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Abstract. Herein, we report synthesis of two new copper metal organic frameworks. The organic 
linkers were terephthalic acid with 6-Dihydroimidazo[2,1-b]thiazole-2-carbaldehyde and terephthalic 
acid with 3-benzothiazol-2-yl-malonaldehyde used in the copper nano metal organic framework 
(MOF). Both the Cu-MOF’s were characterized by XRD, UV-vis spectroscopy and FTIR. XRD 
crystallographic studies revealed the presence of copper metal at 2θ at 18.4°. Tauc plots were 
simulated to calculate the band gap of both Cu-MOF’s and result indicated the band gap energy of 
Cu-MOF 1 at 3.31 eV and for Cu-MOF 2 was at 3.57 eV. The UV-Visible absorption studies indicated 
two bands for Cu-MOF 1 and Cu-MOF 2 at 326 nm. However, the second band in Cu MOF 1 at  
509 nm was slightly shifted to higher wavelength at 516 nm in Cu-MOF 2 due to the extension of π-
π* transition. The photoluminescent properties of both Cu-MOF’s indicated a strong band at 505 nm. 
Thus, the optical properties of both the Cu-MOF’s infers that these can be a promising semiconductor 
material for various electronic applications.  

Introduction 
In recent years, material scientist are widely using the metal oxides as dopants to obtain desired 
optoelectronic properties. Various metals such as titanium oxide [1-2] doped with gadolinium [3-5], 
chromium oxide [6-7], strontium [8-10], zirconium doped  along with yttrium [11-12], smarium oxide 
[13-14],chromium [15-16], titanate doped with strontium [17-19], yttrium on zinc oxide [20], 
titanium doped on nickel [21], titanium magnesium strontium [22], strontinum deposited on cadmium 
oxide [23], biosyntesised copper oxide [24], Tantalium oxide[25], tereliumoxide [26], yttrium doped 
on zirconium [27],smarium doped on terellium [28], zinc oxide [29-30] with copper oxide [31], iron 
oxide [32-34], copper oxide [34-37], were used as dopants. Metal organic frameworks (MOF’s) [38] 
are hybrid crystalline porous materials synthesized by using organic linkers coordinated to metal ions 
that attain specific porosity [39]. Metals and its oxideshave diversified properties that includes 
electrical and magnetic properties whereas organic ligands do possess unique chemical and physical 
features [40]. Thus, when a unique combination of metal and organic linker are synthesized together 
results in materials with unique chemical, physical, electrical, and magnetic properties that can be 
used for various applications [41-44] such as field of electronics sensors [45], magnetism [46], 
adsorption of pollutants [47] medical research  [48] and etc. Metal organic frameworks are widely 
used in various applications [49] due to their unique properties such as unique specific porous nature 
which are resulted as porous coordination polymers and leading to material that can easily bind or 
trap the other metals or organic molecules through either absorption or adsorption or through any 
weak force associated with elements present in the organic linkers. Their unique surface area ranging 
from 1000 to 10,000 m2/g  [50] makes them as a material of choice for adsorption of gases such as 
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Co2, ammonia, greenhouse gases etc., storage of gases such as hydrogen [51-52], methanol in various 
industries, also used in drug delivery system, also due to their antimicrobial property are widely used 
in surgical bandages etc., [53-56]. Further, fine tunability of electrochemical properties of MOF's by 
doping with suitable dopants, are widely used in semiconductor applications. Nevertheless, MOFs 
are also used as hybrid heterogenous catalyst for numerous oxidation [57-58], reduction [59] and 
coupling reactions [60]. The most common metal ions used in MOFs are Zinc, Copper [61-62], iron 
[63], Zirconium [64] , titanium [65], Scandium [66], vanadium [67], chromium [68], nickel [69], 
manganese [70], samarium [71], cobalt [72], while the common organic linkers can be classified into 
aromatic acids such as terephthalic acid [73], benzoic acid [74], trimeric acid [75], or 2-
methylimidazole, benzene-1,3,5-tricarboxylic [76] acid, [1,1'-biphenyl]-4,4'-dicarboxylic 
acid,[1,1':4',1''-terphenyl]-4,4''-dicarboxylic acid [ 77], 4,4'-(ethyne-1,2-diyl)dibenzoic acid,pyrene-
2,7-dicarboxylic acid [78] have been excessively used as organic linkers [79]. MOFs are synthesized 
[80-81] by Conventional electric (CE) heating, microwave (MW) heating, electrochemistry (EC), 
mechanochemistry (MC), and ultrasonic (US) methods and  good crystallinity, porous size, control 
over morphology and thermally stable MOF are being obtained using this method. Yaghi et.al [82] 
discussed slow diffusion of Zn (NO3)2 reacted with H2BDC in presence of triethylamine (TEA) for a 
week time that produced MOF-2, MOF-3, MOF-5. The present study deals with Cu based MOFs 
synthesized by solvothermal method and further, prepared Ag2O and rGO (Reduced Graphene Oxide) 
were dispersed in MOFs-nanocomposite through stirring method and studied band gap variation.  
Herein we have reported the two Cu-MOF’s starting from 6-Dihydroimidazo[2,1-b]thiazole-2-
carbaldehyde and terephthalic acid resulting in Cu-MOF 1 and 3-benzothiazol-2-yl-malonaldehyde 
and terephthalic acid resulting in Cu-MOF 2. Both the Cu-MOF’s are characterized by FT-IR, XRD 
and UV-visible spectrophotometer. The optical and photoluminescence studies were carried out for 
the synthesized of Cu-MOF’s. 

