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Abstract 

Metal Organic Framework (MOF) is a material that serves as a photocatalyst for decomposing methylene blue pol-

lutant. MOF can be constructed using several kinds of synthetic methods. This study aims to determine the alter-

native efficient and eco-friendly synthesis method of isonicotinic acid-modulated chromium perylene 3,4,9,10-

tetracharboxylate MOF (Cr-PTC-HIna) using solvothermal, hydrothermal, sonochemical, and mechanochemical 

methods. FTIR analysis revealed that Cr-PTC-HIna was successfully fabricated only by solvothermal, hydrother-

mal, and sonochemical methods, yielding 40.68%, 44.27%, and 46.50%. Cr-PTC-HIna-ST, Cr-PTC-HIna-HT, and 

Cr-PTC-HIna-SC have band gap energies of 2.02, 2.02, and 1.98 eV, respectively. Cr-PTC-HIna-HT and Cr-PTC-

HIna-SC with irregular shapes form agglomerations. Cr-PTC-HIna-SC had the highest surface area, pore volume, 

and pore size of 92.76 m2.g−1, 0.3947cm3.g−1, and 142.74 nm, respectively. Cr-PTC-HIna-SC has the highest per-

centage of methylene blue decolorization through adsorption of 61.843% and photocatalytic degradation of 

25.635%. Sonochemical and hydrothermal showed potential as more eco-friendly methods than solvothermal in 

synthesizing Cr-PTC-HIna MOF. 
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1. Introduction 

Methylene blue is a heterocyclic aromatic 

compound that widely applied as a dye for cellu-

lose fibers, silk, wool, leather, and paper [1]. 

However, because only five percent of 

methylene blue's solution is employed in its 
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application, the remaining ninety-five percent 

will be disposed of as aquatic waste [2]. 

Methylene blue is persistent and difficult to 

degrade naturally, hence special treatment is 

required to remove harmful methylene blue 

waste from the aquatic environment. 

Various methods, both conventional and 

modern, have been extensively applied to re-

move organic dye pollutants from wastewater, 

including chemical oxidation, coagulation, ad-
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sorption, ion exchange, and photocatalysis 

[3,4]. Photocatalysis is considered as the most 

efficient and cost-effective approach for 

degrading organic dye pollutants into an 

environmentally benign product [5]. The 

photocatalysis process generates free radicals 

capable of completely degrading dye 

c o n t a m i n a n t s .  P h o t o c a t a l y s i s  i s 

environmentally friendly since it does not need 

the additional chemicals such as ozone to 

degrade contaminants, can be operated at room 

temperature and can degrade toxic organic 

pollutants into CO2 and H2O compounds [6–8].  

The materials that may serve as a photo-

catalyst is semiconductor like metal oxide such 

as Bi2O3 and metal-organic frameworks like 

La-PTC (MOF) [9–14]. MOF is a three-

dimensional organic-inorganic hybrid material 

designed from metal oxides or metal ions are 

bonded to each other in the presence of organic 

linkers [15,16]. Organic linkers in MOFs act as 

light traps and activate metal oxide, allowing 

them to act as semiconductors [17]. The 

advantages of MOF than the other 

photocatalyst materials are large surface area 

and porous size, which may be modified by 

adjusting the molecular size of the organic 

linker and/or changing the functional groups on 

the linker [18]. 

MOFs can be synthesized using a number of 

techniques, including solvothermal, hydrother-

mal, sonochemical, and mechanochemical. 

MOF’s crystals can be generated immediately 

from solution applying hydrothermal and sol-

vothermal processes, particle size and shape 

can be modified by using different starting ma-

terials and reaction conditions [19]. Lee et al. 

[20] successfully synthesized MOF zeolitic 

imidazolate frameworks-8 using the 

solvothermal method with a surface area of 

1370 m2g−1, particle size of 150-200 nm, pore 

volume of 0.51 cm3g−1, and yield of 60%. 

Meanwhile, Butova et al. [21] synthesized ZIF-

8 using the hydrothermal method and a tiny 

amount of TEA to form crystals. 

Many researchers have applied green chem-

istry concept in recent decades, which deals 

with the synthesis of materials using more eco-

logically benign methods. Mohammed and Er-

rayes stated that green chemistry is a concept 

related with chemical procedures that reduce 

or eliminate the use of hazardous raw materi-

als in the fabrication of a product [22]. Green 

chemistry is concerned with synthesis methods 

that contribute to the sustainability of chemical 

processes, energy savings, lower toxicity of 

reagents and end products, less environmental 

and human health damage, reduced risk of 

global warming, and rational utilization of 

natural resources and agricultural waste. 

Glowniak et al. [23] reported that green 

synthesis can be accomplished by lowering the 

amount of solvent and energy needed. 

