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Abstract—Metal-organic 1D coordination polymers of Zn(II) and Cd(II), [{Zn(3-Bphz)(H,0)4}(3-
Bphz)(NO5),], (), [Zn(3-Bphz)L,], (I), [Cd(3-Bph2)L,], (III), [Cd(4-Bphz)(CH;COO0),(H,0)], (IV),
and [Cd(4-Bphz)(NO;),(H,0),], (V), containing azines of the N,N' type, 1,2-bis(pyridin-3-ylmethy-
lene)hydrazine (3-Bphz) and 1,2-bis(pyridin-4-ylmethylene)hydrazine (4-Bphz), as bridging ligands are
synthesized. The compositions and structures of the compounds are confirmed by the data of elemental anal-
ysis, IR and NMR spectroscopy, and single-crystal X-ray diffraction analysis (CIF files CCDC
nos. 1812634—1812638 for I-V). Coordination polymers I-III have zigzag structures. The octahedral envi-
ronment of the Zn* ion in compound I is formed by two 3-Bphz ligands and four water molecules. The exter-
nal sphere contains nitrate anions and uncoordinated 3-Bphz molecules. In isomorphous compounds II and
II1, the tetrahedral environment of the metal is formed by two nitrogen atoms of two bridging 3-Bphz ligands
and two iodine atoms. Coordination polymers IV and V are linear. The coordination polyhedron of the Cd**
ion in compound IV is a pentagonal bipyramid, two vertices of which are occupied by the nitrogen atoms of
two 4-Bphz molecules, and the equatorial plane is formed by two bidentate-chelating acetate anions and one
water molecule. In compound V, the octahedral environment of the Cd2" ion is formed by two molecules of
the 4-Bphz ligand, two monodentate nitrate anions, and two water molecules. All complexes are weak lumi-

nophores emitting in the blue-green spectral range.
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INTRODUCTION

Coordination polymers [ 1, 2] including 3D coordi-
nation frameworks [3] are among the most important
representatives of polynuclear complexes and remain
in the center of attention of the modern coordination
chemistry. One of the most efficient synthetic
approaches has previously been applied by us and
other researchers in order to obtain discrete binuclear
coordination compounds and coordination polymers.
The approach is based on joining building blocks by
bridging ligands such as inorganic anions [4] and
nitrogen-containing bipyridine [5—7] or dicarboxyl
ligands [8, 9]. Owing to the stability and polydenticity,
the N-donor ligands containing two and more func-
tional nitrogen atoms in one molecule are widely used
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for assembling coordination polymers of various
dimensionality [10—16]. The latter have potentially
useful properties including catalysis, optical activity,
conductance, luminescence, magnetism, and porosity
[17—31]. The molecular structure and denticity of
organic ligands, the electron configuration and coor-
dination capacity of the ion of the metal-complexing
agent, the solvent nature, and the metal to ligand
molar ratio should be mentioned among the most sig-
nificant factors affecting the dimensionality of the
coordination network and topology of the coordina-
tion polymer [23—35].

Along with the 3D coordination frameworks [3],
the low-dimensional (1D and 2D) coordination poly-
mers as objects of the study by materials science and
crystal engineering [36, 37] demonstrate examples of
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molecular ferromagnets, synthetic conductors, non-
linear optical materials, and segnetoelectrics, whose
crystal structures and useful properties can be varied
by fitting the components of their molecules [38, 39].
The examples of coordination polymers containing
azines of the N,N' type, 1,2-bis(pyridin-3-ylmethy-
lene)hydrazine (3-Bphz) and 1,2-bis(pyridin-4-
ylmethylene)hydrazine (4-Bphz), as bridging ligands
are published [14, 17, 21—28]. These long aromatic
molecules with the conjugated system of alternating
C=N and N—N bonds can coordinate transition metal
ions by the nitrogen atoms of both terminal pyridine
and azine fragments [40] to form new coordination
polymers and can participate in hydrogen bonds in the
presence of strong proton—donor agents [41]. The
luminescence properties of the coordination polymers
of Zn(II) and Cd(1I) with these ligands were men-
tioned [17, 42, 43] together with their diverse architec-
ture, and the structure—property correlation with
allowance for fine packing effects was demonstrated
for a number of the Cd(II) compounds with 4-Bphz
[42].

