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Abstract: Metal-Organic Frameworks (MOF) with open metal sites 

(OMS) interact strongly with a range of polar gases/vapors. However, 

under ambient conditions, their selective adsorption is generally 

impaired due to a high OMS affinity to water. This led previously to 

the privilege selection of hydrophobic MOFs for the selective 

capture/detection of volatile organic compounds (VOCs). Herein, we 

show that this paradigm is challenged by metal(III) polycarboxylates 

MOFs, bearing a high concentration of OMS, as MIL-100(Fe), 

enabling the selective capture of polar VOCs even in the presence of 

water. With experimental and computational tools, including single-

component gravimetric and dynamic mixture adsorption 

measurements, in situ infrared (IR) spectroscopy and Density 

Functional Theory calculations we reveal that this adsorption 

mechanism involves a direct coordination of the VOC on the OMS, 

associated with an interaction energy that exceeds that of water. 

Hence, MOFs with OMS are demonstrated to be of interest for air 

purification purposes.  

Introduction 

Volatile organic compounds (VOCs) are still a major health 

concern, with their presence in air being documented as 

associated to high health risks including cancer.[1], [2] The 

European Community defines VOCs as any organic compound 

having, at 25 °C, a vapor pressure above 0.01 kPa, or a 

corresponding volatility under the same particular conditions.[3] 

Thus, these compounds can evaporate under ambient 

temperature and atmospheric pressure compromising air quality, 

consequently, increasing health risks. Therefore, stricter indoor 

air quality guidelines are emerging and they are currently turning 

into regulations in several countries around the world.[4]–[7]  

The VOCs concentration in indoor environments is commonly 

attenuated by simple ventilation. However, this requires a high 

amount of energy and it is not often sufficient, notably when the 

sources of VOCs are present. Other complementary approaches 

have been envisaged, including biological treatment (bio filtration, 

bio-scrubbers, etc.)[8], catalytic oxidation,[9] or ionization methods 

(plasma, etc.)[10]. Yet, the removal of VOCs from indoor air is still 

a great challenge especially due to the low concentration and 

large diversity of vapors.[11] 

Adsorption is a commonly used technique for indoor air quality 

improvement.[12] Various classes of porous materials have been 

considered to date as possible solutions such as zeolites and 

activated carbons.[11], [13]–[16] However, these sorbents present 

important limitations for the capture of polar VOCs under 

atmospheric conditions where the relative humidity levels impair 

their selective adsorption performance. This is for instance the 

case for acetic acid (AA), an acidic polar VOC that is associated 

to the degradation of cellulose and the so-called ‘Vinegar 

Syndrome’. High performing adsorbents are indeed considered to 

capture traces of AA in the presence of air humidity to protect 

these artefacts  (lead, lead alloys, copper alloys, metal surfaces, 

papers, cellulose-acetate-based, papers, calcareous materials, 

etc[17]–[23]). However, activated carbons have shown a limited AA 

affinity while zeolites’ performance is hampered by their strong 

hydrophilic character, and consequently results in a low selectivity. 

Metal-Organic Frameworks (MOFs) have recently been proposed 

as potential alternatives for the capture of VOCs.[24] These highly 

tunable hybrids crystalline micro- or meso-porous solids exhibit 

several key features for the capture of VOCs such as high surface 

area, variable pore size/shape and hydrophilic/hydrophobic 

balance usually associated with mild regeneration conditions. 

Thus, for a given VOC capture application, ideal MOF adsorbents 

can be selected. In the case of AA capture, it has been shown that 

the microporous Zr-MOFs denoted MIL-140B(Zr) or UiO-66(Zr)-

2CF3, (MIL and UiO stand for Materials from Institut Lavoisier and 

University of Olso, respectively), due to their combination of 

narrow pores (≈ 4-6 Å) and hydrophobic character, associated 

with a moderate AA affinity, resulted in an efficient capture of this 

VOC in museum conditions.[24] However, these hydrophobic 

materials performances are still limited by the presence of (polar) 

defects that impair their ability to exhibit a very low water uptake 

at the standard humidity rate for the application, i.e.,  p/p0 < 0.45.   

