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A B S T R A C T   

Metal Organic framework (MOF) has been a class of great interest during the past few years owing 
to its decidedly applicative, easily synthesized and improved characteristics. Ca-BTC MOF is 
synthesized by Hydrothermal technique and reported for the first time. Its structural morphology 
was analyzed using XRD, SEM, and EDS, showing the tetragonal crystal structure having grain 
size of 24.92 nm and purity of sample respectively. FTIR, Raman Spectroscopy ensures the metal 
organic framework between Calcium and the tri-carboxylic group. Photoluminescence measures 
the energy gap of 3.792 eV, showing approximately the semiconducting behavior of synthesized 
material. Zeta potential having value of − 13.5 mV confirms the instability having good microbial 
activity and conductivity i.e 0.290 mS/cm which reveals important insights into its electrical 
properties.   

1. Introduction 

Metal-Organic-Frameworks, constructed from ions and Organic Ligands are known from 1980s. Metal-Organic-framework (MOF) 
known as Coordination Polymers within the realm of material science. Zeolites due to their micro porous structure, frequently 
compared to MOF. Due to the MOF wide variety in term of potential grafting [1,2], porous diameter [3] and Chemical composition 
Zeolites must concede to MOF. 

The novelty of this study in the focused investigation of Ca-BTC, a specific MOF, and its comprehensive analytical characterization. 
This research advances in the field by providing detailed insights into the synthesis and properties of Ca-BTC, contributing to the 
broader understanding of MOFs and their potential applications. 

MOFs have garnered significant attention in recent years due to their diverse range of applications, including enzymes immobi-
lization [4–6] and separations [7], gas storage [8], Controlled discharge [9] or sensor [10]. Actually MOF are Crystalline materials in 
which atom or ions are Linked by Organic Linkers. Due to their attainable surface area and permanent permeable MOFs have gained 
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great reorganization in the recent years [11–14]. Metal organic framework have inflated rank of Crystallinity and it is fascinating class 
of penetrable material, and have very high Permeability (50–90 %).And its surface area is extremely high (1000–8000 m2/g). The 
other name of Metal organic framework is PCP stands for porous coordination polymers [15–17]Adsorption of water [18], removal of 
toxic gas [19], storage of energy [20], sensing of chemical [21,22]Nano fluids [23,24] are broad range of applications of Metal organic 
framework. Analogous to the case of Zeolite, in industrial application the use of MOF powder often results in problems of Pressure 
drop.MOFs have captivated vast scientific attention during the past 10 years, that can be notice from expanding publications dedicated 
to this field and the other name of MOF is (PcPs) Porous Coordination Polymers [25]. They have magnificent physical properties and 
also can be described as multifunctional materials [26,27]. And MOFs Behave as hosts for many molecules. A MOFs continue to find 
relevance in industrial and environmental context, several challenges related to precursor availability, cost, and synthesis conditions 
need to be addressed [28]. In response, researchers have been exploring alternative and sustainable approaches for MOFs synthesis, 
including the use of waste-derived resources [29]. Recently, the development of MOFs based on alkaline earth metals, such as calcium, 
has gained traction [30]. Surface area reported in some MOF have exceed 500 m2g-1 such as MIL-101 UMCM-1. Some MOFs reported in 
the literature with Surface area greater then 1000 m2g-1 [31,32]. Metal centers and Organic linkers, these are the two main compo-
nents of MOF. In MOF architecture one is Organic Secondary building unit while other is inorganic SBU. In organic SBU act as joints, 
while organic SBU act as the “struts” [33,34]. By the coordination of bonds these two components are connected to each other. On the 
other hand metal centers are metal Clusters in the MOF structure [35,36] they are rod-shaped clusters Sometimes [34]. By Organic 
linkers in MOF, Metal nodes are connected in a Crystalline network. And they have typically larger surface area [5,15,17]. At present 
500,000 MOFs are predicted and 90,000 MOFs have been synthesized. In fact we have a increasing number of many MOFs [37–40], 
that have Vast range of application opens many route for research, and they are ready to be tested [3,33]. Target drug delivery [41], 
Magnetic networks [42], gas storage and Sequestrations [43,44], sensing [21,45], polymerization [46,47], luminescence [48,49], 
non-linear optics [50], magnetic networks, these are the technologically important applications of MOFs properties. To Clean polluted 
water (MOF) Metal organic framework [51–53] have exposed recently as very strong functional elements and to neutralize the adverse 
influence of human actions on the efficiency of earths water. Metal organic framework go in a direction to better utilization of 
fresh-water [54]. MOF used as absorptive of organic and in organic pollutants exist in water [55–58]. 