Continuing our studies of the coordination poly-
mers of Zn and Cd with the luminescence properties
[4, 44—46], we synthesized two isomeric azine ligands
3-Bphz and 4-Bphz using somewhat modified proce-
dure compared to the published one [26] and also syn-
thesized four new 1D coordination polymers with
these  ligands: [{Zn(3-Bphz)(H,0),}(3-Bphz)-
(NO;3),l, (), [Cd(3-Bphz)l,], (II), [Zn(3-Bphz)l,],
(III), and [Cd(4-Bphz)(CH;C0OO0),(H,0)], (IV). The
structures and emission properties of the latter were
studied. The X-ray diffraction results for 1D coordina-
tion polymer [Cd(4-Bphz)(NO;),(H,0),], (V), which
was synthesized using a similar procedure, were
improved compared to the earlier published data [17]
and deposited with the Cambridge Crystallographic
Data Centre (CIF file CCDC no. 1812638).

EXPERIMENTAL

Synthesis of 3-Bphz. A weighed sample of hydra-
zine sulfate (6.5 g, 0.05 mol) was dissolved in water
(250 mL). The obtained solution was heated to 70°C
on a magnetic stirrer. 3-Pyridinecarboxaldehyde
(9.4 mL, 0.1 mol) was added to the solution. Then a
solution of NaOH was added to neutral pH, and the
mixture was stirred for ~2 h. The obtained mixture was
filtered, washed with water to remove sodium sulfate,
and dissolved in ethanol (50 mL). The solution was
left to stay for slow evaporation at room temperature
for crystallization. The yield was ~70%.

IR (v, cm~!): 3087, 3038, 3012, 1625, 1586, 1571,
1511.
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Synthesis of 4-Bphz was carried out using a similar
procedure as that for 3-Bphz, but 3-pyridinecarbaox-
aldehyde was replaced by 4-pyridinecarboxaldehyde.
The yield was ~70%.

IR (v, cm™): 3072, 3054, 3038, 3030, 3018, 1628,
1594, 1551, 1496.

Synthesis of complex I. A weighed sample of
Zn(NOs;), - 6H,0 (0.03 g, 0.1 mmol) was dissolved
with stirring in methanol (10 mL). After dissolution,
3-Bphz (0.042 g, 0.2 mmol) was added. The mixture
was heated at 70°C for 5 min on a magnetic stirrer, and
DMF (1 mL) was added. The obtained solution was
filtered and left to stay for slow evaporation at room
temperature. Yellow crystals suitable for X-ray diffrac-
tion analysis precipitated from the solution in 2 weeks.
The yield was ~35%. The substance is soluble in alco-
hols, DMF, DMSO, and water.

For C36H38N140102n
Anal. caled., % C, 48.27
Found, % C,48.43

H, 4.12
H, 4.26

N, 21.89
N, 21.97

IR (v, cm~!): 3085, 3039, 3021, 1627, 1595, 1578,
1412, 1395, 1227, 1223, 1033, 1029.

Synthesis of complex II. A weighed sample of Znl,
(0.031 g, 0.1 mmol) was dissolved in DMF (6 mL) fol-
lowed by the addition of 3-Bphz (0.021 g, 0.1 mmol).
The solution was stirred at 70°C for 10 min after which
was filtered and left to stay at room temperature for
crystallization. Yellow crystals precipitated from the
solution in 3 weeks. They were filtered, washed with
ethanol, and dried at room temperature. The yield was
~23%. The substance is insoluble in water and alco-
hols and soluble in DMF and DMSO.

