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Cyanophenyldisilane-(H20), Cluster Investigated by Transient Infrared Spectroscopy
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The solvent reorientation process of the intramolecular charge-transfer (ICT) processmtyia@@phenyl)-
pentamethyldisilane(H,0), (CPDS-(H.0),) cluster in the excited-state was investigated by transient infrared
(IR) absorption spectroscopy. It was found that there are at least two isomers in the charge-transfer (CT)
state: one of the isomers exhibits a band af-éhydrogen-bonded OH stretch of the water moiety. Analyses

of the IR spectra in the dominant isomers revealed that water molecules are hydrogen-bonded with each
other in the CT state. This indicates that the reorientation process of the water molecules takes place to form
such a dimer structure during the ICT process.

Introduction SCHEME 1: Structure of CPDS

We have been carrying out laser spectroscopic studies on the _7 4
jet-cooled p-cyanophenyl)pentamethyldisilane (CPDS, Scheme &
1) and its solvated clusters in the gas phaseé?henyldisilane
(PDS) and its derivatives are known to exhibit the excited-state
intermolecular charge-transfer (ICT) process in solutidf The
ICT mechanism of PDS expecfed led to an analogue of the
so-called twisted ICT (TICT) model in the casemtlimethy-
laminobenzonitrile (DMABN)%17 An electron in ther orbital
in the photoexcited#z*) state, which is referred to as a locally
excited (LE) state, moves to thei_s; orbital and the charge-  Therefore, our observation is known to be the first spectroscopic
transfer (CT)osi—sit* state is generated. During the ICT process, evidence that a twist occurs in the ICT process.

a 90 twist occurs around the single bond between the charge- Another important issue of the ICT process involves a
donating disilanyl and -accepting cyanophenyl groups. In the reorientation of polar solvent molecules to stabilize the energy
LE state of CPDS, the molecular plane involving the disilanyl of the system. We also investigated the solvent reorientation in
group is perpendicular to the phenyl ring, whereas it lies in the the ICT process of the CPBSH,0 1:1 cluster by transient IR
same plane as the phenyl ring in the CT state. Thus, the ICT spectroscopy.We have found drastic spectral change in the
mechanism of PDS seems to proceed in the opposite directionlR spectrum in the OH stretch region of the water moiety. We
to that proposed in the case of the DMABN and related systemshave analyzed that the relative orientation @OHnolecule with
based on the structural conformation change. However, con-respect to the CPDS moiety in the ICT process. At first, the
sidering the role and the spatial distribution of thg s; orbital H,0 molecule is located at the side position of the CN group
of PDS and the n orbital of DMABN, the direction of the twist in the $ and the LE state. Once the CT state is formed, the
in the case of PDS is the same as in the case of DMABN. In H,O molecule moves to the end of the CN group (a linear
this respect, the CT state of PDS can be referred to as a “twisted”conformation). Then it moves to the top of the phenyl ring
CT state though its molecular configuration is in plane. The forming an on-ring type conformation. The time-constant of the
conformational change is an important issue of the ICT process.transition from the linear to the on-ring conformations was found
However, any clear spectroscopic evidence of the twist in the to be about 2 ns. Thus, our transient IR spectroscopic measure-
ICT process of PDS systems has not been reported. In ourment turns out to be a promising technigue to obtain detailed
previous study, we have succeeded to measure infrared (IR)structural information of the ICT process. In the present study,
spectra of the CT state of the jet-cooled CPD®e recorded we have extended our study to some hydrogen-bonded clusters
the transient IR spectrum of CPDS in the CH stretch region of CPDS to obtain a detailed insight into the microscopic
and found a large splitting of asymmetric CH stretch frequency solvation effect on the ICT process.

in the CT state. A theoretical calculation assuming the “twisted”

conformation of the CT state reproduced our observed spectrum.Experimental Section

