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On the cover:

This issue our front cover is focusing
on the research work of Ms. Li Sun,
a young Mossbauer spectroscopists
from Prof. Yann Garcia’s group at
UCLouvain in Belgium. They
designed a novel Fe(Il) colorimetric
sensor detection system in food
chemistry (See more in Editor’s
Comments and in the enclosed
Mdssbauer Spectroscopy Newsletter.)
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Editor’s Comments

Design of Novel Fe(II) Colorimetric Sensors for
Detection of Volatile Organic Compounds

Nowadays, food quality and nutrition have rapidly become a case of social concern with the
development of bio-products, eco food ad so on. Food chemistry can play a pivotal role in the
understanding of contaminants formation and/or detection using advanced analytical chemistry tools.
In this frame, this is no surprise that the European union recently launched a COST networking action
on the study of acrylamide and asparagine contamination in bread and potatoes product, called
ACRYRED.

This month, we highlight the work of a young Mdssbauer spectroscopist, Li Sun, who recently was
awarded the PhD degree in food chemistry after a dissertation written at Université catholique de
Louvain, Belgium. The Mdssbauer Effect Reference Data Journal wishes to encourage indeed early
stage researchers (ESRs) and recently awarded PhD doctors to submit a summary of their thesis to the
journal. These scientists form the next generation of spectroscopists which will animate our
community in the future. Knowing better their work will allow not only allow them to establish
networking contacts among the community but also to generate future opportunities and stimulate new
research ideas and concepts.

Dr. Li Sun, who was educated in China and in Belgium (Louvain-la-Neuve), returned to her home
country for a postdoctoral position at Ningbo Institute of Materials Technology &. Engineering in
Ningbo to develop new nanomaterials for applications in bio sensing and environmental sciences.

Yann Garcia

Associate Editor

Institute of Condensed Matter and Nanosciences
Université Catholique de Louvain, Belgium
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Mossbauer Effect Data Center

is pleased to offer these publications and services to the international Mossbauer community...

Ut Bt . Mossbauer Effect S
| Reference and Data Journal

The Journal reports as thoroughly as possible all published information
on Mossbauer spectroscopy. An annual subscription includes ten issues
plus an index issue. Each issue includes a Reference Listing, a Data
Listing, an Isotope Index, a Subject Index, and the Mdssbauer Spectroscopy
Newsletter.

It's all about the battery ...

Mossbauer Web Sites
ON THE WORLD WIDE WEB

The Mossbauer Effect Data Center developed and administers two
separate  Web  sites for the  Maossbauer community

(<www.moss.dicp.ac.cn> and <www.medc.dicp.ac.cn>). These sites provide
Maossbauer researchers with pertinent and timely information, free of charge. Included on the
sites are general information pertinent to the Mossbauer community, news items, regional lab
information, position postings, information on upcoming conferences, the most recent
Mossbauer Spectroscopy Newsletter, IBAME information, an E-Mail and Fax Directory of
Mossbauer Authors, links to Mdssbauer instrument and source suppliers, and further information
regarding the Center's products and services. Access to the MEDC Web-Access Database is also
provided through the MEDC site. Researchers may now access and search the MEDC database
from their computers via the MEDC Web site.

For further information about these and our many other
publications and services for the Mossbauer community, please
visit us at our Web site

Dalian Institute of Chemical Physics

Chinese Academy of Sciences

457 Zhongshan Road, Dalian 116023, China
Phone: +86-411-84379159

Fax: +86-411-84685940

Email: medc@dicp.ac.cn

Web: www.medc.dicp.ac.cn www.moss.dicp.ac.cn
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Source

Absorber

Au-197 77.40 keV Transition

197Pt in Pt foil
prepared through
neutron irradiation

197Pt created by
neutron activation
of a 100 mg piece of
enriched 196Pt

Au foil and catalysts having
Cu+Au loadings of: 1 wt %
CugzAuz/Zn0O, 3 wt %
CugsAuz/ZnO; and 5 wt %
CugzAuz/ZnO

mixed-valence perovskite
CssAul'Au>Cliz

Fe-57 14.40 keV Transition: Biological Compounds

Rh(IS/ o-Fe)

Rh(IS/ o-Fe)

Rh(IS/ a-Fe)

Rh(IS/a-Fe)

Rh(IS/a-Fe)

Rh(IS/a-Fe)

Rh(IS/ a-Fe)

Rh(IS/a-Fe)

biogenic ferrihydrite
manoparticles before and after
low-temperature annealing at
150°C in air for 24 h

complex OvoA eFe(II).CyseHis

complexes {FeDEsP-NO}7 and
{FeTEsP-NO}7 before adding
cobaltocene, and after adding
cobaltocene

ferrous protein, after incubation
with Na2$:04, and Mb-cIII,
trapped after further incubation

frozen solutions of reaction at
various time points of

OvoA eFe(II).Cys ®His with Oz
without and with the presence
of Cld and ClOz: anaerobic
OvoAMtht - Fe(II) -Cys- His
quaternary complex, Int490
reactive intermediate, and
enzyme-product complex

Nanoparticles of
MnFe;O4,Fe304, and CoFeOs
coated with PLLA-PVA
capsules

of iron oxide (a-Fe203)
nanoparticles functionalized
with chitosan synthesized by
hydrothermal method

ZnyxFe3 Oy (for x=0, 0.25, 0.5,
0.75 and 1.0) functionalized
with polyacrylic acid
ZnyFe; yO4@PAA

Fe-57 14.40 keV Transition: Catalysts

Rh(IS/a-Fe)

Rh(IS/ a-Fe)

Rh(IS/ o-Fe)

Rh(IS/ o-Fe)

Rh(IS/ a-Fe)

XX

Cr(IS/ a-Fe)

(L2)FeCHj3 quinoline
pyridine(imine) iron complex
QI =
N-(2,6-dimethylphenyl)-1-(6-(q
uinolin-2-yl)-pyridin-2-yl)ethan
-1-imine)

Catalyst Fe@N-C-800

complex OvoA eFe(II).Cys®His

complexes {FeDEsP-NO}7 and
{FeTEsP-NO}7 before adding
cobaltocene, and after adding
cobaltocene

diatomic catalyst Fe, Zn-N-C

Fe-N-C catalysts

FesxMnxO4 0.00<x<0.25
nanoparticles synthesized via
co-precipitation method

Temp

300

10

90

300

4.2

300

300

80

300

300

IS

1.17

DATA LISTING

Qs

3.12

42

Comments

calculated the Au percentages (from IS increasing linearly with Au
content) to be 2.7, 9.2, and 9.4 mol% for CugzAuz/ZnO of 1, 3 and 5
wt%, respectively

identified the doublets assigned to Au3+ (67%) and Au2+(33%)

sites of Fel, Fe2 and Fe3 are identified with 3 doublets at 300 K
and with three sextets at 4.2 K

a typical high-spin (S=2) ferrous species found in non-heme
iron-containing enzymes identical to the OvoA quaternary
complex

the addition of cobaltocene resulted in the appearance of
additional doublets assigned to {FeDEsP-NO}s and {FeTEsP-NO}s

identified the low-spin iron (II) species with an isomer shift (8) of
0.47mm/s and a quadrupole splitting (| AEq|) of 1.00 mm/s
before and HS Fe(II) after carbene moiety is transferred to a ring
nitrogen atom of the porphyrin cofactor (§=0.97mm/s and

| AEq | =4.00mm)

Int490 exhibited a large axial zero field splitting (D=30 cm-1), and
an axial Fe nuclear hyperfine tensor (Ax/gnpn=Ay/gnfn=-26 T,
Az/gnBn=-5T), best comparable with the heme-based S=1
oxoferryl intermediates from Mb

identified sextets of A and B sites for MnFe,Os, and CoFeQs, and
A, B2, B2 sites for Fe3Os

observed spectra modelled with a doublet and 3 sextets or a sextet
with the asymmetric line broadening assigned to a mixed slow-fast
relaxation

modelled the spectra with the sextet subspectra of A, B1, B2, B3
and B4 for x=0; A, B1, B2 and a surface-like collapsed sextet for x =
0.25; A, B1, surface-collapsed S, and doublet D for x=0.5; A+B,
surface-collapsed S, and doublet D for x=0.75; and doublets D1,D2
and impurity(Fe20s) sextet for x=1

identified the antiferromagnetic coupling of HS Fe(II) to a singly
reduced (QPI1-) ligand with a total spin of (S=3/2)

modelled the spectra with the 4 sextets identified with a-Fe (64%),
Fe304 and iron carbide, and a doublet D1 (12%)

a typical high-spin (S5=2) ferrous species found in non-heme
iron-containing enzymes identical to the OvoA quaternary
complex

the addition of cobaltocene resulted in the appearance of
additional doublets assigned to {FeDEsP-NO}s and {FeTEsP-NO}s

diatomic catalyst has a larger proportion of the D2 site assigned to
ferrous iron with a medium spin state

reviewed the ex-situ, in situ, and operando Mossbauer
spectroscopy in Fe-N-C

observed no spm-relaxation and suggested that the ferrite particle
size is above 4.2-4.6 nm
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Source

Rh(IS/ o-Fe)

Rh(IS/ a-Fe)

Rh(IS/ o-Fe)

Rh(IS/a-Fe)

Rh(IS/a-Fe)

Absorber Temp

ferrous protein, after incubation 300
with Na2S;04, and Mb-cIII,
trapped after further incubation

frozen solutions of reaction at 4.2
various time points of

OvoA eFe(II).Cys ®His with Oz
without and with the presence

of Cld and ClOx: anaerobic
OvoAMtht - Fe(II) -Cys- His
quaternary complex, Int490

reactive intermediate, and
enzyme-product complex

Hm/Cy@C-900 and 300
Hm/TCA@C-900

electrocatalysts

hollow a-Fe2Os microspheres v

produced by spray pyrolysis

neutral tetranitrosyl iron 295
complex

{[Fe(H20)4]**[FeR2(NO)2]> 2-}

-4H>O with
R=5-(3-pyridyl)-4H-1,2,4-triazol
e-3-thiolyls

Fe-57 14.40 keV Transition: FERROMAGNETIC

Rh(IS/ a-Fe)

Rh(IS/a-Fe)

Rh(IS/Fe)

Rh(IS/a-Fe)

Rh(IS/a-Fe)

Rh(IS/a-Fe)

Rh(IS/a-Fe)

Rh(IS/a-Fe)

Rh(IS/a-Fe)

Rh(IS/ o-Fe)

Rh(IS/ a-Fe)

Rh(IS/ a-Fe)

Rh(IS/ o-Fe)

Rh(IS/ o-Fe)

Rh(IS/ o-Fe)

BaFe11.75Zn0.25019 ferrite before 300
and after magnetic pulse

processing

BaFe12xAlxO19 (x=0, 0.5, 1.0, 300
15)

BaTi1.<Fex0s(x=0.02) 300
CE-5 lunar soil CE5C0600 300
Co1xZnxFex0O4 (x=0.0-0.56) v
ferrites synthesized by sol-gel
autocombustion

Heusler alloy FexRuGe v
hollow a-Fe2Os microspheres v

produced by spray pyrolysis

iron polyhydrides FeHx 300
synthesized with 5Fe at 178

and 195 GPa

Kagomé Metal (Zr,Ta)Fe2 300

annealed at different
temperatures (1473K and 1073K)

LiFeCr4Os v

metal-nanocomposites v
Fe-Mn-Ni-C synthesized by
mechanical milling

MgFexOs and Mg(FeosGao2)20s v
prepared by auto-combustion
method

multiferroics Bi1-xSrxFeOs -y (x 300
=0, 0.05, and 0.10)
MxCoixFexOs (M2+ =Ni2+, Zn2+) v

y-Fe2O3 and y-Fe203/Si0: 300

IS

DATA LISTING

Qs

43

Comments

identified the low-spin iron (II) species with an isomer shift (§) of
0.47mm/s and a quadrupole splitting (| AEq|) of 1.00 mm/s
before and HS Fe(II) after carbene moiety is transferred to a ring
nitrogen atom of the porphyrin cofactor (§=0.97mm/s and

| AEq | =4.00mm)

