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Abstract: A novel rare earth complex monomer Th-Ca PM DM BA(PM DM BA denotes pyromellitic dianhydride modified

Bisphenol A epoxy acrylate resin) was synthesized for the first time as following procedure. Firstly, Bisphenol A epoxy

acrylate resin and Bisphenol A epoxy acrylate resin modified with pyromellitic dianhydride were synthesized from Bisphenol

A epoxy resin, acrylic acid and pyromellitic dianhydride through esterification respectively. Their composition is ascer

tained by the analysis of acidic value and FTIR spectrum. Secondly, the complex monomer Th- Cx PMDMBA was pre

pared by coordinating Th** , Ca®* with carboxyl groups, and then its fluorescence properties were investigated. The re-

sults show that Tl Car PM DM BA complex can emit intense characteristic emission spectrum of Th** ion under UV excita-

tion. The fluorescence intensity depends on the content of Th** and reaches maximum when the mole ratio of Tb to Ca is

29,
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1 INTRODUCTION

In recent years, many investigations on fluores-
cence properties of rare earth ions containing polymer
complexes have been made because the polymers can
be used as luminescence and laser materials with good

1 Okamoto et al'®® synthesized polymers

quality! "
containing coordination groups and studied their fluo-
rescence properties. However, the synthesis of func
tional groups polymers with good energy doner and
energy level matching capability was very complicat-
ed, which made the use of polymer luminescent mate-
rials uneconomicl''. Furthermore, the direct reaction
of rare earth ions with polymer ligands usually formed
low coordination number complexes and ions aggre

[8] " which resulted in the weaker fluorescence e

gates
mission of complexes. So, recently some of complex
monomers with coordination functional groups which
could coordinate with RE-ions to form good fluores-
cence materials were synthesized. And a new type of
polymer functional fluorescence material was prepared
through polymerization or co-polymerization. A sur
vey of the literature shows that present research
mostly focused on methyl methacrylate and acrylic
acid. However, little attention has been paid to syn-
thesis, characterization of RE-aromatic acid modified

epoxy complexes.

Since rare earth-aromatic carboxylic acid com-
plexes had many special structures and properties,
many of them were synthesized, characterized, and

19101 " For example, a

applied to practical application
griculture films by intermingling with rare earth-aro-
matic carboxylic acid complexes could gain output of
cropper. However, the poor solubility of RE-complex
compounds in solvent and low consistency with poly-
mer limited their practical application.

Epoxy compounds could carry out many modifi
cations due to high active epoxy groups. For exam-
ple, many kinds of esters would be prepared through
epoxy compounds with carboxylic acid or anhydride
reaction' ' ')

Therefore, the aim of our study is to synthesize
RE-active monomer to which aromatic carboxylic
acids are attached and to investigate their fluorescent
properties. This study is very important for the synthesis
of new functional polymer material containing RE-ion and
for the potential application in the field of fluorescence and

laser systems.
2 EXPERIMENTAL

2.1 Reagents and materials

®  Foundation item: Project (01C343) supported by Education Department of Hunan Province, China; Project (02JJY2020) supported by the

Natural Science Foundation of Hunan Province, China

Received date: 2002 ~ 12 = 26; Accepted date: 2003 ~ 05 ~ 20

Correspondence: WANG Zheng xiang, Associate professor; PhD candidate; Tel: + 86-7332622616; E-mail: wzhzhengxiang@ 163. com



* 1480 -

Trans. Nonferrous Met. Soc. China

Dec. 2003

Tbs07(99.9%) was purchased from the Hunan
Rare Earth Metals Institute. E-51 epoxy resin( epoxy
equivalent 192) was purchased from Yue yang Chem-
ical Factory, Hunan province. Pyromellitic dianhy-
dride, acrylic acid, hydrochloric acid, sodium hy-
droxide, N, N-dimethylbenzylamine and p-hydrox-
yanisol were all analytically pure.