Since details of our experimental apparatus is described in
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were used. CPDS was synthesized using a previously described
method’ CPDS was heated to 350 K to create sufficient vapor —
pressure. The CPDS vapor seeded in He gas was supersonically (o g % o
. . CPDS-(H20)2
expanded into a vacuum chamber through a pulsed nozzle with —r
an orifice 0.8 mm in diameter. Before entering the nozzle, the 0§ 4
buffer He gas passed a bottle partially filled with water cooled
at 270 K and picked up water vapor. Transient IR spectra were
recorded by a fluorescence depletion type of the ultraviolet 35350 35400 35450 35500 35550 35600
(UV)—infrared (IR) double resonance technigtfeas follows. Wavenumber / cm-!
First, the UV laser pulse excites the CPDS clusters to the LE
state. Then, UV-excited clusters were pumped by the IR light
pulse for the vibrational excitation. When the IR absorption by
the electronically excited molecule occurs, the fluorescence yield
decreases due to the enhancement of nonradiative decay
processes, such as internal conversion, intersystem crossing, and
vibrational predissociation in the vibrationally excited levels.
IR absorption spectra of the electronically excited clusters can
be detected as a depletion of the fluorescence intensity. When
IR spectra of the Estate were measured, the IR light pulse
was introduced-20 ns prior to the UV light pulse. In this case,
vibrational excitation in the Sstate was detected as a decrease 8800 cm-!
in the fluorescence intensity, which also reflects the population
of the vibrational ground level of theyState. The IR light pulse
was generated by a difference frequency mixing by a LielbO e
crystal between the second harmonics of the Nd:YAG (Con- 25(‘)00 35500
tinuum Powerlite 8000) and the output of a dye laser (Con- Wavenumber / cm-!
tinuum ND6000). IR laser wavenumbers were calibrated basedrigure 1. (a) Fluorescence excitation spectrum of jet-cooled CPDS
on the IR absorption spectra op® vapor (3506-3800 cnt?).19 H,0 system. (b-d) Dispersed fluorescence spectra of CPDS monomer,
The temporal pulse widths of the UV and IR pulses wef® CPDS-H0, and CPDS (H:0),, respectively. The dispersed fluores-
and~4 ns, respectively. The delay time between the UV and cence spectrum was measured exciting each origin band. The asterisk
the IR pulses was controlled by a digital delay generator (SRS N trace d indicates the scattered light.

DGb535).
) molecule increases. The Stokes shifts of the CT emission were
Results about 7900 cm! and 9000 cm?! for the CPDS-H,O and

Fluorescence Excitation and Dispersed Fluorescence Spec- —(H20). clusters, respectively. These results indicated that the
tra of the CPDS—(H-0)- Cluster. Before reporting the results ~ Water solvation on the CPDS molecule takes place in a step-
of the present study, we will briefly review our previous by-step way.
spectroscopic study on the ICT process of the CREZO Transient IR Spectra of the CPDS-(H,0), Cluster in the
systemt—3 Figure 1(a) shows a fluorescence excitation spectrum von Region. IR spectra in the OH-stretching region of the
of the CPDS-H,0 system. The origin band of the-SS, origin CPDS-(H20), cluster are shown in Figure 2. The UV laser
of the CPDS monomer appears at 35519.0°tnThe bands was tuned to its origin band at 35394.3 ¢mlt was confirmed
appearing at 35456.5 cthand 35394.3 cmt are assigned as  that there is only one isomer of the State of the CPDS
the origin of the $—% transition of CPDSH,0 and CPDS (H20);, cluster under our experimental condition by a ¥V
(H20),, respectively. As seen in the figure, a clear low-frequency hole-burning spectroscopy. The IR spectrum of thestdte is
progression was assigned as a torsional motion of the disilanyldisplayed in the top trace for comparison. The band pattern of
group with respect to the phenyl ridglhis vibrational mode this spectrum is quite similar to that of the benzonitrile(BN)
is denoted asz” in Figure 1. The appearance of a very similar  (H,0) cluster?® Thus, it is expected that the solvation structure
torsional progression suggests that th®Hnolecule is bound of water molecules in CPDS(H,0); is a ring structure similar
to the CN group side and thus has no significant influence on to that of BN—(H,O),. By comparing the assignment in the case
the Si-Si bonding site of the molecule. No progression of BN—(H;O), the bands at 3721 and 3718 chare assigned
assignable to an intermolecular vibrational motion appeared in as the free OH-stretch vibrations, whereas the bands at 3544
the spectrum. This indicates that the relative orientation betweenand 3496 cm! are hydrogen-bonded OH-stretch vibrations.
the CPDS and the # moieties in the LE state is quite similar  Figures 2(b-d) show transient IR spectra of CPB§H,0),,
to that in the g state. Figures 1(bd) show dispersed fluores-  where the delay times between the UV and the IR laser pulses
cence spectra measured by exciting the origin band of eachare 1, 3, and 6 ns, respectively. In Figure 2(b), sharp bands
species. In the case of the CPDS monomer, an emission consistappear at 3531 and 3486 chin addition to the bands of the
of sharp bands starting from the laser-excited wavenumber andS, state. Since these bands disappear rapidly with the time
a broad emission whose band maximum is subject to a largeevolution, they should be hydrogen-bonded OH stretch bands
Stokes shift, with no vibrational structure observed. The former in the LE state. A relatively sharp band that appears at 3720
is assigned as the LE emission whereas the latter is the CTcm™tin all spectra can be assigned as the free OH stretch band.
emission, as in the emission spectra measured in solution. InAnother band appears at 3623 thhand three rather broad
the case of water clusters, the intensity of the CT emission bands appear below 3550 chkin Figure 2(c) and 2(d). These
becomes very strong. In the case of the CPII$,0),, no trace bands can be assigned as hydrogen-bonded OH stretch bands
of the LE emission was observed. The Stokes shift of the CT of the CT state, since the LE state disappears within a time
emission was found to increase with the number of the water delay of 6 ns where the spectrum in Figure 2(d) is measured.

