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PHOTOACOIISTIC SPECTROSCOPY STUDY ON THE 

I,IJMINESC:ENC'E PROPERTIES OF sw COMPLEXES 
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inh-;unnlecular energy transfer. 

SuQngde' WangQm LuJingci NiQdao 

Department of Applied L'hemistiy, University of Science and Technology of China 

Hefei, Anhui 230026, P.R.China 

ABSTRACT 

The luminescence properlics. energ transfer processes and energy levels of solid state Sm" 

complexes with salicylic acid (.SAL) and dbenmyhnethide (DBM) are studied by usmg 

photoacoustic (PA) spectroscopy at room temperature. The different energy transfcr paths and 

the efficiency of intramolecular energy tranijfer bhveen the ligands and the central ion are 

discussed according to Dexter's theory. 

* the corresponding author 
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1286 SU ET AL. 

INTRODUCTION 

With their charactenstic f-f mid f-d transltionu. the rare earth compounds have been widely used 

as luminescence and laser materials[ 1-31 It L9 known that there are 1693 energy levels in the 4f‘ 

m t e  of larithhde ions( Ln’- !. and the number of possible transitions, especially the middle 

lantlranidc ions. SmJ’.EuJ’.Tb’+.DyJ’. is about 199177. Thus the r-are earth is a hemetidous 

lurunescence matend‘s deposit. from which many new kuids of Iriminescence and laser 

matenab will be dmovered. 

Because ofthe narrow absorption band of Gf transitions. the luminescence efficiency of Ln” W 

rather low[-l] In order to enhance the luminescence efficiency, several organic ligmds (such as 

hydroxyl acid and -diketoner are used[S-7]. These ligands have strong and wide absorption 

barids in the LW-Visible region When LnJ+ was combined with the organic li-gnd. the 

absorbed ene rg  can be transferred from the ligand to LnJ+ , whch contribute to the sensitized 

luminescence of Ln’+ So the efficiency of energy transfer from the hgand to Ln” (which 

meam there 15 enough energy converts into the luminescence of In’* 1 becomes an important 

factrrr in the study on the luminescence properties of rare earth m a t e d .  

Photnacoustici PA ! spectroscopy is a recently developed technicpie for detecting the 

lununescrnce properties of opaque or light-scattenng samples at room tempciature. It is a direct 

monitor of solid state samples after excitation[X-lO]. If any of the energy transferred from the 

hgand to the central ion converts mto the luminescence of the central ion the nonradiative part 

of the rekyation process wdl be dininshed. with the result of a decrease of the PA signal. Thus, 

the chariee of FA intensity can lndicate if there etfcient e n e r 9  transfers from the l ipnd to the 

centr;il ILTI. Furthermore. siric? the li_raiid-to-central ion enerkv tr,msfer is decided by tha energy 

level smcture of the ligmd and the central ion. the study on PA sipal can also reveal the energy 

structure of samples 
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LUMINESCENCE PROPERTIES 1287 

In &us paper. die salicylic acid(SAL) and dibenwyhethide(DBM) are selected to be the ligand. 

Based on the P.4 spectra of SmfSAL ?, and Sni(,DBM tJ complexes. the efficiency of W d -  

to-LnJ- energy hnsfer IS &scussed, and the inodel uf relaxation and energy transfer processes 

is established. 

EXPERIMEN I AL 

1 heparahon t-t the complexes 

The rare eanh uxlde Ln2i), was cunvenetl to h e  chloiide Lnc'l, 6tI20 by treatment with 

concentrated tICl Then the chlonde was added 10 a snlunon of DBM (or SAL) m absolute 

czlianol The precipiwhon of Lni DBM )l was xcomphshed by the addhon of p i p e n h e  The 

mcrocr\rstalllne products were recrysraked and rn dned The elemental analyses and mfiared 

spectra of Ln( DEM h and Ln( SAL )J were performed and were conslstent w th  the expected 

formulae 

2 Spectroscoplc Measurements 

The photodcoushc i PA) spectra were measured on a suigie-beam spectrometer constructed m 

our lab[ 1 I ]  A 50hv xenon lamp, a CT-1OF monochromator and a PA cell fitted wth an ERM 

