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Abstract

Three new hexacyanometallate(IlI) complexes, namely {[Cd;(4epy);,Cr,(u-CN)c(CN)¢]e4H,0}, (1), {[Cd;(4epy),,Fe,(u-
CN)((CN)¢]»4H,01}, (2) and {[Cd;(4epy);,Co,(u-CN)((CN)s]+4H,01,, (3), were synthesized by using 4-ethylpyridine (4epy)
ligand and characterized by spectral (FT-IR and Raman), crystallographic (SC-XRD and PXRD), thermal and elemental
analyses techniques. Single crystal studies have shown that heterometallic complexes 1-3 form 3D polymers. Each M ion
[M=Cr(III) in 1, Fe(Ill) in 2 and Co(III) in 3] is coordinated by six carbon atoms from cyanide ligands and adjacent metal
ions are bridged by cyanide ligands to generate [CdgMg(CN),,] clusters. Each Cd(II) ion is coordinated by four nitrogen
atoms from 4epy ligands and two nitrogen atoms from cyanide ligands to distorted octahedral coordination geometry. In
addition, thermal (TG/DTA) properties of the complexes were investigated. Powder X-ray diffraction (PXRD) patterns of

the complexes were recorded to control the phase purities.

Keywords Hexacyanochromate(III) - Hexacyanoferrate(III) - Hexacyanocobaltate(III) - 4-ethylpyridine - Cadmium(II) -

3D - Coordination polymers

Introduction

Heteronuclear coordination polymers are extended struc-
tures formed by the repeated coordination of two or more
different metal ions with bridging ligands. These polymers
are fascinating because they combine the characteristics of
coordination complexes with the advantages of extended
networks, such as crystallinity and tunable porosity. They
have gained significant attention in materials science and
catalysis due to their unique properties and potential appli-
cations [1-6]. The formation of heteronuclear coordination
polymers typically involves the coordination of metal ions
with polydentate ligands that can simultaneously bind to
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multiple metal centers, bridging them together. The coor-
dination between different metal ions and bridging ligands
results in the formation of 1D, 2D or 3D networks depending
on the connectivity of the metal centers [5, 7-12]. Coordi-
nation polymers with hexacyanometallates, often referred
to as hexacyanometallate-based coordination polymers,
are a class of compounds where metal ions are bridged
by hexacyanometallate(III) ions, ([M(CN)6]3_), to form
extended polymeric structures. These coordination poly-
mers have a repeating unit consisting of metal ions and hex-
acyanometallate ligands, leading to one-dimensional (1D),
two-dimensional (2D), or three-dimensional (3D) networks
depending on the coordination geometry and connectivity
of the metal centers [8, 13—15]. In the literature, it has been
stated that inorganic extra framework anions [Cr(CN)6]3‘,
[Fe(CN)6]3‘ and [Co(CN)6]3‘ generally provide a very com-
mon topology [16].

In our previous studies, we reported hexacyanometallate(III)
complexes [8, 13, 15]. The first is [Cd(tren)(Htren)]
[Cr(CN)¢]+2H,0 complex synthesized with tris(2-
aminoethyl)amine (tren) ligand [15], the other is
with 2-(hydroxymethyl)pyridine (hmpy) ligand
[Cdg(hmpy),,Fe,(1-CN)g(CN) Fe,(1-CN) 4 (CN)gl,
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[Cd;(hmpy)sCo,(R-CN)4(CN)g] and [Zn(hmpy),
Zn,(hmpy),Co,(p-CN)g(CN),], [13], and finally is with
4-(2-aminoethyl)pyridine (4aepy) ligand {[Cu(H,O)(u-4aepy)
Cu(p-4aepy),Cu(u-4aepy)Co,(u-CN)g(CN)g]-3H,01},,
(NH,)[Cd(p-4aepy),Co(u-CN),(CN), ], and (NH,)[Cd(u-
4aepy),Fe(u-CN),(CN),], [8]. As part of our ongo-
ing research, in this study, three new 3D heteronuclear
complexes, {[Cd;(4epy),Cry(u-CN)((CN)(]*4H,01},
(1), {[Cds(4epy)  Fe,(u-CN)c(CN)gle4H,01},, (2) and
{[Cd;(4epy);,Co,(1-CN)(CN)g14H, 01, (3), were synthesized
using 4-ethylpyridine (4epy) ligand and hexacyanometalate(III)
complex ions. The structures of the complexes were defined by
vibrational (FT-IR and Raman) spectroscopy, crystallographic
(SC-XRD and PXRD).

