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Abstract

Porous Metal-Organic Frameworks (MOFs) engineered with light-sensitive organic linkers provide adaptable architectures for
modern gas sequestration and environmental remediation schemes. In this investigation, a 3D zinc (II) coordination network,
[Zn (ABDC)(DMF)] n (Zn-ABDC), was successfully fabricated under solvothermal conditions using 4,4'-(diazenediyl)
dibenzoic acid (H2ABDC). Systematic structural profiling by PXRD, FTIR, TGA, electron microscopy, and physisorption
methods established the formation of a phase-pure framework possessing permanent microporosity (SBET=780 m2/g) along
with thermal resistance up to 380 °C. At 273 K and 1 bar, Zn-ABDC exhibits a high CO- binding capacity (3.8 mmol/g),
governed predominantly by strong electrostatic dipole—quadrupole interactions with the central azo (—N=N-) active sites.
Additionally, the material acts as an effective visible-light photocatalyst, attaining 94% degradation of Methylene Blue (MB)
dye within 90 min. The architecture also displays potential for light-stimulated, on-demand gas release and selective
luminescent chemical sensing.

Keywords: Metal-organic frameworks, solvothermal synthesis, azobenzene ligand, carbon dioxide capture, photocatalytic
degradation, Methylene Blue
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Zn (I1) Metal Cluster Co-Ordination with Azobenzene Dicarboxylate Ligand

Introduction (11,121 Here, we discuss the targeted solvothermal assembly,
Metal-Organic Frameworks (MOFs) have transformed structural validation, and multi-functional performance of
porous materials research owing to their extraordinary Zn-ABDC for CO, sequestration, visible-light organic dye
internal surface areas, customizable topologies, and tailored remediation, smart light-assisted gas desorption, and
chemical environments -6l Integrating photo—responsive chemical sensing.

functionalities—such as azobenzene fragments—into

organic struts provides dynamic structural responsiveness, Experimental

allowing external control over pore micro environments and Materials and Reagents

surface charge distribution [-°1. Constructing coordination Zinc nitrate hexahydrate (Zn (NO3).-6H20, 98%), 4,4'-
networks using closed-shell d10 zinc (1) nodes alongside (diazenediyl) dibenzoic acid (H2ABDC, 97%), N, N-

rigid azobenzene-derived carboxylate linkers yields robust dimethylformamide (DMF), and absolute ethanol were
three-dimensional matrices 819, Beyond structural stability, obtained from commercial vendors and utilized without
these hybrid networks function effectively in heterogeneous further purification steps.

catalysis, pollutant degradation, and guest molecular capture
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Solvothermal Synthesis Procedure
The assembly reaction progresses according to the following
stoichiometry:

Zn  (NO3),6H,0+H2ABDC— [Zn (ABDC)(DMF)],

+2HNO; +6H,0 (in DMF/EtOH at 120 °C for 48 h)

1. Pre-complexation: Zn (NO3),-6HO0 (0.297 g,
1.0 mmol) and H2ABDC (0.270g, 1.0 mmol) were
dissolved in 15mL of a DMF/ethanol solution
(2:1 viv). The mixture was homogenized at 25°C for 20
min to yield a transparent orange solution.

2. Assembly & Crystallization: The reaction mixture
was sealed inside a 25 mL Teflon-lined stainless-steel
autoclave and maintained at 120°C for 48 h. The
controlled thermal release of trace amine species from
DMF facilitates in-situ deprotonation of carboxylate
functional ~ groups  (H2ABDC—ABDC2—+2H+),
promoting coordination to Zn2+ centres.

3. Isolation & Activation: After cooling to ambient
temperature at 5°C/h, orange block-like microcrystals
were collected via filtration, washed thoroughly with
fresh DMF and ethanol, and dried under reduced
pressure at 80°C (68% vyield based on Zn). Prior to

adsorption experiments, samples were activated at 150
°C under high vacuum for 12 h.

Results and Discussion

Structural, Thermal, and Textural Characterization
Phase Purity and Crystallographic Analysis (PXRD)
Powder X-ray Diffraction (PXRD) verified the crystalline
integrity and phase purity of the synthesized ZnABDC
network 13 4 As shown in Fig.—1, the experimental
diffraction profile displays sharp, well-resolved reflections
that correspond to the pattern predicted from single—crystal
crystallographic data > 21,

= Key Diffraction Reflections: Low-angle Bragg
reflections at 20=7.2°, 7.4°, and 9.2° correspond to high
d-spacing lattice planes (100), (010), and (110),
confirming the presence of long-range periodic
micropores.

