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111. Summary

Living entities effectively carry on perception and transaction of information as well as 
transportation and conversion of matter. Examples include photosynthesis, breathing, 
vision, and so forth. These functions are based upon highly regulated harmonization of 
organic molecules and cooperation between these molecules and metals together with 
inorganic materials. In this context the harmonized molecular materials are expected to 
realize biorelated minute functions and, hence, play a central role as key materials in the 
forthcoming sophisticated networked society.

From this point of view, research and development of the harmonized molecular materials 
aim at:
A. Making a breakthrough in manufacturing processes based on innovation of materials 
separation and transformation techniques. This involves development of novel liquid crystals 
and microporous materials that will eventually lead to "molecular chemical factories".
B. Contribution toward the future networked society through the development of various 
useful devices and advanced materials for them.
C. Creation of biomaterials industries. These materials will open up direct access to highly 
sensitive biosensors and related devices and materials.

In the research fields relevant to the harmonized molecular materials, researchers during 
the past decades only pursued segmented topics such as artificial photosynthesis and 
syntheses of liquid crystals, catalysts, surfactants, etc. However, since Dr. C. J. Pedersen, 
Dr. D. J. Cram, and Dr. J. M. Lehn won Nobel prizes for chemistry in 1987 by studying 
supramolecules where the organic molecules, metals, and inorganic materials are loosely 
bound and organized, this event has stimulated many researchers to deal with these 
supramolecules from the biomimetic point of view.

Accordingly, we expect to achieve a breakthrough by systematically researching into the 
harmonized molecular materials; the breakthrough comprises, for example, development of 
novel liquid crystals that are to be used for efficient materials separation, novel catalysts 
based on zeolites having large pores, and that of the highly effective optoelectronic devices 
consisting of organic ultrathin films and/or layered organic/inorganic films.

For both scientific and practical purposes, we have classified these harmonized molecular 
materials relevant to various research fields into the following three categories, which 
allowed us to efficiently carry out our research into full details.
A. Assembly materials: Organic ultrathin films like Langmuir-Blodgett (LB) films, self- 
assembled monolayers, etc. and organic/inorganic hybrid materials, synenergetic materials 
including man/machine interface materials, etc. for optoelectronics, multisensors, n - 
electronic devices, and so forth.
B. Mesophase materials: Novel liquid crystal materials for selective separation membranes, 
photoconductive materials, and so on.
C. Microporous materials: Catalysts for fine chemicals, oil purification catalysts, etc. based



on guest-host materials such as novel zeolites.
In our Leading Research we have conducted extensive surveys on a new variety of 

harmonized molecular materials from standpoints both of industrial applications and 
scientific interest. The aspects dealt with about these materials include the selective 
transaction and recognition of matter, selective molecular permeation and transportation, 
light energy conversion, photoconductivity, etc. Fabrication techniques of the materials have 
been investigated as well.

We outline as below important characteristics and central subjects of these materials. 

Assembly materials:

We first review the recent developements of fabrication techniques for assembled 
molecular thin films with focus on the vapor- and liquid-phase deposition methods, 
molecular manipulation methods based on scanning probe microscopes, and three- 
dimensional structure control utilizing electron and/or photon excitation processes. The 
particularly notable feature of recent trend is that the advent of scanning probe microscopes 
(SPM) such an the scanning tunneling microscope (STM) has enabled for the first time in the 
history of mankind an atomic/molecular level characterization of materials, which is not even 
imaginable 10 years ago. Also combined with the design concept of self-assembly of organic 
molecules based on weak intermolecular interactions, the SPM-based molecular 
manipulation has emerged as a realistic option for the materials processing. The present 
research results clearly illustrate how rapidly the new fabrication technologies are emerging 
toward the realization of harmonaized molecular materials.

We also review the current R & D on the fabrication and functionalization of assembly 
materials such as supermolecules, Langmuir-Blodgett (LB) films, self-assembled 
monolayers, inorganic/organic hybrid materials, and so on, which are typical types of 
harmonized molecular materials. It is easy to fabricate these materials because they 
assemble spontaneously either in solutions or on interfaces with the aid of complementary 
molecular interaction. Although the current status of the R & D is still basic, the application 
to sensors, opto-electronic devices, switching devices, and artificial photosynthesis has 
attracted increasing attention recently.

Supermolecules are highly potential in molecular recognition and opto-electronic 
properties and their research targets are chemical and biological sensors, switching devices, 
and artificial photosynthesis. The LB method is convenient for fabricating this kind of 
materials.

The deposition of ultra-thin films like LB films or self-assembled monolayers on solid 
surfaces is a promising method for surface modification and patterning. These thin films are 
also applicable to optical sensors and opto-electronic devices such as an electroluminescent, 
optical nonlinear, or quantum well device.

There are many inorganic/organic hybrid materials, including layered perovskite crystals, 
intercalating compounds, hybrid nano-particles, and so on. These materials are promising as



microelectronic materials or chemical reaction sites.

Mesophase materials:

Mesophase is a state of matter located between solid and liquid, in which molecules are 
mobile in manners of rotational and/or translational motions, though the presence of some 
long-range order of molecules. Mesophase could consist of two categories in a moment, 
liquid crystal and plastic crystal. In this report, recent new aspects of "liquid crystal" R&D 
were described, which shows more attractive situations as for novel advanced materials using 
liquid crystalline states.

Liquid crystal display, the most featurized application of liquid crystals, could be attained 
only by utilizing "the ease of control of molecular orientation" in order to switch the optical 
transparency. However, mesophase could provide some possibility to exhibit higher 
performance and/or novel functionality toward novel highly advanced materials, due to the 
cooperation of molecular dynamics and long-range order. This also might provide novel 
advanced molecular devices in which mesophase does some great performance for their 
fabrications. In fact, novel liquid crystalline materials like metallomesogens and discotic 
liquid crystals have been synthesized to clarify the mesomorphic properties (not for display 
devices). These recent situations of liquid crystalline studies reveal the importance of 
mesophase for novel advanced materials with high performance. In particular, quite great 
attention should be taken as for photonic and electronic properties as well as properties of 
material separation and chemical conversion.

Recent topics of novel liquid crystalline materials contain mesophase photoconductors 
with quite high mobility of the charged carriers. Therefore, behaviour of electron and/or 
hole transportation and some interactions with photon in mesophase are one of the critical 
problems to be solved considering the application. It is indicative that these properties lead 
to extensive inprovements of performance of Xerographic machines and laser printers using 
photoconductor and to new methods for energy devices with high performance like solar 
cells. And it is also indicated that liquid crystalline order of molecules could be fixed by some 
chemical reactions to produce novel optical materials for future devices.

This research trend of mesophase is an original and quite novel approach toward new 
industrial technology necessary in future and it contains a new concept, "Harmonization" of 
molecular dynamics and long-range ordering for a new inovation of advanced material 
technology.

Microporous materials:

Recent advances in synthesis and utilization of microporous materials are reviewed. Large 
pore zeolites of A1P04 were synthesized, and some of them had pore system larger than 14 
membered ring. Inagaki and his coworkers and Kresige and his coworkers found 
independently new type of mesoporous materials, which have regulated 2—lOnm pores. 
These microporous materials are new type of zeolites. They can be synthesized from various
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components, and give larger pores than classical aluminosilicate zeolites. Some of key factor 
for new large pore A1PCX zeolite and mesoporous materials are optimization of synthesis 
conditions, optimized ratio of reagents, and choice of organic base template. These materials 
are synthesized through a mechanism resembled to biomeneralization process involved 
organic surfactant micelles.

Development of high performance catalysts are urgent issue to give utilization of 
petroleum and/or to reduce pollution in global environment. Especially, microporous 
materials with regulated large pores are expected to promote the complete utilization of 
heavy components of petroleum. Zeolite for membrane separator is useful for energy 
reduction for the separation of complex organic and/or inorganic mixtures. Thin zeolite 
mimbranes with uniform structure and size are essential to achieve highly effective 
separation.

It is important to develop molecular devices using microporous materials because the 
space in the materials is adequate for host of organic, inorganic and metallic clusters. The 
encapsulated clusters should work such as non-linear optical device, quantumized optical and 
electronic devices, and molecular recognition sensor.

It is essential to develop new method to characterize microporous materials. Especially, 
transmission electron microscopic observation with low doze density is effective for 
characterization of microporous materials.

In summary, it is important to develop new type of microporous materials and their 
utilization for advanced environment-conscious materials. The development should be 
promoted by the cooperation of many researchers in public, academic, and private sectors 
under national research and development program.

As mentioned above, the novel assembly materials, mesophase materials, and 
microporous materials that can be understood in terms of the harmonized molecular 
materials are believed in no distant future to produce the breakthrough in various fields of 
industrial technologies such as electronics, machinery, and medical and chemical 
technologies. Thus we strongly propose to execute research and development of the 
harmonized molecular materials within the framework of a national project.
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Fig. IV.1.6 Topography (left) and surface potential (right) of a phase-separated phospholipid 
LB monolayer deposited on an evaporated aluminum substrate.
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Fig. IV. 1.7 Various plasma CVD methods.
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Fig. IV. 1.8 Vapor deposition for self-organizing film.
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Fig. IV.1.9 Deposition modes of LB films.
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Fig. 1V.1.14 Scheme of patterning of SAMs on Au and optical microphotograh of polyaniline pattern 
formed by oxidizing the monomers on patterned SAM substrate as shown in the scheme.
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Fig. 17.1.21 Energy-level diagram of the dyes.
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Fig. W.1.31 Transmission electron micrographs of magnetite-PMMA powders.
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Fig. IV.1.32 SEM images of colloidal silica (a), PST/Si02 (b), and PMMA/Si02 (c).
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Fig. IV. 1.33 Transmission electron micrograph of 
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Hydrophilic Surface by Self-assembled Molecule

Fig. IV.1.38 Molecular self assembly and successive micromachining on Au surface.
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Fig. IV.2.4 Principle of liquid crystal display.

