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Abstract 

Cr(CO)6 and Mo(CO)6 have been used as precursors to obtain grafted (η6-arene) M(CO)3 species 

inside the CPO-27-Ni material. The presence of open Ni(II) sites in the MOF scaffold promotes 

distinctive reactivities with respect to that observed previously on other MOFs (MOF-5 and UiO-

66). The formation of two organometallic M(CO)3(η6-arene) conformers (staggered and eclipsed) 

has been considered, also taking into account data obtained by a recent theoretical work. IR 

spectroscopy shows how open metal sites in a MOF structure can destabilize metal carbonyl 

molecules, favoring CO elimination and acting as CO scavenger, which fastens the decomposition 

and frustrate the reverse reaction. The work can open new studies on precursors of catalytic species 

stabilized inside MOFs cages. 
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1. Introduction 

Metal hexacarbonyls have been used extensively in the past as precursors to functionalize high 

surface area materials such as zeolites and oxides [1]. On account of their low sublimation 

temperature, metal carbonyls can be in fact dosed on different materials from the gas phase, and 

successively heated in controlled atmosphere with consequent surface functionalization. Examples 

are given in literature in respect to MgO, alumina, silica, H-ZSM-5, NaY, NaX and 

others [2], [3], [4], [5], [6], [7] and [8], where the adsorbed surface adducts showed a different 

stability as a function of the combination metal hexacarbonyls-support. In some cases, the 

formation of subcarbonyl species was also reported. More recently, metal hexacarbonyls have been 

successfully used to functionalize metal–organic framework (MOFs) and meso or microporous 

materials having a hybrid organic–inorganic nature. In both classes of materials, the presence of 

arene rings as constituents of the microporous network, combined with the stability of the (η6-

arene)M(CO)3 unities opens the possibility to use M(CO)6 as precursors for post-synthetic 

modification in view of specific applications. As an examples Cr(CO)6 has been used to 

functionalize a silica-bonded polyphenylsiloxane resulting in a stereoselective catalyst for 

hydrogenation of sorbate and soybean methyl esters [9], and to functionalize an inorganic–organic 

hybrid mesoporous silica through grafting of the Cr(CO)3 moieties on the phenylene units [10]. 

Very recently, Kaye and Long [11] and Chavan et al. [12]applied a similar strategy to functionalize 

the arene ring of the organic linker in MOF-5 and UiO-66 materials. In all cases the 

functionalization proceeded through a controlled thermal decomposition of Cr(CO)6 precursor, 

according to Eq. (1), and involved porous structures that did not show other grafting centers but 

only the benzene rings of the linker. 

Herein, we report the post synthetic functionalization, through M(CO)3 moieties, of a metal–organic 

framework (CPO-27-Ni). The novelty of the work is due to the fact that the MOF used to graft 

M(CO)3 moieties, is characterized by the presence of metal centers with available coordination 

vacancies. This is the first time that a post synthetic functionalization is performed on a MOF that 

can influence the chemistry of the M(CO)6organometallic precursor. CPO-27-Ni (example of the 

class of CPO-27-M materials, [13]also termed as M2-(DOBDC) [14] or MOF-74 [15]) is a three 

dimensional framework resulting from hexagonal packing of helical O5Ni chains connected by 2,5-

dihydroxyterephthalate linkers. The resulting structure shows a one-dimensional arrangement of 

parallel hexagonal channels, 11 Å in diameter, having the Ni2+ ions at the vertices of the hexagons 

formed by the organic linkers. All of the oxygen atoms present in the carboxylate and hydroxylate 

groups of the ligand coordinates the metal cation. Such geometry yields five oxygen atoms in the 

coordination sphere of each M2+ cation, which has a sixth coordination position occupied by a water 

molecule. The coordinated water molecule can be removed upon thermal treatment at 393 K in 

vacuum, leaving the metal cation with an open (accessible) coordination site that can be occupied 

by an adsorbed guest molecule [16]. The detailed spectroscopic characterization of solvent 

desorption (or dehydration) to generate coordinatively unsaturated Ni2+ sites and their reactivity 

