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AN XPS INVESTIGATION OF THE INFLUENCE OF SOME LANTHANIDE
IONS ON THE BOND STRENGTH IN LnVO, COMPOUNDS.

KEY WORDS : LANTHANIDE, BOXD STRENGTH, ORTHOVANADATE

C A Strydom and D de Waal

Department of Chemistry, University of Pretoria, Pretoria, 3002, South
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ABSTRACT

The degree of covalency or thus bond strength between the
vanadium and lanthanide ions in a2 series of lanthanide
orthovanadates, seem not to be dependent on the lanthanide(III) ion
sizes. The influence of the electronic preperties are the major
contributing factor to the bond strengths, as can be seen frem the
"tetrad"” type of relation between the modified Auger parameter {(g’}
and number of 4f electrons (or atomnumber, Z). The electronic
properties influencing the bond strengths are due to interelecironic

repulsion within the if energy levels.
INTRODUCTION
The lanthanide orthovanadates or LaV0,, where Ln represents

the series of ianthanide elements, are semiconductors and show

interesting magnetic iransformations (1,2}, It has een shown that
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the =zircon phase of these orthovanadates can easily be prepared
from the high tiemperature reaction of the lanthanide oxide and
either =ap atkali metal metavanadate (e.g. KVO, or Navoy) {3] or
ammenium metavanadate [4). Both the infrared and Raman spectra of
this phase have been repcrted in the literature {5] and these can be
used for characterization of samples. In this investigation a2 series
of lanthanide orthovanadates (LnV(C;) was prepared and the infiuence
of the lanthanide ions on the vanadium -~ lanihanide bond strength

was investigated by means of X-ray photoelectron spectroscopy.

In the well-known lanthanide contraction the sizes of the
Ln(lll; ions decrease approximately linearly going from Cel(lll) to
Lu(II){8]. It can be assumed that the size of the ion as well as the
electronic properties of the ions will influence the bond strengths
in the LnVO0,; compounds. It is the purpose of this study to evaluate
the contributions of the ion size and the electronic properties to
the wvanadium - lanthanide bond strength in the lanthanide

orthovanadates.
EXPERIMENTAL
Sample preparation
The zircon phase of Ln\"O% {Ln = La, Pr, Nd, Eu, Gd, He, Er

and Tm) was obtained through the high temperature reaction of the

lanthanide oxide with ammonium metavanadate (N

5, 1. A temperaiure
cf 1223 K was meaintazined on the sioichiometric mixtures for 12 hours
14]. Samples were identified by means of infra-red arc Raman

speciroscopy and X-ray powder diffraction patterns {4,5].

The X-ray rhotoelectron specira were recorded on a VG
Scientific ESCALAR Mk.II. Non-monochromated Mg Ka (1252.6 eV}

rediation was used from a X-ray gun operated at 15 kV and 20 mA.
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Table I : XPS data of the V 2p and V ,, peaks of the pre-
pared lanthanide orthovanadates.

V2py,, eV IV2, eV | Viuu eV | o eV
Compound

LavVO, 517.05 524.45 781.75 982.9
PrvO, 516.70 524.25 784.65 985.7
NdVvO, 516.50 524.75 786.00 984.1

EuvO, 516.85 524.00 786.20 984.3
GdVvO, 517.10 525.70 786.60 984.1

HoVO, 517.25 523.75 786.65 984.2
Ervo, 516.70 523.70 785.80 984.5
TmVO, 516.60 524.40 785.05 985.2

The base pressure was better than 7 X 1(,":;’: mbar in the analyzer.
All spectra were recorded using the same spectrometer parameters
of 20 eV pass energy and 6 mm slit width., To obtained static-
charged corrected wvalues a 3 - 10 Angstrom geld layer was
evaporated onto each sample. The Au 4., XPS peak at 84.0 eV was
used as reference [7,8,9} and charging corrections varied Letween

1.70 and 7.33% eV,
RESULTS AND DISCUSSION

The binding energy values of some of the YPS and Aucer
peaks on the spectra of the prepared lanthanide orthovanadates are
listed in table 1. Figure I represents some of the V 2p,., V2p. . and

C 1s peaks and figure II some of the V..,.,. Auger peaks.
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\' Zp*

53580 53180 - 52780 S23.80 51980 51580 51180 50780 50380
Binding Energy (eV)

Prvo,

V' 2py
2

53445 53125 52806 52485 52165 51845 51525 51205 50885
Binding Energy {(eV)

The V2p,., ¥V2p.. and O 1ls XPS peaks of
4%

the lanthanide orthovanadeates.

some of
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FIG 11

Counts per second (Arbitrary Scale)

Ervo,

82780 82080 81380 80880 799.80 79280 78580 77880 77180
Binding Energy (eV)

The VL3K23K45 Auger peaks of some of the lanthanide

orthovanadates.
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6 x' (980 + ) Ln(lll} sizes (l:) and log K

2.5

0 L 1 ] L i 1 0
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Number of 4f electrons {q)

*  Graph! : ' +  Graph Il : lon sizes
¥  Graph Il ; log K

FIG 111 : The Auger parameter, Ln(III) ion sizes and log
K as a function of the aumber of 4f electrons

{(q).