Experimental 
Materials: All the chemicals and reagents procured from Avra Synthesis Private Ltd, Spectro Chem 
Ltd., Sigma Aldrich, India and used without any further purifications. 1,1,3,3-tetramethoxy propane 
99% (Sigma Aldrich), Imidazolidinethione, 99% (Sigma Aldrich),  2-Mercaptobenzothiazole, 99% 
(Spectro Chem), Terephthalic acid 98% (Avra Synthesis Private Ltd), Cu (NO3)2.3H2O 98% (Sigma-
Aldrich Ltd). 
Instrumentation: The morphological analysis for the synthesized MOFs were caried out by using 
powder X ray diffractometer (Bruker, Germany) fitted with D8-fine focus ceramic X-ray tube, Cu-
Kα source radiation (λ =1.5406 Å) at room temperature.  The presence of various organic functional 
group in the MOFs were studied using Fourier transformed infrared spectrometer (Bruker-Alpha, 
Germany).  The optical properties of MOFs were studied by recording the maximum absorption using 
UV-Visible absorption Spectrometer (Spector 210 plus). 
Preparation of 2-bromomalonaldehyde: Starting material 2-bromomalonaldehyde was prepared 
using the procedure given in literature. To a 100 ml of aqueous solution of 1, 1, 3, 3- 
tetramethoxypropane (100g, 0.12M), concentrated HCl (4.3mL) was added and stirred until it forms 
homogeneous solution, wherein temperature of the reaction mixture was maintained below 35 °C and 
later bromine (0.15M) solution was added drop wise slowly and stirring was continued for another 
30 minutes. Then, reaction mixture was concentrated under vacuum maintaining temperature below 
50 ͦ C until thick slurry was obtained, and further washed using 200 mL cold water, 100 ml of cold 
dichloromethane and dried in vacuum. Yield: 65%, MP: 148 °C (Lit: 148  ͦC).  
Preparation of 5,6-Dihydroimidazo[2,1-b]thiazole-2-carbaldehyde: To a stirred solution of 
imidazolidinethione (0.250g, 0.0024 mol) in ethanol was added an ethanol solution of 2-
bromomalonaldehyde (0.370g, 0.0024 mol) dropwise over a period of 15 minutes and stirring 
continued for an hour at room temperature and then at 80oC for two hours. The yellow color solid 
obtained was filtered and washed several times with acetone, then dried under vacuum. Reaction 
completion was monitored on TLC. Yield: 85% (0.320g). 
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Preparation of 3-benzothiazol-2-yl-malonaldehyde: To a stirred solution of 2- 
mercaptobenzothiazole (0.250 g, 0.0014 mol) in acetonitrile, 2-bromomalonaldehyde (0.225g, 0.0014 
mol) was added drop wise for a period of 15 minutes. Kept for vigorous stirring at room temperature 
for an hour at room temperature and at 80 ° C for two hours in vacuum for the removal of solvent. 
Acetone was added and the pale colored solid was filtered, washed by acetone and further the 
compound obtained was dried in vacuum. Yield: 80% (0.283g).  The synthesis of Cu-MOF’s are as 
shown in Fig.1.  
 

 
 

 
Figure 1. Preparation of Cu-MOF’s: compound 1 and 2. 

Result and Discussion 
UV-Visible Spectral studies: 
 

 
Fig. 2. UV-visible spectrum of Cu-MOF 1 and Cu-MOF 2. 
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Figure 2 indicates the UV-visible spectra of the synthesized Cu-MOF’s. The Cu-MOF 1 showed two 
absorption bands at 326 nm and 509 nm whereas Cu-MOF 2 showed absorption bands at 326 nm and 
516 nm. Both the absorption bands recorded may corresponds to the n-π* and π-π* excitation 
attributing the interaction between the oxygen of the organic framework [83] and apparently due to 
the optical transition of organic ligands to that of copper metal charge transfer. Increase in wavelength 
in Cu-MOF 2, attributed to the π-π* of phenyl ring thus decreasing the energy required between the 
two transition states [84].   
FT-IR Spectral Analysis:  

 

 
Figure 3: FT-IR spectrum of Cu-MOF 1, Cu-MOF 2, terephthalic acid and 5-7 dihyroimidazo [2,1-
b]thiazole-3-carbaldehyde 
 
