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Solvation dynamics at an aiwater interface covered with a Langmuir monolayer of a neutral surfactant
stearic acid CkB{CH,)1,COOH was measured using femtosecond ptipnobe spectroscopy of a molecular
probe, coumarin 314. The second harmonic generation was used as a surface-specific ultrafast probe. The
results are compared with the solvation dynamics measured for the same probe molecule atwhterir
interface without the surfactant. The overall solvation time in the presence of the fatty acid moneolayer (

400+ 60 fs) differs from that at the atrwater interface, where two componemis= 250 4+ 60 fs andr, =

1250+ 80 fs were obtained, with an amplitude weighted average solvation timeoB850+ 70 fs. These

results are in agreement with bulk studies of coumarins in water. The different solvation dynamics at the
surfactant modified interface is attributed to rearrangement of the hydrogen bonding network of water molecules
near the interface due to interactions with the hydrophilic carboxyl group of the surfactant.

Introduction tions, etc., presenting a challenging fundamental problem for
o ) ) condensed phase theory. Owing to its small size, water is the
_ Liquid interfaces host a variety of chemical processes fastest of all studied solvents. Both experiments and computer
important in areas ranging from cell biology and medical sjmylations have shown a bimodal response to a sudden change
applications, to electrochemistry and heterogeneous catalysisjn, the solute charge distributid?:4 The fast inertial component,
to semiconductor processing and solar energy conversion.yhich has been identified mainly with librations of water
Understanding the physical and chemical properties of liquid mojecules, accounts for50% of the solvation free energy and
interfaces thus represents both a fundamental scientific chalIengeproceedS on a time scale shorter than 30 fs, faster than the
and a potential for break-through advances in technology. experimental time resolution in most cases. The slower diffusive
Besides the broken symmetry, ligtitiquid, liquid—solid, and  component is often represented by a biexponential decay with
biological (e.g., cell membrane) surfaces are often characterizedine characteristic times 0f250 fs and~1.2 ps, and the
by specific interactions present at the interfaces. Solvation gmplitude-averaged solvation time from 600 to 900 fs,
properties in general describe rearrangement of the solventdepending on the probe molecule employed for the measure-
molecules to best accommodate the solute, thus minimizing thement2 This relaxation mode has been assigned to the coupled
total free energy. Similar to the bulk processes, energetics androtations and translational motions associated with rearrange-
dynamics of interfacial solvation are expected to have a profound ment of the hydrogen bonding network.
effect on adsorption, chemical equilibria, as well as on reaction ;s 5 fascinating question how does solvation at an interface
dynamics at liquid interface's. differ from the bulk liquid response. Consider, for example,
Many factors contribute to the solvation energy in the general biological systems, where a host of vital reactions occur at
case, including specific local solutsolvent interactions such  membranes, liposome bilayers, or micelle surfaces, or near
as hydrogen bonding, as well as nonspecific long range proteins or DNA molecule®.Many biologically important
electrostatic and van der Waals forces. When a charge redis-processes involve intra- and intermolecular electron and proton
tribution occurs in the solute immersed in a polar solvent, the transfer (at least as one of the steps), whose rates are governed
dominant contribution to the solvation free energy is often due by the dynamical solvent reorganization triggered by the charge
to the dielectric relaxation of the environment brought by the redistribution in the reactant species. Examples include the
reorientation of the dipolar solvent molecules. Apart from the various steps of photosynthesis, photoinduced charge-transfer
instantaneous electronic polarizability response, all contributions reactions involved in vision, and many proteins whose primary
involve orientational and translational motions of the solvent function is electron and proton transfer (e.g., cytochrome,
molecules surrounding the solute, which occur on a longer time hemoglobin charge transfer in respiration process, etc.).
scale. The delayed solvent response, which has been determined |ntuitively, one might expect that the specific interactions at
by experimental studies of femtosecond solvation dynamics, canthe interface would bind the interfacial molecules, resulting in
have a crucial influence on the chemical reaction rates in liquids, sjower dynamics. A manifestation of this was observed as
especially charge-transfer processes. increased friction at a boundary between water and organic
Water, the most important of the solvents, has been exten-solvents, air-water, and silica-water interfaces on picosecond
sively studied both theoretically and experimentally. The time scale, withessed by the slowed isomerization of malachite
relaxation involves the complex collective motion of a large greent as well as slowing of molecular rotational diffusion of
ensemble of water molecules, whose individual motions are rhodamine 6Gand coumarin 314 at the airwater interface
strongly coupled by hydrogen bonding, dipeldipole interac- relative to bulk water. A similar effect on solvation dynamics
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was observed in reverse micelles, where reorientation of the as well as surface spectroscapy® (2) The adsorption, orienta-
water molecules inside the micelle is severely hindered by the tion, and transition energies of the dye molecule serving as a
geometrically restricted environmeht® On the other hand, probe of solvation dynamics can be well determined by
interactions of the water molecules with the surfactant can breakmolecular orientation measurements and surface-specific SH
the hydrogen bonding network close to the interface, allowing spectroscopy to aid interpretation of the time-resolved studies.
them to move more freely. This mechanism, supported by (3) Dynamics with and without the monolayer can be measured
theoretical modeling! was employed recently to explain the and direct comparison can be made to demonstrate the effect
observed faster overall solvation decays measured at the surfacef the surfactant on the dynamics of water molecules near the
of ZrO, nanoparticled? Finally, if the surface is charged, the interface. (4) Because the interface is planar, no geometric
interfacial electric field induces additional orientation of the restrictions arise, as in the case of micelles, or other microscopic
solvent molecule&3!4 which may also affect the solvation particles. The current approach therefore makes it possible to
properties. separate the effects of different surface-specific interactions on

