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Abstract

The present contribution is focused on the re
hybrid silica and zirconia powdgdr[sppbemtdainhi m
[ Eu( (et Met hods for functionali zat,iboans eodf osn |
adsorption of 1, 10-gHemdarthrdalnilne aardd]d{ofd (nrgt avd

nanoparticles are proposed to obtain of red
20 7T 50 %. The optical properties of rare ear:
are used to expl oreCdrhel sweid) ogptfmmaeattles yYEand er s i
composites. Quantum yields of the investigat
optical spectra are presented.
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Il ntroducti on

Sol -gel materials functionalized with rare

—
(@)

al properties |i ke |l uminescence, colorat
chnical applications as | ight sources, mat e
nsors [1,2,3]. As a red emission source Eu(I
ed materials due to their pure, red emissi o
O nm [1-4]. From materials science point of
ns are hybrid materials as they contain an
I chemistry is the most wutilized method for
ssibilities of | ow temperature preparation

powders, aerogels or monoliths [4].

Doping of ceramic matrixes /[/silica, Zircol
mpl exes is a complicated process. I f a cl as
tive specie, here an europium complex, is i
ropium complexes used in the preparation of
I process, |l eading to a | ow red emission i
gether with an additional blue or violet em
This paper deals with preparation strategi e
mpl exes, avoiding decomposition of the euro
esenting three methods for preparation of s
physical adsgdrpmpthienrd canf] [oEu (sntlda)a surface b
enat hroline on t he sur face of eur opi um

(ph &Y N® coll oidal nanocrystals in zirconia
Here, the foll owi ng sn[optpahtel nodnc ni]s cuosnetdaci ni n[gE
aphthalene-2-yl) butan-1, 3-dione (Hnt ac)

carbonitrile (pphendcn) is a new europium c
e quantum efficiency of the(sNodTinddl, cemp lo@x uim:
' 1) di phenathroline nitrate, I's a well -kno\
per of Mi rochni k et al [ 11]. The quantum e
mperature sobuNa@BTIniBt yi nofet Bahjomeli)sl ,4 .t5hTel 0s o | L

[ Eu(shf{pphendcn] i s much | ower .
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2. Experi ment al
The europium comph@aerd [ELlpbphea)cn] were s

according procedures di scussed in [ 8] . A Spe
measur ement of di ffuse reflectance, excitati
powdered samples. As standard, the Lumogen T

of excitation at 350 nm and maxi mum waveleng

Quantum Yield (QY) of the investigated sampl e
Emi ssion spectra were integrated between 430 ¢
430 nm. The | uminescence and refl ectance meas

as the ratio of the number of photons emitted
sampl es. I n this study, the presented I umi ne
overl|l apping Gaussion curves to obtain relatiyv
wi dt hs of each | uminescence peak. The Eu 1 <co
| CP Ultima2 Horiba-Jobin Yvon unit.

Emi ssion and excitation spectra with a hig

a Varian Cary Eclipse fluorescence spectropho
detailed described in [10]. To obtain the peal
derivative | uminescence spectra deconvolution
this paper were in agreemedti owmi tfrd]t.he el ectro

To prepare silica and zirconi a mi croparti
chemical functionalization techniques, descri

A)Surface functionalization f{pphleindanthi ¢ pdyr

functionali zation)

The preparation of hybrid silica micro compos

1. Preparatimat nifx Si®®sing a classical base cat
Gutzov (2013) [9].

2.Homogeni zation of the solid matrix i n mort a
300 &m.

3.l mpregnation of silica micro pgrtpiphleendcwi]t |
i n ethanol (48 h at room temperature).
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B)Preparati on o f functional i zedEumi €c be npiacratli
functionali zati on)
The preparation includes the following basic

1.Synthesis oFftl ssolpedgelSi ©Oul k

ma te & §Fi0a 105 wiisti m gme

the procedure of Danchova & Gutzov (2013)
2. Homogenization of silixcBbt geill i oammoir¢crmo par
3.l mpregnation, omf cdopeadr tSi ©l es with ethanol

phenanthroline (48 h at r ongimmehempenatore
Nsk ghed . 18
n®Washing the micropowders with absolute et
l i gand.
C)lncorpor at io(nt@x® Ewa(npohpeanr t i cl es in to a zir
gel atifdn 6 7 8]
The preparation of hybrid silica micro compo
l1.Preparation of a stable zirconia sol, usi
prevent fast hydrolysis and gel ati on.
2. Preparati on( ¥Dx@ uf(plhlemwi ng he procedur e,
recent paper [ 12]
3.Addition of the fr es(hy{dsxe®d ,n acnoonptaaritniicnl ge sE ut (.
Zr (1'V) sol and gelation of the system.
3. Experi ment al results and discussion
I n Fig. 1. l umi nescence and Eagdtpgperjeinadic n$ |
prepared using the method of physical &dsorpt]
DYF, transition is abo#t'si8t3e 8SYommdtnr t h/le < @e ans
most probabl e sitEe (shy PPeternygbamja s f t he | ack
in the r egi'mne mifs stihoen t r &'nisdnt i[oé] .o fl tt hies Eiunt er

symmetry of the europium ion is

incread’ed as
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site symmetry in soj uppbenmen])l oiweoCi dn[ Elenta

