark 
components of the ground state and a contribution of 
the vibronic mechanism in transitions. If the first reason 
is responsible, we will observe almost the same change 
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Fig. 3. Luminescence spectra of EuBr3.6H20 crystal at 77 K. 
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Fig. 4. Excitation spectrum of EuBr 3- 6H20 crystal at 77 K. 

in oscillator strength for all the transitions detected. 
In fact for only a few transitions were significant vari- 
ations in oscillator strength values found (Table 1). It 
is noteworthy that the variation in intensity is higher 
for 419/2-">4G5/2, 2G7,, 2 transitions than for 419/2---~ 4F5/2, 
2H9/2; 4D3/2, 4D5/2, 2Ill/2 , 4D1/2, 2L15/2. According to the 
vibronic transition theory for lanthanide ions the in- 
crease in intensity can only be found for transitions 
[23-25] which obey the selection rule ~J = 0, 2. However, 
Kirby and Richardson have found fine vibronic struc- 
tures in almost all transitions of Eu 3÷ ions, in the 
spectra of non-centrosymmetric compounds [1, 2]. 

Vibronic structure has been observed in crystal spectra 
of a large number of lanthanide compounds [25-32]. 

The proportion of vibronic to electron intensity varies 
with the ligands or crystal host, and also with the 
particular lanthanide ions considered [33, 34]. Tem- 
perature variation of the intensities of lanthanide spectra 
has been studied by Gruber et al. for neodymium 
hexachlorocomplexes [18], and by us for some amino 
acid single crystals [5]. Gruber et al. have found that 
the intensities of the individual Stark components of 
all the accessible absorption bands are temperature 
invariant. However, the spectrum of T m  3 ÷ ethylsulphate 
has been measured at 300 and 23 K [26] and it has 
been shown that the oscillator strengths of electronic 
transitions are temperature dependent, revealing thus 
the considerable vibronic contribution. Since in our 
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T A B L E  2. Stark components of electronic lines and energies of 
vibration modes composed with them in N d B r a - 6 H 2 0  crystal at 
5 K  

T A B L E  3. Stark components of electronic lines and energies of 
vibration modes composed with them in E u B r 3 . 6 H 2 0  crystal at 
77 K 

Wavenumber Wavenumber 
(cm -1) (crn -I) 

419t 2--~ 4F5/2, 2H9/2 12473 + 100 ] SD 0 ~ 7F 0 17247 -- 103 ] 

+ 1 1 2  I - 1 1 8  I VEu-Br 
+ 135 VNd-Br -- 134 

+ 1 4 6  --210 ] 

+ 199 "~ -- 221 I 80-E.-O 
8o-r~a-o 

+ 212 J - 320 VE.-O 

+ 319 5D 0 ~ 7F t 16948 - 100 
+ 333 VNa-O -- 131 ~ . - s r  

+ 352 -- 195 80-E.~ 

12511 + 112 vya-ar -- 306 VEu-O 
+ 205 80-Na-O 16872 -- 101 VE.-Br 

+ 307 VNa-O 5D0"-* 7F2 16321 - 123 v~-Br 

12540+105  ) - 3 3 3  rE. ~ 
+ 118 J" v~d-Br -- 1121 ~ . - O ~  
+ 188 "l 16276 - 129 VE~-B~ 

+ 201 t 80-Nd-O -- 336 VEu-O 
+ 215 -- 1168 8E.-OrU 

16168--111 l 
419/2~4GSn, 2G7:2 17131+141  ~a-Br -- 119 ~ VE~-B~ 

+193  ] --1184 8Z.-OH2 
+ 208 I 80-Nd-O 
+ 218 5D0--) 7F 3 15271 - 737 ) 

+ 339 VNd~O - 771 ~ PE.--O~ 

+ 552 O)Nd~)H2 5D 0 ~ 7F 4 14473 - 106 ) 
17150+356  vNd-o -- 127 f VE~-B~ 

17228 + 305 ] 14316 -- 119 
+ 3 1 3 [  - -132 J VE.-Br 
+ 326 VNa-O 

+ 359 

17313+319~ neodymium and europium compounds are compiled. 
+ 335 j VNd-O 

studies of the investigated single crystals the biggest 
changes in intensity (about 72.5% from orientation a) 
were observed for hypersensitive transition (see Table 
1), this is probably caused by the vibronic mechanism. 

In the single crystals under investigation the lan- 
thanide ions occupy one site symmetry position (crystals 
belong to the same class of structure as LnCI3.6H20), 
and thus the additional lines observed in the spectrum 
at 5 K can be due to the vibration components (see 
Fig. 2). Figures 3 and 4 show emission and excitation 
spectra of EuBr3.6H20 crystals at 77 K. Vibronic 
coupling is well demonstrated in 7F o ~SDo; 5D2 and 
SDo----~TFo; 7F 2 transitions in excitation and emission 
spectra respectively. Assignments of particular vibronic 
components were made using the IR data [35]. Results 
are presented in Tables 2 and 3. 

Only those vibronic components which were observed 
in absorption, emission and excitation spectra in both 

It should be noted that intensities of vibronic com- 
ponents are higher in excitation spectra than in the 
emission spectra, calculated from the SD2:SD1 and 7F2:7F 1 
transition ratios (4.60 and 2.35). A similar effect was 
observed by Van Vliet and Blasse in crystals of Nas[(Gd, 
Eu)(WO4),] and explained assuming a tentative model 
involving mixing of the 7F and 7CTS levels of the E u  3 ÷ 

ion [36]. In our case it can be caused by 7F and 7CTS 
levels of Eu 3+ ( f r o m  the Br- ion) and by the other 
factor of the relation describing the oscillator strength 
of vibronic transitions considered by Van Vliet and 
Blasse [36]. 

As well as the vibronic components included in Table 
2, one can find additional lines which appear in almost 
all electronic bands. The origin of those additional 
components could be the cooperative effect of Ln-Ln 
ion interaction to R = 9/~ [37-39]. The crystal structure 
data tended to confirm this type of interaction. However, 
further spectroscopic investigation of diluted single 
crystals is needed [35]. 
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On the contrary, the vibronic components in their 
nature are usually drastically less intense than electronic 
transitions. In fact, in the optical spectrum of the studied 
compounds at 5 K in the region of the 419/2--~2P1/2 

transition we can find as well as two low intense 
components two other strong components with the same 
intensity, separated by 113 cm -1. The appearance of 
those two strong components could be explained by 
lanthanide ions occupying two site symmetry positions. 
This was not exhibited in X-ray data. 

It is worth mentioning that in our earlier studies of 
single crystals with amino acids, where lanthanide ions 
occupy two or four different site symmetry positions, 
two or four components of the 419/2 --)2P1/2 transition 
were separated by about 11 cm -1 and about 22 cm -1. 
This is obviously less drastic than our present obser- 
vation. Those two components are seen also at almost 
the same energies in the spectra at 300 and 113 K but 
with different intensities. Furthermore, the energy of 
separation (about 113 cm -1) of the two components 
corresponds to the Nd-Br vibration mode in IR spectra. 
Such a phenomenon can lead to the population of the 
second component of the 419/2 state and as a consequence 
one observes a transition from two Stark components 
of the ground state. 
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