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Abstract. A novel class of complexes of the type [M(H2O)6](optp)2 (where M = Mg, Ni, Zn, and 
optp = 1-oxopyridinium-2-thiopropionate) were prepared hydrothermally from metal acetates and  
1-oxopyridinium-2-thiopropionic acid (Hoptp), and structurally characterized by X-ray diffraction. Com-
plexes [Mg(H2O)6](optp)2 (1), [Ni(H2O)6](optp)2 (2) and [Zn(H2O)6](optp)2 (3) have isomorphic struc-
tures, consisting of one [M(H2O)6]

2+ cation and two anions of Hoptp, which are linked through hydrogen 
bonding to form extended networks. In each case, the metal cation sits on a crystallographic centre of  
inversion and binds to six water molecules. The organic anions form a one-dimensional chain with the 
hexaaquametal(II) moieties via hydrogen bonds. 
 
Keywords. Hydrothermal synthesis; magnesium; nickel; zinc; 1-oxopyridinium-2-thiopropionate;  
hydrogen bonding. 

1. Introduction 

We describe here the hydrothermal synthesis of some 
new inorganic–organic hybrid materials. The in-
creasing interest in hydrothermal synthesis1 derives 
from its advantages in terms of high reactivity of  
reactants, easy control of solution or interface reac-
tions, formation of metastable and unique condensed 
phases and less air pollution. In addition to the syn-
thesis of new materials, hydrothermal synthesis has 
been important in biology and environmental sci-
ences, for example, in the origin of life2,3 and for  
decomposing organic wastes.4 
 The self assembly of metal ions with pyridine-N-
oxide carboxylate groups is a rapidly developing re-
search area of modern coordination chemistry within 
which ligand design is an important aspect in adjust-
ing the coordination frameworks and functionalities 
of the products.5 To our best knowledge, 1-oxo-

pyridinium-2-thiopropionic acid (Hoptp) has not 
been much used as a ligand in coordination com-
pounds. This prompted us to undertake a systematic 
study of Hoptp complexation reactions with alkaline 
earth metal and transition metals.6,7 
 The ligand Hoptp possesses several features: (i) it 
is a polydentate ligand of up to four donor atoms; 
(ii) the N-oxide group has been proved to be more 
versatile in the coordination mode than pyridine ring 
because the N-oxide’s O atom with more lone elec-
tron pairs of different orientations provides more 
flexibility in its coordination geometry than the 
pyridine's N-atom, which affords straight coordina-
tion geometry only; (iii) the steric hindrance is much 
smaller for N-oxide, and in addition, it has the capa-
bility of hydrogen bonding; (iv) some N-oxides pos-
sess important antimicrobial activity;8 (v) N-oxides 
are recognized as potential DNA cleaving agents.9 
Also the pyridine-N-oxide derivatives represent a 
peculiar class of antiviral compounds that qualify as 
promising novel drugs for exploration as potential 
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anti-HIV agents.10 Transition metal complexes that 
are suitable for binding and cleaving double-stranded 
DNA are of considerable current interest due to their 
chemotherapeutic applications.11 Earlier work has 
revealed that some drugs show increased activity, 
when administered as metal complexes rather than 
as organic compounds.12,13 
 Using the hydrothermal technique, we have syn-
thesized earlier a series of transition and alkaline 
earth metal (Co2+, Ni2+, Zn2+ and Ba2+) coordination 
complexes of 1-oxopyridinium-2-thioacetic acid 
(Hopta) and investigated their crystal structures and 
the coordination ability of the ligand. The coordina-
tion geometry of barium(II) ions in [Ba(μ-opta)2 
(H2O)3]n⋅3nH2O, was described as a distorted do-
decahedron,14 in which the opta anions and a water 
molecule were forming bridges between two Ba(II) 
ions whereas in transition metal complexes, the 
metal ions (cobalt, nickel and zinc) were coordinated 
only with six water molecules and have distorted  
octahedral geometry.15 In this paper, we report the 
synthesis and structural characterization of simple 
ionic salt of type [M(H2O)6](optp)2

 with magnesium, 
nickel and zinc cations. 