Using pattern of construction and functionalization of the skeleton, Metal organic framework structures are especially multital-
ented [15,59,60].MOF are identified by the crystalline structure and have large surface area [61–63], functionalities and thermally 
stable.With different pore size and shape Mofs have become the versatile class, and attachment of variety of metals to various 
poly-complexing linkers like (sulfonates, phosphonates, carboxylates, imidazolates) are cause of discovery of many MOFs [63]. 
Bipyridyl and carboxylate-based molecule are the common liagands that have been involved in MOFs. Metal organic framework have 
easily tunable composition. Experimentally determined, with good accuracy potential to computationally predict, guests affinities for 
the emcee framework points to predesigned framework to provide required properties [64,65]. 

In the context of this research, we focus on the synthesis and analytical characterization of a specific MOF, Ca-BTC, elucidating its 
properties and characterization outcomes. Employing the Hydrothermal synthesis, we successfully prepared Ca-MOF, the synthesis of 
which is detailed in Fig. 1. The choice of calcium (Ca) as the metal center for building the Ca-BTC (Calcium Benzene-1,3,5- 
tricarboxylate) MOF in this research is that Calcium is a relatively abundant and cost-effective metal. Its use in MOFs may be ad-
vantageous for applications involving biological interactions, such as drug delivery or microbial studies, as it is less likely to introduce 
toxic effects. It can form stable coordination bonds with organic ligands like benzene-1,3,5-tricarboxylic acid (BTC). It allows for 

Fig. 1. Flow chart for the synthesis of Ca-BTC MOF.  
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controlled synthesis conditions and the formation of a desired MOF structure. 
Structure, surface morphology, and electronic characteristics of Ca-MOF were analysized by using the X-Ray Spectroscopy, SEM, 

Raman Spectroscopy, and Energy Dispersive X-ray Spectroscopy, Photoluminescence, Zeta Potential and FTIR spectroscopy. 
In summary, this study not only adds to the growing body of knowledge concerning MOFs but also provides novel insights into the 

synthesis and characterization of Ca-BTC. By exploring the properties and potential applications of this specific MOF, we aim to bridge 
existing gaps in our understanding and inspire further research in this multifaceted field. 

2. Details of the EXPERIMENTAL procedure 

2.1. Chemical reagents 

Calcium Nitrate Ca(NO3)2 .4H2O, Trimesic acid [(95 %) pure Benzene-1,3,5-tricarboxylic acid, TMA, H3BTC or BTC ] and Ethanol 
Absolute were brought from Sigma Aldirich and were used without any further purification.Distilled water was used as solvent. 
Ethanol was used for washing. 

2.2. SYNTHESIS of Ca-BTC MOF 

Ca-MOF was synthesized by hydrothermal technique mixture was allowed to self-organize in an autoclave for a day. (0.50g), 
Trimesic acid and (0.5g) of Calcium nitrate were added in 60 ml Distilled Water. After stirring of 15 min using magnetic stirrer the 
mixture was poured into steel-lined Teflon autoclave, which was then placed in DHG-9202 oven at 120 ◦C for 12 h For self-processing. 
The sample was centrifuged at 6000 rpm for 3 times with Ethanol for the duration of 8 min. The sample was dried in an oven at 80 ◦C 
overnight, then grinded using mortar and pestle to get nanoparticles. Obtained Ca-MOF powder was then undergone structural and 
optical characterization. 