-3u *#< 2Si!JR:KJ9!l£*L*CV'3o
x^ttfci 5 *, ±iLtifii^t5lifeffaoTMt5^©xf-x h b 

y Z WL^kbm%fiX%>iO, m%.\$y£'{ xyi'-KmfrtiX^%i><DftZ<DmtX&5a 
ay y-Ke&fbTV'a####:& -50 ~ 100oCGDMMTr*T^y **8

Btf hBtf y

i£ft^nmnmiiLtcfemcKfr^(DMM^*:j%M-tZ>?lbK&'3XimL\,3:5 ftZ. Ur

zoi. 5£ cfcB* Siifc r^yyx-Xtftj
u bp*>> A)0^,

a. ^(Dtc&ii2:#$
#%&&&5 <D-?&&<, hBkfy^%^^#/U^y V

2.1.2 #$0/ V 7 % —

7 *m^x%

--. rTT $ "'•<* -



Q8 h fr K L fcl'o
• fern? J XT? Is— (LCD) : m&r-l 1968 ^©S:
#RCA%K ^yix-©3>ty hX&
So ^ES^«S§rmini-S J:

iku, 'y^-y^tvxmMvx 5 &#&##&-?taaot©-?
&So Fig. w.2.4y2:#^#?©#AKovMT#%f@$6m
mm%&to mmzMfcztir^zjzmm■ ismM^^m.^xm^mm^mmznt>ti 
tv^sj;D mmmmik
istLtcimmmmM: (*y^x * * ^ y t c n)

• mrnjg##: #;&##
M.s.£fiJSLfc$>©-c\ #L^mm^#&MmuT#±o ctiaffiffctotitiff

yx;p^g)9i#mi-(m^©^m#^©z$K) 
c©mmamm±m^im©9icmt) 

mw^-3 'sr^mKmmzfrxi/'Z. c©#-^amm#ma^©Ae 
£ fc K £ D oty '>y^%RTS

iatio!),
im^Wimu'c^So 4t©iiJ;bta, ^
a w^&© c t, mm±mK# L-c#^i«i©m&4"NF*6##T^©m^#^#tf 6)fi,s.
• =tux^v vtmgkxtz

Fig. W.2.5 K^f Z 5 K#?mi%as#f#^KWE&#< X 5 K#^T^S t©lr. C
©mmtf yf am&K£ou try<%©m#mmm:#dSimcstcmz.
ummkKttjfoisX&mmkft&cZo % o.ixu&o^-mmxm
mx'gzz. tfrh. w^ESffi^(ras#©ss#5£^=yx7"u yf a
C 2:K J:cT^6%#$r#cS^^#%i'S$6^K#m$fLi:^S. y *
^©ffi^tt^fcMje-fey^-t LT©^©X&S^\ r^##

&©#Ktmam#m#& LT©j&m##3mc&<)-c#m4k©;(
%©®n^$>5^\ cc^a#i$i-So l^l> #^©mm©m;mmMa##^m±, m
gW4kft£©^Mfc#1-3Efo©M©WSS£fiJJlLfc%©X:&?K
^^^©mz^m, m#m^©mz^m#a^©####KMmi-s##K'3^Tam;m

2.1.3 #LL'/ V7%-X##

%#©%ma^K 1888 ^K$lrms C f©##g#Ka#f####



% * 'h £ ft -o T V'v /t = Lft/5* £>> cz: 20^1$ -eo— ^"l?SE6tlft. J^o

#mft##W3%&#mcmmLT#Tj5%^<&*!?mTKm^3 j: $ft#u^f
###, £ y 7x-X#WSV^£:ft3fcS-oTV^o V

<DM$£ft!&<DmKztit><DMm%mfrir5o
•T-f^aT-f'^7 j&H : 1976 ¥* -fV F® Chandrasekhar £> ti^yi? y ©SE 6 ft& 

benzene hexa-n-alkanoate b Lfc. CO j: 5ftR^
#mKWE&%mL% 

Fig. iv.2.5 #K,
##2: LT#*mv\(DUTlr#%^7 A#mir. -#KCOZ $ ft#

^*7A#^|n|KMm^K#@LT^S ordered MtWmMfoKmM 
( ) LTV^ disordered #;$S& 3C ordered # 7r & * 7 A £ # &
ft t) rigid ft

v^L, tf®i5ft«^
&cT%=%7M!p2^70®^#%^

xy al/Xf'J y

rod-like/calamiti'c

—
crystal

I-
<
V*

isotropic liquid

disco tic

%V^yf# ft5A7~# 7#

DUcoUeUm«lbr(DL) ph«s

Fig. 1V.2.5 Phase transitions of mesogens and typical liquid crystal phases.



n fcf y ^BilSfc-oV'Tttx 1970 b A, A#
##&#### (Fig. IV.2.6)

<, * y?z><Dfri$*yy 

jgffi©ws®»i97o^ftfcj&^ofe*s, ^Ki&^mmuntvxcDmm^^^om^itik 

#K. 3Tgp^^M##©Txf xn-r^f y -o^©###

3&‘^,AJSStffi©MKoV'X,f4^a6't*S.

^D = Xi 
E»## •fe>lf—

+ %

mm&m
wrnzrnm;fcBIE?fi

%f#% (3t-) jks###
SfrofiS

*2## 
7* hV75^ T'i-fmt

COx, NOx© jSte
tmfe-mmtPr msm®m%. scjM£ct,®'sA

#%&##
mam#tmmtmm

Fig. 17.2.6 Various functions of metal complexes.

ioT^$<2tf^I$JitV'5. -oti% *&#t©
fc@El*I1-<5 3: 5 & 5

$©#&£.££>Ttffc (-<y^y hS) %©K#^^Em^#ir, S*6tJfcSBlSl1-5©ti: 
±mi?^^<^y^y £fc£'DTErBM£m-f-5o

2:i%#©i)©-e&s. c^,^©#^m%^fmmK#LT^y^y
y tN x = t^ y^E^#©

(Fig. I7.2.7)c
T, ^<y^y h^mm-eBE##©##;###^^ & sam^tEa#©##^#

^^©^liA^Ejl£]W|D-?& 9 x



(C)

-10.66 L_

,-H—tCH^W

-10,14
R = CgH,,

Fig. IV.2.7 New polymer liquid crystals with discotic moieties.

<m&xt^i 5 *»=£kovvx%m
*J£\ Fig. IV.2.8

c nox $ t vxmmm/vKftV)^

k. jcoT, co &

Stitt<D^^B©E%ti4‘E©E@’Xr$)5^\ y y 7*—LT£>W%b6ttfiJ
fcfco&P^jGn?:*:# < -e©W^'S6)tf ^<D j:ffl#dtLTVx5 =

*££&K±-

XX,

9E?££,ti

\ Po-TS-c:
\=/ 'o-H--N

|7f*;7, 166-185 !C

*5i§SSir7?-b:f:St-

9F?SS14

N--H-Ov /=i

Fig. IV.2.8 Molecular complexes forming liquid crystals.



K 3&7U&:£$?'>tcftKffiMi<D-:®b hTfrmiStiX%tc0 L^L, 3 &7n$cJ?©fa?!]£

fcjt^*c^*D/jN§<, sv\^it#^#mK#e^Aft#^ac ^dsm^a. sp-fe, sa
7rc^ftEftT^< j: $ &%##%r^i-©ir&S.

L^u. #mK6c-c^©#m6^f#m^g)####ds&m^ftx

£*i, ^y7i£&o 
rtfco j: 9mrmc#

###^#K^^M^ft"C^%^%©©x 3 #TC<Z)#f @3

h^mmmthxmmm^o tn xn?^ yxEM^t* h y x^i/y^mM^

#K#ft3 yxa:-Xi?&ac2:^#^a^x
$ ft 3 Era*0fctiftm£ ftfty x *-X©Mfc»&*fUsfc^Wcft5 0

Z.tih ^^fft %* yy7x
«k zi©i$6*im^m©m#%m&wgsi-sc^Kj:cTx #^©@###^E#=(^

©#!*H£dS£ t) MRKR:63C ^d24"###$ft3. y y y x-X«^#©S^©tf'-!?, 
JlifcIotJ:5^<. #/(r6^fmKJ:S^y7a:-X©%%^mv\^$fi,x 
Loofe^tt^^ ^Ma©gU©M&§fLV^}M3§OT2g©7tiy7V T i It

j^TKx ^ft^©#m&x i)ifi&Eim 2)
dsebfLT^&Em#!&&#x 3) Em##fSM©mmK#K^^T:#mi-s.

2.2 #@y yx<—x##©#^#^^^#©^^

2.2.1 #Ll\^<^©E^##

2.2.1.1 yN X=z^y ^EiH^SSB#?#
xy 3y©y 7 h^&3 Windows95 dSfg@£S©x ES-r-f (LCD)

fLTv\sEm##^Eam^m6^©##^^&%%:e,^91 ux^a. lcd

tir V'5 E#tt 4- ^xjr^/1/ -4’- '>r / If 7 » =/> (5CB) * 2£ft3##i#d^ h 
634k^#d;±mx&3. E##^f©6^X&gi|S#BE#K W: C©#^f ©K
pm##?#&a.

m#x d^mi-3^^ X=i^y XE# (Discotic Liquid
Crystal) d*&g£ft3 i. 5 fcftoTSfc, k n 3Xt^ X=t^y X EfifcS&^SSlO© 

# 1935 # Schadendorff £>© 1,3,5- MJ X (al/^f = ^
5ri/)^:y-ify ( c©#&%# 1984 4=#* Wc^O?^ X3^yf#&a<i-c &ds#m



cFiLfc ) <D mesophase L^Lx tr-f X =* ^ y &
&ESISH: 1977 ^ 6 ££3§JlLfc Chandrasekhar K
BD$ 9, (Disk-like molecule), ^

(Discotic, Canonic or Columnar mesophase) b IFp^S <£; 5 \Ct£ofc 2)„ Lvfc L> C. (0

£&*&£’fiS5£*vcv'>33)c

x = f M'McMWWaTMU, C(D3T(D$^9

zomikm&wmo&zittiz&'tZo nrata,
h 9 y fcf y y% h y yi^-fey, #y>7^ 9 y, 7^ a y%zzy, sfeM8i#fc£

ct \ N-T'>yy^y (^yy^f $ y) ^^y A±-^
J&SEiHi/gSftTV'S ®(Fig. F.2.9),

RO OR

•OR

b >J 7 jl—U>

T@W§r'
Q ,o

&0K*

O 0

„ „ R

+'-MM-T-

Fig. IV.2.9 Disk-like molecules.



