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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 lonic 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

» Take advantage of the O -> W LMCT band to enhance emission
- Introduce Ln, organics dye lo emitting materials

- Develop as ionic liquids for practical applications

+ Phosphoniums have poor crystal packing — make most salts RTILs
with larger PR,* cations
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Magnetic Behaviorin [PR,,[MnBr,]

«No indication of ferromagnetic behavior

«No indication of strong magnetic interactions in 1/,

«But....still flows towards externally applied magnetic field
45+
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[PR,}.[GdClg] Shows Interesting Behavior

If cooled rapidly from RT to 150K ~ nteresting praca bransition s seen
= lransition nol seen In alow cooling
- most likely due (o glass formation of phosphoniums not seen in Im or Py

Not likely due to orientation effects of anion — tetrahedral symmetry doesn't allow
for anisotropic favoring of magnetic alig
No indication of magnetic particle formation

T Trigsaey

- :

¢ % w0 s m M % M
~ Tomgeraturs ()
Chermn. Commun., 2008, 447-440.




3/17/2009

Phosphoniums A'ways quuid at RT and Dly Magneﬂc Fluids for Ténspon

+ Hydrated metal halide salts are dehydrated with PR,Cl 5
« Water comes out in separate layer [PR""FSC’ 1 H'°7
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Magnetic Fluids for Transport Polyoxometalate Clusters (POMSs)
«  Well-defined pl formed by self: bly

{PRJ,ICO(SCN),Jin silicon oil
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* Have interesting properties: electrc photochr:

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.g.
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POM optical Properties

POM(O —=W) excitation is 270 nm and only emits at low
temperatures at 500 nm

X+ay luminescence of [W,,03,]4:

Temperature Dependent RL of [W,,0,,}"

2000 -

1K

Cation Exchange to lsolate Organic-soluble POM materials

* POMS' solubility Is often an issue
* Different cations can be used to promote their solubillty in organic solvents

for material development

* eg. surfactants, monomer cations

[=\-n].m rm==> Polymers

H Olorganic
Na, [POM),
- _ annnanaPRBI
roomlemparitue [rmnmnpRs |, POMY, el jonic liquids
A 2 H Olorganic
* Los Alamos ¢ viganamgs "
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Integration of inorganic dyes into POMs integration of Lanthanides into Polyoxometalates
* Routeforintegrating dyesinto tungsten-POMs
T et snc, « lanthanides are often used in luminescent materials
PO 3O —PNE e it 0, AR « known to have a strong luminescent emission if the
IPCNHENCIP Wy O - TS [oex NLHENCIPW, O - OY emission results from energy transfer
—ben it « explore the efficiency of energy transfer from POM
* Alternate routeto add organic dyesto polyoxometalate clusters clusters to lanthanide luminescent centers
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POM as Host for Ce

acetic acld
(pH=7.0-7.5)
NaWO, . 2H0 NagCoW0n

Co{NOs); . 8H,0

Ce(lif) POMs are not stable- Ce(lll) oxidizes to Ce(lV)

About 10 known Ce(Ill} POM structures

— most contain mixed anions and/or syntheses not
well suited to incoporation in well-characterized
materials.

- Some have very high charge but compensation is high
number of Ce(lil) ions

Oblained NayCeW o0
Orange crystals
Ca{IV) is not luminsscent

3

Emission from Ca(IV)

Emission and Excitation of PMMA-CeW, O,

B —_—

[HeCe,(H,0)CI(W50 g)a"
5 Inorg Chem. 2008, 47, 5612-6016. 2
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Energy Transfer within Ln-POM lonic Liquids Eu{ll) containing POM
acetic 0.“1“5
0->Wto Ln for most N WO, . 2H,0 —[BHEZOZEL _,  NaBuw,g0s4
Lnto O for Gd, maybe Ce? Rulie: SHo
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{Cyphos),EuW,,0,; lanic Liguid Energy Transter from POM to Eu Ina Polymer Matrix
HyC l HyC
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Poly(methyimethacrylate) containing Th-POM
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Energy Transfer from POMSs to Other Phosphors
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Other Ln- POMs
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Ln?* = Er, Yb, Lu