Experimental
Materials and methods

Cadmium acetate dihydrate (Cd(CH;COO),+2H,0, Acros,
99%), potassium hexacyanochromate(III) (K;[Cr(CN)g],
Merck, 99%), potassium hexacyanoferrate(III) (K;[Fe(CN)q],
Merck, 99%), potassium hexacyanocobaltate(III)
(K;5[Co(CN)¢l, Acros, 95%), 4-ethylpyridine (C;HyN, ther-
moscientific, 98%), ammonia solution (NH,OH, Merck,
25%) and ethanol (C,H;OH, Merck) were purchased from
commercial sources and were used as received. Elemental
analyses results were taken on LECO CHNS-932 analyzer
for C, H and N. FT-IR spectra were recorded with a Perkin
Elmer 100 FT-IR spectrometer (calibrated using polystyrene
and CO, bands) with ATR (Atenuated Total Reflection) at
4000-250 cm™" (4 cm™! resolution). Raman spectra were
recorded in the Bruker Senterra Dispersive Raman instru-
ment at the range of 4000-250 cm™! using 785 nm laser
excitation. Powder X-ray diffraction (PXRD) patterns were
obtained from a Panalytical EMPYREAN X-ray diffraction
instrument operating at 40 kV and 30 mA with Cu-Ka radia-
tion (A=1.5406 nm). The Perkin Elmer Diamond TG/DTA
Thermal Analyzer was used at a heating rate of 10 °C/min.
in a temperature range of 30—1000 °C in a static atmosphere
to record the TG, DTG and DTA curves.

Single crystal analyses

Suitable crystals of 1-3 were selected for data collec-
tion which was performed on a Bruker diffractometer
equipped with a graphite-monochromatic Mo-K, radia-
tion at 296 K. The refinements of the disordered groups
(most carbon atoms in ethyl groups) were made aniso-
tropicaly using PART, EADP and ISOR restrictions.
This disorder was modelled as two different orientations
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as two groups [first group=A and second group =B],
with occupancy factors of 0.486(4) and 0.514(4) in 1,
0.495(5) and 0.505(5) in 2 and 0.579(4) and 0.421(4) in 3,
respectively. During the refinement of the complexes 1-3,
electron density peaks were located that were believed
to be highly disordered water molecules. Attempts made
to model the water molecule were not successful. The
SQUEEZE option in PLATON [25] indicated there was a
large solvent cavity of 942 A% in 1, 786 A% in 2 and 789
A% in 3. In the final cycles of refinement, this contribu-
tion of 205 electrons in 1, 331 electrons in 2 and 168
electrons in 3 to the electron density was removed from
the observed data and the hkl intensities were modified
accordingly. We used these procedures for our analyses:
solved by direct methods; SHELXS-2013 [17]; refined by
full-matrix least-squares methods; SHELXL-2013 [18];
data collection: Bruker APEX2 [19]; molecular graph-
ics: MERCURY [20]; solution: WinGX [21]. The crystal
structure determinations and complete details of the data
collected can be observed in (Table 1).

Synthesis and characterization

1 mmol of K;[M(CN)4] [M =Cr (0.325 g), Fe (0.329 g)
or Co (0.332 g)] was dissolved in [4:1] distilled water/
ammonium hydroxide mixture. While the solution was
stirred, 1 mmol of Cd(CH;C0O0),2H,0 (0.266 g) dis-
solved in 20 mL distilled water was added slowly to the
mixture. The resulting mixture was stirred on a magnetic
stirrer for 15 min. To this obtained mixture, 4 mmol of
4epy (0.428 g) ligand dissolved in distilled water/etha-
nol ratio [1:1] was added dropwise, then the resulting
complex was stirred at 50 °C for 5 h, filtered and left to
crystallize at room temperature. Within a week or two,
crystals formed (Scheme 1).