toward various probe molecules were described elsewhere [17], [18], [19], [20] and [21]. Of 

particular relevance for this study is the adsorption of CO on CPO-27-Ni reported by Chavan et 

al. [21]. These results have shown that CO interacts strongly with Ni2+ and forms monocarbonylic 

adducts characterized by an IR absorption at 2178 cm−1 (blue shifted with respect to the pure 

physisorbed phase observed at 2138 cm−1). In the present paper, the role of the coordinatively 

unsaturated Ni2+ sites in determining the adsorption and reactivity of M(CO)6 (M = Cr, Mo) inside 

CPO-27-Ni is investigated by means of FTIR spectroscopy, which was already demonstrated to be a 

sensitive techniques to reveal the occurrence of M(CO)3 grafting [12]. Experimental results are 

discussed in comparison with data obtained from molecular modeling [22]. Different reactivity and 
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stability inside CPO-27-Ni is observed for both precursors M(CO)6 (M = Cr, Mo) and products 

M(CO)3, as will be discussed here below. 

2. Experimental 

2.1. Materials 

Cr(CO)6, Mo(CO)6 and (C6H6)Cr(CO)3 were obtained from Aldrich and used without any further 

treatment. 

The CPO-27-Ni material Ni2(dhtp)(H2O)2·8H2O was synthesized at 383 K from a stoichiometric 

solution of nickel(II) acetate and 2,5-dihydroxyterephthalic acid in a THF–water mixture, following 

a recipe reported in literature [13]. Powder X-ray diffraction data confirm the structure of the 

compound. When dehydrated at 393 K, the sample presents a BET surface area of 

981 m2 g−1 (Langmuir surface area of 1083 m2 g−1) and pore diameter of 11–12 Å [13]. 

2.2. Methods 

2.2.1. In situ grafting of M(CO)3 moieties 

Prior to dosage of metal hexacarbonyls, CPO-27-Ni was activated in vacuum at 393 K to remove all 

the physisorbed and coordinated water molecules. M(CO)6 (M = Cr or Mo) was then dosed from the 

gas phase upon vacuum sublimation of the solid at room temperature. The CPO-27-Ni loaded with 

M(CO)6 was further treated at 393 K in order to react M(CO)6 with the support. The reaction 

temperature was chosen on account of the limited thermal stability of the matrix. 

2.2.2. FTIR spectroscopy 

FT-IR spectra were collected in transmission mode at 2 cm−1 resolution on a Bruker IFS66 

spectrophotometer equipped with a DTGS (deuterated triglycine sulfate) detector. FT-IR 

measurements were performed on a thin layer of sample deposited on silicon disk, in order to obtain 

in scale FT-IR spectra also at low frequency value, where strong IR absorption bands due to 

framework vibrational modes appear. The sample was placed inside a homemade IR cell that 

allowed us to perform in situ sample activation in high vacuum (10−4 mbar) or in controlled 

atmosphere, the dosage of probe molecules through gas or vapor phase and simultaneous spectra 

collection. For comparison, the IR spectra of Cr(CO)6 and (η6–C6H6)Cr(CO)3 in THF solution were 

recorded in a cell for liquid. 

2.2.3. Theoretical calculations 

The calculations were performed with the Gaussian 03 software package [23] at the B3LYP level of 

calculation [24] and [25]. The CPO-27-Ni framework was modeled by means of p-C6H4(COONa)2. 

For the hydrogen atoms, the standard Pople basis set supplemented by diffuse and polarizability 

functions 6-311++G(2d,2p) has been adopted[26] and [27]. Sodium has been modeled by means of 

the fully optimized triple-ζ valence basis sets proposed by Ahlrichs et al. [28] supplemented by 

polarization (TZVp). For all the other elements, the TZV basis set has been augmented by two sets 

of polarization functions derived from the original ones following an even-tempered recipe, that is 

by substituting the polarization orbital in the basis set with two orbitals, having respectively the 

coefficient doubled and halved with respect to the parent orbital. The so obtained basis sets will be 

indicated as TZV2p. Geometry optimization has been carried out by means of the Berny 

optimization algorithm with analytical gradient. No geometrical constraints have been imposed. 