10 electret rmcrophorne were used The Lhopper frequency was 12 HZ The output signal of the 

mcrophone was amplified by a prearnpliticr and fed to a lock-m-amphfi~LI-547A) wth a 

reference swal mputted kom the choppei The signal way normahzed for the changes m lamp 

intensity umg a reference by carbon-black. The PA spectra of Ln(DRMJ3 and Ln(SAL), 

nucrocrystalhne samples were recoided Jt iouin temperature 111 the range of 300-80Gnm. 

The emission specba of SmfDBM), and SmtSALh microcrystake samples were taken with a 

PE LS-50 speckophotometer. 
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1288 SU ET AL. 

RESULTS AND DISCUSSION 

1 The fluorescence propemes of sm3+ 

The photoacousbc (PA) spectra of LnCI3 . 6H20 nuaocrystahe samples can reveal the 

absorphon and relaxatton processes of Ln” The PA mtensity spectrum of S m Q  ’ 6H20 at 

room temperature I shown m Fg 1 It 1.9 htmgushed by sharply defined and almost he-hke 

absorphon bands Compared wth the absorphon spectrum m soluhon, the PA spectrum IS more 

complex and more mtense 

In Figl., the strongest PA band appears in the regon of 41Onm whch is attributed to the 

transition From the ground state ‘Hjn to excited state ‘P~n[12]. This indicates that the superior 

r e w t i o n  process of ‘ ~ ~ 0  is nonradmtive relaxation’. The PA bands in the region of 

C63nm ,532nm and 508nm are attributed to the transition from ground state to the excited state 

‘G5n, ‘F3n and ‘60, respectively. The4G50 level is the first excited state of Sm”, which means 

the radiative relaxation of ‘ G J ~  is its prominent .process. Since the 4F3n and 4G7/2 level have 

many slmilarities with the ‘Gjn level, the energy transferred to these two levels is easy to be 

transferred to the ‘G50 level. So ‘G5n, 4F3a and ‘hn are the b e  radiative levels cf Sm3’. As 

it indcates in Fig. 1. The PA intensity correspond to these three levels is fairly weak. 

2. The fluorescence properties of Sm(SAL)-J and Sm(DBMh complexes 

As is k n o w  lanthanide ions show very small  absorption coefficients in the visible and W- 

Visible region. This drawback can be overcomed by usmg organic llgand whch shows strong 

and wide absorption band in the UV-Visible region. The energy transfer between triplet state of 

the ligand and excited states of LnJ+ is the main way in sensitizing the luminescence of Ln’*. An 

important aspect of this method consists in the efficiency of energy convertion to optimize the 

luminescence properties of Ln” by choosing suitable ligands. 
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I 

400 500 600 700 

Wavelength (nm) 

FIG. 1. PA Spectrum of SmC13’6H20 

It was observed that the hgand-sensitized fluorescence of Ln” in complex may occur if the 

lowest triplet level of the l p n d  lies above the emissive level of the Ln3+[5]. The emissive level of 

Sm” ( 4G5n , h 4 6 2 ~ 1 )  is below the lowest hiplet level of the organic llgands salicylic acid 

1 SAL)and dibenzoylmethide(DBM) [ X =403,476nm,respectively),and the Sm(SAL)3 and 

Sm(DBMh complexes show predominant absorption bands in the region of 300-4oOnm. So it 

can be predictcd that both SAL and DBM can sensitize the luminescence properties of Smw. 