In this way, complex 1 {[Cd;(4epy);,Cr,(u-
CN)4(CN)4l+4H,0}, has colourless crystals. The
yield of the synthesized chemical is 42%. (based on
Cd(CH;COO0),*H,0) Anal. Calcd. for Cy¢H,;;cCd;Cr,N,,0,
(1) MW =2111.32 g mol™"): C 51.00, H 5.13, N
15.40%; found C 51.70, H 5.63, N 15.65%. Complex
2 {[Cds(4epy) Fe,(u1-CN)((CN)¢]»4H,0}, has yel-
low crystals. The yield of the synthesized chemical is
46% (based on Cd(CH;C0OO0),+2H,0) Anal. Calcd. for
CoeH, 14CdsFe,N,,0, (2) MW =2119.02 g mol™"): C 50.60, H
5.10, N 15.90%; found C 50.50, H5.61, N 15.60%. Complex 3
{[Cd;(4epy);,Co,(u-CN)4(CN)¢]+4H,01},, has colourless crys-
tals. The yield of the synthesized chemical is 53% (based on
Cd(CH;C00),2H,0) Anal. Calcd. for Co¢H, ;4Cd;Co,N,,0,
(3) (MW =2125.18 g mol™!): C 46.80, H 4.90, N 13.90%;
found C 46.35, H 4.60, N 13.55%.
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Table 1 Crystal data and
structure refinement parameters
for complexes 1-3

Crystal data
CCDC

Crystal data

1
2252864

2
2252866

3
2252865

Empirical formula
Formula weight g/mol
Crystal system

Space group

a(h)

¢ (A)

V (A%

Z

D, (gem™)

p (mm™)

Data collection
Onmin-max (*)

Measured refls
Independent refls

R
Refinement

S

R1/wR2

APyan APrin (€A™

int

CosH}164Cd3CrN», Oy
2111.32

CosH16Cd3Fe;N»,0,
2119.02

CosH16Cd3CoN», 0,
2125.18

Trigonal Trigonal Trigonal
R-3:H R-3:H R-3:H
38.3864(17) 38.252(4) 38.096(2)
20.7679(16) 20.347(3) 20.2125(16)
26502(3) 25784(7) 25405(4)

9 9 9

1.191 1.228 1.250

0.76 0.85 0.90
2.4-26.7 1.1-28.2 2.4-28.3
112035 143857 174950
12488 14150 13980
0.085 0.062 0.074

1.03 1.18 1.14
0.062/0.161 0.069/0.189 0.067/0.166
0.55/-0.48 1.10/-0.70 1.24/-0.67

Results and discussion
X-ray diffraction studies

The crystallographic data of the complexes, the selected
bond lengths and angles, and the hydrogen bond geom-
etries of the complexes are given in Tables 1, 2 and 3,
respectively. The purities of complexes 1-3 were validated
through the utilization of the complexes PXRD patterns
(Fig. S1). Based on the comparison between the calculated
data from the SC-XRD powder patterns collected with
the help of the Mercury CSD software package and the
experimental data, the result was both similar approving
the purity of the crystals.

Structural description of 1-3

The single crystal X-ray study shows that the heterometallic
complexes 1-3 form 3D polymers. Crystallographic analy-
ses showed that complexes 1-3 with space group R-3 are
very similar. Complexes 1-3 show isostructural features.

