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SPECTROSCOPY L E E R S ,  26(6), 949-957 (1993) 

iLly XPS INVESTIGATION OF THE INFLUENCE O F  SOME LtLVTW-IDE 

IONS ON THE BOND STRENGTH IN LnVOl COMPOUNDS. 

KEY \CORDS : LASTHASIDE, BOSC STRENGTH, @RTHO~.~X!LE!XTE 

C X Strydom aiid D de :?'a21 
Department of Chemistry, Cniversit)- of ?retoria, Pretoria, 3002, Ssuth 

Africa. 

ABSTRACT 

The degree of covaiency or thus bond strength betlieen the 

vanadium and lanthanide ioilc in a series of laizt!ianide 

orthovanadates, seem not to be dependent on the lanthanide(II1) ioc 
sizes. The influence cf the electronic properties are  the major 

contributing factor to the bond strengths, as  can be seen frcn? the 

"tetrad" type of relation betlieei? the modified Auger parameter ( a ' !  

aiid number of 4f electrons (or atomnumber, 2) .  The electronic 

properties influencing the bond strengths are due to interelectronic 

repulsior. within the 4f energy levels. 

INTRODUCTION 

The !znthaniae 3rthovanadates or Ln\.Ol, XihP1-e Ln :-epresei:ts 

the series of ianihzi?ide elements, are semiconductors and sho.ri 

interesting inagnetic transformations [1,21. it hzs been shosin that 
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950 STRYDOM AND DE WAAL 

t h e  zi:.(--;-; phase of these orthoi-anadates ca:i easily be prepared 

i'rom t h e  high tempereture :-taction of the !ailt!:znids oxide 2nd 

either ai-i aikaii metal netsvanadate (e.g. XI!@.: cr Kayo.:) [ 3 3  or  

ammciiiurr. metaranadate [a!. Bot!i the ii>frared ai:d Raman spectra of 

this phase have beeii repcrted in the i i terature IS] 2iid these caii be 

used for characterization 3f samples. I:? this  investigatioi: a series 

of !azthanide orthovansdates ( L:?VOi ) xias prepz:-ed and the infiueiice 

3f the  Isiithai1ide ioils on the vanedium - lziitha-ide bend s t rength 

~ 2 s  iiivestigated by  means of X-ray photoelectron spectroscopy. 

In the  ..;elk-liiiC\\-n laiithanide cont:*zctioi> the sizes zf the 

Li>(III)  ions decrease approsiclately linearly goiilg fron: C e ( I I 1 )  to 

L L ~ ( I I I ) [ S ] .  I t  C e i ?  be assumed that  the size of the ioil 2s xiell as the 

electronic properties of the ions v i l l  iiifluence the hoild s t r eng ths  

in the LnIrCt  corrpounds. It is the purpose of flhis study to ei-z!uate 

the contributions of the ion size aild the e!ect:-oiiic properties to 

the vaiiadiurr. - !anthanide bond s t r eng th  in the lanthanide 

orthovai~adates.  

EXPERIMENTAL 

Sample preparation 

The zircon phase 3f Li?V3, (Lil  = La, P r ,  Xd, Eu, Gd, XC, EL' 

and T m )  ~ 2 s  sb tz i i~ed  through the high temperature reaction of the  

la-thanide oxide i,.-ith a:nnmoi?iuil:. mz tz~anada te  (?;H,i'O.. ;. .A. temperature 

cf 1223 I< 5;n5 naintained o;r; ths stoichiometric mixtures for 1 2  hours 

!4 ] .  S z ~ p ! e s  -.inre identified S p  means of infrz-red and Rarnan 

spectroscop~- and >:-:-a57 powder diffraction pa t t e rns  f4 ,5 j .  

