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SUMMARY OF RESEARCH FINDINGS
Ringkasan dapatan Projek Penyelidikan

Abstract This work investigated the reaction-of between lantanide salts, potassium salt of
2,2’-biquinoline-4,4’-dicarboxylic acid (K;bqdc) and 1,10-phenanthroline (phen) and Schiff
bases with Zn and Mn salts in aqueous medium. The reactions afforded several new lanthanide
bgdc and Zn and manganese-Schiff bases complexes. These complexes were characterized by
elemental analyses, infrared spectroscopy, photoluminescene, x-ray crystallography and thermal
gravimetric analysis. Thermogravimetric analysis performed on the complexes shows complexes
have higher thermally stable up to above 450 °C which suggested higher coordination number
and greater m-m interactions between the metals and the ligands and within ligands. The
photoluminescence analysis run on these complexes indicated that Schiff base, bqdc and phen
contribute to the emission of the complexes. The complexes were found to exhibit linker-based
luminescence properties with Er, Terbium complexes exhibiting the highest luminescence
intensity. Theoretical studies using the PM6 semi empirical method was also used to complement
and explain the results.

Abstrak Penyelidikan ini mengkaji tindak balas antara garam lantanida dengan
garam kalium 2,2’-bikuinolina-4,4’-dikarboksilik (K;bqdc) dan 1,10-fenanthrolina (phen) dan
tindak balas Schiff bes dengan garam Zn and Mn dalam meium akueous. Tindak balas tersebut
menghasilkan beberapa kompleks lanthanida bgdc dan Zn and mangan-Schiff bes. Kompleks
yang terhasil dicirikan dengan analisis unsur (CHN), spekstrokopi infra merah, fotoluminasi,
kristalografi sinar x dan analisis termagravimetrik. Analisis termalgravimetrik yang dijalankan
menunjukkan bahawa kompleks yang dihasilkan mempunyai kestabilan terma yang tinggi
sehingga 450 °C yang mencadangkan bahawa nombor koordinatan yang tinggi dan interaksi -
antara logam dan ligan dan juga antara ligan. Analisis fotoluminasi yang dijalankan ke atas
kompleks menunjukkan bahawa ligan Schiff bes, bqdc dan phen menyumbang terhadap emisi
kompleks dan menunjukkan sifat fotoluminasi l/inker-based dengan kompleks Er dan Terbium
mempamerkan intesiti paling tinggi. Kajian teoritikal menggunakan kaedah semi empirik PM6
turut digunakan untuk menerangkan dapatan kajian.

Hasil :

1. Syarifah Zati Hanani Syed Zubir, MSc thesis, to be submitted March 2011.

2. Naser El Taher, PhD thesis, completed

3. Raime, N.-N., Adnan, R., Rosli, M.M., Fun, H.-K. Poly[[diaqua-(3-carboxy-5-nitrobenzoato)(-5-
nitrobenzene-1,3-dicarboxylato) neodymium(lll)] 2.5-hydrate] Acta Crystallographica Section
E: 65(9), 2009, m1108-m1109. (IF 0.310)

4. Naser E. Eltayeb, S.G. Teoh, R. Adnan, E. Kusrini, H. K. Fun, The manganese (llI) complex
with chelating Schiff base ligand: X-ray structure, spectroscopic and computational studies,
Spectrochimica Acta, Part A: Molecular and Biomolecular Spectroscopy (2010), 75A, 453-
457. (IF 1.510)

5. Eltayeb, N.E., Teoh, S.G., Adnan, R., Fun, H.-K., Chantrapromma, S. 2-Methyl-6-(6-methyl-
1Hbenzimidazol-2-yl)phenol-2-methyl-6-(5-methyl- 1Hbenzimidazol-2-yl)phenol (3/1) Acta
Crystallographica Section E: Structure Reports Online 2009, 65 (12), pp. 03227-03228

6. Eltayeb, N.E., Teoh, S.G., Yeap, C.S., Fun, H-K., Adnan, R. ,6-Di-tert-butyl-2,2'[1,2-
phenylene-bis(nitrilo-methylidyne) ]diphenol Acta Crystallographica Section E: Structure
Reports Online 65 (12), pp. 03142-03143

7. Syed-Zuber-Sharifah Zati Hanani, Rohana Adnan*, Ahmad-Faiz Abdul Latip, Hydrothermal
synthesis, characterization and photoluminescence studies of three novel erbium 2,2'-
biquinoline-4,4’-dicarboxylate complexes Submitted to Journal of Luminescence, under
review, LUMIN-D-10-00864

8. 8:Z.:S. Zati-Hanani, -R:-Adnan*-A.F.A.- Latip, C.S. Sipaut,— Synthesis, Characterization-and
Thermal Properties of Two Novel Lanthanide 2,2’-biquinoline-4,4’-dicarboxylate Complexes
Sains Malaysiana, telah diterima untuk diterbitkan versi June 2011.
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6,6'-Di-tert-butyl-2,2'-[1,2-phenylene-
bis(nitrilomethylidyne)]diphenol
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Key indicators: single-crystal X-ray study; T = 100 K; mean o(C-C) = 0.004 A;
R factor = 0.059; wR faclor = 0.206; data-to-parameler ratio = 13.2.

