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Abstract

Polyoxometalate (POM) compositions containing organic counter cations anc\8@@a.>~ polyanion have been synthesized using
extraction. Several compounds with counter ions containing phosphorus suchR<C Py, PhP*Et, PhP*Ci6Hss, PhP", BuyP" were
obtained and their Eu(lll) complexes synthesized. Luminescence characterization of the europium complexes concerning their intensities
guantum yields and luminescence lifetimes of Eu(lll) ion both in DMF solutions and solid are discussed. The complexation study has
been carried out analyzing absorption spectra of Nd(lll) ion in the range of its hypersensitive trafitifien ¢Hg). Results indicated
formation of the Ln(POM) sandwich complexes. Computer-assisted target factor analysis has been applied to evaluate the spectra of Nd(lll)
in DMSO solutions containing varying amounts of the POM. The conditional formation constants is+l§.6+ 0.5, 198:,=8.2+ 0.4 and
lg B12=9.6+ 0.7 were obtained for (RREtyH3SiM0,WgOsg, (PP CigH33)-HSIM0,WyO39 and (PRPCPR)sH3SiM0o, Wy O3, respectively.
Studies have shown significant influence of the counter ion structure on the luminescence properties of Eu(lll) in the systems studied. The mo:
intensive luminescence and the highest value of quantum yield were observed in the case of the cosRERHPHEu(SiMa,WgOszg)2,
containing six phenyl groups in the organic counter cation.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction studies of POMs have been carried out, especially in aqueous
media, using various methods, in particular spectroscopic
Polyoxometalate (POM) compounds, particularly and electrochemical techniques. In the case of POM com-
the most known compositions named Keggin's type plexes with lanthanide(lll) ions, Ln(lll), in agueous media
(IXW11039] "8 (X-P(V), Si(1V))), have received much strong quenching of emission processes is observed as well
attention because of their wide applications in different fields as significant pH influence on solution equilibria occurs
of chemistry and medicind—4]. These compounds are even [6]. In non-aqueous solutions quenching processes of the
more interesting as they form complexes with transition metal lanthanide(lll) ion luminescence are considerably reduced
ions (mainly d- or f-elements), due to their applications in by eliminating of the O—H oscillators from water molecules
many areas. In the last decade different synthetic approachesind as a result stronger emission is obsefvéd
have been used to incorporate organic or organometallic  Our previous studies concerned the Keggin’s type of poly-
moieties in polyoxoanion frameworks]. Detailed solution oxoanions and their Ln(l1l) complexes in water solution and
in solid [8—13]and most recently we concentrated our atten-
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This paper shows results obtained for the SiMOze8~ tions of measurements were as follows: temperature inter-
anion and its Eu(lll) complexes with various counter cations val 20-550°C, heating rate: 2C/min, specimen weight:
RP+ (PhsP*CPhs, PhsP*Et, PhP*CyHzz, PP, BusP*) ~8-12mg, air flux: 1.91/h; CuS£3H,0 was used as a ref-
soluble in non-aqueous media (DMF, DMSO, acetonitryle). erence material. The IR spectra were obtained by means of
Spectroscopic characterization of the Eu(lll) complexes in @ FTIR Bruker IFS 113v spectrophotometer, and the sam-
this form, as solid and in non-aqueous solutions is presented ples (~2mg) were prepared in KBr. The absorption spectra

2. Experimental

2.1. Synthesis of compounds

All reagents used in these studies were at least

analar grade, ExD3 and N@Os spectroscopically pure
and non-aqueous solvents (DMF, DMSO, acetonitrile,
dichloromethane) pure for UV spectroscopy (Fluka, Aldrich).

were recorded using a UV-2401PC Shimadzu spectropho-
tometer. The corrected luminescence spectra of Eu(lll) ion
were recorded using a Perkin-Elmer MPF-3 spectrofluorime-
ter. The luminescence lifetime measurements were carried
out using the detection system consisted of a nitrogen laser
(KB6211) and a tunable dye lagdi8].

The luminescence quantum vyiel@, of the Eu(lll) ion
in solution was calculated using [Ru(bp}@l> as a stan-
dard. In the case of powder sampiesvas determined as we
described earlief19] based on the procedure described by

Potassium salt of the POM studied was synthesized and charWVrighton et al[20] from Eq.(1):

acterized as published earligi0]. The salts with organic
counter cations RPwere obtained using the modified pro-
cedurg[15] developed by Lyon et aJ16].

