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A B S T R A C T

This review summarizes the latest synthesis methods, characterization and corresponding applications of MOF-
74 and its derivatives in recent years. Metal–organic frameworks (MOFs) are nanomaterials with many attractive
advantages, such as good stability, large specific surface area and large apertures, which make them receive
considerable attention. Among them, MOF-74 is a particularly outstanding one attribute to its excellent CO2

adsorption capacity. MOF-74 can be synthesized directly from a metal oxide and without bulk solvent, which not
only saves a lot of time and money, but also is more ecological. The mesopores in MOF-74 can be adjusted to as
large as 15 nm stably at room temperature. And characterization results show MOF-74 possesses good hydrolysis
stability, highly stable structure, gas adsorption capacity, catalytic activity and so on. In addition, multifarious
synthetic materials with additional functionality can be obtained by properly combining MOF-74 with other
components. Therefore, MOF-74 has great potential and has aroused great enthusiasm for research in many
aspects, such as gas adsorption, separation, and catalysis and so on.

1. Introduction

1.1. MOF-74

Metal−organic frameworks (MOFs) are significant research mate-
rials with applications ranging from storage and separation of various
mixed gases [1], catalysis [2], and adsorbents [3], electrode materials
[4] and so on. Up to now more than hundreds of MOF have been
synthesized and plenty of them have very good performance in many
aspects thanks to their good stability, large specific surface area and
large aperture [5]. Therefore, it is very meaningful to explore the
characteristics and the application of MOFs. Among all MOFs, MOF-74
which is also called CPO-27, M2(dobdc) or M2(dhtp), consisting of
transition-metal cations (M) (M=Zn2+, Mg2+, Co2+, Cd2+, Mn2+,
Fe2+, or Ni2+) and the organic ligand dobdc4− (2,5-dioxido-1,4-ben-
zenedicarboxylate) or dhtp4− (2,5-dihydroxyterephthalate, shown in
Fig. 1) is a very unique and crucial one. In the structure of MOF-74, one
dimensional [MO-COOXu-OH]n chain is constructed into a three-di-
mensional honeycomb structure, forming one dimensional hexagon
channel network in which one metal cation is bonded to five O. Metal
ions and ligands form straight infinite helical secondary building units
(SBUs, shown in Fig. 1). We have summarized the crystal parameters
and characterization parameters of MOF-74 with different metal ions in

Table 1. With a highly stable structure, MOF-74 and its derivatives have
been researched for several applications, such as gas adsorption [6,7],
molecular separation [8,9], electrochemistry [10], catalysis [11], drug
delivery [12] and so on.

1.2. Synthesis

MOF-74 was first reported to be synthesized with other 13 new
MOFs (named MOF-69A-C and MOF-70-80) by Rosi et al., in 2005 [13].
They dissolved 2,5-dihydroxy-1,4-benzenedicarboxylic acid (H2-
DHBDC) and zinc nitrate tetrahydrate, Zn(NO3)2·4(H2O) in N,N-di-
methylformamide (DMF), 2-propanol and water, and placed in a Pyrex
tube which was then frozen, evacuated, flame-sealed, and heated and
then cooled. Currently, common synthesis methods of MOF-74 crystals
still require solvothermal conditions and need soluble reagents. And in
a typical synthesis of MOF-74, divalent metal cationic crystal or solu-
tion and H2-DHBDC as well as DMF are all necessary which make it
limited because of high cost, toxic or explosive problems. For their more
efficient synthesis, it is meaningful to find other more economical and
environmentally friendly processes of synthesis and activation.

Accordingly, Julien et al. have developed a rapid, efficient route to
Zn-MOF-74 directly from a metal oxide without using bulk solvent [15]:
they attempted to synthesize Zn-MOF-74 by milling ZnO and H4dhta in
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2:1 stoichiometric ratio, using water as the grinding liquid. The milling
carried out in polymethacrylate tanks with stainless steel balls, on mill
operating at 30 Hz. This method not only saves time and cost, but also is
greener, which is of great help to the study of MOF-74.

Besides, Yue et al. developed and reported a synthetic method of a
hierarchical microporous−mesoporous MOF-74 nanocrystals at room
temperature [16]: They alter the surface morphology and porosity of
bimodal materials by etching the pore walls with different synthetic
solvents at different reaction times. Stable MOF-74 with more than
15 nm mesoporous can be obtained via this template free method, and
this was not achieved using the ligand-extension method in previous
reports.

1.3. Characterization

Díaz-García et al. details the preparation and characterization of M-
MOF-74 (M=Mg, Mn, Co, Ni, and Zn) materials at room temperature
[17]. The X-ray diffraction (XRD) patterns are shown in Fig. 2a and the
scanning electron microscopy (SEM) micrographs of pre-centrifuged
Zn-MOF-74 and Co-MOF-74 samples, which are the representatives that
can or can hardly diffract in PXRD respectively, are shown in Fig. 2b.
The results of thermal gravimetric analysis (TGA) are shown in Fig. 2c.
The order of thermal stability of various MOF-74 can be compared by
the decomposition temperature of the linker when heated: Mg
(526 °C)≫ Zn (397 °C) > linker dhtp (357 °C) > Ni (346 °C) > Co
(331 °C) > Mn (307 °C).

2. Stability

2.1. Stability against humidity

Water repellency is a very important indicator, because it will affect
the quality of materials in many applications. Therefore, it is very sig-
nificant to make an attempt to improve the hydrolytic stability of MOF-
74.