For C;,H (N4I,Zn
Anal. calcd., %
Found, %

C, 2697
C,27.22

H, 1.82
H, 1.90

N, 10.34
N, 10.58

IR (v, cm™!): 3080, 3026, 1630, 1600, 1580.

Synthesis of complex III. A weighed sample of Cdl,
(0.036 g, 0.1 mmol) was dissolved in water (4 mL). The
solution was transferred to a tube, and a water—etha-
nol (1 : 1) mixture (2 mL) was slowly added with a
pipette. Then an ethanol solution (4 mL) containing
3-Bphz (0.021 g, 0.1 mmol) was added. The tube was
closed and left to stay at room temperature. Yellow
crystals were formed in the solution in a week. They
were filtered and dried at room temperature. The yield
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was ~30%. The substance is soluble in DMF and
DMSO and insoluble in water and alcohols.

For C12H10N412Cd
Anal. caled., %
Found, %

C, 24.83
C, 25.00

H, 1.41
H, 1.74

N, 9.47
N, 9.71

IR (v, cm™'): 3083, 3024, 1629, 1597, 1578.

Synthesis of complex IV. A weighed sample of
Cd(CH;COO0), - 2H,0 (0.026 g, 0.1 mmol) was dis-
solved in ethanol (10 mL) with stirring (70°C). The
solution was added by 4-Bphz (0.021 g, 0.1 mmol),
which was accompanied by precipitation. After water
(2 mL) was added, the precipitate dissolved and the
solution turned transparent. The obtained solution
was filtered and left to stay for slow evaporation at
room temperature. Yellow crystals suitable for X-ray
diffraction analysis precipitated from the solution in a
week. The yield was ~42%. The substance is soluble in
DMF and DMSO and insoluble in alcohols.

For C16H18N405Cd
Anal. caled., % C,41.73
Found, % C, 41.89

H, 3.69
H, 3.95

N, 11.94
N, 12.21

IR (v, cm™'): 3088, 3035, 1630, 1605, 1551, 1485,
1410, 681, 679.

Synthesis of complex V. A weighed sample of
Cd(NOs;), - 6H,0 (0.035 g, 0.1 mmol) was dissolved in
methanol (10 mL) with stirring (70°C). The solution
was added by 4-Bphz (0.021 g, 0.1 mmol), which was
accompanied by precipitation. After DMF (3 mL) was
added, the precipitate dissolved and the solution
turned transparent. The transparent solution was fil-
tered and left to stay for slow evaporation at room tem-
perature. Yellow crystals suitable for X-ray diffraction
analysis precipitated from the solution in 3 weeks. The
yield was ~37%. The substance is soluble in DMF and
DMSO and insoluble in alcohols.

For C12H14CdN608
Anal. caled., % C,23.92
Found, % C,24.21

H,2.11
H, 2.37

N, 13.87
N, 14.12

IR (v, cm™'): 3099, 3043, 1652, 1611, 1558, 1423,
1386, 1342, 1304, 1021.

The compositions and structures of the com-
pounds were determined from the data of elemental
analysis and IR and NMR spectroscopy. IR spectra
were recorded on a FT-IR Perkin-Elmer Spec-
trum100 spectrometer in Nujol in a range of 4000—
400 cm~!, and the spectra in the attenuated total
reflectance (ATR) mode were measured in a range of
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4000—650 cm~!. NMR spectra were detected on a
Bruker Avance III spectrometer. The crystal struc-
tures of compounds I-V were determined by single-
crystal X-ray diffraction analysis. Solid state lumines-
cence spectra were recorded using a pulse nitrogen
laser (Ao = 337.1 nm) at 300°C. The excitation pulse
duration was 15 ns, the repetition frequency was
50 Hz, and the pulse energy was 0.2 mJ. The emission
was detected with a FEU-79 instrument (multialka-
line photocathode Sb(Na?K) with the adsorbed
cesium layer on the surface, characteristic of the
S20 type). The intrinsic time of the detecting system
was 20 ns. The afterglow duration (at 300°C) for all
studied compounds was shorter than the time resolu-
tion of the detecting system.

