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Optical properties of a transparent CaF ,:Er3* fluoropolymer nanocomposite
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We report the observation of ®r fluorescence in an optically transparent GC&EF*
perfluorocyclobutyl-based fluoropolymer composite. Under 980 nm excitation, fluorescence was
observed at 1560 nm with a bandwidth of 93 nm. A quantitative analysis of the radiative properties
yielded a radiative quantum efficiency of 29% corresponding to a measured lifetime of 4 ms and
theoretical radiative decay time of 13.8 ms. Further, the estimated stimulated emission cross section
was calculated to be 8102°cn?, and the maximum optical gain from the composite was
estimated to be 1.78 dB/cm with a pump threshold of 1.1 mW. This estimate demonstrates that it is
possible to use polymer nanocomposites for active optical devicé0® American Institute of
Physics[DOI: 10.1063/1.1947891

Nanomaterials are receiving a great deal of attention duébers containing lanthanide complexes can be seen in the
to their potential for enhanced performance. Accordingly, theeview written by Kuriki et al’® However, in all of these
total global demand for nanoscale materials, tools, and dezomposite materials since the rare-earth ions are attached to
vices was estimated at $7.6 billion in 2003 and is expected tan organic ligand, better fluorescence spectral properties
grow at an average annual growth rate of 30.6% to reackould not be expected. On the other hand, the rare-earth-
$28.7 billion in 2008. The dramatic improvements of thedoped inorganic nanoparticle composites show better optical
various physical and chemical properties in the nanoregimeroperties due to the increased surface to volume ratio of the
enable the application of nanocomposite materials for th@anoparticles as well as due to the reduced phonon energy of
fabrication of many optical, electronic, and biological de-inorganic materials compared to organic analogs. In this let-
vices. It is expected that the introduction of multifunctional ter, we report for the first time, the optical properties of
optical nanocomposites will reduce the size and cost of mangak: Er** nanocrystals doped into a hexafluoroisopropy-
consumer and military devices. lidene (6F) PFCB-based polymer composite.

Nanocomposites have great potential as well for optical Er-doped Caf samples were prepared in ethylene
communication systems where active nanocrystals can b@ycol/water mixtures. The Ef doping concentration in
dispersed in a low loss waveguide material. For exampleCak, was 2 mol%. At room temperature, a solution of
Fuchset al! recently reported the fabrication and optical E(OAc); (1.2 mmol, Aldrich, Milwaukee, Wl and
properties of perfluorocyclobutyPFCB-based waveguides CaNOs), (8 mmol, Aldrich, Milwaukee, W) in 16 ml water
containing InAs/ZnSe and CdSe/ZnS core-shell nanocrystalwas added drop wise into NH (22 mmol, Acros Organics,
including emission at 1..um. Similarly, the synthesis and Morris Plains, NJ ethylene glycol/water solution while stir-
luminescence properties of CdS/Si€re-shell quantum dot ring. The volume ratio of ethylene glycol/water was 4.7/1.
poly(methylmethacrylatéPMMA) polymer composite was The reaction mixture was stirred at a refluxing temperature
reported by Farmeet al> By comparison to quantum dots, of 140 °C for 2 h and cooled to room temperature. The pre-
rare-earth-doped ceramic nanoparticles are more ideal candiipitate was separated by centrifugifigduction Drive Cen-
dates for active nanostructured materials because of theirifuge, Model J2-21M, Beckman Instruments, Palo Alto,
wider range of excitation and emission bands, which extend€A) at 18, 000 rpm and 15 min and was washed subse-
from ultraviolet to infrared region. Several reports have beergjuently with ethanol/water(v/v, 1:1) two times and
published on the fabrication and optical studies of rare-eartlleoinized water(resistivity, 18.2 M) cm, Millipore RiOs
organic complex (chelatey-doped polymer composites, and Elix water purification systems, Millipore Corporation,
which include Nd(HFA-D); in PMMA,® neodymium oc-  Burlington, MA) two times. The product was lyophilized for
tanoate(NdOCA) in PMMA,*° Nd tetrakis benzoyltrifluoro- 48 h (Model FO-20-85 BMP Freezer Dryer, FTS Systems,
acetonate(BTF) in various organic solvenfs Er (DBM)  Inc., Stone Ridge, NY.
3phen in PMMA’® Er-poly (perfluorobutenyvinylether A PFCB polymer with hexafluoropropyl! derivative in the
(PF-plastig,® Er-tetrakis BTF in various organic solverfts, main chain (6F) was prepared as has been previously
EUWTFAA) in PMMA,® E((DBM); in PMMA.Y A sum-  reported'® The refractive index of the polymer is approxi-
mary of the optical properties of most of the plastic opticalMately 1.4 at 1550 nm. Further, the optical properties of this

versatile family of fluoropolymers have been reported
Jauthor to whom correspondence should be addressed; electronic maiEFEVIOUS!¢4’15 Toluene was used as_the solvent for the
akgsh@rci.rutgers.edu ’ reparation of Caf I_Er*”+ nanocomposite. The CaFEr*
YAlso at: Center for Optical Materials Science and Engineering TechnoloJO2ding was 10 wt % in the 6F:PFCB. 0.168 g of 6F polymer
gies(COMSET), Clemson University, Clemson, SC 29634-0973. was dissolved in 0.5 ml toluene. 0.0187 g of GaEr was
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FIG. 1. TEM images of théa) as preparedaverage particle size is 12 nm 1400 1450 1500 1550 1600 1650 1700

and (b) FESEM image of the CaFEr/6F composite film.
Wavelength(nm)

mixed with 0.5 ml of toluene and ultrasonicated for 15 min. FIG. 3. Emission spectra of Erin CaR/6F composite both in colloidal