First, it is very necessary to understand the waterproofing perfor-
mance and mechanism of MOF-74. So far, there are many reports about
water reaction mechanism of MOF-74 [20]. In particular, Han et al.
carried out molecular dynamics simulations of hydrolytic stability of
MOF-74 [21]. They simulated the change of volume of MOF-74 at 300 K
and 1 atm along with the change of water contents. The result shows
the volume of MOF-74 greatly decreases at 10.3 wt% H2O and the
framework collapse at 10.6 wt% H2O. In order to clarify the mechanism

of structural damage in reaction with water, molecular dynamics
snapshots of MOF-74 were taken and shown in Fig. 3. As we can see,
water molecules were located in the channels at the beginning, and
some water molecules start to interact with exposed Zn ions, and then
dissociate into OH− and H+ at 20 ps. The OH− bond to Zn(II) ions and
H+ bond to O atoms of DHBDC4-. Finally, the MOF network collapse at
2000 ps. This process can be summarized into the following reaction
equation:

Zn3(DHBDC)3/2 + 12H2O− Zn3[(O)3(OH)12] + 3(H4DHBDC)

As we can see, although the hydrolytic stability of MOF-74 is gen-
erally good, water still can penetrate the pores and destroy the struc-
ture. Therefore, many efforts have been made to improve the moisture
resistance of MOF-74 and many reasonable methods have been put
forward. For instance, Sanil et al. propose selective functionalization of
the outer sites surface of MOF crystals with aminopropylisooctyl poly-
hedral oligomeric silsesquioxane [22]. They chose Ni-MOF-74 and Co-
MOF-74 as testing material: activating the crystals at 150 °C for 12 h
under vacuum to produce the coordinatively unsaturated metal sites of
copper and then functionalizing them with aminopropylisooctyl poly-
hedral oligomeric silsesquioxane by refluxing in hexane for 48 h under
nitrogen. The test results show that the outer metal sites have been
modified successfully and the products were hydrophobic. Moreover,
the crystallinity remains unchanged after the reaction, proved by XRD
examination.

And another new method to get better adsorption performance
under humid conditions is inserting ligands that optimize binding sites
and prevent water clustering into MOFs with strong binding sites and
macropore volume. And this conclusion is put forward through the
popularization of the experiment dividing the pore spaces in MOF-74 by
ligand insertion, which showed a clearly improved CO2 uptake per-
formance under humid condition [23].

2.2. Stability against ammonia

The researches for the stability against ammonia have great sig-
nificance, especially in using NH3 as energy carrier as well as storage,
capture, and removal of amines from air. Therefore, the stability of Mg-
MOF-74 against ammonia was tested through the device shown in Fig. 4
(a). The working principle is putting the sample into the instrument and
exposing them to ammonia for 2 h at different temperatures and getting
the stability by comparing the XRPD spectra before and after exposure
to ammonia. The ammonia adsorption and desorption isotherms of Mg-

Fig. 1. The structure of 2,5-dioxido-1,4-benzenedicarboxylate (a); inorganic SBUs crystalline framework [13]; (b) Single crystal structure of MOF-74(c) [14].
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MOF-74 are shown in Fig. 4 (b). The results showed that Mg-MOF-74
adsorbed a large amount of ammonia, more than other porous mate-
rials. Therefore, Mg-MOF-74 can be a potential candidate for capturing
and removing ammonia in solid adsorbents [24].

3. Application

3.1. Adsorption and separation

With the decrease of resources and the aggravation of atmospheric
pollution, the adsorption and separation of various gases have become
increasingly important in our production and life. Up to now, MOF are
well known as superior adsorption materials for its good stability, low
density, high porosity and large surface area. Among all kinds of MOFs,
MOF-74 is especially attractive because of its excellent CO2 adsorption
capacity (see Table 2).

In order to fully understand the adsorption performances of MOF-
74, it is necessary to investigate the binding enthalpies of MOF-74 to
various gases. The binding energies of various small molecules in-
cluding H2, CO, CO2, H2O, H2S, N2, NH3, SO2, CH4, C2H2, C2H4, C2H6,
C3H6, and C3H8 for MOF-74 with different metal ions were determined
and are shown in Fig. 5a [25]. Besides, nitrogen adsorption isotherms of
MOF-74, which can be used to estimate the surface area and pore vo-
lume of materials, are shown in Fig. 5b. And adsorption isotherms
predicted for CO2, N2, and SO2 on Mg-MOF-74 are shown in Fig. 5c.
Furthermore, the comparison of the storage and separation capability of
MOF-74 and some other MOFs for different common gases are summed
up in Table 2. For further study, ab initio prediction of adsorption
isotherms for small molecules like CO and N2 [26] and methane [27]
have also been reported.

3.1.1. Adsorption and separation of O2

Materials with better oxygen adsorption properties have great ap-
plication value, for example, in fuel cell oxygen storage. Therefore, it is
very meaningful to find a reasonable adsorbent material. Recently, Fe-
MOF-74 with open ferrous ions coordination sites has been reported to
selectively bind O2 over N2 through electron transfer interactions. More
importantly, calculations indicate that it is capable of large capacity
separation of O2 from air at a much higher temperature than currently
used low temperatures [37].