2. Experimental 

2.1 Materials and measurements 

The ligand 1-oxopyridinium-2-thiopropionic acid 
was synthesized as per the reported method.16 Metal 
acetates were obtained from Merck (India). All the 
other chemicals were of analytical grade reagent and 
used without further purification. Double distilled 
water was used for preparing all the solutions. IR 
spectra were recorded on a JASCO FTIR-410 spec-
trometer using KBr pellets. UV/Vis spectra were  
recorded on a Perkin Elmer UV/Vis spectropho-
tometer. Thermogravimetric analysis was performed 
on a Mettler Toledo Star system with a heating rate 
of 10°C/min up to 700°C. Elemental analysis was 
carried out using a Perkin-Elmer 1400C analyzer.  

2.2 Syntheses of [M(H2O)6](optp)2  

(M = Mg, Ni, Zn) (1–3) 

Complexes 1, 2, and 3 were obtained from magne-
sium(II), nickel and zinc(II) acetate respectively, 1-
oxopyridinium-2-thiopropionic acid (Hoptp) and 
water in the millimolar ratio of 0⋅125 : 0⋅250 : 138. 
The mixtures were homogenized by stirring for 
30 min, sealed in a 23 mL polyfluoroethylene-lined 

stainless steel bomb. Then the mixtures were heated 
in a programmable oven at the respective tempera-
tures (100°C for 1, 130°C for 2, and 150°C for 3) 
and autogenous pressures for the notified time scale 
(72 h for 1, 96 h for 2, and 120 h for 3). Slow cool-
ing (at 10°C/h) to room temperature produced col-
ourless crystalline blocks for 1 (Yield: 71%), green 
coloured blocks for 2 (Yield: 75%) and colourless 
prisms of 3 (Yield: 78%). The crystals obtained (1–
3) were collected by filtration, washed with deion-
ized water followed by diethylether and then air-
dried. The preparation of complexes 1, 2 and 3 is il-
lustrated in scheme 1. 
 The theoretical contents of C, H and N were cal-
culated for C16H28N2O12S2Mg (1): C, 36⋅34; H, 5⋅34; 
N, 5⋅30; S, 12⋅13%. Analytical results found: C, 
36⋅20; H, 5⋅20; N, 5⋅35; S, 12⋅24%. The theoretical 
contents of C, H and N were calculated for 
C16H28N2O12S2Ni (2): C, 33⋅12; H, 5⋅01; N, 4⋅97; S, 
11⋅38%. Analytical results found: C, 33⋅03; H, 4⋅90; 
N, 5⋅23; S, 11⋅47%. The theoretical contents of C, H 
and N were calculated for C16H28N2O12S2Zn (3): C, 
33⋅72; H, 4⋅95; N, 4⋅92; S, 11⋅25%. Analytical  
results found: C, 33⋅55; H, 4⋅75; N, 5⋅25; S, 11⋅37%. 

2.3 X-ray data collection 

Single crystal of 1 was placed in a cooled nitrogen gas 
stream at 90 K on a Nonius Kappa CCD diffractometer 
fitted with an Oxford Cryostream cooler with graph-
ite-monochromated Mo Kα radiation. The structure is 
determined by direct methods and difference-Fourier 
techniques. SIR9717 and SHELXL9718 programs were 
used to solve and refine the crystal structures. 
 X-ray diffraction data of 2 were collected at room 
temperature on a Nonius CAD-4 diffractometer with 
graphite-monochromated Mo Kα radiation. The 
SHELXL9718 package was used for structure solu-
tion and refinement based on F2. All non-H atoms 
were refined anisotropically. 
 X-ray data for 3 were collected by graphite-
monochromatized Mo Kα radiation at 298 K. An ana-
lytical absorption-correction was applied. The struc-
ture was solved by direct methods and refined by 
full-matrix least-squares with anisotropic tempera-
ture factors for non-hydrogen atoms. 
 All C-bound H atoms in 1, 2, and 3 were posi-
tioned geometrically (C–H = 0⋅93–0⋅97 Å) and  
refined as riding, with Uiso(H) = 1⋅2Ueq(C). The H 
atoms of water molecules were located in a differ-
ence map and refined as riding in their as-found
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Scheme 1. Schematic representation of preparation of complexes 1, 2 and 3. 
 
relative positions, with Uiso(H) = 1⋅5Ueq(O). The 
software used to prepare the material for publication 
was PARST97.19 Crystal data and details of meas-
urements are summarized in table 1. 

