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Anionic vanadium complex, [V10028]6‘, and cationic
cadmium complex, [Cle(SCHZCHZOH)16]4+, were incorporated
into oppositely-charged multibilayer cast films, respec-
tively, by the ion-exchange method. The composite films
possessed regular multilayer structures with alternating

organic and inorganic layers.

Template synthesis of inorganic materials in well-defined microspaces
(zeolites, inorganic layers, LB films) is an attractive method for the
preparation and the controlled arrangement of nanoscale objects.2'4)
Multibilayer films are readily prepared by casting of aqueous bilayer
dispersions.s) They act as two-dimensional
templates for the preparation of ultra-thin }| H

6) metal oxides7) and

films of polysiloxanes,
organic polymers.s) Recently, we successfully
prepared anionic metal halide clusters by
incorporating the starting molecular species
(PbBr42', etc) into the interlayer space of
cast films of ammonium bilayers by the ion-
exchange method.g) The ion-exchange technique
provides advantages over the cosonication
procedure that were used by uss‘g) and
others,lo) since the original regularity of
cast films is usually maintained. Its dis-
advantage, on the other hand, is that the

incorporation of charged species is limited

by charge neutralization. In order to
Fig. 1. Structures of

) . ' [V1005518" and [Cdj,(SCH,CH,-
conducted incorporation of representative OH)16]§+.15’17) Carbon and

polynuclear metal complexes of Fig. 1 by hydrogen atoms are omitted.

remedy some of these disadvantages, we
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the ion-exchange method.

complexes by the cosonication method has been reporte
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Amphiphiles 111) and 2'2) are known to
produce highly ordered multilayer films.
They were cast on fluorocarbon membrane
filters, and the resulting films of 1 and 2
were immersed for 5 days in aqueous solu-
tions (10 mM each) of 6Na+[V10028]6' 13)
and [Cdjq(SCH,CH,0H)g14*4C10,7,14)
respectively.

IR spectra of sodium decavanadate
(6Na[V;909g]*18H50), cast film 1 and their
composite film are compared in Fig. 2.

The composite film gave a spectrum that
was virtually a superposition of the

and possessed character-
istic peaks of [Vy,04518” at 843 and 957
-1, the complex structure of

separate spectra,

cm Therefore,

decavanadate that consists of ten VOg
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Fig. 2. IR spectra.

(a) 6Va[V10028] 18H,0, (b) cast

film 1, and (c) 1- [V10028]
composite film.

octahedra sharing edgesls) (see Fig. 1)
was maintained in the composite film.
The UV absorption maximum of the
2-[Cd; o (SCHoCH,0H) 114"
was found at 260 nm and shifted to 256
nm when it was dissolved in chloroform.

composite film

The latter spectrum agrees very closely
with that of aqueous [Cle(SCHZCHz—
OH)16]4+ (absorption maximum: 258

m) .16) 113cq cp-MAS NMR

spectroscopy revealed that the coordi-

Furthermore,
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nation environment of the cadmium 400 200

complex in the composite film was very ppm

similar to that of [Cdjq(SCHoCH,0H)jgl+ Fig. 3. 113cd cP-MaAS MR

4C10, crystal (Fig. 3).17) spectra. Spinning speed, 2500
Hz; reference, Cd(Cl04)9+6H50

Figure 4 shows X-ray diffraction
patterns of single-component cast

films and their composite films.

and (b) 2-[Cdy(SCH,CHoOH) 114"
composite film.
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The higher-order reflection peaks observed substantiate the existence of
regular multilayer structures. The long spacings of 1—[V10028]6“ and 2-
[Cle(SCHQCHZOH)lG]4+ composite films are 45.5 A and 53.3 A, respectively.
These values are smaller than those of their original films (cast film 1:
66.2 Z, cast film 2: 62.6 K), and suggest that bilayer components become
even more tilted. The regular side-chain alignment is preserved in these
films as confirmed by DSC measurement. 18) Obviously, alternating organic
and inorganic layers are formed in the composite films.

