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SPECTROSCOPY LETTERS, 30(6), 1013-1022 (1997) 

PHOTOACOUSTIC SPECTROSCOPY STUDY 

ON EU(II1) & TB(II1) TERNARY COMPLEXES 

Key words: PA spectramre earth, Icrtiary coniplcx 

ABSTRACT 

'The photoacoustic spectra( PAS) or ternary cnniplexes I<uPhen,Sal, and 

'T'bPhen,Sal, arc rcportcd. Conip;ircd \villi llic PA spcc1r;i o f  binary coiiiplcxcs .the 

cliange o f  PA relative intensities of  salicylic :icid(SiI) i n  ternary complexes 

indicates the different prohnhilities 01. nonratliativc transitions and diKerent 

relaxatioii processes . Combined with emission spectra . the relaxation and energy 

transrer processes .especially the iiitcraction hct\vecn two ligaiids are discussed. 

The Iiiminesccnce of rare earth complcxcs Iias always attracted a great 

interest since they may be usctl Tor Inscr materials and luniinescent probes in  
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1014 SU, SUN, AND ZHANG 

fluoroitiiiiiiinoassay"l. According to antenna cl'f~ct"~. the ligands which have 

strong and widc absorption hand i n  tlic 1 JV-visible rcgioii may transfer the 

ahsorhed energy to ccntral ion( I,ii7') and sensitin! the luriiiiicsccnce of I,n".Many 

kinds o l  binary coniplexes with organic ligaiids(suc1i as hydroxyl acids and p- 
diketoncs) Iiavc ticen studictl"'. In ordcr to ciiliance tlic luminescence efficicncy. 

the study o f  rare earth tcrnary coniplexcs is ncccssary and important. 

I'hotoacoustic spcctroscopy (PAS) can he used to study optical 

absorption property and intermolecular ciicrgy Irnnslcr of nontransparent or highly 

scattering solids iiicludiiig naturally occurring biological tiiaterials,semi-coiiductor 

powders. and iiickils. Much ntkntioii Iias Iwcii p i c 1  to tlic study 01 the PA spectra 

o f  some inorgnic compouiidsl' 'I and hin:iry orgaiiic coniplcxcs"'l.l Iowever. the PA 

tccliniquc has not heen uscd i n  rare cartli tcriiary coiiiplcxcs. In this paper, the 

tcrnary complexcs of  Eu(1Il) & I h(lll) nit11 ~~licnantliroline(I'lien) and salicylic 

acid(Sa1) were synthesized. the photoacoiistic spectra arc interpreted and the 

eiiergy transler processes i n  ternary coniplexes are discusscd. 

EXPERIMENTAL 

( I )  I'reparation of the ~omplcxcs:'l'hl'licii,Sal and I-hl'licii,Sal,: 

Eu20,(or TIi,,O,) was convcrtcd to the chloride I .nCl,.bl I,O(Ln=Eu or l b )  

by treatment with concentrated I K'I. 
3nimol Sal was dissolvcd in I Oml o f  ethanol. 'Hie pl I value of this 

solution was ad,jiisted to 7 with 30"/0 KO1 I etlianolic solution. 

2mmol of I'hen and 1 mmol of l<itClI.61 120(TlX'17.61 IzO) were dissolved 

into I Om1 ethanol respcctivcly and iiiixed. The solution was hcated on a water 

bath at 70 C .Thc solution of SaI was ;iddcd in drops undcr stirring. The mixed 

snlution was coolcd down on tlic water bath and then kcpt i n  drier lor one 

wcck.'l'lic white niicrticrystallinc were liltcrcd. waslicd with etlianol and dricd i n  

vacuuni drier under 30 "C. 