‘The molecule of the title Schiff base compound, CygHz,N,O,,
has a twisted geometry, the dihedral angles between the
central benzene ring and the other two benzene rings being
29.12 (14) and 26.01 (14)°. Four intramolecular C—H.--O
hydrogen bonds and two intramolecular O—H- - -N hydrogen
bonds stabilize the molecular structure. In the crystal packing,
molecules are stacked along the @ axis and stabilized by 7w
interactions [centroid-centroid distance = 3.6724 (17) A]. The
crystal studied was found to be a non-merohedral twin, the
refined ratio of twin components being 0.374 (5):0.626 (5).

Related literature

For biological applications of Schiff base derivatives, see: Dao
et al. (2000); Eltayeb & Ahmed (2005a,b); Karthikeyan er al.
(2006); Sriram et al. (2006). For related structures, see: Eltayeb
et al. (2007a,b). For the stability of the temperature controller
used for the data collection, see: Cosier & Glazer (1986).

1 Current address: Department of Chemistry, International University of
Africa, Khartoum, Sudan. E-mail: nasertaha90@hotmail.com.

§ Thomson Reuters ResearcherlD: A-5523-2009.

9 Thomson Reuters ResearcherlD: A-3561-2009.

'/.“"g' ’
OH HO
N e

Experimental

Crystal data

CoHzuN,0, y = 98209 (4)°

M, = 42856 vV =11496 (2) A*
Triclinic, PT zZ=2

a=68312 (9) A _ Mo Ko radiation
b=13.9632 (16) A ju =008 mm™

¢ =14.0689 (15) A T=100K

« = 116615 (5)° 0.87 x 020 x 0.05 mm
B = 99.068 (4)°

Data collection

Bruker SMART APEXI1 CCD
area-detector diffractometer
Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tin = 0.936, Trax = 0.996

4021 measured reflections
4021 independent reflections
3241 reflections with [ > 20(/)

Refinement

R[F? > 20(F?)) = 0.059 H atoms treated by a mixture of
wR(F?) = 0.206 independent and constrained
§=119 refinement

Apmx=032e A7
Apmin =—039¢ A_'l

4021 reflections
304 parameters

Table 1 .

Hydrogen-bond geometry (A, ).

D—I1.--A D—H H..-A D...A D—II...A
02—H102.- N2 091 (5) 1.73 (4) 2584 (3) 156 (4)
O1—H101-- NI 091 (5) 1.77 (6) 2609 (3) 151 (5)
C22—H22A---01 0.96 234 2.993 (3) 125
C23—H234---01 0.96 234 2987 (4) 124
C26—H268- --02 096 231 2.963 (4) 125
C27—H27C---02 096 231 3011 (4) 124

Data collection: APEX2 (Bruker, 2005): cell refinement: SAINT
(Bruker, 2005); data reduction: SAINT;, program(s) used to solve
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine
structure: SHELXTL; molecular graphics: SHELXTL; software used
to prepare material for publication: SHELXTL and PLATON (Spek,
2009).

'The authors thank the Malaysian Government, the Ministry

of Higher Education, (MOHE) and Universiti Sains Malaysia
(USM) for the FRGS and RU research grants (PKIMIA/
815002 and PKIM1A/811120). The International University of

03142 Eltayeb et al.

doi:10.1107/51600536809048922

Acta Cryst. (2009). E65, 03142—03143
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Alrica (Sudan) is acknowledged for providing study leave to
NEE. HKF and CSY thank USM for the Research University
Golden Goose grant (1001/PFIZIK/811012). CSY thanks
USM for the award of a USM Fellowship.

Supplementary data and figures for this paper are available from the
LUCr electronic archives (Reference: LH2954).
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Key indicators: single-crystal X-ray study; 1 = 100 K; mean o(C-C) = 0.003 A;
disorder in main residue; R factor = 0.018; wR factor = 0.057; data-to-parameter
ratio = 14.8.