Figure 3 shown the terephthalic acid, 5-7 dihyroimidazo [2,1-b]thiazole-3-carbaldehyde , Cu-MOF 1 
and Cu MOF 2.  The presence of O- H str band were observed in both terephthalic acid and 5-7 
dihyroimidazo [2,1-b]thiazole-3-carbaldehyde [85]. A sharp carbonyl stretching was observed at 
1767 cm-1 and Ald C-H stretching band at 2944 cm-1 for 5-7 dihyroimidazo [2,1-b]thiazole-3-
carbaldehyde. However, in Cu-MOF 1 and Cu-MOF 2, all these characteristic bands i,e the O-H str 
band, carbonyl stretching band and Ald C-H stretching band disappeared upon formation of 
coordination bond with copper. In Cu-MOF 1 and Cu-MOF 2, the alkene C=C str was observed at 
1564 cm-1, C-H bending at 1412 cm-1. In Cu-MOF 2, the presence of Ar C-H stretching was observed 
at 3060 cm-1. 
XRD diffraction studies 
The phase purity and crystallinity of synthesized Cu-MOFs were identified with the XRD diffraction 
studies as shown in Fig 4.  The A sharp arrow headed tripods with amorphous type of nature of peaks 
were observed due to the presence of pure copper with a cubic face centered structure.  In both the 
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Cu-MOFs the peaks values i,e 2θ at 17.8⁰, 26.8⁰, 28.5⁰ attributed to planes at  (020), (040)  (035) 
respectively  for copper crystal planes which agrees with the JCPDS No.89-4897 [85]. Many such 
sharp peaks were observed between 2θ at 10° to 40°. Most of the peaks match with the literature 
reported as JCPDS card no. 89-2838 and 04-0836 for copper [86].   The crystallite size of Cu-MOFs 
were calculated using Scherrer equation.  

D = kλ
βCosθ

                      (1) 

where K is crystallite shape constant (0.94), β is full width at half maximum, λ is wavelength of X-
ray Cu-Kα radiation (1.5406 Å) and θ is glancing angle. The crystalline particle sizes were observed 
between 200-250 nm.  
 

 
Figure 4. XRD patterns of Cu-MOF 1 and  Cu-MOF 2. 

 
Photoluminescence features of Cu-MOFs  
Figure 5 infers the photoluminescence properties of Cu-MOFs.  A sharp intense peak was observed 
at 504-505 nm was observed for both Cu-MOF 1 and Cu-MOF 2 contributing to the excitation of 
copper metals ions along with the ligands. A small shoulder peak was observed at 756 nm for both 
Cu-MOF 1 and Cu-MOF 2 respectively. The obtained photoluminescent properties are in accordance 
with the literature [87]. 

 
Figure 5: Photoluminescence spectrum of Cu-MOF1 and Cu-MOF2. 
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Optical properties 
Band gap analysis: The UV-visible absorption spectra was carried out using 210 plus UV-Visible 
absorption Spectrometer. Tauc plots were obtained from simplifying equation 2 [88]. Graphically the 
bandgap energy was obtained by extrapolating the tangential line intersecting x axis at hγ = Eg as 
shown in Figure 6. The band gap energy for Cu-MOF 1 was recorded at 3.31 eV and that of Cu-MOF 
2 at 3.57 eV. Structurally presence of phenyl ring didn’t have impact on the band gap energy. 

(αhν) = A(hγ − Eg)1/2         (2) 

 
 

Figure 6. The energy band gaps of a) Cu-MOF 1 and Cu-MOF 2 

Conclusion 
This work reports the synthesis of copper based nano metal organic frame works starting from starting 
from terephthalic acid with 6-Dihydroimidazo[2,1-b]thiazole-2-carbaldehyde and 3-benzothiazol-2-
yl-malonaldehyde. The synthesized Cu-MOF’s were confirmed by a presence of sharp absorption 
band at 326 nm and broad shoulder band at 509 nm for Cu-MOF 1. A similar band was observed at 
326 nm and 516 nm for Cu-MOF 2. An increase in 16 nm for the second band in Cu-MOF 2 was due 
to enhanced in π-π* transition. Further, the absence of Ald C-H stretching band and carbonyl 
stretching band in FT-IR spectroscopy of both Cu-MOF’s resulted must be a co-ordination bond 
formed between the copper metal and the oxygen of aldehyde group. The XRD pattern of Cu-MOF’s 
showed a sharp peak 2θ at 18. 4° for copper crystals with a cubic faced centered structure. The 
photoluminescent spectrum revealed a sharp band at 505 nm for both Cu-MOF’s. Band gap energy 
of Cu-MOF’s were calculated by using Tauc plots. The band gap energy for Cu-MOF 1 was 
calculated to be at 3.14 eV whereas for Cu-MOF 2 the band gap energy was 3.57 eV. This study 
results that the both Cu-MOF’s are promising material for semiconductors, provided further 
optimization of band gap energy can be carried out to achieve a band gap energy of 1 to 0.5 eV for 
semiconductor applications. Further, to reduce the band gap, the synthesized Cu-MOF will be doped 
with metal oxides and screened for their sensory and photoluminescent applications. 
 
 
 
 
 
 
 

24 Engineering Chemistry Vol. 3



 
 

References 
[1] Rajendrachari, S., Adimule, V., Gulen, M., Khosravi, F., & Somashekharappa, K. K. “Synthesis 

and Characterization of High Entropy Alloy 23Fe-21Cr-18Ni-20Ti-18Mn for Electrochemical 
Sensor Applications”. Materials. (2022) 7591 

[2] Pradeep, N. B., Hegde, M. R., Rajendrachari, S., & Surendranathan, A. O. (2022). Investigation 
of microstructure and mechanical properties of microwave consolidated TiMgSr alloy prepared 
by high energy ball milling. Powder Technology, 408, 117715. 