3. Results and discussion 

3.1 Crystal structures 

All the [M(H2O)6](optp)2 complexes are isostructural 
and crystallize in triclinic space group P

–
1 . The metal 

ion is located at an inversion center and octahedrally 
coordinated by six aqua ligands, which is associated 
with two 1-oxopyridinium-2-thiopropionato ions 
through hydrogen bond interactions. The optp organic 
anions form a one-dimensional chain with the 
[M(H2O)6]

2+ moieties, mediated by hydrogen bonds. 
Thus, the organic component serves both as a charge 
balancing counter ion and a chemical entity that par-
ticipates in extensive hydrogen bonding. Stable 
[M(H2O)6]

2+ octahedral cations in several Co(II), 
Ni(II), and Zn(II)20,21 systems have been reported. In 
this work, deviation of the coordination geometry 
from ideal octahedral coordination seems to be an 
essential requirement to form hydrogen bonds be-
tween coordinated water molecules and the organic 
moiety.22 
 An ORTEP diagram of 1 is shown in figure 1. Se-
lected bond lengths and bond angles of 1–3 are 

given in table 2. The M–O distances are 2⋅1093(6)–
2⋅0562(6) Å for 1, 2⋅084(4) –2⋅035(2) Å for 2, and 
2⋅141(2)–2⋅056(2) Å for 3, respectively. These val-
ues agree well with the reported M–O distances in 
similar water octahedral systems.23,24 The N–O bond 
distances (1⋅3318(8)–1⋅326(2) Å) of optp are found 
to be elongated compared to the average N–O value 
(1⋅30(2) Å) of a typical non-coordinated N-oxide.25 
The bond lengths of C(1)–O(1) and C(1)–O(2)  
are 1⋅2653(8) and 1⋅2613(9) Å for 1, 1⋅255(4)  
and 1⋅250(3) Å for 2, and 1⋅249(2) and 1⋅257(2)  
for 3, which are in agreement with the reported val-
ues.22 
 The O(3)–N(1)–C(4)–S(1) moiety of optp is 
found to be a part of a regular heterocyclic hexagon. 
The N(1)–C(4)–S(1) bond angles [112⋅84(5)–
113⋅02(16)°] show a significant distortion from the 
expected value of 120° towards the pyridine-N-
oxide O atom,26 which indicate that the S atom is 
bent considerably towards the O atom of N-oxide. In 
all the three structures N(1)–C(8) distance 
(1⋅3590(4) Å; for 1) of optp is slightly shorter than 
that of N(1)–C(4) (1⋅3662(9) Å; for 1), while the  
average N–C bond length in the pyridine ring is 
1⋅36(2) Å. Complexes 1, 2, and 3 display intermo-
lecular H-bonding interactions (figure 2 and tables 
3–5). Complexes 1, 2, and 3 have both O–H⋅⋅⋅O and 
C–H⋅⋅⋅O types of interactions. In 1, each cationic
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Table 1. Crystal data and structure refinement for 1, 2 and 3. 

Complex  1 2 3 
 

Empirical formula  MgC16H28N2O12S2 NiC16H28N2O12S2 ZnC16H28 N2O12S2 
Formula weight  528⋅83 563⋅23 569⋅90 
Temperature (K)  90(2) 293(2) 293(2) 
Wavelength (Å)  0⋅71073 0⋅71073 0⋅71073 
Crystal system  Triclinic Triclinic Triclinic 
Space group  P1