Int490 exhibited a large axial zero field splitting (D=30 cm-!), and
an axial Fe nuclear hyperfine tensor (Ax/gnpn=Ay/gnfn=-26T,
Az/gnpn=-5T), best comparable with the heme-based S=1
oxoferryl intermediates from Mb

identified the actual iron components to be the phases of FesC,
FeSy, Fe304, and metallic alpha-Fe nanoparticles

identified major (86%) and minor (14%) sextets assigned to bulk
(Bnf=51.4 T) and surface (Bn=49 T)

identified two doublets with intensity ratio of 2:1, assigned to
Fe(I)LS (major) and Fe(IT)LS (minor)

both averaged By and QS decrease with increasing the time of
magnetic pulse processing

identified 5 sextets assigned to the sites: three octahedral (2a, 4f>,
and 12 k), one tetrahedral (4f1) and one trigonal bipyramidal (2b)

identified a doublet and detected a presence of 2 minor impurity
sextets attributed to the impurity ordering of both FM and AFM
types among Fe3+

applied a fitting model of a sextet (alpha-Fe, 2.5%) and three Fe2+
doublets: D1 (ilmenite, 9%), D2 (pyroxene M1+olivine, 33%) and
D3 (pyroxene M2+glass, 55%)

spectra are a combination of broad sextet, and a dominant
paramagnetic doublet with QS of 0.70 — 0.84 mm/s, and the
doublet area range between 20 — 50%

identified three Fe sites with the relative absorption areas of 55%,
23%, and 22% for the three sites Fe-4b, Fe-4c, and Fe-4d, with <Bne>
at 300 K of 30.6,23.3,and 21.8 T

identified major (86%) and minor (14%) sextets assigned to bulk
(Bnf=51.4 T) and surface (Bn=49 T)

reviewed the previous Mdssbauer data showing that the hydride
phase is magnetically ordered according to the Mdssbauer
spectroscopy data

identified 4 magnetically inequivalent Fe sites (6h, 2a and two 16d)
and determined the ratio and hyperfine field of each Fe atoms

determined the temperature dependence of hyperfine parameters
showing the ferrimagnetic transition at Tn ~ 94 K, the spin-gap
transition at Tsg ~ 50 K, and the magnetostructural transition at
Tms ~ 19K

identified magnetic ferrite, austenite (paramagnetic and
ferromagnetic), and cementite (both paramagnetic and
ferromagnetic))

performed measurements at 776 K and at 14 K and obtained the
ratios of the intensities of the partial for two iron positions,
I(FeA)/I(FeB), ~0.72 and ~0.89 for MgFe>Os and Mg(FeosGao2)20s,
respectively

identified three P(Brs) distributions, each described within the
model of cycloid spatial anharmonic spin modulation

identified A and B sites; determined the cation distribution and
observed a small Zn2+ quantity in Oh-sites.

coating of nanoparticles leads to a change in the fraction of the
superparamagnetic doublet and relaxational component
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Code

23N028

23P038

231055

23D034

235095

235090

24B006

24B002

24Q001

23K062

23C034

23D034

23G047

23C033

237042

230006

23G045

23P040

24B005

235091
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Source Absorber Temp

Fe-57 14.40 keV Transition: Frozen Solutions
Rh(IS/a-Fe) complex OvoA eFe(Il).CyseHis 4.2

Rh(IS/a-Fe) complexes {FeDEsP-NO}7 and 920
{FeTEsP-NO}; before adding
cobaltocene, and after adding

cobaltocene

frozen solutions of reaction at 42
various time points of

OvoA eFe(Il).Cys *His with Oz
without and with the presence

of Cld and ClOz: anaerobic
OvoAMtht - Fe(Il) -Cys- His
quaternary complex, Int490

reactive intermediate, and
enzyme-product complex

Rh(IS/ o-Fe)

Rh(IS/a-Fe) iron(III)-peroxo complex 4.2
bearing an N-tetramethylated
cyclam ligand,

[Fel(O,)(12-TMC) ]+

Fe-57 14.40 keV Transition: Glasses and Amorphous Substances

Rh(IS/ a-Fe) AlpNisFesY11 and AloNiiFesYs v
alloys

Rh(IS/a-Fe) amorphous SiOz implanted 300
with 60 keV 57Fe

Rh(IS/a-Fe) crystalline SiOz implanted with 300
60 keV 5Fe

Rh(IS/a-Fe) disordered gel with a 300

crosslinked structure of
CaO-Fe203-Al03-SiO-HO

Rh(IS/a-Fe) hollow a-Fe>O3 microspheres v

produced by spray pyrolysis

Fe-57 14.40 keV Transition: High Temperature Superconductors
Rh(IS/a-Fe) iron polyhydrides FeHx 300
synthesized with ¥Fe at 178
and 195 GPa

Fe-57 14.40 keV Transition: Inorganic Cyanides
Rh(IS/ a-Fe) Fe(4-ethynylpyrdine)2[Fe(CN)s v
NO]

Rh(IS/ a-Fe) Fe(Py,)[Fe-(CN)sNO] before 5
and after insertion the guest
species (benzene/toluene or

furan/thiophene)

Rh(IS/a-Fe) polymer 40
{Fe(DPPE)>[Ag(CN)2]2}-2EtOH

with a luminescent ligand
DPPE=1,1-diphenyl-2,2-di(4-py
ridylbiphenyl)ethylene

Fe-57 14.40 keV Transition: Inorganic Halides
XX hybrid composites of high v

entropy perovskites CsMBrs
(M=Pb, Fe, Co, Ni, Mn) with
Cs/M=1:1,1:2,and 1:3

Fe-57 14.40 keV Transition: Inorganic Oxides
Rh(IS/ a-Fe) amorphous SiO> implanted 300
with 60 keV 57Fe

Rh(IS/ a-Fe) BaFe11.75Zn025019 ferrite before 300

and after magnetic pulse

processing

Rh(IS/ a-Fe) BaFe12xAlxO19 (x=0, 0.5, 1.0, 300
15)

Rh(IS/Fe) BaTi1xFexOs(x=0.02) 300

DATA LISTING

Qs

44

Comments

a typical high-spin (S=2) ferrous species found in non-heme
iron-containing enzymes identical to the OvoA quaternary
complex

the addition of cobaltocene resulted in the appearance of
additional doublets assigned to {FeDEsP-NO}s and {FeTEsP-NO}s

Int490 exhibited a large axial zero field splitting (D=30 cm-), and
an axial Fe nuclear hyperfine tensor (Ax/gnpn=Ay/gnpn=-26 T,
Az/gnBn=-5T), best comparable with the heme-based S=1
oxoferryl intermediates from Mb

demonstrated paramagnetic relaxation of a single species having
an S=5/2 spin state a small axial zero-field splitting (D=-1 cm-1), a
large rhombic zero-field splitting (E/D=0.31), and a close-to-is
otropic A tensor ([-20.0, —20.0, —-21.2] T)

performed a fit with 2 QS distributions and assigned Fe with
higher QS to mainly aluminium and yttrium surrounding, and Fe
with lower QS to iron atoms surrounded mainly by aluminium
and nickel atoms

identified sextet components (Bn=3.5 T, 31.1T and 29.1 T)
consistent with the precipitation of metallic a-Fe nanoclusters, and
doublets, assigned to Fe2+ and Fe3+ species

identified high-Bnf sextet components (Bn=52.7 T and 52.3 T)
consistent with the precipitation of a-Fe2O3 and a doublet,
assigned to Fe3+ species

identified two kinds of octahedral Fe3+: the distorted one
(modifier), and more symmetric (a layer former)

identified major (86%) and minor (14%) sextets assigned to bulk
(Bnf=51.4 T) and surface (Bn=49 T)

reviewed the previous Mossbauer data showing that the hydride
phase is magnetically ordered according to the Mossbauer
spectroscopy data

identified 2 Fe(II) LS subspectra at 5 K and the Fe(IT)LS + Fe(II) HS
subspectra at 295 K

identified the Fe(II) LS and HS doublets; the guest-host interaction
is favorable to the SCO for benzene and toluene and unfavorable
for furan and thiophene

identified the doublet subspectra for the LS (89%) and HS (19%)
states of Fe(II)

claimed the presence of LS and HS states of Fe

identified sextet components (Bn=33.5 T, 31.1T and 29.1 T)
consistent with the precipitation of metallic a-Fe nanoclusters, and
doublets, assigned to Fe2+ and Fe3+ species

both averaged B¢ and QS decrease with increasing the time of
magnetic pulse processing

identified 5 sextets assigned to the sites: three octahedral (2a, 4f>,
and 12 k), one tetrahedral (4f1) and one trigonal bipyramidal (2b)

identified a doublet and detected a presence of 2 minor impurity
sextets attributed to the impurity ordering of both FM and AFM
types among Fe3+

April 2024

Code

23P038

235085

23P038

23Y023

23M056

24B008

24B008

23F016

23D034

23G047

235087

235086

23Y021

24C003

24B008

235090

24B006

24B002
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Source

Rh(IS/ o-Fe)

Rh(IS/ a-Fe)

Rh(IS/ o-Fe)

Rh(IS/sodium
nitroprusside)

Rh(IS/ a-Fe)

Rh(IS/a-Fe)

Rh(IS/a-Fe)

Rh(IS/ a-Fe)

Rh(IS/ a-Fe)

Rh(IS/a-Fe)

Cr(IS/ a-Fe)

Rh(IS/a-Fe)

Rh(IS/a-Fe)

Rh(IS/a-Fe)

Rh(IS/a-Fe)

xx(IS/ a-Fe)

Rh(IS/ a-Fe)

Rh(IS/ o-Fe)

Rh(IS/ a-Fe)

Rh(IS/ o-Fe)

Absorber Temp

bentonites and 300
montmorillonites from Georgia

and Wyoming, USA, and

bentonites from Czech

Republic, Italy, India and

Greece

biogenic ferrihydrite v
manoparticles before and after
low-temperature annealing at

150°C in air for 24 h

CE-5 lunar soil CE5C0600 300

Ceramic Brick Based on Power 300
Plant Waste (80% interstitial

clay +20% iron-bearing power

plant slag)

Co1xZnyFe204 (x=0.0-0.56) v
ferrites synthesized by sol-gel
autocombustion

CoFexO4 80
core—shell nanoparticles 295

composed of the FesOs core and
a mixed shell built of iron and
silicon glycerolates

crystalline SiO implanted with 300
60 keV 5Fe

destinezite v
Fe2(PO4)(SO4)(OH)-6H20 from
Hloubétin (Czech Republic)

disordered gel with a 300
crosslinked structure of
CaO-Fe203-A1205-Si0-HO

Fe3-xMnxO4 0.00 < x < 0.25 300
nanoparticles synthesized via
co-precipitation method

goethite nanoparticles and 300
Zn-doped goethite nanoparticles
(5,10, and 20% at.)

Hm/Cy@C-900 and 300
Hm/TCA@C-900

electrocatalysts

hollow a-Fe2Os microspheres v

produced by spray pyrolysis

iron oxide nanoparticles and 300
Fe304-yFe203/ (CooPd3)n

composites

iron-rich cementitious v

materials, such as
brownmillerite Ca>AlFe»Os,
augite
Ca,Na)(Mg,Fe,Al,Ti)(Si,Al)20s,
phyllosilicates, jarosites, etc.