Sonochemical method is known to be more 

environmentally friendly than solvothermal 

and hydrothermal approaches since they uti-

lize ultrasonic radiation in crystal synthesis. 

The sonochemical approach also has the ad-

vantage of being able to break down massive 

crystal aggregates into nanometer-sized ones, 

consuming less energy and low temperatures, 

yielding more, and allowing for intermediate 

reactions [19]. Liu et al. [24] reported that the 

ultrasonically approach is environmentally 

benign because the chemical reaction occurs at 

ambient conditions (room temperature and 

atmospheric pressure) and the reaction time 

required is less than that of conventional 

methods. Lee et al. [20] effectively synthesized 

ZIF-8 using sonochemical and a deprotonating 

agent in the form of triethylamine that formed 

crystals with a crystalline structure. 

The mechanochemical approach is yet an-

other green synthesis method. Mechanochemi-

cal is a green synthesis process since the prod-

uct formation reaction occurs quickly between 

solid precursors under solvent-free conditions 

(or with the addition of a tiny amount of sol-

vent). Milling may decrease synthesis time and 

energy consumption since the thermal energy 

released during the operation is sufficient to 

activate chemical reactions without heating 

[19]. Mechanochemical procedures are 

particularly eco-friendly because they do not 

use any solvents, the obtained products have 

greater yields, and the formation of MOF 

crystals may be accomplished in a short time 

(10 to 60 min) [25]. Lee et al. [20] effectively 

synthesized ZIF-8 using a mechanochemical 

technique and ammonium salts as 

deprotonating agents, obtaining crystals with a 

surface area of 1256 m2g−1, pore size of 3-15 

nm, pore volume of 0.64 cm3g−1, and an 82% 

yield.  

High yield and purity, the use of solvents 

and minimal energy, and subsequent photo-

catalytic activity are significant factors in de-

termining the MOF synthesis method. Ad-

awiah et al. [26] employed a solvothermal tech-

nique to synthesize isonicotinic acid-modulated 

MOF Cr-PTC-HIna, which can degrade meth-

ylene blue 95.40% after 180 min of exposure to 

a 250-watt mercury lamp.  

Following to the literature review, the syn-

thesis of isonicotinic acid-modulated chromium 

perylene 3,4,9,10-tetracharboxylate MOF (Cr-
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PTC-HIna) by applying more environmentally 

friendly methods such as hydrothermal, sono-

chemical, and mechanochemical and utilized it 

for methylene blue photocatalytic degradation 

have never been carried out. Therefore, this 

work aims to synthesize Cr-PTC-HIna MOF 

based photocatalyst through solvothermal, hy-

drothermal, sonochemical, and mechanochemi-

cal methods to determine the most efficient 

green synthesis method in producing this MOF 

crystals both in percent yield, physico-chemical 

characteristics and photocatalytic activity in 

methylene blue degradation. 

 

2. Materials and Methods 

2.1 Materials 

The materials used in this work were pur-

chased from chemical distributor in Indonesia, 

and used without futher purification. These 

materials are CrCl3.6H2O grade emsure 

(Merck, p.a.), perylene-3,4,9,10-tetracarboxylic 

dianhydride (Merck, p.a.), NaOH grade emsure 

(Merck, p.a.), N,N-dimethyl formamide grade 

emsure (Merck, p.a.), isonicotinic acid (Merck, 

p.a.), ethanol technical grade, KBr grade 

emsure (Merck, p.a.), methylene blue (Merck, 

p.a.), and distilled water. 

 

2.2 Preparation of Sodium perylene-3,4,9,10-

tetracarboxylate (Na4PTC) from Perylene-

3,4,9,10-tetracarboxylic dianhydride (PTCDA) 

[23] 

Perylene-3,4,9,10-tetracarboxylic dianhy-

dride (PTCDA) (0.5 g) and NaOH (0.356 g) were 

dissolved in 50 mL of distilled water and mag-

netically stirred at room temperature for an 

hour. The greenish-yellow filtrate was subse-

quently added with excessive ethanol to pro-

duce a yellow precipitate. The yellow precipi-

tate of Na4PTC was filtered and washed with 

ethanol until the pH was neutral, then dried at 

room temperature overnight. Fourier Trans-

form Infrared (FTIR) was used to characterize 

the obtained Na4PTC powder. 

 

2.3 Synthesis of Cr-PTC-HIna MOF 

2.3.1 Solvothermal Method [26] 

The chromium(III) chloride hexahydrate 

(CrCl3.6H2O) (1 mmol, 0.2660 g), Na4PTC (0.5 

mmol, 0.2580 g), and isonicotinic acid (0.5 

mmol, 0.0615 g) were mixed and dissolved in a 

DMF (5 mL) and distilled water (25 mL) sol-

vent mixture. The suspension was frequently 

stirred using the magnetic stirrer at 300 rpm 

for an hour. The suspension was transferred to 

Teflon-line stainless steel autoclave, and then 

heated at 170 °C for 24 h. The obtained precipi-

tate was filtered and purified with distilled wa-

ter. The brown precipitate was dried overnight 

at 70 °C. The final product was designed as Cr-

PTC-HIna-ST. 