In general, the incorporation of open metal sites (OMS) in MOFs 

can increase the adsorption interactions with a wide range of polar 

or quadrupolar gas molecules[25]. This includes the capture of CO2 

(versus CH4)[26], N2
[27], CO[28], [29], the separation of acidic or basic 

gases or vapors NO[30], [31], N2O[32], NH3, SOX
[26], [33], H2S[34], the 

separation of olefins[35] and the trapping of other chemical harmful 
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agents (dimethyl methylphosphonate)[36]. Since the presence of 

OMS increases the interaction strength with polar molecules, the 

use of MOFs with active sites, particularly porous water stable 

metal(III) based MOFs, can also be of interest for the capture of 

several VOCs. This has been studied for different MOFs 

structures and for different vapors with MIL-101(Cr) reported as a 

promising adsorbent for polar acetone, methanol, and for non-

polar benzene, toluene, ethylbenzene and xylenes (due to 

interactions with the aromatic rings).[37] Similarly MIL-100 has 

shown to be a good adsorbent for toluene[38] and acetone[39]. 

However, these materials are also known for their relatively high 

water affinity, with both MIL-100(Fe) and MIL-101(Cr) extensively 

explored for heat reallocation purposes using water as a fluid.[40]–

[42] Therefore, the highly polar water molecule present in a very 

large excess under environmental conditions has been 

speculated so far to be preferentially adsorbed instead of other 

families of guest molecules. Indeed, the selective adsorption 

towards water has shown to be favorable in drug delivery, where 

the deprotonated ibuprofen  or phosphorilated azidothimidine are 

strongly attached to MIL-100(Fe) or MIL-101(Cr, Fe) OMS, and 

slowly released and displaced from the OMS due to the 

phosphates present in body fluids.[43] However, as most 

applications operate under ambient conditions, i.e., in the 

presence of air moisture, a strong competitive adsorption towards  

water, is expected to seriously impair the selective adsorption of 

other species.[44]–[47] This makes the capture of polar VOCs in air 

still highly challenging, unlike hydrocarbons whose adsorption 

results mainly from π...π stacking and/or weak Van der Waals 

interactions[38], [48]. The only exception of polar molecules that has 

been shown to be preferentially adsorbed to water in the OMS 

was NH3 in the MOF HKUST-1, resulting from an associated 

interaction energy exceeding the one of water by 30 kJ mol-1. This 

lead, however, to the degradation of the MOF and the dissolution 

of NH3 forming (NH4)3BTC species.[49] One way to overcome this 

challenge relied on the pore functionalization with hydrophobic 

groups to circumvent the detrimental effect of water in MOFs 

bearing OMS, such as for instance grafting hydrophobic 

functional groups within the pores, e.g., MIL(Cr)-Z1 (or MIL-101 

NDC with 2,6 naphthalene dicarboxylic acid)[50], or with the 

inclusion of carbonaceous composites, e.g., graphene oxide-

modified HKUST-1[51]. However, such chemical tuning is 

associated with important drawbacks, e.g., complex additional 

synthesis steps, increase in cost, potential toxicity issues, and 

thus, are not economically/environmentally realistic. Nevertheless, 

we hypothesized that the preferential adsorption of polar VOCs 

towards OMS could occur for MOFs possessing sufficiently 

polarized OMS. 

