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Abstract

Introduction and aim: Two new compoundsfrom the Nb-V-Sb-O system wiichginized as
possible catalysts, because many compounds fransyistem has showed promising catalytic
properties. Since there is often a direct linkvestn the number of defects and catalytic activity
of a compound, these two materials will be ingaséd by magnetic methods to detect existing
defects and to determine their structure and propsr

Material and methodsNb,VSbQo, and NRVSRBO,s are relatively new compounds synthesized in
Department of Inorganic and Analytical Chemistrygd®VPomeranian University of Technology,
Szczecin. Two magnetic methods have been usedagltetisation and electron paramagnetic
resonance (EPR) spectroscopy.

Results Although the nominal valences of metal ions ithtmmpounds suggested non-magnetic
properties, very complex magnetic response wastegid in both magnetisation and EPR meas-
urements. Non-homogeneous distribution of magmetie makes possible formation of different
types of spin clusters and strongly interacting met@ subsystems.

Conclusion: NbsVSkO,s seems to be more promising catalyst thapM$ibQo as there are more
magnetic defects in this compound.
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BADANIE DEFEKTOW MAGNETYCZNYCH ZWIYZKOW
NB,VSBO, i NBgVSB;0,5

Streszczenie

Wstkp i cel: Dwa nowe zwjzki z uktadu Nb-V-Sbh-Qetly rozwaane jako potencjalne katalizato-
ry, gdy wiele zwgzkow z tego uktadu wykazuje obiece wiaiciwasci katalityczne. Poniewa
czesto pomgdzy ilasicig defektow a aktywroig katalityczmy istnieje zalenas¢ proporcjonalna,
dwa te zwjzki kedg badane metodami magnetycznymi aby wylstniegce w nich defekty oraz
okresli¢ ich struktue i wkasciwasci.

Materialy i metody:Nb,VSbQ, and NRVSRO,5 zostaly zsyntezowane stosunkowo niedawno w
Katedrze Chemii Nieorganicznej i Analitycznej Zadtiopomorskiego Uniwersytetu Technolo-
gicznego w Szczecinie. Zastosowano dwie metodynizaddasciwosci magnetycznych - stato-
prgdowg magnetyzaeji spektroskopii elektronowego rezonansu paramagzeego (EPR).

Wyniki: Chocia nominalna wartéciowas¢ jondw metali w obu zwrzkach sugeruje brak magne-
tycznych wigciwasci, zarejestrowano bardzo Ziang odpowied magnetyczpaw pomiarach ma-
gnetyzacji i EPR. Niejednorodny rozktad jonéw magrenych powoduje tworzenie $sdznego
rodzaju klasterow spinowych i silnie oddziatygayich poduktadéw magnetycznych.

Whioski: NbsVSBO,s wydaje st by¢ bardziej obiecujcym katalizatorem aiNb,VSbQq, ponie-
waz W tym zwgzku jest deo wigcej defektow magnetycznych.

Stowa kluczowe:Katalizatory wanadowe, wfaiwasci magnetyczne, elektronowy rezonans pa-
ramagnetyczny.

(Otrzymano: 18.07.2016; Zrecenzowano: 20.07.20H&kEeptowano: 25.07.2016)
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1. Introduction

Catalysts based on vanadium oxide are used inadawgportant industrial processes, e.g.
oxidation of SQ to SQ in production of sulphuric acid, in oxidation oérzene to malefic
acid, for selective reduction of NQvith ammonia [7]. The use of additional metal @sd
beside vanadium oxide, improves the catalytic &gtof the primary oxide. A large scientific
literature is devoted to vanadium—antimony oxid@lgats that are applied in the processes of
utilizing such air pollutants as hydrogen sulfidarbon monoxide, or the oxides of nitrogen
[2]. Thus it is expected that attractive catalyioperties would emerge in compounds formed
from the oxides and phases containing niobium, dama, and antimony.