Harmonic frequencies have been obtained by analytically determining the second derivatives of the 

energy with respect to the Cartesian nuclear coordinates and then transforming to mass-weighted 

coordinates. No scaling factor has been adopted. For further details on the calculations please refer 

to Ref. [22]. 
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3. Results and discussion 

3.1. FT-IR spectra of CPO-27-Ni and M(CO)6 

In our previous work related to the functionalization of UiO-66 with Cr(CO)6, we demonstrated that 

FT-IR spectroscopy coupled with theoretical calculations is a very sensitive technique to prove the 

occurrence of arene functionalization by a metal tricarbonyl [12]. A multi technique approach based 

on UV–visible and XAS results complemented the FT-IR data thus confirming the traced 

conclusions. Because of the relative simplicity of the experimental set up necessary for FT-IR 

measurements, herein we explored the functionalization of CPO-27-Ni by FT-IR spectroscopy only. 

Before addressing the core of the experiment, the FT-IR spectra of both CPO-27-Ni matrix and 

M(CO)6 reagent will be briefly discussed. The FT-IR spectrum of the activated CPO-27-Ni is 

reported in figure S1 (Supporting Information). The spectrum shows several intense absorption 

bands below 1650 cm−1, mainly due to the vibrational modes of the carboxylate, oxo (symmetric 

and asymmetric C–O stretching) and the phenyl functionality of organic linkers. In the lowest 

frequency region (600–400 cm−1) IR absorption bands assigned to vibrations of metal-oxo species 

are also well defined; whereas in the frequency region above 1600 cm−1 many combination and 

overtone bands appear, along with IR bands due to C–H fundamental vibrations. An extended 

description of the vibrational features of CPO-27-Ni is reported elsewhere [17] and [19]. For the 

scope of the work, it is sufficient to remember that in the 2000–1900 cm−1frequency region, where 

the main vibrations due to M(CO)6 and (η6-arene)M(CO)3appear [29], no absorption bands due 

CPO-27-Ni are observed. 

As reported previously [29], the IR spectrum of M(CO)6 (M = Cr, Mo) in the gas phase is 

characterized by four IR absorption bands, centered around 2000, 670, 440, and 100 cm−1, which are 

assigned respectively to the four IR-active vibrational modes (T1usymmetry): CO stretching, ν(CO); 

metal–carbon–oxygen bending, δ(M–C–O); metal–carbon stretching, ν(M–C) and carbon–metal–

carbon deformation, def(C–M–C), respectively. Because of instrumental limitations, only the ν(CO) 

and δ(Cr–C–O) regions were accessible and therefore only these two IR absorption bands will be 

discussed hereafter. The decreased symmetry of M(CO)6 species [30] in solution and in solid state 

results into a small shift to lower frequency of the IR absorption bands and into the appearance in 

the IR spectrum of some Raman-active vibrational modes(ν(CO): 2112 and 2018 cm−1; δ(Cr–C–O): 

436 cm−1; ν(MC): 381 and 394 cm−1). As an example, in the IR spectrum of Cr(CO)6 dissolved in 

THF (Fig. 1a, gray curve) the main IR absorption bands are shifted to lower frequency with respect 

to the gas phase values (ν(CO) at 1979 cm−1 and δ(Cr–C–O) at 665 cm−1 vs. 2000 and 668 cm−1). The 

Raman-active ν(CO) vibration is also visible (Eg symmetry, weak band at 2020 cm−1). 
 

 
Fig. 1.  
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Experimental IR spectra of Cr(CO)6 (gray), (η6-C6H6)Cr(CO)3 (black) in THF (part a) and in CPO-27-Ni (part 

b). (Part c) Computed unscaled IR spectra for the Cr(CO)6 (gray), [η6-C6H4(COONa)2]Cr(CO)3 staggered (light 

gray) and eclipsed (black) conformers. 