 

2.3.2 Hydrothermal Method 

The hydrothermal method in this study was 

carried out the same as the solvothermal meth-

od, except that in the hydrothermal method the 

use of organic solvent (DMF) was eliminated. 

CrCl3.6H2O salt (1 mmol, 0.2660 g), Na4PTC 

(0.5 mmol, 0.2580 g), and isonicotinic acid (0.5 

mmol, 0.0615 g) were mixed and diluted in 30 

mL of distilled water. The mixture was fre-

quently stirred using the magnetic stirrer at 

300 rpm for an hour. The mixed solution was 

transferred to Teflon-line stainless steel auto-

clave, and then heated at 170 °C for 24 h. The 

obtained precipitate was filtered and purified 

with distilled water. The red brown precipitate 

was dried overnight at 70 °C. The final product 

was designed as Cr-PTC-HIna-HT. 

 

2.3.3 Sonochemical Method 

Chromium(III) chloride hexahydrate 

(CrCl3.6H2O) (1 mmol, 0.2660 g), Na4PTC (0.5 

mmol, 0.2580 g), and isonicotinic acid (0.5 

mmol, 0.0615 g) were combined as well as dis-

solved in a mixture of DMF (5 mL) and dis-

tilled water (25 mL). For 1 h, the mixture was 

stirred constantly with a magnetic stirrer at 

300 rpm. The solution was transferred to a 

capped Erlenmeyer flask and placed in an ul-

trasonicator. The sonication process took 180 

min at 25 °C, with a frequency of 60 Hz and a 

voltage of 240 V. The precipitate formed in the 

sonication mixture was filtered and washed 

with distilled water until the filtrate was clear. 

The precipitate was then dried at 70 °C over-

night. The final product was designed as Cr-

PTC-HIna-SC. 

 

2.3.4 Mechanochemical Method 

The chromium(III) chloride hexahydrate 

(CrCl3.6H2O) (1 mmol, 0.266 g), Na4PTC (0.5 

mmol, 0.258 g), and isonicotinic acid (0.5 mmol, 

0.0615 g) were mixed and mashed for 45 min at 

room temperature using a mortar and pestle. 

The mixture had been dried at 70 °C overnight. 

Cr-PTC-HIna-MC was the product's code. 

 

2.4 Characterization of Cr-PTC-HIna 

The four Cr-PTC-HIna were characterized 

using XRD (Rigaku Miniflex XRD) with Cu-K 
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radiation (=1.5418 Å) with a 2θ range of 3°-

90° and a scan rate of 2 °/min. The crystal size 

of Cr-PTC-HIna was calculated using the De-

bye Scherrer equation. The functional groups of 

Cr-PTC-HIna were determined using a FTIR 

spectrophotometer (Prestige 21 Spectrophotom-

eter) in the wavenumber region 400-4000 cm−1 

with a spectral resolution of 4 cm−1 by using 

KBr powder as the blank. Band gap energy of 

Cr-PTC-HIna was measured using an UV-Vis 

DRS spectrophotometer (Agilent Cary 60 UV-

Vis) with a blank of BaSO4 powder, and calcu-

lated it using the Kubelka Munk-Tauc Plot 

equation. The morphology and distribution of 

elements of Cr-PTC-HIna were investigated us-

ing SEM-EDX (Jeol JSM 6510 La) at a voltage 

of 25 kV. The surface area, pore volume, and 

pore size of Cr-PTC-HIna were assessed using 

a surface area and porosity analyzer 

(Micromeritics Tristar II Plus Surface Area & 

Porosity Analyser) after a 3 h degassing pro-

cess at 150 °C. 

 

2.5 Photocatalytic Activity of Cr-PTC-HIna 

Analysis 

Cr-PTC-HIna (0.025 g) was disperse in 50 

mL of 50 ppm methylene blue and stirred at 

300 rpm for 2 h, while illuminated with a 250-

watt mercury lamp. Furthermore, the suspen-

sion was centrifuged at 6000 rpm for 10 min. 

The absorbance of methylene blue was deter-

mined using a UV-Vis spectrophotometer at 

665 nm. The decolorization percentage of meth-

ylene blue was calculated using equation (1). 

 

(1) 

 

where, %decolorization is the methylene blue 

removal percentage, A0 is the initial absorbance 

of methylene blue and At is the absorption of 

methylene blue at time. 