Several experimental methods have been employed to mea-Solvation dynamics. Particularly in the present case, a relatively
sure dynamical properties of liquid wafeté Perhaps the most  low surfactant surface coverage (208/olecule) can amplify
straightforward approach, and the one that best illustrates thethe effect of the specific interaction between water molecules
paradigm of solvation dynamics, is to use an ultrashort laser near the interface with the hydrophilic carboxyl groups. (5)
pulse to suddenly induce electronic excitation of a probe solute Because many species are known to form Langmuir monolayers
molecule, changing its charge or dipole moment, then monitor 0N the water surface, the method can be extended to study the
the energy of the excited state in real time using another effect of different functional groups. (6) Both neutral and
femtosecond pulse. In the bulk solvents, this is usually ac- charged monolayers can be prepared (e.g., by adjusting acidity
complished by following the time-dependent fluorescence Stokes©f the underlying solution to ionize the surfactant) to study the
shift of an appropriately chosen dye in a fluorescence up- €ffect of the interfacial electric field on the static and dynamical
conversion setup3 solvation properties.

Solvation dynamics at the aiwater interface was measured ~ ThiS paper reports the first measurement of femtosecond
in recent studie&31718Time-resolved second harmonic genera- solvation dynamics at an organic Langmuw_ monolayer interface.
tion (TRSHG) was used as a surface-specific probe of the Our results_ demonstr:_;tte that even a relatively _smc'_;tl_l amount of
coumarin 314 adsorbate, using ultrafast femtosecond laserd long-chain c_arboxyllc acid surfactant has aglgnlflcant effect
methods. It should be noted that the reorientation at the air ©N the dynamics. With respect to the-aivater interface, the
water interface occurs on a much longer time scal800 ps faster component _(250 fs) seems to increase to 400 fs at the
for coumarin 314. Thus, the subpicosecond dynamics that we Monolayerwater interface, whereas the slower component
observe in these experiments is readily separated from the(.lZSO fs) is suppresseq. This results in a shorter overqllsolvanon
reorientation dynamics. The solvation dynamics time scales attime, by a factor of 2, in the presence of the hydrophilic neutral
the interface were found to be similar to the bulk values of Surfactant. Thl_s effect is interpreted as rearrangement of the
similar coumaring:2 One possibility to explain these results is hydrogen bonding network of water molecules near the interface
that the long-range interactions, i.e., the solvation not only from Y hydrophilic interactions with the carboxyl headgroup of the
the first shell, but the second water shell and further shells, makesurfactant. The modified hydrogen bonding structure is char-
key and bulklike contributions to the solvation dynamics. acterized by_the dlfferent_ dynam_lcs of librational, orientational,
Support for this is found in experimeri&which showed that ~ @nd translational relaxation motions.
the polarity of water interfaces ranging from the-aivater to
several oit-water interfaces could be accurately predicted from EXxperimental Section

polarity measurements of the bulk media that define the -~ marin 314 (laser grade) was purchased from Acros and

interface. used without further purification. Saturated solutions (at
Because the aifwater interface can be easily covered with  20° C) were prepared in deionized, doubly distilled water with

various surfactants, they present the possibility to isolate andpH = 3.0, adjusted by adding HCI. The water-soluble ester,

study the effect of the surfactant on the interfacial dynamics. coumarin 314, is insensitive to the solution pH in the range

