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Supramolecular complexes of cobalt(II), manganese(II) and cadmium(II)
with bis(terpyridine) ligand as novel luminescent materials
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Self-assembly of Ni-donor bis(terpyridine) ligand L with transition metal ions: Co(1I), Mn(II) and Cd(II)
leads to a formation of three kinds of supramolecular complexes. In the electronic absorption and
emission spectra of supramolecular complexes additional bands were observed what was ascribed to the
coordination of ligand molecules to metal ions. Luminescence properties of these complexes strongly
depend on the kind of metal ions and counter ions. The effective blue luminescence was observed in
the case of Mn(II) and Cd(II) complexes in which all N-donor atoms of ligand molecules coordinate

with the metal center.
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INTRODUCTION

In recent years, the study of photoluminescent supramo-
lecular complexes has been attractive mainly due to their
many potential applications. One of the most important
physicochemical properties of supramolecular complexes
are their luminescence properties'. Transition metal
complexes which exhibit emission of light are attractive
materials for the construction of organic light-emitting
diodes*™. Particularly d'* metal ions, such as Zn(II) and
Cd(II), are suitable for the construction of luminescent
coordination complexes’. Such compounds often have
selective properties and can be used as sensors for the
detection of different anions or molecules'™ ',

Previously we described synthesis of Ni-donor ligand
6’,6”-(2-phenylpyrimidine-4,6-diyl)bis(6-methyl-2,2’-bipy-
ridine) and its self-assembly with transition metal ions' 3.
Bis(terpyridine) ligand L, obtained via Stille-type coupling
reaction, in reactions with transition metal ions forms
four types of supramolecular complexes (Scheme 1).

Complexes were characterized by spectroscopic and
analytical methods and, in few cases, by X-ray analysis.
Reaction of L with silver(I) ions leads to obtaining
dinuclear helical complex, which is known as an active
photocatalyst of degradation of organic pollution in
water®, Structures of complexes with manganese(1I),
cobalt(Il) and cadmium(II) ions strongly depend on the

kind of anions. In the reactions of halide salts (chlori-
de and bromide) mononuclear complexes have been
obtained in which one Nj-donor subunits of L does
not take part in coordination with metal center. In the
presence of nitrate anions dinuclear baguette complexes
were formed. When reactions were carried out in the
presence of perchlorate anions trinuclear complexes have
been obtained. Cobalt(II) and manganese(II) complexes
show interesting magnetic properties'?. Some platinum(II)
complexes with terpyridine ligand exhibit luminescence
highly dependent on the temperature, type of counter
ions, and solvents used for crystallization'.

Herein we describe luminescence properties of mono-,
di- and trinuclear complexes of Mn(II) (1-4), Co(II)
(5-7) and Cd(II) (8, 9) complexes and the influence of
different guests on their emission behaviour.

RESULTS AND DISCUSSION

Due to the solubility the electronic absorption and
emission properties of ligand were studied in dichlo-
romethane, while the electronic spectra of all metal
complexes were recorded in acetonitrile solution. The
spectroscopic data of dilute (~1 x 10~ M) solutions are
given in Table 1.

In view of the data obtained for the complexes from IR
and elementary analyses, further corroborated by X-ray
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Scheme 1. Schematic representation of self-assembly of ligand L with transition metal ions
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Table 1. Absorption and emission data for the studied systems

Compound Amax. [NM] (€ [-10% mol "-dm>-cm™) Nex/Aem [NM]
L 230.5 (8.4); 280.0 (3.8), 320.0 (1.4); 334.0 (0.9) 334/ 374
[Mn(L)CL,] 1 238.0 (2.6); 277.5 (2.5), 337.0 (0.7) 335/ 374
[Mn(L)Br,] 2 278.0 (1.3); 335.0 (0.6) 331/370
[Mn,(L)(NOy)d] 3 238.5 (4.6); 276.5 (5.5); 334.5 (1.7) 335/478
[Mns(L)2(CH;CN)a(H,0)1(CIO4)s 4 237.0 (5.8); 278.0 (5.1); 343.5 (3.0) 342478
[Co(L)Cl] 5 2375 (1.7), 277.0 (1.6); 335.0 (0.5) 335/ 362
[Cox(L)Y(NO3):] 6 281.5 (3.0), 351.0 (2.7) 351394
[Cos(L)(CHsCN)(H,0)2](CIOg)s 7 235.5 (8.0), 277.5 (6.2); 347.0 (4.0) 347 /389
[Cd(L)Br,] 8 276.0 (2.3); 331.0 (1.2) 331/362
[Cd(L)(NOs).] 9 278.0 (2.4); 346.0 (2.5) 346 / 471

diffraction solid state structure studies of 4, 5 and 62, we
have decided to investigate their behavior upon UV-Vis
irradiation not only to determine the absorptive-emissive
properties they display, but to essentially confront the
hypothesis of the solely counterion-dependent self-as-
sembly process.