Additionally, 1-3 are isotypic with heterometallic MOFs
reported in the literature [22]. The asymmetric unit of the
complexes 1-3 consists of one and half Cd(II) ions, one
M ion [M=Cr(IIl) in 1, Fe(III) in 2 and Co(III) in 3], six
4epy ligands, six cyanide ligands and two non-coordinated
water molecules (Fig. 1). In 1-3, each Cd(Il) ion is coor-
dinated by four nitrogen atoms from 4epy ligands and two
nitrogen atoms from cyanide ligands (Table 2). In 1-3, the
position of Cd2 atom coincides with the location of the
symmetry centre. Each M ion [M = Cr(IIl) in 1, Fe(III) in 2
and Co(III) in 3] is coordinated by six carbon atoms from
cyanide ligands. M(III)-C bond lengths, 2.048(5), 2.071(5),
2.054(7), 2.051(5), 2.067(5) and 2.071(7) in 1, 1.936(4),
1.955(7), 1.940(5), 1.917(4), 1.947(7) and 1.949(5) in 2
and 1.902(5), 1.905(4), 1.899(6), 1.878(4), 1.892(6) and
1.896(4) in 3. In 1-3, the coordination spheres of all ions are
octahedral coordination geometry. The ions are bridged by
cyanide ligands to generate [CdgM¢(CN),,] metalloligands
[M =Cr(III) in 1, Fe(III) in 2 and Co(III) in 3], with the
Cd(IT)eeeM separations are 5.437 and 5.441 A in 1, 5.341
and 5.344 A in 2 and 5.274 and 5.310 A in 3. Adjacent these
metalloligands are joined by cyanide ligands, generating

2K3[M(CN)g] (s) + 3CA(CH;CO0), (5) + 12(4epy) (1) Lthanolwater, 3h_y ¢4, (4epy),,My(1-CN)g(CN)GJ-4H,0 (s) + 6K(CH3CO0) (aq)
NH,OH (5 mL), 50 °C

Scheme 1 Synthesis methods of complexes 1-3

@ Springer
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Fig.1 The molecular structures of 1 (a), 2 (b) and 3 (c) showing the
atom numbering schemes. Some carbon atoms in the ethyl groups of
4epy ligands are disordered. For the sake of clarity, only in "A" occu-
pied positions are shown

@ Springer

Table 2 Selected bond distances for complexes 1-3 (A, °)

Complex 1

Cd1-N1 2.372(4) Cd1-N2  2.382(4) Cdl1-N3 2.414(4)
Cd1-N4 2.408(4) CdI-N7  2308(4) CdI-N10' 2.298(4)
Cd2-N5 2.374(4) Cd2-N6  2.367(5) Cd2-N8 2.288(4)
Cr1-C43 2.048(5) Crl-C44 2.051(5) Crl-C45 2.067(5)
Cr1-C46 2.071(5) Crl-C47 2.071(7) Crl-C48 2.054(7)
Complex 2

Cd1-N1 2.383(4) Cd1-N2  2.429(4) Cd1-N3 2.408(4)
Cd1-N4 2.367(4) CdI-N7  2310(4) CdI-N12! 2298(4)
Cd2-N5 2.369(4) Cd2-N6  2.368(6) Cd2-N9  2.315(4)
Fel-C43 1.949(5) Fel-C44 1.947(7) Fel-C45 1917(4)
Fel-C46 1.940(5) Fel-C47 1.955(7) Fel-C48 1.936(4)
Complex 3

Cd1-N1 2.360(4) Cd1-N2  2.401(4) Cd1-N3 2.399(4)
Cd1-N4 2.388(4) CdI-N5  2310(4) CdI-N10' 2.319(4)
Cd2-N8 2.318(4) Cd2-N12 2.362(4) Cd2-N11 2.367(5)
Col-C29 1.905(4) Col-C30 1.899(6) Col-C31 1.902(5)
Col-C32 1.878(4) Col-C33 1.892(6) Col-C34 1.896(4)

Symmetry codes: (i) y-1/3, -x+y+1/3, -z+4/3 for 1, (i) x-y+2/3,
x+1/3,-z+4/3 for 2; (i) x-y+1, x, -z+1 for 3

3D coordination polymer (Fig. 2). The 3D coordination
polymers are also supported by intermolecular O—HeeeN
hydrogen bonds (Table 3). In the literature, intermolecular
O-HeeeN hydrogen bonds are seen in many studies [23-28].