Here, we report a new paradigm for the selective VOC capture 

under moisture air conditions that consists on selecting a MOF 

without the need of hydrophobicity or confinement effect. The 

sorbent should be a MOF bearing sufficiently strong Lewis OMS 

to exclusively favor the adsorption of VOC over H2O as 

represented in Scheme 1. This strategy offers a unique 

opportunity to avoid the need to design complex and expensive 

poorly sustainable hydrophobic MOFs. This opens the way to rely 

on cheaper scalable benchmark MOFs for the environmental 

removal of polar VOCs. We have selected here, as a first 

representative application, the case of AA capture in a view of the 

conservation of artefacts that suffer alteration/decomposition. The 

selected material is a prototypical MOF that comprises a high 

concentration of  metal(III) Lewis OMS (up to 3.6 mmol g-1)[52], 

e.g., MIL-100(Fe). This mesoporous iron(III) carboxylate MOF is 

built up from trimers of Fe(III) octahedra sharing a common vertex 

µ3-O and linked by the benzene-1,3,5-tricarboxylate (BTC) 

moieties leading to hybrid supertetrahedra[53], [54]. The latter are 

arranged together to generate a zeolitic architecture delimiting 

mesoporous cages of 25 and 29 Ȧ, accessible through 

microporous windows of 5.5 and 8.6 Ȧ, Figure 1. This MOF has 

been considered to date for a wide range of potential applications 

from storage/separation,[52], [55], [56] sensing,[57] catalysis,[58]–[61] heat 

reallocation,[62]–[64] to biomedical applications,[43], [65], [66] etc.  

This work reports an unprecedented joint 

experimental/computational study that systematically explored 

MIL-100 platform for the selective adsorption of representative 

 
Scheme 1. Scheme of preferential interaction of an OMS with a highly polar 
vapor in a humid environment, resulting in a favorable competition with water. 

 

 

 
Figure 1. View of the small (a) and the large (b) cages of MIL-100(Fe). Iron 
polyhedra, carbons and oxygens are represented in orange, black and red, 
respectively. Hydrogen atoms are omitted for clarity. 

 

(a) 

(b) 
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classes of polar vapors (carboxylic acids, acetone, methanol, 

acetaldehyde) over water. We demonstrated that a preferential 

adsorption of VOCs instead of H2O on the OMS occurs for all 

carboxylic acids vapors whatever the nature of the metal(III) sites 

(Fe or Al) or the MOF structure (MIL-100, MIL-127,…). We finally 

illustrate the practical interest of this selective adsorption 

mechanism through the case of AA capture in museum conditions, 

paving the way for the utilization of this class of MOF in different 

applications, from gas chromatography detection without the 

need of derivatization[67]–[69], to air purification [24], [70].  

Results and Discussion 

The sorption behavior of MIL-100(Fe) was first evaluated by 

single component gravimetric measurements for both water (see 

Figure 2(a)) and AA (Figure 2(b)). The synthesis of this MOF was 

adapted from an atmospheric pressure synthesis protocol 

recently reported,[62], [71] with the crystallinity confirmed and the 

values of the calculated BET surface area in good agreement with 

the previously reported data (Figure S1 to S4). MIL-100(Fe) 

displays a type IV water adsorption isotherm as well as a first 

uptake at very low partial pressures (p/p0 < 0.05) associated with 

a full coordination of the OMS by water. This is followed by a 

gradual increase of the sorption uptake at intermediate relative 

pressures (0.20 < p/p0 < 0.50) corresponding to the progressive 

filling of the small and large cages of the MOF[64], [72] If one 

compares this water adsorption behavior with other MOFs, it is 

seen that MIL-100(Fe) is not completely hydrophilic or 

hydrophobic.[24] The polar UiO-66(Zr)-NH2, for instance, is much 

more hydrophilic, since it exhibits a steep adsorption isotherm 

profile at very low pressure, with one steep increase at p/p0 = 0.25, 

while more than half the adsorption capacity is reached before 

p/p0 = 0.3. Conversely, the more hydrophobic UiO-66(Zr)-2CF3 

exhibits an adsorption step that does not start before p/p0 = 0.4 

which is one of the reasons behind its interesting polar VOC 

capture ability in the presence of water.  