In the title compound, {[Nd(CgH3NOg)(CygHiNOg)(H,0),] -
2.5H50),,, the Nd" ion is nine-coordinated by seven O atoms
from five carboxylate groups and two water molecules. The
[Nd(CgH3NOg)(H;0),]**  units are bridged by S-nitro-
isophthalate dianions, forming polymeric sheets parallel to
the ab plane. The polymeric sheets are linked into a three-
dimensional network by O—H---O and C—H---O hydrogen
bonds, and 7— interactions [centroid—centroid distance =
3.5533 (11) A]. The S5-nitroisophthalate(1—) anion is disor-
dered .over three positions with an occupancy ratio of
0.68:0.23:0.09. Two of the uncoordinated water molecules are
disordered over two positions, with occupancy ratios of
0.722 (15):0.278 (15) and 0.279 (6):0.221 (6), respectively.

Related literature

For related structures, see: Ye et al. (2008); Eddaoudi et al.
(2001); Biinzli & Choppin (1989); Huang er al. (2008); Cui et al.
(2002); Yan et al. (2005); Ren et al. (2006); Li et al. (2005). For
the stability of the temperature controller used for the data
collection, see: Cosier & Glazer (1986).

1 Additional corresponding author, e_mail: r_adnan@usm.my.
§ Thomson Reuters ResearcherlD: A-3561-2009.

Experimental

Crystal data

[NA(CsHaNOg)(CsHaNOg)-
(H,0)5)25H,0

M, = 644.55

Triclinic, PT

a=95748 (1) A_

b = 104634 (1) A

c=133285 (2) A

o =69.279 (1)°

Data collection

Bruker SMART APEXII CCD
area-detector diffractometer
Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tonin = 0484, Tpny = 0.742

Refinement

R[F? > 20(F%)] = 0.018
wR(F*) = 0057
§=121

5879 reflections

398 parameters

B=71753 (1)°

y = 66.046 (1)

v =111871 (2) A*
Z=2

Mo Ko radiation

=241 mm™"

T'=100K
035 x 0.24 x 0.13 mm

22527 measured reflections
5879 independent reflections
5725 reflections with / > 20(/)
Ry = 0.019

115 restraints

H-atom parameters constrained
Apmax=118¢ A3

Apin = —0.77e A™>

Table 1

Selected bond lengths (A).
Nd1—07 23302 (13)
Nd1—08' 2.4214 (14)
Nd1—010" 2.4481 (14)
Nd1-01w 2.4612 (14)
Nd1—09" 2.4708 (13)

Nd1—-02w 24775 (15)
Nd1—-02 2.5223 (13)
Nd1-01 25743 (14)
Nd1—010¥ 2.9332 (14)

Symmetry codes: (i) —x, =y + 1, —z + 1; (i) —x, =y + 2, -z + ; (i) x + L.y — L.z

m1108

Raime et al.

doi:10.1107/51600536809032486
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metal-organic compounds

e
Table 2 el
Hydrogen-bond geometry (A, *).
D—H---A D—H H---A D---A D—H-..A
O5A—H5A4.-.03W" 0.84 1.76 2.596 (5) 178
OIW—HIWI...0O2¥ 0.74 1.99 2.731 (3) 175
OIW—H2W1...04WA4 0.94 2.00 2.849 (4) 149
O2W—HIW2.--.04WA 0.84 1.86 2.667 (3) 159
O2W—H2w2. ..ol 0.82 2.06 2.874 (3) 172
O3W—HIW3...011" 0.91 2.56 3.246 (3) 132
O3W—HI1W3...012" 0.91 2.05 2902 (3) 156
O3W—H2W3. ..09"™ 0.96 1.76 2.688 (2) 162
O4WA —H2W4.- . .O3W 0.85 251 3.118 (6) 130
C12—-HI12A4.-.01" 0.95 241 3351 (2) 169
Symmetry codes: (i) —x, =y + L. —z+ 1; (ii) —x, —y +2, —z + L; (iii) x+ Ly—-1,%

(Vyx—1yz4+15(v) —x+1,—y+1,—z+1 (Vi) x,y—1, 2.

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT

(Bruker, 2005); data reduction: SAINT: program(s) used to solve

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine

structure: SHELXTL; molecular graphics: SHELXTL; software used
to prepare material for publication: SHELXTL and PLATON (Spek,

2009).

The authors thank the Malaysian Government, the Ministry
of Science, Technology and Innovation (MOSTI) and
Universiti Sains Malaysia (USM) for a Research University
grant (No. 1001/PKIMIA/811120). HKF thanks USM for a

Research University Golden Goose grant (No. 1001/PFIZIK/
811012). MMR thanks the Malaysian Government and USM
for the award of the post of Research Officer under the
Science Fund (grant No. 305/PF1ZIK/613312).