(Columnar mesophase), t < % tcfRM'-tkft?&&S.
VMZL-Spfr^MT? j|ES LT V'5 y* J X y 9 v 9 fi (Discotic nematics) x
&%S&’T*1blM£MmM&&J&J&tZ*5A'7t'r (Chiral discotic
nematics) 5 o £ £> fcti: 5,10,15,20-t hx^X (4-n-T/k^X y
y tt9 * 9ffl (Discotic lamellar : DL) 6)(Fig. 1V.2.10). CftkxV X=z^y XE

-€-© ftTable IV.2.1

Fig. IV.2.10 Discotic liquid crystal phases.

Table W.2.1 Phase transition temperatures of discotic liquid crystals.

fk-A-#
(=%#) (R) (T/ °C )
^<ydfy COCsHu C 80.2 -Dh-86.2 -I
h y 7x = i/y COCsHi, C-62 -Drd‘125 I

// COCsHsOCsHi, C-154 -Drd'183 -Nd-227 -I
h y OC8H17 C 86 -Dho->300 -I

'>7=y OC6Hl3 C-161 -D-171 -I
// OCOnHza C 58 -D-303 -I

. B.A.Gregg
£>«, ( j8
jp $/3:^/1% ) D y (#&# : C-107-D-162-I) &^T?3fejM3j©S&&R:o^T0f

%L> 150W-Xe xyyfc£53fcjEMT7mo.4mA/cmz©3?36LfcMS^#£>:h,5C £ 
^MitHfc bfc 9)o y y###2: LT 5,10,15,20-x hx4rX (4-n-^<y
^rfi/;l/7x^)^7-{ y y (#%# = C-56-Dl-66-Dl-135-L Dl&7 *

m#K#&fL, ©iip^tx«je(eaw) 2:
5c L^L^SE(D^:t§timinAVTXSE^O ^ Eapp ^ 5 X lOWcm-^Effllr^xDL
>Crystal>Di.T?/J'$ <*3. 3feSi®3§±© * Afcoi^T, 3fcS^©IUM3iLg#:#



(DMffifrMK JcoTIEiim^ V T0%£t2 ftHlftMfc £ 3 % 0&&U x
jca^f !7 U y

###2:LTx *7A-*7A|mmi#aS26.3A, 46&(D^/khA$rt-0^-^^ary-)3- 
y y y® ZnStfrCffitef : C-102-D-152-I) »x (p/J\

y 7*-XT?Mtt«T^1“l,).
L.Y.Chiang £>&x 2,3,6,7,10,11- ^^^77 h V 7 I-VV07 7 4 *— (1

- 3mm a X 50£fc«400 /nni) SS£ F-yi"3 L fc i D 10A
~10-5 Q -'em'1 ~£'?~<D 2 ~ 3 ffi$l±1r% £ b%^VtcnK D. Adam ktt^f-^y 

3: = I/V(HPT, MS- : C-69-D-122-I) £J1
S'M-L/k&x 10 frn<DM&#c2#<Dmi#mm#;E##<DmcHPT&B:&&CA,"e 
^Lfc= h cr tf y 7I3faLfci£M:*:#& Fy^ya^/k&jg^#^###oM

4 77MB (4 X 104 V/cm, 77 °C ) £ Wfc-fe/HCz-Vl/XESv-lF ( PJBEEffi <l/im, # 
S337nm, X/kX^$;k^-5mJ, /OX 1110ns)

10f-y #a^ 10#3;T?<DfS£:fTofCo 
a?-/i/as^TuTo#-A-x mmAy-iPmem^iO"?^^

L^ &K*-/k##&asi x io-= cm^v-v&#-c^a
N. Boden h 7 = 7 v 7 a 2,3,6,7,10,11- y F
!)7x = vy(HAT 6, ### : C-70-Dto-101-I) fc/Wf *&T?&a AlCL & a V'tt NOBF4
&F-y
Ay-KfSS^tRifctfc^tiio3yt<x iWSQ^ytfy^'i 
Sfcia fcSfcBBu — t6Tx hat6 ©ewsssa* 1 x 10-4 cm^vv 1?& *? F-y#

D. Adamfettx F V 7 i>tkM
Lx 2,3,6,7,10,11- MJ 7 (*BlE^ : C-62-H-70-Dh-93-I,H *§&

A±-#) h*bt?o.i cm2w
x MavrySE (2 x 102 ~ 2 x 104 Vcm2) $3 j: 

Tfiu&K&&\sfcit'z. k&j&b, cojz^mi» h D 7a:=y>#%<%)%mmasm^a^
5 fSlIB-S LTV^a L £ tel J; a £#fj? UTV^a 16)o
y ^ x 3 <? 7 7 m (D mm ®t? a jar © &« as & a „ m n 5^7?» ito a'-t ^

&#^Lx use ft 11 mu ^ $ F£MvM:##[«]©7tf yy^s^Lx mm##K F
0?:n=yym<Dmg&m\Tmis#&@ism%#-em#Lx
*S£ 9SEft1£as&@7?&o;fc17>0 ^ ^/fk#m^^#AL-#m
l5#<D%#&#S#.T:V\a 18)- -&fc%7 $.7'y 9W.&K7s4 7^7v 7 $CH£SEi|-LTj&H
S-f-^SSlRl-h^lto TV^aM 19)x ^^ri^Tyk^ ^r $/^<y yy yk^-^r i/Sa^@S Life F 0
y^zzixy&Mv\#^##m&$ij^i-ay^yyy^^<D#%&a2\ f. ciossL&hpt 
a%m# 2:ca
a»fehp7s = ky«p yn^-9-y£^TS^3FX^<DBJi£ti:Lsby--ry y yy- 
6^^##Lirv\a2\ ^ wcx ft^tyt-, B-feyy-^<D3i^22)x EL<o##%^



1) a) V. Vill, Mol. Cryst. Liq. Cryst., 213, 67 (1992); b) , #%### , 22,
60 (1994)

2) a) S. Chandrasekhar, B. K. Sadashiva, and K. A. Suresh, Pramana, 9, 471 (1977); b) S. 
Chandrasekhar, Mol. Cryst. Liq. Cryst., 63, 171 (1981).

3) H. J. Backer, and S. van der Baan, Rec. Trav. Chim., 56,1161 (1937); Chem. Abstr., 32, 
1669 (1938).

4) a) L. Lei, Mol. Cryst. Liq. Cryst., 146, 41 (1987); b) B. Xu and T. M. Swager, J. Am. 
Chem. Soc. 115, 1159 (1993).

5) H. Fischer, S. S. Ghosh, P. A. Heiney, N. C. Maliszewskyj, T. Plesnivy, H. Ringsdurf, 
and M. Seitz, Angew. Chem. Int. Ed. Engl., 34, 795 (1995).

6) a) C. Destrade, H. Gasparoux, A. Babeau, and N. H. Tinh, Mol. Cryst. Liq. Cryst., 67, 37 
(1981); b) A. Adamezyk, ibid, 249, 75 (1994); c) Y. Shimizu, M. Miya, A. Nagata, K. 
Ohta, I. Yamamoto, and S. Kusabayashi, Liq. Cryst., 14, 795 (1993).

7) III*#, 49, 486 (1991).
8) B. A. Gregg, M. A. Fox, and A. J. Bard, J. Am. Chem. Soc., Ill, 3024 (1989).
9) B. A. Gregg, M. A. Fox, and A. J. Bard, J. Phys. Chem. 94, 1586 (1990).
10) a) , 44, 132 (1995); b) Y. Shimizu, A. Ishikawa, S. Kusabayashi, M.

Miya, and A. Nagata, J. Chem. Soc. Chem. Commun., 656 (1993).
11) P. G. Schouten, J. M. Warman, M. P. de Haas, M. A. Fox, and H. L. Pan, Nature, 353, 

736 (1991).
12) L. Y. Chiang, J. P. Stokes, C. R. Safinya, and A. N. Bloch, Mol. Cryst. Liq. Cryst., 125, 

279 (1985).
13) D. Adam, F. Gloss, T. Frey, D. Funhoff, D. Haarer, H. Ringsdorf, P. Schuhmacher, 

and K. Siemensmeyer, Phys. Rev. Lett. 70, 457 (1993).
14) D. Haarer, D. Adam, J. Simmerer, F. Gloss, D. Funnhoff, L. Haussling, K. 

Siemensmeyer, H. Ringsdorf, and P. Schuhmacher, Mol. Cryst. Liq. Cryst., 252, 155 
(1994).

15) a) N. Boden, R. J. Bushby, and J. Clements, J. Mater. Sci. Mater, in Electr. 5, 83 (1994); 
b) N. Boden, R. J. Bushby, A. N. Cammidge, J. Clements, R. Luo, and K. J. Donovan, 
Mol. Cryst. Liq. Cryst., 261, 251 (1995).

16) D. Adam, P. Schuhmacher, J. Simmerer, L. Haussling, K. Siemensmeyer, K. H. 
Etzbach, H. Ringsdorf, and D. Haarer, Nature, 371, 141 (1994).

17) 3-85521.
18) 3-92823.
19) USP 4702562.
20) 57-76531.
21) USP 5393626.
22) N. Boden, ONRI International Workshop on Advanced Material, Liquid Crystals - The 

New Generations - p.47 Osaka National Research Institute (1995).