LiFeCrsOs \%

magnetic nanoparticles of 300
Nio.4Zno.cFe204,

Nio4Zno.sCeo.1Fe190s,
Nio.6Zno.4Ceo.1Fe1.904, and
Nio5ZnosCeo1Fe1904

MgFexOs and Mg(FeosGao2)20s v
prepared by auto-combustion
method

multiferroics Bii-xSrxFeOs-y 300
(x=0, 0.05, and 0.10)

IS

0.41

DATA LISTING

Qs

0.21

45

Comments

determined the structural localization. hyperfine parameters and
the extent of reduction of Fe, and distinguished 3 groups of
bentonites, based on the sulfide oxidation capacity

sites of Fel, Fe2 and Fe3 are identified with 3 doublets at 300 K
and with three sextets at 4.2 K

applied a fitting model of a sextet (alpha-Fe, 2.5%) and three Fe2+
doublets: D1 (ilmenite, 9%), D2 (pyroxene M1+olivine, 33%) and
D3 (pyroxene M2+glass, 55%)

identified presence of magnetite in combination with hematite and
fayalite

spectra are a combination of broad sextet, and a dominant
paramagnetic doublet with QS of 0.70 — 0.84 mm/s, and the
doublet area range between 20 — 50%

reviewed different approaches to deconvolute the spectrum:
two-component fit, three-component fit, six-component fit

demonstrated that the Fe : Si atomic ratio in the mixed shell of
ISG-MNPs is about 1: 1

identified high-Bns sextet components (Bn=52.7 T and 52.3 T)
consistent with the precipitation of a-Fe-Os and a doublet,
assigned to Fe3+ species

identified a stronger broadening within the doublet of the
left-hand Lorentzian compared to a narrower right-hand Loretzian
for both 78 K and 300 K

identified two kinds of octahedral Fe3+ : the distorted one
(modifier), and more symmetric (a layer former)

observed no spm-relaxation and suggested that the ferrite particle
size is above 4.2-4.6 nm

identified Fe in alpha-(Fe, Zn)OOH goethite nanoparticles and
impurity phases of non-stoichiometric zinc ferrite (31% for 20% of
Z), and a small fraction of fine maghemite

identified the actual iron components to be the phases of FesC,
FeSy, Fe;04, and metallic alpha-Fe nanoparticles

identified major (86%) and minor (14%) sextets assigned to bulk
(Bn=51.4 T) and surface (Bn=49 T)

identified under magnetic field of 1.3 T three components assigned
to A and B sites of maghemite and a surface

reviewed Mossbauer spectroscopy among other methods required
to apply them in the field of cementitious materials

determined the temperature dependence of hyperfine parameters
showing the ferrimagnetic transition at Tn ~ 94 K, the spin-gap
transition at Tsg ~ 50 K, and the magnetostructural transition at
Tms ~ 19K

identified A and B sextets and spm-doublets; large QS indicate
high asymmetry at both sites A and B

performed measurements at 776 K and at 14 K and obtained the
ratios of the intensities of the partial for two iron positions,
I(FeA)/I(FeB), ~0.72 and ~0.89 for MgFe>Os and Mg(FeosGao2)20s,
respectively

identified three P(Brs) distributions, each described within the
model of cycloid spatial anharmonic spin modulation

April 2024

Code

23H035

23K057

24Q001

23A041

23K062

24B009

23K061

24B008

23G046

23F016

23D036

24B004

231055

23D034

23W028

24B007

237042

24D002

23G045

23P040
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Source
Rh(IS/ a-Fe)

Rh(IS/ o-Fe)

Rh(IS/ a-Fe)

Rh(IS/ o-Fe)

Rh(IS/ a-Fe)

Rh(IS/a-Fe)

Rh(IS/a-Fe)

Rh(IS/a-Fe)

Rh(IS/a-Fe)

Rh(IS/ a-Fe)

SMS at ID18, ESRF

Cr(IS/ a-Fe)

Rh(IS/a-Fe)

Rh(IS/ a-Fe)

Rh(IS/a-Fe)

Rh(IS/ o-Fe)

Rh(IS/ o-Fe)

Rh(IS/ a-Fe)

Rh(IS/ a-Fe)

Absorber

MxCo1«FexOs (M2+=Ni2+, Zn2+)

NaFePO.F cathode for aqueous
zinc-ion batteries at three states
(pristine, 1st charge, and 1st
discharge

nanocomposites synthesized
from Fe ablated in acetone, Fe
ablated in toluene, and Fe
ablated in heated toluene

Nanoparticles of
MnFexO4,Fe304,and CoFeOy
coated with PLLA-PVA
capsules

Nd-Pr-Fe-B machining wastes
from two different machining
processes (diamond cutting and
grinding)

Nio.5Zno5R0.02Fe1.9804 for R=Ce
and Gd sintered at 500C

Nio.65Zno.35A1Fe2—xO4 (x =0.0,
0.5,and 1)

of iron oxide (a-FeOs)
nanoparticles functionalized
with chitosan synthesized by
hydrothermal method

oxides-based red pigments in
the ancient Gaya region, South
Korea

paddy soil from the Ubon
Ratchathani Rice Research
Center in Thailand before and
after incubation with

perovskites FeosMgosAlosSiosO3
and FeMgoSi0s0s up to 95GPa

phosphate-free schwertmannite
FesOs(OH)s.2x(SO4)x and
phosphate-sorbed at pH 3, pH
6, and pH 8

porous carbon material before
and after laser irradiation and

aging
pyrochlore-like layered

Y1.85Mgo15FeTaO7 and
Y2Feo7sMgo3TaO7

Sr2FeNbOs-delta

synthetic fayalite Fe2SiO4

synthetic Mg-rich and Na,
Si-rich majorites synthesized at
18-25 GPa and 1000 °C

thin layers of CuFeO: prepared
by radio frequency magnetron
sputtering, and by reactive
high-power impulse magnetron
sputtering combined with
electron cyclotron wave
resonance plasma
(HiPIMS-ECWR)

trachybasalt porphyrite from
the Karabulak site of the
Gavasay deposit

Y25CeosFe25Gaz 5012 before and
after annealing in vacuum, and
in vacuum and then in air

Temp

v

293

300

300

300

295

300

300

300

300

300

300

300

298

DATA LISTING

Qs

46

Comments

identified A and B sites; determined the cation distribution and
observed a small Zn2+ quantity in Oh-sites.

identified the Fe2+ and Fe3+ doublets, and confirmed the Fe2+/Fe3+
redox activity

identified y-Fe;O3 phase (100%) for acetone, and y-Fe2Os (20%) and
austenite (26%) and FesC (40%) and amorphous Fe (14%) for
toluene

identified sextets of A and B sites for MnFe,Os, and CoFeQs, and
A, B2, B2 sites for FesOs

identified RoFe14B; the hyperfine fields of the RoFe14B (R=rare-earth
element) decrease in the following order: 8j> > 16k> > 16ki1 > 4e >
8j1 > 4c

observed by application external field of 5 T the suppression of
2nd and 5th lines for both A and B sextets

Bh decreases from 37.4 to 31.4 T as x increases from 0 to 1

observed spectra modelled with a doublet and 3 sextets or a sextet
with the asymmetric line broadening assigned to a mixed slow-fast
relaxation

identified sextets of A and B sites of magnetite, phase of a-Fe>O3
(hematite) and Fe3+ doublets D1(spm-Fe203), D2 (kaolin), D3(clay
mineral), D6(clinochlore), and two other doublets assigned to Fe2+
in clinochlore

identified mainly ferrihydrite and lepidocrocite; observed that
ferrihydrite was less stable during mineral transformation and
reductive dissolution, compared to lepidocrocite

above approximately 12 GPa FeMgo5Sio5Os transforms into a new
silicate double perovskite having two individual octahedral sites:
one occupied by Si only, and the other by iron and magnesium

from the relative fractions of collapsed sextet and doublet detected
an increase in crystallinity with pH, and a decrease in crystallinity
after reaction with phosphate

identified Fe in compounds OF FeOn'H20 and p-FeOOH

observed the existence of magnetic ordering at room temperature
in one magnetic sublattice (Bn=45.6 to 51.8 T) and paramagnetic
doublets from other two sublattices assigned to Fe3+ and
Fe(3+delta)*

identified at 7K two types of magnetic structures that differ in the
length and strength of antiferromagnetic correlations; Fel (3+) and
Fe2 (3+) centers account for 61% and 39% of the total area

reviewed powder and single crystal Mossbauer spectroscopy
studies on synthetic fayalites

reviewed the applications of Mossbauer spectroscopy for
determination of the ratio of Fe3+/XFe and determined the changes
of Fe3+/XFe with pressure

identified delafossite CuFeO: after magnetron sputtering and
additionally iron oxides (magnetite, maghemite) after
HiPIMS-ECWR

identified sextets and doublets assigned to magnetite,
titanomagnetite and a glass, and estimated the estimate the
Fe3+/Fe(total) ratio

observed ratio of iron cations in tetrahedral and octahedral
sites((Fe(Td)/Fe(Oh)) deviates from the 3 : 2, indicating the
preference of Ga atoms to Td sites

April 2024

Code

24B005

235088

24D004

23A040

23B061

23P042

230007

23D035

23M054

235092

23K055

24A004

23B063

23E012

23P037

23T019

235070

23P039

23K060

23T021
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Source

Rh(IS/ o-Fe)

Rh(IS/ o-Fe)

Rh(IS/ o-Fe)

Rh(IS/ o-Fe)

Rh(IS/ o-Fe)

Absorber

YsFes xAlO12

Zno;sNiosFe204 nanoparticles

ZnyFe3 Oy (for x=0, 0.25, 0.5,
0.75 and 1.0) functionalized
with polyacrylic acid

ZnyxFes «O4@PAA

v-FexOs3 and y-Fe»O3/SiO»

y-iron oxide nanoparticles and
carboxylate (valerate, butyrate,
formate and acetate) precursors
before pyrolysis

Fe-57 14.40 keV Transition: Inorganic Sulfides

Rh(IS/a-Fe)

Rh(IS/ a-Fe)

Hm/Cy@C-900 and
Hm/TCA@C-900
electrocatalysts

initial and leached sulfide
minerals from the Southwest
Indian Ridge

Fe-57 14.40 keV Transition: Inorganic Sulphates

Rh(IS/a-Fe)

destinezite
Fex(PO4)(SO4)(OH)-6H20 from
Hloubétin (Czech Republic)

phosphate-free schwertmannite
FesOs(OH)s.2x(SO4)x and
phosphate-sorbed at pH 3, pH
6, and pH 8

Fe-57 14.40 keV Transition: Irradiation Experiments

Rh(IS/a-Fe)

Rh(IS/a-Fe)

Rh(IS/a-Fe)

Rh(IS/a-Fe)

Rh(IS/a-Fe)

amorphous SiO> implanted
with 60 keV 57Fe

BaFe11.75Zn0.25019 ferrite before
and after magnetic pulse
processing

CE-5 lunar soil CE5C0600

crystalline SiO» implanted with
60 keV 7Fe

of iron oxide (a-Fe2O3)
nanoparticles functionalized
with chitosan synthesized by
hydrothermal method

Fe-57 14.40 keV Transition: Metals and Alloys

Rh(IS/a-Fe)

a synchrotron
source of third
generation

Rh(IS/ o-Fe)

Rh(IS/ o-Fe)

Rh(IS/ a-Fe)

30 um a-iron foil

a thin-film planar cavity
implanted in the Mossbauer
nuclei Pt (0.5 nm) /C (20.8 nm)
/56Fe (0.6 nm) /C (19.6 nm) / Pt
(2.5nm), Pd (3.5 nm) /C (20.8
nm) /56Fe (0.6 nm) / C (19.6
nm) /Pd (2.5 nm), and Pd (4
nm) /C (18 nm) /5Fe (1.2 nm)
/C (18 nm) /Pd (14 nm)

Al7NisFesY11 and AlzNiiiFesYs
alloys

CE-5 lunar soil CE5C0600

Fe

Temp

300
300

300

300

300

300

300

300

300

300

300

300

DATA LISTING

IS Qs

47

Comments

identified three subspectra for the octahedral environment of Fe3+
and four subspectra for the tetrahedral environment of Fe3+

identified a Zeeman sextet assigned to Fe3+ in B site with a
hyperfine field value of 37.8 T

modelled the spectra with the sextet subspectra of A, B1, B2, B3
and B4 for x=0; A, B1, B2 and a surface-like collapsed sextet for x =
0.25; A, B1, surface-collapsed S, and doublet D for x=0.5; A+B,
surface-collapsed S, and doublet D for x=0.75; and doublets D1,D2
and impurity(Fe2Os) sextet for x=1

coating of nanoparticles leads to a change in the fraction of the
superparamagnetic doublet and relaxational component

explained the <Bne> shift from 482 kOe (initial iron valerate) to 460
kOe (initial iron butyrate) by the particle size y-iron oxide of
dependence on precursor

identified the actual iron components to be the phases of FesC,
FeSy, Fe304, and metallic alpha-Fe nanoparticles

identified the phases of pyrite, sphalerite, hydrous ferric oxides
and chalcopyrite

identified a stronger broadening within the doublet of the
left-hand Lorentzian compared to a narrower right-hand Loretzian
for both 78 K and 300 K

from the relative fractions of collapsed sextet and doublet detected
an increase in crystallinity with pH, and a decrease in crystallinity
after reaction with phosphate

identified sextet components (Bn=3.5 T, 31.1T and 29.1 T)
consistent with the precipitation of metallic a-Fe nanoclusters, and
doublets, assigned to Fe2+ and Fe3+ species

both averaged Bis and QS decrease with increasing the time of
magnetic pulse processing

applied a fitting model of a sextet (alpha-Fe, 2.5%) and three Fe2+
doublets: D1 (ilmenite, 9%), D2 (pyroxene M1+olivine, 33%) and
D3 (pyroxene M2+glass, 55%)

identified high-Bnf sextet components (Bn=52.7 T and 52.3 T)
consistent with the precipitation of a-FeOs3 and a doublet,
assigned to Fe3* species

observed spectra modelled with a doublet and 3 sextets or a sextet
with the asymmetric line broadening assigned to a mixed slow-fast
relaxation

optimized with measurements from a laser Doppler vibrometer
the miniaturized piezoelectric Mossbauer spectrometer based on a
piezoelectric actuator

replacing Fe with 57Fe (abundance=100%), calculated by the
CONUSS package the reflectivity spectra and reviewed the X-ray
quantum optics with Méssbauer nuclei embedded in thin-film
cavities

performed a fit with 2 QS distributions and assigned Fe with
higher QS to mainly aluminium and yttrium surrounding, and Fe
with lower QS to iron atoms surrounded mainly by aluminium
and nickel atoms

applied a fitting model of a sextet (alpha-Fe, 2.5%) and three Fe2+
doublets: D1 (ilmenite, 9%), D2 (pyroxene M1+olivine, 33%) and
D3 (pyroxene M2+glass, 55%)

developed an advanced velocity modulator for a portable
Mossbauer spectrometer

April 2024

Code

23K059

24D003

23K056

235091

235093

23L055

23H038

23G046

24A004

24B008

235090

24Q001

24B008

23D035

23G044

23L056

23M056

24Q001

23Y022
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Source Absorber

Rh(IS/ a-Fe) Feo258Gaozaz

Rh(IS/a-Fe) Heusler alloy Fe:RuGe

Rh(IS/a-Fe) Kagomé Metal (Zr,Ta)Fe?
annealed at different
temperatures (1473K and 1073K)