[3] Adimule, Vinayak, Basappa C. Yallur, Malathi Challa, and Rajeev S. Joshi. "Synthesis of 
hierarchical structured Gd doped α-Sb2O4 as an advanced nanomaterial for high performance 
energy storage devices." Heliyon. (2021) 08541. https://doi.org/10.1016/j.heliyon.2021.e08541 

[4] Adimule, Vinayak, Anusha Suryavanshi, and Santosh Nandi. "Synthesis, characterization and 
impedance studies of novel nanocomposites of gadolinium titanate." IOP Conference Series: 
Materials Science and Engineering.  (2020) 012099 DOI 10.1088/1757-899X/872/1/012099 

[5] Adimule, V.M., J.G. Manjunath, and S. Rajendrachari. "Optical, morphological and dielectric 
properties of novel Zr 0.5 Sr 0.4 Gd2O3 nanostructure for capacitor applications." Физика и 
технологии перспективных материалов–2021 (2021) 15 

[6] Adimule, Vinayak, Prashanth Banakar, and Vinod H. Naik. "Preparation, characterization and 
optical properties of chromium oxide and yttrium nanocomposites." AIP Conference 
Proceedings.  (2018) 020001 https://doi.org/10.1063/1.5047677 

[7] Adimule, Vinayak, R. G. Revaiah, Santosh S. Nandi, and Adarsha Haramballi Jagadeesha. 
"Synthesis, Characterization of Cr Doped TeO2 Nanostructures and its Application as EGFET 
pH Sensor." Electroanalysis.  (2021) 579-590 

[8] Adimule, Vinayak, P. Vageesha, Gangadhar Bagihalli, Debdas Bowmik, and H. J. Adarsha. 
"Synthesis, Characterization of Hybrid Nanomaterials of Strontium, Yttrium, Copper Doped 
with Indole Schiff Base Derivatives Possessing Dielectric and Semiconductor Properties." 
Emerging Research in Electronics, Computer Science and Technology. (2019) 1131-1140 

[9] Kiran, K.S.,R. Shashanka, and S. V. Lokesh. "Enhanced Photocatalytic Activity of 
Hydrothermally Synthesized Perovskite Strontium Titanate Nanocubes." Topics in Catalysis. 
(2022)1-10 

[10] Nandi, Santosh S., Anusha Suryavanshi, Vinayak Adimule, and Basappa C. Yallur. 
"Fabrication of novel rare earth doped ionic perovskite nanomaterials of Sr0. 5, Cu0. 4, Y0. 1 
and Sr0. 5 and Mn0. 5 for high power efficient energy harvesting photovoltaic cells." AIP 
Conference Proceedings.  (2020) 020005  https://doi.org/10.1063/5.0022450 

[11] Adimule, Vinayak, Basappa C. Yallur, Debdas Bhowmik, and Adarsha HJ Gowda. "Dielectric 
properties of P3BT doped ZrY2O3/CoZrY2O3 nanostructures for low-cost optoelectronics 
applications." Transactions on Electrical and Electronic Materials. (2021) 1-16 

[12] Nandi, S. S., Adimule, V., & Yallur, B. C. “Synthesis, Structural and Optical Properties of Co 
Doped Sm2O3 Nanostructures”. In Advanced Materials Research. (2022)59-69 
https://doi.org/10.4028/p-h1j61s 

[13] Shashanka R. D. Chaira, Kumara Swamy B. E. Effect of Y2O3 nanoparticles on corrosion study 
of spark plasma sintered duplex and ferritic stainless steel samples by linear sweep 
voltammetric method. Archives of Metallurgy and Materials. 63, 2 (2018) 749-763 

[14] Adimule, V. “Synthesis, characterization of Sr-Gd nanocomposites doped with zirconium 
possessing electrical and optical properties”. AIP Conference Proceedings.  (2018) 0300013 

[15] Adimule, Vinayak, Santosh S. Nandi, and H. J. Adarsha. "A Facile Synthesis of Cr Doped WO3 
Nanostructures, Study of their Current-Voltage, Power Dissipation and Impedance Properties 
of Thin Films." Journal of Nano Research.  (2021) 33-42  

Engineering Chemistry Vol. 3 25



 
 

[16] Adimule, Vinayak, Santosh S. Nandi, and H. J. Adarsha. "A Facile Synthesis of Cr Doped WO3 
Nanostructures, Study of their Current-Voltage, Power Dissipation and Impedance Properties 
of Thin Films." Journal of Nano Research. (2021) 33-42 

[17] Suryavanshi, Anusha, Vinayak Adimule, and Santosh S. Nandi. "Synthesis, Impedance, and 
Current–Voltage Characteristics of Strontium‐Manganese Titanate Hybrid Nanoparticles." 
Macromolecular Symposia.  (2020) 2000002  

[18] Adimule, Vinayak, Santosh S. Nandi, B. C. Yallur, and Nilophar Shaikh. "CNT/graphene-
assisted flexible thin-film preparation for stretchable electronics and superconductors." Sensors 
for Stretchable Electronics in Nanotechnology. (2021) 89-103 

[19] Nandi, Santosh S., Anusha Suryavanshi, Vinayak Adimule, and Sanjeev Reddy Maradur. 
"Semiconductor current-voltage characteristics of some novel perovskite ionic nanocomposites 
of Sr0. 5, Cu0. 4, Y0. 1 and Sr0. 5, Mn0. 5 and their electronic sensor applications." AIP 
Conference Proceedings.  (2020) 020006.  

