H(OBAA HPA
HAYKMU U 3HAHUA i;l B global-science-review.com

. editor@global-science-review.com

MEXAYHAPOOHbBbIMW HAYHHDBIWN XXYPHAN

SYNTHESIS METHODS AND STRUCTURAL FEATURES OF THE Mg-
MOF-74 METAL-ORGANIC FRAMEWORK

Urakboyev Bekzod
Deputy Head of the Educational and Methodological Department, Head of
the Methodological Support Division at the Kamoliddin Behzod National Institute
of Fine Arts and Design.urakboyevbekzod@gmail.com
Nurova Nargiza
School Counselor, Specialized State General Education School No. 10,
Tashkent Region.nargizanurovaO8@gmail.com
Ochilov Golibjon
Professor, Head of the Department of Chemistry and Ecology, Kokand State
University.golibjon.ochilov@mail.ru
Bakhronov Khayot
Professor, Tashkent University of Information Technologies named after
Muhammad al-Khwarizmi.baxronov@ mail.ru
Abstract. This literature-based study examines the synthesis methods and
pore architecture of Mg-MOF-74. Solvothermal, microwave-assisted, and
sonochemical approaches to its preparation are described. The roles of the organic
linker and magnesium sites in the formation of one-dimensional channels are
elucidated. Solvent exchange and activation procedures that render open metal sites
accessible are discussed. The principal techniques for assessing framework
crystallinity and porosity are identified. Particular attention is given to the need to
control phase composition, dehydration conditions, and material stability upon
exposure to moisture.
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Background and objective. Mg-MOF-74 is of interest as a microporous
material that combines a well-defined channel geometry with accessible magnesium
sites. Reproducible adsorption properties require control over both crystallization
and the removal of guest molecules from the pores. The objective of this study is to
systematize published information on the preparation of Mg-MOF-74 and to
establish the relationship between synthesis conditions, activation, and the structural
characteristics of the material [1-6].

Solvothermal synthesis. The principal starting reagents are magnesium
nitrate and 2,5-dihydroxyterephthalic acid. During framework formation, the
deprotonated linker connects Mg?* ions through its oxygen atoms. Crystallization
procedures employing mixed solvents based on N,N-dimethylformamide, ethanol,
and water have been reported. Changes in solvent composition and the heating
regime affect crystal nucleation and growth; therefore, the conditions of a particular
synthesis protocol should be considered together with the subsequent treatment
procedure [1,4].

Role of linker deprotonation. Phase formation depends on the participation
of both types of functional groups in the organic component: carboxyl and hydroxyl
groups. Dietzel and co-workers demonstrated that varying the amount of base during
synthesis produces distinct magnesium coordination polymers, CPO-26-Mg and
CPO-27-Mg. In the former, deprotonation occurs predominantly at the carboxyl
groups, yielding a nonporous structure. In the latter, deprotonated hydroxyl groups
also participate in framework construction, enabling the formation of a microporous
structure containing channels [5]. Accordingly, the presence of magnesium and the
starting linker in the product does not, by itself, confirm the formation of Mg-MOF-
74; the target crystalline phase must be identified.

Intensified synthesis methods. Microwave heating provides an alternative to
conventional crystallization. Wu and co-workers obtained MOF-74 samples,

including the magnesium-based framework, with smaller particles and a more
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uniform particle size distribution. The investigated samples also exhibited a higher
specific surface area and micropore volume, while retaining a similar average pore
diameter [2]. The sonochemical synthesis of Mg-MOF-74 was reported by Yang and
co-workers [3]. This approach broadens the available preparation strategies;
however, its effectiveness should be evaluated in terms of crystallinity, accessible
porosity, and reproducibility, rather than processing time alone.

Structural features. Activated Mg-MOF-74, also known as CPO-27-Mg,
consists of Mg?* ions coordinated by 2,5-dioxido-1,4-benzenedicarboxylate ligands.
The framework contains one-dimensional channels with a hexagonal cross-section
and a characteristic diameter of approximately 1.16 nm. Magnesium sites are located
along the internal channel walls. In the activated state, these sites have vacant
coordination positions that are accessible to guest molecules [4]. Structural
characterization should therefore be complemented by an assessment of the
accessibility of these positions.

Coordination environment of magnesium. In the as-synthesized, solvated
framework, the metal nodes are coordinated to oxygen atoms of the linker and to
guest molecules. Dehydration liberates coordination positions, allowing Mg?* to
interact with molecules entering the channels [5]. An important structural
consequence is the combination of an ordered pore architecture with a chemically
active internal surface. Channel dimensions describe the available space, whereas
the state of the magnesium nodes determines the nature of adsorbate—framework
interactions. Pore diameter data should therefore be interpreted together with
information on sample composition and the extent of activation [4, 5].

From crystal morphology to internal accessibility. The dimensions
observed by electron microscopy describe individual particles or aggregates,
whereas the channel diameter describes the internal framework architecture. These
two length scales should remain distinct when discussing synthesis-induced

changes. Smaller particles may shorten transport distances, but this geometric
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advantage is useful only if their internal pores remain accessible. Conversely, a
sample with well-defined external crystal faces can still contain residual guest
molecules. The microscopy and adsorption measurements reported by Wu and co-
workers [2] therefore support a complementary characterization strategy: particle-
size analysis should be interpreted alongside measurements that probe internal
porosity. This distinction is particularly relevant when comparing powders intended
for subsequent shaping or incorporation into composite materials.