In the present report, we investigate the effect of a neutral 3.0-11.0, as verified by UV-vis spectroscopy. The peak

monolayer of a long-chain carboxylic acid on solvation dynam- apsorbance atnax = 448 nm wasA = 0.7, corresponding to

ics at the air-water interface. the dye concentratio@ = 15xM. The solution was contained
Water insoluble long-chain amphiphilic compounds are in a shallow Teflon beaker, and SHG experiments were

known to form well-ordered Langmuir monolayers at the-air ~ conducted using reflection of the probe laser beam off the free

water surface, with the hydrophilic headgroups immersed into surface of the solution.

the water phase and the hydrophobic tails pointing in théair. Langmuir monolayers were prepared by spreading a 0.1 mM

Orientational ordering of pentadecanoic acid nearly perpen- solution of stearic acid C¥CH,)1COOH (Aldrich) in hexane

dicular to the interface was explicity demonstrated in a on the surface of the sample in the beaker using a Hamilton

vibrational sum-frequency generation (SFG) surface spectro- microsyringe. The spreading solvent (hexane) evaporates in less

scopic study! Studies of these two-dimensional systems, their than one minute, but typically 2680 min are required to form

states and phase transitions have been an active area of researegh uniform monolayer of the fatty acid due to slow surface

since the beginning of the centu#37.24 Of particular importance  diffusion26 The monolayers are neutral because the=pB.0

is their close resemblance to biological interfaces, since many of the solution is well below thek, ~ 5.0 value of the stearic

of the latter are composed of long-chain organic molecules with acid.

hydrophilic groups pointing into the water phase. The Langmuir monolayers of stearic acid on water surface
The present experimental system has a number of advantagesare known to undergo a first order 2D gdguid-phase

(1) The surfactants (both the dye and the organic monolayer) transition at the surface coveragefof= 24 A2/molecule?’ The

can be well characterized by surface tension measureffients presence of the surface-active C314 at the interface significantly
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Figure 1. (A) Filled squares: surface pressutesurface coverager(— A) 2D phase diagram of the stearic acid 0EH,):6COOH monolayer on
saturated (1%M) solution of coumarin 314 in water (pE 3.0). (B) Open circles: molecular angle of the coumarin 314 adsorbed-awvaier
interface in the presence of the stearic acid monolayer, measured using the second harmonic null-angle technique.

shifts this phase transition, td = 260 A%molecule, as The pump and probe beams were separated by a small angle,
demonstrated by the surface pressure measurements performes®, in the horizontal plane to minimize loss of temporal
on the saturated C314 solution using a Wilhelmy plate setup resolution. This enables spatial separation of the generated
(Figure 1A). This effect has been observed previously for other second harmonic signal from the pump light. A long-pass
surface-active solutes (e.gp-nitrophenot®2?), and can be wavelength colored glass filter was placed in the probe beam
rationalized as competition of the two surfactants for the immediately before the sample to block any spurious SH, and
available surface sites. For the solvation dynamics experiments,a short-pass blue filter was placed immediately after the sample
14 uL of the 0.1 mM stearic acid/hexane solution was spread surface to block the reflected fundamental wavelength. The
on the surface of the beaker, corresponding to the surfacegenerated SH beam (collinear with the reflected probe beam)
coverageA = 200 A2molecule, in the liquid region just below  was dispersed through a 1/4 m monochromator (Jarrel Ash) and
the gas-liquid-phase transition. This minimizes fluctuations of detected by a Hamamatsu PMT (model R4220P). Four irises
the SH signal due to “islands” of the surfactant present in the (1 mm) were positioned alongehl m path of the collimated
gas-liquid coexistence region. SH signal from the sample to the monochromator, reducing the
The setup for time-resolved SHG was described in detail Packground from the scattered pump light (at the same frequency
previously81” Briefly, a regeneratively amplified Fisapphire ~ as the generated SH) to less than 1%. Typically, on the order
laser system (Clark-MXR) produces 120 fs, 1 mJ pulses, at the ©f 10 SH photons per laser shot were collected, thus single
fundamental wavelength = 850 nm, at 1 kHz repetition rate. ~ photon counting was not required. The PMT signal was
A small portion of the output was frequency doubled in a BBO integrated and averaged using a Stanford Research Systems
crystal to produce kJ pump pulses at 425 nm. A polarizer boxcar, and recorded by a computer (National Instruments A/D
followed by a half-wave plate were used to control polarization Poard) that controlled the delay between the pump and probe
of the pump (S or P). 7@J of the fundamental output were Pulses via a stepper-motor driven translational stage (Klinger).
separated to use as a probe beam. Both pump and probe beams Zero delay and pumpprobe cross-correlation were recorded
were directed onto the sample surface at ifntidence angle using sum frequency generation on the sample surface. The
(from normal), and focused by twl m f.l. lenses to 0.5 mm  measured instrument response function (cross-correlation fwhm
diameter spot at the surface. Typically, the probe beam waszy = 180 fs) was used in fitting the initial drop in the transients
polarized at 45, and (S)-analyzer was used to select thg® as described in the next section. To avoid local heating,
element of the second-order nonlinear susceptibility teffsor. desorption, and bleaching of the dye by the one-photon resonant
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pump beam, the sample beaker was rotated at 4 rpm with the B) Stearic acid
focal spot of the laser 1.5 cm off center. With this precaution, C>"f\t!;fv;ac‘§f m?n?'ayer-wa!er A)bclim itn o7
. Intertace L.
no sample degradation was observed over the course of an | 00 'm L
experiment. L os
. . s
Results and Discussion g, Los &
> =3