–

 P1
–

 P
–
1
–

 
Unit cell dimensions    
a(Å) 7⋅1242(10) 7⋅14(2) 7⋅174(5) 
b(Å) 7⋅5528(11) 7⋅499(3) 7⋅525(5) 
c(Å) 11⋅752(2) 11⋅682(4) 11⋅737(5) 
Volume (Å3)  573⋅31(15) 568⋅6(17) 575⋅6(6) 
Z 1 1 1 
Dcalc (Mgm-3) 1⋅532 1⋅645 1⋅644 
Absorption coefficient (mm–1) 0⋅324 1⋅102 1⋅312 
F(000)  278 294 296 
Crystal size (mm)  0⋅28 × 0⋅25 × 0⋅17 0⋅27 × 0⋅24 × 0⋅17 0⋅41 × 0⋅24 × 0⋅18 
θ Range for data collection (°) 2⋅88–40⋅25 3⋅05–24⋅97 1⋅87–25⋅40 
Limiting indices –12 ≤ h ≤ 12 –8 ≤ h ≤ 8 –8 ≤ h ≤ 8 
 –13 ≤ k ≤ 13 –8 ≤ k ≤ 8 –9 ≤ k ≤ 9 
 –21 ≤ l ≤ 21 0 ≤  l ≤ 13 –14 ≤ l ≤ 14 

Reflections collected/unique 21246/7141 1992/1992 4777/2118 
Rint 0⋅0222 0⋅0000 0⋅0289 
Completeness to θ (%) 99⋅8  99⋅8 99⋅7 
Absorption correction   None None Analytical 
Refinement method  Full-matrix Full-matrix Full-matrix  
   least-squares on F2  least-squares on F2  least-squares on F2 

Data/restraints/parameters  7141/0/171 1992/0/176 2118/6/170 
Goodness-of-fit on F2  1⋅050 1⋅116 1⋅003 
R1 and wR2 [I > 2σ (I)]  0⋅0345 and 0⋅090 0⋅0275 and 0⋅0790 0⋅0250 and 0⋅0678 
R1 and wR2 (all data)  0⋅0427 and 0⋅0939 0⋅0284 and 0⋅0796 0⋅0264 and 0⋅0685 
Largest difference peak 0⋅601 and –0⋅695 0⋅343 and –0⋅435 0⋅242 and –0⋅377 
 and hole (eÅ–3) 

 
 

 
 

Figure 1. An ORTEP diagram of 1 with atomic num-
bering. Thermal ellipsoids are drawn at 40% probability 
level. 

unit connects eight anionic moieties through O–H⋅⋅⋅O 
interactions. The corresponding five O–H⋅⋅⋅O inter-
actions [O(4)–H(4A)⋅⋅⋅O(3), O(5)–H(5A)⋅⋅⋅O(3), 
O(6)–H(6A)⋅⋅⋅O(1), O(6)–H(6B)⋅⋅⋅O(1) and O(4)–
H(4B)⋅⋅⋅O(2)] collectively construct corrugated one-
dimensional ribbons along c-direction in [101] 
plane. These ribbons are constituted by alternate 
pairs of R2

2 (8) and R
1
2 (6) rings. The anions are posi-

tioned in such a way that they adopt opposite orien-
tation in alternating ribbons. The adjacent ribbons 
are interlinked by O(5)–H(5B)⋅⋅⋅O(2) [dO(5)–H(5B)⋅⋅⋅O(2) 
(x – 1, y – 1, z) = 2⋅7233(8) Å and ∠ = 171⋅5(14)°] inter-
actions which make the one-dimensional ribbons 
into a two-dimensional array in [101] plane. Similar 
interactions are also observed in complexes 2 and 3. 
 The packing diagram of [M(H2O)6](optp)2 with 
hydrogen bonds viewed along a-axis appears like a 
sheet. When viewed along c-axis, it resembles
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Table 2. Selected bond lengths (Å) and angles (°) for 1, 2 and 3. 

Compound 1 

Bond lengths (Å) 
 Mg(1)–O(4) 2⋅0832(6) N(1)–O(3)  1⋅3318(8) 
 Mg(1)–O(5) 2⋅1093(6) C(1)–O(1) 1⋅2653(8) 
 Mg(1)–O(6) 2⋅0562(6) C(1)–O(2) 1⋅2613(9) 
 
Bond angles (°)    
 O(6)–Mg(1)–O(5)i 90⋅13(2) O(4)–Mg(1)–O(5) 88⋅69(2) 
 O(4)–Mg(1)–O(6)i 89⋅27(2) O(5)–Mg(1)–O(4)i 91⋅31(2) 
 O(6)–Mg(1)–O(4) 90⋅73(2) O(2)–C(1)–O(1) 124⋅14(6) 
 O(6)–Mg(1)–O(5) 89⋅87(2)   
 