'l'he cleiiienhl analyses were corrcsponditig to thcir niolecular structures. 
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EU(1II) AND TBW) TERNARY COMPLEXES 1015 

(11) IR spectra 

Infrared spectra werc iiicasurctl as KI3r pellets on MAGNA IR-750 

spectrometer. The IR spectra of the title complcxcs are indicative of their structure 

formulae (Table 1 ). The III spectra 01' I ,nl'licn2Sd, show that the carboxyl 

stretching frequencies are obscrvcd at 1 580ciii.' ( v2~("" '~ )  and 1445cni.' (vym.). 
Compared with free salicylic acid(Sa1) . tlic absorphm hands observed at 1685ciii~ 

' (v'()"-) and 927ciii.' (6011.) disappcar. .l'licsc Ihcls iiiiply that 1,n" is coordinated 

with -COO- and -01 1 of Sal . 'l'lic IR spcctrn also show that [lie stretching 

frequencies of plienantliroline(1'licii) arc observed at I 5 I5cm ' ( v ( . - ~ )  .843cni-' (CC,, 

c) and 727cm" (SCJ Compared with isolated I'Iicii ,these ahsorptions all have 

some red shifs. I t  indicates that 1,n" is coordinatctl \vil l i  N ;itom of I'lien . 

(111) Spectroscopic Measureiiicnts 

'Hie PA spectra wcrc iiicasurctl on a singlc-hc;ini I'A spcctromctcr 

constructed in ou r  A 5OOW Xenon I;imp. ;I (T-301: iiionocliromntor mid ;I 

PA cell with an EIIM 10 electret microplioiic \wrc usccl.l'hc choppcr frequcncy 

was I21 Iz. Aftcr prcamplilicatioii . outpiit signal was fed into a lock-in-amplilicr 

(I,I-574A).The output signal was iiornialiicd using a cai lion-Mack rcference. Tlic 

PA spectra of l,nl'lien$~il,(I , i i - - I< i i  o r  l'h) microcrystiillinc saiiiplcs wcrc rccordcd 

at rooin teinperatiire in the range of 300-700nni. 

'The absorption spectra wci-c recorded in  cthanolic solution by the 

SIii niadzu UV-240 UV-Vis spcctropli(itomc[er. 

'The lluoresccnce spectra of  I .nl'hcn,Snl, niicrocrystnlline sainplcs werc 

taken with the Shimadzu R F - 5 4 0  spccIroIliioropli~i~oiiic~cr. 

RESULTS A N D  I)ISClISSION 

(I)  Photoacoustic Spectra 

The photoacoustic signal is ohtaincd hp dctccl ing tlic heat generated 

through the nonradiativc relaxation rclcasctl  IT^ the saniplc alicr absorbing thc 
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'I'Al31,I~ 1 

I.igands and chelate stretching frcqticncics (em-') 

v,,( OC'- h, \'(' N &('.c 6('.,1 U U l  ligand or chelate v,, 

Sal 1685 027 
-. __ 

Phen 

Im Phen?Sal, IS80 1446 

1558 852 737 

IS15 843 727 

niodulated incident light. It appcars iii the 1oc;itioti ol' ahsorption hut it does not 

necessarily coincide with the ahsorption spectrum. It reveals the absorption and 

relaxation i t i  formati on o f  a saiii p I c . 

'l'lic PA speclra ol' 13il)ltcn~S;ill :ind l!iiSaI,.l I $ )  i n  the range of 3 0 0 -  

700nm arc shown i n  Fig. I a. For I Iul'Iicn~Sal, .thcrc exist two moderately strong 

and h a d  absorption at 3 I4nm ;iiid 343niii respectively. For I~uSal,.l I,O,thcre is 

only one band at 343lilii. I t  is clear that the 314nm band is due to the R-X*  

transition o r  Phen and the hand at 343nni may hc assigned as the R-X* transition 

o f  Sal.'llie PA relative intensities of  SaI i n  13il'lien2Sal, is weaker than that in  

EuSal,.l I,O. The PA spectra o f  ~l'hl'hcii~Sal, and 'l'hSal,.l 120 i n  the range of 300- 

7~011Iii are shown i n  Fig. I b. For I'hl'lieii~Sal, .it displays a very strong absorption 

peak 01 3 14nm ; ind a weak shouldcr peak at 34~Ilni. .  I lowcver. TbSal,.11,0 shows 

one weak hand at343nni. l 'hc PA :ihsorption 01' 'I'hl~hen2Sal, is stronger tlian 

'I'hSal,.l I,O at 343nm .C'onipJrctl with ligoiitls. the ahsorption of 1,n" is too weak 

to be observed in the range o f  300-700nni. 