3. Results and discussion 

3.1: X-Ray Diffraction (XRD): 
Analysis shows the detail about the Sample’s crystal structure and phase XRD pattern has 2ϴ ranges from 20 to 80 on x axis as 

shown in Fig. 2. For Ca-BTC MOF by comparing the peak with the standard peak of JCPDS file# 00-047-0703 we have evaluated major 
peaks of 2(ϴ), main peaks of the XRD are at the point 30.24◦, 38.45◦, 41.15◦, 44.68◦, 65.07◦, 72.65◦ and 78.16◦ on x axis. Our sample 
has tetragonal crystal structure indicating that it is extremely pure. Lattice parameters values of samples were shown that was 6.218 Å 
and 11.0099 Å representing a and c values respectively. And it has c/a ratio of >1. Crystalline domain size was calculated for each peak 
independently. 

3.1. 3.2: scanning electron microscopy (SEM) 

SEM is one of the best scanning or testing instrument, for in situ examination of morphological dimension, for surface morphology 
and analysis of the particle size of Ca-MOF. Magnification at 20 μm, 10 μm, 1 μm, 2 μm, 5 μm has been shown for Ca-MOF in Fig. 3(a–e). 
These different magnifications showed that Ca-MOF possess regular crystalline layered structure. Small particle aggregated on the 
crystals are the unreacted content which were later removed by washing [66–68]. 

Fig. 3 clearly shows the morphological structure, distribution and agglomeration of the particles of Ca-MOF. The average grain size 

Fig. 2. XRD pattern of Ca-BTC MOF with hkl planes.  
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calculated is 24.92 nm, using the formula: 

Average grain size=
Lenght of line

Number of grains  

3.2. 3.3: EDX analysis 

Energy dispersive Analysis is sometimes referred to as “Energy Dispersive Spectroscopy (see Table 1). In very tiny sample of 
material primary approach for identifying and quantifying elemental composition is energy dispersive X-ray spectroscopy (EDS). In 
Table 2 ratios of Ca, C, O are given according to their atomic and weight ratios, showing the framework Calcium with tricarboxylic 
group. From EDS graph in Fig. 4(b) it is shown no extra impurity peaks appear its means our sample is pure and EDS graph showing 
novelty of our Work. 

3.3. 4: fourier Transformation infrared spectroscopy (FTIR) 

By using the FTIR spectra Surface functional groups of Calcium based metal organic framework were detected and demonstrated in 
Fig. 5. FTIR spectra shows many peaks in the range of 0–4500 cm− 1, and these peaks are at points of 3437 cm− 1 O–H stretching via 
hydrogen bonding with water and CaO. 2922 cm− 1 and 2511 cm− 1 represents C–H and –COOH stretching respectively. The region 
from 1700 cm− 1 to 1254 cm− 1 relates to -O-C-O asymmetric and symmetric stretching of carboxylic acid, while peaks at 870 cm− 1 

Ca–H, 757 cm− 1 shows Ca–H and Ca–O stretching mode of vibrations, which confirms the organic framework of development of Ca- 
MOF [69]. 

3.3.1. 5: Raman Spectroscopy 
Raman spectra for Calcium based Metal organic framework in Fig. 6 lies in the region between 600 and 1800 cm− 1. Spectra showing 

the strong peak at 785 cm− 1 and 996 cm− 1 specifies the presence of Ca–O stretching as the part of calcium oxide cluster. Some other 
prominent peaks are at the point of 1706 cm− 1, 1593 cm− 1,1405 cm− 1 relate to O–C–O stretch with tridentate bridge owing to ionic 
carbonyl bond. 

3.3.1.1. 6: photoluminescence (PL). Spectroscopy work by Capturing emitted light generated from the sample when an electron falls 

Fig. 3. SEM images of Ca-BTC MOF.  

Table 1 
Crystalline size of Ca-BTC MOF.  

2(ϴ) 
Values 
(degree) 

ϴ Values 
(degree) 

hkl values or miller 
indicies 

Intensity peak FWHM or (β) values in 
(radian) 

Crystalline size of nanocomposite 
(D) nm 

D(nm) 
Average       

33.23757 16.618785 211 0.29654 27.93872735 18.01286 
38.44989 0.38108 114 0.44001 19.11332851  
41.15367 20.576835 220 7.07949 1.210068676  
44.68193 22.34097 222 0.41532 20.6714854  
65.07325 32.53663 332 0.40098 23.49143858  
72.65867 36.32934 414 0.66925 14.72868239  
78.16661 39.08331 218 0.54026 18.93627609   
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Table 2 
Atomic and Weight ratios of Ca-BTC MOF.  

