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During the beamtime allocated for proposal I-20130329 119Sn nuclear forward scattering at an 
energy of 23.87 keV was measured on the phase change material SnSb2Te4, in the amorphous and 
crystalline phase, as a function of the sample temperature. 

The experimental setup consisted of a new high-resolution channel cut monochromator with a 
energy resolution measured to 0.7 meV, a series of Be lenses for focusing and a four-element 
detector array of silicon avalanche photodiodes.   

The initially amorphous samples were annealed under nitrogen flow while the sheet resistance and 
nuclear forward scattering spectra were measured. However, due to a low Lamb-Mössbauer factor 
the resulting count rate for nuclear forward scattering was too low to obtain spectra within 
reasonable time. Therefore, we discarded the initial plan to simultaneously measure the nuclear 
forward scattering spectra and sheet resistance and recorded only the nuclear forward scattering 
spectra of differently annealed samples at low temperatures between 4 and 100 K using a helium 
cryostat. The samples were annealed at the beamline and crystallinity was checked by X-ray 
diffraction.  

Representative nuclear forward scattering spectra of an amorphous and cubic sample measured at 
20 and 100K, respectively, are shown in Figure 1. The spectrum of the amorphous phase reveals 
two Sn-sites separated in energy by 3.6 mm/s, one (A1) with and one (A2) without quadrupole 
spitting, whereas the spectrum of the cubic phase can be described by a single site (C1) without 
quadrupole splitting. In order to determine the difference in isomer shift between the amorphous 
and cubic phase SnO2 and β-Sn were used as references and the spectra of sample plus reference 
material were recorded at different temperatures. Selected spectra of SnO2 and β-Sn are shown in 
Figure 2. For both compounds the resulting hyperfine parameters are in agreement with literature 
values [1]. Representative spectra of SnO2 and β-Sn each together with amorphous and cubic 
SnSb2Te4 are shown in Figure 3 and Figure 4. The isomer shifts independently obtained with the 
two reference materials and at different temperatures are in excellent agreement taking an isomer 
shift of 2.5 mm/s for β-Sn relative to SnO2 into account and thus verifying the consistency of the 
data analysis. The averaged isomer shifts of the amorphous and cubic phase relative to SnO2 are 
shown in Figure 5. 

The isomer shifts of A1 and A2 in the amorphous phase are determined to 0.1(2) mm/s and 3.7(2) 
mm/s relative to SnO2, respectively. The isomer shift of C1 in the cubic phase is determined to 
3.4(1) mm/s. The two sites A2 and C1 correspond to divalent Sn(II) atoms surrounded by Te atoms 
as pure SnTe has an isomer shift of 3.5 mm/s and thus A2 can be considered as a precursor of the 
crystalline phase. In comparison, A1 corresponds to tetravalent Sn(IV) which seems to be 
characteristic for the amorphous phase. Thus, a valence change from tetra- to divalent Sn upon 
crystallization is observed. In order to quantify the valence change we use the isomer shift to 
determine the Sn electron configuration according the procedure described in [2]. We obtain 
5s0.8(1)5p1.6(1) and 5s2.0(1)5p1.2(1) for A1 and A2, respectively, and 5s1.9(1)5p1.3(1) for C1. 
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Figure 1: NFS spectra of amorphous 
and cubic SnSb2Te4 

Figure 2: NFS spectra of β-Sn and 
SnO2 
 

Figure 3: NFS spectra of amorphous 
and cubic SnSb2Te4 with SnO2 
 

Figure 4: NFS spectra of amorphous 
and cubic SnSb2Te4 with β-Sn 
 

Figure 5: Isomer shifts of amorphous 
and cubic SnSb2Te4 with respect to 
SnO2  
 


