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Abstract— Mössbauer spectroscopy is based on the quantum mechanical “Mössbauer effect,” which provides a non-intuitive link between 
nuclear and solid-state physics. Mössbauer spectrometry provides unique measurements of electronic, magnetic, and structural properties 
within materials. Mössbauer study of hornblendes samples are reported here with Mossbauer parameters and also chemical analysis. The 
state of iron present in the form of Fe2+and Fe3+ cations in the samples. The ratio of Fe2+ and Fe3+ leads to oxidation state of iron oxides 
which is related to F-factor. 

Index Terms— Mössbauer study,  hornblendes samples, Oxidation state. 

——————————      —————————— 

1 INTRODUCTION                                                                    
OST applications of Mössbauer spectroscopy in materi-
als science utilize “hyperfine interactions,” in which the 
electrons around a nucleus perturb the energies of nu-

clear states. The energy levels of a nucleus are determined 
mostly by the strong interaction which binds the nucleons 
together.  Mössbauer spectrometry is performed with the nu-
clei 57Fe. The 57Fe atoms in the lattice oscillate at higher fre-
quencies in at higher temperatures, leading to an energy shift 
of the accompanying absorption peak from the Doppler Effect.  
Mössbauer spectroscopy has been widely used to investigate 
the chemical state of iron in various kinds of hosts in metals 
[1], [2]. Among the various forms of iron oxides maghemite 
and hematite are of most importance in technology and indus-
trial applications [3]. Maghemite has numerous application 
like recording, memory devices, magnetic resonance imaging, 
drug delivery or cell targeting [4] (Laurent et al., 2008; Daou et 
al., 2010). 
The octahedral coordinated with four oxygen and two hy-
droxyl ions. Now our aspect has been of major interest. The 
change in oxidation state with respect to nucleus [5], [6], [7]. 
The change of spin state with respect to the electronic struc-
ture of the iron atom obtained from corresponding Mössbauer 
experiment [8], [9], [10] and nature of neighbouring atoms and 
two isomers are distinguished which are either C is form of 
Trans form [11], [12], [13], [14]. The basic structure feature of  

 
 

silicate hornblendes is a composite of different site octahedral 
sites are generally fitted by Mg2+, Fe2+, Fe3+, Al3+, Mm2+ etc. 
There are two types of octahedral sites present in silicate de-
pending on the position of the hydroxyl ions.  If the hydroxyl 
ions on the adjacent corner of the site it is known as the C’s 
site. While the corresponding site trans site describe the site 
situation where hydroxyl ions lie at the opposite corner of the 
octahedral [15], [16], [18], [19]. 
The samples were collected of medium grade metamorphism 
Udaipur district (Raj). Tectonic process, which occur in a high-
er pressure, high temp environment change the composition 
and structure of original igneous and sedimentary rocks. Pure 
fraction of the samples, were obtained from by using gravity 
magnetic and microscopic separation methods. These samples 
are ninety-nine percent pure. 

2 EXPERIMENTAL METHOD 
The hornblendes samples were collected from geology de-
partment and Chemical analysis carried out from chemistry 
department J.N.V University Jodhpur. The Mössbauer spec-
trometer consist of a electromechanical drive in a constant ac-
celeration mode a proportional counter with accessory elec-
tronic backed by a channel analyzer, due to the symmetrical 
256 channels and mirror images of each other are recorded 
simultaneously two typical spectra is displaced in figures 
1and 2. The source is mounted on the drive unit which was 
10m CiCo57 diffuse in to palladium and spectra were recorded 
in transmission geometry at room temperature the spectra 
have been analyzed by computer programme. This pro-
gramme assumes the spectrum to be sum of Lorentzian.  We 
have restricted these fits to maximum of 8 lines corresponding 
to 4 doubles, ferrous and ferric ions in sites. 
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 3 RESULT AND DISSCUSSION 
3.1 Figures and Table 
 

 
 

 
 
 
 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
 
 
The chemical analysis of samples indicate that the amount of 
iron oxide is smaller than SiO2 but Mössbauer spectroscopy 
can be used to identify iron species because this technique can 
quantify the proportion of Fe2+ and Fe3+ in both crystalline and 
amorphous materials [20], [21]. So iron species is identified as 
ferric iron of hematite (Fe3+), para magnetic ferric iron (Fe3+) 
and para magnetic ferrous iron (Fe2+). But Fe2+ is the paramag-
netic spices present in the octahedral sheet of hornblendes. 
The chemical analysis revels that the amount of iron is less but 
which is useful for Mossbauer spectroscopy. 