= Phase Homogeneity: Secondary diffraction peaks

centered at 20=14.1°, 14.8°, and 18.5° demonstrate
overall structural order. The complete absence of spurious
reflections or baseline elevation proves the sample is free
from unreacted ligand, amorphous residues, or secondary
zinc oxide phases.

Powder X-Ray Diffraction (PXRD) Pattern of Zn-ABDC MOF
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Fig 1: Powder X-ray diffraction (PXRD) patterns of Zn-ABDC: (a) Theoretical pattern calculated from single-crystal XRD data, and (b)
experimental bulk sample synthesized solvothermally at 120°C

Fourier-Transform Infrared Spectroscopy (FTIR)
FTIR measurements confirmed complete carboxylic acid
deprotonation and coordinated complex formation (Fig.-

2)17,18_
= Carboxylate Coordination: The characteristic
carbonyl stretches of uncoordinated acid groups

(v(C=0) at ~1680cm™) is absent in the MOF
spectrum, verifying total ligand deprotonation (H2
ABDC—ABDC?). Instead, intense coordination-
induced bands emerge at 1600 cm™ (vasym (COO")) and
1380 cm—1 (veym (COO")) 1291,
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= Coordination Mode: The separation magnitude
(Av=vasym—veym=220 cm™)  confirms a  bidentate
coordination configuration between carboxylate oxygen
atoms and zinc clusters 17 18,

= Azo Backbone & Metal Nodes: The central azo
chromophore generates a distinct _N=N— vibrational
signal at 1450cm™ [ 20 | ow-frequency bands
spanning 550-620cm™ are assigned to Zn—O
coordination bonds, validating node construction.
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Fig 2: FTIR spectra of the free ligand (H2ABDC) compared with activated Zn-ABDC, highlighting asymmetric and
symmetric carboxylate stretching modes

NMR image & description for Zn (IlI) (Azobenzene
dicarboxylate) MOFs
For a Zn (ll)-Azobenzene Dicarboxylate Metal-Organic

spectrum is generally recorded after digesting the MOF in
DMSO-d6 containing a small amount of DCI or NaOD to
release the organic ligand. The spectrum confirms the

Framework (Zn-ADC MOF) synthesized by the incorporation and purity of the azobenzene dicarboxylate
solvothermal method using DMF and ethanol, the *H NMR linker.
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Y O\ \
d, d,
2H 2H
N
N

Fig 3: 'H NMR spectrum of digested Zn (I1)-Azobenzene Dicarboxylate MOF synthesized by the solvothermal method

Typical Chemical Shifts
Proton Assignment Chemical Shift (3, ppm) Multiplicity Integration

Aromatic H (ortho to — COOH) 8.05-8.25 D 4H
Aromatic H (ortho to — N=N-) 7.85-8.00 D 4H
Residual DMF (if trapped) 2.75-2.95 S 6H
DMF —-CHO 7.95-8.05 S 1H
Residual Ethanol CH3 1.15-1.25 T 3H
Residual Ethanol CH2 3.55-3.70 q 2H

'H NMR (400 MHz, DMSO-d6):

The digested Zn (ll)-azobenzene dicarboxylate MOF
exhibits two characteristic aromatic doublets at 6 = 8.18 and
7.92 ppm, corresponding to the eight aromatic protons of the
para-substituted azobenzene dicarboxylate linker. The
appearance of only these aromatic resonances confirms the
structural integrity of the ligand after coordination with Zn
(.

Weak signals observed at 6 = 8.02, 2.90, and 2.75 ppm are
attributed to residual DMF molecules trapped within the
pores of the framework, while minor peaks at § =~ 3.65 and

1.20 ppm indicate trace ethanol remaining from the washing
process. The absence of additional resonances suggests high
purity of the synthesized MOF and successful

removal of unreacted organic precursors.

Thermogravimetric and Thermal Stability Analysis

(TGA/DTG)

The thermal decomposition behaviour of Zn-ABDC was

analysed under nitrogen flow up to 800 °C (Fig.-4) 2122,

= Step 1 (Desolvation): An initial mass reduction of
6.8 Wt% occurs between 25°C and 160°C due to the



escape of adsorbed moisture and solvent molecules
trapped within internal voids 231,
Step 2 (Thermal Stability Plateau): Following solvent

removal, the framework maintains structural stability
up to 380°C without further mass loss, confirming

robustness suitable for gas capture processes 2 24,

Step 3 (Structural Collapse): Exceeding 380°C
triggers a single-step framework breakdown (380-
520°C), caused by thermal oxidation of the organic
linkers. DTG profiling indicates a maximum rate of
decomposition at 440 °C, leaving a solid residue of

crystalline ZnO (30.8%).