 

Similar spectral changes are observed for M(CO)6 adsorbed on a solid 

support, [1], [2],[4], [6], [7], [31] and [32] for which the number of IR absorption bands and the 

magnitude of shift for ν(CO) in comparison to M(CO)6 in gas phase depend on the type of 

interaction between M(CO)6 and the support surface. Generally speaking, metal carbonyls can 

interact with a surface following two different routes depending on the chemical and physical 

properties of the surface: Ligand centered interaction, where metal carbonyls are bound to the 

surface through the O atoms by donor–acceptor interaction with Lewis sites, hydrogen bonding with 

hydroxylated surface or weak physisorption on covalent surface or Metal centered 

interaction (inner sphere reactions), which mainly involve attack at the metal center and can be 

facilitated by primary O-bonding to the support, since this alters the electron density distribution of 

the metal carbonyl. 

3.2. Adsorption and reactivity of Cr(CO)6 onto CPO-27-Ni 

The FT-IR spectrum of Cr(CO)6 adsorbed on CPO-27-Ni at room temperature (gray spectrum 

in Fig. 1b and S2) is more complex than that of Cr(CO)6 in THF solution: in fact, in addition to the 

main IR absorption bands at 1994, 1974 and 1951 cm−1 due to the IR-active CO stretching 

vibrations of T1u symmetry, a weak IR absorption band at 2110 cm−1and a doublet at 2040–

2030 cm−1 were observed. These bands are assigned to the Raman active CO stretching vibrations of 

A1g and Eg (non-degenerate) symmetry, respectively. In the low frequency region a vibration 

associated to δ(Cr–C–O) is observed around 662 cm−1 (∼6 cm−1 red shifted from the gas value, 

668 cm−1). Both the splitting of the ν(CO) band in several components and the presence of intense 

bands due to Raman active modes, provide evidence that adsorption induced a distortion of 

Cr(CO)6 from the perfect octahedral symmetry. Although evident also for Cr(CO)6 in MOF-

5 [11] and UiO-66 [12] the distortion is greater in the present case and is induced by the presence of 

open nickel sites. The strong binding of Cr(CO)6 to CPO-27-Ni is also supported by: (i) the almost 

complete irreversibility upon outgassing at room temperature; (ii) the observation that CO (which is 

a strong probe for Ni2+ sites in CPO-27-Ni) is not able to displace Cr(CO)6 (see Figure S3 for details 

and the corresponding discussion). The ordered distribution of Ni2+ open sites implies an ionic 

character of the microporous framework that acts as host for the M(CO)6 units. Similar results were 

previously observed for M(CO)6 adsorption on solid supports having unsaturated surface metal 

sites [2], [4], [5] and [7] and were rationalized through the interaction between the solids’ Lewis 

sites and adsorbed M(CO)6. Therefore, in analogy with these precedents, the strong interaction 

observed between Cr(CO)6 and the CPO-27-Ni can be explained by considering the polarizing 

nature of the surface. Conversely, reactions with PS, UiO-66 and MOF-5 (materials with no 

unsaturated surface metal sites) required higher temperatures, could not be speed up by performing 

the thermal, and in general displayed reversible Cr(CO)6 adsorption, in stark contrast with our result 

with CPO-27-Ni. The formation of (η6-arene)Cr(CO)3 complexes inside CPO-27-Ni was achieved 

by thermal decomposition of the Cr(CO)6 precursor at 393 K; the reaction conditions were milder: 

shorter reaction time (1 h) and lower temperature (393 K) with respect to those reported for PS, 

UiO-66 (423 K for 12 h), [12] and MOF-5. [11]. Moreover, since the formation of (η6-

arene)M(CO)3 complex from the precursor M(CO)6 is in equilibrium with the reverse reaction of 

M(CO)6 reformation, as shown in Eq. (1), the yield of (η6-arene)M(CO)3complex was maximized by 

removing the CO released during the reaction (i.e. performing the thermal decomposition in 

dynamic vacuum). 

equation(1) 