[20] Adimule, Vinayak, M. G. Revaigh, and H. J. Adarsha. "Synthesis and Fabrication of Y-Doped 
ZnO Nanoparticles and Their Application as a Gas Sensor for the Detection of Ammonia." 
Journal of Materials Engineering and Performance.  (2020) 4586-4596 

[21] Adimule, Vinayak, Anusha Suryavanshi, Yallur BC, and Santosh S. Nandi. "A Facile Synthesis 
of Poly (3‐octyl thiophene): Ni0. 4Sr0. 6TiO3 Hybrid Nanocomposites for Solar Cell 
Applications." Macromolecular Symposia.  (2020) 2000001 https://doi.org/10.1002/masy. 
202000001 

[22] Basavarajappa, Pradeep Navilehal, et al. "Investigation of structural and Mechanical properties 
of Nanostructured TiMgSr Alloy for Biomedical applications." Biointerface Res. Appl. Chem 
13 (2022): 118. 

[23] Adimule, Vinayak, Santosh S. Nandi, B. C. Yallur, Debdas Bhowmik, and Adarsha Haramballi 
Jagadeesha. "Optical, Structural and Photoluminescence Properties of Gd x SrO: CdO 
Nanostructures Synthesized by Co Precipitation Method." Journal of Fluorescence. (2021) 487-
499 

[24] Rajendrachari, Shashanka. "Electrocatalytic investigation by improving the charge kinetics 
between carbon electrodes and dopamine using bio-synthesized CuO nanoparticles." Catalysts. 
(2022) 994 

[25] Pavitra, V. "Energy Storage, Photocatalytic and Electrochemical Nitrite Sensing of Ultrasound-
Assisted Stable Ta2O5 Nanoparticles." Topics in Catalysis. (2022) 1-14 

[26] Adimule, Vinayak, R.G. Revaiah, Santosh S. Nandi, and Adarsha Haramballi Jagadeesha. 
"Synthesis, Characterization of Cr Doped TeO2 Nanostructures and its Application as EGFET 
pH Sensor." Electroanalysis. (2021) 579-590 

[27] Adimule, Vinayak, B. C. Yallur, Debdas Bhowmik, and Adarsha HaramballiJagadeesha 
Gowda. "Morphology, structural and photoluminescence properties of shaping triple 
semiconductor Y x CoO: ZrO 2 nanostructures." Journal of Materials Science: Materials in 
Electronics.  (2021) 12164-12181 

[28] Adimule, V., Yallur, B. C., Batakurki, S., &Laxminarayana, P. “Morphology, Optical and 
Photoluminescence Properties of Sm doped TeO2 Nano Crystalline Powders”. Nanoscience 
and Technology: An International Journal. DOI: 10.1615/NanoSciTechnolIntJ.2022042352 

[29] Shashanka, R., HalilEsgin, Volkan Murat Yilmaz, and Yasemin Caglar. Fabrication and 
characterization of green synthesized ZnOnanoparticle based dye-sensitized solar cells. Journal 
of Science: Advanced Materials and Devices. 5, 2 (2020) 185-191. 

 

26 Engineering Chemistry Vol. 3



 
 

[30] Rajendrachari, Shashanka, Parham Taslimi, Abdullah Cahit Karaoglanli, Orhan Uzun, Emre 
Alp, and Gururaj Kudur Jayaprakash. Photocatalytic degradation of Rhodamine B (RhB) dye 
in waste water and enzymatic inhibition study using cauliflower shaped ZnO nanoparticles 
synthesized by a novel One-pot green synthesis method. Arabian Journal of Chemistry. 14, 6 
(2021) 103180 

[31] Rajendrachari, Shashanka, Yasemin Kamacı, Recep Taş, Yusuf Ceylan, Ali SavaşBülbül, 
Orhan Uzun, and Abdullah CahitKaraoğlanlı. Antimicrobial investigation of CuO and ZnO 
nanoparticles prepared by a rapid combustion method. Physical Chemistry Research. 7, 4 
(2019) 799-812 

[32] Rajendrachari S., K.B. Ceylan. The activation energy and antibacterial investigation of 
spherical Fe3O4 nanoparticles prepared by Crocus sativus (Saffron) flowers. Biointerface Res. 
Appl. Chem, 10 (2020) 5951-5959. 

[33] Shashanka, R., and D. Chaira. "Optimization of milling parameters for the synthesis of nano-
structured duplex and ferritic stainless steel powders by high energy planetary milling." Powder 
Technology 278 (2015): 35-45 

[34] Shashanka, R., & Chaira, D. (2016). Effects of nano-Y 2 O 3 and sintering parameters on the 
fabrication of PM duplex and ferritic stainless steels. Acta Metallurgica Sinica (English 
Letters), 29, 58-71. 

