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    Owing to the complexity of products,  the low selectivity, and the limited availability of 24 

natural sources, the site-selective reaction of multi-functional linear small molecules is still 25 

a hot topic in the field of catalysis. A suitable catalyst is required to adjust the reaction 26 

trajectories of a multi-functional linear molecule for enhancing the selectivity; it should 27 

possess both a designed active site in the channel and a uniform confinded channel to 28 

restrict the molecular rotation. In recent years, nanoparticles (NPs) have been incorporated 29 

in metal-organic frameworks (MOFs) characterized with ordered nanochannel and 30 

tailorable porosity, making NPs/MOFs the outstanding candidates as the catalytic 31 

nanoreactor for heterogeneous catalysis. Herein, we developed NPs/MOFs catalysts with 32 

site-selectivity for the oxidation of diols through limiting the random rotation of the 33 

molecule within the confined space of the MOF channel. Hence, by steric hindrance, the 34 

middle -OH group was protected and only termianl -OH group was transferred to 35 

aldehydes group (in fact, the middle –OH group is more unstable than the terminal one). 36 

The above-mentioned strategy is general, which can also be extended to the site-selective 37 

reaction of other similar multi-functional linear molecules, for instance, the reduction of 38 

unsaturated aldehydes and alkadienes.  39 

 40 

Site-selective reaction of multi-functional linear small molecules is crucial to the development 41 

of chemical synthesis1. However, differentiating those similar functional groups with comparable 42 

activity in one molecule to achieve site selectivity remains a challenge, which usually gives rise 43 

to complex products as well as low selectivity2. The low selectivity is due in part to the random 44 

rotation of the molecule in an open reaction space which offers functional groups equal 45 

opportunity to contact the catalyst3. If we apply a narrow chemical channel environment to a 46 
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linear molecule, the molecule will lose the capability of free rotation. Then, this strategy gives its 47 

end functional group a chance to contact catalytic center in the end of the channel but not the 48 

middle funcational group. In Venice, there is a unique attraction called “Gondola”. The 49 

“Gondola” can change directions randomly while sailing through wide canals. When entering 50 

into the narrow “Venetian Canal”, however, the “Gondola” cannot choose but must move straight 51 

ahead due to the limited space available. Inspired by this phenomenon, we supposed that if the 52 

“Gondola” corresponding to the multi-functinal linear molecule enters the narrow “Venetian 53 

Canal” corresponding to a catalyst channel, then the rotation and diffusion of molecule will be 54 

controlled in the limited space and not all functional groups can contact the active sites due to 55 

steric hindrance. Hence, a suitable catalyst featuring both a uniform channel to limit molecular 56 

rotation and the encapsulated active site to supply high reactivity would be a powerful tool for 57 

realizing site-selective reaction of multi-functional linear small molecules. 58 

Metal-organic frameworks (MOFs)4-6, a new type of porous crystalline materials, have 59 

attracted research attention due to their unique porous structures and diverse compositions, and 60 

the applications of MOFs have been explored in a wide range of fields, such as gas storage7, gas 61 

separation8, chemical sensing9,10, drug delivery11, energy storage12, and in particular, catalysis13-62 

15. Indeed, using MOFs as catalysts is one of their earliest proposed16 as well as demonstrated 63 

applications17. MOFs not only share some of the relevant features of traditional zeolites 64 

catalysts18 in terms of uniform pore size and large surface area, but also offer more opportunities 65 

in terms of novel catalyst design. For example, because of the inorganic-organic bi-66 

compositional nature of MOFs, their diverse synthetic strategies and gentle synthetic conditions, 67 

the physical, chemical and biological environments of the cages or channels within MOFs can be 68 

flexibly engineered either by the introduction of organic ligands with specific functional 69 
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groups/unsaturated metal sites during MOF growth19, 20 or by post-modification methods21, 22. 70 

Such engineering cannot be easily realized by zeolites due to their pure inorganic nature and 71 

harsh synthetic conditions. In addition to providing an abundant pore environment, MOFs can 72 

also serve as unique hosts for the incorporation of functional species (e.g. metal nanoparticles, 73 

NP) to structure heterogeneous catalysts. Different from zeolites, MOFs can not only serve as 74 

substrates for the dispersion of NPs23, but also perfectly encapsulate NPs within their matrices24-75 

