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ABSTRACT. The glycine-modulated metal-organic framework (MOF) Cr-PTC-Gly was successfully synthesized for methylene 
blue elimination application. The Fourier Transform Infra-Red (FTIR) characterization showed the stretching vibration N-H at 
2034 cm-1. The bands at 1506 and 1406 cm-1 are asymmetric and symmetric stretching vibrations (-COO) bound to Cr3+ 
ions and 3118 cm-1 of the hydroxyl (OH) functional group of H2O bound to the Cr3+ ion. The band gap energy of MOF Cr-
PTC-Gly is 1.9 eV. The XRD analysis showed that MOF Cr-PTC-Gly has good crystallinity with a crystal size of 17.79 nm. 
MOF Cr-PTC-Gly with 50% glycine gave the most optimum elimination activity with an elimination capacity of 87.95 
mg/gram via adsorption and photocatalytic degradation. The adsorption mechanisms were carried out via electrostatic 
interaction, hydrogen bonding, and π-π interaction. In contrast, photocatalytic degradation was carried out by forming free 
radical species with hydroxyl radicals (•OH) as a dominant species that contributed to the methylene blue degradation. 
 
Keywords : Glycine, Methylene blue, MOF Cr-PTC-Gly, photocatalytic degradation  

 
INTRODUCTION 

Metal-organic frameworks (MOFs) are the most 
widely developed semiconductor materials for dye 
removal applications. For their advantages, MOFs are 
applied as photocatalysts, including flexibility, porous 
crystalline material, large surface area, and uniform 
active site distribution (Kaur et al., 2019). Metal-
organic frameworks (MOFs), one of the semiconductor 
materials, were developed to overcome the limitation 
of metal oxide-based semiconductors like large band 
gaps energy. It is due to the band gap energy of MOFs 
can be tuned by using an appropriate metal ion and 
linker. Studies reported metal-organic frameworks 
(MOFs) materials for dye elimination applications. 
Yudanto (2018) synthesized a La-MOF-based linker of 
benzene-1,4-dicarboxylic acid (BDC) with an band 
gap energy of 3.61 eV for Rhodamine B degradation 
under UV light irradiation. Then, Batubara (2019) 
reported an organic linker-based La-MOF 
naphthalene-2,6-dicarboxylic acid (NDC) with an 
band gap energy of 3.1 eV for Rhodamin degradation 
under UV light irradiation. Zulys et al. (2021) also 
synthesized La-MOFs based on organic ligand 
perylene-3,4,9,10-tetracarboxylic dianhydride 

(PTCDA) with an energy band gap of 2.25 eV for 
methylene blue degradation under visible light 
irradiation. Of those three organic ligands, PTCDA is 
the one able to increase the photosensitivity of MOFs 
to visible light radiation. 

However, MOFs still have limitations in practical 
application due to the rapid electron-hole 
recombination effect that reduces their catalytic activity 
(Syzgantseva et al., 2019). A strategy to overcome this 
problem is adding a modulator like glycine, proline, 
phenylalanine, and benzoic acid (Chambers et al., 
2017; Gutov et al., 2016; Hasan, 2015). Adding an 
amino acid modulator can produce MOFs with high 
crystallinity, small particle sizes, and high porosity as 
desired in dye catalytic photodegradation. In addition, 
amino acids can also cover structural defects of 
elements (Gutov et al., 2016).  

Gutov et al. (2016) synthesized amino acid-
modulated Zr-MOF that produced high porosity MOF 
and reduced the crystal defects that were the main 
factors causing recombination. Then, Dong et al. 
(2017) reported that the addition of glycine as a 
modulator increases the catalytic activity and stability 
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of MOF MIL-53 (Fe) due to  the  ability of  carboxylate 
and amine functional groups to bind metal ions.  

Therefore, this study aims to synthesize novel visible 
active glycine-modulated MOF-based chromium 
metal ion and perylene-3,4,9,10-tetracarboxylic 
dianhydride organic linker for methylene blue under 
visible light irradiation. 

