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Abstract

The isomer shift calibration constants have been calculated for Iin  keV 6057 127.  and for Iin  keV 7227 129.
resonant transitions by density functional theory. The full-potential linearized augmented plane-wave method
(FLAPW) was applied in the scalar-relativistic approach. The NaI  compound was used to set origin of the
scales in both cases. Basing on the existing experimental data the following values for the calibration constants
were obtained: 3-1 a.u. s mm )2(0570α .−=  for I127  and 3-1 a.u. s mm )4(1640α .+=  for I129 . The ratio of the
calibration constants of )1(350αα 129127 ./ −=  was established. Spectroscopic electric quadrupole moments for
the ground state of the above nuclei have been calculated as by-product. The quadrupole moments

b )30(7640)127( .Qg −=  and b )3(7310)129( .Qg −=  were obtained for I127  and I129 , respectively. Errors quoted are
due to the linear regression fit and real errors might be as large as about % 10  of the quoted absolute value.
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1. Introduction

The Mössbauer spectroscopy is almost unique method of the condensed matter physics to
observe electric monopole interaction between resonant nucleus and the electron charge
density within this nucleus. This property is due to the fact that it involves two nuclear states,
i.e., the ground state and some low lying excited nuclear state – usually, the first excited state.
The monopole interaction is seen via the isomer shift, and the latter depends on the product of
the nuclear term and electron density in the nucleus to good approximation.1 In fact, one
observes a difference between electron density in the absorber (target) and applied source. A
correction for the second order Doppler (SOD) shift difference between source and absorber
has to be applied in order to obtain high quality results, but this correction is usually small.
Hence, it is important to estimate the nuclear term via some calibration constant in order to be
able to extract electron density (or rather a difference in electron density in comparison with
some standard) for some particular compound. It is practically impossible to calculate nuclear
term from the first principles at the present state of the nuclear matter theory. One has to bear
in mind, that the calibration has to be performed for each resonant transition separately except
some closely related transitions, where some simplified approach is possible. Several
experimental methods have been devised,2-6 but all of them depend on some nuclear models,
and therefore have dubious accuracy owing to the inadequacies of the nuclear models
themselves. The best currently available method relies on the calculation of the electron
density within resonant nucleus by means of some ab initio method. Calculations are to be
performed for solids, and hence one has to use methods applicable to the crystalline matter.
Usually, the simplest possible compounds are to be chosen in order to get reliable results. On
the other hand, high quality experimental data for the same compounds have to exist. Above
calculations could be performed close to the ground state of system, and therefore low
temperature experimental data has to be available. Some dependence on the nuclear properties
still remain as one has to use finite size nuclei (particularly resonant) in order to obtain
reliable electron density in the center of the nucleus. However, it is sufficient to approximate
nucleus by the uniformly charged sphere, and the radius of such sphere could be rather
reliably calculated.1,7 Radii of non-resonant nuclei could be estimated in crude way, as they
have negligible effect on the electron density within resonant nucleus. The calibration
constant could be expressed as )(ε)δ(α 00

22 E/RrcZe 〉〈= .1,8 Here the symbol Z  stands for the
atomic number of the resonant nucleus, the symbol e  denotes positive elementary charge, c
stands for the speed of light in vacuum, while 〉〈 2r  denotes mean squared charge radius of the
resonant nucleus in the state with the smaller radius. The symbol Rδ  denotes relative change
of the nuclear charge radius during transition from the lower energy to the higher energy-state
(related to the smaller radius involved). Finally, the symbol 0ε  stands for the vacuum
dielectric permeability, while the symbol 0E  denotes transition energy from the higher to the
lower lying nuclear state (to sufficient approximation). The isomer shift between two various
environments of the resonant nucleus could be expressed as )ρ(ρ αδ 21 −= , where symbols

1ρ  and 2ρ  denote respective electron densities within (center) of the resonant nuclei. Details
of this formalism could be found in Ref.1 Several resonant transitions have been calibrated by
means of the method briefly outlined above, e.g., Fein  keV 4114 57. ,8 Snin  keV 8823 119. ,9

Sbin  keV 1537 121. ,10 Auin  keV 3477 197. ,1 and partly Tein  keV 4835 125. .11 Recently
Filatov12,13 proposed somewhat different approach to the problem, i.e., he proposed to
calculate energy of the electronic system versus varying radius of the resonant nucleus. The
energy variation could be compared with the observed isomer shift within linear
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approximation, and hence one can get variation of the nuclear radius during resonant
transition.