3.1.2. Adsorption and separation of H2

As a high energy density, clean energy, hydrogen plays an in-
creasingly important role in our lives. Studying the adsorption me-
chanism of hydrogen helps to distinguish whether MOF-74 is a rea-
sonable adsorbent material. In recent ten years, there have been many
reports on dynamics of hydrogen adsorption in MOF-74. The theory
generally accepted earlier years is molecular hydrogen “pairing” in-
teraction proposed by Nijem et al. [38] They think it is H2-H2 inter-
actions that lead to the small infrared (IR) shifts observed in H2 ad-
sorption of MOF-74. So they presented the model showing that H2 has a
small activation barrier in the formation of “pairs”. Soon afterwards,
other points of view were put forward. And one of them supposes the
red shift of the bands correlates with isosteric enthalpies of adsorption
instead of H2-H2 pairing mechanism [39]. This conclusion is based on
the red-shifted vibrational modes from isolated H2 bound to the avail-
able metal coordination site observed in studying diffuse reflectance IR
spectroscopy performed over a wide temperature range. All these re-
sults may partly uncover the theory of MOF-74 adsorbing hydrogen but
there are still many uncertainties in H2 adsorption. Besides, the influ-
ence of the low binding energy sites in H2 adsorption was studied by the
internal mode frequency of H2 located at the metal site in MOF-74-Co2.
The result shows the internal mode experienced a significant shift in
frequency offset and dynamic dipole moment when H2 is adsorbed on
the next nearest neighbor benzene site, and this indicates sub nearest
neighbor interactions with H2 at low binding energy sites are importantTa
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in H2 adsorption [40].
Generally speaking, larger pore size is the precondition for good

hydrogen adsorption capacity. But it can still be improved by exerting
larger charge gradients on the metal oxide units as well as tuning the
link metrics to constrict the pore dimensions [41]. And this conclusion
is obtained through the dihydrogen isotherms of MOF-74 and the es-
timated fractions of its pore volumes.

In addition, there are many studies on the application of hydrogen
adsorption in MOF-74, such as reversible hydrogen storage using
functionalized MOF-74 as nanoreactor [42], hydrogen isotope (D2/H2)
separation especially in Co-MOF-74 [43] or using diffusion barrier and
chemical affinity [44] and may represent the optimization for D2 se-
paration [45].

3.1.3. Adsorption and separation of CO2

Nowadays, with the intensification of the greenhouse effect, it is of
great significance to find good materials that can adsorb carbon di-
oxide. As mentioned in the previous paragraph, the greatest highlight of
MOF-74 is its greatest carbon dioxide adsorption capacity among si-
milar materials [30]. In different kinds of MOF-74, Mg-MOF-74 has a
particularly noticeable performance. For example, Mg-MOF-74 crystals
prepared by a sonochemical method has CO2 adsorption capacity as
high as 350mg/g at 298 K as well as good stability for the capacity will
not decrease after ten continuous adsorption–desorption cycles [46]. In
addition, by comparison of parasitic energy(PE) which is a holistic
parameter to measure the energy and cost effectiveness of CO2 capture
process, Mg-MOF-74 was found to have the lowest PE (727 kJ/kg of

Fig. 2. (a) XRD patterns of MOF-74; (b) SEM images of the nanocrystalline in Zn-MOF-74 and Co-MOF-74; (c) TGA curves of MOF-74 [17].

Fig. 3. The molecular dynamics snapshots of MOF-74 with H2O at beginning (a), 20 ps (b), and 2000 ps (c) [21].
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CO2) in MOFs and other solid sorbents [47,48]. And this is because the
exposed Mg2+ cation sites lead to outstanding CO2 capture properties
[49]. Besides, further studies on its adsorption mechanism found that
there is a CO2 uniaxial rotation with a fixed angle θ at the open Mg2+

site, shown in Fig. 6. And according to calculation reported, the CO2

rotation angle varies from 56° to 69° and it bases on temperature and
load level [50]. What's more, there is an abrupt drop at loadings ap-
proaching the saturation of the Mg2+ sites in Mg-MOF-74, and this has
significance for regeneration in various industrial applications [51].

It is reported that there are polarization phenomenon of guest mo-
lecule near the open metal site of MOF-74 in some previous studies,
which may enhance CO2 affinity [52,53]. This phenomenon has also
been observed in several other MOFs, and therefore polarizable force
fields have been proposed [54]. Becker et al. studied the adsorption of
CO2 in MOF-74 with 10 kinds of metal ions and effect of this polar-
ization phenomenon [55]. And the result of the predictions for CO2 in
the MOF-74 structures can be divided into three groups. The first group
consists of Co, Cu, Ni, and Zn which have almost the same the geometry
of the channels, and the results show that the polarization effect is not
obvious because CO2 molecules are far away from metal ions; the
second group including Cr, Ti, and V shows interactions with CO2 even
stronger than simulated Mg-MOF-74; and the third group of Fe and Mn
show weaker interactions to CO2 molecules than Mg-MOF-74. In ad-
dition, adsorption capacity also depends on partial substitutions of
metal ion. For example, by comparing the CO2 adsorption performance
of Mg−Cd-MOF-74 and pure Mg-MOF-74, it is found that introducing
Cd ion can weaken binding energies of adsorbed CO2 [56].

