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New cyanide-bridged heteronuclear polymeric complexes, [Cu(hepH)2Pt(μ-CN)2(CN)2]n (1), [Zn
(hepH)2Pt(μ-CN)2(CN)2]n (2), and [Cd(hepH)2Pt(μ-CN)2(CN)2]n (3) (2-pyridineethanol abbreviated
to hepH), have been synthesized and characterized by elemental analysis, FT-IR and Raman spectro-
scopies, thermal analysis, and single-crystal X-ray diffraction techniques. Hydrogen bonds play very
important roles in the construction of supramolecular structures. From the crystallographic data, it
was determined that the crystal packings of 1–3 were composed of rare intermolecular C–H⋯Pt
interactions. In addition, these complexes have π⋯π and O–H⋯N interactions.

The cyanide-bridged heteronuclear polymeric complexes, [M(hepH)2Pt(μ-CN)2(CN)2]n (M = Cu(II)
(1), Zn(II) (2) and Cd(II) (3); hepH = 2-pyridineethanol), have been synthesized and characterized
by elemental analysis, FT-IR and Raman spectroscopies, thermal analysis, and single-crystal X-ray
diffraction techniques. The crystallographic analyses reveal that 1 and 2 crystallize in the triclinic
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system, space group P-1, while 3 crystallizes in the monoclinic system, space group P21/n. The
structures of 1–3 consist of 1-D linear chains in which the M(II) and Pt(II) ions are linked by
cyanide ligands. Each M(II) center exhibits a distorted octahedral coordination environment with
four nitrogens from two cyanides and two hepH ligands. The 1-D chains are further linked by
C–H⋯Pt and O–H⋯N hydrogen bonding interactions to construct 3-D supramolecular structures.
Thermal stabilities and decomposition products of the complexes were investigated from 30 to
700 °C in air.

Keywords: Tetracyanoplatinate(II) complex; 2-Pyridineethanol complex; Heteronuclear complex;
Cyanide-bridged complex; 1-D complex

1. Introduction

A combination of interesting structural and material properties of cyanide-bridged
heteronuclear complexes have made this area heavily explored. Polymeric metal
complexes are formed, especially with macromolecules formed by metal–metal or
metal–ligand–metal bridge connections in one-, two-, or three-dimensions [1]. For
designing coordination polymers of intended dimensionality having a specific property,
the proper choice of suitable metal and bridging or chelating ligands is important. Most
ligands contain carboxylate, cyanide, or pyridine-type groups [2, 3]. Cyanide, a simple
pseudo halide, is widely used to synthesize 1-D, 2-D, or 3-D structures because of the
ability to behave as σ-donor and π-acceptor, negative charge, and ambidentate character.
Cyanide-bridged transition metal coordination polymers have found several applications
[4].

Investigation on cyanide-bridged polymeric metal complexes using tetracyanoplatinate
(II) as building blocks are limited [5–10]. Because tetracyanoplatinate(II) can use
different numbers of cyanide groups to bind to other metal ions, a range of solid-state
structures exist. The formation of the supramolecular assemblies has been rationalized
with competition between coordinative forces and hydrogen bonding interactions crucial
in the determination of final solid-state packing. The packing of 1-D/2-D coordination
polymers in the solid state is generally controlled by weak interactions [11], and these
weak forces also play many important roles for 3-D coordination polymers [12].
The weaker non-covalent interactions, such as hydrogen bonding [13], π⋯π stacking
[14], and C–H⋯M [15, 16] are important for the overall superstructure obtained
[17, 18].