Supplementary data and figures for this paper are available from the
1UCr electronic archives (Reference: CI2868).
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The title compound, 0.75C;5H;4N,0-0.25C;5H4N,0, is a co-
crystal of 2-methyl-6-(6-methyl-1H-benzimidazol-2-yl)phenol
as the major component and 2-methyl-6-(S-methyl-1H-benz-
imidazol-2-yl)phenol as the minor component. The refined
site-occupancy ratio is 0.746 (4)/0.254 (4). The conformations
of both components are identical except for that of the methyl
substituent on the benzene ring of the benzimidazole unit
which is positionally disordered over two positions. The
molecule is essentially planar, the dihedral angle between the
benzimidazole plane and the benzene ring being 3.49 (4)°. An
intramolecular O—H- --N hydrogen bond generates an S(6)
ring motif. In the crystal packing, molecules are linked through
N-—~H.-.O hydrogen bonds into chains along [201]. These
chains are stacked approximately along the g-axis direction.
The crystal packing is further stabilized by weak N—H...O
and O---H.--N hydrogen bonds, together with weak inter-
molecular C—H- - -7 interactions. A 7—7 interaction with a
centroid—centroid distance of 3.6241 (6) A is also observed
between the substituted phenyl ring and that of the
benzimidazole system.

Related literature

For bond-length data, see: Allen er al. (1987). For hydrogen-
bond motifs, see: Bernstein et al. (1995). For background to
benzimidazoles and their bioactivity, sce: Demirayak et al.
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§ Thomson Reuters ResearcherlD: A-3561-2009.
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(2002); Guven et al. (2007); Minoura et al. (2004); Pawar et al.
(2005); Thakurdesai et al. (2007); Tomei et al. (2003). For
related structures, see: Eltayeb er al. (2007, 2009a,b); Xiao er
al. (2009). For the stability of the temperature controller used
in the data collection, see Cosier & Glazer, (1986).

.
H
HiC i
©.7%) V4
N
HO CH;
- ; =
N
©025) V4
HC H
HO CH;
Experimental

Crystal data

0.75C,5H,4N20.0.25C,sH1,N,0 V = 1164.80 (5) A’

M, =23828 Z=4
Monoclinic, [’2‘/c Mo K radiation
a=49231(1) A, p =009 mm™
b =19.8900 (6) A T=100K

c=12319 (3) A
B =105.085 (1)°

0.59 % 0.17 x 0.10 mm

Data collection

Bruker APEXII CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2005)

34431 measured reflections
3703 independent reflections
3165 reflections with / > 20(/)
Rin = 0.030

Tonin = 0.951, Trnax = 0.992

Refinement

R[F? > 20(F?%)] = 0.046
wR(F?) = 0.131
§=1.07

3703 reflections

184 parameters

H atoms treated by a mixture of
independent and constrained
refinement

ADmax =061 e A™?

Apin = —020e A7

Table 1 .
Hydrogen-bond geometry (A, °).

- D—H---A D—H H---A D---A D—H:---A
N2—HIN2..-OT 0936 (19)  2.095(19) 29916 (12) 1601 (18)
Ol—HIOL---Nl 093 (2) 174 (2) 26040 (12) 153 (2)
C15—HI15C. - -Cg3" 0.96 2.66 3.5731 (16) 160
CISA—HI5F. - -Cg2™ 0.96 2.96 3.780 (4) 144

Symmetry codes: (i) x—1,—y +3,z —§ (i) x— L.y, z: (iii) —x+ L.y + 1, —z+1 Cg2
and Cg3 are the centroids of the C1-C6 and C8-C13 rings, respectively.

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT
(Bruker, 2005); data reduction: SAINT; program(s) used to solve
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine

structure: SH ELXTL; molecular graphies: SHELXTL; software used-

to prepare material for publication: SHELXTL and PLATON (Spek,
2009).
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A new Mn(Ill) complex, [MnCl(H,0)L)]-H,0-C;HsOH, where L=2,2"-{1,2-phenylenebis|nitrilomethyl-
ylidene]}bis(6-methoxyphenolate), has been synthesized and characterized by single-crystal X-ray
diffraction. There is a good agreement between calculated and experimental structural data. The complex
is crystallized in orthorhombic with space group Pbca. The Mn1 atom is coordinated with one Schiff base
ligand, one water molecule and one chloride anion, forming a six-coordination number. The electronic
and fluorescence spectra of the complex were also studied.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Organic-metal-chelate complexes generally offer many attrac-
tive properties, such as displaying a double role of electron
transport and light emission, high thermal stability, and ease of sub-
limation. Since the first example reported by Tang and Van Slyke
[1,2],OLEDs have received vast attention and become an active field
of research because of their potential applications in flat panel dis-
plays [3-6]. Thus, organic-metal-chelate complexes in particular
have attracted a lot of attention. However, the low electron trans-
port ability and the lack of suitable blue emitting complexes is one
of the major disadvantages of metal-chelate complexes [7].

The structure of salicylaldehyde Schiff base is similar to the 8-
hydroxyquinoline molecule |8]. Both molecules have one hydroxyl
group, a coordinating nitrogen atom and a delocalized mr-system.
Interestingly, the structure of the Schiff base molecule is more
flexible than that of 8-hydroxyquinoline. Therefore, organic-metal
complexes of salicylaldehyde Schiff base molecules are expected to
show good luminescent properties [8,9].