When it turns to AA adsorption (Figure 2(b)), MIL-100(Fe) exhibits 

a very steep uptake at very low relative pressures (p/p0 < 0.01) 

which drastically deviates from the behavior of UiO-66(Zr)-2CF3 

that shows a much lower affinity for AA. This adsorption data 

suggests MIL-100(Fe) as a promising VOC sorbent. To further 

address the impact of the presence of coordinated water towards 

the AA adsorption in MIL-100(Fe), a second AA sorption isotherm 

was collected on a room temperature vacuum activated sample 

and compared to the one obtained on a sample activated at 

150 °C (Figure S5 (b)). From the literature, it is known that in the 

first case coordinated water molecules are still present within MIL-

100(Fe), while after 150 °C, under vacuum activation, all the 

bounded water has been evacuated.[73], [74] Surprisingly, no 

noticeable difference in AA adsorption isotherm was observed 

between these two samples leading to a similar uptake at p/p0  = 

0.05 close to 10 mmol g-1. The Henry constants were determined 

from the initial slope of the AA and water isotherms, and they are 

compared in Table S1. Note that despite a slight difference 

between the values obtained for the thermally activated and the 

non-thermally activated samples, these values are much higher 

than those of water, suggesting a selective adsorption of AA over 

water. To further assess the AA/water competitive adsorption, 

dynamic adsorption of AA in the presence of water (60 %RH) at 

25 °C was carried out in the system schematized in Figure S6, 
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Figure 2.  Single component (a) water adsorption and (b) AA adsorption 
gravimetric isotherms at 25 °C for MIL-100(Fe), (c) dynamic breakthrough profile 
and (d) temperature-programmed desorption of water (in black) and AA (in blue) 
in a 50/50 %V/V mixture on MIL-100(Fe) (Dwelling at 200 °C for 30 min). 
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with diluted AA concentration (500 ppm) in N2 that was then 

carried through a packed bed of  column with powder MIL-

100(Fe) The column downstream was continuously monitored 

using a mass spectrometer. Remarkably, no AA was detected for 

over 80 minutes. The adsorption capacity deduced from these 

breakthrough tests, Figure 2 (c), seemed unchanged, with the 

calculated dynamic amount of the adsorbed AA (around 5.13 

mmol g-1 (Figure S7)) being comparable to the amount in 

equilibrium at p/p0 = 0.013.  

To shed light on the sorption mechanism, we first performed 

Temperature-Programmed Desorption (TPD) tests. TPD was 

adapted from the breakthrough system, where a stream of 50 % 

V/V of water and AA vapor was injected and carried through the 

bed of approximately 90 mg of the activated MIL-100(Fe) by a 

stream of helium. Adsorption occurred at room temperature. Then 

the column with the MOF was heated to trigger the desorption of 

the adsorbed molecules. The analyzed data was recorded and 

related to the temperature of the column, as it can be seen in 

Figure 2 (d). At around 66 °C water starts to leave the column, 

while AA is only visible at 196 °C, along with some extra 

(coordinated) water molecules that are likely to interact more 

strongly with the MOF structure. Thus, the desorption of AA 

requires much higher energy than the desorption of water, 

revealing a significantly stronger interaction between the OMS 

and AA. In addition, in the TPD of water alone, it is seen that the 

water starts to desorb at a slightly higher temperature (74 °C) 

than when the mixture is considered (Figure S10). This suggests 

that AA replaces water on the strongest OMS. It is of note that, 

this study focused on the low concentration region, since the 

injected amount of AA (5 µL) diluted in the helium stream 

corresponds to 0.0874 mmol, i.e., the maximum amount of AA 

that the MOF can adsorb in these conditions would be ~0.971 

mmol g-1 of MOF. Looking at the AA isotherm (Figure 2 (b)), this 

adsorbed amount in equilibrium lies in the Henry region, since 

p/p0 > 0.001. Thus, the adsorption mechanism is undoubtedly 

governed by strong energetic interactions, presumably as a result 

of the high Lewis acidity of the OMS. 

