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Abotrrret 

Absorption spcctra of Yb(DPAh% complex (where DPA-dipicolioatc) in 

aqueous solution are studied and all of their opechal peaks are assigned based on 

Double Sphere Coordination Point Charge Field model@SCPCF). It is shown that 

calculated and observed results are agreeable to each other. Meanwlule the 

coordination structure of the complex reported in aqueous media are also deduced. 

* Author to whom corrcspondcncc should bc adclrcsscd. 
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368 YANG ET AL. 

Introduction 

Owing to peculiar optical a i d  rnagietic propetlies of la i t lwi i i ! t~  elemerils, :I 

grc;lt dcill of altcntion l i a ~  b e a ~  given to thc spcc1r;il study of Ulesc CICIWIIIS, botll 

Uieoretically and cxpcrii~ieiddly~l~~! ?lieoretical studies have brci~ devoted to 

uiderstartding arid clarifying Ihe underlying crystal lield sp l i thg  eit~clintiisms aid 

experinieiital studies have focused on clmracterizdion of the spectra-stniclure 

relationships and spectral peaks assignments of lanthanidc complexes. 
Chemical and physical properties of the complexes of J ~ i ( l l i )  ions with 

dipicolinde have been widely investigated [61, but so €hr the systeiwiic studies OII 

the spcctral behaviors ol'tliese complexes, especially on crystal field ylittiog, havve 

not been seen. Dipicolinate is one kind of special ligand which cont*iiris two types 

of donor ~ o m s ,  i.e. nitrogeri atom of pyridyl group and oxygen attw of cuboxyl 

group. In these complexes, laithanide-ligand intcraction are iiricyliiidrically 

symmetrical, and all atoms @om chelate rings and chemical bonds ttliich are very 

tiear to Imthanide ions directly influence 4f electrons. And lllese kinds d 

complicated interactions could have particular e l l c t  on die optical properties of 

the lanthariide complex system, which is very similar to the interaction between 

Imthanide ion and biomolecular system. So the studies on the s p e c ~ d  natures of 

these complexes are very essential. 

Because of solvent eEect the structure of complexes in ;yiicous solutioii 

differs fiom that in crystal state, but the exact struehire of Uie comi)lex in solution is 

usually din'erent to determine. 

In Uie yrcserit paper, as a example, we  iilfer the structure of Yb(l)PA),3' 

complex according to dcpendence of spectral characteristic on slnmtural 

parametcrs of the coordination polyhedron. 
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SPECTRAL ANALYSIS OF Yb(DPA)33- COMPLEX 369 

Absorpion spectra in W-VIS-Mt region have been systeni;ltically 

investigated, spectral peaks are assigned and crystal field eriergy levels we 

calculated using Double Sphere Coordination Point Charge Field 

I ~ I o ~ ~ ~ ( D S C P C F ) ~ ~ ~ ~ ~ .  For comparison static point charge field model(PC1;) is also 

exploited to calculate crystal field spliaings, a id  it is sliown that DSCPCF energy 

levels calculated are identical to observed levels, but the deviation ofPCF eneryy 

levels is veiy higli. 

Experimental 

Reagents 

Stock solution of yttezthn chloride is prepared by dissolving Yti203(spectral 

pure) with concentrated Iiydrochloric acid of guarantee reagent g d e ,  vaporizing 

near to dry, and then diluting to desired scale wiUi deionized water. Stock solution 

of cerium chloride is obtained by dissolving CeO2(99.9":; pure) wid1 

H202(analytical pure) and concentrated hydrochloric acid of gullrantee reagent 

grde.  

DPA is of analytical reagent grade. 

Apparatus 

Absorption spectra are recorded on a W-VIS-NIR spectrophotometer(Hitachi, 

Japan) and during h e  detection pH value of the work solution is adjusted using 

0.5m01.L-~ NaOH and/or O.Smol.L-l HCI. 

