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Synthesis and NLO Studies on Metal Complexes Containing Phenothiazine Ligand
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A new ligand, S-methyl-B-N-[10-ethylphenothiazine-3-methylene] dithiocarbazate (abbreviated as HL) and
its complexes ML:(M =Ni, Cu, Zn, Cd and Pd) have been synthesized and characterized by elemental analyses,
EI-MS, 'H NMR, IR, UV-vis spectra, photoluminescence measurements. All of the compounds emit an olivine
color in DMF solution. The emission maxima ( An.™), fluorescence quantums ( ®;), and lifetimes (7) of each
compound are measured. The nonlinear absorptions of HL and ML. solutions (in DMF) are measured by
open-aperture Z-scan technique at a 532nm wavelength. Theoretical calculations were consistent with the experi-

mental results.
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0 Introduction as a promising class of advanced materials because of

[1~4]

their optical nonlinearities and/or of their fluores-

7r-Conjugated organic compounds have emerged _ ) ) i _
cence efficiency and semiconducting properties, which

WA B 5 :2002-07-08, W ¥ B HE H #H: 2002-08-05,

BEREAEMBII KRN EETE B (No. G1998061402) FE K B R FH ¥ 8 4 ¥ 8170 B (No. 29871001, 20071001 ),
* JEIREX &R A . E-mail: yptian@ ahu. edu. cn

F—EE EEE, B 40 % BB BRI in b,

i1



http://www.cqvip.com

+ 1010 - X # 4

D000 http://iwww.cqvip.com|

Al

%AV—

=

# %18 ¥

have been exploited most notably in the development of
efficient light emitting diodes (LEDs) !, In all cases,
the strong coupling between geometry and electronic
structure is the source of the fascinating physics of
these 7r-conjugated molecules and macromolecules'®!.

Recently, Schiff base derivative compounds have
been extensively studied for the applications of elec-
troluminescent (EL) device!”! due to their luminescent
properties. However, the devices are mostly organic
compounds or polymers. Low melting points or low
decomposition temperatures of the organic compounds
inhibit their applications. In an attempt to seek for new
fluorescent materials among the #r-electron delocalized
systems containing mixed sulfur and nitrogen donors,
by introducing the optical and electronic active chro-
mophore into metal complexes, we report herein the
coordination complexes with olivine emissions, very
strong two-photon absorption, non-linear optical prop-
erties.

Strategies of Syntheses of HL, ML..
1 Experimental

1.1 General Procedures

All chemicals and solvents were dried and purified
by usual methods. Elemental analyses were performed
with a Perkin-Elmer 240 instrument. IR spectra were
recorded with a Nicolet FT-IR 170SX instrument (KBr
discs) in the 4000 ~ 400cm -
were recorded with an UV-265 spectrophotometer. The

region. UV-vis spectra

photoluminescence measurements were carried out in
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DMF solutions and the spectra were collected with a
Edingburg FLS920 spectrofluorimeter. No aggregation
or self-absorption effects were observed upto 0.1

! solutions in the solvents studied. There-

pmol - L~
fore, we prepared 0. lpumol *+ L~' sample solutions for
absorption, emission, excited-state lifetime (7), and
quantum yield (@) studies. The reference standard
used for quantum yield determination was Rh6G
(0. lpmol + L") in ethanol ( Pr=0.95) . MS spec-
trum was obtained on a ZAB-HS mass spectrometer
(FAB source) . 'H NMR spectra were performed on a
Brucker AM-500 spectrometer using TMS as internal
standard and CDCl; as solvent. The PM3 series meth-
ods have been used to study HL and ML.. The geom-
etry optimization is calculated by PM3. The electronic
spectra are calculated by PM3/SCI method.

1.2 Syntheses of HL. and ML,

Syntheses of S-methyl- 8-N-[ 10-ethylphenothiazine
-3-methylene] dithiocarbazate (HL) . A total of 5. Ig
(0. 02mol) of 3-formyl-10-ethylphenothiazine!®!, 2. 4g
(0. 02mol) of S-methyldithiocarbazate, 100mL ethanol
were introduced into a round-bottom flask fitted with
a condenser. The mixture was then stirred for 3h at
80°C. The mixture was cooled to room temperature.
The crude product recovered by filtration was washed
with ethanol and recrystallized from ethanol/acetone
(V:V, 1:1) . Yellow powder was obtained and dried
in vacuo over P,0s, yield 6. 5g (90% ). Anal. Calcd.
for CisHi7NaSs: C, 56.82; H, 4.76; N, 11.69.