There are two resonant lines for iodine ( 53=Z ) isotopes, namely Iin  keV 6057 127.  and
Iin  keV 72.27 129 . Detailed description of these lines and iodine hyperfine interactions can be

found in Appendix A. It should be noted that several attempts were undertaken in the past to
calibrate isomer shift and to derive spectroscopic electric quadrupole moment of the ground
nuclear state gQ  for iodine. Makariūnas14 used lifetime data to get 3-1

127 a.u. s mm 0570α .−=

and 3-1
129 a.u. s mm 1520α .+= . Grodzicki et al.15 obtained 3-1

129 a.u. s mm 2140α .+= ,
b 600)127( .Qg −=  and 7010)127()129( .Q/Q gg =  by ab initio molecular cluster method. Similar

calculations by van Stralen and Visscher16 yielded b )12(6960)127( .Qg −= , while Pykkö17

established the most reliable value as b )10(7100)127( .Qg −=  basing on the nuclear quadrupole

resonance data. However, Yakobi et al.18 revised above value to b )10(6800)127( .Qg −= .

Alonso et al.19 derived b 7220 )127( .|Q| g =  from the full potential linearized augmented plane-
wave method and nuclear quadrupole resonance data. Hartmann and Winkler20 estimated
calibration constants as 3-1

127 a.u. s mm 0830α .−=  and 3-1
129 a.u. s mm 2210α .+= . Erickson et

al.21 attempted to calculate iodine electron density in the solid environment by using density
functional method.

The paper is organized as follows: Section 2 deals with the choice of the compounds,
structure relaxation, calculation of the lattice dynamics for NaI  (including obtained results)
and computational methods applied to obtain electronic structure. Section 3 is devoted to the
presentation of essential results, while Section 4 is devoted to discussion and conclusions.

2. Computational methods and choice of compounds

Electronic structure has been calculated by the full-potential linearized augmented plane-wave
method as implemented in the WIEN2k code.22 A scalar-relativistic approach was used, i.e.,
the spin-orbit (SO) interaction of the valence electrons was not taken into account. The
augmented plane wave with local orbital extension (APW+lo) was applied for the valence
electrons. The exchange and correlation effects were accounted for within generalized
gradient approximation (GGA) in the form proposed by Perdew-Burke-Ernzerhof23 and
supplied by the WIEN2k code.22 Present calibration is based on relatively simple compounds,
where reasonable experimental data exist, and isomer shifts are spread over significant range.
Compounds considered here, i.e., NaI , KI , CsI , RbI , LiI , ICl , 2I , 4CI , 3NaIO , 4KIO ,

3CsI , 4SnI , 4SiI  and 4GeI  do not exhibit any kind of electronic magnetism. For all of them,
the isomer shift on iodine was measured at low temperature ( K 80  or K 4.2 ). Particular
crystal structures were adopted from the Inorganic Crystal Structure Database. Experimental
lattice constants were used and atomic positions were relaxed below mRy/a.u. 1  Non-
overlapping muffin-tin spheres (MT) with the radii MTR  of a.u. 50.2  were set for NaI , KI ,
RbI , LiI , CsI , 3CsI  and 2I  structures. The same radius was used for alkali metals and
iodine. The radii of a.u. 28.2  and a.u. 05.2  were applied for ICl  and 4CI , respectively. For

4GeI , 4SiI  and 4SnI  the radii MTR  of a.u. 42.2 , a.u. 44.2  and a.u. 49.2  were used,
respectively. In the case of 3NaIO  the radius of Na  was set to a.u. 16.2 , while for iodine and
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oxygen atoms the same radii of a.u. 82.1  were applied. In the case of 4KIO  the radius
a.u. 34.2  was applied to potassium and radius a.u. 05.2  to iodine and oxygen atoms. The

maximum angular momentum within MT spheres was set to 10=maxl . For the interstitial
regions, the plane waves with the cutoff )(min/7 MTmax RK =  were chosen. The largest vector
in the Fourier expansion maxG  of 2/1Ry 12  was adopted. The states lying Ry 6  below the
Fermi level were treated as the core states. The number of k points varied in the range