In our previous study, we reported tetracyanonickelate(II) and tetracyanopalladate(II)
complexes with hepH [19, 20]. To the best of our knowledge, neither crystallographic
nor vibrational analysis study of tetracyanoplatinate(II) with hepH has been reported. As
a continuation of our previous studies, three cyanide-bridged heteronuclear polymeric
complexes of Cu(II), Zn(II), and Cd(II) with hepH and [Pt(CN)4]

2− have been synthe-
sized. In the present paper, we describe the syntheses, FT-IR, and Raman spectra, ther-
mal studies [thermogravimetric analysis (TG), derivative thermogravimetric analysis
(DTG) and differential thermal analysis (DTA)], and crystal structures of three 1-D
heteropolynuclear complexes of Cu(II), Zn(II) and Cd(II) ions with 2-pyridineethanol
(hepH) and [Pt(CN)4]

2−.
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2. Experimental

2.1. Materials

All materials such as copper(II) chloride dihydrate (CuCl2·2H2O, 99%), zinc(II) chloride
(ZnCl2, 96%), cadmium(II) chloride hemi(pentahydrate) (CdCl2·2.5H2O, 81%), platinum(II)
chloride (PtCl2, 99%), potassium cyanide (KCN, 96%), and 2-pyridineethanol (C7H9NO,
98%) were used as received.

2.2. Syntheses of the complexes

2.2.1. M[Pt(CN)4]·H2O (M = Cu, Zn, and Cd). To water solution of PtCl2 (0.265 g,
1 mmol) was added a solution of KCN (0.260 g, 4 mmol) in water (10 mL) and colorless
K2[Pt(CN)4]·H2O was crystallized. K2[Pt(CN)4]·H2O (0.395 g, 1 mmol) to which was
added metal chloride solutions (CuCl2·2H2O = 0.170 g, ZnCl2 = 0.136 g or
CdCl2·2.5H2O = 0.228 g, 1 mmol) became M[Pt(CN)4]·H2O. The colors of Cu[Pt
(CN)4]·H2O, Zn[Pt(CN)4]·H2O and Cd[Pt(CN)4]·H2O are green, gray and yellow,
respectively.

2.2.2. [M(hepH)2Pt(μ-CN)2(CN)2]n (M = Cu, Zn, and Cd). A mixture of Cu[Pt
(CN)4]·H2O (0.380 g, 1 mmol) in water (10 mL) and hepH (0.246 g, 2 mmol) in ethanol
(10 mL) was stirred at 55 °C for 4 h in a temperature-controlled bath. The obtained solution
was filtered and kept for crystallization at room temperature. Green [Cu(hepH)2Pt(μ-
CN)2(CN)2]n (1) block-shaped single crystals were obtained by slow evaporation after one
week. The complex was analyzed for C, H, and N with the following results: Yield: 0.280 g,
45.97% based on CuCl2·2H2O. Anal. Calcd for C18H18N6O2PtCu (1) (Mw = 609.01 g mol−1):
C, 35.50; H, 2.98; N, 13.80%. Found: C, 34.87; H, 2.73; N, 13.01%.

Complexes 2 and 3 were obtained in a similar method to 1, but Cu(II) was replaced by Zn
(II) (0.382 g) or Cd(II) (0.429 g). Orange and colorless crystals of 2 and 3 were obtained
(yield: 0.313 g, 51.31% based on ZnCl2 for 2 and 0.325 g, 49.46% based on CdCl2·2.5H2O
for 3). Anal. Calcd for C18H18N6O2PtZn (2) (Mw = 610.85 g mol−1): C, 35.39; H, 2.97; N,
13.76%. Found: C, 35.05; H, 3.17; N, 13.80%. Anal. Calcd for C18H18N6O2PtCd (3)
(Mw = 657.87 g mol−1): C, 32.86; H, 2.76; N, 12.77%. Found: C, 33.45; H, 2.98; N, 13.65%.