The CaF: Erftol . ixed with 6F | suspension and nanocomposite form. The inset shows the decay of the emis-
e aE._ ritoluene susper_mon was m_lxe wit POIY- sion observed in the nanocomposite sample.

mer solution by ultrasonicating for 15 min. The GaEr®*

nanocomposite was cast on a glass slide and dried at 70 °C in

the Isotemp®© over(Fischer Scientific, Model 230G, Pitts- Aadi — ) = 64—7’4
burgh, PA. 3h(2J + 1)e’\®
Figure Xa) shows the transmission electron microscopy n(n? + 2)2 . - )
(TEM) image of the as-prepared GaEr* nanocrystals. As 9 | EGQK lgdlU[*152% (D)
1=2,4,

observed, the micrograph indicates a spherical morphology
with statistical average particle size ef12 nm. In Fig.
2(b) a field emission scanning electron microscGpESEM

image of the surface of the CaFEr**/6F composite film is

where, \ is the wavelength of thé— | transition,n is the
refractive index of the nanocompositd', are reduced matrix
elements of the— j transition, and(); s are the set of three
i e : Sudd—Ofelt parameters. The obtained valueflgf (), and
nanopartlcles inside the polymer nr_:mocomposne. QO are, respectively, 7.3410°2° cn?, 0.8x 10°2% cn?, and
Figure 2 shows the absorption spectrum of £aF 1 24x 1020 cn?. With an estimated emission peak wave-
Er®*/6F composite film measured using a double-beam spegength of 1560 nm and the calculated Judd—Ofelt parameters,
trophotometer(Perkin—Elmer Lambda 9, Wellesley, MA  the radiative transition probability of th#,,,— “l,, tran-
The absorption spectrum shows the typicat*Eabsorption  sition is estimated to be 72%swhich corresponds to a radia-
transitions, which are comparable in intensity and shape wittive decay time of 13.8 ms. This lifetime is consistent with
those of other B#-doped host$®*’ the predicted lifetime of B in other host$®™8
In order to quantitatively interpret the radiative spectral ~ Figure 3 shows the emission spectrum of gaEr*'/6F

features of the CaFER*/6F nanocomposite, the oscillator N@nocomposite obtained by exciting the sample by a 980 nm
diode laser. The fluorescence was collected at 90° excitation

strength of the different absorption transitions were mea- i d the sianal detected b InGaAs detect
sured by a numerical integration technique and fitted with thg€OMetry and the signa’was detected by an in S detector

. i . and intensified by a lock-in amplifier. Fluorescence was re-
well known Judd-Ofelt model to obtain the radiative transi- ¢y 4 for poth the CaEErR*/6F solution and the solid film.
tion probability of the *l,5,— "5, transition by the

T The 41,3, ., emission has a peak fluorescence of 1560

expressiof nm with a band full width at half maximum of 93 nfi1.6

THz). The corresponding values for CafEr** nanocrystals

are, respectively, 1550 nm and 80 nm. This is the highest

reported spectral bandwidth in an Er composite{EBM);

in PMMA (89 nm)’ and Er in PF plasti¢28 nm.° Such a

broad spectrum enables a wide gain bandwidth product for

optical amplification.

g T e With the computed radiative decay time and measured

spectral bandwidth, the stimulated emission cross section of

the 1560 nm band is estimated to be 8.70 2! cn?, which

is close to the value of 3®102'cn? in CaFky: Er*

nanocrystalé.7 The reported values of stimulated emission

4 cross- section of Bt in other doped polymers are in the

o range of 3.5< 1072-5.8x 10720 cn?.” 8

7(')0 800 The fluorescence decay time of the 1560 nm emission
was measured by modulating the excitation source at 32 Hz
and collecting the averaged signal on a digital oscilloscope.

FIG. 2. Absorption spectrum of CaFEr/6F composite film of thickness 0.8 | he oscilloscope signal was curve fitted with an exponential

mm. The inset shows the near-infrared absorption bands. function to extract the lifetimgFig. 2, inset and the ob-
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FIG. 4. Predicted optical gain behavior as a function of the pump power.
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posite film from amplified spontaneous emission technidue.
The low pump threshold is interesting for practical applica-
tions of planar waveguides.

In conclusion we have reported the first observation of
infrared emission of Ef in an inorganic nanoparticle poly-
mer composite. The luminescence lifetime of Er is 4 ms, and
the radiative quantum efficiency is 29%. The low pump
threshold enables the possibility of this system as a promis-
ing material for use in planar optical amplifier applications.
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