2.1.1. Synthesis of RPPOM salts

The potassium salt of POM (0.5 mmol) was dissolved
with stirring in water (250 ml) to form a clear solution. The
pH was adjusted to 5.0-5.2 with sulfuric acid (0.18 mol/l).
Four millimoles of RPCI or RPBr salts was added slowly
while the pH was maintained in the range 6-7 with sul-
furic acid (0.18 mol/l). The resulting white cloudy solution
was extracted with acetonitryle (17 ml) and dichloromethane
(34 ml) by shaking for 5min. The clear organic layer was

slowly evaporated to dryness. The product was dissolved in
dichloromethane and small amounts of acetonitryle solvents
and then diethyl ether (10—20 ml) was added resulting in the

precipitation of solid. The solid was filtered off and dried
in vacuum. The obtained compound was recrystallized from
acetonitrile.

2.1.2. Synthesis of RP-EuPOM salts

The RP salts of Eu(lll)POM complexes (RPEuUPOM) were
obtained by mixing of 5ml of Eu(lll) acetonitrile solution
(0.004 mol/l) and RP-POM (solid,» 10~° mol) and 5 ml of
DMF to give 10 ml of clear mixture (Eu:POM 1:2). This solu-
tion was stirred for 1 h in 50C. The product was isolated by

_ E
Rstd — Rsmpl

@

whereE is the area of the corrected emission curve of the
sample Rstg andRsmp) are corrected areas under the diffuse
reflectance curves of the nonabsorbing standard (KBr) and
samples, respectively, at the excitation wavelength.

3. Results and discussion

Polyoxometalates compositions containing organic
counter cations, tetrabutylphosphonium analogs éHPhs
P*CPhs, PhsEt=PhRP'Et, PCy=PhP*CigH33, TPP=
PhyP*, TBP=BwP') and SiMaWgO3®~ (SiMoyWoy)
polyanion have been synthesized using extracfid)14]
SiMo,WgO3¢8~ was selected for this study due to its high
luminescence intensity, resulting from oxygen-to-metal
charge transfer (O-M) LMCT bands (with maximum
250-360 nm) observed in our previous luminescence studies
of Eu(lll) complexes[9,11]. ldentification of obtained
compounds was done with the use of a combination of
elemental analysisTable 1), thermogravimetric Kig. 1)
analysis and comparison of the IR specfagy( 2) with those
previously reported for potassium sgs10,20-23]

The examples of thermogravimetric curves (TG and DTG
as first derivative of TG curve and DTA analysis) are shown in

adding 10 ml of ether and dried in vacuum. Solid compounds Fig. 1. The observed DTA curves shows a strong exothermic

were recrystallized from acetonitrile with addition of ether
and dried in vacuum.

2.2. Methods

signalinthe range of 400-50C corresponding to the weight
loss of an organic material, i.e., RBations as (RBP. This
effect can be assigned to combustion of the sample (analysis
has been carried out in the air). In the range up to°T30nly

a small weight loss is observed, based on which the number

Elemental analysis was made on an Elemental analyzerof crystallization water molecules has been calculated.

model VARIO ELIIIl. Molybdenum and tungsten determi-
nation [17] was made after previous 2h calcinations of
sample at 700C and dissolved in 2ml of NaOH solution
(I mol/l). Thermogravimetric analysis was conducted using
a SETARAM SETSYS TG-DSC 15 system. The condi-

Elemental analysis in some cases is unreliable for for-
mulations of polyoxoanion compositiofi5]. In such this
case, the IR and thermogravimetric analysis as complemen-
tary methods to the elemental analysis of POM'’s are applied
and on the basis of these three methods it was possible to
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Table 1
Analytical data for RPPOM and RPEUPOM salts
Compound Elemental (%) TG\ns50c %) W (%) Mo (%)

Ccalc Cexp Hcalc Hexp Calc Exp Calc Exp Calc Exp
(TPP)H3SiM0o;WgOs9-6H,0 335 32.9 2.7 2.8 42.0 37.4 38.4 37.6 4.5 4.4
(TBP)sH2SiM0o2W9Os39 28.4 28.6 54 5.7 38.4 34.5 40.8 42.8 4.7 4.5
(Phs)sH3SiM0,WgOzg-2H,0 43.9 41.9 3.1 3.1 50.7 51.3 32.7 31.1 3.8 3.7
(PhsEt)sH3SiM0o,WgO39-2H,0 30.3 31.3 2.6 2.7 37.4 36.9 41.4 40.1 4.8 4.7
(PhsC16)7HSIM0,WgO39-2H,0 48.0 47.2 5.8 6.4 58.0 60.2 27.8 25.9 3.2 3.0
(TPPpH4EU(SIMO;WgO3g)2-3H,0 32.0 31.9 2.4 2.9 38.4 38.9 40.8 39.2 4.7 4.6
(TBP)12HEU(SiM0; W9 O39)2-3H,0 27.7 27.7 5.3 5.8 38.1 40.9 39.8 37.9 4.6 4.4
(Phs)7HEU(SIMG;WgO39)2-4H,0 355 34.5 2.6 3.1 40.7 41.5 37.7 35.7 4.4 4.2
(PhsEt)10H3EU(SiMoWgO39)2-H20 29.7 28.3 2.6 2.8 36.3 411 41.0 42.9 4.7 46
(PhsC16)13EU(SIMO;WgO39)2-4H,0 45.9 455 5.5 5.6 55.5 57.3 28.6 28.2 3.3 3.2