--------------:—------ —-------------------------- -,,,,,-.123 - — ------------------ ----------- -------------- ----------



2.2.1.2 #AM#g &####

(^y7i-x)ftio#iiricSi-So

Am^w: ic#mu,

L'cmm^fLT^s. «©w#©ii^#<&> rp’b&mtz
<D£<7&<<DmtiL^<DU'&Z>&fc^bti~C%fco ^(Dfctf), 5 ki~
5M&. a*fcD ±L*>@:}ITV'% b\t'%.5o B^A%KB&#DT

t. A#^#^, mTKa<i-z $
kzti&mv vA####,

ynhry^^-&sixy K.
y t A###ikA#o^^r%@^^:#Z% 9, AJ: o Tf^ZikO#

1. Amm-f

2. -----------------------

3.

4. E^7k°ytBZfFffl
5.

6. MSIRM

7. ^•B-ms-eo^S^-fbxSjE^l:

*— mfti-ttm

- M#
(COx, NOxlTt)

stm)
- mimm4
- @%###

-

-

- mmyt^tm
- VtY V V^y7-r-f7*tm
-

- «»*m

- ^E###

-^n^XA
(E###, -fey+h-)



;uj»<Dm&%izv#>, SJ

ik#o#&rmA, $f^#, znjvi,:?-, m
#, I^fcfrfcSimig#fc*#*l£as*> £^-£TV^o

hy y^X.&$Umi"3A
WJ:Wi©^/yy o--o-e&3. &LB#K j:

coj:^ftL%A

4>S#£WiS%>TM*?$> 9, SkfcSdML y'/W ^ikK$S*t3 %*lr\ ^ ^ ^ ^.
k£6&, 5£¥>

awc#±&WB##ow##as&9,
##;#<%)

mTK, #^7=^ ^37"^ yf###&^i-AJBee#mK'ov\'c ^©iti^So 
C^L&lrK##, ytWLBik Lt

&, ^TFK^f 7@7r&6.
1) f#
2) ^7^ y
3) jS-^^hymA#^#
4) $;^^yymA#i§^
5)
6) ^-xfyy^/i/y^ys;^—
7) A# (ii) fy^y-T- hmAmm#

2.2.1.2.1 7^ B'>7 = 71^Iifr©7-fX3 7'f y 7EiHi1-14^

^17^77-yil A#^#(0cMrL. me*

T;Wew:ft<, %###, ^'X-fey-y—, ###. cnv7bn7n$XA
##, PHB ^ ^ y -##, MSx />#%#, SMtoE^tr
^ § c? tl/TV' 5 0

t©^!7^ 0'77 = y©lift©^ y hfl #?m#k ElRl$J###7r&3 ^V\x

— 125 —



if, o $/%=>%) L. £ % %. t

C 2:?@f ^^#^#KfSm^#a^####as#&^T^a. £fc> 7y?'*=LT -7
n i? X y h (LB) m, f -^yy-Am#<D#m#a%mK JcoTt

mA#Sr#mE^i, ^»js

J&0#a ##AM##<D7^^ ^37"^ y £0)7$ n
S,T=>2&as#%#A,Km#as#3fLT^3.

1982 Simon £> frC £ 9 7 ^ o S/T-Z/^A####?^
Xny^ y^ESas##S^fc= #K, C0# (II) ##^£^7

R

R

yAt-Mti^to £©£5
ik7c#@#K:j^mif# a w##as&a». 

cofsmowsttKiLTd w^K#<o#eas&$as,
n = ( %^T —A 1) £ LTtiU

TBK^i-£ $K, -£©{!!ieifc£ 9*#< 3oi^i^§0 
(a) : R=C„H2= + iOCH2 <D T =i *c'> * fVl/S© % <D ^

•(b) : R=CaH2„ + iO <9 T> n ^ '>$© % (D 6-9)
(c) : R=CnH2n + i (D T7l/^r>Sd % <D 2>

3#. M&LT#@&T4»&v\as» 'f/^3^^y^3y%^9y^#, 7^7%#%js
£^y"h7=ff-/>^yA±-m##<%)#et&a. ^by^f-zi/^yAf—m

!7-7^ D^T = >$5£{)(^ hytfy^/^
JV7J yi^ye#^tbTV'a 10)„

7^0$/%=
V#l&4> 4 O (D 'C V-if V $| K 7 U ^r '> 7*/V * ^ 7 £ y ;n - X £ flit At» UK
E Sitter 5s t*C 2:a^lH^tT/i:^a n)= Z<D7 7t7>^—r-jvM%Wotc7# n i/7~7

ac &-e, #fL^#@##toLTomr

v^fc7^ C'>r-vii#-ei 3 y%
7" 9 y ^ 2:
^smstLr^a i2-u)o 

C(D£ 7 K, 7? V'77=-7'&&m$f# 
lr%. If*il©llffi^f?,itti3D,
@j&t'i&mmB8<DW##as#& 6tua.

ZltlhOytJ 7=17-4 y f #####
#2: uTom#a^#±fL'cv\a 9-i0-i4)o

Belarbi <Z)$F2El?ti:> Fig. IV.2.11
fc5s1"£ 5 ## (H)

H

ei.
cr±

£ II 
a II

Fig. IV.2.11 The dielectric and conductive anisotropy of 
[(CuH%0)sPc]Ln(m) measured by Belarbi.



(E) 0#|Slfr<:MLTBS(a) fcMfr(b) K^.5lX, tfX (:t7*=3rX n

$/Tf— h ) (III) ^#<DES$^r SSSSrzg.SSrS^^^^S^Lfc^Mx
m#<Z)^|p]KZ *) (a)(b)©i5 KgBl^I-f-5 (a)E ± H © #©:£#, (b)E

II H J; V) s i?4.5{§x SSS a -e 10 ^ %\s'Zb
Yvette. (i)imKjJ7&<Dmfa%:

$U#i"S^x Sfcx (2);fr9A©:g$£*nfafc:£<t'S^©2j&#&S&#T?&5£fc&
^itvrv'^o

2.2.1.2.2 74" y^i®1'181
1986^x mfrkKtamms*,

tC7 h 7 7 *=. ;Vi$ V 74 V 7(0 * % jV 7 V -#0731
( X^-A

2)«x 2@m<z)7^
t,x

Tfc&x B.A.Gregg &#x 8 ^m<0^;U7 4 J^7^±M
x H y n - h jrEii - ^3rttE#SlSS 

&#% 3gfC 2:K j:S%—@2l^##<D#g&Kov\'C##
LTjsOx

irvrv^ i7-i8>, § e>^x ^
% 7-f % 2:SrmmLTV\S.

Ji0:J:iix A###mKo^Tx Z<om&'lkM$:mmir%?i bfcXV, H5W<D%n

x^r—A 2

2.2.1.2.3 j3 - S>'^ Xnx-f y 7 ES 19"26)

1980#x hy^m(II)^#:^%

4-0073: =./l/#Sr#cR=CsH17 (R f£7 x=;HdX$ ft-5 fi^S£rS1“ ) 
m##:^x 2 00E##D1 2: D2#&%t)x R^sHnOiMa-oOtlit^^T 

21)„

ESR (Dm$LX, R=C8Hi7 ©Sill (Dli x Du) tix —0v7C Heisenberg antiferro-magnetism 
^r^1"^x R=C8Hi70 ©ftlffi (Dli) fix t & 98 £> fc % o T V'$ M)=
CtT,M:x R=C8H17©iIiH:-&7GO#x AHat^^Ux R=C8HnO ©Hitt-&tgO 
^7A#m^#V\C
3i<DW^frE#SLTV^ %<D £>iLTV'5o 

Giroud 6Ax 1984 ^{C j3-PJr h yS® (II) SI# (R=C9H,90) 0$ESSS<Di^gM
&m^Ux
E,a*<D®#&#as@#&&m&:&7AmR:*Bc'Cx

- 127 -



<D £ # x. £> tv 5

2.2.1.2.4 xn'r-f y ^EiH27)

£©£ -T^-fey^—BtrfiJSL,

2.2.1.2.5 ##### (ii) y y y- y ^ES28'29*
T-kT- b###, fV^3f^y^^7At-ilM^to c 

6E#U*L5^£V^ t, S bft
AWSTr&So

2.2.1.2.6 yy^/y^yy^^-y^E#"^
^T/>^r/>yy y^^—;!/<%)mi, b&s 1952

¥^StodtLfco COEA#M:^ $£&<DWLMiffi<DfrMKt%hXl%t. £>f\ T'J y
^^7At-ErH©

2.2.1.2.7 AM (ii) *=*7^ y ^ES32)
(II) y'V^-^y-r- b##W\ tc-K*)--737-/ y ^#y 

A±-Em#^#f-. C(DE#^. 200 °C^±o@MA$i?(%)Jg:V\m*$5@^E^#<S:^i-. 
C<D J: 5&y y7 = -X##Q\

JL3£<d «k 5 Rx 7°<%)y^ 737-4 y ^EiM^Htti^ti/
y LTOM^<DqT##W:+^K#»T^S 2:V^^.

AM#g#@#:, LT#@<5#6ai,Tj39, ZKDtf^&O
JK& \)<D%K* y 7 X—XJKfigi LT<DE##^&(DTy D-'f gr^n^S C 2:^=, & Wc

##^2#
1) C. Piechocki, J. Simon, A. Skoulios, D. Guillon, and P. Weber, J. Am. Chem. Soc., 104, 

5245 (1982).
2) K. Ohta, L. Jacquemin, C. Sirlin, L. Bosio, and J. Simon, Nouv. J. Chem., 12, 751 (1988).
3) C. Sirlin, L. Bosio, and J. Simon, Liq. Cryst., 4, 707 (1989).
4) Z. Belarbi, M. Maitrot, K. Ohta, J. J. Andre, and P. Petit, Chem. Phys. Lett., 143, 400 (1988).
5) Z. Belarbi, C. Sirlin, J. Simon, and J. J. Andre, J. Phys. Chem., 93, 81405 (1989).
6) D. Masurel, C. Sirlin, and J. Simon, Nouv. J. Chem., 11, 455 (1987).
7) L. Cho and Y. Lim, Chem., 12, 751 (1988).
8) D. Lelievre, M. A. Petit, and J. Simon, Liq. Cryst., 4, 707 (1989).
9) Z. Belarbi, Phys. Chem., 93, 8105 (1989).
10) K. Ohta, T. Watanabe, H. Hasebe, Y. Morizumi, T. Fujimoto, I. Yamamoto, and D.