26. The encapsulation enables abundant possibilities for the further application of MOFs in 76 

catalysis, especailly in selective catalysis, by combining the molecular sieve properties of MOFs 77 

and the catalytically active sites of NPs. Thus, MOFs will exhibit unique advantages as catalysts 78 

in fine chemistry and chemical synthesis. However, most studies of NPs/MOFs hybrid catalysts 79 

have focused on the size- or shape-selectivity of the reactants and products, while the 80 

development of site-selectivity in multifunctional linear small molecule catalytic reactions still 81 

remains in its infancy, despite the significance of site-selectivity in catalytic functionalization of 82 

molecules with multi-functional groups.  83 

Pharmaceutical, chemical and biological molecules usually contain several similar functional 84 

groups with comparable activity27, such as, hydroxy or C=C bonds, which poses a significant 85 

synthetic challenge because a highly site-selective catalyst is required to differentiate the 86 

functional groups. Enzymes28, 29 are the specific and effective catalysts that orient and activate 87 

substrates via specific non-covalent or steric interactions between functional groups on the 88 

catalyst and reactant to dramatically increase the selectivity of organic transformations. However, 89 

enzymes do not provide a general solution to the problem due to their demanding living 90 

environment. Consequently, the study of synthetic organic molecules for site-selective catalysis 91 

is increasingly important. Some researchers have employed directing groups or reagents to 92 
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demonstrate selective functionalization of molecules with several similar functional groups, such 93 

as, site- and enantioselective epoxidation of certain positions of polyene and the site-selective 94 

oxidition of diols2, 30-35. However, both of these tools, enzymes or modified organic molecules, 95 

are often applicable to only one type of reaction. By contrast, some heterogeneous catalysts 96 

either modified with capping ligands36 or encapsulated active sites37, 38 permit universal selective 97 

oxidation or hydrogenation by employing steric hindrance. Nevertheless, the capping ligands are 98 

restricted to thiol, oleic acid and oleylamine molecules with long chains or special metal-sulfur 99 

interaction. In addition, the encapsulation of the active within the existing catalytic carriers 100 

(zeolites, carbon and silica) is hindered by the harsh synthesis conditions39. Hence, it’s necessary 101 

to search for the universal catalysts that can achieve site-selective catalysis with broad reaction 102 

scopes in multi-functional linear molecules.  103 

Herein, we report the application of a NP/MOF hybrid catalyst that can react selectively with 104 

one functional group amomg several similar groups in a linear small molecule by combining the 105 

pore confinement effect of MOFs and the catalytic activity of NPs. NPs encapsulated in MOFs 106 

matrixes may be referred to as “host-guest” complexes40, 41. Generally, the molecule must diffuse 107 

along the MOF channel to contact the catalytic center and to activate the functional group. 108 

However, in contrast to open space, the regular and confined MOFs channel space limits the 109 

molecular movement, arrangement and rotation. Consequently, not all the functional groups can 110 

contact the catalytic sites, and site-selectivity can be achieved. In this contribution, we utilize the 111 

concept to design the pore size of NP/MOF catalysts and to demonstrate site-selective oxidation 112 

of diols and site-selective hydrogenation of alkadiene. First, in contrast to literature methods, the 113 

NP/MOF catalyst is not constrained to only one type of reaction but is also applicable to a wide 114 

range of reactions, such as oxidation reaction, hydrogenation reaction, etc. Second, in contrast to 115 
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enzymes and synthetic organic catalysts, the preparation and design of catalysts do not require a 116 

complex chemical synthesis procedure but can be achieved simply by adjusting the species of 117 

NPs and the constructed units of MOFs. To obtain a fundamental understanding of the different 118 

molecular movements in limited and open space, molecular dynamic simulation was furthur 119 

employed to study the penetration of diols and alkadienes across the frameworks of MOFs. The 120 

simulation results were consistent with the experimental data, further demonstrating that the site-121 

selective reaction of multi-functional molecules can be achieved by precisely engineering the 122 

channel of NPs/MOFs.  123 

Results  124 

The design and strucure characterization of NPs/MOFs. To realize our concept, the NP/MOF 125 

catalyst was rationally designed and synthesized. Of the three dimensional Zn- or Zr-containing 126 