We begin by characterizing the effect of the stearic acid £ §
monolayer on the orientation and static (equilibrium) solvation = o4 8
of the ground electronic state coumarin 314 adsorbed at the air 27 % o5
water interface. The molecular orientation of C314 was mea- o/ '
sured using the second harmonic null angle technigg®At o o e b ° . © o
the air-water interface, in the absence of stearic acid, C314 0o -~ air-water  monolayer ’

| ELANNLINNL S L I B L A ) A B I B L |

has an orientatiofime = 70 £ 3° with respect to the normal,
400 410 420 430 440 450 460

assuming a narrow distribution, that is, lying almost flat on the
surface. The fatty acid surfactant has a pronounced effect on
the molecular orientation of the C314 adsorbed at the interface Figure 2. (A) Dashed line: absorption spectrum of coumarin 314
(Figure 1B). Above the phase transition, at stearic acid surface dissolved in bulk water (pi+ 3.0). B) Filled squares: second harmonic
coverageA > 260 A2molecule, or, equivalently, at surface spectrum of coumarin 314 adsorbed at-aiater interface covered with

. 3 a2 a monolayer of stearic acid\(= 200 A2molecule). Solid line shows
concentrations less than 3:810" cm™?, the molecular angle  he fit to a Gaussian with the peak wavelength 432 nm and fwhm

Omoi Of C314 decreases monotonically with the surfactant 20 nm. C) Open circles: second harmonic spectrum of coumarin 314
coverage. We note, however, that in this-gkguid coexistence adsorbed at the aiwater interface. Solid line: Gaussian fit with the
region, the surface consists of isolated “islands” of the liquid peak at 423 nm and fwhr 14 nm.

phase separated by the gas phase, and that the molecular angle

Second harmonic wavelength (nm)

represents an average over a broad inhomogeneous orientational
distribution. The molecular angle drops sharplte = 41 + oo
3° at the phase transition to the liquid phase, and is independent Z 0.00+ _ _
of the surfactant concentration below the transitién<{ 260 5 ood 'r’;z"gnm;”t f':;vsagiéc')”;se”ace
AZimolecule). It has been shown that in the liquid 2D phase, £ ;e © 21250480 fs
the structure of the surfactant monolayer is uniform and highly £ -0.04+ | ’
ordered’® with the long-chain fatty acids oriented nearly normal g _; o5 |
to the surfacé! b

The total second harmonic signal (measured without the ¢ 0087
analyzer) from adsorbed C314 is a factor of 4 weaker in the 5 -0.10+
presence of the monolayer than at the surfactant-freenater g 0124
interface. By not placing an analyzer in the SH signal beam, ’ Monolayer of stearic acid
we are collecting all of the SH light generated by the C314 at 014 f* fl{%fé%rf'gte”a"e
the surface, thus reducing any possible effects due to change in c

orientation of the chromophore. Because the total SH intensity 0 1000 2000 3000 4000 5000
is proportional to the dye surface concentration squared, this Pump-probe delay (fs)
Indlicates that the monolayer reduces .the (?,’314 surface ConcenFigure 3. Lower trace: pumpprobe transient second harmonic signal
tration by a factor of 2, i.e., the stearic acid displaces surface of the coumarin 314 at airwater interface covered with a monolayer
coumarin, pushing it into solution. Both in the absence and in of stearic acid & = 200 A%molecule). Probe wavelength is 850 nm
the presence of the monolayer, the surface concentration of C314Asy = 425 nm), XZX element of thg® is detected. Pump wavelength
is less that 2.5< 10'3 cm2. is 425 nm. Solid line shows a single-exponential fit of the interfacial