F@a,b are the enusion spectra of SmtDBMh and Sm(DBM), which is fixed in the region of 

the llgand absorption. In the emission spectrum of Sm(DBMh (Fii2a), the three characteristic 

emsiom of Sm” I h =563,605 and 635nm). which are attributed to the transition from 4G~n 

to 6H,n, 6H7n and 6Hgn, can be clearly observed. But in the emission spectrum of Sm(SALh 

(F@b), the emissions of Sm” can not be observed, which is not coincident with the predction. 
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3. The PAS studies on the energy transfer processes of Sm complexes 

3- 1. The PA spectra of Sm complexes 

In this section, we will use the PA spectra of those complexes, through the detection of 

nonradiative processes. to discover the relationship between the energy level of the hgand and 

the central ion, and to interpret the above phenomenon. 

F@a,bare the PA spectra of Sm,Nd(DBMh and Sm,Nd(SALh microcrystalhe samples at 

room temperature. The energy lcvcls of Nd3’ are often intermixed and the relaxation of Nd3’ is 

always known as a nonradiative process. Since the absorption and relaxation of ligand depend 

slightly on the central ion. with the comparison of PA intensity spectrum of Sm complex to that 

of Nd complex in the region of the same ligand, we can get the information ofrelaxation of Sm” 

and the energy transfer between the ligand and Sm”. (As we know, the PA intensity s@ in 

the ligand absorption region is the sum of the signal of nonradiative relaxation of the ligand, the 

intramolcc~lar energy transfer, and the nomdiatiGc relaxation of L$+. 

.49 it shows m F@a, in the region of DBM absorption, the PA intensity of Sm[DBMh is weak- 

than that of Nd(DBMh. In room temperature, the only relaxation of triplet state is nonradiative. 

So part of the energy transferred &om DBM to Sm” must be converted into the fluorescence of 

Sm” That is, the etlicient energy transfer occurs In Figjb, the PA intensity of Sm(SAL), and 

Nd(SALh is the same. T ~ I S  indicates that the energy transferred from SAL to Sm’. are all 

converted into nonradiative process. which is the reason that there is no SAL semitized 

luminescence of smJ7 

3-2. The model of relaxation and energy transfer processes of Sm complexes 

The above results show that the lowest triplet level of ligand lymg above the emission levels of 

LnJ’ does not necessarily cause the &and sensitized luminescence of Ln3’. 
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FIG.4. Model of Relaxation and Energy Transfer Processes of Sm(DBM!, and Sm(SALb at 

room temperature. 

Radiative Nonradiative 

Acuxdmg to Dexter’s theoty[l3], the mcrgy transfer probability( q ) is propohonal to the 

overtap integral: 

(. 1) 

wherefd (E) represents the observed shape of the emivsion band of the energy donor (the 

triplet state of Itgand)and Fa@) is the shape of the absorption band of acceptodthe excited state 

of central ionj. Both functions are normalized. It is calculated that if the energy gap between 

these two levels is within about 2 x 10’ cm-’ ( A V =? x lo” cm” ). the energy transfer should 

occur in a time of the order of 101o-lO’l sec. Since the lifetime of einission level iY generally 
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1294 SU ET AL. 

104-104 sec, then the nonradiative energy transfer bctween the two levels is the main relaxation 

process. 

1 1 
A 2 Wehowthat: A V=A(_)=-- - -AA 13) 

?he lowest triplet level of DBM is located in 476nm ( A =476m), so that A A =45m. Thus, the 

enere is easy to be. transforred from the triplet lcvel to 4F32 and 4G7n level of Sm” ( A  X 

=56m and 32nm). And as we &cussed in section 1. this eneqy can contribute to the cmission 

of smJ+. 

The lowest triplet level of SAL is located in 403nm. So that A A =32m. Since the energy gap 

between the tnplet level and the ‘F3ns4G7n and 4G3n level is 123, 10s and 16Onm respectively, 

the energy transfer possibility beheen these levels is almost zero. The energy acceptor is these 

nonradiative “P30( A h = 7 m )  and %n( A h =21nrnl levels of Sm.”. 

Thus, the model of relaxation and energy transfer processes is shown in Fig 4 

In conclusion, the PA spectnun can provide Feat information of relaxation and energy transfer 

of rare earth complexes and it will be an imperative technique in the inveshgation of 

luminescence properties of solid state LnJ’ complex materials. 
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