J Fluoresc (2014) 24:1661-1669
DOI 10.1007/s10895-014-1453-5

ORIGINAL PAPER

Synthesis and Properties of Salicyladehyde Salicyhydrazone
Derivatives and Their Europium Complexes

Defen Meng - Fen Liu - Xiaomei Lian - Zehui Yang -
Dongcai Guo

Received: 15 July 2014 / Accepted: 4 September 2014 /Published online: 5 October 2014

© Springer Science+Business Media New York 2014

Abstract Four novel salicyladehyde salicyhydrazone deriva-
tives and their corresponding europium (Eu’") complexes
were synthesized and characterized. The formulas of the com-
plexes were [EuL* 4(NO5),](NO;)-H,O. The investigatoin of
fluoresence properties of the Eu®>* complexes showed that the
salicyladehyde salicyhydrazone derivatives were efficient
sensitizers for the fluoresence of Eu®" ions. The fluorescence
intensity of the complex substituted by methyl (—CHj3) was the
strongest among all the Eu®* complexes. The exploration of
the electrochemical properties of the Eu®* complexes showed
that the introduction of electron-donating groups methyl and
methoxyl (—CH3 and —OCHj;) could increase the oxidation
potential and the highest occupied molecular orbital (HOMO)
energy level of the Eu®" complex; however, the results of
introduction of electron-withdrawing group were just
opposite.

Keywords Europium complexes - Salicyhydrazone
derivatives - Synthesis - Fluorescence - Electrochemical
properties

Introduction

Study of fluorescence enhancement of Eu®” ions in the pres-
ence of schiff bases is of special interest, because the Eu®*
complexes with schiff bases are frequently used as structural
and functional probes in biological systems and have
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technological applications in lasers, sensors, electrolumines-
cence displays [1-4]. However, the free Eu*" ions have a low
absorbance in rather narrow bands, and the direct excitation
yields only a weak luminescence. This luminescence can be
strengthened if a stable complex is formed with a suitable
organic ligand, which can transfer its excitation energy to Eu®*
ions.

Salicyladehyde salicyhydrazone containing C=N group
possesses strong conjugated system and high intramolecular
electron transfer efficiency [5], so the luminescence of Eu’*
ions can be enhanced when they are coordinated to the Eu®*
ions.

In this paper, salicyladehyde salicyhydrazone derivatives
and corresponding complexes were synthesized. The fluores-
cence properties and the fluorescence quantum yields of the
Eu’" complexes were studied. Meanwhile, the relationship
between the structure of the ligands and the electrochemical
properties of the Eu’* complexes were discussed in detail. The
synthetic route for the salicyladehyde salicyhydrazone deriv-
atives is shown in Scheme 1.

Experimental
Materials and Methods

Europium nitrate was prepared according to the literature [6].
Aniline and its derivatives were of chemical grade. Methyl
salicylate and other reagents were of analytical grade and
purchased from commercial suppliers.

"H nuclear magnetic resonance (‘H NMR) spectra were
recorded in dimethyl sulfoxide (DMSO)-d¢/deuterated chlo-
roform (CDCl;) on Brucker spectrophoto-meter (400 MHz)
with TMS as an internal standard. Mass spectra (MS) were
measured with the MAT95XP Mass Spectrometer. Infrared
(IR) spectra (400 cm ' —4,000 cm ') were obtained in KBr
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Scheme 1 The synthetic route
for the salicyladehyde
salicyhydrazone derivatives
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discs by a PERKIN-ELMER Spectrum One. Ultraviolet-
visible (UV-Visible) spectra (190450 nm) were recorded by
LabTech UV-2100 spectrophotometer, with DMSO as solvent
and reference. Elemental analysis of the complexes was car-
ried out on a VarioEL 111 (Germany) CHNS analyzer.
Melting points of all compounds were determined on an X-4
binocular microscope. Thermal gravimetric analysis was car-
ried out on a NETZSCH STA 409PC thermal gravimetric
analyzer. The fluorescence spectra were measured by using
powder samples on a HIACHI F-2700 Fluorescence
Spectrophotometer at room temperature. Molar conductance
was measured by DDS-12A conductivity instrument. The
europium ion was determined by ethylenediaminetetraacetic
acid (EDTA) titration using xylenol orange as an indicator.
Cyclic voltammetry curves were tested using three electrodes
including glassy electrode, a platinum electrode and a saturat-
ed calomel electrode, with ferrocene as external standard, and
nitrite solution was used as the supporting electrolyte and
dimethyl sulfoxide as the solvent, the test scanning speed
was 100 mV-s ' and the sensitivity was 1 mA.