2.2 Preparation
22 1
(EA)

E-51 epoxy resin (384.0 g) and phydroxyanisol

Synthesis of Bisphenol A epoxy acrylate resin

(0.3 g) were put in four necked round-bottom flask with
reflux exchanger, dripping funnel, thermometer and stir-
rer. The mixture of 137. 3 g acrylic acid( the molar
ratio of acrylic acid to epoxy functional group was I
1) and 4. 05 mL N, N-dimethylbenzylamine were
dropped into the flask through dripping funnel under
the protection of nitrogen and stirred and refluxed at
(90 £5) C for 4~ 5 h. The esterification was carried
out under the optimum conditions. The reaction end-
ed when the acidic value was less than 5 mg/g. The
data of acidic value and relevant IR spectrum were
listed in the Table 1 and Table 2, respectively. The
sample was white or buff. EA structure could be
schematically described, as shown in Fig. 1.

Table 1 Change of acidic value with time

* s

Time/ h A B
0.0 212.4 465.6
0.5 156.0 -
1.0 124.0 371.2
2.0 69.2 358.2
3.0 42.5 352.6
4.0 27.3 350. 6
5.0 17.4 351.2
5.5 12. 4 350.0
6.0 6.5 -
6.5 4.7 348.44" °

* % Datum is theoretical acidic value in final point of reaction

A* : acidic value of reaction mixturn during process of synthesis
EA;

B* : acidic value of reaction mixturn during process of synthesis
PMDMBA

2.2.2 Synthesis of Bisphenol A epoxy acrylate resin

modified with pyromellitic dianhydride( PM DM BA)
Pyromellitic dianhydride ( 3 200 mg, 14. 67
mmol) was put in a 150 mL three necked flask with
reflux condenser and drop-funnel, then dissolved in
30.0 mL acetone. The acetone solution of Bisphenol
A epoxy acrylate resin(3 872 mg, equal to 14. 63
mmol hydroxyl group) mixed with a little of catalyst
N, N-dimethylbenzylamine and polymerizationre-

tarder p-hydroxyanisol in 20. 0 mL acetone was
dripped to the flask, then the mixture was stirred and
refluxed at 50 C for 4 = 5 h. The reaction ended
when acidic value reached theoretic acidic value. The
data of acidic value and IR spectrum (sample for IR
measurement was purified twice in acetone solution
and dried in vacuum) were listed in Table 1 and
Table 2, PMDMBA was
schematically in Fig. 2.

respectively. shown

The sample was cooled down to room tempera-
ture, and then neutralized by adding stoichiometri-
cally amount of aqueous solution of sodium hydrox-
ide.
2.2.3 Synthesis of Th-CaPMDMBA complexes

A measured amount of ThyO7 was weighted pre-
cisely and dissolved in concentrated hydrochloric acid
and excessive hydrochloric acid was vaporized out.
The obtained solution was 0. 20 mol/ L. aqueous solu-
tion of terbium chloride. According to the general
formula Th(i- ,) Ca, PMDMBA - ,)/6 ( x denotes
mole fraction of Ca), a series of samples were pre-
pared. For a typical preparation process, 20 mL solu-
tion containing 4 mmol terbium chloride and 15 mmol
calcium chloride were gradually dripped to PM DM BA
acetone/ aqueous solution( containing 7 mmol PMDM-
BA) at 50 =55 ‘C. The mixture was then stirred for
4 h with magnetic stirrer. The deposit was washed
with acetone aqueous solution and distilled water suc
cessively, then dried in vacuum at 55 C for 48 h.
The sample was pure white powder.

In order to compare with Th-Ca PMDMBA com-
plexes, Th-PMA ( PMA denotes pyromellitic acid)
was prepared according to Ref. [ 13].

2.3 Apparatus

Model F-2500 FL spectrophotometer was used to
record excitation and emission spectrum of complex-
es. IR spectrum was measured on FTIR-8300 spec

trophotometer (SHIMADUDZU ). Acidic value was

determined through the method of chemical analy-

. [14
SIS[ ].

3 RESULTS AND DISCUSSION

3.1 Composition of samples

As Bisphenol A epoxy resin did not have definite
molecular formula, analysis of acidic value and IR
spectrum was used as a means of determination of
samples.