MOFs known to be stable under all types of conditions, ZIF-842, 43 (Fig. 2a) and UiO-6625, 44, 45 127 

(Fig. 2d) were taken as examples to study site-selective catalysis. Platinum (Pt) NPs served as 128 

catalysts due to their outstanding catalytic activity46 and Pt NPs was kept same in all catalysts 129 

(Pt/MOFs, Pt-CNT) in order to avoid effects of the Pt NPs in the catalytic reaction. In a typical 130 

synthesis, methanolic or dimethylformamide (DMF) solutions of metal salt, organic ligands and  131 

2.9 nm Pt NPs modified with polyvinyl pyrrolidone (PVP) were briefly mixed and then kept at 132 

certain temperature for 24 h without stirring. The products, referred to as Pt/MOFs (in this case, 133 

the products are Pt/ZIF-8 and Pt/UiO-66), were collected by centrifugation and then washed with 134 

methanol or DMF. Fig. 2b and Fig. 2e present transmission electron microscopy (TEM) images 135 

of the obtained Pt/ZIF-8 and Pt/UiO-66 composites respectively, which exhibited intact crystal 136 

morphology. Notably, no aggregation of Pt NPs was observed inside the MOFs matrixes and no 137 

Pt NPs were observed on the MOFs surface. In addition, as observed in the N2 adsorption-138 
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desorption analysis, the steep increase in N2 uptake at low relative pressure indicated the 139 

microporous structure of the ZIF-8 and UiO-66 crystals (Fig. 2c, 2f). Interestingly, the 140 

incorporation of Pt NPs did not alter the pore size distribution of the MOF matrix, therefore, 141 

Pt/ZIF-8 and Pt/UiO-66 exhibited uniform aperture sizes (ZIF-8 3.4 Å42, 43, 47, UiO-66 6 Å44, 45). 142 

These results indicate that, instead of occupying the MOF cavities, the introduced NPs are 143 

gradually surrounded by the growing MOFs. Based on the unique structure of NPs/MOFs, site-144 

selective catalysis may be achieved by confining the NPs at the center of the MOFs as well as by 145 

using the limited channel of the MOFs to block reactant trajectories that lead to undesired 146 

products. Hence, oxidation of diols and hydrogenation of alkadiene were chosen as example 147 

reactions to confirm  that the site-selectivity can indeed be achieved by our NP/MOF hybrid 148 

catalyst. 149 

Site-selective oxidition of diols by using the NPs/MOFs. Site-selective oxidation is important 150 

in the synthesis of fine chemical and pharmaceutical intermediates, and in particular, the 151 

oxidation of diols to aldehydes is a fundamentally important laboratory and commercial 152 

procedure. The site-selective catalysis of diol by homogeneous catalysts33, 35 such as enzymes, 153 

protein and synthetic organic molecules has been studied, but the selective manipulation of 154 

several very similar reactive hydroxy groups within a molecule remains a significant challenge in 155 

the development of heterogeneous catalysis. In this case, hexan-1,5-diol, which contains one 156 

primary hydroxy group and one secondary hydroxy group, was used as an example to study 157 

selective oxidation. Each experiment was conducted over a period of up to 12 h at 393 K. For the 158 

common mechanism of alcohol oxidation on a metal surface, the hydroxy group must fisrt 159 

adsorb on the metal surface, resulting in the formation of metal alkoxide and metal hydride; next, 160 

a hydrogen atom is removed by a surface metal atom via a b-hydride elimination process; finally, 161 
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the metal active site is regenerated via the oxidation of adsorbed hydrogen by molecular 162 

oxygen48-50. For the oxidation reaction of hexan-1,5-diol (Tab. 1), Pt NPs deposited on carbon 163 

nanotube (Pt-CNT) as a common catalyst simultaneously catalyzed the oxidation of two hydroxy 164 

groups, the primary hydroxyl to aldehyde and the secondary hydroxyl to ketone, without 165 

selectivity. These results can be attributed to the open reaction space around the Pt-CNT catalyst, 166 

which permits random molecular rotation and contact of the Pt surface by both the primary and 167 

the second hydroxy group. Encapsulation of the Pt NPs in UiO-66 with a large aperture size (6 168 