11230−  in the irreducible part of the Brillouin zone, depending on structure. The number of
radial mesh points was kept at 781 . The convergence criterion was set at 33 a.u. 10 /e− . The
effective nuclear charge radii were adopted according to the equation proposed by Elton24 for

I127  and I129 . They amount to fm 0963.6)127(
0 =R  and fm 1236.6)129(

0 =R . Each of the above
radii corresponds to the radius fm 070.2352.2123.1 1)3/1(3/1

0
−− −+= AAAR  of the

homogeneously charged sphere having total electric charge Ze . The symbol A  denotes here
the mass number of the nucleus. For other elements, the same expression was used replacing
the mass number of I127  or I129  by the integer nearest to the average mass number of the
respective element. The parameter 0R  represents the effective nucleus represented by the
homogeneously charged sphere of the 0R  radius and having total charge Ze . The electron
density is calculated in the origin of this sphere. Finite nuclear size has some effect for the
resonant nuclei as long as the charge density within these nuclei is considered. We have used
electron densities obtained in the center of the resonant nucleus in order to avoid interpolation
between the radial mesh points (for more details see1). Finite size of remaining nuclei has
very minor effect on the electron density within resonant nuclei due to the fact that nuclear
sizes are much smaller than distances separating different nuclei. The ratio

004458.0/)( )129(
0

)127(
0

)129(
0 =− RRR  is much larger (in absolute terms) than the nuclear charge

radius relative change during transition from the ground to the first excited state (or any other
low-lying nuclear state), i.e., than |δ| R . Some tests have been performed concerned with the
importance of the SO interaction between valence electrons for NaI  and CsI . No significant
differences were found in comparison with the scalar-relativistic approach for both resonant
isotopes.

An influence of SOD was estimated via the calculation of the phonon density of states (DOS)
for NaI  compound. The partial phonon DOS for iodine in NaI  (PDOS) was obtained versus
phonon frequency ν  by using the direct method25 based on the forces calculated via the
Hellmann-Feynman theorem. The Hellmann-Feynman forces (HFF) were calculated by the
plane-wave basis of the VASP code.26 Sodium and iodine atoms were represented by the
projector-augmented wave pseudo-potentials (PAW)27,28 provided by VASP. Exchange and
correlation effects were treated within the GGA approximation in the form proposed by
Perdew-Burke-Ernzerhof.23 A plane-wave expansion up to energy of eV 229  was applied.
Calculations were performed with 2x2x2  supercell and 20 irreducible points-k . More tight
convergence criteria were used to calculate phonons in NaI  system, i.e., 10-6 eV/Å and

eV 10 7−  for forces and total energy, respectively. The HFF forces were obtained displacing
crystallographically non-equivalent atoms with the amplitude of 0.03 Å. In order to minimize
systematic error both positive and negative displacements were applied, and hence four
displacements were calculated. The iodine projected phonon distribution )ν(D  was used to
calculate absolute SOD denoted as Dδ  and recoilless fraction f  versus temperature T  and
under ambient pressure in NaI . Respective equivalent Debye temperatures Dθ  and Fθ  were
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calculated for iodine as well.1 Calculations were performed separately for INa127  and INa129

to account for the mass difference. Results of these calculations are shown in Figure 1. One
can see that SOD is rather small compared to the isomer shifts for iodine resonant transitions,
and hence it could be neglected in further calculations. Differences in the ground state SOD
between various compounds are small as all iodine compounds are rather weakly bound and
iodine atoms are quite heavy. One cannot have large temperature difference between source
and absorber as the recoilless fraction drops significantly with the increasing temperature.

Figure 1. (Color online) Dynamic properties of NaI  under ambient pressure relevant to the
Mössbauer spectroscopy, i.e., iodine projected PDOS, absolute SOD versus temperature and
recoilless fraction versus temperature.
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3. Results of calculations

Results of the electronic structure calculations are summarized in Table I together with the
relevant experimental data. One has to note that total shift S  is expressed as DSS += δ ,
where the SOD contribution amounts to )()( δδ S

D
A

DDS −=  with symbols A  and S  denoting
here source and absorber, respectively. The SOD contribution is neglected during processing
data of Table I.