Rh(IS/a-Fe) melt-spun Fe-Si-B amorphous
alloy ribbons (Fe7sSigB13)

Rh(IS/a-Fe) metal-nanocomposites
Fe-Mn-Ni-C synthesized by
mechanical milling

Rh(IS/a-Fe) nanocomposites synthesized

from Fe ablated in acetone, Fe
ablated in toluene, and Fe
ablated in heated toluene

xx(IS/ a-Fe) quasi-binary alloys with Laves

structure

Fe-57 14.40 keV Transition: Miscellaneous Experiments

Rh(IS/a-Fe) amino-ferrocene powder and
amino-ferrocene-based
nanoclusters on a graphene
oxide nanosheet

ensembles of nuclei embedded
in x-ray waveguides

a synchrotron or
free-electron laser

XX hybrid composites of high
entropy perovskites CsMBrs
(M=Pb, Fe, Co, Ni, Mn) with
Cs/M=1:1,1:2, and 1:3

Rh(IS/a-Fe) iron polyhydrides FeHx
synthesized with ¥Fe at 178

and 195 GPa

Rh(IS/a-Fe) magnetic nanoparticles of
Nio.aZno.cFe20s,
Nio.aZno.sCeo1Fe1.90s,
Nio.6Zno.4Ceo.1Fe1904, and

Nio5ZnosCeo.1Fe1904

Rh phosphate-free schwertmannite
FegOs(OH)s-2x(SO4)x and
phosphate-sorbed at pH 3, pH
6,and pH 8

Rh(IS/a-Fe) y-iron oxide nanoparticles and
carboxylate (valerate, butyrate,
formate and acetate) precursors

before pyrolysis

Fe-57 14.40 keV Transition: Miscellaneous Inorganic Compounds

Temp

300

300

300

293

300

300

300

300

Rh(IS/a-Fe) amino-ferrocene powder and
amino-ferrocene-based
nanoclusters on a graphene

oxide nanosheet

Rh(IS/a-Fe) core—shell nanoparticles
composed of the Fe3O4 core and
a mixed shell built of iron and

silicon glycerolates

ensembles of nuclei embedded
in x-ray waveguides

a synchrotron or
free-electron laser

XX hybrid composites of high
entropy perovskites CsMBrs
(M=Pb, Fe, Co, Ni, Mn) with
Cs/M=1:1,1:2,and 1:3

Rh(IS/a-Fe) iron polyhydrides FeHx
synthesized with Fe at 178

and 195 GPa

xx(IS/ a-Fe) iron-rich cementitious
materials, such as
brownmillerite CazAlFe>Os,
augite
Ca,Na)(Mg,Fe,Al,Ti)(Si,Al)20s,
phyllosilicates, jarosites, etc.

v

295

300

300

DATA LISTING April 2024

Qs Comments Code
observed the existence of 2 doublets assigned to Fe at two dierent 23R027
environments: pristine (FeGas) and Fe antisite
identified three Fe sites with the relative absorption areas of 55%, 23C034
23%, and 22% for the three sites Fe-4b, Fe-4c, and Fe-4d, with <Bne>
at 300 K of 30.6,23.3,and 21.8 T
identified 4 magnetically inequivalent Fe sites (6h, 2a and two 16d)  23C033
and determined the ratio and hyperfine field of each Fe atoms
identified a preferred spin orientation: the majority of magnetic 23A042
aligned parallel to the surface of the ribbon
identified magnetic ferrite, austenite (paramagnetic and 230006
ferromagnetic), and cementite (both paramagnetic and
ferromagnetic))
identified y-Fe2O3 phase (100%) for acetone, and y-FexO3 (20%) and ~ 24D004
austenite (26%) and FesC (40%) and amorphous Fe (14%) for
toluene
this is an erratum to an early published article 'The Creation of 23M057
Complex Multi- Component Models of Mossbauer Spectra...'
Fe ion changed from a non-magnetic S=0 state to a S=5/2 235096
high-spin state by charge transfer when assembled by on-surface
chemical reaction on a GO nanosheet
explored a method to detect an excitation of nuclear ensembles 23W026
beyond the low-excitation regime
claimed the presence of LS and HS states of Fe 24C003
reviewed the previous Mossbauer data showing that the hydride 23G047
phase is magnetically ordered according to the Mossbauer
spectroscopy data
identified A and B sextets and spm-doublets; large QS indicate 24D002
high asymmetry at both sites A and B
from the relative fractions of collapsed sextet and doublet detected = 24A004
an increase in crystallinity with pH, and a decrease in crystallinity
after reaction with phosphate
explained the <Bne> shift from 482 kOe (initial iron valerate) to 460 235093
kOe (initial iron butyrate) by the particle size y-iron oxide of
dependence on precursor
Fe ion changed from a non-magnetic S = 0 state to a 5=5/2 235096
high-spin state by charge transfer when assembled by on-surface
chemical reaction on a GO nanosheet
demonstrated that the Fe:Si atomic ratio in the mixed shell of 23K061
ISG-MNPs is about 1:1
explored a method to detect an excitation of nuclear ensembles 23W026
beyond the low-excitation regime
claimed the presence of LS and HS states of Fe 24C003
reviewed the previous Mossbauer data showing that the hydride 23G047
phase is magnetically ordered according to the Mdssbauer
spectroscopy data
reviewed Mossbauer spectroscopy among other methods required ~ 24B007

48

to apply them in the field of cementitious materials
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Source

Rh(IS/ o-Fe)

Rh(IS/ o-Fe)

Rh(IS/ o-Fe)

Rh(IS/ o-Fe)

Rh(IS/ o-Fe)

Absorber Temp

melt-spun Fe-Si-B amorphous 300
alloy ribbons (Fe7sSioB13)

metal-nanocomposites v
Fe-Mn-Ni-C synthesized by
mechanical milling

MOF7; and Fe-containing v
metal-organic frameworks

nanocomposites synthesized 293
from Fe ablated in acetone, Fe

ablated in toluene, and Fe

ablated in heated toluene

phosphate-free schwertmannite 300
FegOs(OH)s-2x(SO4)x and
phosphate-sorbed at pH 3, pH

6,and pH 8

y-iron oxide nanoparticles and v
carboxylate (valerate, butyrate,
formate and acetate) precursors

Fe-57 14.40 keV Transition: Organic Compounds

Rh(IS/a-Fe)

Rh(IS/a-Fe)

Rh(IS/a-Fe)

Rh(IS/a-Fe)

Rh(IS/a-Fe)

Rh(IS/a-Fe)

Rh(IS/ o-Fe)

Rh(IS/ a-Fe)

Rh(IS/ a-Fe)

Rh(IS/ o-Fe)

Rh(IS/Fe)

before pyrolysis
(2,2"-bipyridyl)-FeFs2H.O 297
(L2)FeCH3 quinoline 80
pyridine(imine) iron complex
(QPI=N-(2,6-

dimethylphenyl)-1-(6-(quinolin-
2-yl)-pyridin-2-yl)ethan-1-imine)

2+, 3+ and 4+ charge states of v
the heterotrimetallic
cyanido-metal-bridged

complexes, trans-[Cp(dppe)
Fe-CN-Ru(MeOpy)s-NC-Fe(dp
pe)Cpl[X]n (11=2, 3, or 4); X=PFe

or BF4) (Cp=cyclopentadiene,
dppe=1,2-bis(diphenylphosphi
no)ethane)

2+, 3+ and 4+ oxidation v
compounds of the

heterotrimetallic
cyanido-metal-bridged

complexes, [Cp*(dppe)Fe-CN-
Ru(MeOpy)s-NC-Fe(dppe)Cp*]
[X]n; Cp*=1,2,3,4,5-
pentamethylcyclopentadiene;

n=2, 3, or 4, X=PF¢ or BF4)

amino-ferrocene powder and v
amino-ferrocene-based
nanoclusters on a graphene

oxide nanosheet

complexes {FeDEsP-NO}7 and 90
{FeTEsP-NO}7 before adding
cobaltocene, and after adding
cobaltocene

core—shell nanoparticles 295
composed of the Fe3Os core and

a mixed shell built of iron and

silicon glycerolates

Fe(4-ethynylpyrdine):[Fe(CN)s v
NO]
Fe(Py)[Fe-(CN)sNO] before 5

and after insertion the guest
species (benzene/toluene or
furan/thiophene)

ferrous protein, after incubation 300
with Na2S:04, and Mb-cIlI,
trapped after further incubation

iron (II)-triazole complex 293
[Fe(atrz)s](2 ns)2

IS

0.39

0.53

0.278

DATA LISTING

Qs

0.94

1.27

0.074
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Comments

identified a preferred spin orientation: the majority of magnetic
aligned parallel to the surface of the ribbon

identified magnetic ferrite, austenite (paramagnetic and
ferromagnetic), and cementite (both paramagnetic and
ferromagnetic))

proposed a method for calculation of the temperature dependence
of the quadrupole splitting compounds

identified y-Fe2O3 phase (100%) for acetone, and y-Fe2O3 (20%) and
austenite (26%) and FesC (40%) and amorphous Fe (14%) for
toluene

from the relative fractions of collapsed sextet and doublet detected
an increase in crystallinity with pH, and a decrease in crystallinity
after reaction with phosphate

explained the <Bne> shift from 482 kOe (initial iron valerate) to 460
kOe (initial iron butyrate) by the particle size y-iron oxide of
dependence on precursor

identified the high spin state and confirmed the high sample
quality

identified the antiferromagnetic coupling of HS Fe(II) to a singly
reduced (QPI1-) ligand with a total spin of (5=3/2)

in the one-electron oxidation compounds (3+ state) the charge is
delocalized all along the trimetal backbone Fe-Ru-Fe

in the one-electron oxidation compounds (3+ state) the charge is
delocalized between the two metal parts Fe-Ru

Fe ion changed from a non-magnetic S = 0 state toa S =5/2
high-spin state by charge transfer when assembled by on-surface
chemical reaction on a GO nanosheet

the addition of cobaltocene resulted in the appearance of
additional doublets assigned to {FeDEsP-NO}s and {FeTEsP-NO}s

demonstrated that the Fe : Si atomic ratio in the mixed shell of
ISG-MNPs is about 1: 1

identified 2 Fe(II) LS subspectra at 5 K and the Fe(II)LS + Fe(II) HS
subspectra at 295 K

identified the Fe(II) LS and HS doublets; the guest-host interaction
is favorable to the SCO for benzene and toluene and unfavorable
for furan and thiophene

identified the low-spin iron (II) species with an isomer shift (§) of
0.47mm/s and a quadrupole splitting (| AEq|) of 1.00 mm/s
before and HS Fe(Il) after carbene moiety is transferred to a ring
nitrogen atom of the porphyrin cofactor (6=0.97mm/s and

| AEq | =4.00mm)

identified presence of a single clear doublet signal assigned to Fell
in the LS state