Arene+M(CO) 6⇋(η 6-Arene)M(CO) 3+3CO  
Turn MathJaxon 
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The successful functionalization of CPO-27-Ni with Cr(CO)3 is demonstrated by the disappearance 

in the IR spectrum, of the IR absorption bands due to adsorbed Cr(CO)6and by the concomitant 

growth of new bands in the ν(CO) region, as shown in Fig. 1b (black curve). Three IR absorption 

bands are present in the ν(CO) region: a sharp and intense band at 1993 cm−1 showing a low 

frequency shoulder at 1979 cm−1, a quite broad band at 1930 cm−1 and an intense and broader band 

at 1812 cm−1. The IR spectrum of the highly symmetric (η6-C6H6)Cr(CO)3 (Fig. 1a, black curve) 

shows two IR absorption bands in the ν(CO) region, at 1968 and 1890 cm−1, which are assigned to 

the non-degenerate total symmetric stretching ν(COtotsym) and to the doubly degenerate total 

asymmetric stretching ν(COasym) respectively [22] and [33]. The presence of three IR absorption 

bands in the ν(CO) region for Cr(CO)3 grafted on CPO-27-Ni suggests the rupture of the quasi-

degeneracy of the asymmetric stretching modes, due to the interaction of the CO molecules with the 

exposed Ni2+ ions. 

These results are supported by the previous calculations on [η6C6H4(COONa)2]Cr(CO)3[22] where 

the Na+ cations were chosen to simulate the effect of open metal sites nearby the Cr(CO)3 tripod. 

Among the two possible conformers (staggered and eclipsed, see inset in Fig. 1c) for [η6-

C6H4(COONa)2]Cr(CO)3 the minimum conformation was found to be the eclipsed one, opposite to 

what found for the parent complexes (η6-C6H6)Cr(CO)3 and [η6-C6H4(COOH)2]Cr(CO)3[22]. The 

higher stability of the eclipsed conformer would result from the mobility of the Na+ cation that, after 

the formation of Cr(CO)3 complex with arene ring of the linker, moves from its original position in 

order to interact with the negatively charged O atoms of the Cr(CO)3 unit. The computed IR spectra 

of the [η6-C6H4(COONa)2]Cr(CO)3 model in the staggered (light gray) and eclipsed (black) 

conformations are compared in Fig. 1c. The computed spectrum for the staggered conformer shows 

only two absorption bands at 2025 and 1983 cm−1, whereas the IR spectrum of the eclipsed 

conformer shows an additional IR absorption band at 1860 cm−1. The latter is due to the 

simultaneous interaction of one CO molecule with the Cr center (through the C atom) and the 

Na+ center (through the O atom). The corresponding ν(CO) is in fair agreement with that of the 

most red-shifted IR absorption band in the spectrum of (CPO-27-Ni)Cr(CO)3 (1812 cm−1), providing 

evidence that this band is originated by the direct interaction of one CO of the Cr(CO)3 tripod with 

the exposed Ni2+ ion through the O atom. Hence, the IR absorption band at 1993 cm−1 in the 

spectrum of (CPO-27-Ni)Cr(CO)3 (Fig. 1b, black curve) is assigned to the total symmetric 

stretching of the three CO molecules (ν(CO t o t s y m m) ), and the IR absorption bands centered at 1939 

and 1812 cm−1 to the asymmetric modes of the three CO (ν(CO)asymm). 

As a conclusion of this section, IR spectroscopy demonstrated that, despite the milder conditions, a 

faster reactivity is observed for Cr(CO)6 in CPO-27-Ni compared to Cr(CO)6in PS, UiO-66 [12] and 

MOF-5 [11]. The higher reactivity can be attributed to the presence of open Ni(II) sites, which play 

three important roles. First of all, the presence of Ni(II) sites determines a strong binding of 

Cr(CO)6 which is not removed by outgassing, neither displaced by incoming CO. Secondly, Ni(II) 

sites destabilize metal carbonyl molecules (as discussed above), favoring CO elimination. 