. ., 

The S-raJ: photoe!ectron spectra -.,-ere i-ecsrded oi: 3 VG 

Scientific ESC.ilLhr! >1k.II. !ion-monochromated bIg Iia (1253.6 e';; 

rediatioc t ias used from 2 X - i - 2 ~ -  gun operated at 15 kV ar.d 20 m-4. 
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XPS INVESTIGATION 

V2p,, eV V2p,, eV V,, eV 
Compound 

LaVO, 5 17.05 524.45 787.75 

PrVO, 5 16.70 524.25 784.65 
NdVO, 516.50 524.75 786.00 

EuVO, 516.85 524.00 786.20 

GdVO, 517.10 525.70 786.60 
HoVO, 517.25 523.75 786.65 
ErVO, 516.70 523.70 785.80 
TmVO, 516.60 524.40 785.05 

95 1 

a' eV 

982.9 
985.7 
984. I 
984.3 
984.1 
984.2 
984.5 
985.2 

Table I : XPS data of the V 2p and V UIM peaks of the pre- 
pared lanthanide orthovanadates . 

The base pressure was better than r ?; l'J--'' mbar ir. the analyzer. 

All spectra were recorded using the same spectrometer parameters 

of 2C el: pass eiiergy and 6 mm slit Iiidth. T:, obtained static- 

charged corrected values a 5 - 10 Ai-igstrom gold iayer xas 

evaporated oilto each sac?ple. T-he'Xu 4:- .: XPS peak a t  84.0 eV lias 

used as  re ferexe  i7,8,9: aiid charging corrections varied between 

1.m aiid 7.35 eV. 

. ."  

RESULTS AND DISCUSSION 

The Sindi-p eaergj- va!ues of some of the XPS Ziid Axge:- 

peaks on the spectre of the prepared 1ai:thanide orthovenadates 3;" 

listed in ieble I. Figure i represeiits some rjf t!?e \r 2 ~ ; : ~ '  ','2p.., ezd 
C. Is peaks and figure I! some of the i-:..,!?:u!c Auger peaks. 

.," 

"b..d.,.. _I 
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952 STRYDOM AND DE WAAL 

v 2P> ,.< 
I 

53445 53125 52806 52485 52165 51845 51525 51205 50885 

Ginding Energy ( ev l  

The  V2p,, , '.-2p-,- znd 0 1 s  SPS peaks of s a m e  of 

the  !aathanide orthoranzaetes. 
1," 
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XPS INVESTIGATION 953 

mvo, 

ce7m 82080 1 1 3 ~  m o o  70080 m w  78580 nsm 77180 
B i n d i n g  Energy l ev )  

FIG I1 : The VL3x23a45 Auger pezks of some  3f the  l a n t h m i d e  

or t h ova na da t e  s . 
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954 STRYDOM AND DE WAAL 

0 

a' (980 + 1 Ln(lll1 sizes (A) and log K 
2.5 

2 

............ 

1.5 

............................. 

1 

................................................................. 0.5 

0 
0 2 4 6 8 10 12 14 

Number of 4f electrons (q) 

' Graph I : a* -t- Graph II : Ion sizes 

* Graph 111 : log K 

FIG I11 : The Auger parameter, Ln(II1) ion sizes and log 

K as a functior. of the number of 4f electrons 

(q). 

The modified Auger parameter 

The modified Auger parameter (a') is  defined as the sum of the 

biiiding energy of the major photoelectron peak ( V  2p. - ,I  and the 

kinetic energy of the major Auger peak (1;2!yi2x:f 1 [ 101. The modified 
Auger parameter also is independent of the charging oil a sample 
and chai?ges in i t s  -.-slue i s  more pronounced than in the I-alue zf 

i , - 
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X P S  INVESTIGATION 955 

an>- SPS peak. In the !iterature bread, but well defined V:.!! .;:;,be: 
peeks are repmted to appear a t  781.4 SV for the meta! [ I l l .  In solids 
the changes in the modified ?.uger parameter are due priricipai!y to 
changes in the polarizatioc enei-gy [ 12,13!. The greater the modified 
Auger pararneter within a series of related compounds the more 
polarizab!e the compound. In the lanthanide orthovansdete compounds 
the changes in the V Auger parameters were ilsed tc deterniine the 
relative covalency of the vanadiun? - lanthenidr bonds, thus alsc the 

strength of the V - Ln bends. Figure I11 gives the mocified A u g ~ r  
parameter versus the number of L c  f electrons iqi. Fro;? this graph 

it ceii be seen that the relation betityeen a' and q is nct e simple 

".... 