April 2024

Code

23A042

230006

23P041

24D004

24A004

235093

24W002

23D033

237043

237043

235096

235085

23K061

235087

235086

23N028

24B003
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Source Absorber

Rh(IS/ a-Fe) iron(IIl)-peroxo complex 4.2
bearing an N-tetramethylated
cyclam ligand,

[Fel(O2)(12-TMC)]+

Rh(IS/a-Fe) MOF7 and Fe-containing v -

metal-organic frameworks

Rh(IS/a-Fe) neutral tetranitrosyl iron 295 -
complex

{[Fe(H20)u]?*[FeR2(NO)2]> 2-}

-4H>0 with R=5-(3-pyridyl)
-4H-1,2,4-triazole-3-thiolyls

Rh(IS/a-Fe) of iron oxide (a-FexO3) 300 -
nanoparticles functionalized
with chitosan synthesized by

hydrothermal method

Rh(IS/a-Fe) polymer 40 -
{Fe(DPPE)>[Ag(CN)2]2}-2EtOH

with a luminescent ligand
DPPE=1,1-diphenyl-2,2-di(4-py
ridylbiphenyl)ethylene

Rh(IS/a-Fe) resorcinol-formaldehyde 78 -
hybrid aerogels with ferrocene

subunit fragments

Fe-57 14.40 keV Transition: Terrestrial and Extraterrestrial Minerals
Rh(IS/a-Fe) bentonites and 300 --
montmorillonites from Georgia
and Wyoming, USA, and
bentonites from Czech
Republic, Italy, India and
Greece

Rh(IS/a-Fe) CE-5 lunar soil CE5C0600 300 --

Ceramic Brick Based on Power 300 -
Plant Waste (80% interstitial

clay +20% iron-bearing power

plant slag)

Rh(IS/sodium
nitroprusside)

Rh(IS/a-Fe) destinezite v
Fe2(PO4)(SO4)(OH)-6H20 from

Hloubétin (Czech Republic)

Rh(IS/a-Fe) initial and leached sulfide 300 --
minerals from the Southwest
Indian Ridge

xx(IS/ a-Fe) iron-rich cementitious \% --

materials, such as
brownmillerite CazAlFe2xOs,
augite
Ca,Na)(Mg,Fe,Al,Ti)(Si,Al)20s,
phyllosilicates, jarosites, etc.

Rh(IS/a-Fe) Nd-Pr-Fe-B machining wastes 300 --
from two different machining
processes (diamond cutting and

grinding)

Rh(IS/ a-Fe) oxides-based red pigments in 295 -
the ancient Gaya region, South

Korea

Rh(IS/a-Fe) paddy soil from the Ubon
Ratchathani Rice Research
Center in Thailand before and

after incubation with

SMS at ID18, ESRF  perovskites FeosMgosAlosSiosOs 300 -

and FeMgosSios03 up to 95GPa

Rh(IS/ a-Fe) synthetic Mg-rich and Na, 300 -
Si-rich majorites synthesized at

18-25 GPa and 1000 °C

Rh(IS/a-Fe) trachybasalt porphyrite from 300 -
the Karabulak site of the

Gavasay deposit

Temp IS

DATA LISTING

Qs
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Comments

demonstrated paramagnetic relaxation of a single species having
an S=5/2 spin state a small axial zero-field splitting (D=-1 cm1), a
large rhombic zero-field splitting (E/D=0.31), and a
close-to-isotropic A tensor ([-20.0, —20.0, -21.2] T)

proposed a method for calculation of the temperature dependence
of the quadrupole splitting compounds

identified two doublets with intensity ratio of 2:1, assigned to
Fe(I)LS (major) and Fe(II)LS (minor)

observed spectra modelled with a doublet and 3 sextets or a sextet
with the asymmetric line broadening assigned to a mixed slow-fast
relaxation

identified the doublet subspectra for the LS (89%) and HS (19%)
states of Fe(II)

identified low-spin iron Fe2+ cations (d6 in Fel) for major
subspectrum (QS=2.38 mm/s) and a relaxational behavior for
minor (Fe2)

determined the structural localization. hyperfine parameters and
the extent of reduction of Fe, and distinguished 3 groups of
bentonites, based on the sulfide oxidation capacity

applied a fitting model of a sextet (alpha-Fe, 2.5%) and three Fe2+
doublets: D1 (ilmenite, 9%), D2 (pyroxene M1+olivine, 33%) and
D3 (pyroxene M2+glass, 55%)

identified presence of magnetite in combination with hematite and
fayalite

identified a stronger broadening within the doublet of the
left-hand Lorentzian compared to a narrower right-hand Loretzian
for both 78 K and 300 K

identified the phases of pyrite, sphalerite, hydrous ferric oxides
and chalcopyrite

reviewed Mossbauer spectroscopy among other methods required
to apply them in the field of cementitious materials

identified RoFe14B; the hyperfine fields of the RoFe14B (R=rare-earth
element) decrease in the following order: 8j2 > 16kz > 16ki > 4e >
8j1 > 4c

identified sextets of A and B sites of magnetite, phase of a-FeOs
(hematite) and Fe3+ doublets D1(spm-Fe203), D2 (kaolin), D3(clay
mineral), D6(clinochlore), and two other doublets assigned to Fe2+
in clinochlore

identified mainly ferrihydrite and lepidocrocite; observed that
ferrihydrite was less stable during mineral transformation and
reductive dissolution, compared to lepidocrocite

above approximately 12 GPa FeMgo5SiosOs transforms into a new
silicate double perovskite having two individual octahedral sites:
one occupied by Si only, and the other by iron and magnesium

reviewed the applications of Mossbauer spectroscopy for
determination of the ratio of Fe3+/ZFe and determined the changes
of Fe3+/ZFe with pressure

identified sextets and doublets assigned to magnetite,
titanomagnetite and a glass, and estimated the estimate the
Fe3+/Fe(total) ratio

April 2024

Code

23Y023

23P041

235095

23D035

23Y021

23P043

23H035

24Q001

23A041

23G046

23H038

24B007

23B061

23M054

235092

23K055

235070

23K060
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Source Absorber Temp

1r-193 73.00 keV Transition

Dynamics Beamline  iridium(I) complex 10

P01 (PETRA 111, [IrC1(COD)]. with COD being

DESY, Hamburg cycloocta-1,5-diene (of
Di-p-chlorobis[(1,2,5,6-n)-1,5-cy
clooctadiene)

Sb-121 37.20 keV Transition

Cal2imSnOs NizSbTez and Ni275SbTex 300

Cal21Sn0Os SboTes and (GeTe)x(SbaTes) 80

films: c-GesSbaTes, c-GexSbaTes,
c-GeSbzTes, a-GeSbsTe7

Sn-119 23.80 keV Transition: Glasses and Amorphous Substances
Cal19mmSnQOs3 Ge(Sn), SnTe, and amorphous 80

(GeTe)x(SbaTes) films:

a-Ge2.955n0.0sSb2Tes ,

a-Ge1.955n0.05Sb2Tes,

a-Geo.955n0.0sSb2Tes,

a-Geo.955n0.0sSb4Tez7 and

a-Ge1.45Sno.osTess

XX LixSi1-ySny 300

Sn-119 23.80 keV Transition: Metals and Alloys
XX LixSi1-ySny 300

Sn-119 23.80 keV Transition: Miscellaneous Experiments

Cal19mmGnQs Ge(Sn), SnTe, and amorphous 80
(GeTe)x(SbaTes) films:
a-Ge2.955n0.0sSb2Tes ,
a-Ge1.955n0.05Sb2Tes,
a-Geo.955n0.055b2Tes,
a-Geo.955n0.055baTez7 and
a-Ge1.45Sno.osTess

Cal1ymSnQOs Niz—xSnxTez (x=0 to 1) 300

Sn-119 23.80 keV Transition: Miscellaneous Inorganic Compounds
Cal19mmSnQs Ge(Sn), SnTe, and amorphous 80

(GeTe)x(SbaTes) films:

a-Ge2.955n0.0sSb2Tes ,

a-Ge1.955n0.0sSb2Tes,

a-Geo.955n0.055b2Tes,

a-Geo.955n0.055baTez and

a-Ge1.45Sno.05Tess

Cal1ymSnQOs Niz—xSnxTez (x=0 to 1) 300

Te-125 35.50 keV Transition

MgsTeOg GeTe and and Sb2Tes and 80
crystalline and amorphous
(GeTe)x(SbaTes) films

DATA LISTING

Qs

51

Comments

obtained IS and QS from 193Ir-NFS data with the CONUSS
software by Alexeev's method

one singlet (or unresolved doublet) implies the presence of only
one nickel site, Ni(1), while the other two Ni sites Ni(2) and Ni(3)
remain unsubstituted

isomer shift § ~ 5.1-5.5 mm/s is typical for the spectra of Sb3+
compounds; the structure environment is close to the local
structure of the antimony atoms in Sb.Tes

Sn(IV) isovalently replace the four-valent germanium atoms,
which form a tetrahedral chemical bond with atoms in their local
surroundings

previous observation that QS reaches a maximum value around
1.2 mm/s at x~ 1 and decreases for lower and higher
concentrations was explained with Eq. QS= a min {CLi,CSi} + b

previous observation that QS reaches a maximum value around
1.2 mm/s at x~ 1 and decreases for lower and higher
concentrations was explained with Eq. QS= a min {CLi,CSi} + b

Sn(IV) isovalently replace the four-valent germanium atoms,
which form a tetrahedral chemical bond with atoms in their local
surroundings

identified two non-equivalent sites (D1 and D2), characterized by
low symmetry of the local environment and proposed the possible
versions of tin environment

Sn(IV) isovalently replace the four-valent germanium atoms,
which form a tetrahedral chemical bond with atoms in their local
surroundings

identified two non-equivalent sites (D1 and D2), characterized by
low symmetry of the local environment and proposed the possible
versions of tin environment

concluded that the local structures of tellurium atoms correspond
to the structural units of GeTe and Sb>Tes compounds

April 2024

Code

23H036

235089

23M058

23M058

23F017

23F017

23M058

235089

23M058

235089

23M058
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Actinides:
235085 235086
235095 24B005

Anti-ferromagnetism:
23C033  23D033
23G045  23G047
23P040 235091
24B002  24B005

Applied Electric Field:
23D034  23H038
23P039 235085
24D003

Applied Magnetic Field:
23P038  23P042
24B009  24D004

Asymmetry Parameter:
23P038

Bacteria:
23P038

Biological Applications:
23A040  23D035
23N028  23P038

Bragg Scattering:
231056

Carbonyl Complexes:
23M055  23P036
235093 24D002

Catalysts:
23D033  23D034
23L055  23MO055
23P038 235085
23Y020

Charge States:
23D033  23D034
23H035  23H036
23M055  23P036
235088 235093
24B004

Charge Transfer:
23C034  23D033
23G047  23H035
23P036  23P038
235085 235088
230007  23W027
237043  24A004

Chemical Identification:
23A041  23B061
23D036  23F016
23H035  23H036
23K059  23K060
23M055  23MO056
23P038 235070
235095 235096
23W027  23Y021
24B004  24B005
24D002  24D004

Chemical Kinetics:
23D034  23D036
23N028  23P038
23W027  23Y020

Chemical Reactions:
23B061 23D033
23D036  23F016
23H036  23H038
23N028  23P036
235070 235085
235095 235096
23W028  23Y020
24B004  24D002

Clay Minerals:
23A041  23H035

Computer Programs:

23F017

23H036

235087

23D034
23K062
23T019
24B006

231055
235088

23W028

23K056
235085

23P041

23D036
23N028
235095

23E012
23L055
23P038
235095

23D034
23H036
23P039
235095
23W028
24B004

23B063
23G045
23H038
231055
23N028
235085
23T021
24A004
24B006
24Q001

23H038
235088
23Y023

23D034
23G047
23L055
23P038
235088
230006
23Y023
24D004

23M054

23L056

Conversion Electron Spectroscopy:

24B008

235093

23E012
23P037
237042

23P036
23W028

23Y023

23K057

235088

23H036
23P036
23W027

23G047
23L057
235085

24A004

23D036
23L055
23P043
235096
23Y020

23C034
23G047
23K056
23L057
23P036
235093
23U006
24B003
24B009

23L055
235095
24A004

23D035
23H035
23M055
23P043
235092
23W027
24A004

23M057
235089
237042

237042

235089
24B008

23C034
23H038
23K060
23M054
235091

230007
24B002

24C003

23MO056

23D035
23H035
23K061
23M056
235070
23W027
24A004
24B005
24D002

235095
24Q001

231057
235087
23Y021
24C003

23G045
235090
24B002

SUBJECT INDEX
Crystal Defects:
23D034  23K062 23M056
23P037 23P040 23R027
235093 23T019 23W028
24B002
Crystal Field Theory:
23P041 23W027  23Y020
Curie Temperature:
23P040 235090 230006
Debye Temperature:
23C034  23P037 23T019
Decomposition:
23B061 23M056  23R027
23W027  23Y020 24B005
24Q001
Delayed Time Experiments:
231056
Depth Selection:
231056
Dichroism of Polarized Mossbauer Rays:
24B009
Diffusion:
230007
Distributions of Magnetic Fields:
23A041  23A042 23C033
23D035  23D036 23H035
23K056  23K057 23K059
23K061 23K062 231055
23P037 23P039 235090
235092 235096 230006
23W028  23Y023 237042
24B005 24B008 24B009
24D002  24D003 24W002
Electron Diffraction:
23D035  23G047 23K057
24B009 24D003 24D004
Electron Microscopy:
23A041  23B061 23D034
23F016 23G045 23G047
23H038  23K057 23K059
231055 23M054  23MO055
23P038 23P039 23P043
235088 235093 230007
23W028  23Y020 23Y021
24B002 24B003 24B004
24B006 24B007 24B009
24D003  24D004 24Q001
Electron Paramagnetic Resonance:
23B063 231057 23P038
23Y023 237043 24B007
24W002
Electronic Spectroscopy:
23B061 23D034 23H038
23N028  23P038 23P039
23T021 23W027  23Y020
23Y023 24B003 24B007
24D003
Enrichment:
23G047  23L056 23L057
Faraday Effect:
24B009
Ferromagnetic Materials:
23C033 23C034 23D034
23G047  23K062 23P040
235091 230006 237042
24B005 24B006 24Q001
Fraction of Zero Phonons-Absorber:
23C034
Frozen Solutions:
23P038 235085 23Y023
Furnaces:
23D035 235091

52

Glasses and Amorphous Substances:

April 2024

23D034  23F016
23M058  24B008
Glazes:
23A042
Hartree-Fock Calculations:
23C033  23C034
231057 23P036
235095 23W026

High Intensity Sources:
23W026

23F017

23F017
23P041
237042

High Pressure Experiments:

23G047  23K055 23K058
23T019
High Temperature Superconductors:
23G047
Inorganic Cyanides:
235086 235087 23Y021
Inorganic Halides:
23L057  24C003
Instrumentation:
23B061 23G044  23P039
23W028  23Y020 23Y022
Intercalation Compounds:
235086 235087
Interference Phenomena:
23L056
Ton Implantation:
24B008
Irradiation Experiments:
23D035  23L057 23M055
24B008  24Q001
Irradiation-Microwave:
235090
Kinetics:
23B063  23D034  23D036
23H035  23K059 231055
23P036 23P038 23P039
235092 230006  23Y023
Laser Annealing:
23B063  23G044  23W026
Lattice Dynamics:
23Y023
Layer Compound:
23A041  23B063 23C033
23F016 23H035  23MO054
235086 235087 235089
23W026  24A004  24B004
Liquids:
23K056 235092
Mass Spectroscopy:
23M055  23N028 235085
23Y023
Matrix Isolation:
28W027  23Y020 24B002
Mechanical Milling:
23B061 230006  24B002
Metals and Alloys:
23A042  23C033  23C034
23G044  23K058  23L056
23M056  23M057  23R027
23Y022  24D004  24Q001

Minicomputer Interfacing:

23Y022

Molecular Orbital Calculations:

237043

Morin Temperature Measurements:

23D035

23E012

23M056

23H036
235085
237043

235070

23W027
24Q001

235090

23G047
23N028
235088

24A004

24D004

23E012
23P039
235096
24B007

235095

24C003

23F017
23MO055
230006
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Multilayered Films:
23W026

Myoglobin:
23N028

Nanocrystal:
23A040  23D034  23F016 23K056
23K061  23K062  23M054  23M055
235070 235093 235096 23U006
23W027  23W028  23Y020  24B003
24B004  24B005 24B006 24D004
24Q001

Neel Temperature:
23E012  23G045  23G047  23P037
23P040  23T019 237042

Neutron Diffraction:
23C033 23C034 23T019 237042
24B007

Nuclear Forward Scattering:
23G047  23HO036

Nuclear Magnetic Resonance Experiments:
23D033  23F017 23N028  23P038
235085 24B007

Phase Transitions:
23C033 23E012 23G047 23K055
23K058  23S070 235092 23T019
237042

Polarization Experiments:
23L056

Polymers:
23A040  23F016 23P041 235095
23W028  23Y021

Proposals:
235089 23W026

Quantitative Analysis:
23H038  23P038 23W027  23Y020
23Y023 24C003 24Q001

Quasicrystals:
23K058

Radiation Damage - Nuclear Reactors:
23L057  23MO055

Raman Spectroscopy:
23K059  23M054  23P039 235070
23Y023  24B007 24D002  24D003

ABBREVIATION LISTING
- multiple components
Is/ isomer shift relative to

v variable

XX material not reported

SUBJECT INDEX

Rare Earths:
23B061 23K058 23P042 23T021
24D002

Relaxation:
23A041  23D035 23D036 23G046
23K056  23K057 23K062 23M054
23P043 235091 235093 235096
230006  23U007 23W028  24A004
24B006 24B008 24D002

Reviews:
23F017 23G047 23L056 23P036
235070 23T019 23W026  24B007
24B009 24Q001

Second Order Doppler Shift:
237042

Sediments:
23H035

Semiconductors:
23D034 23L057 23M058 24B002

Single Crystal Experiments:
23D033  23D034 23K055 23K058
231056 23T019 23W026

Source Preparation:
23M055

Spectrometers:
23G044  23Y022

Spin Crossover:
23N028 235086 235087 23Y021
24B003

Strain Effects:
23K062 23T021

Superconductivity:
23G047

Superparamagnetism:
23A041  23D035  23D036  23G046
23K056  23K057  23K062  23MO054
235091 235093 235096 230006
230007  23W028  24A004  24B006
24B008  24D002  24Q001

Surface Studies:
23A042  23B063 23D034 23D035
23F016 23G047 23H035  23K056
23K057  23K062 23P036 235091
235096 230006 23W027  23W028
23Y020 24A004 24B004 24Q001

ISOTOPE INDEX

Au-197:  23L057 23M055
Ir-193:  23HO036

Sb-121:  23MO058 235089
Sn-119:  23F017 23M058
Te-125:  23MO058
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Synchrotron Méssbauer Source:

23K058

23K058

23G046
23K060
24B007

23E012
23M058
235089

231056
23P043

23M058

23C034
23E012
23G047
23K061
23L057
23P039
23R027
235087
235095
230006
23Y020
24B002
24B006
24D002
24W002

23L056

23H036  23K055
23W026

Synchrotron Radiation:
23H036  23K055
23W026

Terrestrial and Extrater. Minerals:
23A041  23B061
23H038  23K055
235070 235092

Texture:
23A042  23D034
23K055 23K058
235086 235087
24B003 24B004

Theory:
23F017 23K057
23P040 23P041

Thin Films:
23D034  23L056
23W026

Variable Thickness:
231056

Volcanic Materials:
23G046

X-ray Diffraction-Powder:
23A041  23B061
23D035  23D036
23F017 23G045
23H038  23K059
231055 231056
23M056  23P038
23P042 23P043
235085 235086
235091 235093
237019 237021
23W027  23W028
23Y023 237042
24B004 24B005
24B009 24C003
24D004  24Q001

X-ray Diffraction-Single Crystal:
23D034  23G047
237043

235089

231056

231056

23H035
23MO054
24Q001

23F016
23P039
24A004

23P038
23W026

23P039

23D033
23F016
23H035
23K062
23M054
23P040
235070
235088
235096
230007
23Y021
24B003
24B007
24D003

23W026
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Introduction and context

Volatile organic compounds (VOCs), which
can enter the human body through the respiratory
tract, skin, and diet, can cause discomfort to the
human body when certain limits are reached,
leading to poisoning or even death in severe
cases.” Therefore, to establish a healthy and
safe living environment, detecting and analyzing
VOC:s are one of the hottest research directions in
modern analytical chemistry. These analytes are
widely distributed in biochemical, environmental
and food samples. Despite their simple structure,
they play an irreplaceable role and are linked to
drug design and evaluation, clinical testing and
treatment, environmental pollution, control and
food safety regulation.””! For example, the excess
of VOC:s in the living environment can enter the
human circulatory system through the respiratory
tract or food chain, inducing many diseases and
even cancer''; and different kinds of VOCs and
bacteria produced by food spoilage, misuse of
which leads to the immune function of the human
body declines. It will thus have a pathological
impact on the human body that cannot be ignored.
Therefore, establishing a rapid, effective, accurate,
and reliable method for analyzing and detecting
VOCs has essential theoretical and practical
applications.

Relying on large equipment detection
technology is costly; the sophisticated operation
of precision instruments requires definitively
professionals.'*> It is however not easy to achieve
widespread popularity and convenient, rapid,
real-time detection. At the same time, VOC
analysis samples are usually accompanied by
many interfering substances, which must be
removed as much as possible before detection,
and efficient sample pre-treatment technology
is also a huge challenge for modern large-scale
testing equipment. In recent years, sensing-
based detection methods such as "electronic
nose" and "electronic tongue" have provided
new ideas for rapidly and conveniently detecting
mixed analytes.'”’ Unlike the traditional single-
component analysis, this method considers
complex mixed objects as a whole and completes
the identification analysis through integrated
sensing signal output, which is fast and efficient.
Its disadvantage is that it requires complex
post-data processing and pattern recognition
techniques to obtain sufficient information. It is
often unable to overcome the signal overlap of
structurally similar components due to the lack
of precise chemical recognition. The advent of
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colorimetric sensors has provided a solution
to this problem.””’ By simulating the noses of
humans and animals, information is obtained
about the whole of the detected object, hence
detection technology is expected to bring an
essential breakthrough in the efficient, rapid and
real-time detection of VOCs. In Li Sun’s thesis,™
the shortcomings of high cost, low sensitivity, and
poor selectivity faced by VOCs identification,
and identification VOCs were selected as the
research object and an individualized colorimetric
sensing detection chip was designed to improve
the detection performance significantly. The thesis
was defended in January 2023 at UCLouvain,
Lavoisier building, IMCN institute in front of
several international scientists including Prof.
Yann Garcia (Vice-chair IBAME), Prof. Xavier
Urbain (UCLouvain, Chair of the jury), Prof.
Kamel Boukheddaden (Université Paris-Saclay,
France), Prof. Wim Dehaen, (KU Leuven,
Belgium), Prof. Michael Singleton (Secretary
of the jury), Dr. Koen Robeyns (UCLouvain)."
The main research work includes several aspects
which are developed below:

1. A 3D Fe(II) metal-organic framework
with SCO properties for colorimetric detection
of CHCL,

In order to design and prepare complexes
at low cost, the synthesis steps need to be
simple and afford considerable yields, pyridine
ligands being the best candidates. Therefore, in
this section, we report on the synthesis, crystal
structures and magnetic behavior of a series of
novel 3D MOF material built from 4,4’ bipyridine
like-ligands (Scheme 1) and [N(CN),] (dca)
organic bridges as well as 4,4’ bipyridine ligands
(bipy), [Fe(bipy),dca]ClO,*Guest (1*Guest =
1-CHCI,*CH,;0H), and determined its guest-
dependent spin crossover (SCO) behavior (host-
guest interaction), accompanied with color and
magnetic change by introducing CHCIl; guest
molecules in the cavities of the 3D framework
(Figure 1 and 2)."”’