In order to better apply MOF-74 good CO2 adsorption properties to
industry, it is crucial to understand the competitive effect of other gases
in mixed gases. The experimental results show that the adsorbed CO2

can be displaced by H2O because of a stronger H-interaction. On the
contrary, it can't be easily replaced by other gases like NO and SO2

although they have higher binding energy at the metal site. So this
explains it is kinetic energy barrier rather than thermodynamic factor
that controls the priority of binding sites [57]. Even so, pre-adsorption
of acid gas like NO2 and SO2 can poison the open metal sites and sig-
nificantly reduce CO2 uptake. This means denitrification and desulfur-
ization are needed when using MOF-74 materials to capture CO2 in flue
gas [58].

There are many ways to remove CO2 from the atmosphere, and the
performance of MOF-74 has also been reported. Direct air capture is
one of them and the performance of MOF-74 is tested through tem-
perature programmed desorption [59]. However, Mg-MOF-74 requires
a higher temperature and longer time than other test materials to re-
move CO2. In addition, products using MOF-74 as reactant are also used
to absorb CO2. Membranes prepared from MOF-74 also have excellent
CO2 adsorption performance. A mixed-matrix membrane synthesized
using three different polymers including Mg-MOF-74 nanocrystals was
tested in CO2 adsorption. The results prove that incorporating Mg-MOF-

74 nanocrystals within a glassy polymer can greatly improve the CO2

separation performance of polymer membrane [60]. What's more, Li
et al. have reported the adsorption capacity of Mg-MOF-74 frameworks
can be increased by doping Fe3O4 magnetic nanoparticles to synthesize
magnetic framework composites [61]. This result may be attributed to
the surface area enhancement of MFCs than bare Mg-MOF-74. Besides,
one of the most innovative ways in CO2 adsorption is coating of Mg-
MOF-74 with methyl red dye and then exposing MOF pores with visible
light. The principle of this function is structural changes in the methyl
red dye induced by light can open entrance to the internal MOF pores,
and therefore contributes to significant CO2 uptake capacity increases
[62]. In addition, the application in telescopic contactors is also very
valuable [63]. Therefore, Rezaei et al. investigated the immobilization
of Ni-MOF-74 on commercial cordierite monolith via liquid-phase
epitaxy, layer-by-layer assembly, secondary growth and in-situ dip
coating [64]. The results showed the coated samples have more affinity
to CO2 than N2 and faster adsorption kinetics than MOFs powders.
Besides, there are also many reports on the enhancement of MOF-74
adsorption on other gases, such as N2, CH4 [65] and ethylene [66], as
well as high selective benzene adsorption over cyclohexane [67].

3.2. Adsorption properties of structurally deformed MOF-74

The adsorption properties of MOF-74 with structural deformation
and collapse are hard to be determined by conventional computational
methods. Therefore, Jeong et al. put forward a new method: mapping
the experimental data points of deformed Ni-MOF-74 onto a struc-
ture–property map which was constructed using a large data set of over
12000 crystalline MOFs from molecular simulations [68]. The results
show deformed MOFs have similar adsorption properties with their
nearest neighbor crystalline structures. The greatest significance of this
research is that the adsorption properties of deformed MOFs can be
successfully transformed onto the degraded MOFs if the nearest
neighbor crystalline MOFs can be selected.

3.3. Gas sensors

MOFs can display specific changes such as in pore size, conductivity,
absorption when receive outside stimuli [69]. Strauss et al. have re-
ported strongly anisotropic absorption behavior of the Co-MOF-74
crystals when illuminated with polarized light, and this can be used for
selective gas sensing [70]. The interactions of guests like CO2, Ar,
MeOH, H2O, propane, propene with Co-MOF-74, is studied by various
spectroscopic techniques. And typical absorption spectra of a single Co-
MOF-74 crystal are shown in Fig. 7 (a). Besides, to evaluate the sensory
performance of Co-MOF-74, Normalized Vis/NIR absorption spectra are
shown in Fig. 7b. This research will develop the applications of MOF-74
in the optical gas sensing.

Fig. 4. (a) Schematic diagram of device in stability test against ammonia (b) Ammonia adsorption and desorption isotherms of Mg-MOF-74 [24].
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3.4. Catalysis

Catalysis is very important in chemical reactions. More and more
attention has been paid to finding good catalytic materials which are
easy to prepare and have good effect. MOF-74 with the aforementioned
advantages such as large specific surface area and good stability has
also been reported to have a good catalysis performance in many as-
pects.

3.4.1. ORR catalysis
Oxygen reduction reaction (ORR) electrocatalysts are crucial com-

ponents at the core of fuel cells which has wide application in our life
[71]. And MOF-74 has been reported for the synthesis of fabricating
porous carbon (PC) and nitrogen-doped porous carbon (NPC) which
showed an excellent performance in ORR [72]. The products can be
synthesized through the following steps shown in Fig. 8: Calcined Zn-
MOF-74, decomposing it into Zn cation and then converting into Zinc
Oxide (ZnO), and restore ZnO to Zn by carbon. Finally, the metal-free
porous carbon can be prepared after evaporation to remove metallic Zn.
In this way of preparing catalysts, one of the greatest advantage of
choosing MOF-74 as material is that its high oxygen content would be
conducive to the formation of large amount of gaseous products like
CO2 and H2O during the calcination process, and this will lead to the
guarantee of efficient mass transport during catalytic reactions by
creating favorable pores with large pore sizes.