The electronic absorption spectra in the UV region
showed bands typical of n- «* ligand-based transitions
(Table 1, Fig. 1)'. The latter one is found for all the
investigated compounds, irrespective of their nuclearity
nor the chosen metal ion (Fig. 1), manifested however
by minute hipsochromic shifts (excluding 6 which is
batochromic).

An additional, lower in energy, absorption band is
visible upon coordination, particularly well developed for
4, 6,7, 9 and macroscopically indicated by orange-yellow
color of samples due to partial overlap with Vis region.
Worth noting is the fact, that mononuclear complexes
(1, 2, 5 and 8) (main point of reference being 5) do

—0L

----- [MnLCL] 1

— [MnLBr,] 2

“““ [Mn_L(NO,),] 3
[Mn,L(CH,CN),(H,0),I(CIO,), 4

0.6

Absorbance [-]

0.0 T T T T T N T
250 300 350 400

Wavelength [nm]

—L
S [CoLCL,] 5
7 ——[Co,L(NO,) ] 6
“““ [Co,L(CH,CN),(H,0),l(CIO,), 7
[CdLBr,] 8
0.6
_ -+=+[Cd,L(NO,),]9
8
c
8 04
o
[72]
Q
<
02
0.0 e

T T T 1
250 300 350 400
Wavelength [nm]

Figure 1. Absorption spectra of L and its complexes of Mn(II),
Co(II) and Cd(II) ions

not exhibit the aforementioned bands or their molar
extinction coefficients are significantly lower.

Luminescence data comprise wavelengths at which
complexes were excited together with maxima where the
emission was the most intensive are listed in Table 1. Li-
gand L and metal complexes showed luminescence bands
centered around 370 nm when irradiated by UV light.
This suggest that the emission is mainly ligand-based.
The ligand-based luminescence intensity of compounds
as well as the shape of spectra depends on the comple-
xing agent — both the type of metal ions and the kind
of anions. The ligand L and compounds 1, 2, 5 and 8
show the UV-Vis spectra with bands in the UV region
centered at 278 and about 335 nm. On the excitation of
the samples at both absorption bands, the same emission
wavelengths in the emission spectra are observed. The
higher values of emission intensity were measured for
the lower energy absorption band.

In contrast to the complexes of Co(II) ions, additional
broad bands with the maxima in the 470-490 nm region,
are observed for the solutions of complexes 3, 4 and 9
respectively (cf. Table 1) (Fig. 2). The photoluminescence
spectra of 4 contain one strong emission band with the
maximum at 483 nm and two weak peaks at 382 and
364 nm (A= 342 nm) (Fig. 2b), while 3 exhibit three
emission maxima at 483, 373 and 364 nm and 9 - two
maxima at 468 and 375 nm (Fig. 2c¢). The Co(II) ions
just produce a quenching of the emission bands in the
UV region of spectrum. As follows from the presented
results the luminescence behaviour of the cadmium(II)
and manganese(II) complexes are similar. With reference
to the previous spectroscopic work on the luminescen-
ce of the Cd(II) complexes observed in these systems
luminescence in UV region of spectrum is assigned to
intraligand n-n* transitions, when the blue luminescence
is related to the charge transfer transitions'®!,

The blue luminescent materials are important for the
production of displays. Efficient, blue luminescence was
observed for 4 and 9 complexes due to the metal centers
and different types of coordination structures. Figure
2¢ shows that complexes of Mn(II) and Cd(II) type
[M;(L),(CH;CN),(H,0),](ClO,), have better emission
properties then mono- and dinuclear complexes contai-
ning the same metal ions. In these complexes the metal
ions are unequal in binding mode. The central metal ion
is coordinated by six nitrogen atoms from two different
ligand molecules. Two other metal ions are coordinated
by six nitrogen atoms of ligands and two acetonitrile and
one water molecules'>. When in coordination of the metal
ions are involved NO;™ anions, as in complex 3, the lower
intensity of emission was observed. In the presence of
halide ions in the structure of the metal complexes, the
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Figure 2. Emission spectra of ligand L and mono- (a) di- (b)
and trinuclear (c) complexes