X-ray diffraction analysis. The structural data for
compounds I-V were obtained at room temperature
on an Xcalibur CCD Oxford Diffraction diffractome-
ter (MoK, radiation, A = 0.71073 A, graphite mono-
chromator, ® scan mode). The unit cell parameters
were refined over the whole set of experimental data.
The crystal structures were solved by direct methods
and refined by least squares in the anisotropic full-
matrix approximation for non-hydrogen atoms
(SHELX-97) [47]. The positions of the hydrogen
atoms of the water molecules were revealed from dif-
ference Fourier syntheses, and positions of other
hydrogen atoms were calculated geometrically and
refined isotropically in the rigid body model. The set
of experimental diffraction data for compound II was
obtained from the nonmerohedral two-component
twin crystal. Twinning resolution was performed in the
CrysAlisPro program package, the twin matrix was
[0.9992 0.0148 0.0196—0.0255 0.9987 0.0093—
0.0668—0.0162 1.0011], and the block ratio was 0.524 :
0.476. The refinement was conducted for the F? set of
structural data in the SHELX HKLF 5 format. The
crystallographic data and experimental characteristics
for compounds I-IV are presented in Table 1.
Selected interatomic distances and bond angles are
given in Table 2. The positional and thermal parame-
ters for the structures of compounds I-V were depos-
ited with the Cambridge Crystallographic Data Centre
(CIF files CCDC nos. 1812634—1812638; deposit@
ccdc.cam.ac.uk or http://www.ccdc.cam.ac.uk).

RESULTS AND DISCUSSION

Ligands 3-Bphz and 4-Bphz were synthesized by
the condensation of the corresponding pyridinecar-
boxaldehyde with hydrazine sulfate (Scheme 1). The
structures of the obtained ligands were confirmed by
the data of IR and NMR spectroscopy.

No.1 2019



0¥€°0—/T6£°0
STLO0 “LIF00
€£90°0 “TOL0°0

€0€°0—/1¥€°0
6¥80°0 9T0°0
¥9L0°0 “8820°0

96L°0—/1SL°0
$090°0 ‘8S€0°0
8960°0 ‘1.20°0

9ST'T—/€LTT
LETI'0 €601°0
9STII°0 “¥€50°0

967°0—/LEE0
8¥11°0 “1290°0
6501°0 ‘6S+0°0

m\< P n:MEQQ\x&Eﬁiq
(eep [1B) QM Ty
(Do <) WYm Ty

8Y0'1 0001 801 760 L96°0 400D
€1 cal 6 6 062 s1ojowered paurjar Jo roquinN
()OT <1 ynm
414 1821 8Tl 90¥1 901¢ SUONd9[Jal JO JoquInN
(") suonooqjar
(TTT0°0) L9S1/8+6T (9220°0) #S91/L00% (£220°0) L¥¥1/8bEE Tr8T/Th8T (8%20°0) $€8€/08LS | Iuopuadopul/panseauu Jo JquINN
8S/SL— vIS1S 61— €1S1S6— 9S1S€l— 1S1s61—
YISYSSI— 9ISYS0I— BISYSL— QIS YSII— CISYSEl—
0ISYSL— ‘CSYsSoI— 9SYs0I— 0ISYS8— ‘8SYS6— SOOIPUT UOJ[JAI JO SATUEY
66¥'ST—ISI'E S¥0°ST—010°€ S0'sT—IT€E €66'¥7T—1796'C 66¥'ST—160°¢ 3op ‘g Jo o3uey
B §0°0 x 010 x 9€°0 9€°0 x TH'0 x TH'0 02°0 x TT0 x 9€°0 €00 x 80°0 x €70 81°0 x 810 x #°0 W ‘SaZIS [eISAID)
m 08¥ 026 9501 86 47 (000)4
ANn we'l Y6l 65T°S €96°G 999°0 (- e
m $88' 029'1 €1p'T 0LTT 14’1 ¢wo/3 P1d
S C 4 4 4 I z
(L)S€°058 (1) TH 1881 (11)56°'98S1 (£)0°6bST (SDErseol Y 4
06 06 06 06 L9716 3op ‘A
(6)T8T°06 06 06 06 (LLLE €6 3op g
06 06 06 06 (9)€60°201 3op ‘0
(¥)819T°L ($)9505°91 (S)szhL 11 (@L9SH 11 (6)LLT8°TI Y 9
(S)zog6'Tl (S)8pes el (L)TesL st (yDzeTL'st (L)9991°11 Y q
(6)€950°6 (€)81Tt'8 (£)68LS'8 (L)066S°8 (WyLEY'L Yy v
o/Ved vuug vuiug vuiig 1d dnouig3 aoedg
OIUI[OOUON diquoyIoyirO SrquoygroyuO drquoyroyirO OIUTOLIT, Eon%w ﬁmum%umv
69°C8% vL'8SY vv'9LS 17628 L1768 Mol
A Al 11 I I
Iajoweled
anfeA