To evaluate electrocatalytic activity of the product towards the
ORR, various measurements were taken and NPC shows impressive
performances in pH-universal media from alkaline to acidic electrolyte.
Synthesis of ORR catalyst with MOF-74 is conducive to low cost and
high efficiency synthesis [72].

In addition, MOF-74 and the modified derivatives play an out-
standing catalytic role in oxidation reactions, for example: the catalytic
mechanism of cycloaddition reactions between styrene oxide and CO2

catalyzed by Co-MOF-74 and Mg-MOF-74 have been reported in
atomic-level [73]. Besides, Guo et al. reported to promote the synthesis
of aromatic ketones and carboxylic acids via benzylic C–H bond oxi-
dation reactions with TBHP by combining Ni-MOFs with ionic liquids
[74].

A reasonable catalytic mechanism is proposed, shown in Fig. 9:
Bromine oxidizes Ni(II) to Ni(III), then tert-butylhydroperoxide radicals
and Ni(II)-MOF-74 are generated via a redox reaction between Ni(III)-
MOF-74 and TBHP. In addition, the catalytic system can tolerate di-
verse functional groups, and it can be recycled and reused for at least
four runs with no significant loss of activity. This protocol can also be
performed on a gram scale under mild conditions.

In addition, the performance of MOF-74 itself in stoichiometric
oxidation is also reported and the results metal nodes in MOF-74 can
undergo clean stoichiometric oxidation [75].

3.4.2. Electrocatalysis
MOF-74 seems an advantageous precursor to study the synergistic

effect of the different metal centers during the formation and catalytic
process of bimetal phosphides because coordinative metal sites can be
replaced without influencing the underlying framework structure.
Meanwhile, nickel–cobalt phosphides which don't contain noble metals
but have high catalytic activities have attracted widespread attention in
electrocatalysts [76].

Through a facile and controllable low-temperature phosphorization
from bimetallic, Yan et al. reported to convert MOF precursors into
phosphide nanotubes (CoxNiyP or Co4Ni1P nanotubes, x and y are the
molar ratios of Co and Ni in the MOF precursor) which are efficient
electrocatalysts for overall water splitting [76]. Single-metallic and
bimetallic MOF-74 materials can be synthesized with different Co/Ni
ratios atoms controlled by modifying the concentration of cobaltous
acetate and nickel acetate in the reactants.

The SEM images of the obtained MOF-74-Co4Ni1 are shown inTa
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Fig. 10 (a). And Fig. 10 (c) shows that the Co4Ni1P NTs||Co4Ni1P NTs
couple is able to deliver the overall water splitting at a lower cell vol-
tage than many other catalysts. Furthermore, it also exhibited im-
pressive durability, because there was no obvious degradation of cur-
rent density after continuous water splitting reaction. The high
electrocatalytic activity and structural stability of the Co4Ni1P NTs may
replace noble metal electrocatalysts for overall water splitting in
practical applications [76].

In addition, MOF-74 is also used in the design and construction of
oxygen electrodes for lithium oxygen batteries. Noticeably, the elec-
trodes containing Mn-MOF-74 can deliver a more than four times
higher primary capacity than corresponding cell without it [77]. What's
more, using the direct sulfuration of MOF-74 and rGO hybrid material
can get a hierarchically electrode composed of R-NiS and rGO, which

show high specific capacity, superduper rate capability, and wonderful
cycle life, far superior to the nickel sulfide electrode reported previously
[78].

In addition, Phang et al. synthesized Ni-MOF-74 with good stability
in acidic solution through microwave‐assisted reaction, and then acid-
ified to get MOF H+@Ni2(dobdc). This material has a superb proton
conductivity of 2.2× 10−2 S cm−1, which demonstrates that introduce
proton into MOF-74 can greatly improve its conductivity [79].

3.4.3. NP@MOF composite shell with size-selective catalytic performances
MOF-derived catalyst synthesized in a facile method have been re-

ported to possess size selective in catalysis [80,81]. The principle of
choosing MOF for this catalyst is that a special distinguish about the
size of substrate molecules or certain specific functional group can be
achieved by embedding MOFs in the nanoparticles(NP) catalysts,
shown in Fig. 11a, so as to get high product selectivity in heterogeneous
catalytic reactions.

For instance, the catalyst RhCoNi@MOF composite catalyst coated
with MOF-74 was prepared by using RhCoNi ternary alloy as NP@MOF
composite material. The synthetic methods of RhCoNi@MOF-74(Ni)
are as follows: First, prepare RhCoNi NF and next subjected it to sol-
vothermal treatment to undergo a dealloying process with DOT as the
etchant of alloy NPs and the ligand for the as-formed MOFs. RhCoNi
NFs can release Co2+ or Ni2+ ions with dissolved oxygen and reacted
with linkers to form MOF shell on the alloy NFs. RhCoNi@MOF-74(Ni),
pure RhNFs, fcc-Ni, MOF-74(Ni) were measured with hexane and cy-
clohexene to test the size selectivity effect of RhCoNi@MOF-74(Ni)
during the alkene hydrogenation and the results were shown in
Fig. 11b: fcc-Ni NPs and pure MOFs all have no catalyst activity; the

Fig. 5. (a) Binding energies of various small molecules for MOF-74 [25]. (b) Nitrogen adsorption isotherms for MOF-74 [28]. (c) Adsorption isotherms predicted for
pure CO2, N2, and SO2 for Mg-MOF-74 [29].

