
This article was downloaded by: [University of California, San Diego]
On: 16 August 2012, At: 02:52
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number:
1072954 Registered office: Mortimer House, 37-41 Mortimer Street,
London W1T 3JH, UK

Molecular Crystals and
Liquid Crystals Science
and Technology. Section A.
Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Correlation between
Structure and Thermal
Behavior in Isostructural
Clathrates
Naoto Hayashi a , Kumiko Yamaguchi a & Kiyoshi
Matsumoto a
a Graduate School of Human and Environmental
Studies, Kyoto University, Yoshida, Sakyo-ku,
Kyoto, 606-8501, JAPAN

Version of record first published: 24 Sep 2006

To cite this article: Naoto Hayashi, Kumiko Yamaguchi & Kiyoshi Matsumoto
(2001): Correlation between Structure and Thermal Behavior in Isostructural
Clathrates, Molecular Crystals and Liquid Crystals Science and Technology. Section
A. Molecular Crystals and Liquid Crystals, 356:1, 407-411

To link to this article:  http://dx.doi.org/10.1080/10587250108023718

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/
terms-and-conditions

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250108023718
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


This article may be used for research, teaching, and private study
purposes. Any substantial or systematic reproduction, redistribution,
reselling, loan, sub-licensing, systematic supply, or distribution in any
form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make
any representation that the contents will be complete or accurate or
up to date. The accuracy of any instructions, formulae, and drug doses
should be independently verified with primary sources. The publisher
shall not be liable for any loss, actions, claims, proceedings, demand, or
costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 0
2:

52
 1

6 
A

ug
us

t 2
01

2 



Mol. Crysl. and Li9. Cryst., 200 1, Vol. 356, pp. 407-4 I I 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 2001 OPA (Overseas Publishers Arsociatlon) N.V 
Puhlished by license under the 

Gordon and Breach Science Publishers imprint 
Printed in Malaysia 

Correlation between Structure and Thermal 
Behavior in Isostructural Clathrates 

NAOTO HAYASHT, KUMIKO YAMAGUCHI 
and KIYOSHI MATSUMOTO 

Graduate School of Human and Environmental Studies, Kyoto University, 
Yoshida, Sakyo-ku, Kyoto 606-8501, JAPAN 

Two clathrates, (H)(THF), and (H)( I ,3-dio~olane)~,  where H is 1,4-bis[3-(9-anthryl)pro- 
pen- I-on-3-yllhenzene, were shown to be isomorphic by means of X-ray diffraction studies. 
In spite of the structural similarity, their thermal behavior was considerably different. The dif- 
ference can be explained in terms of intermolecular weak forces between the host and the 
gucst, including CH/x and O h  interactions. 

Krvword.~: clathrate; isomorph: thermal behavior; CH/x interaction 

INTRODUCTION 

The use of crystalline inclusion cavities as micro reaction vessels is of 

great interest in current chemistry,"' and one of the central problems is 

to understand the correlation between structural properties of the cavity 

and the dynamic behavior of the molecules included in it. Ohashi and 

his coworkers have discussed this in terms of the volume and the shape 

of cavities.[21 However, recent studies on weak intermolecular forces 
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40X NAOTO HAYASHI rf ul. 

have indicated the importance of those interactions in dynamic 

behavior in crystalline state, and have prompted us to obtain a more 

comprehensive understanding of the correlation of structure and 

thermal behavior. In the present work, we have focused our attention 

on isomorphic crystals. They are supposed to be ideal when correlation 

is studied, because most of the structural features are the same in each 

crystals, so that different chemical and physical behavior can attribute 

to the distinct features directly.[31 

RESULTS AND DISCUSSION 

We employed a new "~heel-and-axle"~~' molecule, 1,4-bis[3-(9- 

H 
anthry1)propen-1 -on-3-yllbenzene (H) as a host, which was obtained 

from terephthalaldehyde and 9-acetylanthracene in moderate yield. 

Upon slow evaporation, H yielded 1 :2 clathrates from tetrahydrofuran 

(THF) and 1.3-dioxolane solutions, as (H)(THF);! (1) and (€I)(1,3- 

dioxo1ane)z (2), respectively. Reflecting the similarity of both guest 

molecules in size and shape, X-ray structures of 1 and 2 were 

isomorphic (Figure 1): there exist one host and two guest molecules 
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CORRELATION ... ISOSTRUCTURAL CLATHRATES 409 

FIGURE 1 ORTEP drawing of 1 (a) and 2 (b). dn, CWn, and 
CWO interactions are specified by wide and narrow broken, and 
dotted lines, respectively. Oxygen atoms are represented by 
discriminated ellipsoids. Hydrogen atoms are omitted for clarity. 
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(G1 and 62) in an asymmetric unit. Two molecules of G1 are 

surrounded by two host molecules, sandwiched by the x-plane of 

anthracene moieties. These units are stacked, having L-x interactions 

between anthracene planes (interplanar distances are estimated to be 

3.2 and 3.4 A for 1 and 2, respectively). G2s are accommodated in the 

space between stacked host molecules. It seems likely that CWdS1 and 

CWO'61 interactions are present between 6 2  and H on the basis of 

their interatomic distances. It is noted that temperature factors of the 

guests (G1 and 62) were observed to be significantly larger than those 

of the host, and, some of their bond lengths and bond angles were out 

of range of the common values. These findings indicate that both guest 

molecules are disordered. Accordingly, assignment of the atoms of the 

guest molecules was tentative in 1 and 2. 

By means of DSC (Differential Scanning Calorimetry) analyses, it 

was observed that 1 and 2 released both of their guest components at 

the same time. However, in spite of the striking similarity in molecular 

arrangement, their thermal stability was significantly different. 

Although the intrinsic boiling point of THF (65 "C) is 9 OC lower than 
that of 1,3-dioxolane (74 "C), 1 released its guest component at a 

temperature 29 "C higher than 2 (T,,,,; 1:116 "C, 2:87 "C). These 

results can be explained as follows. As shown above, the guest THF in 

1 is disordered. No matter whether the disorder is static or dynamic, 

two types of close contact should be present between H and G1, that is, 

methyleneh-plane and oxygenln-plane. When a methylene group is 

directed to n-plane, an attractive CWL interaction is yielded. On the 

other hand, when ethereal oxygen is located at the position nearest to 
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CORRELATION .__ ISOSTRUCTURAL CLATHRATES 41 1 

the a-plane, it should be electrostatically repelled. Although 2 is 

isomorphic with 1, 1,3-dioxolane has two ethereal oxygen atoms in a 

molecule, so the repulsive interaction is expected to be more 

significant in 2. The situation of G2 seems more complicated because 

two more interactions will be present, i.e., methylene/carbonyl (CWO) 
and oxygen/carbonyl(O/O), which are known to be attractive and 

repulsive, respectively. However, it is possible to discuss the stability 

of 62 in the same way as G1. 

In the context of these studies, we have attempted to obtain 

clathrates of H and cyclopentane. Inspection of the structural and 

thermal data would be more instructive when the isomorphic 

(H)(cyclopentane)z is compared with 1 and 2. But we have failed to 

obtain clathrates either from cyclopentane solution or from mixed 

solutions, probably because of the low solubility of H in cyclopentane. 
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