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Tin

I Sn (stannum)

I Atomic number 50, a magic number

I Group IV

I Electron configuration, outer shells, 4d10 5s2 5p2

I Oxidation states, +2, +4

I Melting point of 505 K , lower than Pb (601 K )

I Bronze age

I Meisener effect, 1933



119Sn nuclear resonance

Isotope E (eV) Γ (neV) t1/2 (ns) σ0 (Mb) IA(%)

119Sn 23,879.5 25.54 17.86 1.40 8.58

57Fe 14,412.5 4.66 97.81 2.56 2.14

I 1/2+ to 3/2+ transition

I α = 5.12

I L-fluorescence



119Sn Mossbauer spectroscopy, NFS

I 1958 Discovery of the Mossbauer Effrect, 191Ir

I 1959 57Fe

I 1960 119Sn
A Thermal Red Shift of the Recoilless -Emission of 119Snm

(Boyle et al., 1960)
The Mssbauer Effect in Tin from 120K to the Melting Point
(Boyle, et al., 1961)

I 1993 at a SR
Time resolved nuclear resonant scattering from 119Sn nuclei
using synchrotron radiation (Alp, et al., 1993)
Both coherent and incoherent channels of NRS (Kikuta, 1994)

I 1998 onward, NRIXS of Sn



Coherent and incoherent channels of NRS
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Fig. 3. The energy dependence of the nuclear-scattered X-rays by 
a 119Sn foil in the forward direction (a) and at high angle (b). 
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Fig. 4. The time spectrum of nuclear forward scattering by a 44 gtm 
enriched polycrystalline Sn foil. The open circles represent the measure- 
ments and the solid line is the result of a fit described in the text. 

The energy of the first excited state of l l9Sn  w a s  determined from the peak 
position for the nuclear forward scattering in fig. 3(a). An Si crystal plate was mounted 
on a precision goniometer behind the ll9Sn foil. The Bond method with the Si 
(12 12 12) reflection gave us an energy of 23.8795 + 0.0005 keV. This value is a 
little larger than the one reported, for example 23.871 + 0.007 keV [17, 18]. The time 
spectrum of coherent nuclear forward scattering by the enriched Sn foil was observed. 
After collecting an "on-resonance" spectrum, an "off-resonance" spectrum was measured 
by setting the energy of the probe beam off resonance. In this spectrum, the background 
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noise caused by partially filled electron bunches was noticeable. The time spectrum 
of fig. 4 was obtained by subtracting the "off-resonance" spectrum from the "on- 
resonance" spectrum. The solid line is the result of a calculation based on the 
formalism of  Kagan et al. [13], in which an electric quandrupole splitting of 
0.18 + 0.6 mm/s  was used [ 19]. A Lamb-M6ssbauer  factor of 0.052 + 0.010 at 300 K 
was deduced from the fit shown in fig. 4 and agrees fairly well with the value of 
0.039 + 0.010 at 300 K previously reported [20]. 

In addition, the time spectrum of  the nuclear high angle scattering by the 
enriched Sn foil was observed over the delayed time range of 10 to 50 ns. The 
detector was set at approximately 45 ~ from the forward direction. In fig. 5, the peaks 
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Fig. 5. The time spectrum of nuclear high angle scattering by a 44 ~tm 
enriched polycrystalline Sn foil. The open circles represent the measure- 
ments and the solid line is the result of a fit described in the text. 

between 25 and 35 ns come from partially filled electron bunches. If an exponential 
decay is assumed for the nuclear forward scattering of fig. 4, a decay time constant 
of 5.1 ns is obtained. This value is smaller than the 26.4 ns lifetime of the nuclear 
excited state of l l9Sn because of the collective character of  the nuclear forward 
scattering. In the nuclear high angle scattering of fig. 5, the decay time constant is 
25.7 ns, a value nearly equal to the lifetime of the 119Sn nuclear excited states. This 
agreement shows that the scattering process is incoherent. 

4. Effect of fast magnetic switching on the nuclear collective decay in a STFeBO3 
crystal 

Nuclear resonant scattering under fast magnetic perturbation is an interesting 
problem. The nanosecond modulation of  M6ssbauer T-rays has been generated and 
applied to the study of the nuclear resonant scattering process [21-23].  In this 

S. Kikuta, Hyperfine Interactions 90, 335 (1994)



Nuclear resonant scattering from 119Sn nuclei using
synchrotron radiation
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I.IG. 4. Conventional " Sn Mossbauer spectrum of the sam-
ple measured in this study.