General Procedure for Synthesis of the Intermediates
Synthesis of Compound 2
The synthesis of salicyladehyde salicyhydrazone was accord-

ing to the literature [7]. A mixture of methyl salicylate
(0.1 mol, 13.81 g), hydrazine hydrate (30 mL 80 %) and
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absolute alcohol (EtOH) (30 mL) was added to the 150 mL
three-neck flask and heated to reflux for 4 h. The excess
absolute alcohol was completely removed under reduced
pressure. The residue was recrystallized from water to give
compound 1. It was used for the next reaction directly without
further purification.

The above product (0.02 mol, 3.04 g) and absolute alcohol
(30 mL) were heated to boiling with stirring, then
salicyladehyde (0.02 mol, 2.12 g) dissolved in 15 mL absolute
alcohol was added to it dropwise. The reaction mixture was
refluxed for 6 h, cooled to room temperature, and then filtered.
The residue was recrystallized from absolute alcohol to get
yellow solid.

Salicyladehyde salicyhydrazone (2) Yield: 96 %. "H NMR
(400 MHz, DMSO-dg), 8/ppm: 6.92—7.01 (m, 4H, ArH), 7.32
(d, 1H, ArH), 7.46 (d, 1H, ArH), 7.58 (dd, 1H, ArH), 7.90 (dd,
1H, ArH), 8.69 (s, 1H, NH), 11.20 (s, 1H, CH=N), 11.78 (s,
1H, OH), 12.05 (s, 1H, OH); MS (EI) m/z (%): 264 (M+18,
3),257 M+1,5),256 (M, 33), 137 (M-119, 36), 121 (M-119-
16, 100), 120 (40), 93 (15), 65 (15).

Synthesis of Compound 3

Aniline (0.066 mol, 6.15 g) was dissolved in glacial
acetic acid (40 mL) in a 150 mL single-neck flask, and
then 2-chloride-acetyl chloride (0.074 mol, 8.36 g) was
added to it dropwise under ice bath. The reaction mixture
was stirred for 30 min under ice bath and for another 1 h
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at room temperature. The resulting mixture was poured
into saturated sodium acetate solution (300 mL) and then
filtered. The residue was recrystallized from the mixed
solution of EtOH and water (Vgion: Vwater=1:2) to ob-
tain the compound 3*. The general synthesis procedures
of 3°° are similar to that of 3%
2-chloro-N-phenylacetamide (3%) A white solid. Yield:
68 %. "H NMR (400 MHz, DMSOdj), d/ppm: 10.29 (s, 1H,
NH), 7.77-7.47 (m, 2H, ArH), 7.40—7.22 (m, 2H, ArH), 7.18
—6.95 (m, 1H, ArH), 4.25 (s, 2H, CH,); MS (EI) m/z (%): 172
(M+3,3),171 (M+2,25), 169 (M, 80), 121 (3), 120 (40), 106
(7), 94 (10), 93 (100), 77 (22), 65 (28).
2-chloro-N-(4-chlorophenyl)acetamide (3°) A white solid.
Yield: 94 %. "H NMR (400 MHz, DMSO-dg), 8/ppm: 7.67—
7.57 (m, 2H, ArH), 7.46—7.34 (m, 2H, ArH), 4.26 (s, 2H,
CH,); MS (EI) m/z (%): 207 (M+3, 5),205 (M+1, 33), 203
(M—1, 52), 156 (4), 154 (13), 129 (32), 127 (100), 126 (15),
111 (5), 99 (14), 77 (5), 63 (7).
2-chloro-N-p-tolyacetamide (3) A faint solid. Yield: 78 %.
"H NMR (400 MHz, DMSO-dy), 8/ppm: 10.21 (s, 1H, NH),
7.42—-7.46 (m, 2H, ArH), 7.16—7.18 (m, 2H, ArH), 4.22 (s,
2H, CH,), 2.21 (s, 3H, CH3); MS (EI) m/z (%): 186 (M+3, 3),
185 (M+2,25), 183 (M, 75), 148 (4), 134 (27), 107 (100), 106
(76), 91 (16),77 (26), 51 (10).
2-chloro-N-(4-methoxyphenyl)acetamide (39) A faint
purple solid. Yield: 53 %. 'H NMR (400 MHz,
DMSO-dg), 6/ppm: 10.18 (s, 1H, NH), 7.54-7.48 (m,
2H, ArH), 6.95-6.87 (m, 2H, ArH), 4.22 (s, 2H, CH,),
3.73 (s, 3H, CH3); MS (EI) m/z (%): 202 (M+3, 3), 201
M+2, 32), 199 (M, 100), 124 (29), 123 (72), 108 (72),
95 (13), 80 (6).