Destabilization of Cr(CO)6 is proved by the corresponding IR spectrum, showing several IR 

absorption bands in the ν(CO) region, which provide evidence that adsorption induces distorption of 

Cr(CO)6. Finally, the open Ni(II) sites act as CO scavenger which fasten the decomposition and 

frustrate the reverse reaction. This latter role (CO scavenger) is further demonstrated by the 

appearance in the IR spectrum of CPO-27-Ni heated in presence of Cr(CO)6 (in closed cell) of an IR 

absorption band at 2178 cm−1, which is associated to CO adsorbed on Ni(II) sites (figure S2) [21]. 

3.3. Adsorption and reactivity of Mo(CO)6 onto CPO-27-Ni 

A parallel study was performed using Mo(CO)6 as functionalizing molecule. The FT-IR spectrum of 

Mo(CO)6 adsorbed on CPO-27-Ni activated at 393 K is shown in Fig. 2 (gray curve). the 

molybdenum(0) hexacarbonyl Mo(CO)6 is likewise almost irreversibly adsorbed at room 

temperature on CPO-27-Ni. Similarly to Cr(CO)6, the IR spectrum of adsorbed Mo(CO)6 shows 

characteristic IR absorption bands that provide evidence of molecule distortion. In particular, the 

decreased symmetry is evidenced by the presence of additional IR absorption bands besides those 

http://www.sciencedirect.com/science/article/pii/S1387181111006469#f0005
http://www.sciencedirect.com/science/article/pii/S1387181111006469#f0005
http://www.sciencedirect.com/science/article/pii/S1387181111006469#b0110
http://www.sciencedirect.com/science/article/pii/S1387181111006469#b0165
http://www.sciencedirect.com/science/article/pii/S1387181111006469#b0110
http://www.sciencedirect.com/science/article/pii/S1387181111006469#f0005
http://www.sciencedirect.com/science/article/pii/S1387181111006469#b0110
http://www.sciencedirect.com/science/article/pii/S1387181111006469#f0005
http://www.sciencedirect.com/science/article/pii/S1387181111006469#f0005
http://www.sciencedirect.com/science/article/pii/S1387181111006469#b0060
http://www.sciencedirect.com/science/article/pii/S1387181111006469#b0055
http://www.sciencedirect.com/science/article/pii/S1387181111006469#s0080
http://www.sciencedirect.com/science/article/pii/S1387181111006469#b0105
http://www.sciencedirect.com/science/article/pii/S1387181111006469#f0010
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due to ν(CO), whose intensity is above saturation: a band at 2115 cm−1 and a doublet at 2043 and 

2028 cm−1 assigned to the Raman active A1g and Eg vibrational modes, respectively. 

 
Fig. 2.  

FTIR spectra of CPO-27-Ni activated (light gray curve), Mo(CO)6 (gray curve) and (η6-arene)Mo(CO)3(black 

curve). The inset reports the bending region of carbonyl complexes. Circles and asterisks mark the peaks 

corresponding to the eclipsed and staggered conformers, respectively. 

 

The thermal decomposition of Mo(CO)6 in CPO-27-Ni has been performed following the same 

procedure discussed for Cr(CO)6, and the resulting FT-IR spectrum is shown inFig. 2 (black curve). 

The IR absorption band characteristic of adsorbed Mo(CO)6disappears with the concomitant 

formation of a complex IR spectrum, where five main components can be distinguished. In 

particular, new IR absorption band at 1997 cm−1, a minor band at 1976 cm−1, a broad and complex 

absorption at 1934 cm−1 accompanied by a minor band at 1895 cm−1 and an intense IR absorption 

band at 1804 cm−1 are observed. In analogy to the chromium system discussed above, the main 

bands at 1997, 1934 and 1804 cm−1 (peaks marked with a circle in Fig. 2) can be associated to the 

eclipsed form of the tripod. In particular the IR component at 1997 cm−1 is ascribed to the total 

symmetric stretching ν(CO) t o t s y m m , while the doublet at 1934 and 1804 cm−1 is due to the 

asymmetric modes of the tricarbonyl ν(CO)asymm. The presence of the two additional bands at 

1976 cm−1, and at 1895 cm−1 (peaks marked with an asterisks in Fig. 2) can be justified by 

considering the formation of the staggered conformer, for which a doublet is expected (see part c 

of Fig. 1 and the description of the computational part). This assignment implies that in case of the 

(η6-arene)Mo(CO)3 complex, although the eclipsed conformer remains the most abundant, the 

staggered one is present, indicating that the relative stability of the two conformers is different for 

molybdenum vs. chromium complexes. 