draw out satisfactory conclusions confirming the suggestedin DMF solution, and higher quantum yields were obtained
structures. The infrared spectroscopy can be used to fingerin the case of the compound with Pltounter cation.
print the heteropolyanion structures in solution and solid, The charge-transfer band (320-340 nm), which is present in
because correlations between spectral peak positions, shapesjixed tungstomolibdate complexgs-11], plays an impor-
and relative intensities suggest identical struct(@sThe tant role in emission of these compounds. The use of this
IR spectra recorded for RRalts of the studied compounds band for Eu(lll) excitation shows much higher luminescence

together with potassium compositions are presenteejir. intensities than that observed in the case of 394 nm excita-
These spectra have generally the same bands as the IR spetion, which is easily obtained when exciting with the nitrogen
trum recorded for the potassium compositioRigy( 2d) and laser. Eu(lll) luminescence was quenched after addition of

additional bands appear in the region of 500-550tm  POM to the Eu(lll)/DMF solution in the case of TPP and
1400-1620~3000 cnt! assigned to C—H, C—C oscillations TBP cations. The Rhcation with six phenyl groups can
ofthe aromatic ring (Ph) and other organic derivativegEBh play an antenna effect rol@4] in these complexes and as
PhsC16H33) and P—C oscillations. a result more effective luminescence (intensity and quan-

The luminescence data concerning Eu(lll) intensities, life- tum yield) is observed. This role is particularly important
times and quantum yields of the studied RPEUPOM com- in diluted solutions. Our experiments show that in the Eu(lll)
pounds are presentedTable 2 (1 x 10~>mol/l) and SiM@WgO3¢8~ (2 x 10~2 mol/l) solu-

For europium complexes with the Keggin SibWgOz¢%~ tions the luminescence intensities measukgg{= 615 nm)
anion, higher Eu(lll) luminescence intensities, in solid and were as follow[11]:

Phs (DMF):BusN* (DMF):K* (in water) =37:7:11

— (Phg)gH,SiMo,W g0,
E’ 7| (PhyEt), oHoEu(SiMa,WgOg), o
= | (PhyPlgH,SiMa, WgOgq C-Hy
<EJ | (PhyCyg)HSIMeWg040 C-Hgy
(PhyCygl1gEulSiMa,WgOgq)y
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Fig. 2. FTIR spectra of the POM compositions containing organic counter
Fig. 1. Thermogravimetric curves (TG, DTG and DTA) for RP-POM and ~ cations: Ph (a), (Pls)sH3SiM0oWgOzg (0), (Phs)7HsEU(SIM0WgO30)2
RP-EuPOM. (c) and KgSiMoW9Ogg (d).
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Table 2

961

The luminescence characterization of the RPEUPOM complexes in solid and in DMF

Compound Lifetime |s), Aexc =394 nm Luminescence intensity (a.u.) Quantum yield
RP-Eu(SiMe@Wg0Osg)> Solid SolutionCgygry =0.001 mol/l Solidimax=615nm SolutiorCgy(;y = 0.0004 mol/l Solid Solution
Phs 484.6 893.8 132.3 (33y 198.8 (335) 0.0123 0.0035
PhgEt 513.4 935.5 94.9 (330) 181.6 (340) 0.0004 0.0024
PhsCie 570.1 823.7 91.7 (320) 89.9 (340) 0.0042 0.0011
TPP 517.0 578.8 16.6 (320) 49(835) 0.0097 -
TBP 511.3 610.3 35.9 (333) 79@35) 0.0019 -

& Xexc (Nm).

b Eu:POM = 1:1,Cg, = 0.0005 mol/l.

The complexation study was tested analyzing absorp- [8] A. Szyczewski, S. Lis, Z. Krucyski, J. Pietrzak, S. But, M.

tion spectra of Nd(lll) ion in the range of its hypersen-
sitive transition {19, — %Hgyo). Results indicated forma-
tion of the Ln(POM) sandwich complexes. Computer-
assisted target factor analysjg5] has been applied to
the evaluation of the spectra of Nd(lll) in DMSO solu-
tions containing varying amounts of the POM. The condi-
tional formation constants for Nd(lll) with I§12=8.6+ 0.5,

g B12=8.2+0.4 and 19g812=9.64+0.7 were obtained
for (Ptht)5H35iM02W9039, (Pthlﬁ)7HSiM02W9039 and
(Phg)sH3SiMo,WgO3g, respectively.
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