[35] Shashanka R, B. E. Kumara Swamy. Simultaneous electro-generation and electro-deposition of 
copper oxide nanoparticles on glassy carbon electrode and its sensor application. SN Applied 
Sciences. 2, 5 (2020) 1-10. 

[36] Rajendrachari, Shashanka, Volkan Murat YILMAZ, Abdullah CahitKaraoglanli, Orhan Uzun. 
"Investigation of activation energy and antibacterial activity of CuO nano-rods prepared by 
Tilia Tomentosa (Ihlamur) leaves. Moroccan Journal of Chemistry. 8, 2 (2020) 497-509 

[37] Rajendrachari, Shashanka. "An overview of high-entropy alloys prepared by mechanical 
alloying followed by the characterization of their microstructure and various properties." Alloys 
1.2 (2022): 116-132. 

[38] Zhang, Xuan. "A historical overview of the activation and porosity of metal–organic 
frameworks." Chemical Society Reviews. (2020) 7406-7427 

[39] Rajendrachari, Shashanka. "Assessing the Food Quality Using Carbon Nanomaterial Based 
Electrodes by Voltammetric Techniques." Biosensors. (2022) 1173 

[40] Tiginyanu, I. M., Lupan, O., Ursaki, V. V., Chow, L., & Enachi, M. (2011). Nanostructures of 
metal oxide 

[41] Popa, Alexandru, et al. "An intelligent IoT-based food quality monitoring approach using low-
cost sensors." Symmetry 11.3 (2019): 374.  

[42] Mahale, Rayappa Shrinivas. "Electrochemical sensor applications of nanoparticle modified 
carbon paste electrodes to detect various neurotransmitters: A review." Applied Mechanics and 
Materials (2022) 69-88. https://doi.org/10.4028/p-mizm85 

[43] Adimule, Vinayak, Basappa C. Yallur, Vinutha Kamat, and P. Murali Krishna. 
"Characterization studies of novel series of cobalt (II), nickel (II) and copper (II) complexes: 
DNA binding and antibacterial activity." Journal of Pharmaceutical Investigation. (2021)347-
359 

[44] Rajamma, Resmi, et al. "Antibacterial and anticancer activity of biosynthesised CuO 
nanoparticles." IET nanobiotechnology 14.9 (2020): 833-838. Liu, Yang, Xiao-Yu Xie, Chen 
Cheng, Zhen-Shu Shao, and Huai-Song Wang. "Strategies to fabricate metal–organic 
framework (MOF)-based luminescent sensing platforms." Journal of Materials Chemistry.  
(2019) 10743-10763 

Engineering Chemistry Vol. 3 27



 
 

[45] Thorarinsdottir, Agnes E., and T. David Harris. "Metal–organic framework magnets." Chemical 
reviews. (2020) 8716-8789 

[46] Jabbari, V., J.M. Veleta, M. Zarei-Chaleshtori, J. Gardea-Torresdey, and D. Villagrán. "Green 
synthesis of magnetic MOF@ GO and MOF@ CNT hybrid nanocomposites with high 
adsorption capacity towards organic pollutants." Chemical Engineering Journal. (2016)774-783 

[47] Shyngys, Moldir, Jia Ren, Xiaoqi Liang, Jiechen Miao, Anna Blocki, and Sebastian Beyer. 
"Metal-organic framework (MOF)-based biomaterials for tissue engineering and regenerative 
medicine." Frontiers in Bioengineering and Biotechnology. (2021) 603608 

[48] Ding, Meili, Xuechao Cai, and Hai-Long Jiang. "Improving MOF stability: approaches and 
applications." Chemical Science. (2019) 10209-10230. 

[49] Ding, Meili, Xuechao Cai, and Hai-Long Jiang. "Improving MOF stability: approaches and 
applications." Chemical Science.  (2019) 10209-10230 

[50] Ren, Jianwei. "Review on processing of metal–organic framework (MOF) materials towards 
system integration for hydrogen storage." International Journal of Energy Research. (2015) 
607-620 

[51] Shet, Sachin P. "A review on current trends in potential use of metal-organic framework for 
hydrogen storage." International Journal of Hydrogen Energy. (2021) 11782-11803 

[52] Amidi, D. M., & Akhbari, K. Loading of ZIF-67 on Silk with Sustained Release of Iodine as 
Antibacterial Coating. 

[53] Wang, Hao, Elham Lashkari, Hyuna Lim, Chong Zheng, Thomas J. Emge, Qihan Gong, Kit 
Yam, and Jing Li. "The moisture-triggered controlled release of a natural food preservative 
from a microporous metal–organic framework." Chemical Communications. (2016) 2129-2132 

[54] Hinks, Nathan J., Alistair C. McKinlay, Bo Xiao, Paul S. Wheatley, and Russell E. Morris. 
"Metal organic frameworks as NO delivery materials for biological applications." Microporous 
and Mesoporous Materials. (2010) 330-334. 

[55] Maya, Pai M., Sheetal R. Batakurki, Vinayak Adimule, and Basappa C. Yallur. "Optical 
Graphene for Biosensor Application: A Review." Applied Mechanics and Materials. (2022) 51-
68 

[56] Noor, Tayyaba, Muhammad Mohtashim, Naseem Iqbal, Salman Raza Naqvi, Neelam Zaman, 
Lubna Rasheed, and Muhammad Yousuf. "Graphene based FeO/NiO MOF composites for 
methanol oxidation reaction." Journal of Electroanalytical Chemistry. (2021) 115249. 