Synthesis of the Salicyladehyde Salicyhydrazone Derivatives
La*d

A mixture of compound 2 (3 mmol, 0.77 g) and NaOH
(6 mmol, 0.24 g) was dissolved in 40 mL
dimethylformamide (DMF) and heated to 80 °C with
stirring for 1.5 h in a 150 mL three-neck flask. The
mixture of compound 3% (6.6 mmol, 1.12 g) and KI
(3.3 mmol, 0.55 g) dissolved in 30 mL DMF was added
into the flask slowly. The resulting mixture was stirred

for 20 h at 80 °C, and then the solvent DMF was
completely removed under reduced pressure. The resi-
due was poured into 150 mL distilled water and stirred
for 30 min. The precipitate was filtered, washed with
water and recrystalled from the mixed solution of abso-
lute alcohol and chloroform (CHCI3) (Vgwou:Vcucin=
1:3) to give L® The general synthesis procedures of
L°¢ are similar to that of L
(E)-2-(2-((2-(2-(2-0%x0-
2-(phenylamino)ethoxy)benzoyl)hydrazono)methyl)phenox-
y)-N-phenylacetamide (L*) A earthy yellow power. Yield:
85 %. M.p.: 218 °C. '"H NMR (400 MHz, DMSO-dy),
S/ppm: 11.21 (s, 1H, CH=N), 8.68 (s, 1H, NH), 7.94—-7.87
(m, 4H, ArH), 7.82 (dt, J/=12.8, 6.4 Hz, 2H, ArH), 7.70 (t, J=
7.8 Hz, 4H, ArH), 7.53 (s, 2H, NH), 7.33 (ddd, J=16.8, 12.3,
6.2 Hz, 4H, ArH), 7.26—7.10 (m, 4H, ArH), 4.98 (s, 4H,
CH,); IR (KBr) v/iem ': 3416, 3057, 2920, 2857, 1651,
1605, 1550, 1484, 1446, 1239, 1056, 827, 745, 689; MS
(ED) m/z (%): 523 (M+1, 2), 522 (M, 10), 389 (M-77-15-28-
13, 10), 270 (11), 254 (17), 226 (20), 177 (8), 134 (22), 121
(100), 106 (50), 93 (45), 77 (18); Anal. Calcd. for
C50Ho6N40s5: C, 68.95; H, 5.02; N, 10.72; O, 15.31. Found:
C, 68.92; H, 5.06; N, 10.71.
(E)-N-(4-chlorophenyl)2-(2-((2-(2-(2-(4-
chlorophenylamino)-2-
oxoethoxy)benzoyl)hydrazono)methyl)phenoxy)acetamide
(L°) A terreous power. Yield: 89 %. M.p.: 235 °C. '"H NMR
(400 MHz, DMSO-dg), 8/ppm: 11.34 (s, IH, CH=N), 8.97 (s,
1H, NH), 8.77 (s, 1H, ArH), 8.08 (dd, J=29.2, 8.3 Hz, 5H,
ArH), 7.64—7.53 (m, 8H, ArH), 7.43 (s, 2H, NH), 7.02 (dd,
J=18.9, 7.9 Hz, 2H, ArH), 4.32 (s, 4H, CH,); IR (KBr)
viem ': 3402, 3042, 2918, 2856, 1658, 1604 ,1575, 1494,
1453, 1246,1049, 820; MS (EI) m/z (%): 608 (M+18, 1), 591
(M+1, 2), 590 (M, 8), 464 (M-35-76-15, 10), 423 (15), 304
(21), 288 (44), 260 (24), 211 (10), 177 (8), 134 (24), 121
(100), 106 (48), 91 (36), 77 (18); Anal. Calcd. for
C30H24CLLN4Os: C, 60.92; H, 4.09; CI, 11.99; N, 9.47; O,
13.53. Found: C, 60.95; H, 4.11; Cl, 11.97; N, 9.44.
(E)-2-(2-((2-(2-(2-0x0-2-(p-
tolylamino)ethoxy)benzoyl)hydrazono)methyl)phenoxy)-N-
p-tolyacetamide (L°) A brown power. Yield: 84 %. M.p.:
239 °C. "H NMR (400 MHz, CDCly), 5/ppm: 11.46 (s, 1H,