17* -



Lelievre, J. Simon, Mol. Cryst. Liq. Cryst., 196, 13 (1991).
11) C. Sirlin, 1. Bosio, and J. Simon, V. Ahsen, E. Vilmazer, and O. Bekaroglu, Chem. 

Phys. Lett., 139, 362 (1987).
12) Y. Galerne, Mol. Cryst. Liq. Cryst., 165, 131 (1988).
13) M. J. Cook, N. M. McKeown, A. J. Thomson, R. M. Richardson, K. J. Harrison, A. N. 

Davies, and S. J. Roser, Chem. Materials, 1, 287 (1989).
14) J. F. van der Pol, E. Neeleman, J. W. Zwikker, R. J. M. Nolte, W. Drenth, J. Aerts, R. 

Visser, and S. J. Picken, Liq. Cryst., 6, 577 (1989).
15) Y. Shimizu, A. Ishikawa, and S. Kusabayashi, Chem. Lett., 1041 (1986).
16) Y. Shimizu, M. Miya, A. Nagata, K. Ohta, I. Yamamoto, and S. Kusabayashi, Liq. 

Cryst., 14, 795 (1993).
17) B. A. Gregg, M. A. Fox, and A. J. Bard, J. Am. Chem. Soc., Ill, 3024 (1989).
18) B. A. Gregg, M. A. Fox, and A. J. Bard, J. Phys. Chem., 93, 4227 (1989).
19) K. Ohta, M. Yokoyama, S. Kusabayashi, and H. Mikawa, J. Chem. Soc., Chem. 

Commun., 392 (1980).
20) K. Ohta, G. J. Jiang, M. Yokoyama, S. Kusabayashi, and H. Mikawa, Mol. Cryst. Liq. 

Cryst., 66, 283 (1981).
21) K. Ohta, A. Ishii, I. Yamamoto, and K. Matsuzaki, J. Chem. Soc., Chem. Commun., 

1099 (1984).
22) K. Ohta, H. Muroki, A. Takagi, K. hatada, H. Ema, I. Yamamoto, and K. Matsuzaki, 

Mol. Cryst. Liq, Cryst., 140, 131 (1986).
23) H. Sakashita, A. Nishitani, Y. Sumiya, H. Terauchi, K. Ohta, and I. Yamamoto, ibid., 

163, 211 (1988).
24) J. Billard, C. R. Acad. Sci. Paris, 299, 905 (1984).
25) M. P. Eastman, Miin-Liang Horng, B. Freiha, and K. W. Sheu, Liq. Cryst., 2, 223 

(1987).
26) A. M. Giroud-Godquin, G. Sigaud, M. F. Achard, and H. Hardouin, J. Physique Lett., 

45, L-387 (1984).
27) O. Ohta, H. Hasebe, H. Ema, T. Fujimoto, and I. Yamamoto, J. Chem. Soc., Chem. 

Commun., 1610 (1989).
28) A. M. Giroud-Godquin, J. M. Latour, and J. C. Marchon, Inorg. Chem., 24, 4452 

(1985).
29) A. M. Giroud-Godquin, J. C. Marchon, D. Guillon, and A. Skoulios, J. Physique Lett., 

45, L-681 (1984)
30) C. Eaborn and N. H. Harstshorne, J. Chem. Soc., 1955, 549.
31) J. D. Banning, J. E. Lydon, C. Eaborn, P. M. Jackson, J. W. Goodby, and G. W. Gray,

J. Chem. Soc., Fraday Trans. 1, 78, 713 (1982).
32) K. Ohta and I. Yamamoto, J. Synth. Org. Chem., Japan, 49, 5 (1991).

— 170 —



- 0£I

tdh-£r&wt '? 'm^a>mm-£&%&moi}!?mmBM&?3n¥sz'gMmmMm.
%#%##% £TZTZ

•sLjt-% '&m °<2<%&.Mwmma)3[w,Q>3£~-

^sommmgsamz%n
0§^xn*?q^#9^(#)</4r^ '#/y#x 
buss)^^^ 

°<Z^\X'VLcm'&*-2 (o#^#-narK) '4 3 3##
SS^OC.2 §r^M3-Q3f3»<2)®B '^a.##09^

'nqm#
0^v/i3.'4<5<sE5^^ii^<!r*-/i/:^ y^ ?#

'<3 'll <3 IF
#? (#oooi-ooi)maN ? im

^Bcy^n zi z rz

'#mw# '^<3 $ ° ^ % o ^^^4/ j: m % i
*£-£• '3>1

°SvA%
^<?n^ !^-iisi(^) Q>-h& x%ovt#M5#a.Bmmggg' xn

x^4 < K-ar^B^o@# x#a_B*mS8# Vt^i* 
$##%%% xa.g#2i#686T '«* S VI3 £ <$ =0. (.V0™S)

2)SM2W^#cyB.DraS xa-BE§:4-^ffi^^BSBS^ v£-
°£4-B§£^

^£4-##^ 4 /t ^-ifil?!|li2i||lf^G)a- xa.(#3
,DraS $ 'iSDraS ( Igl

jf^/^M-6. ?2$"a -a2j#9A6%
^ xw###m$g vvz'vz

g^roa- ? x###### iz-zz

ts&irgp.nyi^ESj zsz



ft^mxonmwmj mwx v tmm#
&&zmb, m&&K<Dfrz£t<Di&mK£\). rm&ft?b$kft?b
Ol&mWBJ <Dm$£Kfrtfr%W~C'%%o
l m^ft^mxow.m^m

^m&ft*wix<D%m\mi omssa, ac&cat&ommmec-cv^
#ae#, es#> m#m%, ##^2f

m&<Dwm$r‘&%fflmLx, me##, ##,

4 'y^ftbKlfomxgZo § £>£, itfe^JMSM^^^yfcf^-T"^ yyo*- •

%#<%)jecE##, mem#. ##$, %

5.
ii. ©be^m

TtePimtS-kOb, «kfr?xmMlfr?0&&ZPmir5-k<Dftm7L<bti5o
frtiitd &o^f #E^m^j$j#u. wm

"C^^tT/T^S 5- 7$ / -2- = h 0 7 3Z=/P&$r, #iB

&%, u-c, ft
m-fttirfcB^ztw hr??4 -(o^mmbbxonm,
b Lxo$mx&5 i7-2o)= ?ftvtm&*m^tcm$ii$3iX'tbz>-m, ##

ar7/P*,bSr#o#^&.
% b^7L BtL^o
MHTft, K CO#02^M:. 7'/

m#ikLT±#:#m^Wk7S^#^. ##

©^#K#t):'0< t©&#&6
flZo

2.2.2.1.4
i.

^©B©MH§&gift2:y%$iix

- 131 -



ass.
©M)£fcSDfc#^im-as6£ftJ; 5 E6-ofc, C(D#K, ^MBfitJtr^SLfc^^EH*
##2:A^ik###^meu^###ma3^g2:#t&fts.
n. mm-##

£SJl£ftT^3<m*, SmC* *5 £ SmCA' W±~Z' tb %» t.tc. £ ft £> £> *0 fc & V'T %, 
mfc®m<Dfrirt.tc}$fr?M&w<Dmmi*mhfrfci$tixf£^0 ase, 
amasmau, ^f#A#o#mK#@i-smm##asip#ftHr, 
&#^.St®2:#^&ftS. #A#o##%W#K6!), T-f/<
-f ^#eNctm*a:a^%%<o2:#^.&fts.

S5£, M&wofrtirkvxfe, 7£&mb>%/\'m®kmK£z>xm$mmisti'&u±<Dm

iii. t##
^-iz-Z'M^tcz bK. ####, ua>v

6a$6>, W$JfiJM"f*5y1'A'4 7 KU&slXa*S Ji ^<9 Sn?& 5 = #
A#, t7 $ y ##^6^®@#2:m6!), 2::rAV ;* 2: UT

#^±-C&ft6^. #l5EO 2: C5, 2#<&%<%)gai@tc$f±LT, &^##6 2'K#ML'C
va^v, mm. m# 6 ^ ® #^n $s j: i± -%r

#sa%, irg)#0#m^{k4"fk^iblrM:mL<, ttMi^ffil-5fc«\ ^ftW©# 
mom^a2A#2:^tg,ftS.

-X.EK
1) R. B. Meyer, L. Liebert, L. Strzelecki, and P. Keller, J. Phys. Lett., 36, 69 (1975).
2) ####, SElfcik, 7* h — 7 7.4!) -X 9, ####*&^<o#3E2:##, = ef-% 

(1990).
3) #?#2, 22,73(1994).
4) ttm&m, mm<D4b#, 22,111(1994).
5) A. D. L. Candani, Y. Ouchi, H. Takezoe, A. Fukuda, K. Terashima, K. Furukawa, and 

A. Kishi, Jpn. J. Appl. Phys., 28, 1261 (1989).
6) A. D. L. Candani, E. Gorecka, Y. Ouchi, H. Takezoe, and A. Fukuda, Jpn. J. Appl. 

Phys., 28, 1265 (1989).
7) N. A. Clark and S. T. Lagerwall, Appl. Phys. Lett., 36, 899 (1980).
s) #&% mawm, asm#, ########&, 2(1), 45 (1993).
9) m#m#, mm##, 45(3), 273-277 (1994).
10) A. Sneb, J. -Y. Liu, and K. M. Johnson, Opt. Lett., 19 (4), 305 (1994).
11) I. Abdulhalim, Opt. Commun., 108 (4/6), 219 (1994).
12) #&#&#, #)I|K, fUB##, 64(5), 418 (1995).
13) IEBM, %###, 42(3), 110 (1994).

m



14) imam,
6, 195 (1994).

