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Coherent surface phonon dynamics at K-covered Pt(111) surfaces investigated by time-resolved
second harmonic generation
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We have investigated coherently excited surface phonons at K-covered Pt(111) surfaces by using femtosec-
ond time-resolved second harmonic generation spectroscopy. The frequency of the K-Pt stretching phonon
mode depends on the superstructure of K: 5.0-5.3 and 4.5-4.8 THz for (2 X 2) and (\@x \f§)R30° superstruc-
tures, respectively. In addition to the stretching mode, three surface phonon modes are simultaneously observed
when the (\5 X \5§)R30° superstructure is formed. The decay time of the K-Pt stretching mode becomes shorter
and its frequency redshifts as the absorbed fluence of the pump pulse increases. This is in stark contrast to the
Pt surface phonon modes whose frequencies are independent of fluence. The fluence dependence of the K-Pt
stretching mode is interpreted to be due to anharmonic coupling between the K-Pt stretching and lateral modes.
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I. INTRODUCTION

Because of the dense electronic states of metals, many of
their physical properties are determined by nonadiabatic cou-
plings between electrons and phonons. Properties and dy-
namics of adsorbates on metal surfaces are no exception.
Since nuclear motions of adsorbates strongly couple to elec-
tron motions in metals by electron-hole pair creation, strong
nonadiabaticity is essential in various processes on metal sur-
faces. In particular, the effects of nonadiabatic coupling have
been more clearly brought to light by studies on adsorbate
vibrational damping and pure dephasing,'~3 desorption in-
duced by multiple electronic transitions (DIMETs),* frus-
trated photodesorption of alkali-metal atoms from noble
metals,>® and femtochemistry on metal surfaces.”” For a
deeper understanding of nonadiabatic couplings at metal sur-
faces, it is vital to observe nuclear motions under electronic
excitation directly in the time domain. However, these mea-
surements are still very rare.

Alkali-metal atoms on metal surfaces provide an interest-
ing opportunity for investigation of nonadiabatic couplings.
Since alkali-metal adsorption systems are some of the sim-
plest chemisorption systems, their geometric'® and electronic
structures!! have been extensively studied. Electronic inter-
actions between alkali-metal adsorbates and metal surfaces
strongly depend on coverage. A delicate balance between
adsorbate-adsorbate and adsorbate-metal interactions gives
rise to various ordered structures of alkali-metal adsorbates.
These rich pieces of information make these adsorption sys-
tems very suitable to explore nonadiabatic couplings at metal
surfaces as a function of coverage.

A laser pulse with a duration shorter than the oscillation
frequencies of surface phonons can create coherent surface
phonons, i.e., a lattice mode with a large number of phonons
in one mode with a constant phase-lattice relation.!” Re-
cently we have demonstrated the time-domain observation of
coherent surface phonons on Cs-covered Pt(111) surfaces by
time-resolved second harmonic generation (TRSHG)
spectroscopy.'>-1 In this method, surface phonons are ex-
cited coherently by irradiation of an ultrashort pump laser
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pulse and the evolution of coherent surface phonons is
probed by intensity modulations of the second harmonic
(SH) of probe pulses as a function of pump-probe delay.!”
Since the ultrashort pump pulse also creates nonequilibrium
conditions in which the electron temperature of the metal is
substantially higher than the lattice temperature, this pump-
probe spectroscopy is very suitable to study the role of nona-
diabatic coupling in excitation, vibrational damping, and
pure dephasing processes.'* This situation is very different
from the traditional energy-domain techniques such as high-
resolution electron energy loss spectroscopy (HREELS) and
inelastic He atom scattering (HAS); although energy loss in
these spectroscopic methods is associated with nonadiabatic
processes, metal surfaces are usually nearly in thermal equi-
librium during scattering events.

In the previous reports on Cs-covered Pt(111)
surfaces,!>"1¢ we have identified coherent nuclear motions of
Cs-Pt stretching and Pt-substrate Rayleigh phonon modes by
TRSHG as a function of Cs coverage. The coverage depen-
dence of the initial amplitude of the Cs-Pt coherent stretch-
ing mode suggests that the resonant excitation between Cs-
induced states in a Cs metallic quantum well plays an
important role in creating vibrational coherence.!> Moreover,
the fast-decaying component of the Cs-Pt stretching mode
grows as the pump fluence increases. This is interpreted in
terms of pure dephasing caused by anharmonic coupling
with low-frequency lateral modes of Cs.'* However,
Cs/Pt(111) has been the only alkali-metal adsorption system
studied so far by this method. Obviously more examples are
needed to answer important questions on excitation mecha-
nisms, coherent phonon dynamics, and nonadiabatic cou-
pling. Thus, we have started a systematic study on various
combinations of alkali metals with metal substrates.