14

A—I spunodwod 10§ SonsiIdjoeIeyd [eJudWIddxd pue ejep o1yderSo[[eIsA)) ‘I d[qel

2019

No. 1

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 45



COORDINATION POLYMERS OF Zn AND Cd BASED 15

Table 2. Selected interatomic distances and bond angles in compounds I-IV*

Bond d, A H Bond d, A
I
Zn(1)—0(4) 2.0355(19) Zn(1)—N(1) 2.2081(19)
Zn(1)—0(5) 2.097(2)
11
Zn(1)—N(1) 2.087(9) Zn(1)—I(1) 2.557(3)
Zn(1)—1(2) 2.544(2)
111
Cd(1)—N(1) 2.311(3) Cd()—1(2) 2.6854(6)
Cd(D)—I(1) 2.6954(6)
v
Cd(1)—N(1) 2.413(2) Cd(1)—0(2) 2.354(2)
Cd(1)—0(1) 2.439(2) Cd(1)—0(3) 2.332(3)
Angle o, deg Angle , deg
I
0(4)Zn(1)0(5) 88.40(9) O(5)Zn(1)N(1) 89.95(8)
O4)Zn(1)N(1) 89.37(7)
I
N()Zn(1)N(1) 99.0(5) N(DZn(DI(1) 106.2(3)
N()Zn(1)I(2) 109.4(3) 1(2)Zn(1)I(1) 123.79(8)
I
N(1)Cd(1)N(1) 92.41(17) I2)Cd(1)I(1) 134.51(2)
N(1)CA(D)I2) 106.91(8) N(1)Cd(D)I(1) 104.12(8)
v
0O(3)Cd(1)0(2) 85.50(5) N(1)Cd(1)O(1) 87.71(9)
O(3)Cd(1)N(1) 83.71(6) O(3)Cd(1)O(1) 138.33(6)
OQ)Cd(1)N(1) 87.54(9) 0(2)Cd(1)O(1) 53.98(8)
N(1)Cd(1)0(2)* 91.47(9) N(1)Cd(1)O(1) 101.76(9)
0(2)Cd(1)O(1)* 134.86(8)

* Symmetry transforms: ‘x, 1/2 =y, z;73/2 —x,1—y, z.

A

N

—N

AN No 4 — /N:CH{)