To get in depth understanding of the interactions of AA with the 

OMS, in situ Fourier transform infrared (FTIR) spectra were 

recorded for a non-activated MIL-100(Fe) sample exposed to AA 

(Figure 3 (a)). This revealed that AA is bonded to Lewis acid sites 

through the oxygen lone-pair electrons of the carbonyl group, as 

evidenced by the appearance of an intense ν(C=O) mode at 1690 

cm-1 (red shifted of about 92 cm-1 in comparison to the gaseous 

AA) upon adsorption, regardless of activation conditions. 

Therefore, the presence or not of pre-coordinated water on the 

OMS does not impact the interactions with AA, confirming the very 

high selectivity of the OMS for AA adsorption versus water. 

Furthermore, adsorption of AA on non-thermally activated MIL-

100(Fe) (Figure 3 (a)) revealed a progressive decrease of ν(O-H) 

bands at 3700-3680 and 3608 cm-1 together with the appearance 

of a broad band at 3390 cm-1, indicating the formation of hydrogen 

bonding between Brønsted acid sites and AA. It is worth 

mentioning that bands characteristic of hydrogen bonding species 

at around 3390 cm-1 are also visible in the case of adsorption of 

AA on thermally activated MIL-100(Fe). This suggests a hydrogen 

bond formation between the hydroxyl group of AA and the 

framework.     

Interestingly, upon adsorption of AA on activated sample (Figure 

3 (b)), a progressive increase of bands at 3700-3680 and 3608 

cm-1 was detected which suggests a progressive restitution of 

Brønsted acid sites due to a partial dissociative adsorption of AA, 

in addition to the coordination of the molecule. In general, the 

weak band at about 1800 cm-1 (ν(C=O)), in the range of gaseous 

AA, implies its physisorption in minor amounts.  

To gain microscopic insight into the adsorption mechanism of 

VOCs in MIL-100(Fe), Density Functional Theory (DFT) 

calculations were carried out to first assess the interaction energy 

between the AA and a representative iron oxo-trimer cluster of the 

MIL-100(Fe) inorganic node (Figure S8). Figure 4 a) shows the 

most stable configuration of AA where its carbonyl function 

coordinates towards the Fe site in conjunction with the formation 

of a hydrogen bond between its hydroxyl group and the oxygen 

atom linked to the metal center, in line with the FTIR observations. 

Remarkably, the resulting interaction energy (-130.5 kJ mol-1) is 

by far much higher than the value obtained for water coordinating 

on iron (-74.6 kJ mol-1) (Figure S8). This explains the highly 

preferential adsorption of AA versus H2O towards MIL-100(Fe), 

as observed by dual binary adsorption experiments and 

evidenced by TPD. Our calculations further revealed that even 

when water molecules are still present on the iron site, a scenario 

 
Figure 3. IR absorption spectra of MIL-100(Fe) recorded at 25 °C after 
exposure of the sample to AA a) without any thermal treatment and b) after 
thermal treatment at 250 °C. (From blue to red, increased doses of AA). 
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encountered for the non-activated material, AA establishes strong 

interactions with the inorganic cluster throughout both its carbonyl 

function and hydroxyl groups with the coordinated water and the 

oxygen atom of the carboxylate respectively (Figure 4 (b), leading 

to high interaction energy of -99.3 kJ mol-1, in line with the 

experimental observations discussed above.  

To better understand the possible H2O/AA exchange mechanism, 

climbing-image nudged elastic band (Cl-NEB) calculations 

were further carried out (f in SI). Figure 5 reports the 

corresponding minimum energy path (MEP) and the 

geometries of the transition states as well as the product. 