Found: C, 56.58; H, 4.53; N, 11.67%. 'H NMR
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(CDCL), S8lppm]: 1.46 (3H, t), 2.70 (3H, s),
3.96 (2H,q),6.84 ~7.73 (8H, m), 10.27 (1H,s).

Syntheses of ML,. M{OAc) : * nH.O(M =Ni (D,
Cu (M, Zn (M and Cd ()) or PdCL(CH:CN).) 1
mmol, 2mmol HL was dissorved in ethanol (20mL) .
After refluxing for 3h, the mixture was cooled to room
The precipitate was thoroughly washed
(V: V, 5:1) three times and
dried in wvacuo over P:0s, (90% ) . Anal. Calcd. for
C1aHa:NeSeNi: C, 52. 65; H, 4. 15; N, 10. 84. Found: C,
53.02; H, 4.42; N, 10.65%. Anal. Calcd. for
C34H12NeS6Cu: C, 52.32; H, 4. 13; N, 10. 77. Found:
C, 51.75; H, 4.52; N, 10.29% . Anal. Caled. for
C3aH3:NeSeZn: C, 52.20; H, 4. 12; N, 10. 75. Found:
C, 52.46; H, 4.41; N, 10.57% . Anal. Caled. for
CisH3:NeSsCd: C, 49.24; H, 3. 88; N, 10. 14. Found:
C, 49.66; H, 4.25; N, 10.26% . Anal. Calcd. for
C1aHa2NeSePd: C, 49. 60; H, 3.91; N, 10. 21. Found:
C, 49.84; H, 4.35; N, 10.15%.

temperature.

with ethanol/acetone

2 Results and Discussion

2.1 Mass Spectroscopy of HL

The EI MS data of HL were list in Table 1.
Table 1 EI MS Data of HL

HL(m/z) 357 283 253 223 153
% 30 15 19 100 10

According to the data in Table 1, the fragmenta-
tion pathways of HL were given in Scheme 2.
2.2 1R spectroscopy of HL. and ML,

The IR spectra data of HL and ML, were list in
Table 2.

e “~CH:

Table 2 FT-IR Data of HL, and ML

VN-H VCes YceN VNN VPh
HL 3106 1099 1593 950 1465
NiL, - — 1561 964 1464
CuL. - _— 1563 962 1461
ZnL, — — 1570 957 1459
CdL. - — 1563 958 1459
PdL. — — 1563 960 1464

For HL neutral molecule, the IR absorption
peaks, attributable to the characteristic vnvn and vc.s,
appear at 3106 and 1099cm ™'

complexes, the peaks are absent, indicating that after

respectively. In its
losing proton, the C-N and C =S bonds were changed
into C =N and C-5 bonds. At the same time, compar-
ing the vcon, wunx and v, HL appear at 1593, 950
and 1465cm™' respectively, but vc-n of its complexes
(ML.) has a red shift, e.g. 156lcm '(Nil,), and
vax has blue shift, e. g 964ecm™'(Nil:) . All these
indicate, after HL losing proton and coordinating to M,
that N(2), N(3), C(4) and S(5) form a five-ring and
a wider 7-conjugated system. While N(2) and S(5)
coordinating to M, the strength of C(1) =N(2) bend
will be weakened and N(2)}-N(3) bond will be strengt-
hened. Se their vibrations appear red or blue shift re-
spectively.

According to elemental analyses, MS, 'H NMR
and IR spectral analysis, the Schiff base ligand HL was
deprotonated on coordinating to the divalent metal ions
Ni (@M, Cu(@, Zn (@), Cd (@D and Pd () to form stable
neutral complexes ML, (as shown in Scheme 1)),
2.3 Linear Optical Properties

UV-vis spectroscopy of HL and ML;: The elec-
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Scheme 2 The fragmentation pathways of HL
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tronic absorption spectra of HL, and ML: were mea-
sured in DMF solution. The data were listed in Table
3.

(HL and ML), as shown in
Fig. 1 and Table 3, exhibit essentially the same ab-
(near UV

region) absorptions band. The large molar absorption

All the compounds
sorption profile: an intense and low-lying
coefficients (lge =4 ~5) are indicative of highly -
conjugated systems. There are very week absorptions at
532nm. Each of their absorption spectra exhibits three
peaks. The three peaks could be assigned to K, B or R
band of each compound. The K band is the absorption
of m — w* of larger r-conjugated system. The B
band is the absorption of 7 — 7" of benzene. The R
band is the absorption of n — * of p-# conjugation

of n-electron groups N (or S) with benzene.