Figure 2 shows correlation between total shifts and corresponding differences in the electron
density on the iodine nucleus.

Figure 2. (Color online) Correlation between differences in the electron density and observed
total shifts. Solid lines represent linear regression fits.
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Table I
Summary of the calculation results and comparison with the corresponding existing
experimental data is presented. References are given to the experimental data. Numbers in
brackets denote symmetries in accordance with the International Crystallographic Data
Tables. Non-equivalent iodine sites are numbered for relevant compounds. The symbol zzV
denotes principal component of the electric field gradient (having maximum absolute value),
while the symbol h/VeQ zzg )(  stands for the ground state quadrupole coupling parameter. The
symbol expη  stands for the experimental value of the electric field gradient asymmetry
parameter η . Note significant isotopic effect on the total electron density on the iodine
nucleus, i.e., -3

INaINa
a.u. 182.199ρρ 129127 +=−  due to dilution of the nuclear charge by addition

of two neutrons, while going from I127  to I129 .

Compound
)(a.u.

ρρ
3
NaI
−

−

)(Vm 10x 

         
2-21

zzV

 

η

(mm/s)
NaISS −

(MHz)  

)( h/VeQ zzg

 

ηexp Ref.

-3
NaI

127 a.u. 817.268142ρ : I =
NaI (No. 225) 0.0 0.0 0.0 0.0 (29)
KI (No. 225) -0.256 0.0 0.0 0.0 (29)
CsI (No. 225) +0.012 0.0 -0.02 0.0 (29)

ICl (No. 14) (1)
ICl (No. 14) (2)

+11.601
+13.214

+171.016
+136.249

0.09
0.08

-0.76
-0.76

-2868.0
-2868.0

0.0
0.0 (29)

I2 (No. 64) +8.582 +115.854 0.38 -0.72 -2238.0 0.12 (29)
CI4 (No. 121) +6.037 +130.559 0.01 -0.49 -2160.0 0.0 (30)

NaIO3 (No. 62) +12.623 -50.506 0.04 -0.58 +1092.0 0.0 (31)
KIO4 (No. 88) -16.169 0.0 +0.71 0.0 (29)

-3
NaI

129 a.u. 635.267943ρ : I =
NaI (No. 225) 0.0 0.0 0.0 0.0 (32)
KI (No. 225) -0.256 0.0 -0.05 0.0 (32)
RbI (No. 225) -0.156 0.0 +0.03 0.0 (32)
LiI (No. 225) +0.384 0.0 +0.08 0.0 (32)
CsI (No.225) +0.012 0.0 +0.09 0.0 (32)

CsI3 (No. 62) (1)
CsI3 (No. 62) (2)
CsI3 (No. 62) (3)

+8.421
+10.021
+12.372

+57.870
+82.584

+140.087

0.03
0.04
0.01

+1.86
+1.86
+1.86

-830.0
-1460.0
-2500.0

0.0
0.0
0.0 (33)

ICl (No. 14) (1)
ICl (No. 14) (2)

+11.593
+13.205

+171.015
+136.249

0.09
0.08

+2.19
+2.19

-3131.0
-3131.0

0.06
0.06 (34)

I2 (No. 64) +8.582 +115.854 0.38 +1.29 -2156.0 0.16 (35)
SnI4 (No. 205) (1)
SnI4 (No. 205) (2)

+4.423
+4.407

+82.554
+82.409

0.00
0.00

+0.89
+0.89

-1335.0
-1335.0

0.0
0.0 (36)

SiI4 (No. 205) (1)
SiI4 (No. 205) (2)

+5.087
+5.054

+93.632
+93.305

0.00
0.00

+0.72
+0.72

-1335.0
-1335.0

0.0
0.0 (36)

GeI4 (No. 205) (1)
GeI4 (No. 205) (2)

+5.156
+5.135

+94.793
+94.404

0.00
0.00

+0.94
+0.94

-1500.0
-1500.0

0.0
0.0 (36)

CI4 (No. 121) +6.004 +130.599 0.01 +1.11 -2102.0 0.0 (37)
KIO4 (No. 88) -16.157 0.0 -1.88 0.0 (32)