 

3. Results and Discussion 

3.1 Cr-PTC-HIna MOF 

The Cr-PTC-HIna was synthesized using 

solvothermal, hydrothermal, sonochemical, and 

mechanochemical methods to discover the most 

efficient and eco-friendly method for producing 

these MOFs for methylene blue degradation 

application. The employment of hydrothermal, 

sonochemical, and mechanochemical processes 

provides various environmental benefits due to 

the application of green chemistry concepts. 

Figure 1 shows the physical properties of Cr-

PTC-HIna MOF obtained through the four 

techniques.  

Figure 1 demonstrates the physical proper-

ties of Cr-PTC-HIna created by each method, 

namely, the colors produced in MOFs made by 

hydrothermal (a), solvothermal (b), sonochemi-

cal (c), and mechanochemical (d) processes are 

bright red, brick red, brown, and blackish 

brown, respectively. These discrepancies occur 

due to the influence of various treatments uti-

lized during the synthesis process, such as en-

ergy and solvents. This study's solvothermal 

and hydrothermal approaches possess identical 

process steps, with the difference being the sol-

vent used; the hydrothermal method only uses 

distilled water solvent, and the solvothermal 

method uses a mixture of distilled water and 

DMF solvent. 

The percent yields of Cr-PTC-HIna-ST, Cr-

PTC-HIna-HT, Cr-PTC-HIna-SC, and Cr-PTC-

HIna-MC were 40.68%, 44.27%, 46.5%, and 

49.23%, respectively. It is clear that the MOFs 

synthesized by hydrothermal, sonochemical, 

and mechanochemical methods have a higher 

percent yield than solvothermal. MOF pro-

duced using the mechanochemical method has 

the highest yield since there are impurities due 

to the lack of a washing step, which influences 

the amount of product formed. Meanwhile, be-

cause Na4PTC and CrCl3.6H2O dissolve better 

in aqueous solvents than organic solvents such 

as DMF, the hydrothermal process obtained a 

higher percent yield than the solvothermal 

method. The greater solubility accelerates in 

the nucleation process by enhancing the fre-

quency of particle collisions, which increases 

the number of metal ions and organic linkers 

that bind and form MOFs. 

Sonochemical methods may create more 

MOFs with a higher percentage yield than hy-

drothermal and solvothermal methods because 

the use of ultrasonic radiation provides signifi-

cantly more kinetic energy than conventional 

methods, reducing crystallization time and 

leading to the formation of more MOF’s crys-

tals. Because of the acoustic cavitation process, 

ultrasonic irradiation provides shorten the 

crystallization time [27]. This method reaches 

Figure 1. Physical characteristic of (a) Cr-PTC-

HIna-HT; (b) Cr-PTC-HIna-ST; (c) Cr-PTC-

HIna-SC; (d) Cr-PTC-HIna-MC. 
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temperatures of more than 5000 K and 

pressures of more than 20 MPa, with heating 

and cooling rates of more than 107 K/s, 

increasing the reaction kinetics of product 

synthesis [28]. The acoustic cavitation process 

also increased the frequency of particle 

collisions as well as direct interaction between 

particles and irradiation waves, lowering 

activation energy [29]. According to 

Pourebrahimi and Kazemeini, MIL-101(Cr) 

generated by sonochemical approach has a 

greater crystallization rate than solvothermal 

synthesis, resulting in a higher yield [30]. 

 

3.2 Functional Group of Cr-PTC-HIna MOF 

The FTIR spectra of Cr-PTC-HIna-ST, Cr-

PTC-HIna-HT, and Cr-PTC-HIna-SC MOF are 

similar to those of the previously synthesized 

Cr-PTC-HIna MOF [26] (Figure 2). The FTIR 

spectra of Cr-PTC-HIna-ST, Cr-PTC-HIna-HT, 

and Cr-PTC-HIna-SC revealed the existence of 

asymmetric and symmetric stretching vibration 

absorption bands of C=O (1800-1600 cm−1) and 

C−O (1300-900 cm−1) groups that were not pre-

sent in the Na4PTC spectrum (Figure 2). Fur-

thermore, the absence of the OH group absorp-

tion band of carboxylic acid at 3500-2800 cm−1 

suggests that the COO− group on isonicotinic 

acid has bonded with Cr3+ to form Cr-COO 

(Figure 2). The asymmetric (1650-1540 cm−1) 

and symmetric (1450-1360 cm−1) O−C=O 

groups in Na4PTC shifted in the Cr-PTC-HIna 

spectra, confirming the existence of PTC link-

ers coordinated on Cr in the MOF structure. 

Metal oxide bond (Cr−O) vibrations can be seen 

at 800-400 cm−1. Aromatic ring features were 

discovered in the form of 1,2,3,4-

tetrasubstituted C−H out of plane bending vi-

brations (675-900 cm−1) and C=C out of plane 

vibrations (675-900 cm−1). Meanwhile, the IR 

spectrum of the mechanochemically synthe-

sized MOF did not demonstrate the synthesis 

of Cr-PTC-HIna since there were no symmetric 

absorption bands of C=O, C−O, and Cr−O 

bonds. 