Surface second harmonic spectroscopy of the C314 adsorbed?/Vation dynamics with a time constart= 400+ 60 fs. The pump

. - o o probe cross-correlation function is shown by dashed line=ad. Upper

at the interface was performed using an unamplifiedSHpphire 306 Solvation dynamics measured at-aimter interface without
oscillator (Spectra-Physics Tsunami) tunable from 790 to 900 syrfactant® Solid line shows biexponential fit witly, = 250+ 60 fs
nm. The surface spectra (Figure 2, B, C) show the shift of the andz, = 1250+ 80 fs.
S—S; electronic transition energy, reflecting a different sol-
vation environment at the interfaé&The absorption maximum
of C314 in bulk water is almax = 448 nm and fwhm of the

which increases the effective polarity of the interface. Another
possible explanation is that the adsorbed C314 is pushed deeper
transition is~50 nm (Figure 2, A), whereas at the -awater into the water phase by the fatty acid surfactant, and is thus
interface, the SH signal peaks at 423 nm and fwhri4 nm. more fully solvated by the bulk water.
This corresponds to the ground-to-excited-state transition energy Figure 3A shows the real-time femtosecond solvation dynam-
of Amax~ 419 nm, a correction arising from interference of the ics of the interfacial C314 at the stearic acid monolaye=
resonant and nonresonant terms in the nonlinear respdmbe. 200 A2/molecule) measured in a TRSHG pusyrobe experi-
shift reflects reduced polarity of the aiwater interface ment. One-photon resonant electronic excitatigh-S, att =
compared to the bulk water. 0 is accomplished by a 425 nm pump pulse. The initial 10%
A monolayer of stearic acidd= 200 A¥molecule) shifts bleach in the SH signal represents population transfer from the
the surface spectrum to the red, to 432 nm, corresponding toground to the excited state. The second harmonic probe
the transition energylmax ~ 428 nm, and broadens it to  (4prone= 850 nm) monitors the excited state of the coumarin as
fwhm = 20 nm (Figure 2B). The spectrum clearly indicates its energy is lowered by solvation, which shifts it to the red
that the dye experiences an increased polarity. This can be aand away from the resonance, thereby decreasing the excited-
result of the direct solvation of coumarin by the stearic acid, state nonlinearity. This appears as partial recovery of the signal,
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owing to less cancellation between the coherent SH fields that the slower, = 1250 fs component is suppressed by the
generated by the ground and excited-state dye moleBules.  stearic acid surfactant. The net result is an overall faster solvation
The transients were fit to extract the characteristic solvation compared to the airwater interface, where the amplitude-
response times. The initial drop of the SH signal is represented averaged solvation time ig; = 850+ 70 fs.
as erff/zo), an integral of the Gaussian instrument response  While the temporal resolution of our current setup does not
function with the time constant = 180 fs measured by pump allow observation of the ultrafast<@0 fs) inertial solvation
probe cross-correlation. The subsequent recovery is fit to a singlecomponent, we find that the slower diffusive solvation com-
exponential ponent is significantly modified by the presence of a Langmuir
monolayer of stearic acid at the awvater interface. Numerous
A, A, theoretical efforts associate this diffusive component with
H=1- E[l +erfUzy)]f1 - A_{ 1—exp(-Urg)} hindered rotations and translations of water molecules involving
! the breaking of hydrogen bonds between tHefhA plausible
explanation of the observed effect on the dynamics is that the
water molecules interact with the hydrophilic carboxyl head-
groups of the fatty acid and this results in rearrangement of the
network of waterwater hydrogen bonds near the inter-
facel43132 The rearranged network has different dynamical

