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Abstract: 

Novel optical materials have been prepared from ionic liquids and polymers containing inorganic 

centers, and in particular, lanthanide and rare earth-based clusters. These hybrid materials have 

potential applications in lighting, imaging, sensors, and photo-catalytic applications. These materials can 

be synthesized as room temperature ionic liquids, and transparent polymers, with high loadings of the 

lanthanide centers, resulting in highly luminscent materials. 
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Polyoxometalate Liquids 

•Optical and magnetic materials 

• TaI<e advantage of the 0 ~ W LMCT band to enhance emission 

•Introduce Ln, organics dye to emitting materials 

•Develop as ionic liquids for practical applications 

, Phasphoniums have poor crystal packing - make most salts RTILs 
with larger PR.· cations 
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Magnetic Behavior in [PR4MMnBr41 
• No indication of ferromaKnetic behavior 
• No indication of strong m88netic interactions In 1/x 
•But....still flows towards .",.mally applied mllll"eti< field 
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[PR4h[GdC1sl Shows Interesting Behavior 

WCOOIedrapidlyfrcrn RT to 150K - 'n' 
-er.ntllion noclHftln alDwooallng 
• rr'08t Iiketr due 10 g.... IonNtkln of phosphorWma nor ...n VI 1m or Py 

NoIlikely due to oriErltatlon effects of anion - tetrahedral symmeuy doesnl aliON 
for anisotropic favoring of magnetic lIIignmErlt 

No indication of magnetic particle /ormation 
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Phosphoniums Always Liquid at RT and Dry 

• Hydrated metal halide salt. are dehydrated with PR.a 
. Water comes out in separate layer 
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Magnetic Fluids for Transport 

(PR.J(FeCI.1 in H,O 
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Magnetic Fluids for Transport Polyc))((Jmet~I"le Clusters (POIII\sl 

Well-deflned complexes formed by .eK·assembly 

Have interesting properties: electrochromism, photochromism, 

conductivity, redox activity, antimicrobial and antitumor properties, 

Structural diversity 

Easy tunability of their properties: from molecular shape to solubility 

Can be made in different sizes, e.l . 
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POM optiC,,1 PrOPCI"rtieli 

POM (0 -W) excitatioo Is 270 nm and only emits at low 
temperatures at 500 nm 

X-<ay luminescence of (W,.o...l": 

TemperR(ure Dependent RL of Iw,oo~l· 
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CatioJl bchang8 to lsolilte Organi~.",luble POM msterlals 

POM,' solubility 1$ often In issue 

Different cations can be used to promote their solubility in organic solvents 

for material development 

e.g. surfactants. monomer cations 
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InlQgratlQn of Inolian"; dyes Into POMs 

Route for Jntearatlnl dyes into tu "lsten-POMs 
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Lanthanide as luminescence center 
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Integllltioo or lariih;mides loto PolYOl<ometatates 

• lanthanides are often used in luminescent materials 

• known to have a strong luminescent emission 	if the 


emission results from energy transfer 


• explore the efficiency of energy transfer from POM 


clusters to lanthanide luminescent centers. 
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POM as feast lor c~ 

....c ..1d 
Oblained N..C.W,. o"1.... 1...1.5) _ .....0,. 

......0•. 211,0 )( orang. c:ryetalo 
C_h·1H,O Co( IV) 10 nol Utinoo...,. 

Ce(1I1) POMs are not stable- Ce(1II) oxidizes 10 Ce(IV) 

About to known Ce(III) POt.! structures 

- most centain mixed ani(l1s andla syntheses not 
well suited to incapaati(l1 in well-dl ...acterized 
materials. 

• Sane have vetY high charge but canpensation is high £ 
numberafCe(llI) ions 
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Energy Transfer within Ln·POM Ionic Uqtuds 

O-+Wtoln fa most 
In to 0-+ la Gd, maybe Ce? 
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Emlwoh rrom Ce{IV} 

Emission and Exc~alion of PMMA·CeW , 00"" 
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Eu(ln) containh'g POM 

.....­
..."WO,.2Hr0 _!,*~."~I... N.,.UW,,o)1 

....til.c:rye..... 
Avorage Eu·O diel.nco 2.42 A 
0.. 