 
EXPERIMENTAL SECTION 
Materials 

The chemicals for this research are chromium(III) 
chloride hexahydrate (CrCl3.6H2O) (Merck), sodium 
hydroxide (NaOH) (Merck), Perylene 3,4,9,10-
tetracarboxylic dianhydride (PTCDA) (Sigma-Aldrich), 
N,N-dimethyl-formamide (DMF) (Loba Chemie 
PVT.LTD), glycine (Merck), ethanol (C2H5OH) (Merck), 
methylene blue (Merck), distilled water (H2O), 
hydrogen peroxide (H2O2) (Merck), tertier butanol 
(tert-BuOH) (Merck), methanol (CH3OH) (Merck), 
BaSO4 (Merck), and potassium bromide (KBr) (Merck). 
 

Preparation of Na4PTC (Zulys et al., 2021) 
PTCDA (0.5 g; 1.27 mmol) was dissolved with 50 

mL of distilled water, then added with NaOH (0.356 
g; 8.9 mmol) while magnetically stirred for one hour 
at 300 rpm. Then, the greenish orange suspension 
was filtered. Next,  the filtrate was added with excess 
ethanol to get a yellow precipitate. Furthermore, the 
yellow Na4PTC precipitate was filtered and washed 
with ethanol until the pH of the filtrate was neutral. 
Finally, the yellow Na4PTC precipitate was dried at 
room temperature overnight. 

Synthesis MOFs Modulated Glycine (Cr-PTC-Gly) 
The synthesis of Cr-PTC was carried out using a 

solvent mixture of distilled water (H2O) and N,N-
dimethyl formamide (DMF) (5:1) as much as 30 mL. 
Chromium(III) chloride (0.265 g; 1 mmol) and 
Na4PTC (0.258 g; 0.5 mmol) were dissolved with DMF 
and H2O mixture. Next, the mixture was magnetically 
stirred at 300 rpm for one hour. Then it was 
transferred to the Teflon-lines autoclave and heated at 
170 °C for 24 hours. The mixture was cooled at room 
temperature overnight. The red-brown precipitate was 
filtered and washed with distilled water. Finally, the 
precipitate was dried for 24 hours at 70 °C overnight. 

Cr-PTC-Gly was prepared by stirring 0.2 g of Cr-
PTC and glycine (40; 50 and 60% b/b) in 100 mL of 
distilled water for an hour at 300 rpm. Then, the 
mixture was heated for 24 hours at 50 °C. Finally, the 
red-brown powder formed was filtered and washed 
with distilled water and dried at 70 °C for 24 hours.  

Characterization of MOF Cr-PTC-Gly 
The MOF Cr-PTC was characterized by X-Ray 

diffraction spectroscopy (7000 Maxima-X) for 
crystallinity and crystal size analysis. FTIR (Prestige 21 
Shimadzu) for determining the functional groups, UV-
Vis DRS Spectrophotometer Agilent Carry 60 for 
measuring the band gap energy at 200-800 nm 
wavelength with BaSO4 as a reference.  

Methylene Blue Elimination Analysis 
The methylene blue elimination was measured by 

dispersing 25 mg of MOFs Cr-PTC-Gly into 50 mL of 
methylene blue (50 mg/L) and then magnetically 
stirred at 300 rpm at room temperature for three hours 
in the dark and under 250 watts of mercury lamp 
irradiation as a visible light source. Furthermore, the 
suspension was sampled as much as 2.0 mL every 30 
minutes, then centrifuged at 6000 rpm for 10 minutes. 
The methylene blue concentration was measured 
using a UV-Vis spectrophotometer at 665 nm. The 
methylene blue elimination percentage is calculated 
using equation 1. 

Elimination (%) = 
(Co−Ct)

𝐶𝑜
 x 100% (1) 

Where Co is the initial concentration, and Ct is the 
final concentration. 

