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Abstract 

Pyrolusite, a manganese ore from East Nusa Tenggara (Indonesia), was explored and utilized in the production of crystalline Mn(II) 
based coordination polymers materials, namely Mn(II)-terephthalate and Mn(II)-tartrate. The pyrolusite was extracted into Mn(II) sulfate 
by acid method in the presence of hydrogen peroxide. The Mn(II) sulfate, characterized by X-ray fluorescence (XRF), infrared spectroscopy 
(IR), and X-ray powder diffraction (PXRD), was then used as a precursor in the production of crystalline Mn(II) based coordination 
polymers materials using a solution method at room temperature. Two ligands, terephthalate and tartrate, were used separately, in which 
the terephthalate complex was prepared using a layered solution technique, while the tartrate complex was made using a direct mixing 
technique. The synthesized Mn(II) coordination polymers were then characterized by FTIR and PXRD. This study finds that the manganese 
ore was extracted as MnSO4 compounds with purity of 96.88% and average crystallite size of 103 nm. The MnSO4 was successfully 
converted into crystalline Mn(II) coordination polymers materials. Based on IR and PXRD analyses, the crystalline products were identified 
as Mn(II)-aqua-terephthalato and Mn(II)-aqua-tartrato hydrate complexes, in which the former complex display 3D networks and the 
latter complex display 2D sheets of polymeric structures.  
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1. Introduction 

Manganese ore is one of the abundant minerals found in 
Indonesia, for example, rhodonite, which is found in 
Anabanua Village, South Sulawesi (Bakri et al., 2024), 
rhodoxite in Baolemo red limestone (Yusuf et al., 2023) and 
pyrolusite, which is found in the East Nusa Tenggara (ENT) 
(Abi et al., 2023). Manganese in the ENT Province, 
particularly in the Luniup village, is massively reserved, but 
it has not been optimally explored due to several 
considerations. However, local communities have been 
exploring it, but mostly by directly selling small size ore 
pieces to collectors at a very low rate, around Rp.1,200/kg 
on the local market (Supriadi et al., 2017).  

Several research reported that the pyrolusite can be 
converted into manganese oxide, both MnO2 and Mn3O4, 
from nano to micro sizes and in a variety of morphologies 
(Abi et al., 2019; Kusumaningrum et al., 2020). Conversion 
of the ore into their oxides can be explored to diversify the 
ore derivatives, as well as to increase the economic value of 
the ores. The manganese oxide can be further used in 
biomedicine or used as semiconductors, supercapacitors, 
adsorbents, sensors, catalysts, etc (Dawadi et al., 2020; 
Paulose and Mohan, 2019). The economic value of the 
manganese ore can also be increase by using the extracted 
mineral, not only in their oxide form but also in their other 
compound, such as MnSO4, to further developed as 

coordination polymers – based functional materials. 
Functional materials based on Mn(II) coordination 

polymers material, including metal-organic frameworks, 

and their potential applications have been reported. Mn(II) 
with 1,3,5-benzenetricarboxylate ligand was successfully 
used for toluene adsorption (Zhang et al., 2022). Mn(II) 
with 2,5-dihydroxyterephthalate ligand performs high BPA 
degradation when combined with CNT-hemin (Hou et al., 
2022). Mn(II) with 2,6-naphthalenedicarboxylate ligand 
was used as a versatile photo-sensitizer for light energy 
conversion, molecular electronics or photonic devices 
(Dawood et al., 2021). Mn(II)-tetratopic-phosphonate as a 
pediatric reference range for usage in clinical settings 
against sepsis illness was also developed, which can 
selectively, sensitively, and swiftly detect arginine in pure 
aqueous solutions or biofluids like human urine and bovine 
serum, which would be extremely beneficial (Chakraborty 
et al., 2022). Those Mn(II) coordination polymers were 
made using different types of ligands and in variety of 
synthetic methods.  