Fig. 6. CO2 uniaxial rotation in Mg-MOF-74 [50].
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doping of Ni does not significantly affect the catalyst activity comparing
with the pure Rh NFs. However, RhCoNi@MOF-74(Ni) perform distinct
catalytic performances in the hydrogenation of hexene and cyclo-
hexene. This results shows that MOF-74 as NP@MOF composite shell
has great advantages in choosing catalysis. Besides, it is important to
clarify the adsorption and mobility of these composites for further
study, and related experiments have been reported using MOF-74
supported clusters like Au, Pd, and AuPd [82].

In addition to catalytic selectivity, NP@MOF composite has many
notable features. For example, Ni@MOF composites synthesized by the
partial thermal decomposition of Ni-MOF-74, shown in Fig. 11 (c),
possessed characteristics of porosity and antiferromagnetism just like
Ni-MOF-74, as well as the superparamagnetic properties from the iso-
lated Ni NPs [83]. Besides Ni-MOF-74, MOF-74 with other metal ions
such as Co, Mn, Fe, Zn, Cu [84] or Mg can also used to synthesize NP/
MOF. What's more, metal oxides can also be used to synthesize NP/MOF
composite materials with good properties. For example, Fe3O4@Mg-
MOF-74 core–shell nanoparticles show high efficient capture of glyco-
peptides [85].

3.4.4. Catalytic activity controlled by charge-transfer interactions
Catalytic performance is influenced by many factors, and recently

charge transfer interactions have also been reported as one of them
[86]. A charge-transfer interaction between Pt nanoparticles(NPs) and
MOFs has been reported, which can control the catalytic activity of Pt
NPs supported on MOFs including MOF-74 [87]. The results showed the
electronic band energy of the MOF supports apparently affects the ac-
tivity of the loaded Pt NPs for heterogeneous catalysis due to the charge
transfer interaction. From this point of view, the activity of various
metal catalysts can be well regulated by choosing appropriate func-
tional groups of central metals, ligands or MOF carriers.

4. Derivative

4.1. MM-MOF-74

By analogy with the synthesis of a multivariate MOF-5 [34], MOF-
74 with 2, 4, 6, 8, and 10 different metals have also been reported to be
synthesized into mixed metal MOFs (MM-MOFs) [88]. The combination
of metal ions for the synthesis of five MM-MOF-74 is shown in Fig. 12
(a). PXRD analysis of MM-MOF-74 series shown in Fig. 12 (b) shows
that the crystallinity is consistent with MOF-74 structure, indicating
that the topological structure of MM-MOFs doesn't change, and there-
fore all members are isomorphic.

In addition, another MOF-74 containing two kinds of metal ions Ni
and Fe which shows spontaneous magnetization has also been reported.
The presence of iron helps to control the doping of isostructural as well
as mixed metal solid solutions in one pot synthesis of Ni-MOF-74. NiFe-
MOF-74 solids display both porosity and ferrimagnetic ordering com-
pare with the undoped phase because the modulation of spin state in a
variable spin inner chain and interchain magnetic interactions [89].

4.2. IRMOF-74

A large aperture is one of the important advantages of MOF-74
because they allow access of molecules for storage, separation, or
conversion. Therefore, increasing the pore size of MOF-74 is of great
importance to its application. Deng et al. report a strategy to expand the
pore aperture of MOF-74 into a previously unattained size regime [90].
The original pore size of MOF-74 are expanded from dioxidoter-
ephthalate link of one phenylene ring to 2 (II), 3 (III), 4 (IV), 5 (V), 6
(VI), 7 (VII),9 (IX), and 11(XI) and therefore get an isoreticular series of
MOF-74 structures with the dimension of the pore apertures ranging
from 14 to 98 Å which are termed IRMOF-74-I to –XI, shown in Fig. 13.

The products they get have good qualities in various aspects:
IRMOF-74-IV to –XI have the largest pore apertures reported to the
present for a crystalline material, and IRMOF-74-XI in its guest-free
form owns the lowest density for a crystal at room temperature. What's
more, all IRMOFs have non-interpenetrating structures and strong ar-
chitectures, and therefore show permanent porosity and high thermal
stability.

Since their first synthesis, IRMOF-74s have received extensive at-
tention and various properties have also been studied. On the adsorp-
tion mechanism of IRMOFs, Jawahery et al. report a deformation pat-
tern for IRMOF-74-V when it is induced argon adsorption [91]. And it

Fig. 7. (a) Spectral of Co-MOF-74 (b) Normalized Vis/NIR-absorption spectra of
Co-MOF-74 (c) The maximum position shift of the NIR band [70].

Fig. 8. Preparation for nitrogen doped nanoporous carbon [72].
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demonstrates that the deformation IRMOF-74 series undergoes is dif-
ferent from the mechanism of breathing MOFs: neighboring pores in the
IRMOF-74 series have different deformation and form repetition in
crystalline pattern instead of closing at intermediate pressures and
opening at high pressure at the same time like the traditional way.
Recently, Liao et al. put forward such a view when studying ad-
sorbate–adsorbate interactions across pore walls in gas adsorption of
IRMOF-74: Under the action of pore filling, there can be an interaction
between adsorbate and adsorbate, and the adsorbate superlattice can
coexist, and the adsorbate superlattice extends beyond the original
MOF unit cell [92].