Compound 2 

Bond lengths (Å) 
 Ni(1)–O(4) 2⋅084(4) N(1)–O(3) 1⋅326(2) 
 Ni(1)–O(6) 2⋅065(3) C(1)–O(1) 1⋅255(4) 
 Ni(1)–O(5) 2⋅0352(17) C(1)–O(2) 1⋅250(3) 
 
Bond angles (°)    
 O(1)–C(1)–O(2) 124⋅31(19) O(4)–Ni(1)–O(5)ii 90⋅25(8) 
 O(5)–Ni(1)–O(4) 89⋅75(8) O(6)–Ni(1)–O(4) 90⋅07(18) 
 O(5)–Ni(1)–O(6) 90⋅26(8) O(4)–Ni(1)–O(6)ii 89⋅93(18) 
 O(6)–Ni(1)–O(5)ii 89⋅74(8) O(5)–Ni(1)–O(4)ii 90⋅25(8) 
 
Compound 3 

Bond lengths (Å) 
 Zn(1)–O(4) 2⋅0993(15) N(1)–O(3)  1⋅332(2) 
 Zn(1)–O(5) 2⋅1405(16) C(1)–O(1) 1⋅249(2) 
 Zn(1)–O(6) 2⋅0563(19) C(1)–O(2) 1⋅257(2) 
 
Bond angles (°)    
 O(4)–Zn(1)–O(6)i 90⋅52(5) O(5)–Zn(1)–O(4)i 89⋅44(7) 
 O(6)–Zn(1)–O(5)i 89⋅79(6) O(4)–Zn(1)–O(5) 90⋅56(7) 
 O(6)–Zn(1)–O(5) 90⋅21(6) O(1)–C(1)–O(2) 123⋅93(16) 
 O(6)–Zn(1)–O(4) 89.48(5)   

Symmetry transformations used to generate equivalent atoms: (i) – x + 1, – y + 1, – z + 1; 
(ii) – x, – y, – z 

 
 

 
 

Figure 2. A perspective view of 3-D supramolecular 
network of 1. 

an infinite ladder (figure 3),27 with the ‘uprights’ de-
fined by the anionic optp units and the ‘steps’ by the 
extended M(H2O)

2
6
+ arrays. In between two steps in 

the ladder there arises a rhombic grid made with 
O(6) and O(6)i atoms of water [symmetry code: 
(i) = –x + 1, – y + 1, –z + 1] and O(1) atom of optp, 
and this hydrogen bonded motif is notated as  
R2

2(8).
28 

 The cationic units, Mg(H2O)
2
6
+ are bridged by  

the carboxylate oxygen atoms [O(1)] by O(6)–
H(6A)⋅⋅⋅O(1) and O(6)–H(6B)⋅⋅⋅O(1) hydrogen 
bonds which build one-dimensional chains consti-
tuted by R2

4(8) rings along b-direction in bc-plane. 
These chains along with the corrugated one-
dimensional ribbons form a 3-D framework. The
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Table 3. Hydrogen bonds in 1 

D–H⋅⋅⋅A D–H (Å) H⋅⋅⋅A (Å) D⋅⋅⋅A (Å) D–H⋅⋅⋅A (°) 
 

O(4)–H(4A)⋅⋅⋅O(3)i  0⋅862(15) 1⋅899(15) 2⋅7386(9) 164⋅1(14) 
O(4)–H(4B)⋅⋅⋅O(2) ii  0⋅842(15) 1⋅868(15) 2⋅7066(8) 173⋅7(15) 
O(5)–H(5A)⋅⋅⋅O(3)i  0⋅848(15) 1⋅908(15) 2⋅7446(9) 168⋅5(14) 
O(5)–H(5B)⋅⋅⋅O(2)iii  0⋅832(15) 1⋅898(15) 2⋅7233(8) 171⋅5(14) 
O(6)–H(6A)⋅⋅⋅O(1)  0⋅841(15) 1⋅906(15) 2⋅7419(8) 172⋅6(15) 
O(6)–H(6B)⋅⋅⋅O(1)iv  0⋅863(17) 1⋅861(17) 2⋅7177(8) 171⋅4(16) 

Symmetry codes: (i) – x + 1, – y + 1, – z; (ii) x, y – 1, z; (iii) x – 1, y – 1, z; (iv) 1 –x, 2 – y, 1 – z 
 
 

Table 4. Hydrogen bonds in 2. 