In this work, terephthalate (C8H4O4–2) and tartrate 
(C4H4O6–2) ligands were employed separately to produce 
Mn(II) coordination polymers from the extracted 
pyrolusite. These ligands were reported to be used in the 
construction of a 3D polymeric network in the presence of 
transition metal ions. Some of their metal complexes show 
large surface areas and homogenous porosity. These 
ligands have also been extensively utilized in the synthesis 
of many transition metal complexes (Jagtap et al., 2022; Li 
et al., 2010; Yang et al., 2020; Zhao et al., 2022). Mn(II)-
terephthalate and its derivatives were used for a variety of 
applications, including removing volatile organic 
compounds (Chen et al., 2022), catalysing chemical 
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reactions (Yadav et al., 2020), and absorbing H2 and CO2 
gasses (Asghar et al., 2021). Meanwhile, Mn(II)-tartrate and 
its derivatives, have been utilized for non-linear optics 
(Gandhimathi et al., 2015), therapeutic agent (Chakraborty 
et al., 2021), and catalyst in asymmetric epoxidation (Jia et 
al., 2020). 

Specifically, MnSO4 as the manganese source used in 
this work was originated from the leaching product of 
pyrolusite from the Luniup village in the ENT Indonesia. 
The ore must be leached first into MnSO4 because there is 
other Mn species found in the pyrolusite, such as Mn(IV), 
which have different chemical properties and may initiate 
further reaction and alter the synthesis of the Mn(II)-
terephthalate and Mn(II)-tartrate. The leaching process 
was carried out under acidic conditions in the presence of 
H2O2 as a reducing agent. In this condition, Mn(IV) was 
reduced into Mn(II). This leaching method was selected due 
to its effectiveness (Li et al., 2017; Sandag-Ochir et al., 
2021). In addition, the MnSO4 was chosen since the Mn(II) 
precursor should be easy to dissolve in aqueous solvent, a 
crucial factor in the crystallization of Mn(II) coordination 
polymers from green solvent of H2O. According to the CRC 
Handbook of Chemistry and Physics, MnSO4 is very soluble 
in water with a solubility of 63.7 g per 100 g of H2O at 25 0C 
(Lide, 2010). 

Crystallization of Mn(II) coordination polymers using 
terephthalate or tartrate ligands reported in this paper is 
developed from previous work but using different 
manganese precursor. To the best of our knowledge, 
synthesis of Mn(II)-terephthalate and Mn(II)-tartrate 
compounds from manganese ore particularly via MnSO4 
route has never been reported. Previously, lab-grade Mn(II) 
salt was used as the precursor. The Mn(II)-terephthalate 
could be synthesized by solvothermal (Sundriyal et al., 
2019b), microwave (Abd El Salam and Zaki, 2019), and 
sonication (Asghar et al., 2020) methods, whereas the 
Mn(II)-tartrate can be prepared by gel (Gandhimathi et al., 
2015; Jagtap et al., 2022), solution (Khunur and Prananto, 
2018), and reactive crystallization (Saravanabharathi and 
Murugavel, 2021) methods.  

The variety of synthetic method in the production of 
Mn(II) coordination polymers also widens the possibility of 
converting the manganese ore into the targeted Mn(II) 
coordination polymers. Apart from many synthetic 
methods, a layered solution technique was chosen in the 
crystallization of Mn(II)-terephthalate compound, while a 
direct mixing technique was used for the crystallization of 
Mn(II)-tartrate compound. These techniques are simple 
and easy (all in one pot vessel and require simple 
apparatus), environmentally friendly (performed at 
ambient temperature and use greener solvent i.e. water 
and/or methanol), and the products can be easily isolated 
(easy to separate by paper filtration).  

2. Methods and Materials 

2.1 Chemicals and instrumentation 

Chemicals and materials used in this study were 
manganese ore from Luniup Village, East Nusa Tenggara 
(Indonesia), sulphuric acid (Merck), ammonium hydroxide 
(Merck), hydrogen peroxide (Merck), terephthalic acid 
(Sigma-Aldrich), potassium sodium tartrate hydrate (Dian 
Lab), and methanol (Merck). 