 

3.3 The XRD Spectrum of Cr-PTC-HIna MOF 

The XRD spectrum of the Cr-PTC-HIna-HT 

and Cr-PTC-HIna-ST MOFs in this study and 

the Cr-PTC-HIna synthesized in previous stud-

ies are identical [22]. The XRD spectrum 

(Figure 3) of MOF Cr-PTC-HIna-SC resembled 

but differed significantly from that of MOF Cr-

PTC-HIna-ST. Although Cr-PTC-HIna-SC has 

a different diffraction pattern from Cr-PTC-

HIna-ST, the sonochemical method can still 

produce Cr-PTC-HIna MOFs. It is supported 

by the FTIR analysis results, which show iden-

tical FTIR spectra between Cr-PTC-HIna-ST 

and Cr-PTC-HIna-SC. The difference in the 

XRD spectrum of Cr-PTC-HIna-SC indicates 

that Cr-PTC-HIna-SC has a different crystal 

structure from Cr-PTC-HIna-ST. It also occurs 

in anatase and rutile TiO2; namely, anatase 

forms diffraction peaks at 25° (101) and 53.8° 

(211), while rutile forms diffraction peaks at 

36.7° (110) and 62.7° (002) [31]. This difference 

occurs due to the difference in energy used dur-

ing the crystal formation process. 

A shift in the diffraction peak of 2θ values, 

which corresponds to changes in the product's 

crystallinity and crystal size, supported the dif-

ference. Figure 3 shows that Cr-PTC-HIna-MC 

failed to obtain MOF because the XRD spec-

trum was difference with the previous Cr-PTC-

HIna. The XRD spectrum of Cr-PTC-HIna-MC 

Figure 2. The FTIR spectrum of Cr-PTC-HIna-

ST, Cr-PTC-HIna-HT, Cr-PTC-HIna-SC, and 

Cr-PTC-HIna-MC. 

Figure 3. The XRD spectrum of Cr-PTC-HIna-

ST, Cr-PTC-HIna-HT, Cr-PTC-HIna-SC, and 

Cr-PTC-HIna-MC. 
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demonstrates the presence of Cr3O4 and Na2O 

compounds, as shown by the presence of the 

greatest peak in 2θ of 32.7° and 46.23°, respec-

tively (According to the VESTA analytical re-

sults (supplementary file), and JCPDS File No. 

12-559).  

The crystallinity of Cr-PTC-HIna-ST and 

Cr-PTC-HIna-HT is greater than Cr-PTC-

HIna-SC, as shown in Figure 3. Strong and 

narrow peaks suggest the MOFs are completely 

pure crystallin [32]. The difference in crystal-

linity is due to the synthesis time and tempera-

ture affected the crystallization process of 

MOF. Kareem and Abd Alrubaye explained 

that the more intensive the crystallization pro-

cess and temperature used in the solvothermal 

synthesis of MOF-199, the higher the crystal-

linity of MOF-199 [33]. Pressures, on the other 

hand, promote a shift in diffraction angle and a 

decrease in peak intensity in Cr-PTC-HIna-SC, 

confirming crystal defects in nanoparticle ma-

terials [34]. 

The poor crystallinity of Cr-PTC-HIna-SC is 

also related to the use of water solvents, which 

inhibit crystal formation and result in a less 

crystalline MOF framework. Because anions 

and solvents form strong hydrogen bonds 

through the solvation effect, protic polar sol-

vents like water increase activation energy 

[35]. DMF, on the other hand, may reduce acti-

vation energy by releasing anions toward cova-

lently coupled cations [36]. Zhang et al. [37] ob-

served that Cu-BTC could not be successfully 

synthesized using aqueous solvents under ul-

trasonic irradiation because water hinders the 

formation of coordination bonds between the 

carboxyl groups of BTC and Cu. Israr et al. [36] 

reported that the synthesis of Ni-BTC with 

DMF solvent under ultrasonic irradiation pro-

duced the MOF framework within 2 h, however 

the synthesis with water/ethanol solvent under 

the same conditions did not.  

The crystal size of the three Cr-PTC-HIna 

MOFs was calculated using the Debye Scherrer 

equation. The crystal size of Cr-PTC-HIna-ST, 

Cr-PTC-HIna-HT, and Cr-PTC-HIna-SC were 

36.92 nm, 18.97 nm, and 7.48 nm, respectively. 

The Cr-PTC-HIna-ST and Cr-PTC-HIna-HT 

were synthesized at particularly high tempera-

tures, resulting in a larger crystal size than the 

Figure 4. Bandgap energy of (a) Cr-PTC-HIna-ST; (b) Cr-PTC-HIna-HT; (c) Cr-PTC-HIna-SC; and (d) 

Cr-PTC-HIna-MC. 