. .,- 

cne. 

.Use included in figure I11 is -,he variation in :anthanide k n  
size Icith number of f electrons (or atomnumber - Z:. KO clear 

reiatioc between the ianthanide ion size and tke modified Auger 
parameter can be determined from the graph and it thus s e e m s  that 
the ioon sizes are not the najor fcctor that  contributes to the bofid 

strengths. 

T!ie third graph on this figure is  a rough approximation cf 
iiterature values found for the equilibrium distribution of the LntIfI) 

species between the solution di-2-eth ylhesyl-chloromethylphosphonate 

in benzene and the aqueous solution of 11.4 F LiBr + 0.5 F HBr at  
22 f 2 OC [14]. The equilibrium constant II: is the ratio of the 

concentration of the metal cation in the organic phase to that in the 

aqueous phase. The variation of log ii with q (nvmber of f electrons! 

follows the so-called tetrad effect. The tetrad effect involves the 
following hs-pothesis : " Ir. systems involving the lanthanide(II1; 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 cur res  xithout inflections, into four 
tetrads xith the gadolinium point being commcii to the second and 

third tetrads and the extended smooth curves intersecting, 

additionally, in the 69 - 61 and 67 - 68 2 regions."[l5,16] 
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956 STRYDOM AND DE WAAL 

Comparing graph l to g rzph  i I i  similarities are  clesr!y ex.-ideat, 

rinile clear!y t h e  sizes cf t he  different lanthanide!III) ions dc not . .  

seem to izf!uence ths msdified Auger pa-amete:- a n k  ;;;US h i > d  

streilgth to a great  estend. The tetrad effect observed ii? the Z or  

c; dependence of properties of the lsnthacide(II1) s s r i e s  criginstss 

main1;i- f r o m  quantum rrechanicai icterelect-onic repulsicn energ:; of 

the q electrons in  ezch 4f: electronic coafiguratioc, as d e s c r i ~ e a  13:- 

Sugent [If?:. Discontiiiuit;i- at the 1/2 poiiit is at t r ibcted to Che half- 

filled shell effect iii t h e  electronic structu:-e zi’ GdilII!. T h e  

disc0ntinuit.i- at l / 2  point i s  the result  of s-ariations ii- the spin- 

pairing energy -v.-ith q, thet  is cne cf the  t e r m s  that  influence the 

\-aiue of the  inter electronic repulsicn energ?- ( K ! .  The 1 / 4  

tbetJ;een Yd(11I.i a:id Pm(iIIi i and 3,’-i (DetT.ieen Ho(iII1 and Er(Il!)i 
points i;ith their  ccrrespci>dii>g 1 / 4  iad 3/4 ~ h e i l  ?i!lii>gs w e  the 

:-esu!t of t h e  fu r the r  refining of t h e  t e r m s  describiiig the spii>- 

. .  , .  

. .  -32’l” . ...g n energies as described by Sugeilt 11BI .  

CONCLUSIONS 

The :*epu!sici? -.. =.Ad spin-pairiiig tnergies of the -if electi-o::s 

soex tc  influence the vaiiadiurn - laathanics boild s t rength to a 

x u c h  greater estend than the  ianthenide(I1I j ion sizes. This results 

in the so-ca!led tetrad effect that  was also observed for  2 number 

cf other physical and chemical properties ccnceriliiig the 

lanthziiide(!:Ij ser ies  [?5,16]. The  order of increasing covalency ( t h u s  

s t r eng th )  of t h e  s-anzdium - laiithaiiide bond ns visually represanted 

in figure I11 graph I ,  is  as follows fc:. t he  compounds prepared ic 

th i s  stud: : 

?rVO! t: Tmi’O, < Er’JO: i Eu\:O, < HcVOl < C;dVOl < SCiVO, < LaVC! 
1 
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