3.4. Reversibility of the (η6-arene)M(CO)3 complex 

The stability of the formed (η6-arene)M(CO)3 complexes inside CPO-27-Ni was checked with 

respect to CO at room temperature. Fig. 3 shows the FT-IR spectra obtained for successive CO 

dosages on CPO-27-Ni functionalized with Cr(CO)3 (part a) and Mo(CO)3 (part b) species. The (η6-

arene)Cr(CO)3 moieties are found to be pretty stable and no changes in the FT-IR spectrum of (η6-

arene)Cr(CO)3 is observed after the addition of CO (bold gray curve, 16 mbar). On the contrary, the 

IR spectrum of (η6-arene)Mo(CO)3 complex significantly changes, even for a small addition of CO 

(gray curve 10 mbar). In particular the IR absorption band at 1804 cm−1 decreases in intensity, 

indicating that CO molecules partially displaces the formed complexes from the accessible 

Ni2+ sites. In parallel, the spectra show even more complex shape due to the growth of IR absorption 

bands at 2032 cm−1, 1968 cm−1, 1935 and 1899 cm−1. All these features suggest a partial restoration 

of the original Mo(CO)6 complex. 

http://www.sciencedirect.com/science/article/pii/S1387181111006469#f0010
http://www.sciencedirect.com/science/article/pii/S1387181111006469#f0010
http://www.sciencedirect.com/science/article/pii/S1387181111006469#f0010
http://www.sciencedirect.com/science/article/pii/S1387181111006469#f0005
http://www.sciencedirect.com/science/article/pii/S1387181111006469#f0015
http://www.sciencedirect.com/science/article/pii/S1387181111006469#gr2
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Fig. 3.  

Reversibility in the presence of CO of the reaction reported in Eq. (1) for Cr(CO)6 (a) and Mo(CO)6 (b). Light 

gray curve: spectrum of matrix before dosage of M(CO)6; black curve: anchored (η6-arene)M(CO)3; gray curve: 

evolution upon CO dosage. Inset is showing the bending region of the carbonyl complexes. 

 

4. Conclusions 

M(CO)6 adsorption inside CPO-27-Ni, and its successive thermal decomposition leading to grafted 

M(CO)3 species have been investigated by in situ IR spectroscopy revealing a distinctive reactivity 

with respect to the predecessor MOF-5 and UiO-66. Spectroscopically it has been shown how the 

open site in a MOF can induce a very peculiar spatial organization of the grafted moiety. The faster 

and stronger reactivity observed for M(CO)6 in CPO-27-Ni compared to that found in PS, UiO-66 

and MOF-5[11] and [12], can be attributed to the presence of open Ni(II) sites, that play an 

important dual role. First of all, Ni(II) sites destabilize metal carbonyl molecules favoring CO 

elimination and subsequent formation of surface-bonded subcarbonyl adducts and secondly they act 

as CO scavenger, which fastens the decomposition and frustrates the reverse reaction. 

In agreement with theoretical work recently published, the concomitant presence of two conformers 

for the grafted organometallic moiety (η6-arene)M(CO)3, corresponding to the staggered and 

eclipsed conformers has been evidenced. The presence of a strong interaction between one carbonyl 

ligand and the acid site (the open Ni(II) site in the MOF scaffold) favors the formation of the 

eclipsed form. The eclipsed conformer is the only species evidenced in case of (η6-

arene)Cr(CO)3 complex, while for (η6-arene)Mo(CO)3species, the staggered form was also 

observed. 
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