(11) The PAS Study on The Rclaxatioii I'roccss 

It is known that after excitation . there are two relaxation processes : 

radiative and nonraditive. 'Hie PA sigii;il(,4) is only respond to the nonradiative 

process and it can he given byiX': 

A = k If,,,, . y ( 1 )  
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EU(II1) AND TB(II1) TERNARY COMPLEXES 1017 

b 

J I 

300 400 500 600 
Wavelewth(nni) 

300 400 500 600 
Wavelength( 11111) 

FIG. I a. PA spectra of liul’licn,Sal (solid linc) and l~tiSaI~.l 120(dashed line) 

b. PA spectra of ’Tbl’Iien2Sal, (solid linc) and ’l’bSal,.l 120(clashed linc) 

here P,,,,, is the absorbency of the samplc . y is the probability for nonradiativc 

transitions afier excitation and k is a constant dctcrmincd by the thermal transfer 

characteristics of the saiiiplc aiicl Iiy the instrtiniciital arrangcmcnt employed. 

Dccause the PA spectrum oiily gives rcspoiisc to the nonradiative relaxation 

process, the PA signal of w-liat Iclax hy i-iidiativc process partly will he relatively 

weakl’l. 

For IiuPhen,Sal, .thc PA rclativc iiitciisitics ol’ Snl tlccrcasc when another 

ligand I’lien added. 1 t indicates that I’Iicii rcduces llic prohahility lor rionradiative 

transition of Sal in  ternary coiiiplcs . The riidiativc part of Sal iiiust increase while 

the nonradiative part dccrcascd . In anotlicr word . iiiorc energ)- ahsorhcd by Snl is 

convcrtctl into Iluorcsccncc wlicn I’licn is ;itlclctl . I (  sliows th:it I’Iicii is o f  

advanlagc for Sal sensitizing thc Iluorcsccncc o f  1 3 ~ 1 ” .  As is shown i n  Fig. la. 

In Fig. I h .the opposite plieiioiiicnoii appcars. ‘I‘lie PA absorption of 

Tbl’henzSal, is stronger than ThSal,.l I ,O in thc locatioii of Sal absorption . I’Iicti 

may increases tlic prohahility Tor iionr;itli;itivc transitioii of Snl .With Phcn ;itldcd. 

the fluorescence of TI>” scnsitixctI hy SaI iIccrc:iscs. 
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1018 SU, SUN, AND ZHANG 

I n  coiiclusion. nit11 tlie sccoiid ligand atldcd,thc relaxation process of the 

lirst ligand will he al'fected. I:or difli.rcnt central ions . the inflence may he 

d i ffcrcn I. 

(111)  I~lwrcscence Property 

As is known. lanthanidc ions sIio\v w r y  small ;ihsorption cocflicicnts in  

tlic UV-visihlc region and tlie Iliiorcscciicc ol' I.iil' ions may be weak . 'l'his 

drawback can he overcome by usitig org:inic ligand which has strong absorption in 

the IlV-visible rcgion. 1,igaiids can trai1sli.r tlic ahsorbetl energy from triplet state 

to the excited states ofI.n" to sensitize tIic Iumincscencc o f  Ln" . 
Fig.2a.h is the eniissioii spectra ol' litl'lieii~Sall and EuSal,.l I,O(a), 

lhl'lien,Sal, and l'bSal,.l I,O(h) u i t h  the excited wavelength fixed in  the region of 

Sal ahsorptioii(h,,'343iiiii) . I t  is clear tIi:it thc luminesccnce of Eu" in  

l~ul'Iicn2Sal, is much stronger tli;iii in  IluSal,.l I$) while that of Tb" i n  

Thl'lien,Sal, much weaker than i n  'l'hSal,.l I$). I'licse facts iiiiply that Phen can 

increase the sensitized luminescence ol' I i i l '  by Sal hut weaken the luminescence 

of 7%'' .The results of fluorcscciicc spectra coincide with the PA spectra. 