The optimum condition was measured by using 
several parameters, including the concentration of 
glycine, initial methylene blue concentration (25, 50, 
and 75 ppm), MOF Cr-PTC-Gly dosage (15, 25, 35, 
and 45 mg), and initial of pH (2, 5, 7, 9 and 11). A 
fixed amount of sacrificial agents like H2O2, CH3OH, 
and a mixture of H2O2 and tert-BuOH was added to 
determine the dominant species in the methylene blue 
photocatalytic degradation. 
 
RESULT S AND DISCUSSION 
Natrium Perylene 3,4,9,10-tetracarboxylate (Na4PTC) 

Figure 1 shows the IR spectra of PTCDA and 
Na4PTC. In the PTCDA spectrum, there is a sharp 
absorbance peak at  1772 cm-1, which indicates the 
functional group of the 5-member PTCDA cyclic 
anhydride compound. The bands at 1753 and 1730 
cm-1 attributed to asymmetric and symmetric stretching 
vibrations (C=O) of PTCDA 5-member ring cyclic 
anhydride. The sharp peak at 1234 cm-1 confirmed 
asymmetric stretching vibration (C-O), and 938 cm-1 
identified the symmetric stretching vibration (C-O) of 
the C-CO-O-CO-C- group in the cyclic anhydride 
compound of PTCDA (Adawiah et al., 2021). Figure 1 
also shows that the five bands of the cyclic anhydride 
group of the PTCDA no longer appear in the IR 
spectrum of Na4PTC. In addition, the IR spectrum of 
Na4PTC showed new bands at 1633 and 1423 cm-1, 
which identified asymmetric and symmetric stretching 
vibrations of the (-COO) group carboxylate ion. These 
new bands indicate that PTCDA forms a carboxylate 
ion with sodium ions derived from NaOH. At 2500-
3300 cm-1 in the IR spectrum of Na4PTC, no 
absorbance band was found for the -OH group. It 
confirmed that PTCDA reacts completely with four 
equivalents of NaOH to form Na4PTC (Adawiah et al., 
2021). 
Characteristics of Metal Organic Framework (MOF) 
Cr-PTC-Gly 

The IR spectra of MOFs Cr-PTC-Gly showed sharp 
absorbance in wavenumbers at around 1650-1500 
cm-1, 1440-1380 cm-1, and 900-657 cm-1 (Figure 2). 
The IR spectrum of Na4PTC showed asymmetric and 
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symmetric stretching (-COO) vibrations at 1633 cm-1 
and 1423 cm-1. There is a shift in the MOFs Cr-PTC-
Gly to the wavenumber of 1506 and 1406 cm-1, which 
were asymmetric and symmetrically stretching 
vibrations (-COO) bound to the Cr3+ ion. It explained 
that the (-COO) ion is no longer bound to Na+ but has 
coordinated with the Cr3+ metal ion. The peak at 3118 
cm-1 confirmed a hydroxyl (OH) functional group 
(Senthil et al., 2013). 

The absorbance peak at 2034 cm-1 identified the 
stretching vibration N-H originating from glycine 
compounds (Kishor et al., 2013). Characteristics of the 
aromatic ring of perylene in MOFs Cr-PTC-Gly 
showed the presence of a sharp absorbance band at 
1590 cm-1, which shows an aromatic stretching 
vibration (C-C=C). The peak at 1406 cm-1 confirmed 
the weak peak of symmetric stretching vibration (-
COO).  Furthermore,   the  bending  vibrations  (C-H)  

in-plane aromatic rings in the three absorbance bands 
at 1233, 1119, and 1015 cm-1. In addition, the 
absorbance peaks at 857 and 806 cm-1 show bending 
vibrations (C-H) out of planes 1,2,3,4-tetrasubstituted 
aromatic rings, and absorbance peaks at 757 and 
730 cm-1 show out of the plane. Then, the peak at 
528 cm-1 is the Cr-O strain vibration. The Cr-O strain 
vibration proves that the synthesis of Cr-PTC-Gly MOF 
is complete, where the metal cluster binds to the PTC 
carboxylate group (Seikh et al., 2019). 