The initial stage corresponds to the conformation of AA in 

the presence of water reported in Figure 4 (b). The reaction 

proceeds in such a way that AA approaches the OMS Fe 

while the water moves away (Figure 5) and finally binds the 

OMS via its carbonyl group in the final state. The resulting 

energy barrier is moderate (47.2 kJ mol-1), supporting the 

easy replacement of the coordinated water by AA as 

suggested experimentally. Furthermore, the similar energy 

between the final state and the reactant evidences the 

strong interactions (presence of hydrogen bonds) between 

AA and the MIL-100(Fe) even when water molecules are 

coordinated to the iron site. 

 DFT calculations further revealed that formic acid exhibits the 

same binding mode as AA (Figure 4 (c)) leading only to a slight 

lower interaction energy of -125.0 kJ mol-1 as compared to AA, 

while it is much higher than for acetone (-88.2 kJ mol-1) since in 

this last case weaker Van der Waals interactions between the 

alkyl group with the oxygen of the oxo-trimer cluster occur (Figure 

4 (d)). Conversely, the simulated high interaction energy values 

for both AA and formic acid strongly suggest that these carboxylic 

acids preferentially adsorbed over ketones and water. This 

prediction encouraged us to deploy a systematic experimental 

study combining single component isotherms and TPD analysis 

for a wide range of polar vapors (Figure S11 to S14), including 

other carboxylic acids as well as carbonyl-based VOCs and 

methanol. As previously done with AA, by comparing the TPD 

mass spectrometer profile of the desorbed output at different 

temperatures, the different affinities of the molecules could be 

compared. In all cases, the first water peak was visible between 

60 °C and 100 °C and was constantly present even at 200 °C but 

in a lower amount. As previously observed, for carboxylic acids 

the results showed a much stronger interaction with the metal 

centers (Figure S13). On the other hand, for carbonyl-based 

VOCs studied, acetone and aldehyde, the peaks appeared at 

lower temperatures indicating a significantly lower affinity than AA. 

Acetone was indeed not as strongly bound as acids, in line with 

the DFT predictions, with a peak appearing at ~70 °C, almost 

simultaneously as that of water (Figure 6 (a)). In addition, the 

peak of water appeared again at lower temperatures than in the 

TPD for water alone, suggesting still some replacement of 

adsorbed water molecules by the acetone molecules. 

Nevertheless, some water molecules were still more strongly 

bound, leaving the adsorbent at 200 °C. For the TPD with 

 
Figure 4. DFT-simulated most preferential geometries of (a) AA, (b) AA in the presence of water, (c) formic acid and (d) acetone, adsorbed in the MIL-100(Fe) 
cluster model. The interacting distances are reported in Å. Color code: Fe, orange; C, grey; O, red, H white. 
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Figure 5.  Illustration of the exchange mechanism of coordinated water by AA elucidated by Cl-NEB DFT calculations. The simulated minimum energy path and 

the snapshots for the reactant (MIL-100(Fe)_H2O + AA), transition state (TS) and final state (MIL-100(Fe)_AA + H2O) are provided. The interacting distances are 

reported in Å. 
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acetaldehyde and water mixture (Figure 6 (b)), a preferential 

interaction with water was seen, with the last leaving 10 °C, later 

than acetaldehyde. However, the affinity of both molecules was 

quite similar, with water and acetaldehyde leaving almost 

simultaneous between 30 °C and 75 °C. Again, the first water 

peak was displaced when comparing with water in the single 

component TPD. Thus, the lack of additional –OH interactions 

resulted in less favorable interactions than for water and AA. By 

further comparing acetaldehyde and acetone, the slight difference 

in affinity can be attributed to the additional methyl group of 

acetone, which contributes to extra Van der Waals forces 

increasing the interactions with the acid sites.  

Similarly, when analyzing the impact of the alkyl group of 

carboxylic acids, as indicated by the DFT calculations performed 

on formic acid, and confirmed experimentally by single 

component isotherm (Figure S14) and TPD spectra analysis 

(Figure S 12), it appeared that all carboxylic acids interact strongly 

with the metal centers, and the peak of this family of VOCs (e.g., 

for propionic acid) occurs after 150 °C, only with slight differences 

observed as a result of a higher energetic barrier. 