2.3. Physical measurements

Elemental analyses (C, H, and N) were carried out by standard methods using a CHNS-932
(LECO) analyzer at the Middle East Technical University Central Laboratory in Ankara,
Turkey. FT-IR spectra of hepH and the complexes were carried out at room temperature by
a Perkin-Elmer FT-IR 100 spectrometer from 4000 to 250 cm−1. Resolution was set to
4 cm−1; signal/noise ratio was established by 16 scans with attenuated total reflection.
Raman spectra of the complexes were recorded from 4000 to 250 cm−1 via a Bruker
Senterra Dispersive Raman Microscope using the 785 nm line of a 3B diode laser. The TG,
DTA, and DTG measurements were carried out using a Perkin-Elmer Diamond TG/DTA
Thermal Analysis instrument under static air at a heating rate of 10 K min-1 from 30 to
700 °C using platinum crucibles.

Tetracyanoplatinate(II) 2273
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2.4. Crystallographic analyses

Crystallographic data were recorded on a Bruker Kappa APEXII CCD area-detector diffrac-
tometer using Mo Kα radiation (λ = 0.71073 Å) at room temperature. Absorption corrections
by multi-scan [21] were applied. Structures were solved by direct methods [22] and refined by
full-matrix least squares against F2 using all data [22]. All non-H atoms were refined
anisotropically. In 1, 2, and 3, H1 and H1A (for OH) were located in difference syntheses and
refined isotropically. In all compounds, the remaining hydrogens were positioned geometrically
at 0.93 Å (CH) and 0.97 Å (CH2) from the parent carbons; a riding model was used during the
refinement processes and the Uiso(H) values were constrained to be 1.2Ueq (carrier atom).

3. Results and discussion

3.1. Vibrational spectra

FT-IR and Raman spectra of the complexes are illustrated in figures 1 and 2, respectively.
The assignments of hepH wavenumbers observed in the FT-IR and Raman spectra of the

Figure 1. The FT-IR spectra of K2[Pt(CN)4]·H2O, hepH and 1–3.
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complexes are given in table 1, together with the wavenumbers for hepH [19]. Considerable
shifts to higher or lower wavenumbers occur in the presence of numerous absorption bands
in spectra of the complexes due to characteristic OH, CH2, CH, and ring vibrations. Infrared

Figure 2. The Raman spectra of K2[Pt(CN)4]·H2O and 1–3.
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bands at 3106 (1), 3108 (2), and 3105 cm−1 (3) are assigned to the OH stretching modes
(not observed in Raman spectra). In the complexes, the CH modes are observed from 3070
to 2961 cm−1 (in FT-IR spectra) and 3030–3061 cm−1 (in Raman spectra). The CH2 asym-
metric stretches are generally observed at 3000–2900 cm−1, while the CH2 symmetric
stretch will appear between 2900 and 2800 cm−1 [23]. In the complexes, CH2 asymmetric
stretching vibrations are observed at 2952–2917 cm−1 in FT-IR spectra and 2962–
2925 cm−1 in Raman spectra. In FT-IR spectra of the complexes, CH2 symmetric vibrations
are observed from 2904 to 2842 cm−1. The ring stretching (νring) vibrations are at 1608–
1569 cm−1 for the complexes. It is clear from table 1 that small shifts toward high and low
frequencies in the complexes are caused by coordination. When the aromatic ring nitrogen
complexes, certain ring modes, particularly modes of 1600–1400 cm−1, increase due to cou-
pling with M–N (ligand) bond vibrations. Analogous shifts on coordination have been
observed in the vibrational spectra of the other metal coordinated pyridine complexes [24, 25].
The C–O stretching modes are at 1030 cm−1 (1), 1021 cm−1 (2), and 1020 cm−1 (3) in the
FT-IR spectra. These modes are at 1019 cm−1 (2) and 1020 cm−1 (3) in the Raman spectra.
The spectral features and assignments of the in-plane and out-of-plane bending vibrations
are included in table 1.