Figure 3 exhibits that MOF Cr-PTC and Cr-PTC-Gly 
have good crystallinity and the same diffractogram 
pattern with sharp spectral peaks at 2θ = 9.2°; 
12.84°; 25.58°; and 27.805°. The Debye Scherer 
equation obtained a crystal size of Cr-PTC and Cr-
PTC-Gly is 17.57 nm and 17.79 nm, respectively. It 
indicates that modulated glycine to Cr-PTC did not 
change the crystal structure of Cr-PTC. 

 

 
 

Figure 1. IR spectrum of PTCDA and Na4PTC 
 

 
 

Figure 2. IR spectrum of MOFs Cr-PTC-Gly and Na4PTC 
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Kudo and Miseki (2009) explained that the crystal 
structure affects the photocatalytic reaction. The high 
crystallinity of materials leads to small crystal defects. 
Crystal defects act as trapping and recombination 
centres of electron-hole pairs and generate reducing 
photocatalytic activity. Therefore, the recombination 
can be inhibited by a high crystallinity photocatalyst 
material.  

The UV-Vis  diffuse  reflectance  spectroscopy (DRS) 
analysis was  employed  to  determine  the band gap 
energy using the Kulbelka-Munk equation combined 
with  the  Tauc  plot. The band gap energy is the 
energy between the valence band (VB) and the 
conduction band (CB) proportional to the energy 
required for electrons to be excited from the valence 
band  to  the  conduction  band.  Figure 4 revealed 
that  the band gap energy (Eg) of the Cr-PTC-Gly is 
1.9 eV,  indicating  that  the Cr-PTC-Gly is a visible 
light responsive semiconductor material with an 
absorbance wavelength of 652 nm.  

The organic linker, chromium metal ion, and 
glycine affected the Cr-PTC-Gly low band gap energy. 
Na4PTC is a perylene-based organic linker with five 
aromatic rings. The number of conjugated bonds of 
the aromatic ring contributes to the low band gap 
energy value or high responsiveness to visible light. 
Yudanto (2018) synthesized La-MOF based on 
organic linker BDC (1,4-benzene dicarboxylic acid) 
with a band gap energy (Eg) of 3.61 eV. Subsequently, 
Batubara (2019) synthesized La-MOF based on the 
organic linker 2,6-naphthalene dicarboxylate (NDC) 
with a band gap energy (Eg) of 3.1 eV. Then, Zulys et 
al., (2021) synthesized La-MOF based on the organic 
linker Na4PTC with an energy band gap (Eg) of 2.25 
eV. It Exhibits that the perylene-based organic linker 
(Na4PTC) produced MOFs with the most negligible 
band gap energy among the other two organic linkers. 
It is due to the influence of the π-π* electronic transition 
on the conjugated bond of a perylene ligand. The 
higher the conjugated bonds, the greater the 
electronic transition effect. 

 

 
Figure 3. XRD diffractogram pattern of Cr-PTC and Cr-PTC-Gly. 

 

 
        (a)                            (b)  

Figure 4. Reflectance spectrum (a) and energy band gap of Cr-PTC-Gly (b) 
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On the other hand, chromium metal ion (Cr3+) 
applied to MOF Cr-PTC-Gly is a partially filled d 
orbital-transition metal. It has an essential role in the 
responsiveness toward visible light. Zulys et al. (2021)  
reported lanthanum metal ion-based La-PTC with an 
band gap energy of 2.25 eV, which is higher than Cr-
PTC of 2.01 eV (previous study). The Eg value of 
MOFs-based semiconductors can be tuned by 
adjusting the metal atom's secondary building unit 
(SBU). The structure of MOFs is composed of ligand-
SBU interface interactions so that ligand-SBU interface 
interactions influence the MOF's electronic properties. 
Increasing the size of SBU caused a narrowing of the 
band gap energy (Eg) of MOFs. The difference in the 
size of the SBU of the metal used provides a shift in the 
band gap energy of MOFs (Lin et al., 2012). The size 
of the SBU cluster increases with the number of 
electrons. Due to the increasing electron number in an 
element producing more electrons in the HOMO 
energy level. It is generating the band gap energy 
becomes narrow (Yang et al., 2012).  