Interestingly, the complex 1*CHCl;*CH;OH
has turned out to exhibit a remarkable SCO
transformation process, accompanied by a color
change, involving the reversible exchange of
small volatile molecules at room temperature
(from orange to brown, 298 K) and low
temperatures (from orange to dark brown, 77 K).
Indeed, a SCO behavior with a thermal hysteresis
loop of 15 K width (7;,' = 195 K and 7;,'=180 K)
was identified. These transformations are coupled
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temperature (b) 1*CHCI;*CH,OH at 77 K and room temperature.

to dramatic optical, magnetic, and crystallographic
changes, thus converting this porous material into
a robust switch, sensitive to CHCI; molecules,
paving the way for the design of a new generation
of sensors based on 3D SCO MOFs. Worth to
notice that the hysteresis temperatures, 7}, useful
to accurately described hysteresis width in SCO
materials, were for the first time here introduced
in the literature.”
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(dried one week, at r. t.), 1°H,O (heated at 393 K for 40
min), and 13CHCI, (after re-absorption of CHCL,).
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The 3D Metal-organic framework (MOF)
colorimetric sensing chip (1°Guest) with a specific
response to CHCI; was prepared by liquid-
liquid phase diffusion. At room temperature,
the colorimetric sensing chip displays orange
and brown colors, accompanied by different
magnetic properties at the lock and escapement
of chloroform molecules. At low temperatures,
with the induction of chloroform molecules, the
colorimetric sensor changes from orange to dark
brown, accompanied by a significant change in
magnetic property, due to spin crossover.

2. Stimuli-responsive 3D MOFs SCO
compounds showing a color change for CHCl,/
CH,(Cl,

In section 1, we designed and prepared the
Fe(IT) SCO MOF colorimetric sensor, 1*Guest,
which has excellent potential to be developed as
a sensor and memory device. However, on one
hand, it was found that 1-Guest only responds
to chloroform molecules; on the other hand,
the transition temperature of Fe(Il) spin state
in 1+Guest is relatively low with the induction
of chloroform molecules. Therefore, to further
extend the specific response of such Fe(Il) SCO



MOFs to different analytes, and at the same time,
increase the spin state transition temperature,
this section will continue to progress on the
design and preparation of novel pyridine-based
ligand inclusion compounds in conjunction
with the previously discussed design concept
of Fe(Il) colorimetric SCO MOF sensors to
investigate their specific response behavior to
different analytes. In this part, we attempt to
further replace the ligands by longer pyridine-
like ligands with trans-1,2-bis(4-pyridyl)ethene
(tpe), 1,4-bis(4-pyridyl)benzene (bpb), and
9,10-bis(4-pyridyl)anthracene (bpa) (Scheme 1),
and successfully synthesize a new series of SCO
3D MOFs [Fe(tpe),dca]ClO,*5SCHCl;*3CH,OH
(25CHCI14*3CH;0OH), [Fe(bpb),dca]
ClO,*3CHCl;+0.5CH;0-H(3*3CHCl;+0.5CH;OH),
and [Fe(bpb),dca]ClO,*2.5CH,Cl,*0.5CH,OH
(3+2.5CH,C1,»0.5C-H,0H)."” And a novel 3D
MOF, [Fe(bpa),(SCN),]*solvent, lacking SCO

2-5CHCI, 3CH,0H)

\

behavior."'! Interestingly, the study shows that
the release of interstitial CHCI; molecules from a
crystal of (2¢5CHCl;+3CH;0H), which was dried
at room temperature for one day was accompanied
by a change in magnetic properties as well as a
color from red to dark brown (2*CHCI;*2H,0)
(Figure 3). In addition, 3-3CHCI;+0.5CH,0OH
and 3+2.5CH,CI,*0.5CH,OH crystals show
different colors (yellow and orange, respectively)
due to differences in solvent molecules (CHCI,
and CH,CI,, respectively) in their crystal lattice
(Figure 3). The different SCO properties of
these three crystals were verified by magnetic
measurements, where the transition temperatures
of the SCO were significantly shifted by the
solvent change (Figures 4 and 5). These MOFs
can therefore be used as detectors for monitoring
CHCI, and CH,CI, and potentially other VOCs
that can be accommodated in these structures.

-
L3

2-CHCl;-2H,0 J

298K

3:2.5CH,Cl,0.5CH;0H

3-3CHCI;-0.5CH;0H

A

Figure 3. Color changes of (a) 2¢5CHCl,*3CH;0H (b) 3+3CHCl;+0.5CH,0H and 3+2.5CH,Cl,*0.5CH,OH.

The temperature dependence of the y7T
product was generated (where y is the molar
magnetic susceptibility and T is the temperature)
for different phases of compounds 2+Guest by
cooling and heating, to study the guest effect
on the SCO properties in Figure 4. The spin
state of magnetic centers in 2¢SCHCI;»3CH,OH
were further confirmed by variable-temperature
magnetic susceptibility measurements (7,
~ 155 K). As shown in Figure 4a, crystalline
2+5CHCI,°3CH;OH undergoes an incomplete
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spin transition in the range of 4 K to 300 K. In the
cooling process, 2¢5CHCI;*CH,OH retains the
HS state to 226 K and then gradually decreases
and reaches a plateau with a T value of 2.00
cm’ mol™ K at 63 K. No thermal hysteresis was
detected in the SCO transition, even considering
the heating process. The second run of magnetic
data decreases more slowly than the first run and
is more gradual and incomplete, possibly after
partial escape of solvent molecules, reducing
the interaction between guesteeeguest and
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hosteseguest molecules. This result is confirmed
by the magnetic data of sample 2¢CHCI;*2H,0,
which shows that the Fe(II) ion centers, show
almost exclusively a HS state in the range of 4 K
to 300 K (Figure 4b).

The temperature dependence of 7" was also
produced for different phases of compounds
3+Guest by cooling and heating, to study the
guest molecules effect on the SCO properties
(Figure 5). For all compounds, the 7 values
are around 3.8 cm’ mol” K at room temperature,
indicating that all Fe(II) centers are in the
HS state (S = 2). 3*3CHCI;+0.5CH;0OH and
32.5CH,Cl,0.5CH;OH exhibit a gradual
and incomplete SCO behavior. For 3-3CHCI,
*0.5CH,0H, T,, ~ 85 K as the temperature
decreases, and there is no hysteresis (Figure Sa).
When the temperature is reduced to 45 K, the HS
distribution of 87% is still maintained. However,
for 3+2.5CH,Cl,*0.5CH,OH, an incomplete two-
step SCO behavior is observed, accompanied by
a very narrow hysteresis loops, involving ~7% of
Fell ions in the first step, from 250 K to 180 K
with T, ~219 K and T,," ~ 217 K, and ~41%
of Fell ions, from 180 to 33 K, with 7,,’ ~ 125 K
and T,,'~ 122 K). Thus, magnetic properties data
indicate that solvent molecules (CHCl, or CH,Cl,)
can induce different SCO behaviors. In addition,
the clathrate with CH,Cl, (CHCIl,) molecules
show a color change from orange (yellow) to
almost black (dark brown), on cooling from 298 K
to 77 K. When solvent molecules escape from the
crystal lattice on warming at 120 °C for 40 min,
the SCO behaviors of the resulting compounds
(3+1.5CHCI,;+2H,0 and 3+CH,Cl,*2H,0) are
cancelled (Figure Sb). Indeed, central Fell ions
are almost no longer sensitive to temperature
change and show a HS state over the whole
temperature range. To further study the effect
of solvent molecules on the SCO behavior of
complexes, we shall take 32.5CH,Cl,*0.5CH,OH
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as a representative example (Figure Sc). First of
all, the magnetic properties of this material were
recorded on cooling, from 300 K to 4 K, and then
on warming back to 300 K, as a first run, showing
the expected two-step SCO behavior observed
on Figure 5a. After that, the sample was cooled
to 4 K, and warmed up again, this time to 400 K,
and maintained at this temperature for 30 min, as
the second run. The y7 values are similar in the
first two cycles from 4 K to 300 K, although a
small deviation is observed below 150 K. After
annealing at 400 K, the T profile for the third run
on cooling and warming back to 400 K, shows
a paramagnetic like behavior involving a few
spins. Nevertheless, the y7 values are maintained
to 3.5~3.8 cm’ mol” K, whatever the run, which
indicates that almost all Fe(II) ions remain in
the HS state after solvent molecules are partially
removed from the cavities of the compound.
Therefore, the behavior of the vanishing SCO
behavior might be attributed to the deterioration
of host-guest interactions and deformation of the
framework during desolvation. From the study of
magnetic data, it is found that SCO MOF 3 has
a special response not only to CHCl; but also to
CH,Cl,. Therefore, compared with the material in
the previous part (1*CHCl,*CH,OH), SCO MOF
3 has an expanded response range.

In section 2, to expand the detection range
of colorimetric sensing chips for VOCs and to
increase the conversion temperature of SCO
complexes, new 3D MOF SCO colorimetric
sensing chips (2¢Guest and 3+*Guest) were
prepared due to changing the length and
functional groups of the ligands. It was shown that
2+Guest (red, 298 K; almost black, 77 K) could
only correspond precisely to chloroform, with the
presence or absence of chloroform molecules,
which have different colors, red to brown. But,
with further changes in ligand molecules, it was
found that chloroform and dichloromethane in
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the crystal lattice can induce the color change
of 3+Guest effectively and precisely. At room
temperature, the crystal of 3*Guest presented
yellow or orange, and the central Fe(Il) ions will
remain in the HS state; at low temperature, the
crystal will appear dark brown or almost black,
and the central Fe(Il) irons will stay in the LS
state.

3. A colorimetric sensor for the highly
selective and rapid detection of VOCs and
hazardous gases

It was learned in section 2 that complex
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3+Guest is capable of responding to CHCI,
and CH,CIl,, but its detection range has not
been extended to a great extent. To design a
colorimetric sensor for the detection of a wide
range of analytes at room temperature, complex
4 was designed and prepared."” This complex
not only has a broad selectivity for VOCs,
accompanied by a significant color change for
naked-eye observation but also has a relatively
short response time. Therefore, this material
has excellent value for potential applications in
environmental monitoring.

To aim, our group reported on a mononuclear
Fe(II) neutral complex chemically responsive
pigment with the ability to differentiate four
different TICs and methanol/ethanol among other
alcohols."*"*! This system is now modified to
a unique colorimetric sensor with the formula
[Fe(H,btm),(H,0),]Cl, (4) (H,btm = di(1H-
tetrazol-5-yl)methane), allowing to detect at
real-time, with high selectivity, VOCs and HGs
under ambient conditions by the naked eye,
which is groundbreaking. In particular, it rapidly
detects and discriminates vapors of NH,,, and
amines in the gas phase by showing different
colors (Figure 6). The study of the mechanism
revealed a conformation spin state switching after
adsorption. Furthermore, a friendly smartphone-
based analytical method was developed to
make 4 accessible for in-field applications.
Most interestingly, an obvious color change
was observed upon guest contact and recorded
by outputting RGB1 (red, green, and blue) and
HSB2 (hue, saturation, and brightness) values
directly. The recorded data were then analyzed
by a simple and intuitive standard chemometric
means (HCA) (Figure 7). Forasmuch, it
indicates that 4 has broad application prospects
in environmental protection and food safety
assessment, as an in-field naked-eye colorimetric
Sensor.

Selectivity of the VOCs colorimetric
sensor. As observed by the naked eye, 4 can
detect and distinguish a wide range of hazardous
VOCs at room temperature (Figure 6). In order
to undertake a simple and effective comparison
by recording the color change of 4 for each guest
analyte, we have used an application to convert
sensor pictures printed on smartphones into
digital information. Therefore, there was no need
to keep the discolored images. We have used the
most simple and effective statistical method to
record and analyze collected data, called HCA,
which is a classification scheme based on the Ed
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(the Euclidean distance between two points in
Euclidean space is the length of a line segment
between the two points) of data points in their
full dimensions.""” It uses, in addition, minimum
variance for clustering (which is known as the
“Ward’s method”).""”" Each experiment is defined
as 6-dimensional vectors, which are composed
of six RGBI (red, green, and blue) and HSB2
values (hue, saturation, and brightness). These
data are used to quantitatively compare the color
changes of images from Figure 6.'"'""* Then,
we are simply comparing the spatial distance by
the HCA between the observed colors “before”
and “after” VOCs contact, the color-change
profiles being inherently digital data, which
can therefore be easily handled by routine
chemometric analysis."”) HCA is based on the
Ed between these vectors in this six-dimensional
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RGB1 and HSB2 value space, thereby generating
a dendrogram, as shown in Figure 7. There are
five groups of 33 samples, which imply five kinds
of colors after adsorption.