Å) gradually increased the selectivity for primary hydroxy groups to 72.9%, much higher than 169 

that of Pt-CNT (45.1%), even though both of the hydroxy groups can still be oxidized owing to 170 

the large pore size, which is sufficiently large to permit molecular rotation. Interestingly, Pt NPs 171 

encapsulated in ZIF-8 as catalysts achieved partial oxidation of hexan-1,5-diol with 100% 172 

selectivity, i.e., only the primary hydroxyl was oxidized but not the secondary one 173 

(Supplementary Fig. 1). The selectivity may be attributable to small aperture size (3.4 Å) of 174 

ZIF-8 crystal, which only allowed the primary hydroxy group to touch the Pt NP surface but 175 

restrained the secondary hydroxy group from touching the Pt NPs surface. The crystal structure 176 

of the catalysts was preserved after the catalytic reactions and no degradation was detected by 177 

TEM, XRD and BET (Supplementary Fig. 2-4). To further confirm the concept, the oxidation 178 

reactivity of Pt/ZIF-8 toward hexan-1-ol, hexan-2-ol, and hexan-3-ol was compared(Tab. 1). As 179 

expected, Pt/ZIF-8 oxidized hexan-1-ol but exhibited no oxidative activity towards hexan-2-ol 180 

and hexan-3-ol, whereas Pt/UiO-66 and Pt-CNT indiscriminately oxidized all three alcohols.  181 

Based on the above results, there may be two major reasons for the selective oxidation of diols 182 

using Pt/ZIF-8 as a catalyst (Fig. 3). The first is the priority of molecule diffusion into MOFs 183 

pores. The primary hydroxy group (1.9 Å) diffuses more easily through the pore apertures of the 184 
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ZIF-8 shells (3.4 Å) than the secondary hydroxy group (2.5 Å), in agreement with the results of 185 

molecular dynamic simulation (Tab. 2). Hence, the primary hydroxyl has priority to enter the 186 

pore apertures of ZIF-8 and touch the surface of Pt NPs. Conversely, the secondary hydroxy has 187 

low probability to enter the ZIF-8 channel because of steric effect. The second reason is the 188 

molecule arrangement in the MOF channel. The ZIF-8 pore aperture supplies sufficient space for 189 

the primary hydroxy group to diffuse and touch the Pt surface, whereas for the secondary 190 

hydroxy group, the -CH3 may touch the Pt surface first. In the latter situation, oxidation of the 191 

secondary hydroxy group can occur only by rotation of the secondary hydroxy group and -CH3, 192 

which is not permitted by the pore size of ZIF-8. Hence, even though the secondary hydroxy 193 

group enters the ZIF-8 pore apertures, the oxidation reaction can rarely occur because of the lack 194 

of space for secondary hydroxy rotation. By contrast, the UiO-66 shell has a larger pore size (6 195 

Å), which provides the space required for the rotation of the secondary hydroxy group and -CH3 196 

without serious hindrance. Thus, Pt/UiO-66 exhibits catalytic activity for the oxidation of both 197 

primary and secondary hydroxy groups. 198 

To confirm the above hypothesis, a molecular dynamic simulation was employed to study the 199 

penetration of the hexan-1,5-diol molecule across the frameworks of ZIF-8 and UiO-66, and to 200 

obtain a fundamental understanding of the molecular movement in limited space and open space. 201 

Detailed information on the crystal data of the MOFs, structural information for the organic 202 

molecule, and the simulation conditions are described in the supporting information 203 

(Supplementary Tabs. 8-9). The crystal structures of ZIF-8 and UiO-66 were determined using 204 

a computationally assisted procedure with a unit cell of 8×8×8 for ZIF-8 and 2×2×2 for UiO-66. 205 

First, 200 molecules of hexan-1,5-diol were taken as an example to study the priority of 206 

molecule diffusion into ZIF-8. As shown in Tab. 2, the primary hydroxy group (A-OH) has a 207 
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much higher tendency (88.8%) to diffuse into the ZIF-8 framework than the secondary hydroxy 208 

group (B-OH, 11.2%), corroborating our assumption that A-OH, with smaller steric hindrance 209 

than B-OH, can more easily enter the ZIF-8 framework. In addition, the snapshot of the 210 

penetration of hexan-1,5-diol in ZIF-8 also demonstrated that most of the hexan-1,5-diol 211 

molecules are arranged with the A-OH end downwards and the B-OH end upwards (Tab. 2). 212 