Besides that, adding glycine to the Cr-PTC reduces 
the energy band gap. The glycine modulator has a -
NH2 functional group that acts as an energy band gap 
control. The -NH2 group replaces the hydrogen atom 
in the MOFs to form an interaction that disrupts the 
electron density distribution of the MOFs and will affect 
the band gap energy (Flage et al., 2013). Li et al., 
(2018) succeeded in synthesizing MIL-125 with BDC 
linker producing MOFs with an band gap energy of 
4.08 eV. After adding the amine group to form NH2-
MIL-125, the band gap energy decreased to 2.68 eV. 
 

Methylene Blue Elimination 
Methylene blue elimination by MOF Cr-PTC-Gly 

was carried out under dark and visible light 
irradiation. MB elimination measuring in the dark 
aims  to determine the adsorption ability of Cr-PTC-
Gly in  MB elimination. MOFs are porous materials 
that can eliminate dyes through an adsorption 
mechanism (Zulfa et al., 2019).  Figure 5  shows  all  
MOF Cr-PTC-Gly eliminate MB in the dark with an 
elimination percentage of 42.22; 31.93; and 31.82% 
for 180  minutes of incubation. The adsorption of MB  

molecules by MOF occurs through several interaction 
mechanisms (adsorbate-adsorbent), including 
electrostatic, acid-base, hydrogen bonds, π-π 
interactions, hydrophobic interactions, or a 
combination of these interactions (Hasan & Jhung, 
2015). 

MB adsorption process by Cr-PTC-Gly is affected 
by several interactions, including electrostatic 
interactions, π-π interactions, and hydrogen bond 
interactions. Electrostatic interaction occurs when 
charged MOFs readily interact with oppositely charged 
adsorbates. Hasan and Jhung (2015) explained that 
electrostatic interactions occur between positively 
charged MB on the nitrogen (N) or sulfur (S) atoms that 
interact with the negative charge of the benzene ring 
in MOF. The following interaction is the π-π interaction 
that occurs when the aromatic ring in the MB structure 
interacts with the aromatic ring of the perylene linker 
used in Cr-PTC-Gly. Another interaction is hydrogen 
bonds between hydrogen atoms (H) in MB with 
nitrogen atoms (N) from glycine in Cr-PTC-Gly. In 
addition, hydrogen bonding also occurs between the 
N atom in MB and the H atom in the NH2 group of 
glycine in the Cr-PTC-Gly. The presence of these 
groups in the structure of MOF enhance the MOFs 
adsorption ability. 

Figure 5 illustrates that Cr-PTC-Gly also has 
photocatalytic activity in MB degradation. There is an 
increasing MB elimination for MOF Cr-PTC-Gly 40, 
50, and 60% of 1.59, 21.22, and 12.44%, 
respectively. Increasing MB elimination by MOF Cr-
PTC-Gly at 50% glycine had the most significant 
photocatalytic activity. Besides that, Cr-PTC-Gly 50% 
has higher MB removal than Cr-PTC without 
modulation with the removal percentage of 52.31% 
and 48.38%, respectively (previous study). 
Photocatalytic activity of MOFs Cr-PTC-Gly (40%) is 
the lowest degradation efficiency. It is due to MOF Cr-
PTC-Gly (40%) having very high adsorption. MB 
molecules were adsorbed too much to cover the 
photocatalyst surface. It caused the incoming light not 
to penetrate the MOFs surface, which inhibited 
electron excitation, and the photocatalytic reactions 
are challenging to achieve (Kuang et al., 2020). 