Er, Yb, Lu did not coordinateto W-cluster
Maybe because of the size of the lanthanide
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Other Rare Ln- PbM Structures

Opamterby s Momm b St LG o b el

IR of POMs
* Wateris hard to remove from POM ionic liquids
- strong coordination of water to POM oxygens
- POMs are highly charged
* Efectrochemstudises arein progress
-study electrochromic and electrochemical behaviors
-water has been an issue
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Optical Purity of lonic 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

(U

Application Specific Grades of Organic Solvents

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

n-Hexane 97%, water <50 ppm, extra dry over molecular sieve
n-Hexane 97%, residue fres, for electronic use

n-Hexane 96+%, water <20 ppm, extra dry

n-Hexane 98%, ECD tested halocarbons free grade

n-Hexane, for residue and pesticides anai., ca. 95% n-Hexane
m-Hexane 45+ %, axdtea pire

n-Hexane 99+ %, for analysis

n-Hemnepunss, p.a. standard for B0, 299 7% (GO}

UNCE Ml
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Optical Quality of lonic Liquids Optical Quality of lonic Liquids

For optical materials, need clean ILs!! / . For electrochromic materials, need clean ILsll W~
-no background absorption, fluorescence A LS PR ﬂg AN B

4 E} -no background electrochemical active species P o
4 o Qo
- NMR is not sensitive enough to detect } b ::
optical impurities = ) J
-but may be good for some applications \ < u /
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Green Chem., 2007, 9, 439-454.

opm
Green Chem.. m"& 449-‘54'" 5

O

Thermal Stability of lonic Liquids Thermal Stability of lonic Liquids
- Drying of ionic liquids at elevated temperatures + lonic liquids often considered thermally stable to > 300°C
- Notice change in optical properties when drying »  Decomposition determined by TGA “onset’ \(5/\/0\ |
e
@ i
« Many ionic liquids “stable” to > 300°C and higher o N
0 o~
. Therefore chemistry can be performed at elevated ® P ©
temperature with ionic liquids as solvents [ e A
= ia®
- But “stability” is a relative term Fax § © F'{ (Ey
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Temperature, °C M ¢
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Thermal Stability of fonic Liquids

« TGAmeasures decomposition by mass loss only
- See changes in IR at temp as low as 150°C - irreversible

AIME | A 1)

Isothermal Characterization
+ Isothermal TGA to show stability at different temperatures
* Tooma - temperature at which 1% degradation — as determined by
mass loss — occurs in 10 hours (271°C for [C4mpy][Tf,N])

Woostr, T. J. Johanson, K. M; Fraser, K. J.; MacFartane, D. R.; Scotl, J. L. Green Chom., 2008, 8, 691.
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Purity is Application Specific
- Purity is application specific
- Consider effects of studying reaction in ILs at elevated temperatures

- If needed, check UV-Vis or fluorescence if using heating to dry ILs

MEUNSEELS

Exotic lonic Liquid Materials for Optical and Magnetic Applications

- Large PR4 salts results aimost entirely in RTILs

- Utilize stabilized organic radicals for electrochromic materials

- Paramagnetic ionic liquids can be manipulated with external H

- Response of ionic liquids to high intensity IR

- Purity is application specific .

- Consider effects of studying reaction in ILs at elevated temperatures

- If needed, check UV-Vis or fluorescence if using heating to dry ILs
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Summary

= Synthesis of a number clusters as initial models for light emitting materials

= Synthesis of ionic liquid POM clusters containing Eu®* and Tb®*

+ Synthesis of polymer containing Ln3* sandwich POM clusters
= Study of the energy transfer of POM clusters to luminescent centers

« Strong collaboration — developing deep interactions with cross-disciplined
team to develop several capabilities in application aspect of light emitting
materials, and more fundamental capabilities in chemistry, materials, theory,
and characterization

- Los Alamos
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