Chemical instrumentations for characterization of the 
products used in this study were infrared spectroscopy 
(IRSpirit Shimadzu), powder X-ray diffraction (PANalytical 
X’Pert3 Powder-XRD), and X-ray fluorescence (PANalytical 

Minipal 4 X-Ray Fluorescence). The infrared spectroscopy 
(IR) and powder X-ray diffraction (PXRD) analyses were 
conducted at Brawijaya University, Indonesia, whereas the 
X-ray fluorescence (XRF) was performed at the State 
University of Malang, Indonesia 

2.2 Extraction of pyrolusite into MnSO4  

Production of MnSO4 from the ore was carried out using 
an identical method as reported previously (Abi et al., 
2023). A total of 10 grams of ore powder were added to 50 
mL of 4M H2SO4. The mixture was stirred for 30 minutes at 
room temperature. The mixture was then added with 25 mL 
of 2M H2O2 and kept stirred for another 1.5 hours (total 
leaching time was two hours). The mixture was then filtered 
off using Whatman filter paper no 41, in which a clear 
reddish-purple solution was obtained. The filtrate was then 
added with 25% NH4OH dropwise until the pH of the 
solution reached 7. Brown precipitate was yielded by 
allowing the solution to stand at room temperature 
overnight. The precipitate was then separated by Whatman 
filter paper no 41, resulting in a clear solution. A white 
crystalline solid was produced after slow evaporation of the 
solution. The solid was then dried and saved in a desiccator 
for a few days using silica gel beads as a drying agent.  

The resulting in MnSO4 was then characterized and used 
as a precursor in the syntheses of Mn(II)-terephthalate and 
Mn(II)-tartrate coordination polymers. The MnSO4 was 
characterized by X-Ray Fluorescence (20 kV/45µA; 60 
second) for elemental composition, infrared spectroscopy 
(ATR, 4000-400 cm-1) for functional group identification, 
and powder X-Ray diffraction (2θ = 5°-70°, Cu-K  = 
1.54187 Å) for compound determination by comparing the 
powder diffraction patterns with that of identical 
compound from the Crystallography Open Database (COD), 
and for average crystallite size measurement based on 
Scherrer equation using XRD Crystallite (grain) Size 
Calculator (Insta Nano, 2025). 

2.3 Synthesis Mn(II) with terephtalate ligand  

A total of 100 mg of MnSO4 was dissolved in 10 mL of 
distilled water. Then, the solution was placed in a test tube. 
Next, 5 mL of water-methanol (1:1) solution was slowly 
added on top of the metal solution. For the top layer, 110 
mg of terephthalic acid was added with 5 mL of methanol 
and four drops of 25% NH4OH, and then added with 1 mL of 
distilled water was added and added above the water-
methanol solution. After that, the reaction was allowed to 
stand at room temperature for one month. The solid 
product that formed was isolated, washed with distilled 
water, and then dried at 100 0C for an hour. 

2.4 Synthesis Mn(II) with tartrate ligand 

A 453 mg of MnSO4 was first dissolved in 10 mL of 
distilled water. Next, it was mixed and stirred with KNa-
tartrate solution (847 mg; 40 mL) for two hours. After that, 
the solution was allowed to stand and slowly evaporated at 
room temperature, in which colourless crystals started 
forming. After three months, the crystals were isolated, 
washed with distilled water, and then saved in a desiccator 
equipped with silica gel beads for several days. 

2.5 Characterization of Mn(II) coordination polymers 

The synthesized Mn(II) coordination polymers were 
characterized by powder X-Ray diffraction (2θ = of 5°-70°, 
Cu-K  = 1.54187 Å) and infrared spectroscopy (ATR, 
4000-400 cm-1). Crystal structures of the synthesized 
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Mn(II) coordination polymers were generated by 
comparing their powder diffraction patterns with reported 
compounds in the Crystallography Open Database (COD). 
Diffraction profile fitting and phase identification were 
conducted using PANalytical HighScore software ver. 3.0e 
(3.0.5). Graphical structures of the compound are generated 
using Olex2. Ver. 1.2.10 (Dolomanov et al., 2009). 