15) jejiistc, 39(1), 6 (1995).
16) K. Schmitt, R. -P. Herr, M. Schadt, J. Fuenfschilling, R. Buchecker, and C. Benecke, 

Liq. Cryst., 14(6), 1735 (1993).
17) 22, 158 (1994).
18) R. G. Weiss, Tetrahedron, 44, 3413 (1988).
19) B. Samori and L. Fiocco, J. Am. Chem. Soc., 104, 2634 (1982).
20) P. De Maria, A. Lodi, B. Samori, F. Rustichelli, and G. Torquati, J. Am. Chem. Soc., 

106, 653(1984).
21) S. Servaty, F. Kremer, A. Schoenfeld, and R. Ntel, Z. Phys. Chem., 190(1), 73 (1995).
22) T. Sakaki, T. Ikeda, and K. Ichimura, J. Am. Chem. Soc., 116(2), 625 (1994).
23) mm##, i§m, &m, 32(7), 446 (1994).
24) H. G. Walton, H. J. Coles, D. Guillon, and G. Poeti, Liq. Cryst., 17(3), 333 (1994).
25) D. M. Walbe, F. Stevens, D. C. Parks, N. A. Clark, and M. D. Wand, Science, 267,1144 

(1995).

2.2.2.2

2.2.2.2.1

a £ t £ £ X),
waft.

i.

mm&M£ Table W.2.2 k tbfco
Table IV.2.2 Chemical structures of reactive liquid crystals.

RO-<0~CC,0'0"OOC"0"OR

R Nematic range (°C)

CH2=CHCOO-(CH2)5— 92-170

CH2=C(CH3)COO-(CH2)5— 74-158

CH2=CHO-(CH2)6— 110-194

A
CH2-CH-(CH2)4— 119-213
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Fig. IV.2.12 Chemical structures of UV curable liquid crystals.
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Fig. W.2.13 Fabrication of the retardation film with STN orientation.
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Fig. 1V.2.14 Fabrication of the retardation film with patternwised orientation.
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Fig. IV.2.15 Schematic presentation of pitch gradient in a cholesteric polymer.
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side view

electrode

UV curable liquid 
crystal
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UV irradiation

Distribution of refractive index

Fig. IV.2.16 Fabrication of microlens array.
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Fig. IV.2.17 Chemical structure of polymer having 
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Fig. IV.2.19 Model of the anisotropic molecular configuration and 
photoreactions caused by linear photopolymerization.
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Fig. IV.2.20 Dicroic dyes containing fluorine atom (LC : ZLI-1565).
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Fig. 1V.2.23 Molecular structure of PVCi and photodimerization process.
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Fig. IV.2.24 Characteristic between color and temperature of choresteric liquid crystal.
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Fig. IV.2.25 Helicoidal structure of choresteric liquid crystal.
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Fig. 17.2.26 Structure of pressure sensor.
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Fig. IV.2.27 Flow sensor with choresteric liquid 
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Fig. IV.2.28 Measuring patterns.
a) test sample
b) ultrasonic image of a).
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top view

Fig. IV.2.29 Switching model of an in-plane mode LCD.
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Excited molecular dynamics

Fig. 1V.2.30 Molecular motions in disco tic liquid crystals.
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Fig. IV.3.1 Structure of MCM-22. (a) Projection from [001] direction, (b) Clathrasil [435663] 
cage, (c) Unit cage in MCM-22.
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Polymorph A Polymorph B

Fig. W.3.2 Polymorphs of j3 (Projection from [100] and [010] directions).
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Fig. IV 3.3 (a)(b) Basic unit of j3. (c)(d) 
Second 6MR added to the basic 
unit: (c) Left handed; (d) Right 
handed.
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Fig. IV.3.4 Surfactant/inorganic mesostructures. Fig. IV.3.5 TEM image of FSM-16.

Table W.3.1 Properties of various porous materials.

Materials
Pore

diameters
(nm)

Surface
areas

(m2/g)

Pore
volumes

(cc/g)

Thermal
stability
m

FSM-16,MCM-41 1.3-10 1000 0.8 1000
Zeolite 0.3-1.3 600 0.2 900
Silica-gel 0.3< 600 0.8 1000
Alumina 5< 300 - 1000
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Table IV.3.2 Major direction of sol-gel research.

- Sol-gel optics
- Molecular ceramic composites
- Nonlinear optically active sol-gels
- Ultrastructure processing of structural ceramics
- Infrared transparent structural ceramics
- Multifunctional nanocomposites
- Scaling calculations
- Molecular orbital calculations
- Polymer network theory and gelation
- Sol-gel precursor chemistry
- Hierarchical clustering of sol-gel systems
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Table IV.3.3 Alkylation of biphenyl over zeolite catalysts81.

Catalyst
(SiOa/AlzOa)

Temp.
CC)

Conv.
(%)

Alkylates(X) IPBP(%) DIPBOO

IPBP DIBP 2- 3- 4- 4,4'- 3,4’- 3,3'-

HM(23) 180 16 89 11 7 20 74 75 16 2
250 48 73 27 5 24 71 78 14 2

HY(5.8) 200 76 60 40 36 23 41 5 8 7
250 83 61 33 7 48 45 11 22 13

HL(6.1) 200 82 54 36 39 18 43 10 8 6
250 84 53 47 , 29 25 46 10 13 6

SA(4.3) 180 67 62 38 36 15 49 16 9 5
250 84 48 39 18 32 50 25 26 8

HZSM5(50) 300 6 100 0 16 30 54 - - -

Reaction conditions: Biphenyl 50mmol. propylene lOOmmol. Solvent trans-decalin: 
20ml. catalyst:lg. reaction period:#.

IPBP 25. DIPB W$S©
<45, A#6<lK#t4-IPBP&I1:4,4'-DIPB t^k.

£> ft<5 o
hmfixate«*>.

£ <D&}£&&&&KM tit-? Z> kZtLZ £ k £\), m%/I/ ^ A L± HM Si02/
Al203!±©#me##Fig. IV.3.10 KttLtcMfc, SiOVAi203ti:§riW<1-5 t, MS 
&#M_ki'a t im#K 4-IPBP Rtf 4,4’-DIPB ©#^#a^±L±. #K HM(220) Xit 
4,4’-DIPB iiESas 90% 5£< fciSLfco gpt>» W7 A K £ 9 SlJS^as^-f* § fc
tfG&6fHM#MS##a3#L<%#a:h,ac2:&^LT^3. C©^. #^#©M 
S© TGfrtirfokZ b, Si02/Al20sJ£fc#fc:a-*£jfc#$4>>U

bfltc (Fig. W.3.11)= §e>fcitaS73«±©HMTfH:, 5

Jbtffig-trfeSo Fig. IV.3.12 DIPB *© 4,4’-DIPB Ofttih SiOVAWD, J±
©iM£^v7t 12)= wl© HM ir % 4,4'-DiPB 3 a^
zomt, c©c hm © siovAi2o3 ^-f
35?LmTrAm^@^%6T/l/ar/i/ikMfSa;mei-6C Ctb^©#%l±.
SiOz/AlzOaIta^^HM^M:, 2:$r^%LT
^6. yx.—A'R.Tfiyv if U><om%u&=i-?tkJ&K£%m^OtcZbfc
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Conv.

4-IPBP

4-IPBP

3-IPBP

2-IPBP

S1O2/AI2O3 ratio

Fig. 1V.3.10 Effect of SiOVAliOs ratio of H-mordenite on the isopropylation of biphenyl. Reaction conditions: 
biphenyl, 100 mmol; propylene, 0.8 MPa; HM, 1 g; temperature, 250 °C ; period, 4 h.

400 600
Temperature (°C)

Fig. IV.3.11 Effect of SiOVAlzO, ratio of H-mordenite on coke formation in the isopropylation of biphenyl.
Reaction conditions are the same as Fig. IV.3.10. TG conditions: HM, 10 mg; programmed rate, 
10 °C /min under an air stream.
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Fig. IV.3.12 Effect of SiO/ALOa ratio of H-mordenite on encapsulated DIPS isomers. Reaction conditions: 
biphenyl, 100 mmol; propylene, 0.8 MPa; temperature, 250 °C ; period, 4 h.
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Table IV.3.4 Methylation of naphthalene over zeolites31.

Catalyst HZSM-5(I)a HZSM-5(II)a HMb HYC

Catalyst wt (g) 0.5 0.5 5 5
Gas velocity (WHSVOT1)) 3.16 3.16 1.18 1.18
Reaction temperature (*c ) 400 400 400 400
Reaction period (h) 0.5 3.33 3.33 1.33
Conversion (%) 5 9 9 47
Products distribution (wt%)

MN 50.2 65.3 55.5 44.1
ENd 10.4 3.9 4.4 1.1
DMN 33.1 20.8 26.1 28.7
TMNa 5.6 7.5 10.5 18.7
TTHNf 0.7 2.1 2.7 6.3
PHN® - 0.4 0.6 1.1

MN isomer distribution (%)
2- 89 89 65 63
1- 11 11 35 37

DMN isomer distribution (%)
2,6 + 2,7- 65.6 80.8 35.1 32.2
1.3- 14.0 10.2 29.6 30.0
1.6- 12.9 7.8 17.9 18.2
2,3 + 1,5(+1,4-?) 5.4 1.2 11.5 13.3
1,2- 2.1 0.0 5.9 6.3
1.8- 0.0 .0.0 0.0 0.0

Feed; naphthalene : MeOH : mesitylene=l:6.61:3.57(molar ratio). "SiOz/AizOa ratio: 
20.2(1), 64.0(11). "Zeolon 200. cSK-40. “ethylnaphthalene. 'trimethylnaphthalene. 
f tetramethylnaphtha1ene. *polymethy1naphtha1ene.
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S1O2/AI2O3 ratio

Fig. IV.3.13 Effect of SiOVAlzO, ratio of H-mordenite on the isopropylation of naphthalene. Reaction 
conditions: naphthalene, 400 mmol; propylene, 0.8 MPa; HM, 5 g; temperature, 250 °C; period, 4 h.