(a) 2 | + HzN—NHz‘HZSO4%> QCH:N \_/
N

3-Pyridine Hydrazine sulfate 3-Bphz
carboxaldehyde

NN — /N:CHCN
® 2 | + HyN—NH, - HyS04 =16 NC/>7CH:N \_

X

4-Pyridine Hydrazine sulfate 4-Bphz
carboxaldehyde

(a) 3-Bphz; (b) 4-Bphz
Scheme 1.
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The IR spectra of the 3-Bphz and 4-Bphz ligands
contain bands at 1625.8 and 1628.3 cm~! correspond-
ing to the v(C=N),, vibrations. The spectrum of com-
plex I exhibits the bands characteristic of nitrate
anions: 1412, 1395 v,(NO,); 1227, 1223 v(NO,); and
1029, 1033 v(NO) cm~!. The bands caused by the
bound V(OH) group are observed at 3500—2800 cm™,
and there are bands at 3021, 3039, 3085 v(CH); 1627
v(C=N),,; and 1595, 1578 v(C=C),, cm~!. The IR
spectra of complexes II and III exhibit the following
absorption bands (cm™'): 1629 and 1630 v(C=N),;
1597, 1578, and 1600, 1580 v(C=C),,; and 3024, 3083
and 3026, 3080 v(CH), respectively. The acetate ions
in the spectrum of complex IV are characterized by the
absorption bands at 1605, 1551 v,(C—0); 1410, 1485
v(C—0); and 681, 679 v(O—C—0) cm~. The bands at
3400—3000 cm~! can be assigned to the v(OH) vibra-
tions of the bound group. The bands at 3035, 3088
Vv(CH); 1630 v(C=N),,; and 1604 v(C=C),, cm~! are
attributed to the bridging ligand. The IR spectrum of

compound V contains the following bands (cm™'):
3500—2800 v(OH) (bound group); 3043, 3099
v(CH); 1652 v(C=N),,; 1611, 1558 v(C=C),,; 1423,
1386 v(NO,); 1342, 1304 v(NO,); and 1021 v(NO).
These values confirm the monodentate coordination
mode of the nitrate anion.

The different point symmetries of the ligands (C;
for 3-Bphz and C, for 4-Bphz) determine the differ-

ences in their 'H and *C NMR spectra. The 3-Bphz
ligand is characterized by five signals corresponding to
five types of nonequivalent hydrogen atoms: 8.79,
9.02, 8.70, and 8.27 ppm. Only three signals are
detected in the '"H NMR spectrum of the 4-Bphz
ligand: 8.67, 7.80, and 8.73 ppm. The BC NMR spec-
trum of the 3-Bphz ligand exhibits six characteristic
signals for six types of nonequivalent carbon
atoms: 160.1, 129.9, 124.6, 124.6, 135.3, and 150 ppm.
The 4-Bphz ligand is characterized by four signals:
160, 140.8, 122.5, and 150.9 ppm. The 'H and "C
NMR signals of 3-Bphz and 4-Bphz are presented in
Scheme 2.

7.55 827
1246 1353 879

= 160.1
e
152.5 -
8.70 Q@CH —N
N

150.4
9.02

N:CH@

3-Bphz

8.73 7.8
1509 1225

L e /NZC}P@N
N@mCH—N

4-Bphz

Scheme 2.

The spectrum of compound IV contains five pro-
ton signals, three of which are assigned to the 4-Bphz
ligand, and no significant shifts are observed. One sig-
nal is attributed to the CH; group of the acetate anion
(1.83 ppm). The '"H NMR signal of the water molecule
coordinated to the metal coincides with the signal of
water in DMSO-d (3.4 ppm). The *C NMR spectrum
exhibits six carbon signals: four signals at the same val-
ues as those in the spectrum of the 4-Bphz ligand and
two characteristic signals for the carbon atoms of the
acetate anion: O(CH;) 22.13 and &(COO")
178.39 ppm.

No substantial shifts of the signals compared to the
values of the 3-Bphz and 4-Bphz ligands were
observed for the 'H and *C NMR spectra of com-
pounds I-IIT and V.