Spectral studies

FT-IR spectra of the complexes are shown in Fig. 3 and
Raman spectra are shown in Fig. 4. The vibrational
bands of the complexes and the 4epy are given in Table 4
[29-31]. Symmetrical and asymmetrical ¥(OH) stretching
vibrations of the complexes were observed in the region
of 3550-3200 cm™!, and 8(OH) bending vibrations were
observed in the range of 1630-1600 cm™' wavenumbers
[32]. According to this, asymmetric and symmetrical
V(OH) stretching vibration wavenumbers were found to be
3370 em™! for 1, 3346 cm™' for 2, and 3378 cm™' for 3. In
addition, 8(OH) bending vibrations have wavenumber values
of 1630 cm™ for 1, 1630 cm™ for 2 and 1624 cm™" for 3.
When the nitrogen atom in the pyridine ring participates
in the coordination, significant shifts can be observed in
the ring vibration wavenumbers relative to 4epy [29, 30].
Vibration bands v(C =C) and v(C=N) are important bands
of pyridine ring. The stretching vibration band v(C=C)
found at 1561 cm™! in FT-IR spectrum of 4epy is observed at
1555 cm™" and 1544 cm™! for 1, 1555 cm™! and 1561 cm™!
for 2 and 1555 cm™! and 1555 cm™! for 3 in FT-IR and
Raman spectra, respectively. The stretching v(C=N) band
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Fig.2 An infinite 3D coordina-
tion polymer in 1-3. The 4epy
ligands and water molecules
have been omitted for clarity

is found at 1499 cm™! in FT-IR spectrum of 4epy, while it
is observed at 1498 cm~! and 1492 cm™! for 1, 1501 cm™'
and 1492 cm™! for 2 and 1503 cm™! and 1492 cm™! for 3 in
FT-IR and Raman spectra, respectively.

The v(CH) vibrational bands observed in the wavenum-
ber range of 30682970 cm™' in FT-IR spectrum of 4epy

Table 3 Hydrogen-bond parameters for complexes 1-3 A,°)

D-H---A D-H H--A D--A D-H--A
Complex 1

C12—H12--N7 0.93 2.58 3.239(7) 128
Ol—HIA--N12" 0.88 2.46 3.072(8) 126
O1—HIB--N11! 0.85 247 3.288(9) 161
O2—H2A---N12¥ 0.80 2.37 3.065(8) 144
02—H2B--N11 0.85 2.38 2.900(8) 120
Complex 2

C1—HI1--N7 0.93 2.56 3.226(7) 129
O1—HI1A--N10" 0.88 2.46 3.073(9) 126
O1—HIB--N11! 0.97 2.31 3.188(10) 151
02—H2B---N10" 0.88 2.23 3.047(9) 154
Complex 3

C22—H22.-N10' 0.93 2.55 3.220(7) 129
O1—HI1B--N7 0.84 2.21 3.028(8) 167
O1—HIA--N6" 0.82 2.13 2.917(8) 162
02—H2B--N7"¥ 0.88 2.29 3.124(9) 158

Symmetry codes: (i) y—1/3,—x+y+1/3,—z+4/3; (iv) x—y+1/3,
x—1/3,—z+5/3; (v)—y+4/3, x—y+2/3,z—1/3 for 1; (i) x —y +2/3,
x+1/3,—z+4/3; (iv) y,—x+y+1,—z+1; (v)—x+y+2/3,—x+4/3,
z+1/3 for 2; (1) x—y+1, x,—z+1; (iv)—x+y+2/3,—x+4/3,
z+1/3; (v)—y+4/3, x—y+2/3,z—1/3 for 3