The amount of vanadium in 1—[V10028]6' composite film was 9.42 wt% as
determined by ICP measurement. This value is close to six amphiphiles to
one decavanadic acid (calculated content, 9.19 wt%). Thus, all the posi-
tive charges at the bilayer surface are neutralized by the decavanadate
anion. The molecular area occupied by amphiphile 1 is estimated to be
75 5 ZZ from the cross section of two methylene units (40 32) and the
tilt angle derived from the long spacing (45.5 K) and the extended molecu-
lar length (42 Z from the CPK model). The size of the [V10028]6' complex
estimated by molecular mechanics calculation (MM2, SONY Tektronix CAChe
System) is 12.8 x10.2x7.8 23 with the cross-sectional area of 105 25 AZ.
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Fig. 4. Reflection X-ray diffraction of cast multibilayer films.
(a) cast film 1, (b) 1- [V10028] composite film,
(c¢c) cast film 2, (d) 2- [Cle(SCHZCHZOH)16]4 composite film.
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Fig. 5. Schematic drawings. (a) 1- [V10028] composite .film and
(b) 2-[Cdq(SCHyCH,0H) )% composite film.
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This area is smaller than the sum of the molecular area of paired amphi-
philes (three molecules each from above and below). Therefore, the deca-
vanadate ions do not completely fill in the space in contact with each
other (see Fig. 5a). On the other hand, the cadmium content was found to
be 15.2 wt%, and indicated the molar ratio of 2 and [Cle(SCHZCH2OH)16]4+
of 5.7 : 1. The Cd complex is spherical in shape and its diameter is ca.
15 X. Comparison of the molecular dimensions of the complex (180 32) and
the paired bilayer surface (130% 10 32, two molecules on each side) sug-
gest close packing of the complexes as shown schematically in Fig. 5b.

In conclusion, we demonstrated two-dimensional arrangements of poly-
nuclear metal complexes in multibilayer cast films of cationic and anionic
amphiphiles. It is noteworthy that regular multilayer structures are
maintained in composite films, irrespective of sizes and charges of the
complexes. Apparently, the bilayer structure is adjustable to the incom-
ing guest particles because of its self-assembling property. This is an
important advantage that is not realized by other rigid two-dimensional
hosts such as graphite, layered metaloxides, zirconium phosphate, and LB

films.

References
1) Contribution No. 1004 from the Department of Chemical Science and
Technology.
2) G.A.0zin, Adv.Mater.,4(10),612(1992).
3) S.L.Suib, Chem.Rev.,93,803(1993).
4) I.Moriguchi,I.Tanaka,Y.Teraoka,and S.Kagawa, J.Chem.Soc.,Chem.
Commun.,1991,1401.

5) N.Nakashima,R.Ando,and T.Kunitake, Chem.Lett.,1983,1577.

6) K.Sakata and T.Kunitake, J.Chem.Soc.,Chem.Commun.,1990,504.

7) N.Tsutsumi,K.Sakata,and T.Kunitake, Chem.Lett.,1992,1465.

8) S.Asakuma,H.Okada,and T.Kunitake, J.Am.Chem.Soc.,113,1749(1991).

9) N.Kimizuka,T.Maeda,I.Ichinose,and T.Kunitake, Chem.Lett.,1993,941.
10) I.Moriguchi,K.Hanai,A.Hoshikuma,Y.Teraoka,and S.Kagawa, Chem.Lett.,

1994,691.

11) Y.Wakayama and T.Kunitake, Chem.Lett.,1993,1425.

12) T.Asai, unpublished results in these laboratories.

13) Prepared according to the procedure described in G.K.Johnson,R.K.
Murmann, Inorg.Synth.,19,140(1979). The product was obtained as
single crystals.

14) G.Schwarzenbach,K.Gaulschi,J.Peter,and K.Tunaboyler, Trans.R.Inst.
Technol.Stockholm,271,295(1972). The product was identi{igd by
elemental analysis (C,H,0), absorption spectroscopy and Cd MAS-NMR
spectroscopy.

15) "The Early Transition Metals," ed by D.L.Kepert, Academic Press,
London/New York(1972), pp 181-18T7.

16) R.A.Hanberkorn,L.Que,W.0.Gillum,R.H.Holm,C.S.Liu,and R.C.Lord, Inorg.
Chem.,15,2408(1976) .

17) S.Lacelle,W.C.Stevens,D.M.Kurts,J.W.Richardson,and R.A.Jacobson,
Inorg.Chem.,23,930(1984). '

18) cast film 1: To = 68.2 Oc, AH = 55.7 kJ/mol; cast film 2: To = 64.2
°C, AH = 60.3 kJ/mol; 1-[V;4055]1%" composite film: T, = 52 - 73 °c,
AH = 55.8 kJ/mol; 2—[Cd10(SCH2CH20H)16]4+ composite film: Te =
63.4, 67.8 °C, AH = 56.4 kJ/mol.

(Received June 29, 1994)