Nb,VSbOyy has been identified for the first time in the NIb-&O system in year 2010
[3], while NbsVSh;O,5 was synthesized in the same laboratory in Depanttrok Inorganic
and Analytical Chemistry, West Pomeranian Univgrsif Technology, Szczecin, in year
2015 [4]. Both compounds crystallize in orthorhoméystem, but detailed structure positions
of constituting ions are not known due to difficedt of growing them in a single crystal form.
If nominal valence of the four ions in both compdts assumed: Nb (4d), v°* (3d), Sb*
(4d™), 07 (2p°%), they should display only weak diamagnetic prpsr Magnetic properties of
Nb,VSbOyp andNlVSh;O25 were already investigated by using dc magnetinadiod elec-
tron paramagnetic resonance (EPR) techniques §p],dc magnetisation measurements in
2-290 K temperature range were done using an MPNB®UID magnetometer in magnetic
fields up to 70 kOe in the zero-field-cooled (ZF&)d field-cooled (FC) modes. EPR spec-
troscopy was performed on a conventional X—barwd 9.4 GHz) Bruker E 500 spectrometer
with the 100 kHz magnetic field modulations. TheRERmeasurements were carried in the
4-290 K temperature range using an Oxford Instrurhefium-flow cryostat. The registered
magnetic responses in magnetisation and EPR measate were complex and indicated on
substantial charge transfer from oxygen to metad ia both compounds.

In this work the comparison of magnetic responfsbllpVSbO,, andNkVSh;O.swill be
compared and the similarities and differences bdldiscussed in terms of possibilities of
these compounds to be used as useful catalysts.cbhpound that has more magnetic de-
fects will be a more promising material in applioatas catalyst. The defects could appear as
a result of charge transfer from oxygen to metasias well as existence of structural defects
connected e.g. with grain boundaries.

2. DC magnetisation measurements

Temperature dependence of magnetic susceptikiliiyefined asg=M/H) of both com-
pounds in an external magnetic field H=10 Oe is@néed in figure 1. It is easy to notice that
the value of susceptibility of NWsbOyg is roughly three order of magnitude weaker than of
NbsVSh;0,5. One of the reasons might be the higher numbenesél ions in the later com-
pound in the formulae unit (f.u.). It is also ewti¢haty(T) could not be approximated by the
Curie-Weiss lawy(T)=C/(T-Tcw), where C is the Curie constant anglyTis the Curie-Weiss
temperature. This indicates on the presence ofwanfagnetic subsystems in investigated
samples. The sign ofcly parameter provides information about kind of iat#ion between
magnetic ions — negative sign signify antiferrometgninteraction, positive sign ferromag-
netic effective interaction.
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Fig. 1. Temperature dependence of dc magnetic gtilsitigies  (right axes) and reciprocal
susceptibilitieg;* (top panel — left axes and bottom panel — inseboti compounds

Isothermal magnetisation studies confirmed supjosabout a few magnetic components.
In the fgure 2 isothermal magnetisation M(H) regyist at T = 2, 10, 60, 290 K are shown. It
could be satisfactory fitted by the function coniag two Brillou in functions for paramag-
netic systems ob= 1/2 andS> 1/2 spins and the third term which is linear iagnetic field
and temperature dependent:

M(H)=m %{Zcot!‘(—z‘;ﬁ‘ﬁj - cot!‘(%ﬂ +
m zs+1{ (3+1) cotr{%} - Cm,{%)} +PTYCH.

where g is Bohr magneton and k Boltzmann constant. Ther lierm was often used to de-
scribe magnetisation of an antiferromagnet belovelNemperature. In case of our com-
pounds it could refer to antiferromagnetic clustdiagnetizations ap and ms.; are satura-
tion magnetizations of the first and the second sgstem. The least-squares fitting gave the
following values: my, = 0.0672(8) and 0.23(1)gff.u. for NL,VSbO,p and NRVS;0zs5, re-
spectively. These magnetisations are equivale6t® and 23% of all vanadium ions &€V
(S = 1/2) paramagnetic species. This is a veneldifference in magnetisation of both com-
pounds.

For the second term the following values were ola@i ms.1= 0.00070(8) g/f.u., 2S+1
= 10.5(6) for NbVSbO,p and ms.+1= 0.0026(5) g/f.u., 2S+1 = 10(2) for N§¥ Sb;0.s. Thus
the second spin system involves paramagnetic ctustith an effective spin S 4.5 but the
amount of spins is low, which is equivalent to wedlow 0.1% of all vanadium ions.