With the improvement of computational methods and com-
puter power, methods such as semi-empirical PM6 and ZINDO/S
can be used for the calculation of molecular geometry as
well as electronic properties of the complex. Utilizing the
single-crystal X-ray diffraction, the computational study of the

* Corresponding authors. Tel.: +60 4 6533888; fax: +60 4 6574854.
E-mail addresses; Nasertaha90@hotmail.com (N.E. Eltayeb), sgteoh@usm.my
(S.G. Teoh), ekusrini@che.ui.ac.id (E. Kusrini).

1386-1425/5 - see front matter © 2009 Elsevier B.V. All rights reserved.
doi:10.1016/j.saa.2009.11.006

complex was also investigated. In this paper, we study of the
structure, electronic and luminescence properties of Mn(lll) com-
plex with the 2,2’-{1,2-phenylenebis|nitrilomethylylidene]}bis(6-
methoxyphenolate) ligand.

2. Experimental
2.1. Materials

Mn(Cl;-4H;0 was purchased from Acros (New Jersey, USA). O-
phenylenediamine and triethylamine were purchased from Merck
(Darmstadt, Germany). 3-Methoxysalicylaldehyde was purchased
from Fluka (Buchs, Switzerland). Other chemicals were of at least
analar grade and were used without further purification.

2.2. Physical measurements

Elemental analyses were performed on a Perkin-Elmer 2400II
elemental analyzer. UV-vis spectra were obtained using a JASCO V-
500 spectrophotometer in acetonitrile solution. FT-IR spectra were
recorded on Perkin-Elmer 2000 FT-IR with samples prepared as KBr
pellets. Conductivity was measured by using a Cyberscan500 con in
acetonitrile solution. Fluorescence spectra were measured by using
a JASCO spectrofluorometer FP-750 in DMF solution.

2.3. Preparation of the [MnCI(H,0)(L)]-H,0-C;H5OH complex

__.The complex was prepared by refluxing a mixture of

' the 3-methoxysalicylaldehyde (4 mmol, 0.604g) and o-phenyl-
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enediamine (2 mmol, 0.216g) in ethanol (20 mL) for 30 min. Then

MnCl,-4H,0 (2 mmol, 0.397g) in 10ml ethanol was added, /Q.l-w-‘f Crystal data, data collection and structure refinement pammeters for the complex.

lowed by 0.5 ml triethylamine. The mixture was stirred for 3'h at
room temperature. The brown precipitate was obtained by filtra-
tion, washed with ethanol about (5 mL), then washed by copious
amountofdiethyl etherand dried. The single crystals were obtained
by a slow evaporation in ethanol:chloroform (1:2, v/v) solvent.
Yield: 46.2% with weight 0.459 g. m.p.>300°C. IR (v,cm~!): y(0-H)
3422; v(Ar) 3058; v(CH3) 2938, 2837; v(C=N) 1640; v(C=C) 1579,
1547. Anal. calc.: C, 52.71; H, 5.16; N, 5.12, Mn, 10.05%. Found: (8
53.17; H,4.26; N, 5.86; Mn, 9.52%. Conductivity: 55.93 Q1. UV-vis
(acetonitrile, Amax nm, & dm? mol~1 cm~1): 239 (22.88 x 103), 305
(13.43 x 103), 360 (12.93 x 103).

2.4. Crystallographic data collection and refinement

X-ray diffraction data was collected from single crystal by
using a Bruker APEX2 area-detector diffractometer with a graphite
monochromatic Mo Ka radiation source and a detector distance
of 5cm. Data was analyzed with APEX2 software [10]. The col-
lected data was reduced by using the SAINT program and the
empirical absorption corrections were applied using the SADABS
program [10]. The structure was solved by direct methods and
refined with the full-matrix least-squares method SHELXTL pro-
gram [11]. All non-hydrogen atoms were refined anisotropically.
The hydrogen atoms in the carbon atoms were added from the-
ory calculation and the hydrogen atoms in the oxygen atoms were
added from Fourier maps and were isotropically refined. The final
refinement converged well. Data for publications were prepared
with SHELXTL [11] and PLATON [12]. The summary of crystallo-
graphic data and details of the structure refinement is listed in
Table 1. The selected bond lengths and bond angles are given in
Table 2.