This simulation result corresponds well with the hypothesized priority of molecule diffusion into 213 

MOF pores. However, among the two sides -CH3 (B-CH3) and B-OH, which one will diffuse into 214 

ZIF-8 first is an intriguing issue yet to be figured out. Through analysis of the sequence of B-215 

CH3 and B-OH, B-CH3 has 100% priority to diffuse into the ZIF-8 frameworks compared to B-216 

OH. These simulation results are consistent with our experimental results: the primary hydroxy 217 

group has 100% selectivity for penetration across the ZIF-8 framework. For UiO-66, 100 218 

molecules of hexan-1,5-diol were employed to study the penetration process (Tab. 2), which 219 

revealed much lower selectivity (63.6%) in the priority of molecule diffusion, probably due to 220 

the larger pore size of UiO-66 (Supplementary Fig. 5). Furthermore, analysis of the 36.4% 221 

molecules in which the secondary hydroxy group diffused first revealed that only the 12.4% of 222 

B-OH diffuse out of UiO-66 frameworks prior to B-CH3. Although the simulation result (12.4%) 223 

is lower than the experiment result (27%) in the selectivity of the secondary hydroxy group, it 224 

still serves as a strong evidence that the large pore size permits random rotation of molecules and 225 

leads to the poor selectivity between the primary and secondary hydroxy group in hexan-1,5-diol 226 

molecules. Hence, the designable and tunable pore size of MOFs is essential for site-selective 227 

oxidation of diol. In addition to the preparation of various MOFs with different pores, the pore 228 

size and pore environment of as-prepared MOFs can be designed and adjusted by using a post-229 
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modification method, indicating that the versatility of NPs/MOFs can be utilized for a broad 230 

range of applications in the field of site-selective catalysis. 231 

Site-selective hydrogenation of alkadiene by using the NPs/MOFs. In addition to selective 232 

oxidation, selective hydrogenation of one part of bifunctional linear small molecules is also a 233 

fundamental challenge in heterogeneous catalysis. Thereofre, achievement of site-selective 234 

hydrogenation reaction via the simple physical limitation of the pore size of Pt/ZIF-8 would have 235 

a huge impact. A model diene reactant, (E)-hex-1,4-diene, was employed as an example in 236 

selective hydrogenation reaction. In the absence of the ZIF-8 shell, Pt NPs simultaneously 237 

catalyzed the hydrogenation of two C=C double bonds to produce hexane at 35 oC for 24 h under 238 

static conditions. Once encapsulated, Pt/ZIF-8 as catalyst partially hydrogenated (E)-hex-1,4-239 

diene to (E)-hex-2-ene and exhibited no activity on secondary C=C double bonds (Tab. 3). The 240 

results are similar to the oxidation of diol: the small aperture size of ZIF-8 does not allow 241 

random rotation of the molecules. As a result, only the terminal C=C group can be transformed 242 

into the C-C group, and the middle C=C functional group is protected by the simple physical 243 

limitation of MOF’s pore apertures. In addition, Pt/ZIF-8 composites were evaluated for the 244 

comparative hydrogenation reactions of pent-1-ene, (E)-pent-2-ene, and (E)-hex-3-ene (Tab. 3). 245 

The results were consistent with those of the above described experiment. In additon, Pt/ZIF-8 246 

exhibited activity for pent-1-ene but no activity for the hydrogenation of the C=C double bond at 247 

the second or third carbon in the olefins. The higher conversion of hydrogenation of pent-1-ene 248 

than that of hex-1-ene16 was probably due to the smaller size of pent-1-ene and, consequently, its 249 

faster diffusion rate. Both Pt/UiO-66 and Pt-CNT indiscriminately catalyzed the hydrogenation 250 

of all olefins because of their large pore sizes and low steric hindrance (Supplementary Fig. 5). 251 
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The crystal structure and microporous nature of the catalysts were preserved after reaction, with 252 

no degradation detected by TEM, XRD and BET (Supplementary Fig. 8-10). 253 

Compared with hexan-1,5-diol (88.8%), the side C=C group of the (E)-hex-1,4-diene 254 

molecules have lower priority (70.8%) to enter the ZIF-8 pore aperture, probably due to the 255 

similar steric hindrance of terminal-CH3 (B-CH3) and terminal -CH2 (A-CH2) (Supplementary 256 