 

 
Figure 5. Methylene blue elimination by MOF Cr-PTC-Gly under dark and light condition 
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However, at the concentration of 60%, there was a 

decrease in elimination percentage. It is due to the 
concentration of glycine added was excessive. The 
excess glycine generates the competition between 
Na4PTC and glycine. Thus, the formation of crystalline 
solids Cr-PTC-Gly is increasingly tricky, and large 
crystal sizes are obtained. Wang et al. (2013) 
fabricated HKUST-1 modulated sodium formate with 
concentrations of 30% and 50% with crystal sizes of 
100 nm and 115 nm, respectively. 
 

Effect of MOF Cr-PTC-Gly Dosage 
Figure 6 shows MOF Cr-PTC-Gly dosage of 5 mg 

exhibited a small elimination of 20.63% because the 
MOF dosage dispersed was too small. The MB 
molecules covering the active site on the MOFs' 
surface inhibited light penetration and decreased the 
methylene blue photocatalytic degradation. 
Meanwhile,  the  Cr-PTC-Gly  dosage of 15 mg and 
25 mg performed the increasing MB elimination. 
Figure 6 revealed that the Cr-PTC-Gly dosage of 25 
undergoes a significant elimination rate than the 15 
mg, resulting in an elimination percentage of 87.95%. 
The increasing MOF dosage causes more active sites 
used for MB elimination. 

Simultaneously, MOF Cr-PTC-Gly dosages of 35 
and 45 mg showed the high percent elimination for 
the first 30 minutes. However, at 180 minutes, the 
photocatalytic activity of 45 mg of MOF was smaller 
than 35 mg (Figure 6). The MOF dosage of 45 mg 
enhances the solution turbidity due to the Cr-PTC-Gly 
particles exceeding the optimum limit that cause 
agglomeration to form colloids. In addition, it 
contributed to the lowering of penetrating photons in 
the system. Chiu et al. (2019) explained that adding 
an excess photocatalyst dosage makes the solution 
cloudy. It prevents light penetration to the 
photocatalyst and inhibits the excited electron 
formation that plays a role in MB degradation. 

Effect of Initial Methylene Blue Concentration 
Figure 7 shows the percent elimination of 

methylene blue at MB initial concentration of 25 ppm 
is 92.48% for 180 minutes. Meanwhile, at 50 ppm 
and 75 ppm, methylene blue was only degraded by 
87.95 and 29.87% at the same time. However, MOF 
Cr-PTC-Gly had the largest elimination capacity of 
87.95 mg/gram in initial MB concentration of 50 ppm 
than of 25 ppm and 75 ppm, resulting in elimination 
capacity of 46.47 mg/gram and 44.80 mg/gram, 
respectively.  

In contrast to the initial concentration of 75 ppm, 
percent elimination and elimination capacity were 
decreased. Due to an initial methylene blue 
concentration of 75 ppm, the elimination of methylene 
blue occurred via the adsorption process. The more 
significant MB molecule covers the active site of the 
MOF’s surface, which decreases light penetration 
power. In addition, it inhibits the electron excitation 
process, reduces electron-hole pairs formation, and 
discourages radicals (•OH) and superoxide radicals 
(•O2

-) which contribute to photocatalytic oxidizing dyes 
(Abdellah et al., 2018).  
 

The Effect of pH 
Jing et al., (2014) explained that the pH of the 

solution is one of the critical parameters affecting 
photocatalytic degradation. It is because pH influences 
the stability of a photocatalyst. Figure 8 exhibited 
under acidic conditions at pH 2 and 5 the methylene 
blue elimination of 0.59 and 3.10% with an 
elimination capacity of 0.59 and 3.10 mg/gram, 
respectively. Then, at pH 7 (neutral), a percent 
elimination of 87.95% with an elimination capacity of 
87.95 mg/gram. Furthermore, at pH 9 and 11 
(alkaline conditions), the percent elimination was 
82.53 and 85.07%, respectively, with an elimination 
capacity of 82.53 and 85.07 mg/gram.