Fig. IV.3.14 Effect of SiOVAhOs ratio of H-mordenite on encapsulated DIPN isomers. Reaction conditions: 
naphthalene, 100 mmol; propylene, 0.8 MPa; temperature, 250 °C ; period, 4 h.
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•f—^Trfeofco

z a 2,6-DiPN c tK t

Conv.

others

Cerium (wt%)

Fig. IV.3.15 Effect of cerium modification on H-mordenite in the isopropylation of naphthalene. Reaction 
conditions: naphthalene, 200 mmol; propylene, 0.8 MPa; CeHM(128), 1 g; temperature, 250 °C ; 
period, 4 h.
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- 40 "5

DIPN yield

2,6-DIPN yield

Calcination temperature (°C)

Fig. 17.3.16 Effect of reaction temperature on the isopropylation of naphthalene over cerium modified H- 
mordenite. Reaction conditions: naphthalene, 200 mmol; propylene, 0.8 MPa; CeHM(128), 1 g; 
period, 4 h.
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Table N.3.5 Specifications of reformulated diesel fuel.

California Sweden (Class 1)
Sulfur wtppm 500 10
Total aromatics vol% 10 5
Polyaromatics wt% 1.4 0.02
Nitrogen wtppm 10 -
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'>;P (dodecasil)-3C(16[512]-8[512614]• 136Si02), Ft*
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Fig. W.3.17 Crystal structure of cubic gas 
hydrate I (2[512]-6[51262]-46H20). 
Gas molecules, such as Ar, Xe, 
CH4, HzS, CL, are clathrated in 
the two kinds of polyhedra cage, 
i.e., 12-hedron cage [512] and 14- 
hedron cage [5n62].

5.8X7.7A 5.8X7.7A

7.7x11.2A

Fig. 1V.3.18 Gases clathrated in the cages of various clathrasils.
a: Xe in the 12-hedron cage [512] of melanophlogite. 
b: CO2 in the 14-hedron cage [5n62] of melanophlogite. 
c: CH3NH2 in the 14-hedron cage [51262] of melanophlogite. 
d: Piperidine in the 16-hedron cage [51Z64] of dodecasil-3C. 
e: Adamantylamine in the 20-hedron cage [5n6s] of dodecasil-lH.
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Eg. IV .3.19 Structure model of the cluster crystal K/K-A where K clusters are formed in the a-cage of K- 
exchanged A type zeolite (LTA).
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Fig. W.3.20 K&Z> X 5 KX o-^-
5>'^SS^l.lnm©S#a:S5 2:

I?t> ^M%4bi"SZ $

100 Oe

Fig. IV.3.20 Plots of magnetization of the cluster crystal KZK- 
A against the number of electrons per K-cluster. 
Temperature of the measurement was 1.7 K 
and the magnetic field applied was 100 Oe.
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Fig. W.3.21 Synthesis of polyaniline in the pore of MCM-41.
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Fig. IV.3.22 maso-Tetraarylporphyrin synthesis.
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Fig. IV.3.23 2,4,6-Triphenylpyiylium ion included in the pore of 

MCM-41.
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Fig. IV.3.24 Schematic representation of a 
Slow-Scan CCD Camera.

COXB-^^rty CCD 3? ^ 7&J1V' 
Ti^LfeMt Fig. W.3.25 4)0 #
mzmry't b Y(Si/Al = 2.6)i?2b-5 =

0.2A/crn^E#mme^^2#2: LT^
s.

m K-X#©# 1/50
£©#& <110>
^&D, 7.4 A©#?LO#^%oX-X- 
*r — S?^X#&6V'=t y h 7* hiLT 
BExlr# 5 = t-fc, 7ct-7^r^y CCD
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Fig. W.3.25 HERM micrograph of the zeolite Y 
observed along the <110> direction.
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Fig. IV.3.26 HERM micrograph of the Fig. IV.3.27 Computer image of a zeolite Y simulated at the 
zeolite Y observed along the same conditions as Fig. IV.3.26.
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International Symposium on Harmonized Molecular Materials
February 1 and 2, 1996

Program and Contents

February 1, 1996 (Thurs.) 13:00~17:00

13:00-13:10 Opening Address
S. Ono, Director General, National Institute of Materials and 
Chemical Research (NIMC)
K. Hattori, Director for Development Program, Agency of
Industrial Science and Technology (AIST)

13:10-13:30
Chairperson: T. Tamaki
Prof. K. Ichimura, "The View and Prospect of Harmonized [ 1 ]
Molecular Materials" (Invited), Tokyo Institute of Technology.

13:30-14:20 Prof. W. Knoll, "Supramolecular Architectures That Bridge [ 5 ]
Artificial and Biosystems" (Invited), Max-Planck Institute.

14:20-15:10
Chairperson: H. Nozoye
Prof. R. G. Nuzzo, "New Development of Self-assembled [10]
Monolayers" (Invited), University of Illinois.

15:10-15:30 Coffee Break

15:30-15:50
Chairperson: M. Matsumoto
Dr. H. Nozoye, "Structure of Self-assembled Monolayers of [11]
Alkanethiols on Au(lll)", NIMC.

15:50-16:40 Dr. M. Seul, 'Directed Self-Assembly: A Top-down Approach [ 13 ] 
to the Formation of Functional Molecular Systems" (Invited),
AT&T Bell Laboratories.

16:40-17:00 Dr. H. Yokoyama, "Spontaneous Two-dimensional Pattern [31]
Formation in Spread Monolayers", Electrotechnical Laboratory.

17:30-19:30 Banquet



February 2, 1996 (Fri.) 9:30~16:30

9:30-10:20

10:20-11:10

11:10-11:30

11:30-13:00
(12:00-13:00)

13:00-13:50

13:50-14:10

14:10-14:40

14:40-15:00

15:00-15:15

15:15-16:05

16:05-16:25

16:25-16:30

Chairperson: Y. Shimizu
Prof. D. Haarer, "Electronic Properties of Discotic Liquid [33] 
Crystals" (Invited), University of Bayreuth.

Chairperson: H. Yokoyama
Dr. J. Stumpe, 'Thotoinduced Orientation in LB Multilayers, [38] 
Films of Amorphous and Liquid Crystalline Polymers"
(Invited), Humboldt University.
Dr. Y. Shimizu, "Photocurrent Behaviour of a Mesogenic [ 43 ] 
Tetraphenylporphyrin", Osaka National Research Institute.

Poster Session 
(Lunch)

Chairperson: F. Nakanishi
Prof. M. C. Petty, "Sensors Based on Molecular Films" [47]
(Invited), University of Durham.
Dr. M. Matsumoto, "Structure Control of Langmuir-Blodgett [52] 
Films and Inorganic-organic Layered Compounds", NIMC.

Chairperson: Y. Yoshimura
Prof. T. Tatsumi, "Recent Advances in Micro- and 
Mesoporous Materials" (Invited), The University of Tokyo.
Prof. Y. Sugi, "Zeolite for Shape-selective Catalysis 
— Alkylation of Polynuclear Aromatics —"
(Invited), Gifu University.

Coffee Break

Chairperson: K. Kasuga 
Dr. J.-P. Collin, 'Thotoinduced Electron and Energy Transfer •[ 60 ] 
in Ruthenium-Rhodium and Ruthenium-Osmium Complexes 
Containing Rigid Bridging Ligands of Various Lengths"
(Invited), Universite Louis Pasteur.
Dr. H. Sugihara, "The Design of Ionophores; 1,10-Phenanthrolines [63] 
for Lithium Ion Sensing and Transporting Agents", NIMC.

Closing Remarks
K. Kikuchi, Managing Director, Japan High Polymer Center 
(JHPC)

[54]

[58]
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Poster Session

February 2, 1996 (Fri.) 11:30~13:00

Perovskite-type Layered Compounds as Inorganic-Organic Hybrid Materials [65] 
(National Institute of Materials and Chemical Research [NIMC])

Transport of Saccharides through a Liquid Membrane Mediated by Lipophilic [67]
Alkaline Earth Metal Complexes
(NIMC)

Kemp’s Triacid Derivatives as Ion Transport Agents [69]
(NIMC)

Surface Phase Behavior of n-Alkanethiol Self-assembled Monolayers on [71]
Au(lll) Studied with AFM (NIMC, Frontier Research Program RIKEN)

Scanning Maxwell-stress Microscopy under Water [73]
(Electrotechnical Laboratory)

Development of Dual-probe Scanning Near-field Optical Microscope [75 ]
(Electrotechnical Laboratory)

Mesogenic Aluminum(H) Tetraphenylporphyrins: [77]
Effect of Monomer to Dimer Conversion on the Mesomorphic Properties 
(Osaka National Research Institute)

Formation of a day Monolayer at an Air-water Interface [79]
(National Industrial Research Institute of Nagoya)

CO Hydrogenation over Cobalt Catalysts Supported on Silicate Crystallite [ 81 ] 
Mesoporous Materials
(Tohoku National Industrial Research Institute)

Intercalation of Copper(U) Phthalocyanine Tetrasulfonate Anion (CuPcTs4-) [ 83 ]
into Basic Copper(II) Acetate
(Tohoku National Industrial Research Institute)

Photoinduced Dichroism of Spirooxazines in Polymer Thin Films [85]
(Hokkaido National Industrial Research Institute, Tokyo Institute of Technology)
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Synthesis of Zeolites in Solid State [87]
(Kubota Corporation, NIMC)

Phase Transition and Optical Nonlinearity of Phthalocyanine Derivatives [ 89 ]
(Toyo Ink Mfg. Co., NIMC, Tohoku University)

Preparation of Dye-layered Polarizers by Command Surfaces [ 91 ]
(Nippon Kayaku Co., Ltd., Tokyo Institute of Technology)

Intercalation of Hinokitiol in Montmorillonite and Its Extraction Behavior to [ 93 ] 
Aqueous Solutions
(Nippon Paint Co., Ltd., National Institute for Research in Inorganic Materials)

Study on MBE Growth of Organic Molecules Using in situ RHEED Observation [ 95 ] 
(Sony Corporation Research Center, Institute of Physical and Chemical Research)

High Resolution TEM Observation of the Microstructure of Zeolites [97]
(Japan Fine Ceramics Center)

Synthesis and Thermal Properties of the Ladderlike Inorganic Polymer Materials [ 99 ] 
(Kansai Research Institute)

Synthesis of Ethyl Acetate via Ethylene Addition to Acetic Acid [101]
(Showa Denko K. K.)

