
This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. We will replace this Accepted Manuscript with the edited 
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 

Accepted Manuscript

ChemComm

www.rsc.org/chemcomm

http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/


Journal Name RSCPublishing 

COMMUNICATION 

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 1  

Cite this: DOI: 10.1039/x0xx00000x 

Received 00th January 2012, 

Accepted 00th January 2012 

DOI: 10.1039/x0xx00000x 

www.rsc.org/ 

One-Dimensional Channels Constructed from per-
Hydroxylated Pillar[6]arene Molecules for Gas and 
Vapour Adsorption 

Tomoki Ogoshia,b,*, Ryuta Suetoa, Kumiko Yoshikoshia and Tada-aki Yamagishia 

 

per-Hydroxylated pillar[6]arene molecules formed highly 
ordered one-dimensional channels with a diameter of 6.7 Ǻ. 
The channels can capture various gases, such as CO2, N2 
and n-butane, and vapours of saturated hydrocarbons such 
as n-hexane and cyclohexane. 

Materials with pores smaller than 2 nm (micropores) are very 
important for gas storage and separation.1-8 One- (1D), two- 
(2D) and three-dimensional (3D) network materials such as 
metal-organic frameworks (MOFs),1 or porous coordination 
polymers (PCPs),2 and covalent organic frameworks (COFs)3 
have micropores smaller than 2 nm, and have thus been applied 
for gas storage and separation. Recently, discrete organic 
molecules with micropores in the solid state have attracted 
considerable interest because discrete organic molecules have 
some advantages over 1D-3D network materials:4,5 (1) Discrete 
organic molecules can be dissolved in solvents. (2) Design of 
organic molecules can be achieved by organic synthesis. (3) 
Organic molecules are more flexible than 1D-3D inorganic 
network materials. One of the potential candidates for discrete 
organic molecules with micropores is macrocyclic compounds 
because they have intrinsic porosity. Cyclodextrins,6 
cucurbiturils,7 calix[n]arenes,8 and crown ethers9 are well-
known macrocyclic compounds. Adsorption of gases using 
supramolecular assemblies of cucurbiturils5a-c and 
calix[n]arenes5d,e has been reported. Pillar[n]arenes.5f,10-13 
which we introduced in 2008,10 are new macrocyclic 
compounds. After our first publication in 2008, pillar[n]arene 
chemistry has rapidly developed because pillar[n]arenes are 
obtained by one-step reactions from commercially available 
reagents, have high functionality, show highly symmetrical 
pillar (tubular) structure and are good hosts for electron-poor 
molecules and neutral hydrocarbons.11-13 Pillar[n]arenes have 
large pore volume because of their pillar-shaped structures, and 
thus we speculate that supramolecular assemblies of 

pillar[n]arene molecules can be used as gas adsorption 
materials. Many examples of single crystals of pillar[n]arene 
derivatives have been reported.12 Here, we focus on the 
crystalline structure of per-hydroxylated pillar[6]arene (1, Fig. 
1).12a 

Fig. 1 (a) Chemical and (b,c) X-ray single-crystal structures of per-hydroxylated 

pillar[6]arene 1.
12a

 The Solvent (acetone) in the structure was removed. (c) View 

along the c axis. 

 1 has 12 OH moieties and an even-number of benzene rings, 
and thus forms multiple intra-molecular hydrogen bonds in an 
alternating up-and-down manner (Fig. 1a). The multiple intra-
molecular hydrogen bonds make 1 a rigid structure. Assembly 
of the rigid hexagonal scaffold forms a hexagonal arrangement 
and has permanent 1D channels along the c axis (Fig. 1c), 
which are derived from the cavity size of pillar[6]arene (Fig. 1b, 
6.7 Ǻ, Details were shown in Fig. S1). Herein, we describe the 
uptake of various gases and vapours of large hydrocarbons into 
the 1D channels constructed from 1. 
 The synthetic process for the formation of the 1D channels was 
simple. Firstly, 1 was dissolved in acetone, and then 
evaporation of acetone gave the 1D channels. Fig. 2 shows the 
power X-ray diffraction pattern of the powder of 1 (Fig. 2a). 
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Clear peaks were detected, indicating the powder of 1 was 
mainly crystalline.  

Fig. 2 Powder X-ray diffraction patterns of the powder of 1 (a) containing 

acetone molecules, (b) without acetone molecules. 