This paper describes the coherent surface phonon dynam-
ics on potassium-covered Pt(111) surfaces investigated by
TRSHG. We focus on higher coverages of the alkali metal in
which the alkali-metal adlayer forms a metallic quantum
well.'® In this condition, surface phonons are expected to
couple strongly to an adsorbate-induced surface electronic
state near the Fermi level. In contrast to Cs/Pt(111) where
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the frequency of the Cs-Pt stretching mode is very close to
the Rayleigh mode of Pt(111),!% the adsorption system of
K/Pt(111) allows us to observe substrate surface phonon
modes more clearly, since the frequency of the K-Pt stretch-
ing mode is much higher than those of the substrate surface
phonon modes.

II. EXPERIMENT

The experiments were carried out in an ultrahigh-vacuum
(UHV) chamber equipped with a cylindrical mirror analyzer
(Vacuum General, VG100AX) for Auger electron spectros-
copy (AES). A Pt(111) surface was cleaned by repeated
cycles of sputtering, annealing, and oxygen treatment. Potas-
sium atoms from a well-degassed alkali-metal dispenser
(SAES Getters) were deposited on the clean Pt(111) surface
at 110 K. The potassium coverage 6 on Pt(111) was cali-
brated by measuring the Auger peak intensity ratios of
K(243 eV) to Pt(65¢eV) as a function of K deposition
time 7.

The procedures for TRSHG measurements are basically
the same as reported previously.!3!> Briefly, second har-
monic outputs of near-infrared (A=800 nm) laser pulses
(duration=130 fs) from a Ti:sapphire regenerative amplifier
(Spectra Physics, Spitfire, 1 kHz) pumped two sets of a
home-built noncollinear optical parametric amplifier
(NOPA). The NOPA systems supplied ultrashort pulses inde-
pendently tunable from 2.0 to 2.5 eV, which were used as
pump and probe pulses. A typical NOPA output energy was
~4 wuJ per pulse right after the BBO (B-BaB,0,)crystal in
the NOPA system. Both pump and probe pulses were p po-
larized and their photon energies were fixed at 2.14 eV. The
adjustable group velocity dispersion was introduced by
quartz prism pairs for pulse compression. Pump and probe
pulses were focused on the sample in the UHV chamber at
an incident angle of ~68°. The pulse duration of pump and
probe pulses was estimated to be 25 fs by monitoring sum-
frequency signals of pump and probe pulses from the sample
surface. The SH intensity of a probe pulse was detected by a
photomultiplier tube as a function of pump-probe delay ¢. An
optical chopper was inserted in the optical path of the pump
pulse for detection of pump-induced SH intensity modula-
tions. In this paper, transient changes of SH intensity Algy
are defined as Al (1) =[Igy(t)—19,)/ 13, where Ig(t) and Ig,
are SH intensities with and without pump pulses, respec-
tively. Each data point of TRSHG traces was obtained by
averaging signals for 3000 laser shots.

III. RESULTS AND DISCUSSION

A. Calibration of K coverage

Figure 1(a) shows Auger peak intensity ratios of
K(243 eV) to Pt(65 eV) as a function of 7. These data can
be expressed by two curves with a break at tx=100 s under
the assumption of layer-by-layer growth. The break point
appeared as a result of the second-layer growth.!” Pirug and
Bonzel® investigated adsorption structures of K on Pt(111)
by low-energy electron diffraction (LEED), x-ray photoelec-
tron spectroscopy, and AES. They concluded that the
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FIG. 1. (a) Auger peak ratio of K(243 eV) to Pt(65 eV) as a
function of K deposition time. The solid lines are drawn as a guide
to the eyes. (b) Work function (open circles) and SHG intensity
(solid lines) of p-polarized pulses (A=800 nm) from a Pt(111) sur-
face as a function of K deposition time.

second layer starts to grow at A#=0.38 monolayer (ML)
(1 ML=1.5x10" atoms/cm?). Therefore, we determined
the K coverage at 1tz =100 s to be 0.38 ML and all K cover-
ages described in this paper are referenced to this value.