The calibration constants have been obtained as 3-1 a.u. s mm )2(0570α .−=  for I127  and
3-1 a.u. s mm )4(1640α .+=  for I129  by the linear regression fits through origin. Errors have

been estimated basing on the experimental data scatter. The ratio of the calibration constants
is obtained as )1(350αα 129127 ./ −= . Figure 3 shows correlation between shifts due to the
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different resonant lines for the set of compounds with the experimental data available for both
transitions. Solid line represents standard linear regression fit. Error of the slope is obtained in
the same fashion as previously. In principle Slope  of this line should be equal to the
respective ratio of the calibration constants and above condition is satisfied as

)7(41.0−=Slope . One has to note large scatter of the individual ratios. Namely one obtains
3780.−  for 4KIO , 5580.−  for 2I , 3470.−  for )2,1ICl(  and 4410.−  for 4CI  considering

rather large shifts versus NaI . Above ratios should be almost independent of the compound
chosen, and hence they follow large scatter of the experimental data as almost no theory is
used to obtain them. The average value of the above ratios amounts to )89(4140.−  with the
relative dispersion of % 21 .

Figure 3. (Color online) Correlation between total shifts due to the different resonant lines
obtained for the common set of compounds. Solid line represents linear regression fit.

Figure 4 shows results of the similar analysis for spectroscopic electric quadrupole moments
of the respective nuclear ground states. Linear regression fits through origin were applied to
the data of Figure 4. Errors were obtained as previously. Slopes of these lines were used to
calculate respective spectroscopic electric quadrupole moments, i.e., b )30(7640)127( .Qg −=

and b )3(7310)129( .Qg −=  with )5(9570)127()129( .Q/Q gg = . One has to note that the principal
component of the electric field gradient zzV  is practically isotope independent (see Table I).
Hence, the ratio of the experimental coupling parameters should equal respective ratio of the
spectroscopic quadrupole moments in the ground state. However, experimental ratios

)127()129(
gg Q/Q  show again large scatter for available compounds, i.e., one has 0921.  for
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)2,1ICl( , 9630.  for 2I  and 9730.  for 4CI  with the average value )177(0301. . Therefore
relative dispersion of the above experimental data amounts to about % 17 .

Figure 4. (Color online) Correlation between principal component of the electric field
gradient tensor zzV  and quadrupole coupling parameter h/VeQ zzg )(  for compounds exhibiting
quadrupole interaction and NaI . Solid lines represent linear regression fits.

Some spectra of elemental iodine 2I  were simulated within transmission integral
approximation by means of the MOSGRAF suite38 and they are shown in Figure 5.



10

Figure 5. (Color online) Transmission spectra of elemental iodine 2I  simulated for ZnTe
polycrystalline source. It is assumed that absorbers are completely randomly oriented
powders. The spectrum marked Experimental was simulated using experimental data, while
the spectrum marked Calculated was simulated using data derived from calculations.

It was assumed that absorbers are composed from completely randomly oriented powders.
Furthermore, it was assumed that the recoilless fraction is isotropic in the elemental iodine.
The following additional parameters were used in simulations: background corrected
recoilless fraction of the (resonantly thin) source 30λ ./f S = ,1 dimensionless absorber
resonant thickness 01.tA = ,1 and source line-width SΓ  equal absorber line-width AΓ  with the
condition that both of them are equal natural line-width 0Γ  (see Table II in Appendix A). It is
obvious that one needs high quality spectrometer with the significant number of data channels
per spectrum in order to distinguish these two spectra despite some obvious differences
between them.

Figure 6 shows spectrum simulated with the same parameters as used for the spectrum
marked Calculated of Figure 5, albeit upon applying external magnetic field T 09.B =  co-
axial with the radiation beam. It is assumed that the field acts solely on the absorber. The
averaging over angles θ  and φ  (see Appendix A) has been performed every deg 10  on the
unit sphere.
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Figure 6. (Color online) Transmission spectrum of elemental iodine 2I  simulated for ZnTe
polycrystalline source with the parameters of the spectrum marked Calculated of Figure 5. It
is assumed that the external homogeneous magnetic field of T 09.B =  acts on the iodine
nuclei within absorber (solely). The field is oriented co-axially with the radiation beam.