500
Zol:
400
CdL: =
300 2
2
&
NilL: 200 =
HL
Cul: 100
PdL:
r T T 1 T Ferirty T T 0
200 250 300 350 400 450 500 550 600 650 700 750 800

wavelength / nm

Fig. 1 Room-temperature absorption, emission spectra of HL

and ML; in DMF solution
For clarity, the intensity (1) was magnified 20 times for
Cule, and 100 times for PdL:

Comparing the K bands of HL with that of ML,, K
bands show a red shift of A for ML; about 2 ~ 12nm to
those for HL. The R bands were red shifted about 8 ~
66nm. Such a red shift is consistent with the fact:
while N(2) and S(5) of HL coordinated to M, the new
rings enhance the -electron delocalization along the
unsaturated system and reinforce the electronic density
on larger m-conjugated system and p- 7 conjugation.

At the same time, the B bands of HL comparing with

those of ML: were shown a smaller blue shift. They
indicate that the forming of complexes, the electronic
density on benzene is decreased.

All above indicates that HL was coordinated to M
with N(2) and S(5) forming S — M and N — M bands
(shown in Scheme 1).

Photoluminescence: Absorption, emission Spectra
for HL and ML and the selected fluorescence decay
profiles monitored at 395nm for HL and NiL; in DMF
solution are shown in Fig. 1, Fig. 2 respectively. All
the absorption and emission optical data for HL and
ML; in DMF are summarized in Table 4.

107 fit results
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NiL:
Fig.2 Fluorescence decay profile of HL and NiL.

in DMF solution monitored at 395nm

Compounds HL and ML; emit an olivine color
when irradiated (one-photon processes) by UV in DMF
solution. All the complexes show the same features:

exciting Ame( ~ 395nm), emission band ( Ane =535 ~

Table 3 UV-vis Data of HL, ML., A(nm) (lge)

HL NiL. CulL, ZnL: CdL: PdL. assignment
272(4. 16) 274(4.72) 282(4. 56) 278(4.53) 276(4. 58) 284(4. 49) K(m-7")
330(4. 34) 324(4. 63) 314(4. 60) 324(4.55) 324(4.54) 310(4. 48) B(wm-m")
396(4.26) 416(4. 49) 430(4. 55) 416(4.53) 404(4.59) 462(4. 45) R(n-w")
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Table 4 Optical Data of the Complexes in DMF (C=1.0x10""mol - L")
compound Ama™/nM Ama™/nm  stokes shifts/nm D 1 7/ns ke/ (ps) ™' ku/(ps) !

HL 395 537 142 0.20 175 6. 82 29 117
NiL: 395 537 142 0.17 234 5.96 28 139
CuL; 390 543 153 5.1x10°? 6 5.24 1 190
ZnL: 395 539 145 0. 34 496 4,85 70 136
CdL. 396 535 140 0.20 359 5. 54 36 144
PdL: 393 550 157 1.1x10"? 0.7 -

550nm) resembling that of HL, and a large stokes shift
( ~150nm) . In series HL and ML, they show the
order in quantum yield ( @) as ZnL, > HL = CdL; >

NiL: > CuL: > PdL.. The emission spectra exhibit the
same features, revealing that 77 * state of moiety
(Scheme 3) in the ligand HL and its complexes ML, is

believable to be responsible for the olivine lumines-

H
N
C[Ij\/ |
Nél\
S = N

Scheme 3
2.4 Theoretical Calculations

cence.

SH

The presence of low-energy emission and absorp-
tion bands in the electronic spectra, and the shift of the
IR absorption peaks support the structures of HL and its
complexes. To gain insight into the nature of the bonds
and the relative trends in the longest absorption A(nm)
of UV-vis, and emission spectra as the metals are var-
ied, semi-empirical molecular orbital calculations were
carried out using the PM3. The selected results are
listed in Table 5.