The modified Auger parameter

The modified Auger parameter (@’') is delined as the sum of the
binding energy of the major photoelectron peak (V 2p. ) and the

kinetic energy of the major Auger peak (V. wiz:) [10). The modified

OPSTEA 29

Auger parameter also is independent of the charging on a sample

and changes in its wvalue is more pronounced than in the value of
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any XPS peak. In the literature brecad, but well defined \-’,ﬂ Auger
peaks are reporied to appear at 781.4 eV for the metal [11]. In solids
the changes in the modified Auger parameter are due principaily io
changes in the polarization energy {12,131. The greater the modified
Auger perameter within a series of related compounds the morse
polarizable the compound. In the lanthanide orthovanadate compounds
the changes in the V Auger parameters were used tc determine the
relative covalency of the vanadium - lanthanide bonds, thus alsc the
strength of the V - Ln bends. Figure III gives the mocified Augsr
parameter versus the number of Ln f eléal'ons {g}. From this graph
it can be seen that the relation between @’ and g is nct 2 simple

cne.

Also included in figure 1II is the variation in lanthanide ion
size with number of f{ electrons (or atomnumbsr - Z}. No clear
reiation between the lanthanide ion size znd the modified Auger
parameter can be determined from the graph and it thus seems that
the ion sizes are not the major factor that contributes to the bond

strengths.

The third graph on this figure is a rough approximation of
literature values found for the equilibrium distribution of the Ln{III}
species between the solution di-2-ethylhexyl-chloromethylphosphonate
in benzene and the'aqueous solution of 11.4 F LiBr + 0.5 F HBr a*
22 4+ 2 °C [13]. The equilibrium constant K is the ratio of the
concentration of the metal cation in the organic phase to that in the
aqueous phase. The variation of log K with g (number of £ electrons}
follows the so-called tetrad effect. The tetrad effect invclves the
following hypothesis: " In systems involving the lanthanide(III} ions,
the points on a plot of the logarithm of a suitable numerical measure
of a given property of these elements vs. Z may be grouped,
through the use of four smooth curves without inflections, into four
tetrads with the gadolinium point being commonr to the second and
third tetrads and the extended smooth curves intersecting,
additionally, in the 60 - 61 and 67 - 68 Z regions."[15,16]
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‘omparing graph I to graph III similarities are clearly evident,

g

ezrly the sizes of the different lanthanide{III; ions do not
seem to influence the modified Auger parametser and thus bond

strength to 2 great extend. The tetrad effect observecd in the Z or

L2
Q.
0]

o]

endence of properties of the lanthanide{IIl) series criginatses
mainly from gquantum mechanical interelectronic repulsion energy of
the q electrons in each 1f* electronic configuration, as described by
Nugent [181. Discontinuity at the 1/2 point is attributed tc the half-
filled shell effect in the electronic structure of Gdi{lil}. The
discontinuity at 1/2 point is the result of wvariations in the spin-
pairing energy with q, that is one of the terms that infiusnce the
/

{between Nd(III; and Pm(III) } and 3/4 (between Ho(IIl; and Er(iili;

fors
o

vaiue of the inter electironic repulsien energy (H.). The

points with their correspending 1/4 znd 3/4 cshell fillings are the
result of the further refining of the terms describing the spin

pairing energies as described by Nugent {186].

CONCLUSIONS

The repulsicn and spin-pairing energies of the 4f elecirons
seem to influence the vanadium - lanthanide bond sirength to a
much greater extend than the lanthanide(III} ion sizes. This results
in the so-called teirad effect that was also observed for a number
cf other physical aad chemical properties concerning the
lanthanide(III}) series [15,16]. The order of increasing covalency (thus
strength) of the vanacdium - lanthanide bond zs visually repressnted
in figure III graph I, is as follows for the compounds preparec in
this study :
Pr\t’oé < Tm'\'Oé < Er‘JOﬁ_ < Eu\?oé < HeVO; < GdVo, < ;\‘-d\f’O“.. < LaVg,
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