Table 1 The elemental analysis

and molar conductance data of the Complex Found (calculated) (%) Am
europium complexes
C H N Eu (S-cmz-molfl)
[EuL*(NO3),](NO3)-H,O  41.24 (41.01) 3.28(3.21) 11.25(11.16) 17.21(17.30) 105
[EuL°(NO;),](NO5)}-H,0  37.89 (38.03) 276 2.77) 10.25(10.35) 1632 (16.04) 111
[EuL(NO3),](NO3)-H,O 4243 (42.39) 3.71(3.56) 10.56 (10.81) 16.45(16.76) 132
[EuLYNO;),](NO3)-H,O  40.76 (40.95)  3.36 (3.44) 10.21(1045) 1642 (16.19) 126
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CH=N), 8.84 (s, 1H, NH), 7.49 (dd, J=10.0, 3.7 Hz, 4H,
ArH), 7.42 (m, 2H, NH), 7.34 (dd, J=15.0, 8.0 Hz, 4H, ArH),
7.13 (dd,J=11.6, 9.1 Hz, 4H, ArH), 7.00 (dd, /=14.3, 8.4 Hz,
2H, ArH), 6.85 (dd, J=8.6, 3.3 Hz, 1H, ArH), 6.78 (d, J=
7.9 Hz, 1H, ArH), 4.64 (s, 4H, CH,), 3.49 (s, 6H, CH;); IR
(KBr) v/iem ': 3421, 3056, 2913, 2866, 1647, 1602, 1541,
1485, 1453, 1246, 1056 816; MS (EI) m/z (%): 568 (M+18,
1), 551 (M+1, 2), 550 (M, 6), 444 (M-15-76-15, 3), 403 (18),
284 (25), 268 (43),240 (27),227 (2),209 (7), 191 (3), 177 (6),
134 (26), 121 (100), 106 (42), 91 (24), 77 (19); Anal. Calcd.
for C3,H30N405: C, 69.80; H, 5.49; N, 10.18; O, 14.53.
Found: C, 69.84; H, 5.51; N, 10.16.

(E)-N-(4-methoxyphenyl)2-(2-((2-(2-(2-(4-
methoxyphenylamino)-2-
oxoethoxy)benzoyl)hydrazono)methyl)phenoxy)acetamide
(LY A yellow power. Yield: 56 %. M.p.: 252 °C. 'H NMR
(400 MHz, DMSO-dg), 6/ppm: 11.34 (s, 1H, CH=N), 8.38 (s,
1H, NH), 7.72 (d, J=8.3 Hz, 2H, ArH), 7.43 (dd, J=15.9,
7.8 Hz, 6H, ArH), 7.34 (dd, J=15.4, 8.4 Hz, 2H, ArH), 724 (s,
2H, NH), 7.17-7.08 (m, 1H, ArH), 7.04-6.95 (m, 1H, ArH),
6.85 (dt, J=15.9, 10.5 Hz, 2H, ArH), 6.78 (d, /=7.9 Hz, 2H,
ArH), 4.63 (s, 4H, CH,), 3.72 (s, 6H, CH3); IR (KBr) v/em
3394, 3063, 2911, 2834, 1659, 1602, 1582, 1509, 1454, 1240,
1056, 827; MS (EI) m/z (%): 582 (M, 12), 419 (M-15-16-76-
15, 8), 300 (12), 284 (41), 256 (22), 207 (12), 177 (6), 134
(26), 121 (100), 106 (48), 91 (42), 77 (20); Anal. Calcd. for
C3,H39N407: C, 65.97; H, 5.19; N, 9.62; O, 19.22. Found: C,
65.94; H, 5.22; N, 9.67.

Synthesis of the Eu*" Complexes

A mixture of compound L?* (0.5 mmol, 0.26 g) and CHCl,
(30 mL) was heated to reflux at 80 °C in a 100 mL three-neck
flask, and then the europium nitrate dissolved in absolute
alcohol (5 mL) was added to it to produce precipitate. Then,
the mixture was refluxed for 4 h. The solid product was
filtered, washed with CHCl; several times, and dried under a
vacuum to give complex with ligand L. The general synthesis
procedures of other complexes with ligands L ¢ are similar to
that of complex with ligand L*.

Table 2 The UV data of the europium complexes and corresponding
ligands

Complex Amax/NM Ligand Amax /MM
[EuL*(NO3),](NO3)-H,O 291, 328 L 290, 326
[EuL®(NO5),](NO;)-H,O 289, 324 L’ 287,321
[EuL°(NO;),](NO5)-H,0 288, 321 L® 287,318
[EuLY(NO5),](NO;)-H,O 288,318 Ld 286, 316
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Fig.1 The UV-Visible spectra of [EuL*(NO3),](NO3)-H,O (a) and L* (b)

Results and Discussion
Elemental Analysis and Solubility of the Eu>* Complexes

The data of the elemental contents (C, H, N and Eu) of all the
Eu3+complexes are listed in Table 1, which are, within the
experimental error, in good agreement with the values calcu-
lated, indicating that the composition of the complexes is
consistent to formulas of [EuL* %(NO;),](NO;)-H,O.
Ligands L* ¢ are easily dissolved in DMSO, DMF, and par-
tially dissolved in CHCl;, but hardly dissolved in ethyl ether
and benzene, while the Eu** complexes are only dissolved in
DMSO and DMF. The molar conductance values of the com-
plexes in acetone solution are in the range of 105-132 S-cm?-
mol !, which indicats that the Eu®>* complexes are 1:1 elec-
trolytes [8]. The elemental contents (C, H, N and Eu) of the
Eu®" complexes are quite close to those calculated from
molecular formula proposed, which indicates the correctness
of molecular composition proposed.