Figure 1(b) shows work functions and SH intensities of
p-polarized laser pulses (A=800 nm) from the surface vs ry.
The SH intensity increases almost linearly with #x up to
tx ~40 s, decreases slightly, and is strongly enhanced over
tx ~ 90 s. Since these characteristic features of SH intensities
are useful for monitoring the growth of a K adlayer during
deposition, we routinely monitored SH intensities in each
run.

B. Coverage dependence

When a surface phonon mode is coherently excited by a
pump pulse, nonstationary coherent nuclear motions modu-
late electronic degrees of freedom. Thus, the second-order
optical susceptibility y'*(2w) and hence macroscopic polar-
ization P®(2w) are modulated by the coherent motions.
Since this modulation is small, y'® can be expanded at the
equilibrium position of a nuclear coordinate Q=0 relevant
to the coherent oscillation in terms of nuclei displacement
60 as

X(2)= X(2)|Q=Q0+ 5Q+ cee (1)

90 |-,
Because SH intensity is proportional to | x?)?, the leading
term of the modulation due to the coherent oscillation is the
cross term between the first and second terms in Eq. (1).
Thus, the time evolution of the coherent oscillation can be
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FIG. 2. TRSHG traces taken from K-covered Pt(111) surfaces at
various 6. The absorbed fluence of the pump pulse is 0.4 mJ/cm?
per pulse.

detected by measuring Alg of a probe pulse as a function of
15

Figure 2 shows TRSHG traces taken from K-covered
Pt(111) surfaces as a function of 6. The TRSHG trace from
the clean Pt(111) surface shows fast and slowly decaying
components without any periodic oscillating modulations.
Since the decay behavior resembles the temporal variations
of electron temperature predicted by numerical integration of
coupled diffusion equations,?'**> the TRSHG signals are
likely attributed to hot electrons created by substrate photon
absorption.15 In contrast, the TRSHG traces from K-covered
Pt(111) surfaces show oscillatory components clearly. Figure
3 shows the Fourier-transformed (FT) spectra of the oscilla-
tory parts in the TRSHG traces in Fig. 2. We used the oscil-
latory parts of TRSHG traces in =60 fs after subtracting
background components whose frequencies are less than
1 THz. The TRSHG traces were decomposed into oscillating
and background components by linear prediction singular-
value decomposition (LPSVD) based on the procedure de-
scribed elsewhere.!>2324 Parameters obtained in the LPSVD
analysis are listed in Table I. Typical uncertainties are +2%
for frequency, +8% for initial phase, and +10% for decay
time. Here, both vibrational damping and pure dephasing
contribute to the decay time. These uncertainties were esti-
mated by the statistical distributions of the fitted parameters
obtained in the different sets of data.

The FT spectra in Fig. 3 show two prominent peaks at 4.5
and 5.2 THz below 6=0.31 ML. At #=0.23 ML, the peak at
5.2 THz is stronger than that at 4.5 THz, but the latter peak
dominates over the former with increase of . The HREELS
study by Kliinker ef al.> reported that a single loss peak due
to the K-Pt stretching mode shifts from 5.3 to 4.7 THz as 6
increases from 0.16 to 0.33 ML. The two peaks observed in
the TRSHG measurements and their intensity alternation
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FIG. 3. Fourier-transformed spectra of the oscillatory compo-
nents in the TRSHG traces in Fig. 2. The spectra are normalized at
their peak intensities.

with 6 are consistent with the HREELS result, although the
HREELS spectrum shows only a broad peak around 5 THz
owing to its poor resolution and the relatively high surface
temperature. Therefore, the two oscillating components ob-
served in the TRSHG measurements are attributed to the
coherent K-Pt stretching motions on Pt(111).

The problem is why there are two frequency components
for the K-Pt stretching mode. Potassium adlayers are known
to form two ordered structures on Pt(111). According to the
LEED study,”® while a (2X2) structure is formed at
0.20=6=<0.25 ML, this structure is mixed with a
(V3 X \3)R30° structure and eventually the K adlayer en-
tirely turns into the (V3 X y3)R30° structure at #=0.33 ML.
The alternation in the intensities of the peaks at 4.5 and
5.2 THz as a function of 6 is qualitatively correlated with the
change in the superstructure of K adlayers. Thus, we assign
the peaks at 5.2 and 4.5 THz for 0.23< §<0.31 ML to the
K-Pt stretching modes of (2X2) and (y3X V3)R30° do-
mains, respectively.