“’Fe Mossbauer spectroscopy analysis of 4
towards different vapors. *’Fe Mossbauer spectra
of 4, at 298 K, show one quadrupole doublet with an
isomer shift § = 1.15(1) mm. s ' and a quadrupole
splitting AE, = 3.66(1) mm. s of area fraction
A = 100%, where the parameters are typical for
HS Fe(Il) ions (Figure 8a).”"*"" After adsorbing
NH;,, molecules, for 4@NH; (Figure 8b), a new
quadrupole doublet emerges in the center [0 = 0.38(1)

s AE, = 0.23(1) mm. s ] of area fraction A
= 70%. These parameters are characteristic of LS
Fe(II) ions in a FeNj core. Indeed, the replacement
of the oxygen atoms with nitrogen atoms, which
are less electronegative, increases the electronic



density of s electrons in the vicinity of the iron indicates that the invasion of gas-phase VOCs

nucleus and thereby decreases the isomer shift. molecules causes a redistribution of 3d orbital
I The remaining contribution corresponds to the  electrons of Fe(II), leading to a part of HS states
HS Fe(Il) site: HS [0 = 1.08(1) mm. s ' ; AE, = being converted to the LS states. Furthermore,

3.51(3) mm. s '; and area fraction A =30%]. Not the radius of N atoms is smaller than that of O
all Fe sites are switched, which could be due to atoms, and the electronegativity is also smaller.
crystallographic modifications that restrict further So, it is easy to form a strong coordination field
NH;,, molecules diffusion. For 4@N,H, (Figure  between N and Fe(II) ions. There is no doubt that
8f) and 4@isobutylamine (Figure 8e), it shows N atoms of VOCs molecules replace O atoms
new quadrupole doublet with 6 = 0.39(3) mm. s ™' and coordinate with the central iron atom (on
and § = 0.38(1) mm. s ', with AE,=020(5) and  the surface of the crystals) after 4 is exposed to
0.08(3) mm. s ', respectively. These parameters VOCs gas-phase molecules, thereby constructing
are typical for LS Fe (II) ions, indicating that 4 an LS FeN, core together with the azole ligands
absorbs N,H,,, and isobutylamine(g) molecules from HS FeN,O,.

to form a part of the LS FeN, center. This
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Figure 8. Spin state population at room temperature by *’Fe Mossbauer spectroscopy of 4 before and after
adsorption of different guest molecules at room temperature.

Magnetic properties analysis of 4 towards *’Fe Mossbauer data. Upon heating from 298 to
different vapors. The changes in the spin 400 K, T was found to increase, presumably
state observed for the various transformations due to solvent release, which involves a change
described above provide this material with in spin state, although not all. The observations
potential as a spin-based chemosensor. This is directly prove that a spin state switching process
further investigated by variable-temperature accompanies the adsorption or desorption of
magnetic susceptibility measurements on ~ ammonia and VOCs guest-phase molecules
polycrystalline samples after VOCs gas-phase of 4. Foremost, magnetic properties of after
adsorption over the range of 4—400 K under a adsorption of other VOCs are consistent with *'Fe
constant field of 1 T. From Figure 9, SQUID Mossbauer spectroscopy data.

magnetometry demonstrates lower 7 values for In this section, to improve the detection range
samples after VOCs adsorption compared to 4 at 298 of colorimetric sensors and further quantify the
K, which show a full paramagnetic state with 7' = content of VOCs, a new colorimetric sensor of

3.60 cm’ mol ' K, corresponding to Fe(IT) ions (S=2, formula [Fe(H,btm),(H,0),]Cl, (4) (H,btm =
HS state), which is consistent with the observations di(1H-tetrazol-5-yl)methane) was produced,
from single-crystal X-ray diffraction. For instance, allowing for detection in real-time, with high
4@NH, showed a dramatic modification of its selectivity and sensitivity, 14 different hazardous
spin state since it is mostly diamagnetic at 300 K gases. In particular, amines are detected very
with y7'= 0.50 cm’ mol ' K, in agreement with  quickly with high sensitivity. The detection
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Figure 9. Temperature-dependent 7 plots for 4 before (black) and after adsorption of different guest molecules.

is accompanied by significant and fast color
changes detectable by the naked eye under
ambient conditions. In addition, different VOCs
could be distinguished by simple and intuitive
standard chemometric means using a handful of
smartphone-based methodical methods, offering
a large color panel depending on detected
molecules. The crystal lattice of 4 reconstructs
after adsorbing VOCs vapors, which is
accompanied by a spin state and a color change.
This sensor is low-cost, easy to use, and delivers
excellent and fast detection. Such features offer
attractive prospects for 4, which could be used
for in-field detection and food safety control in
environmental conditions.

4. A non-porous Fe(Il) complex for the
colorimetric detection of hazardous gases and
the monitoring of meat freshness

In recent years, with the continuous
improvement of the quality of life, the demand
for safe food and a healthier environment has
been increasing, thus making food quality
monitoring and assessment, a constant concern.
1 In this section, we propose a simple strategy
to fabricate a Fe(II) based colorimetric platform
([Fe(Hbta),(H,0),]*2H,0 (5) with H,bta =
bis(1Htetrazol-5-yl)amine)”®. It undergoes a
color change when treated with some harmful
vapor molecules (listed in Figure 10), especially,
ammonia and some amines vapors. This complex
was used for NH; quantitative detection, in the
frame of the visual real-time and in-situ monitoring
of meat spoilage by a simple color recognizing
smartphone software. Our findings open up new
prospects for exploring various Fe(Il) based
materials for sensing hazardous and noxious
substances, and show tremendous promise in
applications for food status monitoring and
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environmental quality assessment.

*Fe Mossbauer spectroscopy analysis. The
spin state of § after hazardous gases absorption
was confirmed by *’Fe Mossbauer spectroscopy
measurements carried out at room temperature
in transmission mode (Figure 11). At room
temperature, the spectrum of 5 shows a quadrupole
doublet which was fitted by Lorentzian lines
to yield isomer shift § = 1.10(2) mm.s™ and
quadrupole splitting AE, = 3.78(3) mm.s”. Such
parameters are typical for octahedral Fe(I) ions
in the HS state (Figure 11a)."” This result agrees
well with the magnetic susceptibility measurement
which shows 100% of HS Fe(Il) ions at room
temperature. LS Fe(Il) ions were detected as a
result of a partial spin state change from HS to
LS after adsorbing hazardous gases with amines.
For instance, S@NH, displays four quadrupole
doublets assigned to two HS Fe(Il) ions (HS1
Fe(II) and HS2 Fe(II)) (area fraction = 14 and 10%;
d=10.89(2) and 1.18(9) mm.s"; 4E, = 3.42(5) and
2.00(2) mm.s", respectively, red and pink spectra)
and a LS Fe(Il) (area fraction = 41%; 6 = 0.25(2)
mm.s"; 4E, = 0.78(8) mm.s" at room temperature,
light blue spectra), as well as a LS Fe(Ill) (area
fraction = 35%; 0 = 0.20(2) mm.s ; AE, = 1.49(6)
mm.s’ at room temperature, navy blue spectra) (in
Figure 11b). These parameters (light blue spectra)
are characteristic of LS Fe(Il) ions in a FeNj
core, due to O atoms replacement by N atoms to
coordinate with Fe(Il) after amines (ammonia)
adsorption." Other analogue displays similar LS
Fe(Il) spectra in Figure 11. After adsorbing the
gas-phase molecules with amino groups, which
may form different interactions with the central
atom and surface molecules, a new spin state is
generated. Such a result is confirmed by magnetic
measurements, and shows the remarkable input of
*"Fe Méssbauer spectroscopy in this analysis.
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Figure 10. Colorimetric sensor (5) responses for 32 common analytes atsaturation vapor pressure at room
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Figure 11. Spin state population at room temperature by *'Fe Mossbauer spectroscopy of 4 before and after
adsorption of different guest molecules at room temperature.

5. Applications in the assessment of meat then performed over time (Figure 12a). The
freshness.” distance was shown to increase quickly after 24 h,

Ammonia has been used as an important  especially for chicken meat, which indicates that
indicator of food spoilage state. In order to the chicken spoilage rate is relatively fast, and
verify the practical application property of our  the release of ammonia gas is relatively high too.
colorimetric sensor detection system, it was used The accurate concentration of ammonia vapor
to real-time and in-situ detect NH;,, from real in the sample was measured using an electronic
meat samples and to evaluate meat freshness at ammonia gas detector (AR8500) as standard
room temperature (23+1 °C). Euclidean distance- control (Figure 12b). No ammonia release was
based in-situ monitoring of meat samples was observed before 24 h at room temperature (23+1
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°C) for the meat of chicken (breast), pork (belly),
and beef (steak) packs. However, the situation
differs after 36 h with 3.6 ppm (for chicken), 0.2
ppm (for pork), and 0.2 ppm (for beef) levels.
At 48 h, 24.7 ppm were detected for chicken,
1.2 ppm for pork, and 0.9 ppm for beef. (This
result is consistent with the experimental result
of 5 in Figure 12a). To better reveal the complex
system’s capabilities to quantitatively assess meat
freshness, HCA analyses were conducted on the
database collected for spoilage of meat samples.
HCA manifests the clustering of data with three
distinct classes of responses, which means there
are three processes of meat from fresh to spoilage,
as shown in Figure 12¢. The cluster with the
lowest response is the freshest meat, which was
labeled “Fresher”, which contains 0 h storage of
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three meats (as control), and from 12 h to 24 h
storage of chicken, beef, and pork (The result is
consistent with Figure 12a and 12b, which shows
no ammonia gas release from meats from 0 h to
24 h). The middle response cluster, labeled “less
fresh”, contains 36 h storage of pork and beef
meat as well as 48 h storage of beef (Ammonia
release has been detected, but not much from 24
h to 48 h for pork and beef meat, in Figure 12a
and 12b). The most responsive cluster, labeled
“spoiled”, includes the 36 h storage of chicken, 48
h storage of chicken and pork, and 60 h storage
of chicken, pork, and beef meats (The release of
ammonia is too high, but after 48 h, the release
of ammonia is relatively fast, in Figure 12a and
12b).
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Figure 12. (a) Response of 5 to three meat products stored at room temperature (23+1 °C), (b) concentrations
of ammonia were measured by ammonia gas detector from meat products at room temperature (23+1 °C) (insert:
Response of 5 to low concentration of ammonia), (¢) dendrogram showing hierarchical cluster analysis of the
spoilage of meat (chicken, beef and pork) at room temperature (23+1 °C) with different time.

Conclusion

In short, colorimetric sensors (4 and 5) with
excellent responses to various harmful gases were
prepared by coordinating bis-tetrazole ligands
(H,btm and H,bta) with Fe(Il) ions, respectively,
and their response to analytes was speedy. In
addition, after colorimetric sensors 4 and 5 were
exposed to the harmful gas, the color changes
obviously, and the naked eyes can distinguish
the color change at room temperature. However,
everyone's perception of color is inconsistent, so
it is not easy to obtain objective research results.
Therefore, picture information was converted
into digital information through a smartphone.
Then the digital information was analyzed in
combination with the corresponding digital
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analysis method (HCA) to establish the most
suitable analysis model for the research system.
Finally, positive progress was also made in the
application of colorimetric sensors for real sample
analysis. In an experiment, the colorimetric sensor
5 and meat food (meat of chicken, pork, or beef
purchased in a downtown supermarket) were
joined together in one bottle at room temperature.
With the increase of time, different colors of
colorimetric sensors (the ammonia gas released
by meat spoilage caused the sensor to change
color) were obtained. Then, the freshness of the
meat was assessed by comparing the difference
in the sensor's color. The results showed that
the colorimetric sensor 5 indeed has excellent
potential practical application value. Therefore,



the smartphone-based colorimetric sensor system
can detect harmful gas analytes in a wide range
and has high sensitivity. Its operation is simple
and fast, and it can also detect analytes in situ and
in real-time. This colorimetric sensor system has
also achieved positive results in meat freshness
assessment studies (Figure 13).

Therefore, our study offers a fundamental
guarantee for food security in underdeveloped
areas.”” An appealing perspective focus on a
multidisciplinary research and communication
network in response to the detection of gases
released during food spoilage, involving the entire
value chain from food preservation to consumer
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- : - ‘ Different image | .

1

products. In all in, a simple and efficient detection
method for monitoring food spoilage can not only
avoid excessive food waste but also protect the
safety of consumers and food safety.
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