D–H⋅⋅⋅A D–H (Å) H⋅⋅⋅A (Å) D⋅⋅⋅A (Å) D–H⋅⋅⋅A (°) 
 

O(4)–H(4B)⋅⋅⋅O(3) 0⋅94(4) 1⋅83(4) 2⋅742(3) 166(3) 
O(4)–H(4A)⋅⋅⋅O(2)i 0⋅66(3) 2⋅12(3) 2⋅755(6) 163(4) 
O(6)–H(6A)⋅⋅⋅O(3)ii 0⋅85(4) 1⋅89(4) 2⋅738(4) 172(3) 
O(6)–H(6B)⋅⋅⋅O(2)iii 0⋅88(3) 1⋅83(3) 2⋅705(4) 173(4) 
O(5)–H(5A)⋅⋅⋅O(1)iv 0⋅85(4) 1⋅85(4) 2⋅696(4) 174(3) 
O(5)–H(5B)⋅⋅⋅O(1)v 0⋅81(3) 1⋅96(3) 2⋅757(3) 169(3) 

Symmetry codes: (i) 1 – x, 1 – y, 1 – z; (ii) – x, – y, – z; (iii) x, y – 1, z – 1; (iv) – x, 1 – y, 1 – z; (v)  
x, y, z – 1 

 
 

Table 5. Hydrogen bonds in 3. 

D–H⋅⋅⋅A D–H (Å) H⋅⋅⋅A (Å) D⋅⋅⋅A (Å) D–H⋅⋅⋅A (°) 
 

O(4)–H(4A)⋅⋅⋅O(3)i 0⋅828(10) 1⋅923(11) 2⋅738(2) 168(2) 
O(4)–H(4B)⋅⋅⋅O(1)ii 0⋅837(9) 1⋅871(10) 2⋅705(2) 175(2) 
O(5)–H(5A)⋅⋅⋅O(1)iii 0⋅844(10) 1⋅926(12) 2⋅755(2) 167(2) 
O(5)–H(5B)⋅⋅⋅O(3)iv 0⋅844(10) 1⋅925(12) 2⋅750(2) 165(2) 
O(6)–H(6A)⋅⋅⋅O(2)v 0⋅835(10) 1⋅930(11) 2⋅750(2) 167(2) 
O(6)–H(6B)⋅⋅⋅O(2)ii 0⋅848(10) 1⋅849(11) 2⋅693(2) 173(2) 

Symmetry codes: (i) – x + 1, – y + 1, 2 – z; (ii) x, y + 1, z; (iii) – x, – y, 1 – z; (iv) x, y, z – 1;  
(v) 1 – x, 1 –y, 1 –  z 

 
 

 
 

Figure 3. Projection of the structure of 1 viewed along 
reciprocal c-axis. 
 
 
pyridine rings in a given layer are all parallel. The 
layers are held together by O–H⋅⋅⋅O hydrogen bonds 
involving the carboxylate group, N–O moiety and 
the coordinated water molecules. The most impor-

tant structural feature of 1 is the extensive network 
of hydrogen bonds, which not only connects the optp– 
anions to the magnesium complex, but also relates 
the adjacent anions through the O atoms of carboxy-
late and the N-oxide group. Because of the parallel 
arrangement of the optp anions of neighbouring units, 
there exists a π–π stacking interaction of 3⋅668 Å 
(figure 4) between the pyridine rings. Both hydro-
gen-bonding and π–π interactions combine to stabi-
lize the three-dimensional supramolecular network. 