(a) (b) 

(c) (d) 
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Cr-PTC-HIna-SC. Sharma et al. [38] stated 

that higher temperatures facilitate the growth 

of larger crystals. This is proven by Cr-PTC-

HIna-SC's low crystallinity, which indicates 

that the diffraction peaks have risen, implying 

that the crystal size is significantly smaller 

than Cr-PTC-HIna-ST and Cr-PTC-HIna-HT. 

Pereira et al. [39] employed a sonochemical 

method to produce a larger diffraction peak and 

a smaller crystal size of 21.11.6 nm than Bar-

ros et al. [40] who used a traditional method to 

produce a crystal size of 72.1 nm. 

 

3.4 Bandgap Energy of Cr-PTC-HIna MOF 

The band gap energy was examined to de-

termine the responsiveness of Cr-PTC-HIna 

MOF to visible light. This study made use of a 

mercury lamp, which emits 17% UV light and 

83% visible light. The band gap energy was 

measured using the Kubelka-Munk equation 

and the Tauc plot (Figure 4). 

The band gap energy of Cr-PTC-HIna-ST, 

Cr-PTC-HIna-HT, Cr-PTC-HIna-SC, and Cr-

PTC-HIna-MC is 2.018, 2.022, 1.980, and 1.800 

eV, respectively, resulting in maximum light 

absorption at 615, 613, 626, and 688 nm. The 

four Cr-PTC-HIna MOFs absorb visible light, 

allowing them to serve as visible-light respon-

sive photocatalysts. 

 

3.5 Cr-PTC-HIna Morphology and Elemental 

Composition 

Figure 5 shows the morphologies of Cr-PTC-

HIna-ST, Cr-PTC-HIna-HT, and Cr-PTC-HIna-

SC, and Cr-PTC-HIna-MC. Cr-PTC-HIna-ST, 

Cr-PTC-HIna-HT, and Cr-PTC-HIna-SC are all 

MOFs having irregular structures. As shown in 

Figure 5, the purity of Cr-PTC-HIna-ST is low-

er than that of Cr-PTC-HIna-HT. Pollutants in 

the shape of transverse rods suggest this. Im-

purities in MOF crystals originate by an excess 

of DMF solvent that is not completely removed 

during the washing or drying procedures. Cr-

PTC-HIna-MC has a different morphology from 

Cr-PTC-HIna, Cr-PTC-HIna-HT, and Cr-PTC-

HIna-SC. It indicates that the mechanochemi-

cal method did not successfully obtain MOF. 

The SEM-EDX results of all materials re-

veal the presence of different impurities such 

as Ca, Zr, Cu, and Zn (Table 1). It can be 

caused by the drying process in the oven, 

where the Cr-PTC-HIna MOF lacks relief ma-

terial like aluminum foil, allowing a number 

oven pollutants adhere to the MOF surface. 

Figure 5 depicts the formation of agglomer-

ations by the Cr-PTC-HIna-HT and Cr-PTC-

HIna-SC MOFs. Agglomeration occurs because 

both techniques have a faster crystal growth 

rate than Cr-PTC-HIna-ST. The rapid crystal 

growth rate in tiny materials causes agglomer-

ation. According to Liu et al. [41] agglomera-

tion is generated by extended ultrasonic irradi-

ation and a rise in particle impact frequency. 

Zarekarizi and Morsali [42] reported TMU-69 

has a smaller particle size as the sonication 

time increases, and using ultrasonic irradia-

tion for more than 60 min causes the formation 

of aggregates as the TMU-69 particles agglom-

erate. The decrease in crystallinity in Cr-PTC-

HIna-SC MOF is due to agglomeration. 

The particle size of the Cr-PTC-HIna-SC is 

smaller and more uniform than the other two 

MOFs. It is due to ultrasonic vibrations accel-

erate the dissociation rate of the precursor, 

leading the reaction to become more homogene-

ous, resulting in the formation of smaller and 

more uniform MOF particles [43]. It also prov-

No. Sample Element Concentration (%w/w) 

1. Cr-PTC-HIna-ST 

C 55.94 

O 34.12 

Ca 0.08 

Cr 9.86 

2. 

C 56.84 

Cr-PTC-HIna-HT 

O 35.44 

Cl 0.20 

Cr 7.13 

Zr 0.39 

3. Cr-PTC-HIna-SC 

C 58.64 

O 35.17 

Cr 5.37 

Cu 0.41 

Zn 0.41 

Table 1. SEM-EDX Analysis Data of Cr-PTC-HIna MOFs. 
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Figure 5. MOF morphology with magnificent 1000x and 10000x of Cr-PTC-HIna-ST (a-b); Cr-PTC-

HIna-HT (c-d); Cr-PTC-HIna-SC (e-f); Cr-PTC-HIna-MC (g-h). 