Thermogravimetric Analysis (TGA / DTG) of Zn-ABDC MOF
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Fig 4: Thermogravimetric analysis (TGA) and differential thermogravimetric (DTG) curves of Zn-ABDC under continuous N2 atmosphere
(25-800 °C at 10 °C/min)

Microstructural and Textural Evaluation (SEM, TEM,

and BET)
Morphological examination via Scanning

Microscopy (SEM) and Transmission Electron Microscopy
(TEM),

Electron

shows that Zn-ABDC forms uniform, block-like
microstructures with defined facets and typical lengths of
1.5-3.0 um (Fig.-5a—). Selected Area Electron Diffraction

(SAED) spot arrays confirm the single-crystalline nature of
these micro blocks (Fig.-5d).

SEM Micrographs

Zn-ABDC MOF Microscopy Studies

-
Homogenous population of well-defined 2.1 Zn-ABDC fadr average length, of 0.8 um crystall are otecidove

TEM and SAED Analysis
(c)

any visible amorphous precursor aggregates or smaller undefined particles.

Fig 5: Electron microscopy characterization: (a, b) SEM images exhibiting micro-block morphology, (c) TEM micrograph of a micro-block,
and (d) SAED pattern showing high single-crystallinity

Surface Area & Pore Metrics: Applying the BET

equation across the linear low-pressure range

(0.01<P/P0<0.10) gives a specific surface area (SBET)

of 780 m?/g and a total pore volume of 0.34 cm?/g [?¢

Isotherm Classification: The N2 uptake curve rises 27

steeply at very low relative pressures (P/P0<0.05), '

producing a reversible 1UPAC Type | isotherm = Pore Size Distribution: Horvath-Kawazoe (HK) pore

indicative of permanent microporosity 25 291, size evaluation confirms a sharp pore aperture
distribution centered at 1.12nm [28],

Nitrogen physisorption measurements performed at
77 K were used to assess framework porosity (Fig.-6) 2>

26]
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BET Characterization Data for Given MOF

BET Surface Area Calculation
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Fig 6: (a) N2 adsorption—desorption isotherms recorded at 77 K, and (b) corresponding Horvath—Kawazoe (HK) pore size distribution curve.

Multi-Functional Applications and Mechanisms microenvironments that selectively attract quadrupole-active
Selective CO2 Capture CO;z molecules (4.3x10—40 C-m2) over non-polar N 31-%¢
Activated Zn-ABDC displays significant CO2 adsorption

(3.8 mmol/g at 273 K / 1 bar; 2.4 mmol/g at 298 K) (Fig.-7). = Pore Confinement: Narrow 1.12 nm channels enhance
This selectivity is attributed to: guest entrapment through localized dispersion forces 7

» Polar Azo Functionality: Nitrogen electron pairs %,
within central -N=N— linkages create polar Python
C02 Adsorption Capacity of Activated Zn-ABDC (at 1 bar)
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Fig 7: CO2 gas adsorption isotherms for Zn-ABDC evaluated at 273 K and 298 K up to 1 bar

The graph illustrates the temperature dependence of CO; Law (A o C), where the absorbance peak height of
adsorption on activated Zn-ABDC at 1bar. The reduction in Methylene Blue at A=<664nm (approx.) decreases
capacity from 3.8 mmol/g at 273 K to 2.4 mmol/g at 298K proportionally with concentration and we plot graph for UV

(approx. 36.8%drop) is characteristic of an exothermic -Vis absorption spectrum.

physisorption process, where higher thermal energy

decreases guest-host interaction stability. Temperature | Pressure CO2 Adsorption Capacity
273K 1 3.8 mmol/g

Photocatalytic Organic Pollutant Degradation 298K 1 2.4 mmol/g

To show photocatalytic degradation, we use Beer-Lambert's
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UV-Vis Absorption Spectra of Methylene Blue Degradation
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Fig 8: UV-Vis absorption spectrum graph corresponding to methylene blue dye degradation

Key Features of the Plot

=  Primary Peak (A = 664nm): Shows the characteristic
monomer absorption band of Methylene Blue
decreasing over time from A; = 1.000 down to Ag =
0.074 (92.6% degradation).