2.5. Computational methods

Calculations were carried out by using Mopac 2007 [13], Gaus-
sian 03 [14] and HyperChem 8.0 [15]. GaussView 3.09 was used
for visualization, while AOMix [16] and Swizard [17] were used
for molecular orbital analysis and calculation of electronic spec-
tra, respectively. Calculations were performed using a Gaussian03
program [14] at the unrestricted Hartree-Fock level of computa-
tion with 6-31+G(3d, 3pd) basis set. The orbital diagrams were
generated by use of the GaussView 3.09 software. Unrestricted cal-
culation was performed for the Mn(Ill) complex, because it is a d4
complex, in which the Mn(lll) metal ion in high spin state with
quintet multiplicity [18,19].

Table 2
Selected bond lengths (A), bond angles () and torsion angles (<) in the complex.

Table 1

= 73 = ST =

3. Results and discussion

3.1. Spectral and conductivity studies

Upon complexation, the typically absorption stretching bands
of v(0-H), v(C-C), v(C=C) and v(C=N) were shifted towards the
frequencies of free Schiff base ligand. The strong peak of v(O-H)
stretching frequency in the free Schiff base ligand was shifted
higher value of 6 cm~!, indicating the chelation of the phenolic oxy-
gen atoms to the Mn(lll) ion. The absorption stretching band v(C=N)
in the complex (1640cm~1) was shifted higher frequency relative
to the frequency of free Schiff base ligand (1611 cm~1), which may
be due to the coordination effects. The molar conductivity for the
complex in acetonitrile solvent was 55.93 ~! indicating that the
complex to be non-electrolyte nature [20].

3.2. X-ray structure of the Mn(Ill) complex

The [MnCl(H,0)(L)]-H,0-C;Hs0H complex, where L=2,2"-{1,2-
phenylenebis|nitrilomethylylidene|}bis(6-methoxyphenolate) is
crystallized in orthorhombic with space group Pbca (Table 1).
The Mn1 atom is coordinated with one Schiff base ligand, one
water molecule and one chloride anion, forming a six-coordination
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Fig. 1. Molecular structure of the Mn(l11)-Schiff base complex with thermal ellipsoid
of 50%.

number (Fig. 1). The phenolic groups (01 and 02) of the Schiff base
ligand are coordinated to the Mn1 atom indicating that the depro-
tonation has taken place. The molecular structure of complex with
mirror plane symmetry was observed. Fig. 1 shows the chloride
anion (Cl1)and water molecule (O1W) are coordinated to the Mn1
atom in the axial positions and four donor atoms of the Schiff base
ligand form the equatorial plane of N1-N1-01-02. In addition, the
O1W-Mn1-Cl1 bond angle is almost linear [171.5(2)°]. The Mn1
atom is coplanar with 01, 02, N1 and N2 atoms with maximum
deviation of 0.054(9) A for the N1 atom. The remaining two alkoxy
terminal chains are akin to a hanging tail and the conformation of
structure is opened (Fig. 1). The coordination geometry around the
Mn1 atom can be as described as an octahedral, with four donor
atoms of the Schiff base forming the equatorial plane and the axial
positions are occupied by a water molecule and a chloride anion
(Figure S1).

The average of Mn-0 bond lengths [1.880(7)A] is shorter than
to the average of Mn-N [1.993(9)A], Mn-OW [2.289(7)A] and
Mn-Cl [2.576(3)A] bond lengths (Table 2). The averages Mn-0
and Mn-N bond lengths are quite similar with the values found in
the dimethoxy(5,10,15,20-tetraphenylporphinato)manganese(IV)
complex (1.838 and 2.012(3)A) [21]. The Mn-Cl bond length
is similar with the MnCl{2,2'-[(1s,25)-1,2-diphenyl-1,2-
ethanediylbis(nitrilomethylidyne)]-diphenolato-O,N,N',0'}-C; HgO
[22] and [MnCI(5,5'-Cl-salen)(H;0)] complexes [23]. Further
confirmation of the Mn(lll) complex is a six-coordination
number exhibiting nearly identical bond lengths. The bond
angles of the adjacent coordinated atoms to Mnl atom are
all close to 90° except N1-Mnl1-N2 [83.3(4)°], which is
smaller than expected. On the other hand, the bond angle of
O1W-Mn1-Cl1 [171.5(2)'] is also a little less than the ideal
value [24]. These values however, are close to that of the
MnC;gH14N;03CIBr; complex [25]. The N1-C1-C6-N2 tor-

Fig. 2. Crystal packing of complex viewed down the c-axis exhibiting 3D hydrogen
bonding network as shown by the dashed lines (---).

than those found in the MnCl{2,2’-[(1s,25)-1,2-diphenyl-1,2-
ethanediylbis(nitrilomethylidyne)]-diphenolato-O,N,N',0'}-C,Hg O
complex of 43.86(17)° [22]. This suggests that the central phenyl
ring substituents govern the coplanarity of the equatorial plane in
the inner-coordination sphere.