(a) CPDS-H,0 CPDS monomer
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Figure 2. IR spectra of CPDS(H;0), in the OH-stretching vibration
region. Trace a is an IR spectrum of thes$ate, whereas traces-d
are transient IR spectra. The delay times between the UV and IR laser
pulses are indicated in the figure.

] i

3 AEp = 1290 cm-1 AEo =0 cm-
The number of the hydrogen-bonded OH stretch bands indicates { u=182D 1H=148D
that there should be at least two isomers in the CT state. The

band position of 3623 cni is a typical frequency of the (&) on-on
a-hydrogen-bonded OH stretéh This is clear evidence that
there is an isomer where the,® molecule is on the phenyl
ring. Thus, a reorientation of water molecules from the side
position of the CPDS to the top of the phenyl ring is expected
to occur during the ICT process. Unfortunately, since the
intensity of the IR bands of the CT state rises within our

temporal resolution, any temporal information is not obtained %
in the present study.

AEq = 750 cm-1
#=133D
Figure 3. Optimized structures of CPDYH;0), in the CT state

obtained by the theoretical calculation. For comparison, optimized
structures of the Sand the LE states are also shown in a and b,

In the previous study, possible conformations of the CPDS  respectively. Values oAE, indicate the energy difference measured
H,O clusters in the CT state were examined based on the from the vibrational ground 'Iev_eI of the-disilanyl isomer, which is
theoretical calculation of CASSCF(8,8)/cc-pVDZ level, where the most stable one, whergamdicates the value of the dipole moment

- - . of each isomer.

ther, osi—sj, %, and d; orbitals were chosen as active orbitals
in the calculation$. However, the number of the atoms and and LE states. On the basis of the IR spectra, water molecules
electrons are much larger in the present system so that the samare found to make a ring configuration around the CN group in
level of calculations cannot be performed. The CT state of the the § and the LE state. For the CT state, six isomers were
CPDS monomer and the CPB$I,0 cluster is well described  found in the optimization calculations. Each of them is labeled

AEp = +890 cm-!
u=141D

Discussion

by a one-electron excitation model from thei—s; to the 7 according to the positions of water molecules as indicated in
orbitals. Thus, CASSCF(6,5)/cc-pVDZ calculations, where the the figure. In three of them, (c), (d), and (e), water molecules
six electrons are distributed in the five active orbitalsgs;-s, are independently attached to the CPDS moiety. The positions

ands*, have been carried out to find possible isomers by using of the water molecule are almost the same as those found in
the Gaussian 03 program pack@g&Ve have confirmed that CPDS-H,0. In the other three isomers, water molecules are
there is no major difference in the optimized structure in the hydrogen bonded to one another, as in a water dimer. The
case of the CPDS monomer and the CPDEO cluster. Since  relative energy and the value of the dipole moment of each
vibrational calculations require more memory space, the basisisomer are also indicated in Figure 3. The most stable isomer
set was limited to the 6-31G(d), except for the hydrogen atoms is thesz—disilanyl type configuration. In this configuration, one
in H20. The 6-31G(d,p) basis set was used for them for a better of the waters is directed to the disilanyl group by the dipole
description of the hydrogen bonds. dipole interaction while the other watersis-hydrogen bonded
The isomers of CPDS(H,0), obtained in the present study to the phenyl ring. The second most stable configuration is the
are shown in Figure 3 together with configurations of the S CN—x isomer. In this isomer, one of the water molecules is
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(H20), was investigated by transient IR spectroscopy. It was
found that at least two isomers are generated in the ICT process
of CPDS-(H,0),. One of the isomers exhibits a band of
s—hydrogen-bonded OH stretch of the water moiety. This is
very clear evidence of the movement of the water molecule from
the side position to the top of the phenyl ring. In addition, our
results indicate that the water molecules reorientate, holding
the dimer structure during the ICT process.
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