~.. 
c...~ ~,.~•.." ....~ 

ITI> =·68· C 

[~1',," ""r==3 

[~~~L." ....~ 
..J..~ 

i·~ 
poIJImt..... . ,.ppV.. 11 &-c 

~~.~, --­ IWS/II, 

c 



3/17/2009 


IC'IVho~'.EuWJnO," ro"l~ LIquid 

C,.,M.ll1
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Yield: 79% 


Excitation 01 Eu" salts: 394 nm 


Excitation 01 POM duster: 270 nm 


Emission of Eu" : 592,615 nm 
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Pol~(methYlmethacrylatel contalnlngTb·POM 
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Er, Vb, Lu did not coordinate to W-duster 

Maybe because 01 the size at the lanthanide 
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Other Rare In- POM Structures 
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Other Rare In- POM Structures. 
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IR ofPOMs 

• WtAOI is hard to remove fran POM ionic liquids 
- strong coordination 01 watOI to POM oxygens 
- POMs are highlycharged 

• Electrochemstudiesarein progress 
- studyelectrochromic and el8ClrochOlnicai behaviors 
- water has been an issue ..,~,.,...,.. .. .....-..nWlll'ft03t ..."'-~ 
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Optical Purity of Ionic Liquids 

"Purity" is application-specific 

For optical studies and materials, they need to be extensively 
purified 

Commercially available and "spectroscopic grade" 

Many applications, off-the-shelf and commercially available 
are adequate 

LiIlll\\MIjMO 

Application Specific Grades of Organic Solvents 

n-Hexane. contains ca. 95% n-Hexane. for analysis 

n-Hexane97%. watOI <50 ppm. extra dryOllel' moleaJlarsieve 

n-Hexane97%. residue free. for electronic use 

n-Hexane96+%. watOI <20 ppm. extra dry 

n-Hexane98%. ECO tested halocarbons free grade 

n-Hexane . for residue and pesticides an aI .. ca.95% n-Hexane 

n·He....nt'\16·~~ . !!"Ira pure 

n-Hexane99+%, for analysis 

n-Hr-BpUIlSS.p.a.• slood....Qla QC.•B9.7%\QC/ 

~" 
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Optical Quality of Ionic Liquids 

For optical materials, need clean ILs!! I 
-no background absorption, fluorescence o·<~ 
NMR is not senSitive enough to detect 
optical impurities 1:: j-"'.""-"'T"- ....... 
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Thermal Stability of Ionic Liquids 


Drying of ionic liquids at elevated temperatures 


- Notice change in optical properties when drying 


Many ionic liquids "stable" to > 300·C and higher 


Therefore chemistry can be performed at elevated 

temperature with ionic liquids as solvents 

But ·stability" is a relative term 

Optical Quality of Ionic Liquids 

\~For electrochromic materials, need clean Ils!! 
(':...., 0 e 0 

-no background elaclrochemlcal active species U F,c..\ .....-!-Cf, 
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Thermal Stability of Ionic Liquids 

Ionic liquids often considered thermally stable to > 300·C 
Decomposition determined by TGA "onser' \~ 
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Thermal Stability of Ionic Liquids 

TGAmeasures decomposition by mass loss only 

See changes in IR at temp as low as 150°C - irreversible 
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Purity is Application Specific 

. Purity is application specific 

• Consider effects 01 studying reaction in ILs at elevated temperatures 

·11 needed, check UV·Vis or fluorescence if using heating to dry ILs 

1.1"'1",," 'I tJ 

Isothermal Characterization 

• Isothermal TGA to show stability at different temperatures 

TOO'flO - temperature at which 1% degradation - as determined by 
mass loss - occurs in 10 hours (271°C lor [C4mpyJTI2NJ) 
~r. T. J : ..IcQI,.,.,.K.M; F••f,l<. J.; MatF• .w...D.R.; s.x..J. L. ar... CIt."..•,..., a. .1. 
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Exotic Ionic Uquid Materials for Optical and Magnetic Applications 

· Large PR4 saHs results almost entirely in RTILs 

· Utilize stabilized organic radicals lor electrochromic materials 

· Paramagnetic ionic liquids can be manipulated wijh external H 

• Response 01 ionic liquids to high intensity IR 

• PurHy is application specific 

• Consider effects 01 studying reaction in ILs at elevaled lemperalures 

·If needed, check UV·Vis or Iluorescence if using heating to dry ILs 
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' !::2!!'~ j,,,,.-,, .,~ ~iAlr 

9 



3/17/2009 


Summarv Acknowledgements 

• Synlhesis of a number cluslers as in~ial models for light emitting materials 

• SynthesiS ofionic liquid POM clusters containing Eu" and lb" 

• Synthesis ofpalymer containing Ln" sandwiCh POM clusters 

• Study01 the energy transler 01 POM Clusters to luminescent centers 

• Strong collaboration -developing deep interactions ";Ih crOSS-disciplined 
team to develop several capabilities in application aspect 01 light emitting 
materials. and more fundamental capabilities in Chemistry. materials. theory. 
and Characterization 
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