 

 
                                         TABLE3   
EXPERIMENTAL RESULT OF  MOSSBAUER PARAMETERS 
SAMPLE   IS QS         LW     F-FACTOR    ASSIGNMENT 
S-1 1.15 2.73 0.32 .50 Fe2+ 

 1.11 2.33 0.38 .20 Fe2+ 

 0.88 2.26 0.51 .10 Fe2+ 

 0.46 0.54 0.53 .20 Fe3+ 

 
S-2 1.15 2.83 0.32 .35 Fe2+ 

 1.16 2.49 0.34 .22 Fe2+ 

 1.15 1.83 0.53 .19 Fe2+ 

 0.39 0.72 0.46 .24 Fe3+ 

 

Errors in IS ± 0.02% QS ± 0.018% LW ± 0.02% 
The Mössbauer lines are fitted in the form of doublets. The 
isomer shift is varied from 0.39mm/sec to 1.17mm/sec. The 
isomer are shift depend on electron density at the nucleus. If 
electron in outermost orbit involves in chemical bonding have 
a significant perturbing effect on occupied 3s orbital and σ 
bonds 4s orbital. The isomer shift parameter is sensitive to any 

TABLE 1 
 

CHEMICAL ANALYSIS OF SOME HORNBLENDES 
 

Sample                   S-1                  S-2 
SiO2  45.44  44.90 
TiO2     01.48  00.87 
Al2O3  09.73                12.42 
Fe2O3  05.84  07.27 
FeO  05.88  09.97 
MnO  00.12  00.43 
MgO  12.50  12.79 
CaO  09.49  07.89 
Na2O  01.12  01.67 
K2O  00.39  00.67 
P2O5  00.31  00.31 

 
 

TABLE 2 
 

CHEMICAL COMPOSITION CALCULATION ON THE BASISIS OF OX-
YGEN PER FORMULA 

 
            SAMPLE                    S-1                      S-2 

Si  6.7369  6.4467 
Ti  0.1637  0.0924 
Al3+  0.4372  0.5481 
Fe2+  1.2246  1.2051 
Fe3+  0.6500  0.7127 
Mn2+  0.0142  0.0509 
Mg  2.7384  2.8091 
Cu2+  1.5131  1.2166 
Na+  0.2939  0.4631 
K+  0.0712  0.1243 

 

 

 
  Fig. 1and 2 Show that.the Mossbauer Spectra of Hornblendes 
Samples at Room Temprature. 
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factor that effect the number and distribution of valence shell 
electron it provide a iron oxidation state, coordination envi-
ronment and covalent character of bonded anions. Since Fe3+ is 
a low spin cation. So the Fe2+ cations no longer retains and 
electron d6 orbital of Fe, therefore decrease and electron densi-
ty at the nucleus produces relatively high isomer shift. The 
doublet with a smaller quadrupole splitting is ascribed to para 
magnetic ferric (Fe3+), presumely originating from clay miner-
als. The doublet with a larger quadruple (QS) is attributive 
paramagnetic ferrous (Fe2+) mostly due to crystalline silicate 
[22]. When ferrous Fe is bounded to oxygen in silicate, sul-
phate carbonates increase positive charge of Fe3+ion formed by 
losing one of its 3d electron and remaining electrons are at-
tracted by nucleus isomer shift ferric mineral are smaller than 
the ferrous mineral. The covalent bond character is higher tet-
rahedral coordination than for a cation in a octahedral coordi-
nation with O or S. As a result decreased isomer shift correlat-
ed with lowering of coordination number of the Fe cation. 
Non of samples represent the quadrupole splitting zero and Fe 
nucleus is not spherical in hornblendes. The quardupole split-
ting is varied from 0.53mm/sec to 2.84 m/sec. This represent 
that Fe nucleus are not spherical in the samples, a non spheri-
cal component of the electric field. The QS value of Fe2+ ion is 
larger than the QS value of Fe3+ion. This variation indicates 
that the coordinate sites are destroyed in geometry of horn-
blendes. Therefore as aresult in electronic configuration that is 
no longer spherically symmetrical and produces an electric 
field gradient at the nucleus. So QS parameters are significant-
ly higher for Fe2+  bearing silicate or oxides than for those min-
erals containing Fe3+ ions. Thus Fe2+ and Fe3+ions in horn-
blendes are to be easily distinguished by Mössbauer spectros-
copy. Octahedral coordinated Fe in the majority of rock form-
ing minral in distinguished from Fe2+ion while Fe3+ ions occu-
py very distorted and noncubic lattice environment around 
the nucleus. Mössbauer spectroscopy is useful technique for 
characterizing the valence electronic coordination symmetric 
and state of occupancies of Fe cations in rock forming miner-
als. There are two main parameters isomer shift quadrupole 
splitting and to distinguished Fe2+ and Fe3+ ions with sites. 
Peak area is related to recoil free fraction. 

4 CONCLUSION 
 

 
Our main conclusions are as follows. 
 

1- The chemical analysis of both samples represent that 
the amount of iron oxide is very small. 

2- Both samples are indicating that the iron present in 
the form of ferrous (Fe2+) and the range of QS is 1.83 to 
2.83. it means that ferrous is in low spin state. 

3- The ratio of Fe3+/Fe2+ is more than 50%. This show that 
Fe2+ is in low spin state. 

4- Mica- Fe is not a reasonable ferric/ ferrous iron stand-
ard since it revels significant variations in degree of 
oxidation with different size fractions are .1 to .5. 

5-  The QS value of Fe2+is large than the QS values of Fe3+ 
this variation represent that coordinates sites are de-
stroyed in geometry in hornblendes. So Fe3+ is not 
high spin state.  
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