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Inelastic neutron spectra recorded for ErCr 2Si2 and ErMn2Si2 have been fitted 
manually with pseudo-voigt lines and interpreted in terms of proposed crystal  
field energy level schemes for the respective Er 3+ sites.  It is expected that 
these results will assist with further systematic searches for sets of crystal field  
parameters.

1. Introduction
Inelastic neutron scattering (INS) spectra have been recorded for tetragonal ErCr 2Si2 

and ErMn2Si2 with the objective of characterising the crystal field (CF) interaction at the Er 3+ 

site. These compounds distinguish themselves from the remainder of the RT 2Si2 series (R = 
rare earth, T = Cu, Ni, Co and Fe) in that their T sub-lattices order at Néel temperatures of TN 

≈ 700 K and 500 K, respectively, but their R sub-lattices still order close to liquid helium  
temperature [1, 2]. The suppression of the R magnetic order is partly linked to the fact that the  
R and T sub-lattices reside in separate layers with only a weak exchange interaction between  
them. However, it has also been proposed that the CF interaction at the R-site favours low-
lying ground states that frustrate the R-R exchange process [1].  This work is part of an on-
going,  systematic  project  that  employs  a  variety  of  techniques  (in  particular,  neutron  
scattering and Mössbauer spectroscopy) to determine the influence of the transition metal on  
the CF interaction [3]. Initially, the CF parameters determined elsewhere for HoCr 2Si2 [4] and 
TmCr2Si2 [5] were converted for the case of Er 3+ and used as the starting points of extensive  
searches in CF space for fits to the present INS spectra.  This approach failed to provide a  
close description of the experimental data, which was surprising given that the conversion of  
CF parameters from one member to another of an isostructural heavy rare earth series is a  
common procedure.   As an alternative starting point,  we report  here tentative CF energy  
schemes based on simple pseudo-voigt line fits to the INS spectra. 

2. Experimental details
Polycrystalline specimens of ErCr 2Si2, ErMn2Si2, and YCr2Si2 were prepared in an argon 

arc furnace with repeated melting (at  least  6 times) to achieve homogeneity.  The starting  
metal impurities were 99.99 % for Mn, Cr and Si and 99.9 % for Er and Y. Rietveld analyses  
of the x-ray powder diffraction patterns using Rietica [6] confirmed that all three specimens  
were  predominantly  single  phase  (with  a  small  trace  of  Er 2O3 impurity)  and  the  lattice 
parameters were in close agreement with available literature values.

The inelastic neutron scattering spectra were recorded at the Berlin Neutron Scattering  
Centre using an incident neutron beam energy of 18.6 meV (λ = 2.1 Å). The lowest recording 
temperature of 11 K was deliberately chosen to sit well  above the Er sub-lattice ordering  



temperatures of TC = 4.9 K (ErCr2Si2) and 1.7 K (ErMn2Si2) so that the CF levels would not 
be perturbed by magnetic Zeeman splitting.

3. Results and discussion
The  Er-based  compounds  were  chosen  because  the  Er 3+ ion,  with  total  angular 

momentum  quantum  number  J  =  15/2,  is  a  Kramers  ion.  In  the  absence  of  accidental  
degeneracy, its CF scheme is expected to have eight well defined Kramers doublets.  Based  
on the Er3+ contribution to the entropy (insets of Figure 1(a) and (b)), it would appear that the  
ground and first excited doublets are approximately equally populated (S = R ln(4)) at T = 10  
– 20 K (for ErCr2Si2) and ≈20 K (for ErMn2Si2).

Temperature [K]

Fig. 1. Specific heat data [7] for (a) ErCr 2Si2 and (b) ErMn2Si2. The lattice contributions (red broken lines) are  
subtracted from the raw data (solid black circles) to arrive at the rare earth contributions (green open circles) to  
the specific heat. In each case, the entropy is shown in the inset and the entropy associated with two Kramers  
doublets, R ln(4), is indicated by a broken horizontal line.

The raw, temperature dependent INS spectra are shown in Figure 2 (a) and (b), where it is  
apparent  that  the  11  K  and  31  K  spectra  for  ErCr2Si2 are  very  similar  apart  from  the 
emergence of a weak peak at about -4 meV. This suggests that the next excited doublet is not  
significantly populated at  31 K for Er 3+ in ErCr2Si2.   As a first  approximation,  we might 
therefore expect that the first excited doublet is at about 10 - 20 K (1 - 2 meV) with the next  
excited doublet at about 60 – 80 K (5 – 7 meV). 

Fig. 2. Inelastic neutron scattering spectra at 11, 31 and 62 K for (a) ErCr 2Si2 and (b) ErMn2Si2.
The featureless spectrum recorded at 11 K for isostructural YCr 2Si2 is shown in the inset. 
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Fig. 3. (a) Pseudo-voigt fits 
to the 11 K INS spectrum for 
ErCr

2
Si

2
 and 

(b) the corresponding 
tentative CF level scheme.

Fig. 4. (a) Pseudo-voigt fits to 
the 11 K INS spectrum for 
ErMn

2
Si

2
 and 

(b) the corresponding 
tentative CF level scheme.



Enlarged versions of the 11 K spectra are shown in Figures 3(a) and 4(a).   For each  
spectrum, there are three dominant  peaks which are assumed to correspond to  transitions  
starting from the ground state. However, there are additional lower intensity transitions that  
need to be accounted for. Reasonable descriptions of the two spectra were obtained by simple  
manual adjustment of pseudo-voigt line shapes (green lines in Figures 3(a) and 4(a)).  In each  
spectrum the line widths were set to be the same for all absorption peaks (slightly larger in the  
case of ErMn2Si2) except for those at -13.2 meV (ErCr 2Si2) and -11.5 meV (ErMn2Si2). The 
corresponding  CF schemes  are  shown in  Figures  3(b)  and  4(b),  where  the  solid  vertical  
arrows represent the dominant transitions from the ground states. The less intense transitions  
(broken vertical arrows) have been accommodated by the speculative inclusion of additional  
excited CF levels (broken horizontal lines) that match the qualitative conditions deduced from  
the specific heat data and the temperature dependence of the INS spectra. In particular, the  
inclusion of first excited levels at 1.9 meV (ErCr 2Si2) and 2.5 meV (ErMn2Si2) matches well 
with above entropy observations based on the specific heat data. Note that the wider peaks of  
the ErMn2Si2 spectrum are then explained by the presence of two transitions with slightly  
different energies. The only apparent disagreement is that a peak predicted for ErCr 2Si2 at -8.3 
meV is not observed experimentally. However, it may be that this transition is intrinsically  
weak.

4. Conclusions and future work
The low temperature INS spectra for ErCr 2Si2 and ErMn2Si2 have been fitted with

pseudo-voigt lines and the results interpreted in terms of possible CF energy level schemes. If  
these interpretations are correct, then the energy levels are now available for five of the seven  
excited Er3+ Kramers doublets.  Given that the tetragonal symmetry of the Er 3+ site requires a 
CF Hamiltonian with five CF parameters, this information should provide a useful basis from  
which to launch further systematic searches for the CF parameter values.
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