As for their hydrolytic stability, however, experimental results

indicate that MOF-74 would be far more stable than IRMOF-1 and
IRMOF-10 with respect to water [21]. Besides, isometric network (IR)-
MOF-74 extensions have been introduced into molecular gauge
building blocks to enable modular assembly of slender and sturdy or-
ganic rods with clear and precise lengths ranging from 5 to 50 Å [93].

4.3. M2(dobpdc)

M2(dobpdc) (dobpdc4−=4,4′-dioxido-3,3′-biphenyldicarboxylate)
has an expanded MOF-74 structure type. Similar to MOF-74, there are
many reports on the synthesis and gas adsorption of this MOF.

For example, M2(dobpdc) can synthesized very fast even in several
minutes using divalent metal oxide colloidal nanocrystals as precursors
[94]. For example, ZnO can be used to be synthesized Zn2(dobpdc) in
less than 1min. And other MOF-74 with different metal ions including
Co, Ni, Fe, and Zn can also be successfully synthesized in this way.

In addition, compounds with good carbon dioxide adsorption per-
formance can be obtained through functionalizing coordinatively un-
saturated cations with N,N′-dimethylethylenediamine (mmen). For ex-
ample, mmen-Mg2(dobpdc) can be a remarkable new CO2 adsorbent.
The advantage like large capacity, high selectivity, and fast kinetics of
adsorbing CO2 from dry gas mixtures make it great potential in removal
CO2 from air [95]. It is worth mentioning that the coordination of
mmen at open metal centers is the key point to explain the unique
adsorption mechanism of this compound. Therefore, in order to study
the role of the coordination of Mg open metal centers, Xu et al. reported
to unravel the local Mg environments in several Mg2(dobpdc) samples
via 25Mg solid-state nuclear magnetic resonance data [96].

4.4. UTSA-74

As an isomer MOF-74, the new metal−organic framework
Zn2(H2O)- (dobdc)·0.5(H2O) (UTSA-74) showed a high adsorption ca-
pacity and separation selectivity for C2H2/CO2. The SOD-type frame-
work structure of UTSA-74 is shown in Fig. 14. It shows UTSA-74 has a
secondary building unit by discrete binuclear Zn cluster which is very
different from the rod-packing structure of Zn-MOF-74. And the pore
channel of UTSA-74 is one-dimensional about 8.0 Å. Besides, UTSA-74
has two kinds of Zn2+ atoms: one is tetrahedral and saturated Zn1, and
the other is octahedral Zn2 having two accessible sites on each metal

Fig. 9. Oxidation mechanism of benzylic C–H bonds [74].

Fig. 10. (a) SEM images and (b) TEM images of MOF-74-Co4Ni1 (c) The per-
formance and (d) the catalytic stability of the Co4Ni1P NTs and Pt/C-RuO2

couple for overall water splitting [76].
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center.
The gas adsorption experiments for MOF-74 and UTSA-74 were

conducted together to compare their gas adsorption properties. And the
adsorption isotherms of the tested gases were measured from 0 to
100 kPa and the results are shown in Fig. 14g. And it shows that UTSA-
74 has an adsorb ability to C2H2 comparable to Zn-MOF-74. Meanwhile,
its adsorb ability to CO2 is much lower than Zn-MOF-74. And this ad-
sorption performance illustrates that UTSA-74 is an excellent porous
adsorbent which not only has high gas adsorption capacity, but also
high gas separation selectivity for the separation of C2H2 and CO2 [97].

4.5. OH-MOF-74

Selective luminescence, a feature of great application value [98],
was recently discovered in two novel MOF-74 analogues, and this
specific and unique molecular recognition between host porous MOFs

and guest molecules makes them great potential in various applications
such as luminescent probes for small molecules. Liu et al. reported to
synthesize these two MOF-74 analogues (labeled OH-MOF-74) with OH
groups (1, OCA-OH and 2, MCA–OH) on 1D channel surfaces through
multi-component self-assembly at room temperature [99].

Single-crystal X-ray diffraction analysis reveals both OH-MOF-74
are isomorphous and crystallize in a Rhombohedral space group of R-3.
Their guest-free forms demonstrate a potential luminescent probe or
sensor for small molecules, and OH-MOF-74 also showed exceptional
fluorescence quenching and enhancement behavior for different types
of aromatic molecules.

Studies on the solid-state photoluminescence (PL) spectra of 2a (the
guest-free form of 2) revealed unique fluorescence quenching and en-
hancement behavior upon immerging in the solvent of aromatic com-
pounds of group A (having electron-withdrawing groups) and group B
(having electron-donating groups) respectively. The results

Fig. 11. (a) The molecule sizes of hexane and cyclohexene and the pore size of Ni-MOF-74. (b) The conversion of hydrogenation of hexene and cyclohexene for
different catalyst [80]. (c) synthesis of Ni NPs@MOF [83].

Fig. 12. (a) Synthesis of MM-MOF-74 by metal ion combination method (b) PXRD patterns of MM-MOF-74.
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Fig. 13. (A) Crystal structure of MOF-74. (B) Organic links structure used in the synthesis of IRMOFs [90].

