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for reactions between d0 M-R (R = H, alkyl, aryl) and C-H 
bonds.8 The mechanism for the photochemical <r-bond metathesis 

r i / 11 
M — s i -

process is currently under investigation. Photochemical activation 
of CpCp*M(SiRR'R")Cl (M = Zr, Hf) derivatives appears to 
result from excitation of low-intensity transitions in the visible 
region. In pentane the absorptions for 1 and 4 appear at 461 nm 
(« = 500) and 405 nm (e = 445), respectively, and are responsible 
for the observed photochemistry as determined by use of cutoff 
filters. It seems likely that these transitions involve silyl ligand 
to metal charge transfer, since they do not appear in UV-vis 
spectra of analogous alkyls, and there is a significant shift of the 
transition to higher energy on changing the metal from zirconium 
to hafnium. With a 365 (±5) nm band pass filter, the quantum 
yield for the reaction of 4 with PhSiH3 in benzene-rf6 is 0.97. 
Given this relatively high quantum yield, it is difficult at this time 
to rule out a radical chain mechanism. 

Previous studies have shown that photolysis of alkyl derivatives 
of the type Cp2MR2 (M = Ti, Zr) results in metal-carbon bond 
homolysis.9 However, currently we have little chemical evidence 
for photochemical homolysis of the metal-silicon bonds in 1 and 
4. For example, no radical coupling products have been observed, 
and photolysis by visible light does not initiate polymerization of 
styrene or methyl methacrylate. Also, the photochemical reaction 
of 4 with 1BuBr, a good silyl radical trapping reagent,10 is much 
slower than the corresponding reaction with PhSiH3. The pho
tochemical reaction of 4 with PhSiD3 quantitatively gives 
CpCp*Hf(SiD2Ph)Cl and DSi(SiMe3)3 (by 1H and 2H NMR). 
Reaction times for the photochemical reaction of 4 with silanes 
are strongly influenced by steric requirements of the incoming 
silane. Whereas the concentration of small primary silanes does 
not influence reaction times, bulkier silanes (e.g., 2,4,6-
Me3C6H2SiH3 and secondary silanes) show a strong concentration 
dependence. Additionally, small Lewis bases (e.g., pyridine and 
PMe2Ph) but not large ones (e.g., PCy3) strongly inhibit these 
photochemical and thermal cr-bond metathesis reactions. It 
therefore appears that these processes may require an empty 
coordination site at the metal. Future studies will characterize 
further mechanistic details for these reactions. 
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We describe in this paper controlled organization and the 
consequently modified fluorescence behavior (emission and sen
sitization of anthracene fluorescence) of the naphthalene unit in 
surface monolayers. 

The fluorescence behavior of surface monolayers2-6 is attracting 
much attention because it can provide fundamental data on the 
transfer processes of energy and electron. Chromophore orien
tation plays a decisive role in these processes, as attested by recent 
determination of the 3D structure of the bacterial photosynthetic 
reaction center.7 Naphthalene and anthracene units are a rep
resentative chromophore pair in the organic energy-transfer 
process. Therefore, we chose amphiphiles 1 and 2 in this study. 
They form bilayer membranes8,9 and are suitable as monolayer 
components. 

As shown in Figure I,10 the naphthalene amphiphile produces 
a condensed monolayer on pure water with molecular area of 0.50 
nm^molecule"1 and collapse pressure of 40 mN-nT1. A somewhat 
expanded monolayer is formed (molecular area, 0.58 nm2-mole-
cule"1) in the presence of dextran sulfate (DEX) in the subphase. 
Carboxymethylcellulose (CMC) in the subphase produces a much 
more expanded monolayer (molecular area, ca. 0.80 nm2-mole-
cule"1). Similar polyanion effects have been found for monolayers 
of azobenzene-derived, single-chain ammonium amphiphiles.12,13 

These specific 7r-A changes are produced by polyion complex 
formation at the air-water interface, and this technique would 
have a general usefulness for controlling the molecular packing 
in charged monolayers. 

Monolayer 1 gives a structured fluorescence spectrum (Figure 
2a) which was characteristic of the crystalline aqueous bilayer 
membrane.8 This spectral pattern does not change with the 
progress of compression, and the intensity fluctuation is observed 
in the low pressure region (ca. 2 mN-m"1). These data indicate 
that the crystalline monolayer island is formed on water even 
without compression. 
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Figure 1. TT-A curves of 1 at 20 0C. Polyanion, 1.0 X 10"" unit M. 
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A poiyion-complexed monolayer with DEX gives the analogous 
fluorescence behavior, though with enhanced intensity (1.5-2 
times). In contrast, a new emission peak is found on aqueous 
CMC at 365 nm with vibrational structures at longer wavelengths. 
This is located in between the monomer-like peak (Xmax 354 nm) 
and the broad excimer peak (Xmax 414 nm) of the corresponding 
aqueous bilayer.8 Somewhat similar emissions were found for 
poly(vinylnaphthalenes) and attributed to dimers14 and second 
excimers.15,16 Thus, aqueous CMC produces an expanded 
monolayer with different naphthalene packing which gives rise 
to an altered fluorescence pattern.17 

Energy transfer in monolayers should be controlled by alteration 
of the chromophore packing. Figure 2b shows fluorescence spectra 
of naphthalene monolayer 1 containing 1 mol % of anthracene 
component 2.18 On aqueous dextran sulfate, emissions typical 
of the naphthalene monolayer are observed together with emissions 
due to the anthracene component at 402 and 424 nm even at low 
compression. The single-component anthracene monolayer on 
aqueous polyanions gives broad excimer emissions at 480-490 nm. 
Therefore, we conclude that the anthracene component in the 
mixed monolayer exists in the monomeric dispersion and that 
energy migration among naphthalenes and the subsequent energy 
transfer to anthracene occur, as illustrated by the insert of Figure 
2b. The emission pattern remains the same upon further com
pression, although the intensity is enhanced. 

When the subphase contains CMC, the anthracene emission 
is not clearly detected. Apparently, the excitation energy is trapped 
by emission sites of naphthalene (dimers or second excimers) 
during energy migration and is not efficiently transfered to the 
anthracene unit. 
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Figure 2. Fluorescence spectra of surface monolayers. Polyanion, 1.0 
X 10"4 unit M; 20 0C. a, 1 at 1.0 nm^molecule"1. The spectral shapes 
do not change at higher pressures, b, 1/2 = 100/1 (mol/mol) at 20 
mN'irf'. 

In conclusion, we demonstrated directly on water that the 
altered orientation of the naphthalene monolayer by polyion 
complexation lead to controlled energy transfer to the anthracene 
component. Although energy transfer among chromophores in 
matrix monolayers has been reported,5'6 the use of self-assembling 
monolayers with controllable orientation is advantageous as a step 
toward construction of highly organized, photofunctional molecular 
systems. 
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A class of proteins characterized by the presence of one or more 
sequences of the form Cys-X2,4-Cys-X3-Phe-X5-Leu-X2-His-
X34-HiS (often called "zinc finger" proteins) has been discovered 
and characterized in recent years.1"3 Each of these sequences 
appears to bind a zinc ion in a tetrahedral site formed by the 
invariant cysteine and histidine residues. The geometry of the 
site is supported by EXAFS studies4 and by spectrophotometry 
studies of Co2+-substituted "zinc finger" peptides5,6 and of ap
propriate synthetic model complexes.7,8 Studies of several of these 
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