Solvent exchange and activation. The product obtained after crystallization
contains solvent molecules that occupy the pore space and may coordinate to Mg?*.
Washing and solvent exchange precede solvent removal by heating under vacuum.
This sequence is required to establish accessible pore volume and open metal sites
[1, 4]. The activation regime should follow the relevant synthesis protocol and be
accompanied by verification of framework integrity. Incomplete removal of guest
molecules complicates comparisons of the textural properties of different samples.

Activation as a structural transformation. Activation should be understood
as a controlled transition from a guest-containing framework to an accessible porous
solid. Removing physically confined solvent and liberating coordinated magnesium
positions are related but conceptually distinct objectives. The dehydration behavior
described for CPO-27-Mg [5] demonstrates why the final material cannot be
characterized solely by its as-synthesized diffraction pattern. A useful assessment
compares the sample before and after activation and records the atmosphere,
temperature, treatment duration, and subsequent handling. This approach helps
establish whether a change in adsorption accessibility results from guest removal or
from an alteration of the framework. It also provides a reproducible basis for
selecting conditions for later adsorption experiments.

Thermal and hydrolytic stability. The thermal behavior of CPO-27-Mg has
been shown to depend on the heating atmosphere [5]. Treatment conditions in air,

an inert gas, and dynamic vacuum should therefore not be regarded as
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interchangeable. Exposure of the activated material to water vapor requires
particular consideration. DeCoste and co-workers investigated changes in the
structure and porosity of Mg-MOF-74 upon moisture exposure and demonstrated
the need for a comprehensive assessment of its water stability [6]. In practice, the
properties of as-synthesized, activated, and moisture-exposed samples should be
compared. Retention of diffraction reflections should be evaluated alongside
accessible porosity, since crystalline order and adsorption accessibility describe
different aspects of the material’s condition.

Structural characterization methods. Powder X-ray diffraction enables
phase identification and comparison of the crystalline structure with a reference
pattern. Scanning electron microscopy characterizes particle morphology and size,
while nitrogen adsorption provides information on accessible porosity [2]. For a
comprehensive investigation, these techniques should be complemented by infrared
spectroscopy and thermogravimetric analysis to assess the state of the linker and the
removal of guest molecules. This combination of measurements distinguishes the
retention of crystalline order from the actual accessibility of the internal pore space.

Interpretation of textural measurements. Surface-area and pore-volume
values should be reported with the adsorption conditions and the evaluation
procedure used to obtain them. The IUPAC recommendations on gas physisorption
[8] emphasize that model selection and the applicability of the BET method require
careful consideration, especially for microporous solids. A numerical surface area
should therefore be treated as a method-dependent descriptor rather than a direct
count of open magnesium sites. For Mg-MOF-74, adsorption measurements,
diffraction, and spectroscopic evidence answer different questions: accessible space,
crystalline order, and the local chemical environment. Their agreement strengthens
the structural interpretation, while discrepancies identify aspects of sample

preparation or analysis that need further investigation.
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Reproducibility criteria. Comparisons of Mg-MOF-74 preparation methods
should document the reaction medium composition, reagent ratios, temperature—
time profile, washing sequence, and activation conditions. For microwave-assisted
and sonochemical approaches, the relevant equipment specifications should also be
reported. Recording these parameters is essential for meaningful comparisons
between material batches. Changes in particle morphology should not automatically
be equated with changes in internal channel dimensions: microscopy and adsorption
measurements probe different structural length scales [2]. Comprehensive
characterization helps determine whether differences in properties arise from crystal
size, pore accessibility, or the state of the metal sites.

Stability under realistic handling conditions. The moisture sensitivity
discussed in experimental and thermochemical studies [6, 7] has implications
beyond operation in humid gas streams. Exposure during sample transfer, storage,
and characterization can also affect the state of an activated specimen. Consequently,
comparisons between laboratories should describe how samples were handled after
activation. Water adsorption and hydrolytic alteration should not be assumed to be
equivalent processes; their consequences must be established through appropriate
measurements. The thermodynamic analysis of the MOF-74 family [7] further
indicates that metal identity is relevant to water stability, so conclusions obtained for
another member of the family should not automatically be assigned to the
magnesium framework.

Conclusion. The literature analysis indicates that crystallization conditions
and post-synthetic treatment should be regarded as interconnected stages in the
preparation of Mg-MOF-74. Solvothermal, microwave-assisted, and sonochemical
approaches offer different opportunities for controlling material formation. The
principal quality criteria are conformity to the target structure, accessibility of the
one-dimensional channels, and availability of open magnesium sites. These

characteristics provide the basis for subsequent investigations of adsorption and
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thermodynamic properties. In particular, reliable interpretation requires separation
of crystal morphology, accessible pore architecture, and the availability of metal
coordination positions. These complementary descriptors should guide comparisons
between preparation routes and future material-development studies.
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