305 S5
2009 4 10 H

CHINESE JOURNAL OF LUMINESCENCE

%" j:li Vol.30 No. 5
Oct. , 2009

Article ID: 1000-7032 (2009 ) 05-0568-07

Enhanced Luminescence in (Dy, ,Tm, ) Complexes
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Abstract: Complexes of (Dy,,Tm, )L;(ClO,), + 3H,0(x:y =1.000: 0.000, 0.995:0.005,0.990:0.010,0. 950:
0.050,0.900: 0. 100,0. 800: 0. 200; L. = C,H;COCH,SOCH, COC¢H; ) were synthesized. The properties of the com-

plexes were characterized with elemental analysis, infrared spectra (IR) and ultraviolet absorption spectra. The fluo-

rescence spectra of these complexes were discussed in detail, indicating that the fluorescence intensity of Dy (Il ) is

enhanced by Tm (Il ). This phenomenon may be due to the intra-molecular energy transfer. The complex shows the

best luminescence properties when the ratio of Dy (Il ) to Tm (Il ) is 0.950:0.050. As a result, the complexes can

emit white fluorescence under the ultraviolet excitation. It is predicted the complexes will become a class of lumines-

cence materials that emit white fluorescence.
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1 Introduction

In the last decades many rare earth complexes
have attracted much attention'' ' due to their long
luminescence lifetimes and high emissions efficiency.
These complexes have been used in many areas,
such as fluorescence materials'* ™| electrolumines-

’
[7~

. 10
cence devices !, fluorescence probes and labels

in a variety of biological systems' ' "'

Based on
the different ligands and the central RE ions, many
light-emitting complexes have been synthesized. The
main ligands include aromatic carboxylic acid, 1,
10-phenanthroline ( phen ), pyridine and B-dike-
ton""” "' Because of good coordination abilities and
solubility, many sulfoxide complexes were intensely
studied in the past several decades''®'’. Then,
they also become one important group for strong sen-
sitized luminescence of RE ions. Generally spea-
king, the organic ligands are considered as the effi-

cient sensitizer for the luminescence of rare earth
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! The ligands that present this property were
called as “antenna” by Lehn'®"'. In the RE (1)
complexes, the organic ligands can absorb and
transfer energy efficiently to the metal ion (intra-mo-
lecular energy transfer) and efficiently makes the lu-
minescence intensity of RE complexes enhanced. At
the same time, some studies indicated that the addi-
tion of certain nonluminous lanthanide ions such as
Gd (I) and La () ions can also change the flu-
orescence property of the rare earth comple-
xes ' ®' . So, studying the effect of different rare
earth ions on luminous rare earth complexes is help-
ful to find potential application of luminous rare-
earth complexes.

In this paper, a series of (Dy,,Tm, )Ls(ClO,), -
3H,0 (L = CH;COCH,SOCH,COC,H; ) were
synthesized to improve dysprosium emission. The
second rare earth Tm ( Il ) ions were incorporated.

A series of highly luminescent complexes were syn-

thesized and characterized. Then, we studied the
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luminescence properties of the complexes in the solid
state. When the ratio of Dy (I ) to Tm (I ) is
0.950: 0. 050, the complex showed the strongest
fluorescence. In addition,

*F,,—°H,,,, radiation transition of Dy (I[) at 577.4

the intensity of the

nm was obviously enhanced comparring with one of
the *F,,,—°H,,,, at 487 nm. The fluorescence inten-
sity of the *F,,,—"H,5,, can be increased to 212% ,
and the fluorescence intensity of the *F,, —"H,,,
can be increased to 264% . As a result, the intensity
difference of the two emission peaks are getting
smaller and smaller. And then, the complexes can
emit white light under the ultraviolet excitation. So,
the complexes synthesized by us will become a class

of luminescence materials that emit white light.