Fig. 14. (a–f) The SOD-type UTSA-74 framework structure (g) Comparison of sorption isotherms for UTSA-74 and Zn-MOF-74 [97].
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demonstrate the exceptional ability of 2a to selectively detect different
types of aromatic molecules. On the other hand, the PL spectra of 1a
and 2a in different solvent emulsions exhibited excellent fluorescence
sensing for small molecules. As shown in Fig. 15a and c, the PL intensity
was strongly dependent on the solvent molecule. It is assumed that the

different binding interactions of the functional OH groups with guest
solvent molecules play an important role in such enhancing and
quenching effects of small solvent molecules. TGA of all the solvent
absorbed forms of the two compounds to demonstrate that the lumi-
nescence change of MOF emulsions is solely arisen from the MOF itself

Fig. 15. (a) PL spectra of 1a in different pure solvents. (b) PL spectra of 1a DMSO emulsion. (c) PL intensities of 2a in various pure solvents. (d) Percentage of
fluorescence enhancement and quenching of 2a [99].

Fig. 16. Sketch Map of the Ni2+ node, organic bridging ligands, and the corresponding structures of the pore-expanded Ni-MOF-74 analogues [100].
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after adsorbing solvents. Different amounts of small solvent molecules
absorbed in 1a and 2a shown in the TGA curves reveals the various
binding interactions of the functional OH groups with these guest sol-
vent molecules may lead to luminescence change of MOF emulsions.
The rational results reveal that 1a and 2a are expected to be used as
luminescent probes for detecting small molecules.

4.6. Ni-MOF-74-BPP/-TPP

Three Ni-MOF-74 analogues: Ni-MOF-74, Ni-MOF-74-BPP
(BPP=3,3′-dioxido-4,4′-biphenyldicarboxylate, biphenyl with para-
COOH), and Ni-MOF-74-TPP (TPP= 3,3′-dioxido-4,4′-triphenyldi-
carboxylate, triphenyl with para-COOH) with excellent adsorption of
water and fluorocarbon refrigerant have been reported [100]. The
schematic diagram of their structure is shown in Fig. 16. And the re-
lated properties of these derivatives are summed up in Table 3.

4.7. CPM

A new CPM family with rod fillers was obtained by simulating the
functional group ratio and metal-ligand charge ratio in MOF-74. The
syntheses of three members in this CPM family are as follows: CPM-47
can be synthesized by reacting t-BuOLi and H2obc in a 2:1M ratio;
CPM-48 and CPM-49 can be obtained by using 6-hydroxy-2-naphtholic
acid or trans-pcoumaric acid as longer bifunctional linkers.

These materials show very high density of guest binding metal sites.
Unlike the hetero-helical rod packing in MOF-74, the homo-helical rod-
packing in CPM series are not common. The synthesis of this new
structure simulating MOF-74 has great significance for constructing
materials with high density guest binding metal sites [101].

4.8. M2(olz)

A new series of expanded analogues of M-MOF-74 was synthesized
using the anti-inflammatory drug olsalazine as the sole bridging ligand
and named M2(olz), which showed great potential in drug delivery.
M2(olz) is the first series of bioactive frameworks showing mesoporous
porosity, which can be made of various metals. They have 27 Å size
pores and the highest Langmuir surface area for MOF with therapeutic
connectors. One of the biggest highlights of M2(olz) frameworks is
containing high quantities of the anti-inflammatory olsalazine and re-
leasing them under simulated physiological conditions, leading to in-
trinsic therapeutic properties. Besides, M2(olz) can also supply plat-
forms for simultaneous delivery of various therapeutic agents, which
have already been demonstrated through the successful encapsulation
of phenethylamine in it and release of the two drugs under physiolo-
gical conditions. The drug-loaded frameworks are shown in Fig. 17
[102].

Besides, there are many reports about MOF-74 analogues. They all
show good properties and great prospects in different aspects. For in-
stance: Two new series of isoreticular to MOF-74 termed M-VNU-74-I
and -II were synthesized to improve the methanol uptake capacities.
They exhibited high porosity and surface areas as well as the highest
reported methanol uptake. Therefore, these excellent properties are
conducive to their practical application like adsorption heat pump ap-
plications and thermal battery systems [103]. And Mn2(DSBDC), a
MOF-74 analogue has great charge mobility, and achieved by replacing
phenoxide with thiophenoxide groups [104].

5. Conclusions

In conclusion, we review the latest synthesis methods, properties
and applications of MOF-74 as well as its derivatives in recent years.

Some novel synthetic methods have been put forward, such as the
template-free synthesis, synthesis from divalent metal oxide colloidal
nanocrystals and so on. They not only save time and cost, but alsoTa
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reduce the pollution to the environment. What's more, the mesopores in
MOF-74 can be adjusted to as small as 15 nm stably at room tempera-
ture. As for characterization, the results show MOF-74 possesses good
hydrolysis stability, highly stable structure, which will be of great sig-
nificance in its further application.

The biggest highlight of MOF-74 which is also its most widely stu-
died point is its excellent CO2 adsorption capacity, among which the
performance of Mg-MOF-74 is particularly prominent. In addition, we
also summarized the performance of MOF-74 in other gases such as
hydrogen and oxygen adsorption. Besides, it also has extraordinary
performance in gas sensors and it also has extraordinary performance in
gas sensors and catalysts, catalysts and many other aspects.

In addition, synthetic materials with excellent properties can be
obtained by reasonably combining MOF-74 with other components.
Therefore, MOF-74 and its derivatives have great potential and research
value in various applications.

We believe with more in-depth research, MOF-74 will have more
development and wider application as well as brighter future in our
daily life.
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