3. Results and Discussion 

3.1 Extraction of pyrolusite  

From 10 gram of pyrolusite, 17.48 grams of white 
powdery MnSO4 (Fig. 1) were obtained with a purity of 
96.88%, based on XRF analysis (Table 1). The percentages 
of MnO and Mn in the MnSO4 sample were 30.08% and 
50.27%, respectively. This result is higher than that of 
earlier research, which reported that the purity of MnSO4 
was only 79.11% with a percentage of MnO of 27.56% 
(Sumardi et al., 2013). 

 

Fig. 1. Physical appearance of the MnSO4 

Table 1. XRF analysis of the extracted MnSO4 

Compound Percentage (%) Element Percentage (%) 
MnO 30.08 Mn 50.27 
SO3 66.8 S 45.1 
CaO 0.62 Ca 0.85 
CuO 0.16 Cu 0.3 
MoO3 2 Mo 3 
Yb2O3 0.08 Yb 0.2 
Re2O7 0.1 Re 0.2 

The presence of MnSO4 was also confirmed by infrared 
spectroscopy and powder XRD analyses. Infrared spectra of 
the extraction product (Fig. 2) exhibit an intense sharp peak 
at 1402 and an intense but wider band around 1127 cm-1, 
which correspond to the NH4+ bending mode and sulfur-
oxygen stretching mode of sulfate, respectively. The 
presence of sulfate group is also confirmed by the 
symmetrical vibration of the anion at 981 cm-1 and by the 
out-of-plane bending vibration around 650-600 cm–1. A 
broadband around 3200 cm–1 suggests the presence of O–
H, which in this study, may overlap with the characteristic 
bands of the amide group from the NH4+ (Guo et al., 2010; 
Kusumaningrum et al., 2018; Nakamoto, 2006; Nyquist and 
Kagel, 1971; OChemOnline, 2011; Sagar et al., 2021; 
Sagunthala et al., 2013).  

Moreover, powder-XRD analysis indicates that the 
product is a multiphase of MnSO4 compounds, based on 
COD ID no. 9014164, 9012360, 7218173, namely 
MnSO4·4H2O, MnSO4·5H2O, and [NH4]8[Mn8(SO4)12], 
respectively (Fig. 3). This is supported by the high-intensity 
peaks found at 2-theta angles of 27.72, 29.32, and 29.86 

for MnSO4·4H2O; and at 17.02, 20.50, and 32.90 for 
MnSO4·5H2O. The 2-theta angle of 15.12 is predicted to 
correspond to the peak of the [NH4]8[Mn8(SO4)12] 
(Anderson et al., 2012; Behera et al., 2014; Caminiti et al., 
1982). The presence of ammonium is also indicated by the 
IR analysis, as described above. All three MnSO4 compounds 
form identical morphology and color, the composition (%) 
of each compound within the mixture was unidentifiable. In 
addition, based on the top 25 peaks of the diffraction peaks, 
the average crystallite size of the MnSO4 is around 103 nm. 
The multiphase MnSO4 was then used as for the next stage 
without further purification due to only the Mn(II) ions 
from the MnSO4 precursors considered to be needed in the 
formation of the Mn(II) coordination polymers. 

 

Fig. 2. Infrared spectra of pyrolusite (top) and the extracted 
MnSO4 (bottom). 