The presence of cyanide bridges in the polymeric complexes are shown by the splitting
of ν(CN) which appear at 2200–2000 cm−1 for cyanide complexes. The ν(CN) stretches of
the complexes are generally higher than the value for free CN−. According to this, the
assigned wavenumbers and modes for [Pt(CN)4]

2− in the complexes are given in table 2,
together with the wavenumbers of [Pt(CN)4]

2− [26]. In the FT-IR spectrum of K2[Pt
(CN)4]·H2O, it is at 2135 cm−1. Cyanide stretching vibration of ionic cyanides, NaCN and
KCN, was observed at 2080 cm−1 [27]. This peak shifted to 2150 cm−1 in [Pt(CN)4]

2− as a
result of coordination [27]. In the Raman spectra, the cyanide stretching modes are at 2174
and 2154 cm−1 for [Pt(CN)4]

2−. Special attention has been paid to the numbers and posi-
tions of the ν(CN) absorption bands in the infrared spectrum, because they may help to
reveal the number and the type (terminal or bridging) of cyanide groups [28]. For tetra-
cyanoplatinate(II) complexes, coordination of CN shifts ν(CN) to higher frequencies and
the range for terminal cyanide ligands extend from 2120 to 2140 cm−1 [28, 29]. Due to cya-
nide nitrogen lone pair residing in a mostly C≡N antibonding orbital, an increase of
ν(C≡N) in bridging cyanides ranges from 2150 to 2210 cm−1 for bridged tetracyanoplati-
nate(II) complexes [28]. The bridging cyanide frequencies in cyanide-bridged complexes
are generally observed at higher frequencies, due to the kinematic coupling which is a
mechanical constraint upon the bridging cyanide confined to the second metal [30]. The

Table 2. The wavenumbers of the [Pt(CN)4]
2− vibrations in the complexes (cm−1).

Assignments [27] K2[Pt(CN)4]·H2O 1 2 3

A1g, ν(C≡N) (2174) vs (2192) vs (2194) vs (2192) vs
B1g, ν(C≡N) (2154) m (2163) m (2174) m (2170) m
Eu, ν(C≡N) 2136 vs 2170 vs, 2146 vs 2158 vs 2149 vs
Eu, ν(C

13N) 2085 sh 2087 vw 2081 vw 2084 vw
Eu, ν(M–C) 504 m 504 m 502 w 504 vw
A2u, π(M–CN) 428 vw 419 vs 420 vs 428 vs
A1g, ν(M–C) (479) w (469) w (463) w (461) vw
Eu, δ(M–CN) 407 s 408 sh 410 sh 412 s

Notes: s, strong, m, medium, w, weak, sh, shoulder, v, very. The symbols ν, δ and π refer to valence, in-plane and out-of-plane
vibrations, respectively. Raman bands are given in parentheses.
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ν(CN) bands are observed as strong and sharp bands in the FT-IR and Raman spectra of the
complexes. A splitting of the ν(CN) mode is observed for 1–3. Two strong bands are seen
at 2170 cm−1 and 2146 cm−1 (1), but one strong band is observed in 2 and 3 [2158 cm−1

(2) and 2149 cm−1 (3)]. The two Raman fundamentals are assigned to 2192 and 2163 cm−1

(1), 2194 and 2174 cm−1 (2), and 2192 and 2170 cm−1 (3). These spectral data are in agree-
ment with the structural data presented. According to this explanation, C1≡N1 and C2≡N2
bond lengths are 1.120(6) Å and 1.128(6) Å (1), 1.137(10) Å and 1.179(10) Å (2), and
1.130(4) Å and 1.136(4) Å (3). No splitting of CN stretching mode occurs in 2 and 3,
because bridging and terminal ν(CN) absorption bands overlap. Similar situations have been
observed in previous studies [5, 31]. In the low frequency region of the spectra, Pt–C
stretches and Pt–CN bending bands from 504 to 419 cm−1 are observed for 1, 2, and 3.
In-plane bending vibration, δ(M–CN) shifts to higher and lower frequencies. Such
frequency shifts have been observed for the other ion pair charge transfer complexes [32].

