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| International Materials Reviews >
Volume 51, 2006 - Issue 3

Study of materials using Mossbauer
spectroscopy

lv’ Taylors Francis Online

D. Bandyopadhyay*

A comprehensive review is presented of the recent contributions Méssbauer spectroscopy has
made in materials science and engineering. After a brief introduction to the basic methodology,
examples of the application of *“Fe and 1°Sn Méssbauer spectroscopy in both transmission and
back-scattering mode are presented and discussed. Recent technological and software
developments of this technique are also included. Coverage is further extended to recent,
pertinent developments in space research and also in biological science and technology where
Méssbauer techniques are very widely used. Efforts have also been made to cover applications to
archaeological samples where Mdssbauer spectroscopy is an important analytical tool.
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Ammonia Activation and Nitride Formation Pathways in Transition
Metal Clusters: Insights from Mass Spectrometry and First-Principles
DFT
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and Soumen Bhattacharyya™
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ABSTRACT: The interaction of ammonia (NH;) with laser-vaporized NH, + Ni,” )

transition metal clusters (Ti, V, Fe, Co, and Ni) was systematically | dehydrogenation |5

investigated using reflectron time-of-flight mass spectrometry and density “ Ni'H, ONI® +NIH,

functional theory. Metal-specific and size-dependent trends emerge: Ti

clusters readily form (TiN), (n = 1—7), indicating strong nitride formation. % ag,, z

Neutral V, and Fe, clusters predominantly yield mononitrides, with the NH; er -
z

dehydrogenation efficiency varying with cluster size and charge. Co, clusters
show limited reactivity with mainly NH; adsorptions and partial dehydrogen-
ation, while Ni, clusters exhibit extensive NH; uptake, leading to stable
nitride/imide species such as NiN(NHj;), and Ni(NH),(NHj;),, along with
the formation of Ni*H, via hydrogen release—likely resulting from the
reaction of Ni," clusters with NH;. These findings provide insights into
ammonia activation, N—H bond cleavage, and transition metal nitride formation mechanisms in small clusters.
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Investigating the structural, electronic, and magnetic properties of
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Abstract

Chemistry A

Neutral lanthanum clusters are studied by photoionization time-of-
flight mass spectroscopy, laser threshold photoionization
spectroscopy, and density functional theory (DFT). Mass abundance
spectra (MS) registered at multiple photoionization wavelengths in the
range of 195-230 nm by single photon ionization reveal the production
of all sizes, La, (n2 50), in good abundance, nullifying previously
predicted low abundances for certain sizes in the 3—14 size range.
Also, the MS do not reveal the extraordinary stability of any specific
size, as one would expect, from previous theoretical predictions of 7-
and 13-atom clusters as magic. lonization energies (IEs) are measured
for La, (n = 2-14) clusters. DFT has been used to determine the stable 4.0 4.5 5.0
geometric isomers for 2- to 10-atom clusters and to calculate their IEs. Photon energy (eV)
The theoretical IEs of 2-7 atom clusters are in decent agreement with

their experimental values; however, the theoretical |IEs are somewhat

lower by ~0.4 eV for n2 8 than their experimental IEs.

VIE = 4.52 eV

lon yield (a.u.)

onset =4.40 eV

)
ol e S,

53

Insights into the electronic structure and stability of TiMge 11 12) clusters: Validation o
electron counting rule, S Chatterjee, D Bandyopadhivéaterials Today Communications
(2022) 103860

https://doi.org/10.1016/].mtcomm.2022.103860

materialstoday

Volume 32, August 2022, 103880

Insights into the electronic structure and
stability of TiMg, (n=1-12) clusters:
Validation of electron counting rule

Soham Chatterjee, Debashis Bandyopadhyay 2 =

2022
IF
4.5

14




Graphical Abstract

QN ERA R Potncare Hogd
relathaenbip verific st
P800 )

NOREACTION SITE
Low ELF iy

| 8
20
G—
[N §=)
| » -~
_4 =N 1 NICS gives the confirmation o
ISP ID2s - aramati o and cahamied
\ MAGIC CLUSTER ot Wby o TR
20 ELECTRON RULE |

E o A' =

52

Insight into stabilities and magnetism of EuGen . i 2Q) rlanoclusters: an assessment
electronic aromaticity, Journal of Materials Science57(2022) 1933819355,
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Insight into stabilities and magnetism of EuGe,
(n = 1-20) nanoclusters: an assessment of electronic

aromaticity
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ELF mapping and NICS show the presence of strong aromaticity in EuGe ;s Among the top
34 electrons, 18c and 167 electrons (S.I.). The 18c electrons follow Hirsch’s 2(m+1)° o-
electronrule for n=2. The remaining 16z electrons do not directly follow Hiickel’s (4n+2)
m—electron rule. Splitting it as 6x + 10xsatisfies Hiickel's rule for n=1 and 2, respectively.
So, by applving the mixed x-o electron counting rule, the enhanced stability of the EuGe s

cluster can explain.
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In the present report the evolution of the electronic structure, stability and magnetic quenching of CrGe,,
nanaclusters has been carried out using density functional theory (DFT). From the nature of the variation of
the different thermodynamic and chemical parameters, the CrGeio and CrGess ground state clusters are
identified as the most stable species. It is observed that the enhanced stability of CrGesg and CrGeys are
due to the closed shell filed structure of the Cr-atomic orbitals and folow the 18-electron counting
rule. It is found that the strong mixing of the Cr d-orbital with the s- and p-atomic orbitals of the Ge
atoms in the cluster are mainly responsible for the stability and quenching of the Cr magnetic moment
in the clusters. Calculated CPs also give additional information about the bonding and its effect on the
v rse. orgfadvances stability of the clusters. Calculated IR and Raman spectra also support these results
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Ravi Trivedi, Kapil Dhaka and Debashis Bandyopadhyay™

Evolution of electronic structures, properties and stabilities of neutral and cationic molybdenum
encapsulated germanium clusters (Mo@Ge, n = 1 to 20) has been investigated using the linear
combination of atomic orbital density functional theory method with effective core potential. From the
variation of different thermodynamic and chemical parameters of the ground state clusters during the
growth process, the stability and electronic structures of the clusters is explained. From the study of the
distance-dependent nucleus-independent chemical shifts (NICS), we found that Mo@Ge;> with
hexagonal prism-like structure is the most stable isomer and possesses strong aromatic character.

Density of states (DOS) plots of different clusters is then discussed to explain the role of d-orbitals of the
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Accepted 3rd November 2014 Mo atom in hybridization. Quenching of the magnetic moment of the Mo atom with increase in the size

of the cluster is also discussed. Finally, the validity of the 18-electron counting rule is applied to further
DOI-10.1039/c4ra 118253 explain the stability of the metallo-inorganic magic cluster Mo@Ge; and the possibility of Mo-based

www.rsc.org/advances cluster-assembled materials is discussed.
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The relative stability of Sc, Ti, and V encapsulating Ge, clusters in the size range n = 14—20 has been
studied through first-principles electronic structure calculations based on density functional theory. Variations
of the embedding energy, gap between the highest occupied and the lowest occupied molecular orbitals,
ionization potential, vertical detachment energy, and electron affinity with cluster size have been calculated
to identify clusters with enhanced stability. The enhanced stability of some clusters can be very well explained
as due to the formation of a filled shell free-electron gas inside the Ge cages. For the first time, direct evidence
of the formation of a free-electron gas is also oresented. In some other clusters. enhanced stabilitv is found
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