 

Fig. 3. Powder diffraction pattern of the obtained MnSO4 
compared to each reference compounds (top) and compared to 

combined reference compounds (bottom). 
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3.2 Synthesis and Characterization of Mn(II) with 
terephtalate ligand 

Coordination polymer of Mn(II) with terephthalate 
ligand was prepared by a layered solution technique, as 
adopted from the previous report (Prananto et al., 2022), 
except that aqueous NH4OH was added into the methanolic 
solution to fully dissolve the terephthalic acid. After several 
days, the three layers of solution were merged into a clear 
homogenous solution. White flower-like crystals were 
formed (Fig. 4), in which 28.13 mg of crystals were obtained 
from 100 mg of MnSO4 used. The lack of product yield is 
predicted due to the low concentration of the precursors 
and ligand used in this work (Czaja et al., 2009; Elazar, 
2022; Lee et al., 2013; Ma et al., 2023; Santos and Luz, 2020; 
Stock and Biswas, 2012; Zheng et al., 2023). However, the 
crystals produced in this study are much bigger than that of 
from previous studies (Sundriyal et al., 2019a) in which in 
previous report, the precipitation was isolated using 
centrifugation, which indicates that the synthesis product 
was in fine powder. The crystals obtained were then 
characterized by infrared spectroscopy and powder XRD to 
confirm the formation of Mn(II)-terephthalate.  

 

Fig. 4. Synthesized Mn(II) with terephthalate ligand 

Infrared spectra (Fig. 5) of the synthesized Mn(II)-
terephthalate display a broad absorption band associated 
with the vibration of the –OH group of water molecules 
around 3400 cm-1. The presence of asymmetric and 
symmetric stretching vibrations of the carboxylate group is 
observed at 1546.01 and 1386.28 cm-1. Coordination bond 
between the Mn(II) and the terephthalate ligand is 
indicated from the absorption band at 751.51 cm-1 (Hu et 
al., 2016; Sundriyal et al., 2019a). Thus, the synthesized 
compound is confirmed to have coordinated terephthalates. 

Table 2. Crystallography data of Mn(II)-terephthalate 

Parameters Mn(II)-terephthalate 
COD ID 2103339 This work(*)  

Crystal system Monoclinic Monoclinic 
Space group C2/c C2/c 

a 18.7213(13) 18.81(3) 
b 6.590(4) 6.560(8) 
c 7.4035(6) 7.373(6) 
α 90 90 
β 99.287(3) 99.58(6) 
γ 90 90 

(*) calculated based on powder XRD data using HighScore software 

Meanwhile, the powder XRD diffraction profile (Fig. 5) 
of the synthesized compound shows the five highest peaks 
located at 2 angles of 9.64; 14.55; 18.6; 30.4; and 
34.02. The diffraction profile of the synthesized compound 
is nearly identical to that of a known compound of Mn(II)-
terephthalate dihydrate or reported as COD 2103339 (Hu et 
al., 2016; Kaduk, 2002; Sundriyal et al., 2019a), in which the 
complex was crystallized in the monoclinic crystal system 

with space group of C2/c. Calculation of unit cell parameters 
by HighScore software is also in agreement with the Mn(II)-
terephthalate dihydrate (Table 2).   

 

Fig. 5. Infrared spectra (a) and powder diffraction pattern (b) of 
the Mn(II) complex with terephthalate ligand 

3.3 Synthesis and Characterization of Mn(II) with 
tartrate ligand 

Coordination polymers of Mn(II) with tartrate ligand, 
also known were prepared by directly mixing metal and 
ligand solution and stirred at 50-60 ºC for two hours. The 
crystals were formed upon the slow evaporation of the 
mother liquor at room temperature. After isolating and 
drying the crystal, white-ish crystalline powder was 
obtained (Fig. 6), in which 113.7 mg of product was yielded 
from 453 mg of MnSO4 used. The small amount of product 
obtained can be caused by the low concentration of metal 
ion and ligand, as well as due to short stirring time (Czaja et 
al., 2009; Elazar, 2022; Lee et al., 2013; Ma et al., 2023; 
Santos and Luz, 2020; Stock and Biswas, 2012; Zheng et al., 
2023). The crystals obtained were then characterized by 
FTIR and powder XRD to confirm the formation of Mn(II)-
tartrate.  