3.2 Infrared spectra of complexes 1–3 

The free Hoptp molecule exhibits IR absorption 
bands at 833 and 1094 cm–1 for N–O bending and 
stretching vibrations, respectively. Nevertheless, a 



Supramolecular network formed through O–H⋅⋅⋅O and π–π stacking interactions 

 

419

considerable change in N–O bending vibrations at 
823 cm–1 in the complexes indicate the involvement 
of hydrogen bonding. The broad and intense band at 
3236 cm–1 is due to O–H stretching vibrations of 
water. The bands at 1561 and 1421 cm–1 are due to 
the anti-symmetric and symmetric stretching vibra-
tions of carboxylate group. The bands at 1466 and 
1421 cm–1 are characteristic of C=C and/or C–N 
bonds of the pyridine N-oxide ring. The C–H out-of-
plane bending vibrations of the pyridyl ring  
appear at 765 and 742 cm–1. The band at 707 cm–1 
indicates the C–S stretching vibration. The weak 
bands below 600 cm–1 are attributed to the v(MO) 
vibrations.29 

3.3 Thermogravimetric analysis for 1–3 

Thermogravimetric analysis (TGA) of 1, 2 and 3 
were carried out under an inert atmosphere of dry 
nitrogen. The TGA curve of 1 exhibits three stages 
of weight losses. The first weight loss is 19⋅5% (cal-
culated 20⋅4%) in the temperature range of 88–
125°C, corresponding to the loss of six coordinated 
water molecules. The second weight loss of 38⋅2% 
(calculated 37⋅63%) in 230–290°C is ascribed to the 
release of one optp. The third stage reveals further 
decomposition, leading to the formation of oxide of 
magnesium. 
 The TGA curve of 2 exhibits three steps of weight 
losses. The first stage of the decomposition (100–
120°C) corresponds to the loss of six-coordinated 
water molecules (calculated 19⋅1%; found 20⋅4%). 
The second stage of decomposition leads to the loss 
of one optp (250–260°C). The final stage involves  
 
 

 
 

Figure 4. π–π interactions in [Mg(H2O)6](optp)2 (1). 

the further decomposition and leads to the formation 
of oxides and/or sulphides of nickel. The TGA curve 
of 3 exhibits similar weight loss stages to those of 2 
(See supplementary information figure S1). 

3.4 Electronic spectra 

The UV-Vis spectra of all complexes show absorp-
tion bands at 330 nm, which may be assigned to the 
π–π* transitions of optp. In addition, the nickel 
complex shows two absorption bands at 400 and 
700 nm, which are attributed to the d–d transitions 
of the metal ions.30 See supplementary information 
figure S2. 

3.5 Magnetic susceptibility measurement of 2 

Variable-temperature magnetic susceptibility data of 
2 were measured in 10–300 K. The effective mag-
netic moment is 3⋅2 μB, which is close to the value 
of 3⋅9 μB expected for the isolated high-spin Ni(II). 
A χM versus T plot (figure 5), in which χM is the 
corrected magnetic susceptibility per Ni(II) unit, can 
be fitted to the Curie–Weiss law χM = C/(T – θ), giv-
ing a Curie constant C = 1⋅28 cm3 mol–1 K, and a 
Weiss constant θ = –14⋅19 K. Small negative value of 
Weiss constant (θ) shows a weak intermolecular anti-
ferromagnetic interaction between nickel ions, 
probably via hydrogen bonds. The χM value of 4⋅19 × 
10–3 cm3 mol–1 at room temperature increases as the 
temperature decreases, attaining a value of 5⋅4 × 
10–2 cm3 mol–1 at 10 K. 
 
 
 

 
 

Figure 5. Temperature dependence of χM and χMT for 
complex 2. 
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4. Conclusion 

In summary, three new complexes, hexaaquamagne-
sium(II) 1-oxopyridinium-2-thiopropionate, hexa-
aquanickel(II) 1-oxopyridinium-2-thiopropionate, and 
hexaaquazinc(II) 1-oxopyridinium-2-thiopropionate 
were synthesized by hydrothermal reactions and 
their structures were characterized by X-ray crystal-
lography, IR, UV/Vis spectra, elemental analysis 
and magnetic susceptibility measurements. Small 
negative value of Weiss constant (θ) shows a weak 
intermolecular antiferromagnetic interaction in 2. 
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