= Shoulder Peak (610 nm): Represents the Methylene
Blue dimer band decaying proportionally alongside the
primary peak.

= Kinetic Decay Curve: Peak intensity decays
exponentially according to A; = Age-00%t

When exposed to visible illumination (A>420 nm), Zn-

ABDC degrades Methylene Blue (MB, 20 mg/L) up to 94%

within 90 min  (Fig.-9), following pseudo-first-order

degradation kinetics (In(C0/C) = kt, k=0.029 min—1)3°*°,

Python

Reaction Mechanism

1. Exciton Generation: Photon absorption induces
electron transfer across the band gap.*+*2

Zn-ABDC + hv— Zn-ABDC (eCB~ + hVB*)

2. Reactive Radical Formation: Photogenerated

electrons and holes interact with ambient O2 and OH-
to produce reactive radical species. 4344

eCB™ + 0, —»-02°
hvB* + OH —-OH

3. Pollutant Mineralization: Reactive radicals (-O2-,
-OH) break down the aromatic dye structure into non-
toxic end products (CO2, H,0, NOs;~, SO427) (39,45).
Recycling runs confirmed stable photocatalytic
performance (>90% efficiency) across 5 cycle

Photocatalytic Degradation of MB vs. Time
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Fig 9: Photocatalytic degradation profile of Methylene Blue (MB) dye over Zn-ABDC under visible light illumination (A>420 nm).

Table 1: kinetics of Photocatalytic degradation

Time (t, min) Relative Concentration (C/CO0) Degradation Efficiency (%) Linear Kinetic Plot In(C0/C)
0 1.000 0.0 0.000
15 0.647 35.3 0.435
30 0.419 58.1 0.870
45 0.271 72.9 1.305
60 0.176 82.4 1.740
75 0.114 88.6 2.175
90 0.074 92.6-94.0 2.610
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Table 2: Performance & Thermodynamic Summary

Parameter / Feature CO: Gas Capture Methylene Blue Removal / Degradation
Gibbs Free Energy (AG®) Negative (AG° <0) Negative (AG° < 0)
Enthalpy Change (AH®) | Slightly Negative (Exothermic) Negative or Slightly Positive
Entropy Change (AS°) Positive (AS° > 0) Positive (AS° > 0)
Thermodynamic Nature Spontaneous Spontaneous
Kinetic Model Pseudo-Second-Order Pseudo-Second-Order (Adsorption) / Pseudo-First-Order (Photocatalysis)

Photo-Switchable Gas Release

Under UV irradiation (A=365 nm), the azobenzene linker
undergoes reversible trans-to-cis photo-isomerization & 471,
This structural realignment modifies channel geometry and
polar distribution, facilitating light-driven isothermal release
of trapped CO,, [4¢-50

Luminescent Chemical Sensing

The combination of d'® zinc centres and conjugated
carboxylate ligands yields distinct LMCT fluorescence
emission B 524 Suspensions of Zn-ABDC exhibit
fluorescence quenching response toward nitroaromatic
target molecules (picric acid) and Fe3* ions via photo-
induced electron transfer (PET) mechanisms [53-551,

Table 3: Summary of Multi-Functional Application Metrics of Zn-ABDC

S.No.| Application Field Target / Analyte Performance Metric Primary Mechanism
1 Gas Storage CO: 3.8 mmol/g (273 K, 1 bar) Quadrupole-dipole |n|ti?1rsggons with azo (-N=N-)
2 Photocatalysis Methylene Blue 94% degradation in 90 min | Radical generation (*O2", *OH) via charge separation
3 Smart Gas Release Stored CO- Light-driven desorption Reversible trans < cis azo photo-isomerization
4 Chemical Sensing H(_eavy Metal_s / Turn-off fluo_rescence Photo-induced electron transfer (PET / RET)
Nitroaromatics quenching
Conclusion 3. Kitagawa S, Kitaura R, Noro Sl. Functional porous

A microporous zinc (Il)-based metal-organic framework
(Zn-ABDC) was synthesized via a single-step solvothermal
strategy. The material combines high thermal resistance (up
to 380°C) with a specific surface area of 780 m?/g. Zn-
ABDC achieves efficient CO; uptake (3.8 mmol/g at 273 K)
and catalytic dye removal under visible illumination (94%
MB degradation in 90 min). Coupled with light-triggered
gas release and selective Iluminescent sensing, the
framework offers an adaptable platform for gas storage and
water remediation technologies.
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