were found in the wavenumber range of 30792970 cm™!
in those of the complexes. In aromatic molecules, v(CH)
stretching vibration bands are found in the wavenumber
range of 3100-3000 cm™! [33, 34]. Vibrational 8(CH) band
is observed at 1316 cm™! in the spectra of 4epy ligand,
while it is observed at 1314 cm™' in the complexes 1-3. In
additional, ring stretching v,;,, vibrations, which appeared
in 4epy at 1600 cm™', 1559 cm™' and 1497 cm™!, were
observed in the complexes at 1613 cm™', 1555 cm™' and
1498 cm™'in 1, at 1613 cm™', 1555 cm™" and 1501 cm™
in 2 and at 1613 cm™', 1555 cm™' and 1503 cm™" in 3.
These shifts can be observed in the ring vibrations of 4epy,
when nitrogen atom in the pyridine ring participates in the
coordination. Complexes 1-3 contains cyanide groups and
cyanide stretching band is observed in the FT-IR spectra at
2153 cm™! for 1, 2143 cm™! for 2 and 3. In Raman spectrum,
2148 cm™" and 2113 cm™ for 1, 2142 cm™" and 2073 cm™
for 2 and 2171 cm™! and 2142 cm™! for 3.

The spectral data of complexes and bond lengths of the
crystals were examined. According to this, the C43=N7
and C44=N8 bond lengths for 1 are found to be 1.147(5)
and 1.156(6) A, respectively. The bridged Cd-N cyanide
bond lengths affecting the position of the v(C=N) streching
band are [Cd1-N7=2.315(6) A, Cd2-N9=2.312 A)], affect-
ing the position of the v(C=N) stretching band, are essen-
tially different, which result in one stretching band in the
FT-IR spectrum [2153 cm™! for C43=N7]. For 2, the bond
lengths of C43=N7 and C45=N09 are found as 1.138(8) and
1.156(6) A, respectively. The bridged Cd-N cyanide bond
lengths affecting the position of the ¥(C=N) streching band
are [Cd1-N7=2.315(6) A, Cd2-N9=2.312 A)], affecting

@ Springer
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Fig.3 The FT-IR spectra of
complexes 1-3

the position of the v(C=N) stretching band, are essentially
different, which result in one stretching band in the FT-IR
spectrum [2143 cm™! for C43=N7]. And for 3, C29=N5 and
C32=N8 bond lengths are found to be 1.136(7) and 1.151(7)
A, respectively. The bridged Cd-N cyanide bond lengths that

Fig.4 The Raman spectra of
complexes 1-3
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Table4 The FT-IR and Raman