The bond length (C1-N2) of HL is shorter than
those of its complexes, and the bond order of HL is
larger than those of its complexes. The bond N2-N3
shows a contrary results. These are consistent with the

shifts of the IR spectra. Considering the big stokes

shift, the calculated longest absorption wavelengths A
(nm) are much consistent with experimental data of
UV-vis and emission spectrum. The changes of dihe-
dral angles from HL to ML. show that the phenothiazine
moiety of the complexes has well planar configuration
than that of the ligand.
2.5 Non-Linear Optical (NLO) Properties
Non-linear absorption coefficient: The nonlinear
(in DMF, ~10°

mol + L™') is measured by open-aperture Z-scan tech-

absorption of HL and ML: solutions

nique!'!! at a 532nm wavelength, and the results for HL

and NiL; were shown in Fig. 3. The experimental ar-

rangement was setup according to the reference 11. The

normalized transmittance T(z) in Fig. 3 was analyzed
theoretically with the following equations:

_ L - Qo(x) Im

Tan= 2 DT

Where qo(z) = Blo(t) L/ (1 + 22/ z*), Bis the

TPA coefficient, l(t) is the intensity of laser beam at

focus (z=0), La=[1-exp( - aol)]/ ao is the ef-

fective thickness with o the linear absorption coeffi-

for | gol <1

cient and L the sample thickness, z is the diffraction
length of the beam, and z is the sample position. The
nonlinear absorption of HL and ML: in an open-aper-
ture Z-scan can be explained mainly by the two-photon
absorption (TPA) mechanism, and the total absorption
al(l) = ap + BI, where

coefficient can be written as:

Table 5 Selected Bond Lengths(A ), Bond Orders, Dihedral Angles(°) and UV for HL, ML,

bond lengths /A (bond orders) dihedral angles/ (°) UV longest
C1-N2 N2-N3 N3-C4 C4-S5 N2-M S5-M S(d)-C(d)-C(d)-C(d) A/nm
HL 1.3010(1.86) 1.3960(1.02) 1.4229(1.19) 1.6010(1.65) 176.9 450
Nil; 1.3039(1.81) 1.3883(1.04) 1.3290(1.62) 1.7344(1.08) 1.8331(0.87) 2.2244(0.86) 179. 1 454
Cul: 1.3024(1.84) 1.3572(1.06) 1.2988(1.82) 1.7924(0.94) 1.9354(0.72) 2.0583(1.05) 178. 8 518
ZnL. 1,3089(1.80) 1,3890(1.04) 1.3283(1.66) 1.7577(1.08) 2.0715(0.68) 2.3328(0.87) 179.0 443
CdL. 1.3023(1.85) 1.3701(1.05) 1.3002(1.85) 1.7823(0.98) 2.1015(0.71) 2.4312(0.48) 177. 8 427
PdL. 1.3190(1.85) 1.3709(1.05) 1.3330(1.60) 1.7444(1.10) 1.9822(0.60) 2.3886(0.54) 177. 6 465
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s solution, and show the same features: exciting Ama
Q - Pew)
5 0.8 = ( ~395nm), emission band ( Anex =535 ~550nm) re-
E 06 : sembling that of HL, and a large stokes shift ( ~ 150
bl .
= nm) . They show the order in quantum yield ( @:) as
8 04
;—E Zol: > HL = CdL: > Nil > Culs > PdL..  Theoreti-
0.2
g cal calculations were consistent with the experimental
30020 - /0 1 2 3 results. All of the compounds exhibit good one-photon
Z/ Ze HL
fluorescent properties, strong third-order NLO proper-
g 1 LIRS . . .
g ~ te ties. Especially, the complexes show stronger nonlinear
E 08 " . . . .
E 3 d optical properties than the ligand.
£ 06 R
- b *e
8 04 References
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Fig. 3 Open-aperture Z-scan data: normalized transmittance
of HL and NilL.
Scatter points are experimental data, and solid curves

are theoretical fitting results.
o is the linear-absorption coefficient and B is the TPA
coefficient. Choosing the most fitted values for param-
eter 8 performed the numerical calculations. From the
solid curves in Fig. 3, the best-fitting values, TPA
cross section o = hyB/ ( Nado107?) for HL and ML,
are listed in Table 6. Comparing the B and o of the
ligand with those of the complexes, we find that the
complexes show stronger nonlinear optical properties

than the ligand.
Table 6 TPA Coefficient 8, Cross Section o of HL, ML:

HL Nil: Cul; Znl: CdL. PdL:
0.15 0.59 0.6 0.7 0.6 0.55

B/ (em/GW)
o x 10*

0.15 0.92 1.16 1.21 0.69 1.07
/(cm* - s/photon)

3 Conclusions

In conclusion, we have synthesized a new class of
novel blue luminescent complexes based on Schiff

base. All compounds emit a olivine color in DMF
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