Element Weight % Atomic% 

Ca 11.01 4.02 
C 48.31 58.81 
O 40.67 37.17  

Fig. 4. (a): Surface morphology of Ca-BTC MOF (b): EDS spectra for Ca-BTC MOF.  

Fig. 5. FTIR spectra of Ca-BTC MOF.  

Fig. 6. Raman spectra of Ca-BTC MOF  
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from excited state to ground state when expose to a laser beam. Fig. 7 shows the maximum intensity peak is at 326.99 nm inside the 
visible spectrum. 2nd peak is because of some defects in the crystal structure. Energy band gap is calculated for highest intensity peak is 
using the formula: E = hc

λ = 1240
λ eV. 

3.4. 3.8: zeta potential 

When materials diffuse in non-polar or in polar medium an important parameter related to its surface charge called zeta potential. 
The surface Zeta potential values are (ZPVs) of Ca-BTC MOF are given in Fig. 8, that showed highly negative charge with good colloidal 
stability because of its repulsive forces, which prevent the agglomeration of the nanoparticles. In the context of zeta potential analysis, 
the stability of Ca-BTC (Calcium Benzene-1,3,5-tricarboxylate) MOF can be assessed based on the surface charge characteristics and 
colloidal stability. 

The zeta potential (ZPV) of − 13.5 mV indicates that the Ca-BTC MOF surface carries a negative charge. Zeta potential is a crucial 
parameter in colloidal science because it provides insights into the electrostatic interactions between particles in a dispersion. A higher 
absolute value of zeta potential (either positive or negative) typically suggests greater electrostatic repulsion between particles, which 
helps prevent their aggregation or agglomeration. In the case of Ca-BTC MOF, the highly negative ZPV indicates good colloidal stability 
due to the presence of strong repulsive forces among MOF nanoparticles. 

The negative charge on the surface of Ca-BTC MOF creates repulsive forces between individual MOF particles. These repulsive 
forces counteract the attractive forces that could lead to particle aggregation or settling. As a result, the MOF nanoparticles are less 
likely to agglomerate and remain well-dispersed in the medium, contributing to their colloidal stability. 

The zeta deviation of 4.32 mV and a conductivity of 0.290 mS/cm provide additional information about the Ca-BTC MOF. The zeta 
potential analysis of Ca-BTC MOF reveals important insights into its electrical properties. The measured ZPV of − 13.5 mV indicates 
that the surface of Ca-BTC MOF carries a negative charge, which, in the context of colloidal stability, plays a crucial role. While the ZPV 
itself does not directly signify semiconducting behavior, it is indicative of the material’s surface charge characteristics [70]. Semi-
conductor materials typically exhibit an intermediate level of electrical conductivity, falling between conductors and insulators. In the 
case of Ca-BTC MOF, its negative surface charge, reflected in the ZPV, suggests the presence of mobile charge carriers within the 
material [71]. This semiconducting behavior, while not explicitly determined through zeta potential analysis, aligns with the known 
properties of MOFs, which often possess semiconducting characteristics. Further detailed electrical and electronic studies are war-
ranted to comprehensively confirm the semiconducting behavior of Ca-BTC MOF [72]. This conclusion emphasizes that zeta potential 
analysis provides valuable clues that align with the expected semiconducting properties of MOFs, encouraging further investigation. 
Zeta deviation measures the variability in zeta potential values among particles in the dispersion. A smaller zeta deviation suggests 
relatively uniform surface charge among particles. The conductivity value is an indirect indicator of the presence of a large energy gap, 
which can affect the electronic properties of the MOF [73]. 

The ZPV of − 13.5 mV, while indicating slightly weaker stability compared to more strongly charged materials, is still suitable for 
certain applications, particularly microbial studies. The negative surface charge of the MOF may have specific interactions with mi-
crobial cells or components, making it valuable for microbiological research. 