One can see that magnetic dipole interaction is rather small compared here to the electric
quadrupole interaction, and that Hamiltonians (even without magnetic interaction) are
definitely non-diagonal (due to the asymmetry parameter in the absence of magnetic
coupling) in the standard base of the angular momentum eigenstates 〉zmI  | . The latter states
are eigenstates of the operators I  and zI  (see Appendix A). Here the symbol I  denotes
nuclear spin and zm  stands for the corresponding magnetic quantum number. Hence, exact
diagonalization is required to obtain reliable results in the case of experimental spectra.
Preferential orientation of crystallites and/or anisotropy of the recoilless fraction may have
additional influence on the relative line intensities.

4. Discussion and conclusions

The main problem with the calibration of the isomer shift for iodine resonant lines is mainly
on the experimental side in our opinion. Compounds susceptible to ab initio calculations,
exhibiting high order and without quadrupole interaction are closely spaced on the isomer
shift scale except 4KIO . However, compounds with larger spread of the isomer shifts and
susceptible to calculations exhibit significant quadrupole interactions. On one hand, this
phenomenon is fortunate as it allows calculation of the quadrupole moment, but on the other
hand, one needs high quality spectra and advanced software to derive reliably isomer shift.
The problem is particularly serious for I127  with quite large intrinsic line-width. In order to
get accurately shift from the quadrupole split spectra one has to apply sufficiently large
velocity scale to account for all lines with the large number of channels to avoid significant
histogram effect. Single crystal absorbers are usually hardly available and they are of the poor
quality. Hence, one has to rely on the random powder samples. Such samples might exhibit
some preferential orientation and for the low symmetry point groups leading to the
quadrupole interaction one can expect some anisotropy of the recoilless fraction as well. Such
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anisotropy is, of course, enhanced for I127  due to higher energy of the resonant transition (at
comparable sample temperature and pressure). The non-zero value for the mixing ratio of the

I129  transition has rather minor effect on the line intensities, as it is quite small in absolute
terms. However, the lack of axial symmetry of the electric field gradient tensor has real
influence on line intensities and positions. Therefore exact diagonalization of the ground and
excited hyperfine Hamiltonians is essential to obtain correct parameters including shift. It
seems that important iodine compounds have to be re-measured using modern spectrometers,
and resulting experimental spectra processed by the advanced software. One has to note that
slightly different sites were not distinguished experimentally (see Table I) even for I129

transition. The ratio of the calibration constants could be derived in principle basing solely on
the experimental data. However, even this ratio varies vastly depending upon choice of the
compounds used for comparison.39 Such variation is mainly due to the poor determination of
the shift for I127  transition due to the broad lines observed in the insufficient number of the
data channels. The scatter of the almost pure experimental data of Figure 3 is very strong
indication for the low quality of the experimental data. There is no other physical reason for
such scatter.

Our calibration constants agree quite well with the calibration constants obtained by
Makariūnas.14 In principle, solid state methods like FLAPW are better suited for the isomer
shift calibration as they account for the solid state effects present in the Mössbauer absorber.
Quite good test of the computational accuracy is the agreement on the electric field gradient
tensor, as the latter tensor samples quite accurately distribution of the electrons. Our results
for )127(

gQ  agree within % 67.  with the value of )127(
gQ  recommended by Pykkö17 and based on

the rather accurate nuclear quadrupole resonance data. Above discrepancy is close to the
discrepancy obtained within the molecular cluster method itself ( % 24. ), i.e., between
Pykkö17 results and results obtained by Yakobi et al.18 Real errors of the parameters
determined in this work are larger of course than obtained from the scatter of the data used
(see Table I) due to various systematic errors unaccounted for. We believe that our values do
not differ from real values by more than % 10  in absolute terms. The absolute value of the
electron density on the iodine nuclei might exhibit larger errors (see8), but fortunately the
isomer shift depends only on differences in the electron density. Hence, we hope that
parameters determined in the present work are close to reality. Finally, we would like to stress
importance of the calculation methods applicable to the solids. The elemental iodine crystal is
composed of diatomic linear molecules. Such molecules exhibit axially symmetric electric
field gradient, while the observed and calculated electric field gradient has no above
symmetry due to the solid state effects present even in the molecular crystal like elemental
iodine. A discrepancy between calculated and determined experimentally asymmetry
parameters remains unexplained at the moment. Blaha and Schwarz40 obtained 320η .=  for
unrelaxed 2I  structure by FLAPW method and they found extreme sensitivity of the
asymmetry parameter to the molecular crystal structure.
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Appendix A