Short O---O and O--- Cl contacts, intermolecular O-H---O,
O-H-.-Cland C-H.- - -0 hydrogen bonds, - interactions, C-H. - -,
and O-H:- . interactions are observed. The packing diagram of
complex in the ab-plane exhibits O-H---O, C-H.--0 and O-H--.Cl
hydrogen bonds by three-dimensional (3D) network (Fig. 2). In
addition, the coordinated and solvated water molecules also take
part in three bifurcated hydrogen bonds (Table 3). The disorder
of the O5 and C24 atoms has been stabilized by intermolecular
hydrogen bonding. The solvated ethanol molecule is also involved
in hydrogen bonding interactions with C23-H23B.-.05 [2.5996 A]
and C23-H23A.--02W [2.000A].

The aromatic rings of the Schiff base ligand are coplanar with
the Mn1 atom with maximum deviation of —0.059(2)A for the
Mn1 atom. These aromatic sequences also formed dihedral angles
of 4.1(4)7, 3.5(4)° and 2.6(4)° for Cg1-Cg2, Cg1-Cg3 and Cg2-Cg3,
respectively, where Cg1, Cg2 and Cg3 denote Mn1-N1-N2-C1-C6,
Mn1-01-N1-C7-C8-C13, and Mn1-02-N2-C14-C19-C20. The
three aromatic rings of the ligand (Cg4, Cg5 and Cg6) are essen-
tially planar with maximum deviation about 0.020(14) A for the C2

Table 3
Selected intermolecular hydrogen bonding in the complex.

sion angle indicates that the o-phenylenediamine is slightly
not coplanar with Mn1 atom. This is due to the maximum
deviation of 0.018(12)A for the C1 atom. The correspond-
ing N-C-C-N torsion angle of 2.5(14)° is significantly smaller

Smetry ¥ 12-x, 1-y, —12
=124z, (iV)1 =X, 1-y,-zZ; (V)X ¥, Z.
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Fig. 3. Arrangement the -1 stacking interaction between the rings of Schiff base
ligand in face to face mode viewed down c-axis.

atom, 0.020(11)A for the C12 atom, and —0.008(12)A for the C16
atom, respectively.

Some Tr-1r interactions were established between the adjacent
aromatic rings of the Schiff base ligand located in neighboring com-
plexes. The rings of Schiff base ligand involved in the intermolecular
- stacking interactions are arranged in face to face mode with
the shortest distance and dihedral angle between two planes being
3.643(7)A and 6.30° (Fig. 3). The 7-r interactions between Cg5
and Cg6 with the centroids distance of 3.643(7) A (symmetry code
1-x1-y,1-2), where Cg5 and Cg6 are defined by the aromatic
rings of (C8-C13)and (C14-C19), respectively. Meanwhile, the -t
stacking interactions between the Cg5 and Cg4 rings with centroids
distance of 4.056(7)A (symmetry code of 1/2-x, 1—y, 1/2+2),
where the two planes makes a dihedral angle of 11.97° and Cg4
is defined by the aromatic ring of (C1-C6), is longer than that found
in the Cg5-Cg6 interaction.

There exist some weak C-H- - -Cg interactions, i.e. C2-H2A. - .Cg5
[3.186A, 92.74°, 1/2 —x, 1—y, —1[2+z], C4-H4A...Cg6 [3.082A,
150.20°, 1/2 —x, 1/2+y, z], and C21-H21B. .-Cg4 [3.044 A, 137.93¢,
1/2—x, 1-y, 1/2+z], where Cg4, Cg5 and Cg6 are defined by
the aromatic rings of Schiff base ligand. In addition, some weak
O-H---Cg interactions, namely 05-H5B.--Cg2 [3.1725A, 160.66",
1/2-x, 1-y, —1/2+z], OIW-H11W...Cg2 [3.0926A, 68.74°, x, y,
z],and OTW-H21W- . .Cg3 [2.8268 A, 92.117, x, y, z], where Cg2 and
Cg3 are defined by the aromaticrings of [Mn1-01-N1-C7-C8-C13]
and [Mn1-02-N2-C14-C19-C20], were observed.

3.3. Computational study

The optimized geometric parameters obtained from semi-
empirical method PM6 in MOPAC2007 [13] represent a good
approximation with those of the crystal structure, and they are the
bases for calculating other parameters, such as molecular orbitals
and electronic absorption spectra.
~ The structure mode of a complex optimized by the semi-
empirical PM6 method with the MOPAC2007 software is presented
in Fig. 4. The coordination geometry around the Mn(lll) ion is a
distorted octahedral with two oxygen and two nitrogen from the

Fig. 4. Molecular structure of the Mn(111)-Schiff base complex from computational
calculation.