blue luminescence was not observed in 1 and 2, however
a very weak luminescence was reported in [8].
Previously we reported that luminescence properties
of Mn(II) and Zn(II) complexes with terpyridine li-
gand strongly depend on the kind of anions present in
complex’. We have found a similar dependance in the
case of these studies. It was found that in order for the
latter to become not only present but also to be signi-
ficant in terms of luminescent properties, the following
requirements must be fulfilled: (i) counterions should be
perchlorate or nitrate ions (chloride and bromide anions
quench emission properties), (ii) templating metal ion
must not be an inherent emission quencher. The first
condition eliminates mononuclear (1, 2, 5) complexes,
which actually lack the long-wave band, whereas its in-
tensity for 8 is substantially diminished and shallow i.e.
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even weaker than the one sole L exhibits (Fig. 2). The
second stipulation explains why di- (6) and trinuclear (7)
cobalt complexes lack the exclusive, lower in energy band.
What is more, they make coordinated ligand molecule
an order of magnitude weaker emitter than the sole L.
In accordance with the aforementioned terms, one may
conclude that the remaining compounds (3, 4 and 9)
should enhance ligands emission in the visible region
and indeed it is true. Complexes with Co(II) ions (which
are luminescence quenchers) and halogen complexes of
Mn(II) and Cd(II) shown only the ligand-based lumine-
scence with different intensity.

EXPERIMENTAL SECTION

Metal salts were used without further purification as
supplied from Aldrich. Syntheses and characterization of
the ligand L and its complexes [Mn,(L),(CH,CN),(H,0),]
(ClO,)s 4, [Co(L)Cl,] 5 and [Co,(L)(NO,),] 6 were
described before!>. ESI mass spectra for acetonitrile
solutions ~10* M were measured using a Waters Mi-
cromass ZQ spectrometer. Microanalysis was obtained
using a Vario EL III CHN element analyzer. The IR
spectra were obtained with a Bruker FT-IR IFS 66/s
spectrometer and peak positions are reported in cm™.
All absorption spectra were recorded with a Shimadzu
UV-2401PC spectrophotometer, between 200 and 800
nm, in 10 x 10 mm quartz cells using ~1 x 10° M so-
lutions with respect to the metal ion. Emission spectra
were measured at room temperature on a Hitachi F7000
fluorescence spectrophotometer with an excitation and
an emission slits at 5 nm.

Synthesis of complexes

All complexes have been obtained in the same way. To
a solution of L (165.0 mg, 0.4 mmol) in mixture CH,Cl,/
CH,;CN (9:1) appropriate metal salt (0.4 mmol) was
added. The solutions were mixed at room temperature
for 48 h under the normal atmosphere. The complexes
were isolated as stable solids by evaporation of the
solvent and recrystallization of the residue from the
minimum volume of acetonitrile by the gradual addition
of ethyl ether.

[Mn(L)CL,] 1: Yellow solid was obtained with 75% yield.
ESI-MS: m/z (%) = 600 (10) [Mn(L)CI(H,0)]*, 582 (5)
[Mn(L)CI]*, 515 (20) [Na(L)]*, 273 (10) [Mn(L)]**. IR
(KBr): v = v(C-H),, 3109, 3090, 3065; v,(CH;) 2923;
v(C=C) 1597, 1567, 1533, 1482, 1469; v(C=N) 1440,
1386, 1364, 1292, 1246; 8(CH;) 1325; o(C-H) 1185,
1155, 1077, 1019; y(C-H) 998, 920, 829, 808, 793, 763,
700, 652 cm™. Anal. Calcd. (%) for [Mn(C;,H,,N,)CL,]
(618.42): C, 62.15; H, 3.91; N, 13.59. Found: C, 62.20;
H, 3.85; N, 13.65.

[Mn(L)Br,] 2: Yellow solid was obtained with 63%
yield. ESI-MS: m/z (%) = 645 (10) [Mn(L)Br(H,0)]*,
627 (40) [Mn(L)Br]*, 493 (70) [L+H]*, 515 (100)
[Na(L)]*, 274 (30) [Mn(L)]**. IR (KBr): v = v(C-H),,
3139, 3098, 3070; v, (CH;) 2964; v,(CH;) 2912; v(C=C)
1594, 1571, 1536, 1482, 1465; v(C=N) 1440, 1398, 1379,
1293, 1285, 1247; §(CH,3) 1353; o(C-H) 1185, 1154, 1095,
1072, 1019; y(C-H) 918, 830, 807, 798, 792, 781, 719,
658, 651 cm™. Anal. Calcd. (%) for [Mn(C3,H,,N,)Br,]
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(707.32) : C, 54.34; H, 3.42; N, 11.88. Found: C, 54.28;
H, 3.47; N, 11.90.