UV-Visible Analysis

The UV-Visible absorption spectra of the Eu®" complexes and
corresponding ligands were recorded in DMSO solution, and
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Fig.2 The UV-Visible spectra of [EuL°(NO3),](NO3)-H,0 (a) and L (b)
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Table 3 The IR data of the euro-

pium complexes and correspond- Compound VarH  VArc=C Yen  YNc-o  Varoc  YNO3 |
ing ligands
L* 3,057  1,550,1,484 1,605 1,651 1,239
[EuL*(NOs),J(NO3)-H,O0 3,063  1,550,1,498 1,618 1,675 1,252 1,474, 1,383,
1,039, 835
L° 3,042 1,575,1494 1,604 1,658 1246
[EuL°(NO;),](NO5)}-H,0 3,055 1572,1,510 1,609 1,669 1,248 1,482, 1,379, 1,034, 835
L° 3,056 1,541,1,485 1,602 1,647 1,246
[EuL°(NOs),J(NO3)-H,O 3,057 1,542,1,489 1,612 1,662 1,249 1,476, 1,383, 1,032, 817
Ld 3,063  1,582,1,509 1,602 1,659 1,240
[EuLYNO5),J(NO5)-H,O 3,064  1,550,1,492 1,618 1,687 1,260 1,482, 1,384, 1,041, 836

the data are listed in Table 2. Since UV-Visible spectra of all
complexes are similar, only the UV-Visible spectra of
[EuLa(NO3)2](NO3)-H20 and [EULC(NO3)2](NO3)'H20 as
well as their corresponding ligands L* and L° are selected, as
shown in Figs. 1 and 2, respectively.

As shown in Figs. | and 2, the UV-Visible spectral shapes
of the complexes [EuL*(NO3),](NO3)-H,O and
[EuL®(NO3),]J(NO3)-H,O are similar to that of the free ligands
L* and L¢, which suggests that the coordination of Eu®" ions
does not have a significant influence on the T—7* and n—
7% state energy, and also reveals that the absorption of the
Eu’®" complexes is mainly attributed to the ligands. It can be
seen from Table 2 that the UV-Visible absorption spectra of
[EuL*(NO3),](NO3)-H,0, [EuL’(NO3),](NO3)-H,O0,
[EuL°(NO;),](NO5)-H,0 and [EuL*(NOs),](NO5)-H,O both
exhibit two peaks at 291 nm and 328 nm, 289 nm and 324 nm,
288 nm and 321 nm, 288 nm and 318 nm, due to intraligand
n—7* and n—7t* transitions, respectively, which are red
shifted compared to the broad absorption peaks at 290 nm
and 326 nm, 287 nm and 321 nm, 287 nm and 318 nm,
286 nm and 316 nm for the free ligands L?, L°, L° and L¢,
respectively. This indicates that the conjugative effect in-
creases due to the perturbation induced by the Eu** ions when
the nitrogen atom of C=N group and the oxygen atom of C=0

T%

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber/cm”

Fig. 3 The IR spectra of [EuL*(NO3),]J(NO3)-H,O (a) and L* (b)

group of L* and L° are coordinated successfully to the centeral
Eu’" ions [9].

Infrared Spectra Analysis

The IR data of the ligands and their Eu®" complexes are listed
in Table 3. Since the IR spectra of all the complexes are
similar, only the IR spectra of [EuL*(NO3),](NO3)-H,O and
[EuL®(NOs),](NO3)-H,O as well as their corresponding li-
gands are selected (Figs. 3 and 4, respectively).

As shown in Figs. 3 and 4, the free ligands L* and L°
exhibit absorption bands at 1605 cm ™' and 1602 cm ™', respec-
tively, which are assigned to the v (C=N) stretching vibration,
while the absorption bands of their corresponding Eu®" com-
plexes shift by about 13 cm 'and 10 cm ' to a higher fre-
quency, implying that the nitrogen atom of C=N group coor-
dinates to the Eu®" ions [10]. The bands at 1651 cm™' and
1647 cm ' of L* and L, respectively, are attributed to the v
(N-C=0) group stretching modes. In the Eu** complexes, the
v (N-C=0) peaks shifted upfield by 24 cm ' and 15 cm™'
indicate that the oxygen atom of N-C=0 group takes part in
coordination to the Eu®" ions. The absorption bands of L* and
LY appeared at 1240 cm ™' and 1050 cm™ ', respectively,

T%

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber/cm’
Fig. 4 The IR spectra of [EuL(NO3),](NO3)-H,O (a) and L (b)
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Table 4 The thermogravimetric data of the europium complexes