Schiff base ligand. The base ligand occupies the equatorial posi-
tion, and the axial position was occupied by chloride anion and
water molecule. The averages calculated values of Mn-0, Mn-N,
Mn-Cl. and Mn-OW bond lengths are 1.951, 1.875, 1.968, and
2.146 A, respectively. The calculated bond lengths and bond angles
are slightly smaller compared to the experimental values. Compari-
son of calculated and experimental bond lengths data are presented
in Figure S2. The calculated angles of 02-Mn1-Cl1, 01-Mn1-Cl1,
N1-Mn1-Cl1, N2-Mn1-Cl1, OW1-Mn1-Cl1, 01-Mn1-02, and
N1-Mn1-N2 are 94.8°,96.8°,98.5°,100.2°, 162.1°,79.5°,and 87.3°,
respectively, which are slightly larger compared to their respective
experimental values. The larger angles in the prediction is because
the contribution of the crystal packing forces effect, which is absent
in calculation. The expected results as the molecule complex in the
crystal lattice are also subjected to some constrains, and they do
not exist in the solution and gas phases.

The results of molecular orbital (MO) calculations showed that
the electron density in the HOMO and LUMO are delocalized over
the benzene rings (Fig. 5). The contour plots of HOMO and LUMO
for the Mn(lIl) complex are presented in Figure S3. The methoxy
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Fig. 5. Composition of molecular orbitals in the Mn(111)-Schiff base complex.
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Fig. 6. Comparison of calculated and experimental electronic absorption for the
complex.

group plays a main role in the solubility of this kind of compounds
in common solvents. This group provides the facility to form an
extended intermolecular H-bond network, due to the polarity of the
methoxy group. However, their contribution to HOMO and LUMO
densities is very little and almost negligible. On the other hand, the
role of the Mn(lll) ion shows a high contribution to the molecular
orbital surfaces.

3.4. UV-vis and emission properties

The electronic spectrum of the complex in acetonitrile solu-
tion has four maxima peaks at 239, 305, 360 and 450 nm, which
essentially show the absorption of the Schiff base ligand (Fig. 6).
The absorptions at 240 and 305nm can be related to the spin-
allowed m—7' azomethane intraligand transition [26). The weak
bands at 360 and 450nm in the UV-vis region can be assigned
to spin-allowed metal to the ligand charge transfer (MLCT) tran-
sition [26-28]. No d-d absorption bands were observed due to
the presence of strong tail of the charge transfer band at lower
energy.

The electronic absorption spectra were calculated by ZINDO/S
method incorporated in HyperChem [15], based on the PM6
optimized structure. Fig. 6 shows the comparison between the cal-
culated and the experimental results. Three bands of the electronic
transitions at 300, 350 and 450 nm were observed. These results
are in a good agreement with experimental data. By comparing the
experimental spectrum with the calculated absorption spectrum of
the complex, we notice that the calculated and experimental data
are good in term of band positions.

The fluorescence spectra of the free Schiff base ligand and its
complex were evaluated in DMF solution at room temperature with
Lex at 330 nm. The free Schiff base ligand exhibits an intense broad
emission band at 484nm. Comparison with the free ligand, the
complex had a red-shift emission peak from 430 to 600 nm with
the center peak at 492 nm. The red-shift emission peak is probably
due to the intraligand fluorescence emission [29,30].

4. Conclusion

In summary, we report the synthesis, spectroscopic and
computational studies of [MnCl(H,0)(L)]-H20-C;Hs0H complex,
where L=2,2’-{1,2-phenylenebis|nitrilomethylylidene]}bis(6-
methoxyphenolate). The Schiff base ligand has an important

_role in the electronic and emission properties of complex. Com-

putational study confirms the high degree of accuracy of the
computational methods. il

v
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PUSAT PENGAJAN SAINS KIMIA

AKAUN PT]  PROJEK DONOR PERUNTUKAN PERBELANJAAN TERKUMPUL  PERUNTUKAN TANGUNGAN BAYARAN  BELANJA BAKI
PROJEK SEHINGGA THN LALU SEMASA SEMASA SEMASA SEMASA PROJEK
111" PKIMIA 811120 36,000.00 18,577.26 17,422.74 000  12,65146 12,651.46 477128
221 PKIMIA 811120 5,500.00 0.00 5,500.00 0.00 2,160.00 2,160.00 3,340.00
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228 PKIMIA 811120 6,000.00 4,164.00 1,836.00 400.00 0.00 400.00 1,436.00
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SENARAI JUMLAH-JUMLAH KECIL :
110 EMOLUMEN 36,000.00 18,577.26 17,422.74 000  12,65146 12,651.46 477128
220 PERKHIDMATAN DAN BEKALA! 47,400.00 34,537.76 12,862.24 6,21300 2138602 2759902 -14,736.78
330 ASET 16,000.00 0.00 16,000.00 5,587.90 0.00 558790  10412.10
99,400.00 53,115.02 45,284.98 11,800.80 24 03748 45,838.38 445 60