  

Fig. 6. Synthesis results of Mn(II) with tartrate ligand: products 
from one reaction vial after separated from the solution (left) and 

after air dried and grinded (right)  

Infrared spectra (Fig. 7) of the synthesized compound 
display sharp absorptions at 1614.47 and 1567.41 cm-1 that 
indicate the C=O stretching vibrations. A C-H (alkane) 
bending was observed at 1386.28 cm-1. Meanwhile, the 
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1322.10 and 1293.57 cm-1 peaks, corresponding to the 
presence of asymmetric C-OH, were also observed. The 
presence of symmetric C-OH was confirmed by the 1130.90 
and 1063.38 cm-1 peaks. Meanwhile, absorptions at 626, 
561.93, 487.76, and 443.55 cm-1 indicate the possible bonds 
between Mn(II) and the oxygen of the hydroxyl and 
carboxylate groups (Jagtap et al., 2022; Jethva and Joshi, 
2014; Prananto et al., 2022). The peak’s shift and different 
profile around 700-400 cm-1 also indicate that there has 
been a replacement of K+ and Na+ ions by Mn2+, which also 
indicates that there is bond formation between the Mn(II) 
and oxygen of the tartrate ligands.  

 

Fig. 7. Infrared spectra (a) and powder diffraction pattern (b) of 
the synthesized Mn(II) complex with tartrate ligand  

Furthermore, powder XRD analysis suggests that the 
diffraction profile of the synthesized compound is nearly 
identical to that of known compound Mn(II)-tartrate 
hydrates with COD no. 2217515 (Ge et al., 2008), in which 
the complex was crystallized in the monoclinic crystal 
system with space group of C2/c. Calculation of unit cell 
parameters by HighScore software is also in agreement 
with the known compound above (Table 3). Therefore, the 
synthesized compound is confirmed to be Mn(II)-tartrate 
hydrate.  

Table 3. Crystallography data of Mn(II)-tartrate 

Parameters Mn(II)-tartrate 
COD ID 2217515 This work(*) 

Crystal system Monoclinic Monoclinic 
Space group P2/c P2/c 

a 11.029(3) 11.044(1) 
b 7.3925(18) 7.390(1) 
c 10.165(3) 10.166(2) 
α 90 90 
β 112.149(3) 112.173(6) 
γ 90 90 

(*) calculated based on powder XRD data using HighScore software 

3.4 Crystal structures of the synthesized Mn(II) 
coordination polymers 

As shwon in Fig. 5, Fig. 7, Tables 2, and Table 3; the 
synthesized complexes have identical diffraction patterns 
to that of known compounds in the COD. Therefore, the 
structure of the synthesized Mn(II) coordination polyemrs 
can be deduced from the correspond compounds, namely 
the [Mn(C8H4O4)(H2O)2]n or Mn(II)-aqua-terephthalato 
(COD ID. 2103339) reported by Kaduk (2002) and the 
{[Mn(C4H4O6)(H2O)]·H2O}n or Mn(II)-aqua-tartrato hydrate 
(COD ID. 2217515) reported by Ge et al. (2008). Crystal 
structures of those complexes, which illustrate the 
coordination environment around the metal center and its 
corresponding crystal packing, are shown in Fig. 8, Fig. 9, 
and Fig. 10.  

In the [Mn(C8H4O4)(H2O)2]n (COD ID. 2103339), the 
Mn(II) center forms octahedral geometry, in which the Mn 
center is surrounded by two oxygen atoms from two water 
ligands (Mn–O = 2.195(4) Å) in a trans-position and by four 
oxygen atoms of the carboxylate groups (Mn–O = 2.189(5) 
– 2.197(5) Å) from four different terephthalate ligands (Fig. 
8).  