2 Experiments

2.1 Reagents and Apparatus

The purity of lanthanide oxides exceeds 99.99% ,
the rare earth perchlorates were prepared by dissol-
ving the oxides (99.99% ) in HCIO, (2 mol/L).
All the other chemicals were of analytical reagent
grade. Carbon, hydrogen analysis was determined
by PE-2400 elemental analysis instrument. Rare
earth contents of the complexes were determined by
Ethylene-diamine tetracetic acid ( EDTA) titration
using Xylenol-orange as an indicator. Conductivity
measurements were made using a 10> mol -« L'
solution in acetone on a DDS-11D conductivity meter
at room temperature. IR spectra were recorded on
KBr disk using NEXUS-670 FT spectrometer in 400 ~
4 000 ¢cm ™' region. The ultraviolet spectra (190 ~
400 nm) of the ligand and its complexes were recor-
ded on a Shimadzu UV-265 spectrophotometer and
dimethylsulfoxide ( DMSO) was used as a reference

and solvent ( concentrations; 5 x 10 > mol « L™").
The fluorescence spectra were determined by Hitachi
F-3010 fluorescence photometer. The phosphores-
cence spectra were measured by using SPEX1934D
phosphorescence photometer at room temperature.
2.2 Synthesis of Ligand

Bis ( benzoylmethyl ) sulfide was dissolved in
acetic acid, then 30% hydrogen peroxide was added
to it at once. The mixture was stirred continuously at
room temperature for 2 h. After the reaction
stopped, the mixture was extracted with ether until
the pH of mixture is 7. Then, a white solid was pre-
cipitated, filtered and dried in vacuum. Yield;
95% .mp:110 ~111 °C.

Element anal. for C,sH,, SO,, Calcul. : C, 67. 1%
H, 4.90% ; Found: C, 66.6% ; H, 4.68%.

2.3 Preparation of the Complexes

9

1 mmol rare earth perchlorate was weighed in
the ratios of Dy (1) to Tm (II) [Dy (IM): Tm
(I)] =1.000:0.000, 0.995:0.005,0.990:
0.010, 0. 950: 0. 050, 0.900: 0. 100, 0. 800 :
0.200 and dissolved in the ethanol. 5 mmol ligand
was weighed and also dissolved in the ethanol.
Then, the mixed rare earth perchlorates were added
dropwise in the solution of ligand to give the comple-
xes as a precipitate. The mixture was stirred for 0.5
h and precipitate was filtered. The products were
washed with ether for several times, and then dried

in vacuum to give the complexes as white powder

(yield >90% ).

3 Results and Discussion

Analytical data for the complexes were presen-
ted in Table 1. The composition of the complexes

was conformed to the formula of ( Dy, ,Tm ) L;-

Table 1 Elemental analyses values for the complexes %
Complexes Anal. caled. (found)
H RE
Dy, _g90 Tmyg g0 Ls (€104 ) 5 - 3H,0 49.12(49.36) 3.71(3.91) 8.34(8.36)
Dyo. 905 Tmyg, g5 Ls (€10, ) 3 - 3H,0 49.09(49.36) 3.72(3.91) 8.13(8.36)
Dyg, 990 Tmg, 19 Ls (C104 ) 5 + 3H,0 49.21(49.36) 3.71 (3.91) 8.53(8.36)
Dy, 950 Tmg s Ls (€104 ) 5 « 3H,0 49.52(49.35) 3.71(3.91) 8.59(8.38)
Dyo. 900 Tmy, 100 Ls (€104 ) 3 - 3H,0 49.43(49.34) 3.75(3.91) 8.30(8.39)

Dyo. 500 Tmg. 20015 (€10, ) 5 - 3H,0

49.51(49.32)

3.72(3.91) 8.21(8.42)
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(ClO,)5 + 3H,0 (% ¥y =1.000: 0. 000, 0. 995 :
0.005,0.990:0.010,0.950: 0. 050,0.900: 0. 100,
0.800: 0. 200; . = C4H;COCH,SOCH,COC¢H; ).
All the complexes are white powder, stable in atmos-
pheric condition and soluble in acetone, dimethyl-
formamide ( DMF) and DMSO. The molar conduc-
tivity values in acetone indicated that the complexes
were the type of 1: 1 electrolytes'**’
3.1 Infrared Spectrum

The most important IR assignments in the spec-
tra of the ligand and the mixed complexes can be
seen in Fig. 1 ~2 and Table 2.