Both resonant lines in iodine connect ground nuclear state with the first excited nuclear state.
A transition of Iin  keV 6057 127.  has lower energy resolution, but it is convenient due to the
fact that I127  is the sole stable isotope of this element. One can irradiate Te126  by the thermal
neutron flux producing Te127m  activity of the half-life amounting to d 10921 =/T . Decay from
the ground state of Te127  with h 4921 .T / =  does not populate efficiently the first excited level
of I127 , i.e., the resonant level. Subsequently, a single line polycrystalline unpolarized source
can be made as TeTe)Zn( 126127m , the latter having zinc blende structure. Excited state of the
resonant nucleus is populated by the −β  decay of the precursor in this case. Usually Ge
detectors are used to count resonant photons for this transition. Much better energy resolution
could be achieved for transition of Iin  keV 7227 129. . Unfortunately, the nucleus I129  itself is
radioactive, and it decays (predominantly) via −β  process with the half-life of

y 10 x 71 7
21 .T / =  into the first excited state ( keV 5839. ) of the stable Xe129 . The latter state

decays to the ground state either via emission of the conversion electron or via emission of a
photon leading to another Mössbauer resonance. Fortunately I129  is produced in quite large
quantities during nuclear fission of the heavy elements. In order to populate first excited state
of I129  one can either use −β  decay of Te129m  or −β  decay of Te129 . Both of these activities
are conveniently produced by the thermal neutron flux irradiation of the almost stable Te128 .
The isomeric state of tellurium has half-life of d 3321 =/T , and hence the same procedure
could be used to prepare source as for previous (longer living) resonant transition in I127 . The
half-life of the Te129  amounts to m 7021 =/T , and therefore ready to use as the source target
has to be prepared prior to each irradiation. Usually Zn66  is used instead of natural zinc in
order to minimize unwanted background radiation. Such sources are to be encapsulated in the
graphite containers in order to be useable almost immediately after irradiation (contamination
by C14  is not a problem). Multiple irradiation of such target is possible, of course. Usually Si
detectors are used to count resonant photons of the latter transition. Single line (unpolarized)
polycrystalline absorbers (mainly as standards for shift calibration and for emission
spectroscopy) could be prepared as CuI  (using I129  for the higher resolution keV 7227.
transition) having zinc blende structure at low temperatures. However, it seems that alkali
iodides are better choice due to their almost perfect order despite somewhat lower recoilless
fraction. It seems that the best choice is high purity polycrystalline NaI  despite its high water
solubility. One has to note that sodium is practically mono-isotopic element containing almost
solely Na23 . Such absorber has to be enclosed in the air- and watertight container, of course.
Accumulation of Xe129  (in the case of I129 ) is not a problem due to the very long half-life of
the precursor. The source has to be cooled for both of the above transitions, however it is
sufficient to cool source to the liquid nitrogen temperature in the case of I129 , while it is
necessary to cool source to the liquid helium temperature for I127 . Essential Mössbauer
parameters of the resonant transitions in iodine are summarized in Table II including results
of present work.39

Iodine Mössbauer absorption spectroscopy could be considered in the semi-classical
approximation for the majority of cases. Usually one can assume that all hyperfine levels of
the ground nuclear state are almost equally populated. The ground state hyperfine
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Hamiltonian could be described as follows in the co-ordinates constituting principal axes of
the electric field gradient tensor:

( )[ ] ( )[ ] .   φsin   φ cos  θsin   θ cos          η    3    2222
yxzgyxzgg aA IIIIIIIH ++−−+−=

(1)
The electric quadrupole coupling constant takes on the form )]12( 4[/)( −= ggzzgg IhIVeQA .
The symbol zzV  stands for the main component of the electric field gradient on the nucleus,
while h  stands for the Planck constant. The symbol 2

1>gI  denotes nuclear spin in the
ground state. Co-ordinates are usually chosen in such way to satisfy the condition

||  ||  || zzyyxx VVV ≤≤ , where xxV  and yyV  are remaining principal components of the electric
field gradient tensor. Under such circumstances the asymmetry parameter zzyyxx VVV /)(η −=

satisfies the following condition 1  η  0 ≤≤ . The operators zyx III  and  ,  stand for the nuclear
spin projection operators on the respective (right-handed) Cartesian axes, while the operator
I  denotes operator of the total nuclear spin. The magnetic dipole coupling constant takes on
the form ||µ1 Bgha Ngg