Bisphenol A epoxy acrylate resin (EA) was as
certained by the change of acidic value of the reaction
mixture and further identified by IR spectra ( as
shown in Table 1 and Table 2, respectively), Table 1
shows that acidic value A” get to be smaller and

smaller with the reaction going on, indica

ting that the reaction is ended according to the es -
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Table 2 Assignments of main characteristic FTIR absorption peaks of samples (em™ )
Anihydeide ~ COOH ~ COOR - C00- .,
Sample —— Vion) Vic= ¢
- CO- 0- CO- Viony Vi-c=0) Vi-c=0) Vas |4 Vas )4
1 3502 916 1245
2 2993 1703 1 635
3 3 490 1714 1 633
4 1282 1714 1714

5 3421

1726 1560 1 508

1 —Bisphenol A epoxy resin; 2 —Acrylic acid; 3 —EA; 4 —PMDMBA; 5 —Tb Ca PMDMBA
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Fig. 2 PMDMBA schematic structure

terification theory when acidic value is smaller than 5
mg/g ( KOH/ sample) '
tional absorption peaks of EA are listed in Table 2,

All characteristic vibra

including strong broad absorption peaks of hydroxylk
groups and carboxyl group stretching vibration (Vo- u
3417 ecm™ 1, Vico 1 714.6 cm™ ! respectively), and
bend vibration absorption peak of C= C— H (V= c- u
983 cm™ ).
tion of epoxy group at 916. 1 em™ ' disappeared. All

Furthermore, the characteristic absorp-

the above results show that EA was synthesized.
Pyromellitic diandihydride modified EA is ascer
tained by the change of acidic value in the reaction
mixture ( listed in Table 1).
Table 1 that the acidic values B® of the mixture get to

It can be seen from

be smaller and smaller with the reaction going on, fi-
nally it is invariable basically and is consistent with
calculated value, which suggests that PMDMBA has
been prepared by comparison with result of theoretical
value according to esterification reaction theory. In
the Table 2, characteristic absorption peaks of anhy-
dride at 1 782. 1 em™ " and 1 714. 5 em™ ' (asymmet-

ric and symmetric stretching vibration absorption of

carboxyl groups) respectively indicate that PM DM BA
was synthesized.

From Table 2, the characteristic FTIR
wavenumbers of Th-CaPMDMBA appeared at 1 560
em” 'and 1 508 em™ ', and they are attributed to the
asymmetry and symmetry stretching vibration absorp-
tion of — COO -
addition, in Fig. 3, excitation spectrum exhibits a
broad band ranging from 250 nm to 350 nm with the
maximum excitation wavelength at 319 nm. The re-
sults indicate that Th-CaPMDMBA complex was
formed' "',