3.2. Crystallographic analyses

Crystal data and structure refinement parameters for the complexes are presented in table 3.
Selected bond lengths and angles are collected in table 4 and the hydrogen bonding geome-

Table 3. Experimental data for 1, 2, and 3.

Complex 1 2 3

Empirical formula C18H18N6O2PtCu C18H18N6O2PtZn C18H18N6O2PtCd
Color/shape Green/block Orange/block Colorless/block
Fw 609.01 610.85 657.87
Temperature (K) 294 296 296
λ (Å) Mo Kα (λ = 0.71073 Å)
Crystal system Triclinic Triclinic Monoclinic
Space group P-1 P-1 P21/n
a (Å) 8.1553(3) 8.1938(2) 10.4344(4)
b (Å) 8.3859(3) 8.2462(2) 8.9240(3)
c (Å) 9.0503(4) 9.1324(3) 10.8621(4)
α (°) 117.001(4) 106.347(3) 90
β (°) 107.965(3) 115.776(4) 93.675 (3)
γ (°) 95.628(2) 98.954(2) 90
V (Å3) 503.47(3) 504.84(4) 1009.36(6)
Z 1 1 2
μ (mm−1) 8.02 8.13 8.00
ρ (calcd) (Mg m−3) 2.009 2.009 2.165
Max. crystal dimen. (mm) 0.28 × 0.23 × 0.17 0.27 × 0.24 × 0.17 0.28 × 0.21 × 0.15
Range of h −10 < h < 10 −10 < h < 10 –13 < h < 13
Range of k −11 < k < 11 −11 < k < 11 –11 < k < 11
Range of l −12 < l < 9 −11 < l < 12 –14 < l < 14
No. of reflections total 8238 7793 16,711
No. of reflections unique 2520 2473 2521
No. of reflections with I > 2σ(I) 2458 2472 2086
Structure solution direct methods
Rint 0.054 0.049 0.062
2θmax (°) 57.6 57 56.8
Tmin/Tmax 0.126/0.256 0.217/0.339 0.552/0.689
Number of parameters 134 134 135
Goodness-of-fit on F2 1.08 1.08 1.09
R [F2 > 2σ(F2)] 0.026 0.039 0.027
Rw 0.067 0.105 0.082
(Δρ)max (eA

−3) 1.48 2.36 1.60
(Δρ)min (eA

−3) −2.22 −4.43 −2.44
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tries are given in table 5. The molecular structures of the complexes, along with the
atom-numbering schemes, are depicted in figure 3. The Pt ions are located on inversion cen-
ters and surrounded by four C≡N groups; the Pt–C and C≡N bond distances and C–Pt–C
bond angles are [1.958(6)–1.995(4) Å], [1.120(6)–1.179(10) Å], and [89.54(17)–90.46
(17)°], respectively. In all three compounds, the coordination around Pt ions is square-
planar. The other metal (M) ions (M = Cu(II), Zn(II) and Cd(II) for 1, 2, and 3, respec-
tively) are also located on inversion centers and surrounded by N and O donors, the M–N
and M–O bond distances and N–M–N and O–M–N bond angles are [1.990(4)–2.327(3) Å],

Table 4. Selected bond lengths (Å) and angles (°) for 1, 2, and 3.

1 2 3

Bond lengths
Pt1–C1 1.995(4) Pt1–C1 1.978(7) Pt1–C1 1.978(3)
Pt1–C2 1.984(4) Pt1–C2 1.958(6) Pt1–C2 1.978(3)
Cu1–O1 2.347(3) Zn1–O1 2.129(5) O1–Cd1 2.293(3)
Cu1–N2 1.990(4) Zn1–N2 2.125(6) Cd1–N2 2.327(3)
Cu1–N3 2.049(3) Zn1–N3 2.157(5) Cd1–N3 2.316(2)
C1–N1 1.120(6) C1–N1 1.137(10) C1–N1 1.130(4)
C2–N2 1.128(6) C2–N2 1.179(10) C2–N2 1.136(4)