For methanol the desorption was surprisingly observed at as high 

temperatures (T > 150 °C) as for the carboxylic acids, thus 

suggesting a preferred adsorption. In this case, the strong 

interaction can be attributed to the dissociative adsorption that 

leads to the formation of methoxy groups that coordinate with the 

iron site, as indicated by the typical methoxy bands observed on 

FTIR spectrum in the 3000-2800 and 1100-1000 cm-1 regions 

(Figure S15).[75], [76]  

With the different vapors tested, an overall sequence of 

interaction strength could finally be established for MIL-100(Fe) 

with R–COOH > R’–COH > R–CO–R’ > R–CHO ~ H2O. This 

sequence is in good agreement with the one obtained in the 

literature for other MOFs with OMS. However, this previous 

sequence was established in dry environment only, while the new 

one, performed in real conditions (humidity), confirms the limited 

impact of water on the adsorption of the highly polar VOCs when 

dealing with MOFs and metal(III) Lewis acid sites.[68], [69]  
The adsorption behavior of MIL-100(Fe) was finally exploited for 

the removal of traces of AA in view of cultural heritage 

preservation, using a set-up adapted from the one previously 

reported by Dedecker et al.[24] This environmental chamber allows 

the comparison of the AA removal efficiency of MOFs in a closed 

controlled humid environment, that can simulate environments in 

museums archives. Remarkably, the activated MIL-100(Fe) 

achieves a substantial drop of the AA concentration from ~ 200 

μg dm-3 (injected dose) down to 30.8 μg dm-3, after two hours of 

experiments (Figure 7 (a)). This result is similar to that of 

hydrophobic MOFs previously considered for AA capture in 

atmospheric conditions by Dedecker et al.[24], i.e., UiO-66(Zr)-

2CF3 and MIL-140B. MIL-100(Fe) is therefore an appealing 

candidate to substitute these hydrophobic materials for the 

capture of polar VOCs, particularly carboxylic acids, as, in 

contrasts to these solids, it can be made under green conditions 

based on cheap metal cations and ligands and does not suffer 

from defects that hamper the AA capture efficiency.  

Finally, to demonstrate the versatility of this mechanism, a series 

of known MOFs bearing trimers of metal(III) octahedra were also 

explored to confirm the key role of the OMS for the removal of 

polar VOCs. This was the case for the microporous MIL-127(Fe) 

(or soc-MOF(Fe)) with about 2.7 mmol/g of OMS,[74] whose cubic 

structure is built up from iron(III) octahedra trimers and 

tetracarboxylate ligands (TazBz), leading to two types of 

micropores: namely an accessible 1D channel system (~6 Å) and 

cages of ca. 10 Å, accessible through very narrow apertures of ~3 

Å. The cages exhibit a moderate hydrophilic character due to the 

presence of coordinated water molecules pointing to the center of 

the pores, while the 1D channels exhibit a more hydrophobic 

character. This MOF was produced here through a previous green 

scalable synthesis protocol,[77] with the purity being confirmed by 

PXRD and nitrogen porosimetry (Figure S19 and Figure S21, 

respectively). Remarkably, this MOF exhibited a steep AA uptake 

in the single component adsorption isotherm, similar to the one of 

MIL-100(Fe) (Figure 7 (b)), and led under environmental chamber 

test to a decrease of AA concentration down to 24.5 μg dm-3, once 

again similar to the performances of MIL-100(Fe), highlighting the 

main role of these metal(III) OMS over the selective capture of AA. 

It is of note that the results in the closed humid chamber gives 

only an initial comparison, it is in no way quantitative and as such 

the small deviations in the final concentration cannot be analyzed 

in depth. 