The third term in the above equation can be inttegl as originating due to small anti-
ferromagnetic clusters of magnetic defects, whighwery sensitive to thermal motions. The
presence of negative magnetisation (visible at keghperatures) is most probably not related
to the diamagnetic Meissner effect (supercondugivbut to antiferromagnetic interaction of
two magnetic sublattices [1].

(1)
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Fig. 2. Comparison of isothermal magnetisationathlsamples measured at T = 2, 10, 60, and 290 K
3. EPR measurements

In the figure 3 EPR spectra of PtSbO,0 and NRVSh;O,5 taken at different temperatures
are shown. In case of the former compound the gpads more complicated and three com-
ponents can be perceived. The first one is a rdtuard signal close to g-factgrC 2 without
a hyperfine structure and it is due to a systerstimingly interacting spins. The second com-
ponent represents partially resolved hyperfinesliaed is attributed to isolated vanadium ions
in an axial symmetry. The third component is a WE&R line in magnetic field near 2.8 kG
that shifts strongly with temperature changes &gl observed only in a limited temperature
range. This line is ascribed to antiferromagnelisters. The EPR spectrum of j\MtSb;O2s
consists of a single, symmetric and rather str@sgmance line in a magnetic field near 3,
and another weaker signal atd.3 that could be due to a forbiddeYMs= * 2) transition in
a V¥ — v* (S=1) pair. The number of magnetic ions estimdtech EPR in NbVSbOy
andNRVSh;0,5 is equivalent to 5% and 28% of all vanadium iorespectively. This is
roughly consistent with number of paramagnetic idesermined from the magnetisation
measurements.

Fitting of the observed spectra with appropriatekimation of Lorentzian lineshape lines
allowed to obtained EPR spectrum parameters: amgljtresonance field, line width and
another important parameter - EPR integrated iitielg, defined as the product of ampli-
tude and square of the line width. This later qgitang proportional to the magnetic suscepti-
bility (not static, but at microwave frequency) sgin system involved in EPR study and al-
lows comparison with magnetic susceptibilitydetermined from magnetisation measure-
ments.

In the figure 4 temperature dependence of the ER&Yyliated intensity is shown for the

two compounds. This figure also showﬁ(T) plot and an attempt to fit it with the Curie-

Weiss law. It was possible to do this only in liedttemperature ranges. For both compounds
in the high temperature range, T > 100 K, the CWiss law fitting gave negative-\; (-85
K and -122 K for NBVSbO,, and NRVSh;O,s, respectively), indicating strong antiferro-
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magnetic interaction. The strength of this intdoaciveakens with lowering temperature and
below 40 K no interaction is registered in both poonds.
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Fig. 3. EPR spectra of both compounds taken atrdifit temperatures. The insets show comparison
of registered spectra registered at 7 K and 290 K
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Fig. 4. Temperature dependence of the EPR inteynatensity },(T) (left axis) and reciprocal of the

integrated intensity }% (T) (right axis) for both compounds. Straight lines e least-squares fits to
the Curie-Weiss law valid only in restricted tengiare ranges
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4. Conclusions

» ltis deduced from EPR and magnetisation measuresntiesit the transfer of electrons from
oxygen to the transition metals, changing radictilgir magnetic state, plays a decisive
role in magnetism of both compounds. As the peeganbdf magnetic ions in M3Sb;O.5
is roughly 4 times higher than in similar NiSbO,,compound, this could be explained by
bigger number of oxygens as a source of electrotisel unit cell of the former compound.
Also the number of metal ions that could take etets and turn into magnetic ions is
much bigger in N§VSbz02s.

* Another important consequence that results fromntlagnetic studies is the presence of
nonhomogeneous distribution of magnetic ions irhbmimpounds. This in turn makes
possible formation of different types of clustersl sstrongly interacting magnetic subsys-
tems. Such distribution of magnetic ions can belampd by assuming that defects are
formed on grain boundaries and on other structurperfections. A large number of de-
fects ensures good catalytic properties so it @apriedicted that N§wSh;O,5 compound
will be better catalyst than M3SbO.
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