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(c) The 5D0-7F, emission (Fig. 5) is split into 
three lines, yielding a total ‘F1 crystal-field splitting 
of about 130 cm-‘. This is well in line with the value 
obtained from the excitation spectra. This value must 
be considered as a weak crystal-field splitting [7]. 
The broadness of the longer wavelength component. 
especially notable at 4.2 K (Fig. 5), is due to the 
shorter lifetime of the final level which can easily 
relax to the lower ‘F1 components (see above and 
ref. 5). The splitting into three lines reflects the 
absence of symmetry elements at the Eu3+ site. 

(d) The 5D,-7F2 transition shows clearly too 
many lines (seven, see Table I). In view of the five- 
fold degeneracy of the ‘Fz level, the number to be 
expected is five. Such a deviation has been discussed 
by Caro in terms of phonon interference [5, 111. 
The present data suggest an interference with the 
symmetric nitrate vibration (vl - 1050 cm-‘). Its 
frequency equals the energy difference between the 
higher ‘F, components and the “F. ground state 
(see Table I). 

TABLE 1. Peak Positions of the Seven 5Do-7F, Emission 
Transitions for Eu 3+ in Eu(NO3),.6HzO at 4.2 K Relative 
to the Position of the 5D0-7Fo Transition 

Transition Position 

(cm-‘) 
Peak intensity 

1 943 10 
2 1031 5 
3 1045 8 
4 1058 2.5 
5 1069 0.5 
6 1082 2 
7 1092 3.5 

(e) When looking for cooperative vibronic 
emission, we found in the spectra two weak and 
broad features which might well be due to such 
transitions. One is at 672 nm, the other at about 
790 nm. The former lies at about 1400 cm-’ and the 
latter at about 3500 cm-’ lower energy than the most 
intense 5D0-7Fz emission. They might well be due to 
cooperative vibronic transitions. In emission the 
vibronic line involving the nitrate group is more 
intense than that involving the water molecule. This is 
contradictory to what was found in the excitation 
spectra. However, the electronic transition is different 
in the two cases. It should also be realised that the 
intensities are so low that their accuracy cannot be 
high. 

It is interesting to note that Biinzli and Pradervand 
[I 21 report transitions in the emission spectra of 
[Eu(NO~)~(I 8-6)] 3 [Eu(N03)J (where (18-6) stands 
for the 18-crownd-ether) and Eu~M~,(NO~)~~* 
24H20 which are situated near to 672 nm. They are 

ascribed to vibronic transitions in general, but we 
assume that they are of the same type as proposed by 
us, viz. cooperative vibronic transitions on the Eu3+ 
ion and the NO, ion (v3). 

Finally, we note in this connection that we also 
observed for Tb(N03)3*6Hz0 crystals weak coopera- 
tive vibronic transitions which are very similar to 
those reported by Stavola et al. [13]. At about 735 
nm there is a weak emission transition ascribed to 
5D,-7 F4 in cooperation with a 3500 cm-’ vibration 
of the water molecule. The others, and those coupled 
with the nitrate vibration, coincide with pure elec- 
tronic transitions on Tb3+, or are too weak to be 
observed. 

Decay times 
The decay curves of the Eu3+ emission of 

Eu(NO,)~-~H~O are all exponential. The correspond- 
ing decay time amounts to 180 ~.ls in the temperature 
range 4.2-300 K. This is a too short a decay time for 
a purely radiative transition on the Eu3+ ion. 

Since the shortest Eu-Eu distance in the crystal 
structure of europium nitrate hexahydrate is about 
6 .& and the decay time is temperature independent, 
we can neglect any non-radiative loss due to energy 
migration to killers [ 14, 151. Quenching via the 
Eu3+-02- charge-transfer state [7] can also be 
excluded, since this state must be situated at 300 nm 
or shorter wavelengths (overlapped by the nitrate 
absorption band). Therefore the non-radiative loss is 
ascribed to multiphonon emission. 

An estimation of the pure radiative decay time was 
made as follows. The radiative transition probability 
of the ‘DO-‘F1 transition is to a good approximation 
independent of the Eu3+ coordination, since it is a 
magneticdipole transition and is forbidden as a 
forced electric-dipole transition. Therefore the ratio 
of the ‘DO-‘F, magnetic-dipole emission intensity 
and the emission intensities of all other emission 
transitions is a measure of the total radiative decay 
time [ 161. Using data in the literature, this yields an 
estimated radiative decay time for Eu3+ in Eu(N03)3. 
6Hz0 of about 1000 ~_ls. Therefore, the quantum 
efficiency of our sample amounts to about 18%, 
independent of temperature. 

The only vibration which is able to quench the 
Eu3+ emission of our sample is that of the water 
molecule. The energy gap involved is some 12 000 
cm-‘. A nitrate vibration of 1400 cm-’ cannot 
contribute to an effective non-radiative decay rate, 
since more than 8 vibrations have to be excited 
simultaneously. For the water molecule (3500 cm-‘), 
however, only 3 to 4 vibrations need to be excited. 
Usually this yields a sizeable decay rate. Actually, if 
we use the well-known Horrocks’ relation f17] with 
T(D*O) = 1000 ps and 7(H20) = 180 MS, we arrive at a 
number of 4.5 water molecules around the Eu3+ ion, 
which is very near to the crystallographically deter- 
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mined number of 4. The quenching is, therefore, 
ascribed to the water molecules which coordinate the 
Eu3+ ion. 

Conclusions 

We have shown that the ligands of the Eu3+ ion in 
Eu(NO~)~*~H~O influence the luminescence proper- 
ties. The water molecules are responsible for a con- 
siderable non-radiative loss; the presence of water 
molecules and nitrate anions leads to cooperative 
vibronic emission. The emission spectrum shows that 
it is dangerous to use Eu3+ as a probe of local site 
symmetry because of phonon interference. Finally, 
the emission spectra indicate a small change in 
coordination upon lowering the temperature. 
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