Compared with IR spectrum of the ligand ( Fig.
1), some absorption bands in the IR spectrum of
mixed complexes ( Fig. 2) have shifted. This phe-
nomenon showed that rare earth ions are bonded with
the ligand. As shown in IR spectra of the ligand, the
S =0 group stretching modes appears at 1 033 cm™".
However, the S = O stretching frequency of the
mixed complexes shift to a lower wave number by 42 ~
44 ¢m ™", it suggests that rare earth ions are bonded
with oxygen atom in sulfinyl group. The C =0
stretching frequency of the ligand appears at 1 676
em ™' as the strongest absorption in IR spectra, the
absorptions of phenyl group appear at 3 060 cm ™'
(vey), 755 em ™' (8. 4), 685 em ™' (8. ). Af-
ter coordination, there are mno significant shifts,
which suggest that the oxygen atoms in carbonyl

group and phenyl are not coordinated to rare earth

ions. In addition, there are three additional peaks
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Fig.1 IR absorption spectrum of ligand C4HsCOCH,SO-

CH,COC, H,

=
=
57 1 1 1
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o/em™
Fig.2 IR absorption spectrum of Thby g Tmy oo Ls (CIO, ), +

3H,0, (Dy, 959 Tmg 50 ) Ls (C1O, ) 5 - 3H,0

about 1 091 ~1 094 cm ™', 1021 em ™", 623 ~624
em ™', all of them are attributed to the C1O, group.
When CIO, isn’t coordinated, it is T, symmetry and
there are two absorption bands. When ClO, is coor-
dinated, it is C;, symmetry and there are five ab-

12:2] " In the IR spectra of the com-

sorption bands
plexes, three absorption bands can be seen clearly.

So, ClO, isn’t all with the T; symmetry and some

Table 2 Major IR spectra data of ligand and coordination compounds

Assignment ) n(Dy):n(Tm) n(Dy):n(Tm) n(Dy):n(Tm) n(Dy):n(Tm) n(Dy):n(Tm) n(Dy):n(Tm)
(em™) Ligand 1.000:0.000 0.995:0.005 0.990:0.010 0.950:0.050 0.900:0.100 0.800:0.200
vo—u (H,0) 3425 3 447 3 445 3 445 3 445 3 445 3 446
ven(CeHs) 3060 3063 3064 3 064 3064 3 064 3 064
d¢—u(CgHs) 755 755 755 755 756 756 755
685 685 686 686 686 686 686
Vs—o 1 033 989 991 990 990 990 990
Vie—o 1676 1675 1675 1676 1676 1676 1 676
S o(ClO7)  — 623 625 624 625 625 625
Va0 (ClOS) - 1 094 1091 1092 1092 1091 1093
1021 1021 1021 1021 1021 1021
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of them should have C,, symmetry. In terms with the
molar conductivities, it can be induced that two
ClO, are bonded with RE (Il ) through oxygen
atom, respectively.
3.2 UV Spectra

Fig. 3 and Fig. 4 exhibit the UV spectrum of the
free ligand and Dy ( Il ) complexes in DMSO solu-
tion. From the spectra, the free ligand exhibits one
absorption band at 258.4 nm, which is attributed to
m— " transition. In the spectrum of the mixed
complexes the band is shifted to 268.4 nm. This in-
dicates that the complexes are formed and the conju-
gated system is increased after coordinating with the

RE (II) ions"?"’.

4.00
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Fig.3 UV absoption spectrum of C;H;COCH,SOCH,COC,H,

4.00]
268.4 nm

f
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)
=
=
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) |
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Fig.4 UV absoption spectra of Dy, o5, Tmy 05,15 (C1O, )5 + 3H,0

3.3 Fluorescence Spectra

The excitation and emission spectrum of ( Dy, ,
Tm ) L (ClO,); - 3H,0 (%7 y =1.000: 0. 000,
0.995: 0. 005,0.990: 0. 010, 0.950: 0. 050, 0.900:
0.100, 0. 800: 0. 200; L = C4H;COCH,SOCH,-
COC4H;) complexes are measured in solid state at
room temperature. The spectrum of Dy (Il ) com-
plex and mixed complexes is reported in Fig. 5, Fig.

6 and Fig. 7. The excitation spectra were obtained

by monitoring the emission of the Dy ( Il ) at 487
nm, and all the complexes have the similar excita-
tion spectrum that are dominated by a broad band
from 250 to 450 nm with the maximum peak at about
330 nm, which is attributed to the f-f transition of
Dy (I ) ion. The strong emission intensities indi-
cate that the ligand is a good organic ligand to ab-
sorb energy and transfer it to Dy (Il ) ion, emitting

the characteristic fluorescence of Dy (III) ion.