 

   Fig. 8. Coordination environment around the Mn(II) centre (a) 
and crystal packing of the Mn(II)-terephthalate complex or 

[Mn(C8H4O4)(H2O)2]n based on COD ID. 2103339 (b) 

Moreover, each terephthalate ligand is coordinated to 
four neighboring Mn(II) centers via one of the carboxylate’s 
oxygen each, resulting in two types of Mn-to-Mn bridging 
motifs, namely through the whole terephthalate ligand and 
via the carboxylate (–COO) group of the terephthalate only, 
with Mn to Mn distances of 9.494 and 4.958 Å, respectively. 
As a result, the crystal packing of the complex displays 3D 
network polymeric structure with porosity (Fig. 9). In 
addition, two types of hydrogen bonds are also observed in 
the crystal packing involving water ligands and the closest 
oxygen from one of the carboxylate group with DH···A 
distances of 2.2–2.4 Å. 

Meanwhile, in the {[Mn(C4H4O6)(H2O)]·H2O}n (COD ID. 
2217515), the Mn(II) center displays a distorted octahedral 
geometry, in which the Mn center is surrounded by one 
oxygen atom from water ligand (Mn–O = 2.2018(16) Å) and 
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by five oxygen atoms from three different tartrate ligands 
(Mn–O = 2.1036(15) – 2.2518(14) Å) (Fig. 10). Each Mn(II) 
center is connected to five neighboring Mn(II) center via the 
tartrate ligand.  

 

   Fig. 9. Part of 3D networks of the Mn(II)-terephthalate complex 
viewed from two different angles (based on COD ID. 2103339). 

The voids are highlighted by the yellow square. 

 

Fig. 10. Coordination environment around the Mn(II) centre (a) 
and crystal packing of the Mn(II)-tartrate complex or {[Mn(C4H-

4O6)(H2O)]·H2O}n based on COD ID. 2217515 (b); hydrogen bonds 
are shown in red dots. 

On the other hand, each tartrate ligand is coordinated to 
four different Mn(II) centers, two of the metal centers are 
connected in a monodentate mode via carboxylate oxygen 
atom only, and the other two metal centers are bonded in a 
bidentate fashion via the two closest hydroxyl and 

carboxylate oxygen atoms. As a result, the crystal packing of 
the complex forms 2D-sheet polymeric structure. This 
structure is different from our previous report (Khunur and 
Prananto, 2018), which shows that the Mn(II)-tartrate 
forms 3D networks with porosity. This is reasonable since 
the complexes were synthesized in different method and 
used different tartrate precursors. 

In addition, there is one water molecule in the lattice 
observed for each Mn(II) complex. The lattice water 
molecule is then hydrogen bonded to two neighboring 
oxygen atoms from the tartrate ligands , with D–H···A 
distances of 2.25–2.29 Å (Fig. 10).             

Overall, this study report that the pyrolusite can be 
extracted into high purity MnSO4 and then converted into 
Mn(II) coordination polymers, which can be further 
developed as functional material. The two selected 
crystalline Mn(II) coordination polymers were successfully 
produced using a one-pot and simple procedure, including 
using environmentally friendly solvents. However, the yield 
obtained from this procedure is low, therefore further 
attempt is needed to optimize the yield and increase the 
efficiency of the conversion, for example by increasing the 
concentration of the Mn(II) and the ligands. In addition, 
further testing can be carried out such as thermal 
resistance, band gap energy, surface area, dielectric 
properties, etc, to confirm its potential application as 
photocatalyst and waste adsorbent or as a dielectric sensor 
for gas. 

4. Conclusion 

Manganese ore of East Nusa Tenggara – Indonesia was 
successfully utilized as precursors in the synthesis of two 
Mn(II) coordination polymers. White crystalline powder of 
Mn(II)-aqua-terephthalato and Mn(II)-aqua-tartrato 
hydrate were obtained, in which both are known 
compounds, based on COD ID No. 2103339 and ID 2217515, 
respectively. The Mn(II)-aqua-terephthalato display 3D 
porous networks, whereas the Mn(II)-aqua-tartrato 
hydrate display 2D sheets of polymeric structures. Further 
investigation is needed to optimize the yield.  
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