 

  
 
Figure 6. The methylene blue percent elimination and elimination capacity  in various MOF Cr-PTC-Gly dosage 
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Figure 7. The methylene blue percent elimination and elimination capacity  in various of methylene blue 
degradation 

 

 
 

Figure 8. The methylene blue percent elimination and elimination capacity  in various pH 
 

MOF Cr-PTC-Gly did not have photocatalytic 
activity in acidic conditions (pH 2 and 5). In a low pH 
(acidic) environment, an excess of H+ ions decreases 
the number of hydroxyl radicals (•OH) that play a role 
in the degradation process. Excess H+ ions will interact 
with excited electrons (e-) to form •H radicals which 
can react back with •OH radicals to form H2O. The 
reaction mechanism under acidic conditions follows 
Equation 2-5 (Nasikhudin et al., 2018). 
MOF + hv → MOF (ecb

-
 + hvb

+

 )  (2) 
hvb

+

  + H2O → H+ + •OH  (3) 
H+ + ecb

- → •H    (4) 
•H + •OH → H2O   (5) 

In addition, at pH 2 and 5, the adsorption ability of 
Cr-PTC-Gly on MB was deficient. The excess H+ ions 
will protonate the negative charge on the MOFs, so 
the MOFs tend to be less negatively charged. 
Methylene blue is a cationic dye. If the MOFs tend to 
be less negative, then the electrostatic interaction 
between MOFs and MB will be weak, and it will reduce 
the adsorption capacity of  MOFs. It is also reinforced 
by the condition where pH 2 produces lower 
elimination percentage than pH 5 because the number 

of H+ ions at pH 2 is more than at pH 5 (Paiman et 
al., 2020). 

In contrast to acidic conditions, under pH 9 and 11, 
the percent elimination was quite large under alkaline 
conditions, namely 82.53% and 85.07%, respectively. 
Under alkaline conditions, Cr-PTC-Gly MOFs did not 
have photocatalytic activity. It can be seen from the 
insignificant change in the elimination capacity. Under 
the alkaline condition, MB elimination only occurs 
through the adsorption mechanism. At alkaline 
conditions, the MOFs' surface deprotonated. As a 
result, the number of negatively charged sites 
increased due to the presence of OH- ions. It caused 
the MOFs surface to be more positively charged and 
the electrostatic interactions to become stronger (Lim 
et al., 2021). The adsorption of pH 9 was lower than 
that of pH 11 because at pH 11, the number of OH- 
ions increased, and the MOF tended to be significantly 
negatively charged, resulting in increased electrostatic 
bonds (Firoozi et al., 2020). In addition, the absence 
of photocatalytic activity under alkaline conditions due 
to the Cr-PTC-Gly MOF was unstable, causing 
damage  to   their structure.   It  is  evidenced  by  the  
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change in the colour of the solution from blue to 
green. Cr-PTC-Gly MOF is made of high valence 
chromium metal ion (+3 charge) and carboxylate-
based ligands. Therefore, Cr-PTC-Gly has high 
stability in acidic and neutral conditions, not under 
alkaline conditions (Yuan et al., 2018). The addition 
of NaOH solution originated the decomposition of 
MOFs Cr-PTC-Gly into water-soluble chromium(III) 
hydroxide (Cr3OH)63-, which is indicated by a change 
in the colour of the green solution. The decomposition 
reaction occurred by exchanging the carboxylate 
(COO-) ligand with the OH- (equations 6 and 7). 