Bond angles
C1i–Pt1–C1 180.0(4) C1i–Pt1–C1 180.0(4) C1–Pt1–C1i 180.00(19)
C2–Pt1–C1 89.54(17) C2–Pt1–C1 90.0(3) C2–Pt1–C1 89.64(13)
C2i–Pt1–C1 90.46(17) C2i–Pt1–C2 180.0(4) C2i–Pt1–C1 90.36(13)
C2–Pt1–C2i 180.0(2) O1–Zn1–O1ii 180.000(1) C2i–Pt1–C1i 89.64(13)
O1–Cu1–O1ii 180.0 O1–Zn1–N3 92.9(2) C2–Pt1–C2i 180.00(5)
N2–Cu1–O1 87.83(17) O1ii–Zn1–N3 87.1(2) O1ii–Cd1–O1 180.0(2)
N2ii–Cu1–O1 92.17(17) N2–Zn1–O1 89.0(2) O1–Cd1–N2 88.06(13)
N2ii–Cu1–N2 180.0 N2–Zn1–O1ii 91.0(2) O1ii–Cd1–N2 91.94(13)
N2–Cu1–N3 87.53(14) N2ii–Zn1–N2 180.000(1) O1–Cd1–N3 84.28(10)
N2ii–Cu1–N3 92.47(14) N2–Zn1–N3 92.6(2) O1ii–Cd1–N3 95.72(10)
N3–Cu1–O1 86.16(13) N2–Zn1–N3ii 87.4(2) N2–Cd1–N2ii 180.0(2)
N3ii–Cu1–O1 93.84(13) N3–Zn1–N3ii 180.000(1) N3–Cd1–N2 85.45(10)
N3ii–Cu1–N3 180.000(1) Zn1–O1–H1 122(7) N3ii–Cd1–N2 94.55(10)
Cu1–O1–H1 119(9) C9–O1–Zn1 125.7(4) N3ii–Cd1–N3 180.00(12)
C3–O1–Cu1 122.8(3) C2–N2–Zn1 166.1(5) Cd1–O1–H1 127(5)
C2–N2–Cu1 168.1(3) C3–N3–Zn1 117.4(5) C9–O1–Cd1 125.0(2)
C5–N3–Cu1 125.9(3) C7–N3–Zn1 124.3(4) C9–O1–H1 104(5)
C9–N3–Cu1 115.1(3) N1–C1–Pt1 179.4(7) C2–N2–Cd1 147.5(3)
N1–C1–Pt1 178.5(4) N2–C2–Pt1 178.6(5) C3–N3–Cd1 118.5(2)
N2–C2–Pt1 178.1(4) C3–N3–C7 117.9(3)

C7–N3–Cd1 123.1(2)
N1–C1–Pt1 178.3(3)
N2–C2–Pt1 178.2(3)

Note: Symmetry codes: [(i) −x, −y, −z; (ii) −x + 1, −y, −z + 1 (for 1)], [(i) −x, −y, −z; (ii) −x, −y−1, −z − 1 (for 2)] and
[(i)−x + 1, −y,−z; (ii)−x,−y,−z (for 3)].

Table 5. Hydrogen-bond geometries (Å, °) for 1, 2, and 3.

Complex D–H⋯A D–H H⋯A D⋯A D–H⋯A

1 O1–H1⋯N1iii 0.87(7) 2.00(10) 2.732(8) 141(9)
2 O1–H1⋯N1iii 1.00(13) 1.69(15) 2.677(11) 173(16)
3 O1–H1⋯N1iii 0.79(6) 1.91(6) 2.686(5) 169(6)