(a) (b) 

(c) (d) 

(e) (f) 

(g) (h) 
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en by Pereira et al. [39] who synthesized Zn-

MOF that formed agglomerations with smaller, 

regular, and uniform particle size. Further-

more, Cu-BTC synthesized by Abbasi and 

Rizvandi via sonochemical method for an hour 

ultrasonic irradiation has smaller particle size 

(80 nm) than conventional method synthesis by 

Barros et al. for 24 h at 80 °C (140 nm) [44,40]. 

 

3.6 Surface Area, Pore Volume and Pore Diam-

eter of Cr-PTC-HIna 

The surface area measurement in Cr-PTC-

HIna MOFs was calculated using the BET 

equation. The BET method is applied because 

it can accurately assess the porosity and sur-

face area of porous materials based on the prin-

ciple of absorption of gas molecular species on 

the surface of the measured solids [45]. 

The Cr-PTC-HIna-SC MOF had the highest 

surface area, pore volume, and pore diameter 

size of the three methods, as shown in Table 2. 

The presence of crystal defects in the crystal 

structure of the MOF contributes to its tremen-

dous surface area. The XRD spectrum (Figure 

3) supports it. The number of crystal defect 

sites rises as a result of ultrasonic radiation. 

Ultrasonic radiation increases crystal for-

mation, preventing the exchange of protonated 

modulators and PTC molecules on Cr during 

synthesis. Yu et al. [46] reported that sono-

chemically synthesized S-MOF-545 has more 

defect sites than solvothermally synthesized  

C-MOF-545. The presence of defects in the 

crystal improves the surface area and pore vol-

ume of S-MOF-545 over C-MOF-545 [46]. 

Furthermore, the relatively small particle 

size of Cr-PTC-HIna-SC allows its surface area 

to be larger than other MOFs (Figure 5(f)). 

Pourebrahimi and Kazemeini observed that 

sonochemically synthesized MIL-101 Cr has a 

larger BET surface area than solvothermally 

designed MIL-101 Cr [30]. Furthermore, 

HKUST-1 obtained through sonochemical 

methods has a larger surface area than sol-

vothermal [43]. 

 

3.7 Photocatalytic Activity of Cr-PTC-HIna 

The four materials were investigated for 

photocatalytic activity against methylene blue 

decolorization in both dark and light condi-

tions. The percentage of methylene blue decol-

orization accomplished by the adsorption pro-

cess was measured in the dark condition. As a 

porous material, it can remove methylene blue 

via adsorption and photocatalytic degradation. 

Figure 6 presents the percentage of methylene 

blue decolorization under both conditions. 

Figure 6 illustrates the percentages of 

methylene blue decolorization in the dark for 

Cr-PTC-HIna-ST, Cr-PTC-HIna-HT, Cr-PTC-

HIna-SC, and Cr-PTC-HIna-MC, which are 

41.701%, 42.568%, 61.843%, and 0.0%, respec-

tively. The three MOFs most likely decolored 

methylene blue via adsorption. This adsorption 

approach employs π-π, and electrostatic inter-

action. The positively charged sulfur and nitro-

gen atoms of methylene blue interact with the 

negatively charged bonds of the Cr-PTC-HIna 

benzene ring via electrostatic interactions. Fur-

thermore, π-π interactions occur between the 

aromatic rings' bonds in methylene blue and 

perylene Cr-PTC-HIna [26]. 

Figure 6 additionally reveals that Cr-PTC-

HIna-SC has a higher adsorption ability 

than Cr-PTC-HIna-ST and Cr-PTC-HIna-HT. 

Cr-PTC-HIna-SC has a large surface area, vol-

ume, and pore diameter size, all of which con-

tribute to its high adsorption capacity. The 

higher the surface area of the MOF, the more 

Sample Surface Area (m2/g) Pore Volume (cm3/g) Pore Diameter (Å) 

Cr-PTC-HIna-ST 59.44 0.1187 81.610 

Cr-PTC-HIna-HT 35.24 0.1000 37.851 

Cr-PTC-HIna-SC 92.76 0.3947 142.738 

Cr-PTC-HIna-MC 6.43 0.0137 33.525 

Table 2. Surface area analyzer measurement data of Cr-PTC-HIna. 

Figure 6. Decolorization percentage of meth-

ylene blue by Cr-PTC-HIna-ST, Cr-PTC-HIna-

HT, Cr-PTC-HIna-SC, and Cr-PTC-HIna-MC. 
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active sites with which methylene blue mole-

cules interact. Furthermore, the excessive size 

and volume of the pores will improve meth-

ylene blue molecule absorption. Meanwhile, the 

Cr-PTC-HIna-MC has no adsorption ability 

since the proportion of MB decolorization is ze-

ro. It could be due to the surface area, as well 

as the small diameter and volume pore; there 

are no functional groups or atoms capable of re-

acting with methylene blue. 