At 6=0.34 ML the FT spectrum shows significantly dif-
ferent features from those in <0.31 ML. First, the two
peaks observed at §=<0.31 ML apparently merge into one
peak at 4.7 THz. As stated earlier, since the (3 X y3)R30°
structure is completed at #=0.33 ML,?° (2 X 2) domains and
hence the 5.2 THz peak of (2 X 2) domains disappears. Thus,
the change in the FT spectra implies that the frequency of the
K-Pt stretching mode in the (\3 X V3)R30° structure shifts
from 4.5 THz at 6<0.31 ML to 4.7 THz at #=0.34 ML.
This might indicate that the frequency shift is associated with
the increase in the domain size of the superstructure at
0=034 ML. If so, the peak originating in the
(V3 X \f§)R30° structure would shift as the coverage in-
creases from 6=0.23 to 0.31 ML. However, the peak does
not shift gradually in the coverage range but suddenly shifts
to 4.7 THz at =0.34 ML. At this moment, the origin of the
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TABLE 1. Parameters obtained from the LPSVD analysis of
TRSHG signals. /27 is frequency, 7 is decay time, ¢ is initial
phase, and A is relative amplitude normalized at the largest ampli-
tude for each coverage.

6 (ML) /27 (THz) 7 (ps) ¢ (deg) A
0.23 5.25 1.62 17 2.44
4.58 1.64 37 1.00
0.27 5.08 0.95 -123 0.75
4.60 0.79 -151 1.00
2.25 0.93 -98 0.22
0.31 5.09 0.89 -154 0.74
4.55 0.92 —148 1.00
2.21 0.68 =75 0.28
0.34 5.57 0.76 13 0.12
4.75 0.82 -156 1.00
3.79 1.32 -130 0.21
3.27 1.13 71 0.10
2.71 1.43 -141 0.16
0.36 4.71 0.96 -164 1.00
3.78 1.75 —-151 0.16
3.27 1.34 32 0.12
2.69 2.41 -136 0.14
0.38 4.72 1.10 -167 1.00
3.88 2.27 =212 0.14
3.43 0.47 -29 0.25
2.69 3.33 -121 0.11
0.50 4.64 1.03 -152 1.00
3.53 2.68 -127 0.08
2.69 3.42 -107 0.06
0.61 4.65 0.96 -156 1.00
3.76 2.67 -134 0.07
2.51 1.42 =57 0.12

sudden shift is not clear. The frequency of the K-Pt stretch-
ing mode stays almost constant for 0.34< #=<0.38 ML, then
slightly shifts from 4.7 to 4.6 THz at 0.38< 6<0.61 ML.
This may be due to adsorption of K atoms in the second
layer.

While the oscillation frequency and decay time do not
change with increasing coverage above #=0.38 ML, the os-
cillation amplitude decreases. Since an electronic transition
from the alkali-metal-induced occupied state to an image po-
tential state resonantly enhances the modulation amplitudes
in TRSHG traces,?® the changes in the electronic structure
with increase of # may manifest in a decrease of oscillation
amplitude. Another possibility is due to the decrease in the
surface area of the first-layer adsorbates without alkali-metal
atoms in the second layer. When alkali-metal atoms adsorb in
the second layer, the K-Pt stretching mode is perturbed and
its frequency could be greatly shifted. Since no appreciable
frequency components were observed in the FT spectra other
than that of the K-Pt stretching mode in the first layer, the
first-layer alkali-metal atoms with second-layer atoms may
not be excited coherently.
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Another salient feature in the FT spectrum at #=0.34 ML
is that the peaks at 2.7, 3.4, and 3.8 THz appear. The appear-
ance of these peaks is also related to the completion of
(V3 X V3)R30° superstructure at this coverage. Because of
this superstructure, the surface Brillouin zone of a clean
Pt(111) surface is reduced such that the zone boundary at the

K point is folded back to the I" point. This makes it possible
to observe surface phonon modes of Pt(111) by optical spec-
troscopy such as TRSHG.