Compound I contains the out-of-sphere nitrate
anions and solvate 3-Bphz molecules along with the
positively  charged  polymer chain [Zn(3-

Bphz)(H20)4]f,+, the fragment of which is shown in
Fig. 1. The zinc atom and coordinated 3-Bphz ligand
occupy positions in the inversion centers. The coordi-
nation polyhedron of the metal atom is a distorted
octahedron formed by a set of donor atoms (N,O,),

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 45

which is formed by four water molecules determining
the equatorial plane and two 3-Bphz ligands almost
perpendicular to this plane, and the dihedral angle
between the corresponding planes is 87.46°. The dis-
tances are Zn—N 2.208(2), Zn—O 2.036(2), and
2.097(2) A (Table 2). In the polymer chain, the dis-
tance between the zinc atoms separated by the biden-
tate-bridging 3-Bphz ligand is equal to 14.44 A.

Unlike the centrosymmetric planar ligand coordi-
nated to the metal, the out-of-sphere 3-Bphz mole-
cule (in the general position) is characterized by the
twist conformation with the dihedral angle between
the pyridine fragments equal to 38.81°. This is due to
the supramolecular architecture of the crystal formed
by the hydrogen bonds OH--N involving the coordi-
nated water molecules and out-of-sphere ligands. The
3-Bphz ligands are added to the cationic polymer
chain via the chelate mode by two hydrogen bonds:
0O(4)—H4A)N@3) (x+ 1,y,2) (O--*N 2.713(3), H--O
1.87(2) A, angle OHN 172(3)°) and O(4)—
H@4B)--N(6) (x, y, z — 1) (ON 2.733(3), H--O
1.89(2) A, angle OHN 176(3)°) (Fig. 2a). In turn, the
out-of-sphere nitrate anions serve as bridges between
the adjacent chains due to the O—H:-O hydrogen
bonds with the water molecules coordinated to the
metal: O(5)—H(54)---O(2) (OO 2.840(3), H--O

No.1 2019



COORDINATION POLYMERS OF Zn AND Cd BASED

17

(b)

Fig. 2. Packing fragments in compound I: (a) cationic coordination chains surrounded by the out-of-sphere ligands 3-Bphz and
(b) joining of the coordination chains into the supramolecular layer by the out-of-sphere nitrate anions; nonfunctional hydrogen

atoms are omitted.

2.01(2) A, angle OHO 166(3)°), O(5)—H(54)--0(3)
(0-+03.218(4), H--0 2.54(3) A, angle OHO 138(3)°),
and O(5)—HGB)02) (1 —x,2 -y, 1 —2) (OO
3.102(4), H+-02.47(3) A, angle OHO 132(3)°) to form
the supramolecular 2D layer (Fig. 2b).

The mononuclear complex [Zn(NO;),(H,0),(3-
Bphz),] [48] and 1D coordination polymer
{IZn(NO,),(H,0)(3-Bphz)] - H,0}, [49] can be men-
tioned among the closest compositional and structural
analogs of compound I. In both cases, the azine ligand
occupies two coordination sites in the octahedral
polyhedron of the metal, whereas four other positions
are occupied by the water molecules and nitrate anions
inthe 2:2and 1 : 2 ratio in the first and second cases,
respectively.

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 45

The isomorphous crystals of compounds IT and III
differ by the metal cation only (Fig. 3). All compo-
nents occupy partial positions: the metal atom and
iodide anions lie on the m plane, and the 3-Bphz
ligand is localized in the inversion center. The tetrahe-
dral configuration of the metal atom N,], is formed by
two iodide anions and two 3-Bphz ligands (Zn—I
2.544(2) and 2.557(3), Zn—N 2.086(9) A, and the cor-
responding bond angles range from 106.2(3)° to
123.79(8)°). The corresponding distances in
complex III are insignificantly elongated because of a
larger radius of the Cd atom compared to Zn (Table 2).
The dihedral angle between the planar coordinated
ligands is equal to 72.09° in complex II and 76.26° in
complex III.
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Fig. 4. Packing fragments in compounds II and III.

The zigzag coordination chains are parallel to the
crystallographic axis b in the crystals of compounds I1
and III (Fig. 4), and the distances between the metal
atoms separated by the bidentate-bridging ligand
3-Bphz are 14.217 and 14.622 A in compounds II and
III, respectively. The antiparallel chains are packed
along the crystallographic axis @ with a substantial
overlapping of the pyridine cycles of the ligand, which
is indicated by the distances between the centroids of
these cycles equal to 3.497 and 3.483 A in complexes IT
and III, respectively.