Thus, the zeta potential analysis of Ca-BTC MOF reveals that it carries a negative surface charge, which contributes to its colloidal 
stability by promoting electrostatic repulsion between MOF particles. While the zeta potential is not extremely high (indicating a 
weaker stability), it remains suitable for specific applications, such as microbial studies. The zeta deviation and conductivity values 
provide additional insights into the MOF’s surface charge and electronic properties. 

4. Conclusion 

Ca-BTC MOF is synthesized by hydrothermal technique and reported for the first time. The synthesis of Ca-BTC (Calcium Benzene- 
1,3,5-tricarboxylate) MOF, like any chemical process, has its own set of advantages like controlled structure, high surface area, 
versatile properties, eco-friendly material, scalable material etc., having disadvantages like complex synthesis, purification challenges, 
kinetic of MOF formation can be sensitive to reaction conditions, and scalling up the synthesis of MOFs like Ca-BTC from laboratory 
scale to industrial scale can present challenges, including maintaining product quality and consistency. Innovative calcium-BTC metal 
organic framework synthesized by the hydrothermal technique by using Calcium nitrate and benzenetricarboxylate (1,3,5-BTC) 
organic linked cubic structure. The presence of tetragonal structure was proved by XRD peaks. SEM image of the sample indicates 
structure of Ca-BTC MOF ranging from approximately, 1 μm–2 μm 5 μm,10 μm, 20 μm diameters. FTIR and Raman analysis contributed 
to prove the formation of basic MOF structure by verifying the location of peaks. And photoluminescence (PL) spectrum was performed 
to observe the Energy band gap and its value was 3.792 eV. Huge wavelength bandwidth of the peak and massive energy gap was 
observed by PL spectrum of calcium MOF. Zeta potential values (ZPVs) of MOF showed good results (− 13.5 mV). No extra impurity 
peaks were seen in EDS, EDS graph showing Ca, O, C peaks appearance, evidences the purity and novelty of work. 
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Fig. 7. PL Spectra of Ca-BTC MOF The energy band gap calculated is 3.792 eV. Bandwidth of PL spectrum of Ca-BTC MOF indicates attractive 
capability for photoluminescence application. 

Fig. 8. Zeta potential for Ca-BTC MOF.  

M. Ramzan et al.                                                                                                                                                                                                      



Heliyon 9 (2023) e21314

8

References 

[1] M. Savonnet, D. Bazer-Bachi, N. Bats, J. Perez-Pellitero, E. Jeanneau, V. Lecocq, C. Pinel, D. Farrusseng, Generic postfunctionalization route from amino-derived 
metal− organic frameworks, Journal of the American Chemical Society 132 (2010 March 16) 4518–4519, https://doi.org/10.1021/ja909613e. 

[2] S.M. Cohen, Postsynthetic methods for the functionalization of metal–organic frameworks, Chem. Rev. 112 (2012 September 14) 970–1000, https://doi.org/ 
10.1021/cr200179u. 

[3] M. Eddaoudi, J. Kim, N. Rosi, D. Vodak, J. Wachter, M. O’Keeffe, O.M. Yaghi, Systematic design of pore size and functionality in isoreticular MOFs and their 
application in methane storage, Science 295 (2002) 469–472, https://doi.org/10.1126/science.1067208. 

[4] A. Corma, H.I. Garcia, F.X. Llabrés i Xamena, Engineering metal organic frameworks for heterogeneous catalysis, Chemical reviews 110 (April 1) (2010) 
4606–4655, https://doi.org/10.1021/cr9003924. 

[5] J.Y. Lee, O.K. Farha, J. Roberts, K.A. Scheidt, S.B.T. Nguyen, J.T. Hupp, Metal–organic framework materials as catalysts, Chem. Soc. Rev. 38 (2009 March 17) 
1450–1459, https://doi.org/10.1039/B807080F. 

[6] D. Farrusseng, S. Aguado, C. Pinel, Metal–organic frameworks: opportunities for catalysis, Angewandte Chemie International Edition 48 (September 23) (2009) 
7502–7513, https://doi.org/10.1002/anie.200806063. 

[7] J.-R. Li, R.J. Kuppler, H.-C. Zhou, Selective gas adsorption and separation in metal–organic frameworks, Chem. Soc. Rev. 38 (2009 March 26) 1477–1504, 
https://doi.org/10.1039/B802426J. 
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