(IV) Ilnergy 'I'ranslcr I'rocesscs in  'l'crnary C'oinplcxes 

In binary complcxcs . tlic stlitability of  tlic eticrgy gap bctween the 

cxcitcd triplet energy IcvcI of Iig;tiicIs(I * )  mid the Io\\cr cncrgy Icvcd of I,iil'(Iw) 

is a critical factor Iiir sensitii.cd Iutiiiiicscciicc o f  IIic ccritrd I.11" ionsI'"I . F o r  

tcrtiary coiiiplexes . annthcr iriiportant I-ictor t1i:it slioutl hc considerd is the 

interaction of the ligands. 

l h e  resonance levels of  1.u" and Thl' ions and the triplct states of Sal 

and Phen are shown i n  Fig3. Siiicc the iiitr;itiiolccul;ir encrgy lransfer is of a spin- 

forbidden type1"' . the energy is transfcrrcd hy the resonant exchange interaction. 

According to Dexter's Iheoryl"l . tlic ciicrgy transfer rate constant P,,, is given by: 
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EU(III) AND TB(III) TERNARY COMPLEXES 
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HG.2 a. lhiss ion spcctra of  thi’licii&13 (solid linc) aiid I:uSal,.l I,O(dashed line) 

b.Etnission spectra of ~l‘hl’lien~Sol, (solid line) and I’hSnl,.l I,O(dashed line) 
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1020 SU, SUN, AND ZHANG 

where l+‘\(F,‘) represents tlic ob~crvcd sliapc ol‘ Ilic ciiiission band o f  the triplet statc 

of ligand(donor) : {,,(E) is the sliapc of tlic ahsorption band or the excited state of 

central ion(acceptor). Tliereforc . I ] , , ,  is tlccidcd by tlic overlap between tlie triplet 

state o f  Iigaiid anti thc rcsoiiancc IcvcI ()I’ I .n”.If tiic encrgy gap is too Iargc . {Iic 

energy transfer rate constant will decrease clue lo the diiiiiiiution in  the overlap 

between donor and acceptor. 

On tlie other hand. tlic tlicrniul tlccxcitnlion ralc constant R ( 7 )  is given as 

follows’”’ : 

Where A/; is the energy gap hclwccn Ilic ligand triplet slate and lhe resoiiancc 

lcvel of  rare earth ion . I f  the cnrrgy gap is too small . tlie eflicicncy of encrgy 

traider will decrease because ol’ the tliernial dcexcitivation process. So the 

suitability o f  tlie energy gap hctwecn llic cxcited triplet energy lcvel of ligaiids 

and tlie rcsoiiniicc ciiergy lcvel ol’ rare earth ions is critical for crlicienl ciicrgy 

transfer. 

For EuSal,.lI,O, the energy gap hctwocn Sal and Eu” is too large to 

transfer energy li-om Sal to I ~ u ”  ion cllicicntlly. For I~iil’licnzSal, , because the 

energy gap between Eu” and I’hcn is suilabe for energy transfer. soiiie energy 

absorbed by Sal may be transfcrcil to I’Iicn lirstly .then transfered to Eu”. So the 
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EU(II1) AND TB(III) TERNARY COMPLEXES 1021 

luminescence of Eu” i n  Eul’lien,Sal, is stronger than in  I:uSaI,.I I2O .The vcry 

strong luminescence of ‘lb“ in  ’l’hSal,.ll~O is due to thc suitabc energy gap 

between Tb“ and Sal . But in  ‘l’hl’licn~S~iI, . tlic energy gap hetween ‘lb“ and 

Phen is so sinall that the thermally activated ‘I b-to-ligaiid(l’licn) hack-transrer 

niecanism is taking place . The energy transfcretl lkom Sal to Th“ deexcitated 

arter being transrered to I’hen . So the luniincsccncc 01‘ ‘1%’’  i n  ’l‘hl’hen,Sal, is 

weak. The energy transrcr iinil rclauation proccsscs of IluI’lien,SaI, and 

ThEuPhcn,Sal, are shown in  Fig. 3. 
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