The crystals of compounds II and III are isomor-
phous to the earlier studied Hg(II) compounds,
[Hgl,(3-Bphz),], and [HgBr,(3-Bphz),], [49, 50].

The structure of compound IVis the 1D chain. The
cadmium atom and water molecule occupy positions
on the twofold axis passing also through the middle of
the N—N bond of the 4-Bphz ligand. The coordina-
tion polyhedron of the cadmium atom is a pentagonal
bipyramid (Fig. 5) in which two axial positions are
occupied by the 4-Bphz ligands and the water mole-
cule and two acetate anions coordinated via the biden-
tate-chelating mode lie in the equatorial plane. The
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distances are Cd—N 2.413(2) and Cd—O 2.332(3)—
2.439(2) A (Table 2).The symmetry of the twofold axis
of the 4-Bphz ligand determines its twist conforma-
tion with the dihedral angle between the pyridine
cycles equal to 71.64°.

In the crystal of compound IV, the linear coordina-
tion chains are parallel to the direction [110] (Fig. 6),
and the distance between the metal atoms separated by
the bidentate-bridging 4-Bphz ligand is equal to
15.94 A. The chains are associated in the crystals by
hydrogen bonds O—H--O involving the water mole-
cules and acetate anions (O(3)—H(3A4)--O(2) (x +
1/2, y, 1 — z) (OO0 2.681(3), H-O 1.89 A, angle
OHO 150.9°), due to which the supramolecular 2D
layer parallel to the crystallographic plane ab is
formed. Only van der Waals interactions occur
between the layers in the crystal of compound IV.

The closest compositional analog of compound IV
is the 1D coordination polymer of the ladder type,
[Zn,(4-Bphz),(CH;COO), - 2(MeOH),],, in which
the bipyridine ligand and one of the acetate ligands
perform the bidentate-bridging function [17].
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Fig. 6. Packing of coordination chains in the crystal of compound IV; nonfunctional hydrogen atoms are omitted.

Although both Schiff bases 3-Bphz and 4-Bphz
used in the syntheses of coordination polymers I-V
have an extended conjugated system including the aro-
matic fragments, which is a necessary prerequisite for
the detection of the emission properties [51], only
restricted data on the compounds based on the 4-Bphz
ligand are published [17, 42, 43]. This situation stimu-
lated our studies. The photoluminescence spectra
(PL) for the initial 3-Bphz and 4-Bphz ligands
(Fig. 7a) and coordination polymers I-V (Figs. 7b,
7c) were detected in the solid state at room tempera-
ture. The PL spectra are complicated, indicating a
superposition of several radiation processes. All coor-
dination polymers demonstrate the emission intensity
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from moderate (for I-I1II, Fig. 7b) to weak (for IV and
V, Fig. 7c) in the blue-green spectral range with the
emission maxima at 530 (I), 425 (II), 440 (III),
515 (IV), and 520 and 580 nm (V). The emission
intensity decreases in the order IIl > I > 11 > IV > V.
The same profiles of the spectra for compounds II and
III are consistent with the identity of the crystal struc-
tures of these compounds. As compared to the corre-
sponding ligands, the spectra of compounds I-IV
demonstrate the nontrivial for coordination polymers
pronounced hypsochromic shift of the emission max-
ima, which can be explained (by analogy to literature
data [42]) by a substantial contribution of the destabi-
lizing m—m-stacking interactions between the pyridine
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Fig. 7. PL spectra of (a) ligands 3-Bphz and 4-Bphz,
(b) complexes I-III, and (c) complexes IV and V.

rings of the adjacent ligands. The most probable
mechanism of the radiation processes is based on the

intraligand *— transitions because of the closed d'°-
electron configurations of the Zn?* and Cd>" cations.
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