Note: Symmetry codes: (iii) x, y − 1, z (for 1); (iii) −x + 1, −y, −z (for 2); (iii) x−1/2, −y + 1/2, z − 1/2 (for 3).
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Figure 3. The molecular structures of 1 (a), 2 (b) and 3 (c) with the atom-numbering schemes. Symmetry codes:
(i) 1 − x, −y, 1 − z, (ii) 1 + x, y, 1 + z, (iii) −x, −y, −z (for 1); (i) −x, −1−y, −1 − z, (ii) −x, −y, −z, (iii) x, −1 + y,
−1 + z (for 2); (i) −x, −y, −z, (ii) 1 − x, −y, −z, (iii) −1 + x, y, z (for 3).
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[2.347(3)–2.129(5) Å], [85.45(10)°–94.55(10)°], and [84.28(10)°–95.72(10)°], respectively.
In all three compounds, the C≡N nitrogens and O of the ethanol groups in the equatorial
plane around M form slightly distorted square-planar arrangements, while the slightly
distorted octahedral coordinations are completed by the symmetric pyridine N donors in the
axial positions.

The Cu(II) centers, which lie on crystallographic centers of symmetry, have distorted
octahedral coordination; two nitrogens from hepH are located in the equatorial plane, and
two symmetry-related nitrogens from cyanide occupy the axial positions. Due to the Jahn-
Teller effect, the axial Cu1–O1 bond distance (2.347(3) Å) is longer than the equatorial
ones with an average Cu–N value of 2.019 Å in 1 (table 4). These structural results are also
supported by the spectroscopic analyses of the complexes. The N–Cu–N angles exhibit very
similar values (N2–Cu1–O1 = 87.8(2)°); in [Cu(cyclam)Pt(CN)4] a similar value of 86.20
(13)° was found [10]. These bond distances (Cu–N) are similar to the corresponding values
(2.011(11) Å) in [Cu(cyclam)Pt(CN)4] [10] and (2.0094(16) Å and 1.995(2) Å) in [Cu
(mim)2Pd(CN)4]n [33].

The most striking features of the complexes are the presence of the intermolecular C–
H⋯Pt interactions between Pt and H of the hepH ligands: Pt1⋯H4A [2.8372(1) Å],
Pt1⋯C4 [3.722(7) Å] and C4–H4A⋯Pt1 [152.0(4)°] (1), Pt1⋯H8B [2.7559(1) Å], Pt1⋯C8
[3.69(1) Å] and C8–H8B⋯Pt1 [163.0(6)°] (2), and Pt1⋯H8B [2.879(2) Å], Pt1⋯C8 [3.762
(3) Å] and C8–H8B⋯Pt1 [152.0(2)°] (3). The C–H⋯Pt interaction for (R,R)–PtL complex
was observed as H43B⋯Pt1B [2.910 Å], H6CA⋯Pt3B [2.988 Å], and H11A⋯Pt3B
[3.066 Å] with the C–H⋯Pt angles of 145.6°, 145.5°, and 167.1° [34], distances of C22–
H22B⋯Pt3 and C17–H17A⋯Pt4 interactions were found as 2.8043(2) Å, 2.9294(2) Å and
the C–H⋯Pt angles were found as 172.1(3)° and 148.8(3)°, respectively, in [Cu2(teta)2Pt
(CN)4]2[Pt(CN)4]2 [35].

Intramolecular O–H⋯N hydrogen bonds also exist between OH of hepH and N of
cyanide. In the crystal structures, the intermolecular O–H···N hydrogen bonds link the poly-
meric chains into 2-D networks, effective in the stabilizations of the crystal structures (table
5 and figures 4, S1 and S2 [see online supplemental material at http://dx.doi.org/10.1080/
00958972.2015.1048239]). The π⋯π contacts between the pyridine rings, Cg3–Cg3i

[symmetry code: (i) 1 − x,1 − y,2 − z (1)], Cg3–Cg3i [symmetry code: (i) 1 − x, 1 − y, 2 − z
(2)], and Cg3–Cg3i [symmetry code: (i) 1 − x,−y, 1 − z (3)], where Cg3 are the centroids of
the pyridine rings, [(N3/C5–C9) (1), (N3/C3–C7) (2) and (N3/C3–C7) (3)], may further
stabilize the crystal structures, with centroid–centroid distances of 3.934 Å (1), 3.969 Å (2),
and 3.853 Å (3) (figures 4, S1 and S2). The X-ray structural determinations of all the
complexes confirm the assignment of their structures from spectroscopic data.