in the complexes respectively. In

3.2 Excitation and emission spectra as well as emr
ergy transfer process of Th- Cae PMDMBA conr
plex system

The excitation spectra of Tb-Ca pyromellitic acid
and Th-Ca PMDM BA are shown in Fig. 3. The excr
tation spectra of all Th-CaPMDMBA complexes
which includes a broad band peak ( excitation peak of
ligand 280 ~ 330 nm) and weaker narrow peaks ( situ-
ated at 260 ~ 280 nm, characteristic excitation of
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Th* ion ) as well as weaker narrow peaks at 350 ~
400 nm are similar to those of Th-CaPMA. The
maximum excitation wavelength of Th-Ca PM DM BA
complexes shifted toward longer wavelengths with the
increase of calcium ion content, and the absorption
intensity dropped more slowly than Tb-Ca pyromel-
litic acid. Within the range of x from O to 1, the
maximum excitation wavelengths shifted toward long
wavelength with 20 nm. The emission spectra of all
Th-CaPMMBEA complexes, excited at maximum
excitation wavelength, all emitted strong fluorescence
typical of Th’* ion. The emission lines centered at
485, 545, 585, 622 nm are attributed to the Dy
_)7F6, 5D4 _)7F5, 5D4 _)7F4, 5D4 _>7F3 transition In
Th* ion respectively. The emission centered at 545
nm is the strongest. The emission fluorescence as-
signments as well as relative intensity of Th-Ce
PMMBEA complexes containing different Ca®* mole
fraction x are listed in Table 3. Table 3 shows that
luminescent intensity of Th-CaPMDMBA complex
became greater with the increase of the mole ratio of
Cato Th and reached maximum when the mole ratio
was 9/2, and then decreased with increasing the mole
ratios continuously. Fig. 4 shows the typical emission
spectrum of Th-CaPMDMBA. Though the fluores-
cence intensity of Th-Ca PMDMBA complex systems
changed sharply with the change of the mole fraction
%, their emission wavelength remained unchanged
basically, which shows the characteristic emission of
Th™ ion and an efficient energy transfer progress
from ligand to Th*" jon. It is known that emission
intensity is relevantto two states: the triplet of ligand
and resonance energy level of RE-ions. Firstly, the
energy absorbed by ligand under ultraviolet light is
transferred to the single level and then to excited
triplet of ligand through systemcrossing. The reso-
nance level of RE-ions obtained energy from the ex-
cited triplet of ligand, and came back ground level
through emitting fluorescence. It is worth noting that
the maximum fluorescence intensity of TbCa
PMDMBA appeared when the mole ratio of Ca to Th
was 91 2. However in Tb-CaPMA

the maximum fluorescence was attained with the

complex,

mole ratio of 4. 1, which suggests that the coordina
tion environment around Th-ion has great effects on
the fluorescence intensity of the complex.

In addition, the preliminary study showed that
the monomer complex (Th-CaPMDMBA complex)
had better dispersibility in 2-hydroxy methyl propr
onate modified Toluene-2, 4-diisocyanate and could
also dissolve in mixture of Bisphenol A epoxy acrylate
resin and TPGDA. The copolymer of the former
would emit intensive fluorescence; while the later
made the fluorescence out completely due to high en-
ergy vibration of hydroxyl groups.

a

220 280 340 400
Wavelength/nm

Fig.3 Excitation spectra of Th-Cas-PMAj/4(a);
ThCasmPMDMBA 11/6(b); Th-PMDMBA /2(¢) and
Th-Caio- PM DM BA 23/6( d)

5D4_..7F5

5D4_’7F6

470 500 530 560 590 620

Wavelength/nm

Fig. 4 Typical emission of Th-Caijg PM DM BA236

Table 3 Emission band assignments and relative intensity of Th* ion with
different Ca contents in Th-Capyromellitic acid and Th-Ca PM DM BA complexes

55" "Fe Dy Fs b, F, D, "Fs
Complex
A/ NM I/ (2. u) Aew/ NM I,/ (2. u) A/ NM I3/ (2. u) A/ NM 14/ (2. u)
491.0 2.03 547.5 6.89 586.0 0.30 622.5 0.01
491.0 1.02 546.0 2.25 586.0 0.12
c 491.0 0.93 546.0 1.95 586.0 0.12
d 490.0 1.98 546.0 4.29 585.0 0.25 623.5 0.13
e 491.0 2.62 546.0 6.06 586.0 0. 30 623.5 0.20

(a) ThCasPMA y/4; (b) Tk Car PMDMBA y/6; (¢) Tk-PMDMBA,»; (d) Tl Ca; PMDMBAsyg; (€) Thy Cag PMDMBA,.
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4 CONCLUSIONS

1) Bisphenol A epoxy acrylate resin( EA) and
pyromellitic dianhydride modified Bisphenol A epoxy
acrylate resin (PMDMBA) are synthesized from raw
material Bisphenol A epoxy resin and acrylic acid.

2) Th-CaPMDMBA complexes are synthesized
and their properties are investigated, which indicates
that the complexes can emit the characteristic fluores-
cence of Th’* ion and exhibit an effcient energy
transfer progress from ligand PM DM BA to Th** ion.

3) Th-CaPMDMBA complexes can emit strong
fluorescence and the fluorescence intensity of Th-Ca
PMDMBA complexes becomes greater with the in-
crease of calcium ion content and reaches to maximum
when the mole ratio of Tb to Ca is 21 9.
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