Tab. 3). The results can also be demonstrated by the snapshot of the penetration of (E)-hex-1,4-257 

diene in ZIF-8 and UiO-66 (Supplementary Fig. 10-11). The difference between the terminal 258 

C=C and the secondary C=C is the molecular arrangement in the limited space (Supplementary 259 

Fig. 7). The terminal C=C can diffuse through the pore apertures of ZIF-8 and directly contact 260 

the Pt surface, resulting in reaction. If the secondary C=C enters the ZIF-8 pore aperture, then the 261 

-CH3 touches the Pt surface first, as confirmed by the simulation results which indicate that 262 

100% of -CH3 diffuse out of the ZIF-8 framework prior to the secondary C=C group. In this 263 

situation, hydrogenation of secondary C=C can occur only by rotation of the (E)-hex-1,4-diene 264 

molecules and adsorption of the secondary C=C bond. However, the ZIF-8 pore size is not 265 

sufficiently large for rotation of the molecule. Hence, even if the secondary C=C end enters the 266 

ZIF-8 pore apertures, the hydrogenation reaction cannot occur. The selective hydrogenation 267 

reaction can also be achieved by incorporation of the NPs in a MOF matrix with tunable pore 268 

sizes.  269 

Site-selective hydrogenation of unsaturated aldehydes by using the NPs/MOFs.This concept 270 

of site-selectivity can also be verified by the selective hydrogenation of unsaturated aldehydes. 271 

The molecule (Z)-hept-4-enal, which has C=O and C=C bifunctional groups, was also taken as 272 

an example to study the site-selective catalysis. Pt/ZIF-8 as the catalyst partially hydrogenated 273 

(Z)-hept-4-enal to (Z)-hept-4-en-1-ol and showed no activity on the third C=C double bond 274 
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(Supplementary Tab. 5). These results are in agreement with the selective oxidation of diols 275 

and the selective hydrogenation of alkadiene. Therefore, in addition to the selective oxidation 276 

reaction of diols, the selective hydrogenation reaction of alkadienes and unsaturated aldehydes 277 

can be achieved by engineering the MOF channels to sterically hinder the middle functional 278 

group, indicating the wide possible reaction scopes of our proposed NPs/MOFs hybrid catalysts.  279 

Discussion 280 

In summary, we have demonstrated the concept that a simple heterogeneous catalyst, 281 

NPs/MOFs, can perform site-selective catalysis for the formation of a single product from 282 

bifunctional linear small molecules by suitably engineering the pore size and pore environment 283 

of the MOFs. Pt/ZIF-8, as a heterogeneous catalyst, provides site-selectivity for oxidation of 284 

diols and hydrogenation of alkadienes and unsaturated aldehydes based on protection of the 285 

secondary functional group by the simple physical space limitation of the MOF pores. Moreover, 286 

the penetration of diol and alkadiene molecules in the MOF channels was analyzed by molecular 287 

dynamic simulation, which confirmed the experimental reuslts and the proposed concepts. 288 

Developing NPs/MOFs as a catalyst for site-selective catalysis to obtain a single product by 289 

using microporous MOFs to block reactant trajectories that lead to undesired products is a state-290 

of-the-art development for heterogeneous catalysis. Furthermore, the concept described herein is 291 

not only suitable to the field of catalysis, but also offers a new perspective to overcome an 292 

acknowledged difficulty (selective activity of C-H bond) in organic synthesis and pharmaceutical 293 

preparation.  294 
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 447 

 448 

 449 

Figure legends 450 

 451 

Figure 1 | Schematic representation of the site-selective catalysis of multi-functional linear 452 

molecule. The multi-functional linear molecule corresponds to the “Gondola” and the each 453 

channel of the MOF corresponds to a narrow “Venetian Canal”. When the “Gondola” sails into a 454 

narrow “Venetian Canal”, it can only proceed directly ahead because the narrow canal does not 455 

supply sufficient space for rotation of the “Gondola”. Hence, even though the side of the middle 456 

group enters the MOF pore apertures, reaction rarely occurs because of the lack of space for the 457 

middle group rotation. 458 
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 459 