Complex H,O (lost) (calcd)(%) NO; (lost) (caled)(%) Ligand (lost) (calcd)(%) Metal reside (caled)(%)
[EuL*(NO3),](NO3)-H,0O 2.24 (2.05) 21.45 (21.16) 58.13 (59.39) 16.88 (17.40)
[EuL®(NO5),](NO;)-H,O 2.02 (1.90) 19.91 (19.64) 60.10 (62.30) 15.86 (16.16)
[EuL°(NO3),](NO3)-H,0O 2.07 (1.98) 20.72 (20.51) 59.44 (60.64) 16.01 (16.87)
[EuL%(NO3),](NO;)-H,0 2.03 (1.92) 20.18 (19.83) 61.70 (62.05) 15.98 (16.20)

attribute to the stretching vibration of the Ar-O-C group, but it
does not shift obviously in the Eu>* complexes, indicating that
the oxygen atom of Ar-O-C group does not coordinate to the
Eu’" ions.

It can be seen from Table 3 that the characteristic
frequencies of the coordinating nitrate groups in
[EuL?*(NO3),](NO3)-H,O appeared approximately at
1479 (vy), 1369 (vy), 1033 (vy) and 835 cm™' (v3). In
addition, the difference between the two strongest absorp-
tion bands of the nitrate groups (Ju;—v4|) can be defined
as Av. It is generally believed that the Av value is below
200 for the bidentate nitrate moiety, but above 200 for the
monodentate nitrate moiety [11]. While, the Av values of
[EuLa(NO3)2](NO3)-H20 and [EULC(NO3)2](NO3)H20
are about 91 cm ™' and 93 cm ', respectively, which indi-
cate that the nitrate groups coordinate to the Eu’" ions as
bidentate ligands. Meanwhile, there are free nitrate groups
in the Eu®" complexes, which are consistent with the
results of the conductivity experiment, and confirmed in
the following thermogravimetric analysis.

Thermal Analysis

To examine the thermal stability and details of thermal decom-
position of the Eu®" complexes, the thermogravimetric analysis
was carried out and the data are listed in Table 4. Since the four
Eu®" complexes present similar thermal behavior, we only give
the TG-DSC curve of [EuL*NO3),](NO5)-H,O (Fig. 5) as
example for illustration.

100 15
90+ TG
80 12
70
60 ° 5
4 [}
< £
,@ 50 5 35
40+ 3
(%)
304 L3 QO
20 DSC
10 0
0

100 200 300 400 500 600 700 800
Temperature/’C

Fig. 5 The TG-DSC curve of [EuL*(NO5),](NO3)-H,0
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The thermogravimetric analysis of
[EuL*(NO3),](NO3)-H,O were studied in the range of
20-800 °C. There is a little mass loss (observed value
2.24 %) from 20 to 150 °C, assigned to the desorption of
one crystal water molecular [12] (calculated value
2.05 %). A endothermic peak appears at 292.4 °C,
assigned to the loss of the outside one molecule nitrate,
the weight loss percentage 7.15 % is close to the calcu-
lated value 7.05 %. Meanwhile, the mass loss between
376 and 390 °C is 58.13 %, and this value is consistent
with the calculated value 50.39 % of organic ligand de-
composition. The last weight loss percentage is 14.30 %
at 554 °C, corresponding to the loss of internally two
molecules nitrate (calculated value 14.11 %). A further
increase in temperture from 560 °C leads to the decom-
position of the ligand L*. Up to 800 °C, when the com-
plex is completely decomposed, the remaining solid is
Eu,03, and the mass loss percentage 18.18 % is close to
the calculated value 17.40 %. The thermal analysis results
show that the target complex has high thermal stability.

Fluorescence Properties Analysis

The fluorescence spectra data of [EuLafd(NO3)2](NO3)-H20
are listed in Table 5. Since the observed fluorescence spectra
of all the Eu®"complexes are very similar, only the fluores-
cence spectrum of [EuL°(NO3),](NO;)-H,O is selected for
illustration, and its excitation and emission spectra are shown
in Figs. 6 and 7.

It can be seen from Fig. 6 that the complex
[EuL(NOs),]J(NO3)-H,O exhibits a broad band in the 320—
380 nm region (A,x=364 nm), so the wavelength at 364 nm

Table 5 The fluorescence spectra data of the europium complexes

Complex Aex/nm  °Dy—"F, Do—"F,

Aem/mm  lau. Ay, /mm  Vau.

[BuL’(NO3),J(NO;}H,O 364 595 365.7 620 1,458
[BuL°(NO;),](NOs)-H,O 364 594 1064 6205 5146
[BUL’(NO;),J(NO;}H,O 364 5945 9102 620 3,410
[BuLY(NO;),](NO3;)-H,0 364 595 7265 621 2,624
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Fig. 6 The excitation spectrum of [EuL(NOs),](NOs)-H,O

was used to measure the fluorescence intensities of all the
complexes. The emission spectra of the complex
[EuL®(NO3),](NO3)-H,O exhibits one sharp characteristic
emission peak at 620 nm corresponding to the Dy—'F,
transition, whereas the Do—F; transition at 594.5 nm is
observed. Additionally, the strongest emission intensity of
>Dy—F, transition (electric dipole) is 3410, while that of
the >Dy— 'F, transition (magnetic dipole) is 910.2, and the
former is about 3.75 times stronger than the latter. The sharp
emission peak at 620 nm indicates that the complex has good
monochromaticity and the energy transfered from the excited
triplet state of the ligand to the vibrational state of the europi-
um ion is efficient [13].