[Eu(sh{dephendcn] a relatively i ntbe¥n"mee reins ssisdmr
transiti®n oonf ttohgee tEhuer wi t h t iDdYéFe alnidn efsi vien |ti e
t PBoY'F2 transition which reveal the site-symmet
during physical adsorption the complex struc
occurrence of surface interactions.
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Figure 1. Luminescence (2)2 [aBug retpgpch)eatcoh
mi cropowder s, prepared using thesg mMppheddemn] ph;

Ed™DY’'FF, transitions are shown as 0-0, 0-1, O0-2,

I n Fig. 2. a typical | umineBoe]pliddgovwvdkern 4 at
produced 2fC.o& B EB8uU®i ng adsorption of 1,10-
functionalization) is pr e$%gVt'Fe d.r aTnhsei trieolna tiisv eh
80-82% from®tbhmi oescahkeEuntensity between 57

second derivative luminescence spectra3decony
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i s2v@ 13] . For mat)i (ofO @8 d Euéphken) of the functi
zirconia with 1,107iphenanthroline has been c
di ffraction patterns of pure solid compl exes
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Figure 2. Typical l umi nescenc ¢ EUZphigmd exc

powder s produadedSEdaumcs8i Onalized using chemi
phenant hr I'' DN &. t ThesEtui ons are shown as 0-0,

Figure 3. presents |l umingscEanpthtpperpat ati
using the method o (YOG ngo IwlidihdaHu (mpehrecgr yst &
intensity of the °DgYolooirs gabowmig 80 %nsiThieomost

symmetsy doenfCirmed by second derivative spectr
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Figure 3. Lumi nescence (right)Ea@@hiMgdx)ci t at
prepared using the met]h(odd netf cdodpiongdawi tnha nw(r|
Ed™DY'FF transitions are shown as 0-0, 0-1, O0-2,
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Figure 4 . Second derivative | umi mescenc
Eu(phén®dD confirming the most probable site sy
the region of each St arrlttriamlsetts oarse agleo wmh
1, 0- 2, 2-3 and 0- 4.

The | umi nescence emi ssi on 20 f EutilpéhQ@p)r ep ar
Si2O Eugntpgpch)endcon] Ea @dhe@gn Oi s very stable for |
(more than 1 year). The excitation spectra i
organic |igands and unambiguously prove the o
prepared hybrid composites

Tabl e 1. presents the quantum yields
|l evel of the europium activator. I n addition,
extracted from the | uminescence spectr a, iI's g
unambi guousl y that a ligandYeuropium charge t
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resuhnt sable 1. allow the potential applicatio
) sensors and | abel materials for chemical an

Table 2 presents d1gmanestecati spectraheuE

parameters, described in our recent papers]| 6]

the integrated intensitieppvredt the5 enmcamdct hie

the magneti c sddvpmalte atbroaurts i5t9i0omm and the inten

is high in the case of noh'-[cde-nG]r.osymmetric en
P]_ I5D007F2 (1)

I 5D007F1

The relative i rteémnsain®y tFo tan a bBtOhenrm BEws al s o
the®* " Bpectra 1 structure correlation. 't has ¢k
[ 13] DoYt'Fhadan be distinguished in the |l uminesc
site syamnmoert rlyowaer . To describe more accuratel

par ameter P2 is expressed as follows: (2)

P2 I5D007F0

I5D007F1 (

Hersppv7anedoobk7as e the integrated intensDivfFes of t
at 590 nm and oTDoYt'H et realnescittriiocn daitpoalbeout 580 nt
i ntensi®y Fdfr amise ti on also is given. 1t is wel
materials for | aser appl i caii¥dra st r ahnasviet iao rhiignh
of 70% [4].
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Sampl e / ChleExicsittrayt i Q¥ Eu Ste symmetry
[ nm] [ %] [ %] of 3Eu

Si,O[ Eu(nt mephenddanD 171.4 0.1 D2

Si,0 [ EuJdhOn) 352 39|. 6 5.4 Cav

Zr O [ Eu(,bb RO 350 48 2. 552v C
TablExdi.tation wavelengt hs, guantum yields (Q
powdered samples at 615 nm emission wdwdlseongt |
i's given.
Tabl e 2

Sample / ChemiPdtr\y P2 Ir esDO- 7H2

- - %

Si,O[ Eu(JnltmEhendcé] 0.0 8 2

Si,0 [ Eu{ f hyen|) 8 0.2 83

Zr O [ Eu(,bb RO 8 0.2 85
Table 2. Quartt il fuimd snteiscreno® Epectra using thr
parameters Pl and P2 and the reladoi maet i6nlt5e nnsm.
' n t he g¢a[sku(prftpagch)®ndcnppymameitny P2 is very | ow
Cov symmetry [ ESl ONOmm)nd2 ZHBul NPt he value of
significant.
4. Conclusions

Il n this paper the functionalization of S C
[Eu(shf@aphendcn] 2JanO ¢ &Emg lpdxasy using di fferer
techniques is described. New met hods f or fu
adsorption and doping with coll oi dal nanocrys
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di scussed. Al the functionalized samples sho
excitation with quantum yield between 10% and
to tHhei oBwn The site3*siyomeitm yt néd pthepea&Erued hybr

centrosymmetysy Ccal, D
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