 

MHV – (OOCR-) + OH- → MHV -OH- + RCOO-  (6) 
Cr–PTC-Gly(s) + OH-

(aq) → Cr(OH)63-
(aq) + 

   PTC- + Gly           (7) 
 

Methylene Blue Photocatalytic Degradation 
Mechanism by Cr-PTC-Gly 

Figure 9 shows the photocatalytic activity Cr-PTC-
Gly after adding an electron-hole scavenger, like 
hydrogen peroxide (H2O2), methanol, and a mixture 
of H2O2 and tert-BuOH with an elimination 
percentage of 90.39%, 53.13%, and 87.90%, 
respectively. In the presence of H2O2, MB elimination 
percentage increases from 87.90% to 90.39%. H2O2 
acts as an electron-scavenger that prevents the 
recombination of excited electron (e-) and electron 
holes (h+) pairs. H2O2 reacts with excited electrons to 
produce hydroxide ions (OH-) and hydroxyl radicals 
(•OH) (Wang et al., 2014). In addition, the added 
H2O2 was also decomposed by light to produce 
hydroxyl radicals (•OH). Therefore, H2O2 employs 
increasing •OH radicals, which play an essential role 
in MB degradation. Equation 8-12 shows the 
mechanism of the photocatalytic degradation of dyes 
in H2O2 (Fakhrul et al., 2018). 

 

MOF + hv → MOF (e𝑐̅B + hv

+

B )  (8) 
e𝑐̅B  + H2O2 → •OH + OH-  (9) 
 

H2O2 + light (hv)  → •OH + OH-  (10) 
hv

+

B + OH- → •OH   (11) 
hv

+

B + H2O → •OH   (12) 
 

The addition of methanol as a hole (h+) trapping 
agent ensued an elimination percentage of 53.77% 
for 180 minutes, which was smaller than the 
elimination percentage without methanol of 87.95%. 
When methanol is added to the system, the holes (h+) 
in the conduction band will oxidize methanol to 
hydroxyalkyl radicals (•CH2-OH) and further oxidize 
to formaldehyde (CH2O). Thus, the hydroxyl radicals 
(•OH) from the reaction between electron holes and 
water, is not formed. However, the photoexcited 
electrons will react with oxygen to form superoxide 
radicals (•O2

-). Superoxide radicals (•O2
-) have lower 

strength than hydroxyl radicals. Therefore, the MB 
degradation efficiency with methanol presence is 
lower than that. The equation 13-15 shows the MB dye 
degradation by Cr-PTC-Gly in methanol. 

 

MOFs + hv → MOFs (ecb
-
 + hvb

+

 ) (13) 
hvb

+

 + CH3OH → •CH2OH → CH2O (14) 
ecb

-

 + O2 → •O2
-   (15) 

 

The elimination percentage was decreased from 
90.39% to 87.90% in the presence of H2O2 and tert-
butanol mixture. It indicated that free radical species 
(•OH) contributed significantly to photocatalytic MB 
degradation. It is  due to  the decreasing •OH radical 
species number emerged due to being captured by the 
tert-BuOH molecule. The MB degradation by Cr-PTC-
Gly in the presence of tert-BuOH and H2O2 was 
explained by equations 16-20. 
 

MOF + hv → MOF (ecb

-
 + hvb

+

 )  (16) 
ecb

-

  + H2O2 → •OH + OH-  (17) 
hvb

+

 + OH- → •OH   (18) 
hvb

+

 + H2O → •OH   (19) 
(CH3)3COH+•OH → (CH3)3CO+H2O (20) 

 

  
 

Figure 9. The  methylene  blue  percent  elimination  and  elimination  capacity  in  the addition of 
electron-hole scavenger 
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CONCLUSIONS 
This research has succeeded in synthesizing 

glycine-modulated Cr-metal organic framework MOF 
Cr-PTC-Gly. The MOF Cr-PTC-Gly eliminates 
methylene blue through adsorption and photocatalytic 
mechanisms under neutral pH conditions with a 
elimination capacity of 87.95 mg/gram for 180 
minutes of reaction time. The adsorption mechanisms 
were carried out via electrostatic interaction, hydrogen 
bonding and π-π interaction. While the photocatalytic 
degradation mechanism was carried out via free 
radical species formation with hydroxyl radicals (•OH) 
as dominant species in MB degradation. 
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