Calculation 

According to references[6a-101 coordination polyhedron of the In(DPAh* 

complexes is Liistorted trigonal prism with a trigonal dihedral symnetry(D3) as 

shown in Fig 1. 
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Fig.1 Ilie coordination polyhedron viewed down trigotid axis(2). 
6: nitrogen dotior atom; 0: oxygen donor atom; .: W+ ion. 

In Fig. 1, coordinates of six oxygen donor atoms and three nitrogen donor atoms 

are respectively listed as follows: 

for oxygen alorns: 

(Kl, X - 0 ,  rC/2-7)1, (Ri, X-07?X/6-2:)2,  ( I l l ,  X-O,-11 X/6-2)3,  

(RI, O, IC/2+2)4, (R1, 0 , 7 X / 6 + T ) s 7 ( R I ,  @ , 1 1 X / 6 + 7 ) 6 ,  

arid for nitrogen atoms: 

(Ra7 X / 2 ,  rCl6X, (Ra, X l 2 , 5  K/6)8, (Rz, rC/2,3 X / 2 ) 9 .  

Coordinates of effective bonding cliarges are similar to those of the donor 

atoms but the radial coordinates l+ have been replaced by rj- 

In DSCPCF model crystal field potential is expressed as follows: 
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SPECTRAL ANALYSIS OF Yb(DPA);- COMPLEX 37 1 

In eq(2), rl and r2 are distances fiom LIP+ ioti to the bond c h a ~ , . ~ ' ~  q, mid Q ,  

and Z1* and &* ate respectively effective nuclear charges of oxygen atid nitrogen 

dorior atoms. 'These piirmleters are calculated according to the nielliodl' I. Splicr-ical 

pohr coordindc Q ,twist ariglc 2 t atid bond angle 21) obey followiry! rclalionshiy: 
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372 YANG ET AL. 

'Ilic rctlnclioii of tlic iaah+ix clcriiciits of Ilc operator CNI IN: pcrii~riiicd by 

iririkiiig use of equation such as: 

To obtain crystal field wave functions and DSCPCF energv levels, the IIc 

operator was diagoiialized in a JM iiitcnnediate couplug bask I.i:;;uld pmaiicter 

set used in our calculation is given in TABLE 1. 

Results and Discussion 

Formation of tlte complexes in aqueous solution 

For H,DPA, pk,, = 2.16 and pka =4.7G[*l], so distribution coelhieiit nfDPA" 

under selection coiidilion pH = 8.5 is : 

&p,+,2- =k.l kJ([H+]' + k.,[H+] + kslkd) = 0.9998 * I 
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SPECTRAL ANALYSIS OF Yb(DPA)j’. COMPLEX 313 

* ,411 data are in at except RI and R,- which are in titiits of a 

Therefbre tlie protonalion of L)PA2- can be neglected and lvllcti C.LI1,Az- = 

0.0 1mol.L-I in the system of Yb(III)- ]>PA : 

~i7x’,DPA))7s = P3[DPA13/(1 P l[DPAI2 + P2pPA]’ + P,[DPA]’) =0.9999 % 1 

showing Uiat Y b(DPA)33- is extremely dominant species in coi-respoiiditig complex 

solution, arid Li(L)PA)+ and LJ~(DPA)~- complex species arc nepligiblc wlicrc jI, 

are overall stability constants[121. 

ldentrjcation of Spectral Peaks of the Complexes 

Absorption spectra of Yb(L)PA)-,* complex are measured. Byond 33000cn1’~ 

appears strong 5t-x’ transition peak. Chamteristic f-f tratisitioti ~~e; lks  we in the 

6500- 1 1000 c m L  wavenunher region. 

hi absorption spectra of Yb(DPA)33 complex three of t!ie s11 ong peaks rise 

fiom Uie grouiid stale level of 2F7n to three conponents of Uie excited state 21;3n. 

According to the rcfere~ice[~~l we consider llie strongest peak (10227.0 ciii-‘) 
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374 YANG ET A L  

corresponds to Uie lowest levcl 0 1  21;/5n. Dy coiii1)aririg with calculated DSCPCF 

ciiorgy levels(?p=129.17 aid 22 =I5 ) (Fig. 2) wsignnicnt of the lluec 

strongest peaks is completed. 