[57] Masoomi, Mohammad Yaser, Ali Morsali, Amarajothi Dhakshinamoorthy, and Hermenegildo 
Garcia. "Mixed‐metal MOFs: unique opportunities in metal–organic framework (MOF) 
functionality and design." Angewandte Chemie. (2019) 15330-15347. 

[58] Jahan, Maryam, Qiaoliang Bao, and Kian Ping Loh. "Electrocatalytically active graphene–
porphyrin MOF composite for oxygen reduction reaction." Journal of the American Chemical 
Society (2012) 6707-6713 

[59] Adimule, Vinayak, Basappa C. Yallur, Maya M. Pai, Sheetal R. Batakurki, and Santosh S. 
Nandi. "Biogenic Synthesis of Magnetic Palladium Nanoparticles Decorated Over Reduced 
Graphene Oxide Using Piper Betle Petiole Extract (Pd-rGO@ Fe3O4 NPs) as Heterogeneous 
Hybrid Nanocatalyst for Applications in Suzuki-Miyaura Coupling Reactions of Biphenyl 
Compounds." Topics in Catalysis. (2022) 1-14 

[60] Challa, Maalathi, M. R. Ambika, S. R. Usharani, Basappa C. Yallur, and Vinayak Adimule. 
"Enhancement of Band Gap Energy and Crystallinity of Cu-MOFs Due to Doping of Nano 
Metal Oxide." In Advanced Materials Research .Trans Tech Publications Ltd. (2022) 13-22 
https://doi.org/10.4028/p-f9yx5h 

28 Engineering Chemistry Vol. 3



 
 

[61] Challa, Maalathi, M. R. Ambika, S. R. Usharani, Basappa C. Yallur, and Vinayak Adimule. 
"Study on Optical Properties of Cu-MOF Nano Metal Oxide Composites." In Applied 
Mechanics and Materials. Trans Tech Publications Ltd. (2022) 19-28 

[62] Duan, Jingjing, Yuntong Sun, Sheng Chen, Xianjue Chen, and Chuan Zhao. "A zero-
dimensional nickel, iron–metal–organic framework (MOF) for synergistic N 2 electrofixation." 
Journal of Materials Chemistry.  (2020) 18810-18815 

[63] Fu, Jiarui, and Yi‐nan Wu. "A showcase of green chemistry: Sustainable synthetic approach of 
zirconium‐based MOF materials." Chemistry–A European Journal. (2021)9967-9987 

[64] Li, Lan, Xu‐Sheng Wang, Tian‐Fu Liu, and Jinhua Ye. "Titanium‐Based MOF Materials: From 
Crystal Engineering to Photocatalysis." Small Methods. (2020)  2000486 

[65] Perles, Josefina, Natalia Snejko, Marta Iglesias, and M. Ángeles Monge. "3D scandium and 
yttrium arenedisulfonate MOF materials as highly thermally stable bifunctional heterogeneous 
catalysts." Journal of Materials Chemistry.  (2009) 6504-6511 

[66] Nguyen, Huong Giang T., Neil M. Schweitzer, Chih-Yi Chang, Tasha L. Drake, Monica C. So, 
Peter C. Stair, Omar K. Farha, Joseph T. Hupp, and SonBinh T. Nguyen. "Vanadium-node-
functionalized UiO-66: a thermally stable MOF-supported catalyst for the gas-phase oxidative 
dehydrogenation of cyclohexene." Acs Catalysis.  (2014) 2496-2500 

[67] Ren, Jianwei, Xoliswa Dyosiba, Nicholas M. Musyoka, Henrietta W. Langmi, Brian C. North, 
Mkhulu Mathe, and Marice S. Onyango. "Green synthesis of chromium-based metal-organic 
framework (Cr-MOF) from waste polyethylene terephthalate (PET) bottles for hydrogen 
storage applications." international journal of hydrogen energy. (2016) 18141-18146 

[68] Yan, Jing, Ying Huang, Yonghui Yan, Ling Ding, and Panbo Liu. "High-performance 
electromagnetic wave absorbers based on two kinds of nickel-based MOF-derived Ni@ C 
microspheres." ACS applied materials & interface. (2019) 40781-40792 

[69] Kortunov, Pavel V., Lars Heinke, Mirko Arnold, Yannic Nedellec, Deborah J. Jones, Jürgen 
Caro, and Jörg Kärger. "Intracrystalline diffusivities and surface permeabilities deduced from 
transient concentration profiles: methanol in MOF manganese formate." Journal of the 
American Chemical Societ. (2007) 8041-8047 

[70] Zhao, Xiao-Yang, Jia Wang, Qi-Shan Yang, Dong-Lei Fu, and Dao-Kuan Jiang. "A hydrostable 
samarium (iii)-MOF sensor for the sensitive and selective detection of tryptophan based on a 
“dual antenna effect”." Analytical Methods.  (2021)  3994-4000 

[71] Jagadeesh, Rajenahally V., Kathiravan Murugesan, Ahmad S. Alshammari, Helfried Neumann, 
Marga-Martina Pohl, Jörg Radnik, and Matthias Beller. "MOF-derived cobalt nanoparticles 
catalyze a general synthesis of amines." Science. (2017): 326-332. 