Properties of UV Curable Smectic Liquid Crystals [103]
, (Dainippon Ink & Chemicals, Inc.)

Cl Ion Sensor Based on Molecular-oriented Films [105]
(Tokuyama Corp.)

Syntheses of Mesoporous Molecular Sieves by Cooperation between Surfactant [107] 
Molecules and Layered Silicate 
(Toyota Central R&D Labs., Inc.)

Langmuir-Blodgett Films of TCNQ and Its Mixed-stack Charge-transfer Complex [109] 
(Matsushita Research Institute Tokyo, Inc.)

Optical Modulation with Antiferroelectric Liquid Crystal [111]
(Mitsui Petrochemical Industries, Co., Ltd.)
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G) & c (* y=)
• Prof. K. Ichimura, "The View and.Prospect of Harmonized Molecular Materials" (1)
• Prof. W. Knoll, "Supramolecular Architectures That Bridge Artificial and Biosystems" (8)
• Prof. R. G. Nuzzo, "New Development of Self-assembled Monolayers" (7^
• Dr. M. Seul, "Directed Self-Assembly: A Top-down Approach to the Formation of

Functional Molecular Systems" (6)
• Prof. D. Haarer, "Electronic Properties of Discotic Liquid Crystals" (4)



• Dr. J. Stumpe, "Photoinduced Orientation in LB Multilayers, Films of Amorphous and
Liquid Crystalline Polymers" (5)

• Dr. Y. Shimizu, "Photocurrent Behaviour of a Mesogenic Tetraphenylporphyrin" (2)
• Prof. M. C. Petty, "Sensors Based on Molecular Films" (4)
• Dr. M. Matsumoto, "Structure Control of Langmuir-Blodgett Films and Inorganic-organic

Layered Compounds" (5)
• Prof. T. Tatsumi, "Recent Advances in Micro- and Mesoporous Materials" (1)
• Prof. Y. Sugi, "Zeolite for Shape-selective Catalysis —Alkylation of Polynuclear Aromatics—" (1)
• Dr. J.-P. Collin, "Photoinduced Electron and Energy Transfer in Ruthenium-Rhodium and

Ruthenium-Osmium Complexes Containing Rigid Bridging Ligands of Various Lengths" (2)
• Dr. H. Sugihara, "The Design of Ionophores: 1,10-Phenanthrolines for Lithium Ion

Sensing and Transporting Agents" (1)

• "Perovskite-type Layered Compounds as Inorganic-Organic Hybrid Materials" [National
Institute of Materials and Chemical Research: NIMC] (3)

• "Transport of Saccharides Through a Liquid Membrane Mediated by Lipophilic Alkaline
Earth Metal Complexes" [NIMC] (2)

• "Kemp’s Triacid Derivatives as Ion Transport Agents" [NIMC] (2)
• "Surface Phase Behavior of n-Alkanethiol Self-assembled Monolayers on Au(lll) Studied

with AFM" [NIMC, Frontier Research Program RIKEN] (3)
• "Scanning Maxwell-stress Microscopy Under Water" [Electrotechnical Laboratory] (1)
• "Mesogenic Aluminum(lll) Tetraphenylporphyrins: Effect of Monomer to Dimer 

Conversion on the Mesomorphic Properties" [Osaka National Research Institute] (1)
• "Formation of a Clay Monolayer at an Air-water Interface" [National Industrial Research

Institute of Nagoya] (1)
• "CO Hydrogenation over Cobalt Catalysts Supported on Silicate Crystallite Mesoporous

Materials" [Tohoku National Industrial Research Institute] (2)
• "Photoinduced Dichroism of Spirooxazines in Polymer Thin Films"

[Hokkaido National Industrial Research Institute, Tokyo Institute of Technology] (2)
• "Preparation of Dye-layered Polarizers by Command Surfaces" [Nippon Kayaku Co., Ltd.,

Tokyo Institute of Technology] (2)
• "Intercalation of Hinokitiol in Montmorillonite and Its Extraction Behavior to Aqueous 

Solutions"
[Nippon Paint Co., Ltd., National Institute for Research in Inorganic Materials] (2)

• "Study on MBE Growth of Organic Molecules Using in situ RHEED Observation"
[Sony Corporation Research Center, Institute of Physical and Chemical Research] (1)

• "Synthesis and Thermal Properties of the Ladderlike Inorganic Polymer Materials"
[Kansai Research Institute] (1)

• "Cl Ion Sensor Based on Molecular-oriented Films" [Tokuyama Corp.] (1)
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Table V.l.l Adsorption isotherms of CRA (1) and its model compound (2).

Adsorbent Substrate Temperature
ro a Ws

1 Quartz plate 18 7.9 x 104 0.8
25 4.6 x 105 0.86
50 5.6 x 105 0.82

2 Quartz plate 18 7.6 x 102 3.4

1 PVA film 25 7.6 x 104 0.57
50 8.0 x 104 0.65

a: Adsorption equilibrium constant (L/dm3)
Ws: Amount of saturated adsorped molecules (molecules/nm2)
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Fig. V.1.1 Illustrative representation of an adsorbed CRA monolayer.
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Fig. V.2.1 Three kinds of phthalocyanine disco tic liquid crystals.
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R : C18 H37O-

^18 *"^7 S-

M :JH2,Cu, Pb, VO, TiO

Fig. V.2.2 Phthalocyanine disco tic liquid crystals synthesized.
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R8PcM

M : Hg, Cu, Pb, VO | R: C18H37O

Fig. V.2.3 Synthesis root of the compounds.

Table V.2.1 Phase sequences of the compounds.

Metal Crystal Discotic —C-’ 4 Isotropic

h2 • 100 • 256 •
Cu • 61 # —

Pb • 61 ' • 140 •
VO e 65 e 270 e
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Fig. V.2.4 Polarization reversal current observed in VOPc disco tic phase.
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Fig. V.2.5 Dispersion of the dielectric constant of VOPc discotic liquid crystal.
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Fig. V.2.6 Mechanism of polarization reversal in VOPc discotic phase.
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Fig. V.3.2 Synthesis of Sn-MCM-48.
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Table V.3.1 Effect of surfactant concentration.

Si source* H20/(CTMAX/OH)b (X) structure
TEOS 69.8 (Cl) hexagonal
TEOS 46.5(d) cubic
TEOS 46.5 (Br) cubic

aTEOS: tetraethyl orthosilicate, bSi/CTMA = 1.0, 
GTMAX/OH = 70/30. Hydrothermal synthesis 
conditions: 373 K; 10 days; under static condition.

3.3.1.3 name##
TEOS L*C4r» - tf v 9 VtcM& Surf/Si i££^L< VT.

Fig. V.3.3&&:b&&J: 5 K. a
zMT9*&Si$liifcLfc$£-

Kl±. 5ltSl? fe 5 ;Jcif 7 X t £ a, pH##
(DtcvxD^nomnfoxv'rsi'fttimzZo mm.

2 6/ degree

Fig. V.3.3 Effect of Si sources. (A) TEOS, (B) 
colloidal silica, (C) sodium silicate.

2 0/ degree

Fig. V.3.4 XRD Pattern of Sn-MCM-48.
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Fig. V.3.5 Nz Adsorption isotherm of Sn-MCM-48.
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Fig. V.3.6 UV-Vis. spectrum of Sn-MCM-48. Fig. V.3.7 Sn MAS NMR spectrum of Sn-MCM-48.
(A) Sn02 (B) Sn-MCM-48.

Table V.3.2 Oxidation of cyclododecene on metal-containing materials.

Catalyst Turnover Number (mol/mol-Ti)
Sn-MCM-48 0.45
Ti-MCM-41 . 0.73
Ti-MCM-48 1.61
TiO,-SiO, 0.057

acatalyst 50 mg, cyclododecene 20 mmol, oxidant 24 mmol, 323 K, 2 h.

3.4 t$t> y 1C

M41S Surf/Si
SSoSjgx SiE> ztib<D 1 2 3 4 5 6 7

1) C. T. Kresge et al., Nature, 359, 710 (1992).
2) J. C. Vartuli et al., Chem. Mater., 6, 2317 (1994).
3) A. Corma et al., J. Chem. Soc., Chem. Commun., 147 (1994).
4) T. J. Pinnavaia et al., Nature, 368, 321 (1994).
5) &, S 74 (A) SSBM*, p.540; 69

#?##, p.45.
6) K. M. Reddy et al., J. Chem. Soc., Chem. Commun., 1059 (1994).
7) D. Zhao et al, J. Chem. Soc., Chem. Commun., 875 (1995).



8) A. Sayari et al., Chem. Mater.,7, 813 (1995). ,
9) Z. Y. Yuan et al., Chem. Soc., Chem. Commun., 973 (1995).
10) N. K. Mai et al., J. Chem. Soc., Chem. Commun., 1933^(1994).
11) N. K. Mai et al., Appl. Catal., 125, 233 (1995).
12) N. K. Mai et al., Catal. Lett., 33, 387 (1995).
13) A. Monnier et al., Science, 261, 1299 (1993).
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