500 Ae=487 nm
=
<
=
0 1 | | 1
250 300 350 400 450
A/nm
Fig.5 Fluorescent EX spectrum of DyL;(ClO, ), - 3H,0
30 A4=330 nm
=]
<
=
0 1 1
450 500 550 600
A/nm
Fig. 6  Fluorescent EM spectrum of DyLs(ClO, ), + 3H,0
10001 ) =330 nm
B
<
=
0= | 1
450 500 550 600

A/nm

Fig.7  Fluorescent EM spectrum of Dy, 45, Ty 5o Ls (ClO, )4 -
3H,0

The emission spectra data for the mixed com-
plexes are shown in Table 3. The emission bands of

the complexes are assigned to the characteristic
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4F9/2H6H15/2Y w13, lransitions of Dy at 485. 8,
577.4 nm, respectively, and the fluorescence inten-
sity of the *F,,,—°H,,,, radiation transition at 485.8
nm is stronger than that of the ‘F,,—°H,,, at 577.4

nm. As the Tm®*

adding, the fluorescence intensity
of Dy’* is enhanced, and the intensity of the *F,,—
°H,,,, emission at 577. 4 nm is obviously enhanced
comparing with the *F,,, —°H,,,, emission at 487 nm.
What’s more, the intensity ratio of ‘F,,,— °H,,,, and
*Fy,—°H,,, is closed to 1(Table 3). As a result,
the intensity difference of the two peaks that belongs
to Dy’ " is getting smaller. And then, the complexes
can emit white fluorescence under the ultraviolet ex-
citation. From the emission spectrum, when Dy

(M):Tm () =0.950:0.050, the fluorescence

intensity of the complexes is the strongest. The
change of Dy (Il ) fluorescence emission intensity
with the increase of Tm ( Il ) can be seen from

Fig. 8.

O Fo,>Hysp

—o— ‘For>Hyzn

I/ a. u.

| I 1 |
0 0.05 0.10 0.15 0.20

Contents of Tm?*/mmol

Fig. 8

Changes of Dy (Il ) fluorescent emission intensity

with the increase of Tm (Il ) content

Table 3 Fluorescence emission spectra data of mixed coordination compounds

Intensity ratio of

(Dy,,Tm, ) Ls(ClO,) - 3H,0 A/nm A,/nm I/a.u Transition .\ . \ ]
Fo,—"Hs,,/"Fop—"Hyy)

485.8 383.9 *Fo,>°Hys

DyLs (ClO,) - 3H,0 330 1.355
577.4 283.4 “FyHys
] 485.8 498.0 *Fon—His)n

Dyo_ 005 Tmg gos Ls ( €10, ) + 3H,0 330 1.141
577.4 436.4 By, —Hyy
) 485.8 526.0 *Fon—"His)n

Dy(. 990 Tmg_ 10 Ls (C104) - 3H,0 330 1.116
577.4 471.4 4Ry, SH,
485.8 814.7 “Fo/,—Hs )

Dyp. 950 Tmy, 5o Ls (€10, ) + 3H,0 330 1.087
577.4 749.2 YRy, SH,s
485.8 716.2 “Fo/,—Hs)

Dy 909 Tmg 199 Ls (ClO4 ) - 3H,0 330 1.106
577.4 647.5 4Ry, SH,s
- 485.8 656. 1 Py, Hiss

Dyy. 300 Tmg, 200 s (C10, )+ 3H,0 330 1.122
577.4 585.0 4Fo/— Hys)s

4  Conclusion

A series of highly luminescent complexes are
synthesized and characterized. Composition of these
complexes are revealed to be as the formula of (Dy_,
Tm ) Ls (ClO, ), + 3H,0 (x y =1.000: 0. 000,
0.995:0.005, 0. 990: 0. 010, 0.950: 0. 050, 0. 900:
0.100, 0. 800 : 0. 200; and L = C,H;COCH,-
SOCH,COC¢H;. The optical properties of them are

studied with ultraviolet spectra, excitation and emis-

sion. The solid Dy complexes show characteristic
emission of Dy ion. The coordination structure of the
complexes and the intramolecular energy transfer
process are both important factors that influence on
luminescence of RE organic complexes. And then,
the complexes can emit white fluorescence under the
ultraviolet excitation. So, the complexes that we syn-
thesize are likely to become a class of luminescence

materials that emit white fluorescence.
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