3.3. Thermal analyses of the complexes

Thermal behaviors of the complexes are studied by TG, DTG, and DTA from 30 to 700 °C
in dry air. The thermal analyses curves of the complexes are similar and the thermal
decompositions of the complexes proceeded in two mass loss stages (figures 5 and S3). In
the first stage, 1 started to lose one hepH between 198 and 330 °C (found 22.16%, calcd
20.22%). In the second stage of 1, one hepH and four cyanide ligands (found 34.57%, calcd
37.30%) decomposed between 330 and 435 °C (DTAmax = 422 °C). The final solid products
of the thermal decomposition were identified as CuO + Pt, calcd (found)% = 45.09%
(42.48%). In the first stage, 2 and 3 started to lose two hepH ligands between 143 and
434 °C (found 40.95%, calcd 40.44%) for 2 and 162 and 419 °C (found 33.69%, calcd
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37.43%) for 3. In the second stage, four cyanides (found 14.80%, calcd 17.03%) decom-
posed between 434 and 496 °C (DTAmax = 491 °C) in 2 and 419 and 469 °C (DTA-

max = 465 °C) for 3. This peak was associated with decomposition and burning of the four
cyanide ligands. The final solid products of the thermal decomposition were identified as
ZnO + Pt, calcd (found)% = 45.26% (43.64%) for 2 and CdO + Pt, calcd (found)%
= 49.14% (52.21%) for 3. The thermal decomposition products were identified by FT-IR
spectroscopy.

Figure 4. O–H⋯N interactions (a) and C–H⋯Pt and π⋯π interactions (b) in 1.
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4. Conclusion

Three heteronuclear cyanide complexes, [Cu(hepH)2Pt(μ-CN)2(CN)2]n (1), [Zn(hepH)2Pt(μ-
CN)2(CN)2]n (2), and [Cd(hepH)2Pt(μ-CN)2(CN)2]n (3), are prepared and investigated by
spectroscopic, thermal, and diffraction techniques. The coordination environments of the M
(II) ions (M = Cu(II), Zn(II), and Cd(II)) are described as distorted octahedral geometries,
whereas the [Pt(CN)4]

2− centers have square-planar geometries. The copper coordination
sphere displays the usual axial deformation due to the Jahn-Teller effect. The structures of
the complexes consist of 1-D linear chains in which the M(II) and Pt(II) ions are linked by
cyanide bridges. As can be seen from the crystallographic data, the crystal packings of the
complexes were composed of intermolecular C–H⋯Pt interactions. In all of the complexes,
π⋯π and O–H⋯N interactions are observed. The presence of individual functional groups
and the compositions of the complexes were proved by vibrational (FT-IR and Raman)
spectroscopy and elemental analyses. The results from FT-IR and Raman spectral data were
compared with the X-ray data. According to the spectral data, ν(CN) stretching mode in the
formation of cyanide bridge shifts higher frequencies. The study of thermal properties of
the complexes showed two-step decomposition consisting of release of ligands and four
cyanide groups from one formula unit.

Supplementary material

CCDC reference numbers 1032542 (for 1), 1032543 (for 2) and 1032541 (for 3) contain the
supplementary crystallographic data for this paper. These data can be obtained free of charge
via http://www.ccdc.cam.ac.uk/conts/retrieving.html (or from the CCDC, 12 Union Road,
Cambridge CB2 1EZ, UK; Fax: +44 1223 336033; E-mail: deposit@ccdc.cam.ac.uk).

Figure 5. TG, DTG, and DTA curves of 1.
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