Table 5 shows that the fluorescence intensities of the
>Dy— "F, transition and the *Do—F; transition of the com-
plex [EuL®(NO;),](NO5)-H,O are 514.6 and 106.4, respec-
tively, which are lower than that of other complexes. This is
due to the ligand L° having an electron-withdrawing group
(—CI). The fluorescence intensities of the *Dy— ’F, transition
and the *Dy— F, transition of the complexes
[EULC(NO3)2](NO3)'H20 and [EuLd(NO3)2](NO3)H20 arce
3410 and 910.6, 2624 and 726.5, respectively, which are
stronger than that of the complex [EuL?(NO3),](NO3)-H,O.
This is attributed to the ligands L° and L having electron-
donating groups (—CHj; and —OCHj, respectively). The above
results show that the electron-withdrawing group on the li-
gand can decrease the fluorescence intensity of the complex,
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Fig. 7 The emission spectrum of [EuL(NO;),](NO3)-H,O

and this is due to (i) the electron-withdrawing group can
reduce electron density of the phenyl ring in the complex,
and (ii) the introduction of the electron-withdrawing group
can easily result in fluorescence quenching [14]. On the con-
trary, the electron-donating group on the ligand results in an
increase in the fluorescence intensity of the complex, which is
due to the electron-donating group can donate electrons to the
aromatic ring and enlarge the 7t-conjugated system of the
ligand.

Whereas, the fluorescence intensity of the complex
[EuL¢(NO;),](NO5)-H,O is the strongest in all the Eu®>* com-
plexes. The theory of antenna effect [15] can explain the result
and the theory is described as following. The free Eu’" ions
have a low absorbance in rather narrow bands, and the direct
excitation yields only a weak fluorescence. If a stable complex
is formed with a suitable organic ligand which can transfer its
excitation energy to Eu®" ions, the fluorescence intensity of
Eu®' ions can be strengthened. Based on this theory, the
fluorescence intensity of the Eu®* complex is related to the
efficiency of the intramolecular energy transfered from the
triplet state of the ligand to the vibrational state of the Eu*"
ions, which depends on the energy gap (Eg) between the two
states. Methyl group on L° can donate electrons to the aro-
matic ring and enlarge the 7-conjugated system, resulting in
the triplet state of L® corresponding with the lowest excited
state of Eu®" ions and the efficiency of the intramolecular
energy transfered from the triplet state of L° to the vibrational
state of the Eu’" ions is higher than other ligands. At the same
time, all complexes show characteristic lines for the sensitiza-
tion of Eu®" ions, which shows that the energy can be
absorbed and transferred to central Eu®" ions effectively
[16]. The above results further highlight that the nature of
the substituted group has a significant effect on the fluores-
cence intensity of the Eu®* complex.

Fluorescence Quantum Yields Analysis

The fluorescence quantum yields (®g) of the Eu’"
complexes were determined using a sulfuric acid solu-
tion (0.1 mol/L) of quinine sulfate (1.0 pg/mL) with a
known quantum yield (®gq=0.55) as standard reference
at room temperature because of the similarly between its
absorption and fluorescent spectra with those of the
target complexes. The fluorescence quantum yields
(Pgy) are calculated by a comparative method [17] using
the following equation.

2
ny Fx A
Oy = 5 ———1—Pru
ng4 Faa Ax

Where n, (1.48) and ngyq (1.34) are the refractive indices of
solvents used for the sample and standard. F, and F are the
areas under the fluorescence curves of the sample and
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Table 6 The fluoresence quan-

tum yields of the europium Complexes Aex/NM Va.u. Fx Fluorescent quantum yield(®y,)
complexes
[EuL*(NO5),](NO;)-H,O 324 1,247 65304.094 0.372
[EuL°(NO3),](NO3)-H,0 326 915 48471.198 0.297
[EuL°(NOs),](NOs)-H,0 321 1,654 83896.377 0.467
[EuLY(NO;3),](NO3)-H,0 320 1,568 78550.520 0.415

standard. A, and Agyq are the absorbances of the sample and
standard at the excitation wavelength, respectively. Both the
sample and standard are excited at the same relevant wave-
length, so that the Ay is equal to A,. The fluorescence
quantum yields data of all the Eu®" complexes are summa-
rized in Table 6.