MIL-100(Al) and MIL-101(Cr) were then tested to study the impact 

of the nature and concentration of OMS. The synthesis of these 

materials were  performed following known protocols, i.e., a 

microwave assisted hydrothermal synthesis.[78], [79] Their 

crystallinity and purity were confirmed by PXRD analysis. Their 

calculated BET area are similar to the reported ones (Figure S22 

and S23 for MIL-100(Al) and Figure S24 and S25 for MIL-

101(Cr)).[78], [79] A similar behavior was observed for MIL-100(Al) 
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Figure 2.  TPD spectra of organic vapors (a) acetone and (b) acetaldehyde, 
signalized in blue, in 50 %V/V mixture with water, signalized in black, on MIL-
100(Fe) (Dwelling at 200 °C for 30 min). 
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in comparison with the two aforementioned Fe-MOFs already 

investigated, here in agreement with the presence of OMS 

previously reported for MIL-100(Al) (2.2 mmol g-1 of OMS[80]), 

leading to a final concentration of AA in the environmental 

chamber of 36.6 μg dm-3 (after two hours of exposure). On the 

other hand, as a counter example, we considered MIL-101(Cr), a 

mesoporous Cr terephthalate with Cr trimers; this MOF has been 

shown to exhibit not only a lower concentration of Lewis acid sites 

(< 1mmol g-1) but also a lower relative strength in comparison with 

the MIL-100’s series as a consequence of a poisoning of the 

strongest sites, probably by free carboxylic linkers. It was indeed 

already reported that the strength of Lewis acidity of MIL-100 

exceeded by far the one of MIL-101(Cr).[80] Even if MIL-101(Cr) 

still exhibit a steep AA adsorption isotherm profile, the amount of 

adsorbed AA reaches only 1.5 mmol g-1 at low relative pressures 

(p/p0<0,01 at 25°C). As a consequence, this MOF is much less 

efficient to capture traces of AA under air moisture with almost 60 

μg dm-3 of AA still present in the chamber after two hours. 

Therefore, to achieve an efficient capture of traces of AA in a 

humid environment (40 %R.H.) a MOF is required to possess a 

minimal concentration of active metal(III) sites, i.e., typically 

exceeding 2 mmol g-1. In addition, the higher hydrophobic 

character of MIL-101(Cr) (half the water sorption capacity being 

reached after p/p0 = 0.5) did not seem to improve, as expected, 

the adsorption of AA resulting in a performance comparable to 

the one of the benchmark zeolite NaY commonly used for the 

adsorption of AA in museums showcases. Unlike the metal(III) 

MOFs bearing OMS, the adsorption sites of water and AA are, 

for cationic zeolites, similar, which is associated with an 

unfavorable competition between AA and water, while the 

highlighted MOFs adsorb AA quasi exclusively on the OMS, 

leaving the rest of the porosity available to adsorb free water.  

 

Conclusion 

The capture of polar VOCs under environmental conditions, i.e., 

in the presence of humidity, previously relied on hydrophobic 

microporous sorbents. Polar carboxylate MOFs bearing Lewis 

acid OMS were in parallel considered as being excellent 

candidates for the capture of polar gases or vapors, but under 

dry conditions. We show for the first time, through a systematic 

combination of advanced experimental and computational 

techniques, that selected micro or meso-porous MOFs 

constructed from trimers of metal(III) octahedra bearing OMS, 

when in sufficient strength and concentration, whatever their 

hydrophobic character or pore size, are able to capture 

selectively traces of polar VOCs such as carboxylic acids in the 

presence of air moisture. This is due to a highly favorable 

sorption driven by a direct coordination of the -C=O bond on the 

OMS, as well as, additional hydrogen bonds between the -OH 

group of the carboxylic acid and the neighboring oxygens of the 

trimer. A classification of interactions of model polar vapors 

could also be determined with acids being more adsorbed than 

alcohols and ketones. As these MOFs are in most cases 

prepared under green scalable conditions based on non-

expensive raw materials, this paves the way for their practical 

use in air purification systems or beyond for the controlled 

release of cosmetics or active substances.  
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