 460 

Figure 2 | The structure of Pt/ZIF-8 and Pt/UiO-66. a and d the crystal structure of ZIF-8 and 461 

UiO-66, respectively. b and e the TEM images of Pt/ZIF-8 and Pt/UiO-66, respectively. c and f 462 

N2-adsorption-desorption isotherms of Pt/ZIF-8 and Pt/UiO-66, respectively, at 77 K. 463 

 464 
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 467 

 468 
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 470 

Table 1 | Comparison of the selectivity of the Pt/ZIF-8, Pt/UiO-66, and Pt-CNT as catalysts for 471 

hexan-1,5-diol oxidation of the corresponding aldehydes.  472 

 473 

Reactant Catalyst Product Conversion Selectivity(%) 

   (%) 1 2 

 

Pt/ZIF-8  29±0.1 100 0 

Pt/UiO-66  29±0.2 73±0.1 27±0.1 

Pt-CNT  24±0.3 45±0.1 55±0.1 

 

Pt/ZIF-8 13±0.1   

Pt/UiO-66 21±0.3   

Pt-CNT 37   

 

Pt/ZIF-8 0   

Pt/UiO-66 11±0.2   

Pt-CNT 22±0.3   

 

Pt/ZIF-8 0   

Pt/UiO-66 10±0.2   

Pt-CNT 21±0.5   

Reaction condition: reactants 50 uL, Toluene 15 uL and oxygen 15 bar. Reactions were 474 

performed in toluene at 120 oC for 12 h. Detailed reaction conditions are given in the 475 

supplementary information.  476 
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 477 

 478 

Figure 3 | Schematic illustration of the selective oxidation of hexan-1,5-diol. The ZIF-8 and 479 

UiO-66 pore apertures all allow the primary –OH group to enter and touch the surface of Pt NPs. 480 

However, when the secondary –OH group of the hexan-1,5-diol diffuses into the MOF pore 481 

apertures, the UiO-66 pore aperture is sufficiently large to permit the rotation, thereby allowing 482 

the secondary –OH group to touch the surface of Pt NPs. Conversely, the ZIF-8 pore apertures 483 

do not provide sufficient space for rotation of the secondary –OH group, thereby protecting the 484 

secondary -OH group. 485 

 486 
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Table 2 | Experimental and simulation data of the penetration ratio for hexan-1,5-diol in ZIF-8 487 

and UIO-66, and a snapshot of the penetration of hexan-1, 5-diol (200 molecules) in ZIF-8. 488 

 489 

 490 

Diols MOFs Experimental Simulation 

 A-OH B-OH A-OH B-CH3 B-OH 

ZIF-8 

(3.4 Å) 
100% 0 88.8% 11.2% 0 

UiO-66 

(6 Å) 
73% 27% 66% 21.6% 12.4% 

 491 

 492 

 493 

 494 

 495 

 496 
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Table 3 | Comparison of the selectivity of the Pt/ZIF-8, Pt/UiO-66, and Pt-CNT as catalysts for 497 

(E)-hex-1,4-diene hydrogenation to the corresponding alkanes.  498 

 499 

Reactants Catalysts  Products Conversion  Selectivity (%) 

(%) 1             2             3              4 

Pt/ZIF-8  27±0.3 100 0 0 0 

Pt/UiO-66  100 38±0.3 60±0.5 0 2±0.5 

Pt-CNT  100 20±0.5 75±0.2 5±0.3 0 

 

Pt/ZIF-8 

 

33±0.1     

Pt/UiO-66 100     

Pt-CNT 100     

 

Pt/ZIF-8 

 

0     

Pt/UiO-66 100     

Pt-CNT 100     

Pt/ZIF-8 0     

Pt/UiO-66 100     

Pt-CNT 100     

Reaction Condition: Reactants 100 uL, Ethyl acetate 3 mL, and Hydrogen 1atm. Reaction were 500 

performed in ethyl acetate at 35 oC for 24 h. Detailed reaction conditions are given in the 501 

supplementary information.  502 
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