; Assignments [29-31]  4epy 1 2 3

wavenumbers of 4epy in 1-3

(cm™) FT-IR Raman FT-IR Raman FT-IR Raman
V(CH) 3068 m 3075 m 3056 s 3079 m 3068 s 3077 m 3068 s
V(CH) 3044 w 3051 vw 3052 vs 3051 vw 3050 vw 3052 vw 3051 sh
V(CH) 2970's 2970 vw 2964 m 2981 vw 2976 m 2973 vw 2981 m
v,(CHy) 2935 m 2935 vw 2924 m 2935 vw 2941 m 2935 vw 2947 m
v,(CH,) 2901 w 2909 vw 2925 m - 2902 m 2904 vw 2911 m
v,(CH3) 2877 m 2866 vw 2872 m 2866 vw 2870 sh 2878 vw 2878 sh
v(CH) 1988 w 2000 sh 1990 vw 1986 vw 1996 sh 1986 vw 1983 vw
Xeens 1933 vw 1959 vw 1939 vw 1966 vw 1934 w 1970 vw 1942 vw
Xens 1791 vw 1791 vw 1788 vw 1791 sh 1802 vw 1793 vw 1793 vw
Xens 1733 w 1751 m 1734 w 1751 m 1731 sh 1739s 1736 vw
Vring 1600 vs 1613 s 1595 s 1613 s 1596 s 1613 s 1595 s
v(CC) 1561 m 1555 vw 1544 w 1555 vw 1561 w 1555 vw 1555 vw
V(CN) 1499 m 1498 vw 1492 vw 1501 vw 1492 vw 1503 vw 1492 vw
§,(CH;) 1449 m 1457 w 1434 w 1457 w 1434 w 1457 w 1434 w
Vring 1414 vs 1423 s 1436 m 1423 s 1426 m 1423 s 1425 w
v,(CH3) 1376 w 1388 vw 1360 vw 1371 vw 1360 vw 1367 m 1360 vw
8(CH) 1316 w 1314 vw  1302vw  1314vw 1314vw 1314vw 1314 vw
v(CH) 1265 w 1273 vw 1239w 1270 vw 1272 sh 1271 vw 1239 vw
8(CH) 1219 s 1227 s 1193 s 1227 s 1208 s 1225 s 1204 s
v,(CH;) 1099 w 1101 vw 1098 vw 1090 vw 1106 vw 1089 vw 1090 vw
S(CH) + g 1068 m 1066 m 1049 m 1066 m 1066 m 1066 m 1066 m
v(CH;) 1036 sh 1026 sh 1047 m 1028 sh 1020 m 1038 w 1020 m
Ring breath 994 m 1014 m 997 m 1014 m 1014 m 1014 m 1018 m
y(CH) 976 sh 979 vw 951w 978 vw 976 w 987 vw 974 w
v(CH) 877 vw 876 vw 887 w 876 vw 882 vw 871 vw 876 w
v(CH) 820 vs 833 vs 818 w 833 vs 828 vw 832 vs 817 vw
ViingRsens-) 776 s 787 m 767 s 785s 784 m 785s 784 m
8(CC) 757 w 758 vw 770 s 762 vw 756 vw 762 w 761 sh
Yring 720 vw 713 vw 723 w 713 vw 711 vw 713 vw 726 vw
Biing 670 vw 672 vw 646 m - 669 m - 669 m
YringRsens-) 566 s 573 m 587 w 573s 576 vw 573 m 575 vw
8(CC) 515m 499 m 504 vw 505s 506 m 517s 514 vw
YiingRsens-) 490 s 501 m 485 vw 506 m 497 vw 506 m 491 vw

v stretching, 6 deformation, w wagging, ¢ twisting, r rocking, s strong, m medium, w weak, sh shoulder,

v very

Thermal analyses

Thermal analyses of the complexes were taken in a static air
atmosphere with a heating rate of 10 °C from 30 °C to 1000
°C and the TG, DTA and DTG curves are shown in Fig. S2.
The thermal decomposition of 1-3 proceeds in two stages.
In the first stage of complexes 1-3, the complexes lose four
water molecules and twelve 4epy ligands in the temperature
range 30-359 °C [found (calcd.)(%)=60.65 (60.82)] for
1; 39-374 °C [found (calcd.)(%)=159.58 (59.68)] for 2 and
38-353 °C [found (calcd.)(%)=60.55 (60.50) for 3. The

second stage is related to release of twelve cyanide ligands in
the temperature range 359-458 °C [found (calcd.)(%) = 14.55
(14.54)] for 1; 374-491 °C [found (calcd.)(%)=14.46 (14.48)]
for 2; 353—442 °C [found (calcd.)(%)=14.30 (14.45)] for 3.
The strong exothermic peak in the last step (DTA,,, =438
°C for 1; 460 °C for 2 and 409 °C for 3) is associated with the
combustion of the remaining the organic residue in complexes
1-3. The final solid products of thermal decompositions,
CdO +Cr,0; for 1, CdO +Fe,O; for 2 and CdO +Co;0, for
3. The final decomposition products may be Co;0, which con-
verts to CoO above 905 °C for 3.
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Conclusion

In this study, three dimensional heteronuclear com-
plexes were synthesized under similar conditions by
using hexacyanometallate(III) (M =Cr, Fe and Co) ions
and 4epy ligand. Single crystal X-ray diffraction studies
revealed that complexes 1-3 exhibit a 3D framework based
on the [CdgM4(CN),,] cluster. In 1-3, each Cd(Il) ion is
coordinated by six nitrogen atoms. Complexes 1-3 exhibit
distorted octahedral coordination geometries with the
axial positions occupied by two cyanide ligands.
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