Kern et al.?’ and Bortolani et al.?® investigated phonon
modes at a clean Pt(111) surface by inelastic HAS. Phonon
dispersion data were analyzed by surface lattice dynamics
simulations with a slab of N equally spaced atomic planes.
From the best-fit results the observed inelastic scattering data

1.28

along the T-K direction are well described by three surface
phonon modes: Rayleigh, pseudo-Rayleigh, and longitudinal

resonance modes. At the K point, the lattice dynamics simu-
lations with modified nearest-neighbor force constants at the
surface provide the frequency and normal coordinate of each
surface phonon. The Rayleigh and longitudinal resonance
modes merge into the same frequency of 11 meV (2.7 THz)

at the K point. The pseudo-Rayleigh phonon mode is located
at 14 meV (3.4 THz). The normal mode analysis indicates
that only the Rayleigh mode shows substantial displacements
of atoms in the second plane as well as the first plane of the

Pt surface at I?, but atom displacements of the other two
modes are mostly limited in the first plane.?® In addition to
these modes, Kern er al.?’ reported an additional mode at

~16 meV (3.8 THz) at K at temperatures much higher than
350 K. This was assigned to the mode polarized longitudi-
nally to the surface in the Pt first layer and polarized verti-
cally with a larger amplitude in the Pt second layer. How-
ever, this assignment was later questioned, since inelastic
HAS is not sensitive to the motions in the second layer.”®
Recently, Chis e al.?® conducted a first-principles calcu-
lation of the phonons of Cu(111). They showed that hybrid-
ization takes place between a longitudinal resonance mode in
the first layer and a second-layer shear-vertical mode with a

large vertical displacement near the M point. Since a large
fluctuation of the electron density at the turning point of a He
atom is expected due to the hybridized mode, this calculation
suggests that the second-layer shear-vertical displacements
may be detected by HAS measurements.

Although the ambiguity remains in the assignments of the
substrate surface phonon modes, the frequencies observed in
the TRSHG measurements are in reasonable agreement with
those reported in the HAS measurements. Therefore, we ten-
tatively assigned the modes at 2.7, 3.4, and 3.8 THz to the
mixture of the Rayleigh and the longitudinal resonance
modes, the pseudo-Rayleigh phonon mode, and the mode
mainly localized in the second layer, respectively. The mu-
tual agreement between the inelastic HAS performed for a
clean Pt(111) surface and TRSHG measurements done for
K-covered Pt(111) surfaces in the current study suggests that
the surface phonon modes of Pt(111) are not significantly
affected by K adsorption. This is consistent with LEED
structural analysis and density functional theory calculations
performed for K/Pt(111) by Moré et al.’® They showed that
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FIG. 4. (a) TRSHG traces taken from 0.38 ML K-covered
Pt(111) surfaces as a function of the laser fluence of a p-polarized
pump pulse (hv=2.14 eV) absorbed by the Pt substrate. (b) Fourier-
transformed spectra of the oscillatory components in the TRSHG
traces.

K _atoms adsorbed at threefold hcp sites forming the
(\ 3x 3)R30O structure induce very small spatial distortions
near the surface, i.e., less than 1.0%. Therefore, although
many alkali-atom adsorption systems on metal surfaces are
reported to show significant rumpling and even reconstruc-
tion of the surfaces,!? the K adsorption does not affect the Pt
surface phonon modes significantly.

As stated earlier, the frequency of the K-Pt stretching
mode depends on 6. In addition, the decay characteristics
also change with 6 as shown in Table I. The decay time of
the K-Pt stretching mode in the (2X2) structure at
~5.2 THz becomes shorter as 6 i increases from 0.23 to 0.31
ML, whereas that in the (\3 X V3)R30° structure at
~4.5 THz becomes longer as # changes from 0.27 to 0.38
ML. In these coverage reglons the dominant K superstruc-
ture changes from (2 X 2) to (\3 X \'3)R30° with the increase
of coverage. This transition of the superstructure decreases
the_ average domain size of (2 2), while it increases that of
(V3X3)R30°. Thus, the coverage dependence of decay
times suggests that the domain size of the K superstructure
affects the decay time of the K-Pt stretching mode: the larger
domain sizes grow, the longer decay times become.

C. Pump fluence dependence

Resonant impulsive stimulated Raman excitation can be a
plausible excitation mechanism of the coherent surface
phonons observed in this study. We found that the amplitude
of K-Pt stretching coherent phonon signals is resonantly en-
hanced by the electronic transition from the alkali-metal-
induced occupied state to an image potential state.?® In addi-
tion to the resonant transition, photons are absorbed in the
bulk platinum to create electron-hole pairs. As a result, the
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electron temperature increases in a short period of time. With
a typical photon fluence used in the current study,
0.4 mJ/cm?, a two-temperature model®!?? indicates that the
electron temperature of the substrate rapidly reaches 1000 K
at 1~30 fs and decays with a time constant of ~1 ps after
the pump pulse irradiation. Since the decay time of the co-
herent K-Pt stretching mode is in the range of 1-2 ps, the
coherent oscillation dephases while electron temperature is
substantially higher than the lattice temperature.