The photons were detected using a time-resolving coin-
cidence detector [17]. Two Hamamatsu H3241 pho-
tomultiplers are optically connected to a Bicron 420 plas-
tic scintillator. The detector fully recovered after 3.2
nsec from the prompt pulse even when the incident inten-
sity exceeded 10 Hz indicating the suitability of this
detector for this energy range.

In order to demonstrate that spectroscopy is indeed
possible, we performed a forward scattering experiment
[18] using the beam emanating from the Sn02/Pd GIAR
film. An absorber was prepared by chemical reduction of
Sn02 which was enriched to 90% in '' Sn. It contained
mostly divalent Sn in the form of SnO, which has an iso-
mer shift with respect to BaSn03 of 6 =7.2 I (I I =0.32
mm/sec), and an electric quadrupole splitting of 5=3.8
1. The transmission Mossbauer spectrum, shown in Fig.
4, reveals small contributions from unreduced Sn02 with
6=0.02 I and h, =1.25 I, and metallic Sn with 6=7.89
I and 3, =0.25 I . Furthermore, a conversion electron
Mossbauer spectrum (CEMS) of the GIAR film was
measured which revealed hyperfine parameters in the
'' SnO& layer to be 6'=0 and 6=3.2 I . These contribu-
tions are properly included in the calculations. On the
basis of these data, the GIAR film reflectivity and the
transmission through the absorber have been calculated
as a function of energy. The product of both functions is
the energy response of the combined setup; it is shown in

the inset of Fig. 5. The time spectrum of the delayed
quanta observed in the experiment is shown in Fig. 5. In
the time window of 3.2-30 nsec, a quantum beat pattern
is clearly visible. The background was less than 0.2 Hz,
and the signal in this time window was 2. 1 Hz when the
prompt count rate was about 60 kHz.

In order to provide further evidence that the delayed
quanta are resonant photons, we performed two separate
measurements: First, the Si(555) channel-cut crystal was
tuned 50 meV away from the resonance and a time spec-
trum was recorded. This is also shown in Fig. 5. The
time beats can no longer be seen. Second, the rocking
curve width of the Si(555) against the Si(333) was mea-

10 t ~ I I I ~ ~ ~ I I I

0 5

(Jt) l1 ) rt ln ltd (jrJt tl tjttio

10 15 20
~ .- -s I- I, ~ .,a, s, , al

25 30
time (nsec)

f'IG. 5. The time-resolved nuclear resonant spectra of the
SnO-containing sample, measured using a high energy resolu-
tion crystal monochromator and a Sn02/Pd GIAR nuclear
monochromator. Solid triangles are on-resonant and empty
squares are oA'-resonance spectra recorded over a 2 h period.
The solid line is a theoretical fit, providing a new way of per-
forming Sn Mossbauer spectroscopy to measure hyperfine in-
teraction parameters with synchrotron radiation. The inset is
the combined response of the GIAR film and the absorber in
the energy domain.
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FIG. 6. Rocking curve of the Si(555) crystal measured with
delayed and prompt photons at 23.87 keV.

sured with both the prompt and the delayed photons.
This result is shown in Fig. 6. The rocking curve mea-
sured with prompt photon s reflects the dispersive
broadening of both reflections in this setup, whereas the
one with the delayed photons (with a width of about 0.7
prad) represents the intrinsic width of Si(555) at 23.87
keV.

To evaluate the time spectrum in Fig. 5, we used the
coNUss program package [19] for the calculation of the
absorber spectrum and we followed the theory given by
Hannon et al. [10,11] for calculation of the GIAR film
response. Due to limited statistical accuracy of the data,
we restricted the number of variable parameters to iso-
mer shift and the Mossbauer-Lamb factor. The quantum
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NRS facilities at APS

I 3-ID full time, Fe, Eu, Sn, Dy, Kr

I 16-ID part time, Fe

I 30-ID part time, Sn

I Mössbauer lab



119Sn NRS at APS 30-ID

I HERIX at 23.725 keV; 119Sn NRS at 23.880 keV

I Two undulators, 2.4 m each, 1.72 cm period
Energy range of 23.5 to 26 keV, first harmonic

I Cryocooled HRM, energy resolution 0.9 meV

I Flux of 4 GHz

I Focusing to 15 x 30 µm2

I LT, HT, HP

I Accepting GUP



30ID-B



30ID-B



30ID-B



30ID-B



119Sn NRS at APS 30-ID: Applications

I clathrates

I molecular solid under pressure

I Sn nano structures

I thermoelectrics, single crystals, HP

I alloys, minerals, glasses

I photovoltaic materials

I thin films, multilayers

I Sn organics

I Sn containing minerals, glasses

I single molecule magnets

I Sn anode materials



NFS of minerals
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Thank you.