According to tmisitioiial selectioii tule, Ihe Wansitions fiom all of the 

niultiplets of to die lowest energy level of VSn can be observed, so fi-om Uie 

spectral p e i h  less Ihari 1 O227.Ocrii-' such ;1s 1 0 0 4 0 . 7 ~ d ,  9682.4 cni" aid 9596.9 

cmd the ciystal field components of 31;7a te rm can be obtained Arid then we refer to 

the refereecc[171 arid conclude that the peak at 10172.4 cm' originales fioin die tliird 

crystal field component of zF,n to t ie second eiierw level of 2F3n, and the peak at 

10582.6 ciir' rises Iiom the second coiripoiient of 'F7n to the third conipoiierit of 

*FSn. The results are shown in TABLE 2 and Fig. 2. 

DSCPCF energy levels of Ce(DPA)+ complex are also calciilalcd in above 

procedure. Tlie transition peak with the highest fkquency 365Xcin-I tias gone 

beyond near TI\ region. Tliat is why we have not found the charactcristic spectral 

lines ofthe Ce(m) complex. 

Coordination cotrfiguration of L ~ Z ( D P A ) ~ ~ -  compierx ion 

To explore the coordination configuration of the complexes the DSCPCF 

energy levels of Yb(DPAh3- complex at different bond angle 2p and twist angle 

2r have been calculated and the results have shown in Fig. 3,4. 

Wlicn tlie bond aiglc 2p is mixcd as 129.17 , the DSCPCF cricrgy splitlings 

decrease wiUi 2r increasiiig For the trigonal dihedral Ln(DPAh" complexes 22 

varies iron1 0 a - 16 * [14! Whni twist anglc 2t is kept as 15 , as 21: iticrcwes the 

1)SPCF energy splitting decrease a& first, arid then increase. When 

2r = 15 * the calculated and observed energy field etiergy levels are in agreement 

with each other. That structural mode is consistent with that of solid Ln(DPA)-,* 

complexes. 

7 129.17 * 
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SPECTRAL ANALYSIS OF Y~(DPA), '  COMPLEX 315 

Obscrvctl v;llues(ciii-l) 

10227.0 
10717.0 
10768.9 
10040.7 
10530.7 
105R2.Y 
YG82.4 
101 72.4 
10224.3 
95Y6.Y 
100RG.Y 
10138.R 

Wg.2 Comparison of theoretical and experinreiital energy levels of Yb(DPAh* 
cotirplex(in unit of c d ) ,  standard deviation o = 20cm4.(* 14). 
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376 YANG ET AL.  

Fig.3 
(CIII-1) 

'Ilie relatioilship between DSCPCF energy levels of Yb(l?I'iZ)3* 
and llie bond atlgle 2p. 

complex 

Fig-4 l i e  relationship between DSCPCF energy levels of Yb(IWtlb* coeplex 
(an-I) and the twist angle 2t 
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SPECTRAL ANALYSIS OF Yb(DPA):- COMPLEX 311  

hi this work, static poirit charge riiodel(PCI;j is also employed to calculalc the 

crystal field energy levels ofYb(D1'Ab3- complex (die charge at oxygen atom fiom 

c;u-boxyl is -1.18e['''] or -0.82e[10J, at nilrogen atom fiom pyridyl Oe[lOl>. But llie 

varintiori of theoretical results fiom the corresponding observed values is about one 

magnitude order. Even if sliieldirig effect of 5s25p6 shell is involved, llie YCF 

results are also unsatisfactory. 

Conclusion 

DSCPCF model is successful in calculating die crystal field energy splittings of 

Ln(51) complexes. This model is founded on basis of Hellmati-Feytunan force 

cquilihriuni, in which the static interaction and covalerit interaction are bod1 

involved, so long as the effective nuclear charge of metal ion and donor atoms are 

reasonably selected good resirlts are able to be obtained. 
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