As shown in Table 6, the quantum yields of the complexes
[EULC(NO3)2](NO3)'H20 and [EuLd(NO3)2](NO3)H20 arce
0.467 and 0.415, respectively, and the complex
[EuL®(NO3),](NOs)-H,O exhibits the highest quantum yield,
resulting from the larger donor character of the methyl group
and the larger 7-conjugated system of the phenyl. The quan-
tum yield of the complex [EuL*(NOs),](NO;)-H,O is 0.372.
By contrast, [EuL®(NO5),](NO5)-H,O shows the lowest quan-
tum yield (0.297). This is because the n—7t* transition of
chlorine substituent belongs to forbidden transition, and the
excited state molecules are seldom obtained [18]. The results
reveal that the electron-donating group can increase the fluo-
rescence quantum yield of Eu’" complex and electron-
withdrawing group can decrease the fluorescence quantum
yield of Eu’" complex.

Electrochemical Properties Analysis

The electrochemical properties of the Eu®" complexes were
investigated by means of a cyclic voltammetric technique in
DMSO solution. The highest occupied molecular orbital
(HOMO) energy levels and lowest unoccupied molecular
orbital (LUMO) energy levels of the Eu®" complexes were
estimated according to the electrochemical performance and
the UV absorption spectra [19]. The HOMO and LUMO data
for the Eu®" complexes are obtained using equation Eyono=
4.74+¢eEox, ELumo="Eg+Enomo, Eg=1,240/A;psei(€V)
(Aonset 18 the largest UV absorption spectra peak starting value)
[20]. All cyclic voltammetrics are depicted in Fig. 8 and their
electrochemical data are listed in Table 7.

As shown in Table 7, the oxidation potential and HOMO
energy level of [EuLY(NO;),](NO3)-H,O are higher than the
values of [EuL*(NO3),](NO3)-H,O, while the oxidation po-
tential and HOMO energy level of the complexes
[EuL®(NO;),](NO5)-H,0 are slightly declined. The results
may be due to the various substituent types of the ligands. The
electron-donating group is benefit to improving the oxidation
potential and HOMO energy level, and the introduction of
electron-withdrawing group will reduce oxidation potential

@ Springer

and HOMO energy level. In all the Eu’" complexes,
methoxyl-substituted Eu*" complex shows the highest oxida-
tion potential and HOMO energy level. The energy gap of the
Eu®" complexes is range from 4.715 to 4.751 eV, which
indicated that the electron-donating groups and electron-
withdrawing groups have no apparent effect on the energy
gap. Moreover, the introduction of electron-donating group
can increase the HOMO energy level, LUMO energy level
and the oxidation potential of the Eu®" complex and the
introduction of electron-withdrawing groups tend to decrease
HOMO energy level, LUMO energy level and the oxidation
potential of the Eu>* complex. The frontier orbital theory [21]
may provide an explanation for the above phenomena; the
HOMO energy level possesses the priority to provide elec-
trons. For electron donor compounds, the oxidation process
corresponds to the process of losing electrons in HOMO
energy level.

Conclusions

Four novel salicyladehyde salicyhydrazone derivatives and
their corresponding europium complexes were synthesized
and characterized. The resluts of elemental analysis showed
the formulas of the complexes were [EuL® %(NO5),](NO5)-
H,0. The results of IR spectra showed the nitrogen atom of
C=N group, the oxygen atoms of N-C=0 groups and two
nitrate groups coordinated to the Eu*" ions. The thermal study
indicated that the Eu>* complexes were thermally stable. The
fluoresence properties of the Eu®* complexes were also inves-
tigated. The results showed the fluorescence intensity of the

Current/uA
[¢] o
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Fig. 8 The CV curves of [EuL® %(NO5),](NO;)-H,O
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Table 7 The EHOMO, ELUMO and

Eg of the europium complexes Complex Aonset /M Eox/v Enowmo /ev Eglev Erumo/ev
[EuL*(NO5),](NO;)-H,O 261 0.637 5.377 4.751 0.626
[EuL°(NO;),](NO3)-H,0 261 0.627 5.367 4.751 0.616
[EuL‘(NO3),](NO;)-H,O 263 0.615 5.355 4.715 0.640
[EuL4(NO;),](NO3)-H,0 263 0.653 5.393 4.715 0.678

complex substituted by methyl (—~CH;) was the strongest 7. He SY, Chen YL, Yang R et al (2003) Synthesis, spectrum study and

among all the Eu®" complexes. The exploration of the elec-
trochemical properties of the Eu®" complexes showed that the
introduction of electron-donating groups methyl and
methoxyl (—CH3; and —OCHj3;) could increase the oxidation
potential and the highest HOMO energy level of the Eu*"
complexes; however, the result of introduction of electron-
withdrawing group was just opposite. These results demon-
strate that the title Eu®" complexes possess good application
prospects and theoretical research value.
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