−= , where the symbol gg  denotes gyromagnetic factor of the nuclear
ground state, Nµ  stands for the nuclear magneton, and B  for the value of the hyperfine
(induction) magnetic field on the nucleus. Angles θ  and φ  stand for the polar and azimuthal
angle of the (induction) magnetic field vector in the quantization co-ordinates, respectively.
Hyperfine magnetic field in the case of iodine spectroscopy could be either external field
and/or transferred field in the magnetically ordered material. The latter field could contain
some dipolar contribution (usually very small) and Fermi transferred field – either isotropic
and/or anisotropic. In order to obtain excited state Hamiltonian one has to replace spin and
spin operators by the excited spin 2

1>eI  and corresponding spin operators. The (electric
quadrupole) coupling constant of the ground state has to be replaced by the corresponding

coupling constant of the excited state, the latter taking on the form 












−

−
=

)12( 
)12( 

  
ee

gg

g

e
ge II

II
Q
QAA ,

where eQ  stands for the spectroscopic nuclear electric quadrupole moment in the excited
nuclear state. The (magnetic dipole) coupling constant has to be replaced by the excited state
coupling constant |B|gha Nee µ1−= , where the symbol eg  denotes gyromagnetic factor of the
excited state (including possible hyperfine anomaly). It is worth to note that the following
condition is satisfied gege ggaa // = . Finally, one has to add the following term to the excited

state Hamiltonian 1 0 







hc
SE . Here the symbol S  denotes total spectral shift with respect to the

source, and the symbol 1  denotes unit operator. Due to the high spins of the iodine nuclei all
parameters of the hyperfine interactions could be obtained from single spectrum, i.e.,

SaaAA egeg  and φ , θ ,  ,  , η ,  , . In the case of external magnetic field applied to randomly
oriented absorber one has to average appropriately absorption profile over angles φ and θ .
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Table II
Important parameters for resonant transitions in iodine are gathered. Total shift of NaI
absorber versus ZnTe  source (both kept at ambient pressure and close to liquid helium
temperature at ambient pressure) amounts to mm/s 140127 .S +=  for I127 .29 Hence,
corresponding shift for I129  amounts to mm/s 3890129 .S −=  neglecting very small differences
in SOD and electron density due to the isotope effect. Parameters shown in bold are
determined within this contribution. Natural line-width 0Γ  and total conversion coefficient

Tα  slightly vary from compound to compound.

Parameter I127 I129 Comments
(keV) 0E 6057. 7227. Transition energy39

)(π
gI )(

2
5 + )(

2
7 + Ground state spin and parity39

)(π
eI )(

2
7 + )(

2
5 + Excited state spin and parity (first excited state)39

Transition 1M 21 E/M Transition type39,38

12δ M/E 0 0530.− Mixing ratio38

ge a/a 6460.+ 5191.+ Ratio of the excited to the ground state
gyromagnetic factors39

)T s (mm -1-1|B|/ag 1316860.+ 2544920.+ Ground state magnetic dipole coupling constant per
unit magnetic induction field

No hyperfine anomaly was found in both cases39

)12( 
)12( 

 
-II
-II

Q
Q

ee

gg

g

e 42670.+ 59982.+ Ratio of the excited to the ground state electric
quadrupole coupling constants39

(b) gQ 0.764(30)− 0.731(3)− Ground state nuclear electric quadrupole moment
(spectroscopic)

ξ 0 0 Interference term between resonant and non-
resonant scattering processes38

(mm/s) Γ0 271. 2950. Natural line-width39

)a.u. s (mm α 3-1 0.057(2)− 0.164(4)+ Isomer shift calibration constant

129127 αα / 0.35(1)− Ratio of the respective isomer shift calibration
constants

Tα 703. 35. Total conversion coefficient for the resonant line
K-electrons are inaccessible for I129 39

(a.m.u.) m 90126. 90128. Atomic mass

(Mb) σ0 12. 83. Resonant cross-section for absorption39

%) (at. 0a 100 0 Isotopic abundance
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