By 1H NMR, we found that the powder of 1 contained acetone 
molecules (Fig. S2). Removing the acetone molecules by 
heating was necessary to create pores. This should be due to the 
hydrogen bond between the acetone molecules and 1. The 
removal of the acetone molecules was monitored by 1H NMR 
(Fig. S2). Heating the powder of 1 at 120 oC for 48 h was 
sufficient to completely remove the acetone molecules. The 
powder X-ray diffraction pattern of the powder of 1 after 
removal of acetone (Fig. 2b) was the same as that before 
removing acetone (Fig. 2a), indicating that the 1D channel 
structure remained intact after removing acetone by heating. 
Gas sorption isotherms for the powder of 1 without acetone 
were measured (Fig. 3).  

Fig. 3 Nitrogen (77 K, yellow circles), CO2 (298 K, blue squares), and n-butane 

(298 K, purple triangles) sorption isotherms of the powder of 1 without acetone. 

Solid symbols = adsorption, open symbols = desorption. 

CO2 (diameter: 3.3 Ǻ), nitrogen (diameter: 3.7 Ǻ) and n-butane 
(diameter: 4.3 Ǻ) adsorption isotherms of the powder of 1 
without acetone showed rapid saturation at low pressures. Thus, 
the isotherms were assigned as typical type I. The typical type I 
adsorption indicates that the powder of 1 has micropores. The 
pore size distribution obtained by the Horvath-Kawazoe 
method14 from the nitrogen adsorption experiment at 77 K 
shows one sharp peak at 6.6 Ǻ (Fig. S3), corresponding to the 
cavity size of pillar[6]arene (6.7 Ǻ). The Brunauer-Emmett-

Teller surface area and pore volume of the powder of 1 without 
acetone calculated from the nitrogen adsorption isotherm were 
97.4 m2/g and 0.098 cm3/g, respectively. Recently, Tan et al.5f 
reported that supramolecular assemblies of the cyclic pentamer 
per-hydroxylated pillar[5]arene molecules adsorbed CO2 but 
the adsorbed amounts of methane and nitrogen at low pressures 
were small. In contrast, the 1D channels of pillar[6]arenes can 
up-take not only CO2 but also large gases such as nitrogen and 
n-butane. This difference can be attributed to the cavity size 
difference between pillar[5]arene and pillar[6]arene. The cavity 
size of pillar[6]arene (6.7 Ǻ) is larger than that of pillar[5]arene 
(4.7 Ǻ). Thus, the 1D channels of pillar[6]arenes can capture 
large gases, that cannot be captured by supramolecular 
assemblies of pillar[5]arenes. Another reason could be the 
highly ordered 1D channel structure. 1 forms precise 1D 
channels, and can thus up-take large gases without pore 
blocking, which is observed in nitrogen adsorption at low 
temperatures.15 
The powder of 1 with pores can capture large gas molecules, so 
we investigated the adsorption capacity of the powder of 1 with 
pores for organic vapours. 

Fig. 4 Sorption isotherms of the powder of 1 with pores for the vapours of n-

hexane (green triangles) and cyclohexane (blue circles) at 298 K. Solid symbols = 

adsorption, open symbols = desorption. 

We used n-hexane and cyclohexane as adsorbate molecules 
because pillar[n]arenes can capture hydrocarbons via multiple 
CH/π interactions.13 The diameters of n-hexane and 
cyclohexane are 4.9 and 6.7 Ǻ, respectively. The powder of 1 
without acetone showed high vapour adsorption capacity for n-
hexane and cyclohexane. The sorption capacity for cyclohexane 
is higher than that for n-hexane because the size of cyclohexane 
(6.7 Ǻ) is just fit to the cavity size of 1 (6.7 Ǻ). 
 In conclusion, we discovered that the 1D channels of the 
supramolecular assembly of per-hydroxylated pillar[6]arene 1 
can up-take various gases and organic vapours. Although the 
host-guest chemistry of pillar[6]arenes in the solution state has 
been extensively studied, its gas and vapour adsorption 
capacities in the solid state have not been reported. This is the 
first report of the adsorption of gases and organic vapours with 
large diameters by pillar[6]arenes. Adsorption of larger gases 
and organic vapours by the 1D channels of 1 is currently under 
investigation. 
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