[72] Challa, Maalathi, M. R. Ambika, S. R. Usharani, Sheetal Batakurki, and Basappa C. Yallur. 
"Modulation of Optical Band Gap of 2-Amino Terephthalic Acid Cu-MOFs Doped with Ag2O 
and rGO." In Advanced Materials Research. Trans Tech Publications Ltd. (2022) 35-45 

[73] Tiburcio, Estefanía, Rossella Greco, Marta Mon, Jordi Ballesteros-Soberanas, Jesús Ferrando-
Soria, Miguel López-Haro, Juan Carlos Hernández-Garrido et al. "Soluble/MOF-supported 
palladium single atoms catalyze the ligand-, additive-, and solvent-free aerobic oxidation of 
benzyl alcohols to benzoic acids." Journal of the American Chemical Society. (2021) 2581-
2592 

[74] Li, Weijin, Baohui Ren, Yanning Chen, Xusheng Wang, and Rong Cao. "Excellent efficacy of 
MOF films for bronze artwork conservation: the key role of HKUST-1 film nanocontainers in 
selectively positioning and protecting inhibitors." ACS applied materials & interfaces. (2018) 
37529-37534 

Engineering Chemistry Vol. 3 29



 
 

[75] Yallur, B. C., Vinayak Adimule, M. S. Raghu, Fahad A. Alharthi, Byong-Hun Jeon, and L. 
Parashuram. "Solar-Light-Sensitive Zr/Cu-(H2BDC-BPD) Metal Organic Framework for 
photocatalytic dye degradation and hydrogen evolution." Surfaces and Interfaces. (2022) 
102587 

[76] Wei, Lian-Qiang, and Bao-Hui Ye. "Efficient Conversion of CO2 via Grafting Urea Group into 
a [Cu2 (COO) 4]-Based Metal–Organic Framework with Hierarchical Porosity." Inorganic 
Chemistry. (2019): 4385-4393. 

[77] Yaghi, Omar M., Markus J. Kalmutzki, and Christian S. Diercks. Introduction to reticular 
chemistry: metal-organic frameworks and covalent organic frameworks. John Wiley & Sons. 
2019 

[78] Stock, Norbert, and Shyam Biswas. "Synthesis of metal-organic frameworks (MOFs): routes to 
various MOF topologies, morphologies, and composites." Chemical reviews. (2012) 933-969. 

[79] Lopez-Cruz, Nazario. Supramolecular dynamics: Synthesis, structure and novel properties of 
silver (I) benzamido pyridine complexes and copper (II) cubane assemblies. The University of 
Texas at El Paso. 2004 

[80] Sippel, Pit, Dmytro Denysenko, Alois Loidl, Peter Lunkenheimer, German Sastre, and Dirk 
Volkmer. "Dielectric relaxation processes, electronic structure, and band gap engineering of 
MFU‐4‐type metal‐organic frameworks: Towards a rational design of semiconducting 
microporous materials." Advanced Functional Materials. (2014) 3885-3896  

[81] Li, Hailian, et al. "Design and synthesis of an exceptionally stable and highly porous metal-
organic framework." nature 402.6759 (1999): 276-279.  

[82] Noei, Heshmat, Saeed Amirjalayer, Maike Müller, Xiaoning Zhang, Rochus Schmid, Martin 
Muhler, Roland A. Fischer, and Yuemin Wang. "Low‐Temperature CO Oxidation over Cu‐
Based Metal–Organic Frameworks Monitored by using FTIR Spectroscopy." ChemCatChem. 
(2012) 755-759 

[83] Murugesan, Balaji, Nithya Pandiyan, Mayakrishnan Arumugam, Jegatheeswaran Sonamuthu, 
Selvam Samayanan, Cai Yurong, Yao Juming, and Sundrarajan Mahalingam. "Fabrication of 
palladium nanoparticles anchored polypyrrole functionalized reduced graphene oxide 
nanocomposite for antibiofilm associated orthopedic tissue engineering." Applied Surface 
Science. (2020) 145403 

[84] Yuwen, Lihui, et al. "General synthesis of noble metal (Au, Ag, Pd, Pt) nanocrystal modified 
MoS 2 nanosheets and the enhanced catalytic activity of Pd–MoS 2 for methanol oxidation." 
Nanoscale 6.11 (2014): 5762-5769. 

[85] Sheta, Sheta M., Said M. El-Sheikh, and Mohkles M. Abd-Elzaher. "Simple synthesis of novel 
copper metal–organic framework nanoparticles: biosensing and biological applications." 
Dalton transactions. (2018) 4847-4855 

[86] Dong, Jing, Dan Zhao, Yi Lu, and Wei-Yin Sun. "Photoluminescent metal–organic frameworks 
and their application for sensing biomolecules." Journal of Materials Chemistry. (2019) 22744-
22767 

[87] Feng, Y., et al. "Can Tauc plot extrapolation be used for direct-band-gap semiconductor 
nanocrystals?" Journal of Applied Physics 117.12 (2015): 125701. 

30 Engineering Chemistry Vol. 3