L S . characteristics in terms of librations, rotations, and translations
originates from the finite instrument temporal resolution because of the water molecules
the extracted decay rate is somewhat dependent on the fitting : o . . )
of the initial drop. Identical dynamics within experimental 10 help substantiate our interpretation, different experimental
uncertainty were measured for S- and P-polarized pump. and theoretical studies present evidence tha; the network of
The probe wavelengthyone= 850 nm @ = 425 nm) used h_ydr_o_gen bonded water molec_u_le_s near an mterfac_:e can be
in the fatty acid monolayer measurements is blue-shifted from significantly _altered by the sp_ecmc interfacial interactions that
the peak wavelength of 432 nm and is located on the shoulder@® absent in the bulk. In situ X-ray scattering from an Ag
of the SH spectrum (Figure 2). The dynamics measured at this €lectrode interfadé showed greatly increased density and

wavelength is expected to faithfully represent the solvation Structure in the first three layers near the wateretal interface,
dynamics, as the excited-state transition energy is lowered by Markedly different from the bulk properties. Vibrational sum

solvation and shifts to the red, away from the probe wavelength. frequency generation (VSFG) spectroscopy in the OH stretching
In other words, the chosen probe wavelength is a linear '€9i0n was used to study the interfacial water structére,
wavelength for the solvation dynamitAt the linear probe  Suggesting that various surfactants (e.g., pentadecanoi' acid
wavelength, the SH intensity is linearly proportional to the ©F @ phospholipid monolay®) as well as solid interfac&can
solvation coordinate, therefore the TRSHG experiment directly Significantly alter the hydrogen bonding patterns of water.
measures the solvation dynamics. Identical dynamics within Molecular dynamics simulations also indicate the reduced
experimental uncertainty were measured for S- and P-polarizedhydroge” bonding at a surface of cylindrical pores, with resulting

. . i 1
pump, which also supports the assumption that the chosenfaster relaxatior:

with three fitting parameters: amplitudes of the initial drég)(
and partial recovery/), and ts. The solvation dynamics
measured at the stearic acid monolayer can be well fit by a
single exponential with a time constari= 400+ 60 fs. We
note that approximately-50 fs uncertainty in the decay time

wavelength is close to the linear wavelength. Although understanding the solvation dynamics of bulk water
Experiments at the stearic acid covered interface were has been subject of a massive theoretical effort, including both
performed using different probe wavelengths within 8880 analytical models and computer simulatici at present

nm range {2, = 415, 420, and 425 nm). The obtained solvation there are very few models of interfacial solvation dynamics
times are essentially independent of the probe wavelength,pertinent to the effect of the stearic acid monolayer described
within the 10-15% experimental accuracy, which is another here. The connection between the water structure near the
indication that we are in the linear wavelength region. This interface and dynamical properties such as polar solvation
shows that the measured solvation dynamics time is not sensitiveresponse time may be nontrivial. In general, one would expect
to the exact choice of the probe wavelength in this wavelength that, owing to the additional interactions imposed by the
region. surfactant, the water molecules near the interface are more

Our results demonstrate that the stearic acid monolayer restricted in their motions. This would lead to both smaller
induces significant changes in both static and dynamic solvation @mplitude of the solvation response (lowering of the free energy
at the air-water interface. The red shift of the surface SH Of solvation) and slower relaxation times. However there may
spectrum of the C314 probe, from 423 nm at the-ainter be several temporal components whose amplitudes add to the
interface to 432 nm at the stearic acid monolayer, indicates anoVverall solvation response, and some of them may be suppressed
increased polarity of the equilibrium solvation environment at more than the others. Thus if the slower components are
the surfactant-modified interface. Dynamics of interfacial sol- Suppressed, the overall solvation response will appear faster,
vation is also significantly affected by the stearic acid surfactant. While if the surface quenches the faster component, the overall
In a previous study, it was inferred that the solvation dynamics solvation time will increase.

of C314 at the airwater interface is very similar to that in the A pronounced slowing of the solvation dynamics was
bulk water!”18 Although the finite temporal resolution did not  observed by several research groups in reverse micelles, where,
allow observation of the ultrafast inertial compones8Q fs), due to their small size, the motion of the water molecules in
a biexponential decay was obtained with two time constants the proximity of the micelle wall is highly restrictéel® On the

71 = 2504 60 fs andr, = 12504 80 fs18 which agrees well other hand, an opposite effect on solvation dynamics was

with the biexponential diffusive solvation observed in the Bulk  recently observed at the surface of Zr@anoparticles, where

On the contrary, at the stearic acid monolayer interface, we the overall solvation time is faster than in the bulk wéafer.
observe a single-exponential decay of 40®0 fs. While it is Although the ZrQ surface (at a slightly acidic pH used in that
comparable to (although somewhat slower than) the fasterexperiment) is terminated by the hydrophilic OH groups, and
71 = 250 fs component at the aiwater interface, it appears s therefore somewhat similar to our system, several mechanisms
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