Figures 4(a) and 4(b) show the pump power dependence
of TRSHG traces and their FT spectra, respectively, taken
from the 0.38 ML K-covered Pt(111) surface. The following
points are noteworthy. As absorbed fluence increases, the
peak due to the K-Pt stretching mode shows clear redshifts
and broadenings. When the absorbed fluence is changed
from 0.5 to 1.6 mJ/cm?, the peak frequency shifts from
4.8 to 4.6 THz, while the decay time changes from
0.78+0.02 to 0.47+0.07 ps. These changes can be ac-
counted for by the anharmonic couplings with lateral modes
of K. If the K-Pt stretching mode couples to the lateral
modes, the stretching frequency is modulated by the anhar-
monic couplings. This results in pure dephasing of the coher-
ently excited K-Pt stretching mode.'*

Excitation of lateral modes can be realized in the follow-
ing ways. One possibility is that hot electrons produced by a
pump pulse are resonantly scattered with alkali-metal adsor-
bates, resulting in excitation of the lateral modes. As fluence
increases, multiple inelastic scattering populates the higher
vibrational states of lateral modes?! as in the case of DIMET.
The similar trend was observed in the Cs/Pt(111)
measurements.'* However, one difference exists in decay dy-
namics between the two systems. For the absorption fluence
below 0.3 mJ/cm? (with a pulse duration of 25 fs), the decay
time of K-Pt stretching mode is 7=1.1 ps and independent of
pump fluence. For an absorption fluence of 1.1 mJ/cm? lead-
ing to a maximum electronic temperature of 1600 K, the
decay time is reduced to 7=0.45 ps. The decay rate increases
by a factor of 2.5. In the case of the Cs-Pt stretching mode,
the decay time is 1.9 ps and independent of the pump fluence
below 1.0 mJ/cm? (with a pulse duration of 130 fs). For an
absorption fluence of 1.7 mJ/cm? leading to a maximum
electronic temperature of 1500 K, which is almost equivalent
to the case of K/Pt(111) with a fluence of 1.1 mJ/cm?; the
decay time is still 1.9 ps.'* The decay time scarcely in-
creases. This marked difference in decay characteristics sug-
gests that the anharmonic coupling between the stretching
and lateral modes of K-Pt is significantly larger than that of
Cs-Pt.

The other possibility is that lateral modes can be excited
coherently. Note that a broad peak at ~2 THz becomes ap-
preciable with the increase of absorbed fluence. Since the
surface phonon mode with the lowest frequency is the Ray-

leigh mode of 2.7 THz at the K point, this peak cannot be
assigned to substrate surface phonons. A number of alkali-
metal adatom vibrational energies are compiled by Finberg et
al.’? The frequencies of both stretching and lateral modes
scale approximately with the inverse square root of alkali-
metal masses and the frequencies of lateral modes roughly
fall in the range of 20-30 % of those of stretching modes.
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Therefore, the peak at ~2 THz could be assigned to a lateral
mode of K adatoms.

In contrast to the K-Pt stretching mode, the peaks in the
FT spectra due to the other surface phonon modes of the Pt
substrate show little shifts as the absorbed fluence of a pump
pulse increases. This indicates that the anharmonicity of a
surface phonon of the Pt substrate is much smaller than that
of the K-Pt stretching mode, so that the surface phonon fre-
quency is insensitive to hot electrons created by a pump
pulse. If one considers that the melting point of Pt is much
higher than the desorption temperature of K adsorbates from
Pt(111), it is naturally understandable that the anharmonicity
of the K-Pt stretching mode is significantly larger than those
of the substrate surface phonon modes.

IV. CONCLUSION

We have observed K-adsorbate-induced phonon modes as
well as Pt substrate surface phonon modes coherently excited
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by ultrashort laser pulses at the K-covered Pt(111) surface by
TRSHG. As transient electron temperature increases with ab-
sorbed pump fluence, they behave differently. The K-Pt
stretching mode shows a large anharmonicity via coupling to
lateral modes. In contrast, the substrate surface phonon
modes do not show any indications of anharmonicity within
the laser fluence used in the current study.
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