Figure 6 shows that the percentage of meth-

ylene blue decolorization by the Cr-PTC-HIna-

ST, Cr-PTC-HIna-HT, and Cr-PTC-HIna-SC is 

higher in light than in dark conditions. It im-

plies that the three MOFs have significant pho-

tocatalytic activity in the methylene blue decol-

orization process. When exposed to light, MOFs 

behave as photocatalysts. Organic linkers act 

as antennas, capturing light from natural or 

artificial light sources and using it to activate 

metal sites [47]. Organic linkers have delocal-

 bonds, which 

transfer the electron charge towards the metal-

oxo group at the initial step of the photo-redox 

process [48]. The XRD spectra (Figure 3) of Cr-

PTC-HIna-MC is similar with metal oxide com-

pounds, so that Cr-PTC-HIna-MC was unsuc-

cessful to produce appropriate MOF. However, 

the resulting product may be useful as a photo-

catalyst. It is confirmed by the test results in 

light condition (Figure 6). The photocatalytic 

activity of Cr-PTC-HIna-MC is relatively poor 

due to the limited surface area and porosity 

(Table 2). Although the band gap energy of Cr-

PTC-HIna-MC is sufficient for photocatalysis of 

methylene blue, the small surface area dimin-

ishes the number of active sites for the electron 

photoexcitation process. 

The photocatalytic activity of the Cr-PTC-

HIna-ST was higher than the Cr-PTC-HIna-HT 

and Cr-PTC-HIna-SC, with percentage decolor-

ization increases of 35.34%, 22.40%, and 

25.64%, respectively. However, Cr-PTC-HIna-

SC provides the highest removal efficiency of 

87.478% methylene blue via a combination of 

adsorption and photocatalytic processes than 

Cr-PTC-HIna-ST and Cr-PTC-HIna-HT 

(Figure 6). It is due to its high surface area, 

large pore size, and pore volume.  

Cr-PTC-HIna-ST exhibits higher photocata-

lytic activity than Cr-PTC-HIna-HT due to its 

larger surface area, pore volume, and pore size. 

The increased surface area suggests that the 

number of active sites accessible for the excita-

tion of electron-hole pairs (e−/h+) and redox ac-

tivities, as well as the number of reactive radi-

cals generated for the methylene blue photo-

degradation process, is rising [49]. Larger ma-

terial porosity accelerate photocatalytic degra-

dation of dye pollutants by trapping considera-

ble amounts of pollutants before they are de-

graded by the photocatalyst [50]. On the other 

hand, Cr-PTC-HIna-ST has larger crystal size 

and higher crystallinity, resulting in greater 

photodecomposition rate of organic compounds 

than Cr-PTC-HIna-HT. 

However, the photocatalytic activity of Cr-

PTC-HIna-SC is lower than Cr-PTC-HIna-ST 

because the pore size of Cr-PTC-HIna-SC is too 

large, allowing methylene blue to enter 

and trapped in the pores of Cr-PTC-HIna, mak-

ing the methylene blue difficult to desorb to-

wards the photocatalyst surface, resulting in a 

decrease in the photocatalytic degradation re-

action. Furthermore, as the amount of meth-

ylene blue molecules absorbed increases, the 

layer of dye molecules covering the photocata-

lyst surface thickens. It reduces the intensity 

of light contacting the surface of the photocata-

lyst due to methylene blue molecule absorp-

tion, hence decreasing the electron excitation 

process and the radical species that play a role 

in the methylene blue degradation process. 

Crystal defects in the Cr-PTC-HIna-SC hin-

dered photocatalytic activity. Yu et al. [46] re-

ported that the sonochemical method produces 

materials with more defect sites than conven-

tional methods. The low crystallinity of the Cr-

PTC-HIna-SC (Figure 3) affirms it, suggesting 

that the Cr-PTC-HIna is less crystalline due to 

the presence of excess crystal defects. Surface 

crystal defects trap electron charges within the 

material's framework, inhibiting photoexcita-

tion. Furthermore, as the number of crystal de-

fects increases, so does the rate of electron-hole 

pair recombination, resulting in fewer hydroxyl 

radical molecules. Xiao and Jiang [51] ex-

plained that a small number of crystal defects 

could decrease electron-hole pairs recombina-

tion in MOFs. 

 

4. Conclusions 

Solvothermal, hydrothermal, and sonochem-

ical methods could be utilized for obtaining 

MOF Cr-PTC-HIna.  The solvothermal method 

obtained MOF Cr-PTC-HIna with the maxi-

mum photocatalytic activity for methylene blue 

degradation, with a 35.34% decolorization en-

hancement via photocatalytic degradation. 

Sonochemical and hydrothermal method could 

be more eco-friendly alternative ways than sol-

vothermal for producing Cr-PTC-HIna MOF. 
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