[Mn,(L)(NO,),] 3: Pale yellow complex was obta-
ined with 72% yield. ESI-MS: m/z (%) = 609 (10)
[Mn(L)(NO,)]*, 399 (10) [Mn,(L)(NO;),(H,0),]**,
381 (5) [Mny(L)(NO,),(H,0),1**, 372 (10) [Mn,(L)
(NO;),(H,0)]**. IR (KBr): v = v(C-H),, 3097, 3072, 3055;
v(CH;) 2971; v(CH;) 2926; v(C=C) 1596, 1572, 1538,
1486, 1469; v(C=N) 1384, 1363, 1303, 1247; v,(NO,)
1445, v(NO,) 1297; o(C-H) 1182, 1077, 1020; y(C-H)
921, 834, 810, 796, 764, 701, 658 cm™. Anal. Caled. (%)
for [Mn,(C;,H,,N()(NO,),] (850.47): C, 45.19; H, 2.84;
N, 16.47. Found: C, 54.22; H, 2.81; N, 16.45.

[Co4(L),(H,0),(CH;CN),](ClO,)4 7: Yellow so-
lid was isolated with 74% yield. ESI-MS: m/z (%)
= 527 (15) [Cos(L),(ClO,);(CH;CN),]**, 515 (75)
[Na(L)]*, 493 (25) [L+H]*, 486 (5) [Coy(L),(CIO,);**,
380 (10) [Cos(L),(Cl0,),(CH,;CN),]**, 370
(10) [Cos(L),(C10,),(CH,CN),]**, 350 (5)
[Cos(L),(C1O,),(CH;CN)]**, 285 (10) [Coy(L),(CIO,)
(CH,CN),I**, 252 (5) [Coy(L),(CIO)IF, 220 (5)
[Cos(L),(CH,CN),|**, 207 (10) [Coy(L),(CH,CN)2|",
193 (10) [Cos(L),]**. IR (KBr): v = v(C-H),, 3068;
v{(CH;) 2927; v(C=C) 1599, 1572, 1536, 1487, 1469;
v(C=N) 1394, 1384, 1363, 1297, 1249; 8(CH,) 1328;
o(C-H) 1141, 1121; v,(CI-O) 1087; §,,(0O-CI-O) 626;
v(C-H) 1028, 1011, 941, 794, 704, 658 cm™'. Anal. Cal-
cd. (%) for [Coy(CyyH,uNe),(H,0),(CH;CN),J(CIO, )
(1958.89): C, 44.15; H, 3.29; N, 11.44. Found: C, 44.19;
H, 3.31; N, 11.42.

[Cd(L)Br,] 8: Yellowish solid was isolated with 67%
yield. ESI-MS: m/z (%) = 684 (30) [Cd(L)Br]*, 493 (60)
[L+H]*, 302 (20) [Cd(L)]**. IR (KBr): v = v(C-H),,
3086, 3030; v,(CH;) 2969; v,(CH,) 2921; v(C=C) 1592,
1571, 1538, 1480, 1467; v(C=N) 1449, 1393, 1350, 1285,
1268, 1255; 8(CH,) 1349; o(C-H) 1186, 1159, 1101, 1077,
1014; v(C-H) 879, 831, 826, 807, 793, 767, 732, 701,
657, 650 cm™. Anal. Caled. (%) for [Cd(Cy,H,,Ny)Br,]
(764.79) : C, 50.25; H, 3.16; N, 10.99. Found: C, 50.28;
H, 3.18; N, 10.97%.

[Cd,(L)(NO5),] 9: White solid was isolated with 62%
field. ESI-MS: m/z (%) = 902 (10) [Cd,(L)(NO,),]*,
666 (20) [CA(L)(NOy)]*, 493 (50) [L+H]*, 302 (30)
[Cd(L)]**. IR (KBr): v = v(C-H),, 3099, 3052; v,((CH5)
2972; v(CHj;) 2926; v(C=C) 1592, 1574, 1540, 1475, 1466;
v(C=N) 1384, 1273; v,(NO,) 1444, v(NO,) 1297; o(C-H)
1182, 1147, 1077, 1022; v(C-H) 921, 837, 810, 797, 763,
702, 659, 652 cm™. Anal. Caled. (%) for [Cd,(Cs,H,,Ng)
(NOy),] (965.41): C, 39.81; H, 2.51; N, 14.51. Found: C,
39.84; H, 2.53; N, 14.53.

CONCLUSIONS

Luminescence properties of supramolecular complexes
with pyridine-bipyridine hybrid ligand strongly depend
on the structure of complexes and the kind of metal
ions. The best luminescence properties exhibit comple-
xes in which (i) metal ion is not an inherent emission
quencher (Mn(II) and Cd(II)) and (ii) counterions are
perchlorate and nitrate anions. Such complexes are
interesting luminescent materials for the construction
organic light-emitting diodes and luminescent sensors.
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