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Abstract

Coupling exciton and plasmon excitations to form polaritons are of high interest for manipulating
energy transfer at the nanoscale via the formation of hybrid light-matter states. In this study, we
successfully couple gold tetrahedral nanoparticles with the J-aggregate forming dye 5,5',6,6'-
tetrachloro-1,1'-diethyl-3,3'-di(4—sulfobutyl) -benzimidazolocarbocyanine (TDBC) to form a
strongly coupled colloidal polariton system with Rabi splitting energy of ~206 meV. These gold
tetrahedra exhibit coherent phonon modes upon photoexcitation, which produce transient
oscillations of the LSPR energy for isolated tetrahedra. Transient absorption measurements of the
polariton system were performed and show how these coherent phonon modes influence the
polariton states’ extinction. We find that the oscillation period increases by 0.5 + 0.14 ps upon
surface deposition of TDBC dye, demonstrating LSPR sensitivity to the refractive index
environment. Shifts in the plasmon resonance due to the coherent phonon modes transiently alters
LSPR alignment with the J-aggregate exciton peak, resulting in shifts of the hybrid polariton states’

oscillator strength.

Introduction

Manipulation of light-matter interactions at the nanoscale is of high interest for several prospective

nanophotonic devices and applications. Polaritons refer to coupled excitations resulting from
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plasmonic-excitonic hybridization and exhibit energy states and lifetimes that differ from either
the plasmon or exciton alone.'-3 Nanoparticles that support a localized surface plasmon resonance
(LSPR) can confine light to sub wavelength scales, achieving rather small electromagnetic field
mode volumes.!*-¢ By placing an excitonic material with optical transitions near resonance with
the LSPR proximally to this plasmonic cavity, coupling can occur.'* When weakly coupled, the
plasmonic cavity may enhance the molecule’s spontaneous emission rates via a process known as
the Purcell effect.>4# Strong coupling, however, causes the formation of new hybrid light-matter
states termed polaritons. To achieve strong coupling, the plasmon and exciton must coherently
exchange energy at a rate faster than either dissipation of light from the plasmonic cavity or decay
of the exciton.!>#3%10 Colloidal polaritons can be formed through low cost, scalable, wet chemical
synthesis and assembly, making them a desirable route for controlling light interactions and energy
flow at the nanoscale.!!"!3 J-aggregate molecular dyes are often selected for coupling, as their
excitonic transitions have high oscillator strengths and narrow linewidths, indicative of exciton
delocalization that fosters stronger coupling to the plasmon.>!'4!> Furthermore, synthetically they
can be coupled to nanoparticles through manipulation of electrostatic interactions between the
nanoparticle capping layer and dye molecule.!®'® The hybrid upper and lower polariton states
formed are separated by a characteristic Rabi splitting energy (), with a transparency dip,

commonly referred to as the avoided crossing region, separating the two states.>*>

The strength of coupling can be described by the Tavis-Cummings Hamiltonian. This model

describes N-number of identical two-level molecules coupled to a cavity with breadth in

frequency.!*!° From this model, the coupling strength is derived to be proportional to % where N

is the number of molecules coupled to the plasmonic cavity and V is the mode volume of light

confined within the cavity.!# In addition to the small mode volume of the plasmonic nanoparticle
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increasing the coupling strength, it is also advantageous to couple a high number of molecules to
the cavity.?’ The strong coupling regime is reached when the coupling strength is greater than the
rates of dissipation of both the plasmonic cavity and the exciton dipole. Such a requirement can be
described in the inequality 202 > k + y, where Q is the Rabi splitting energy, k is the dissipation

rate of the cavity, and y is the dissipation rate of the dipole excitation.>*

Beyond static measurements to determine coupling strength, ultrafast transient studies can reveal
the lifetimes of these hybrid polariton states.?%->> Additionally, plasmonic nanoparticles exhibit
coherent phonon breathing modes upon photoexcitation, causing expansions and contractions of
the nanoparticle lattice.?® The plasmon energy is highly sensitive to deformations of the lattice,
and thus oscillations of the LSPR are observable in transient absorption studies. These acoustic
phonon modes can modulate polariton coupling, as demonstrated in gold bipyramidal samples
coupled with thiacarbocyanine dye, 2,2'-dimethyl-8-phenyl-5,6,5',6'-dibenzothiacarbocyanine

chloride (TCC) dye.?” Phase manipulation of these phonon modes in polariton systems have also

This articleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

been demonstrated for optical switching and memory applications.®
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Gold nanotetrahedra are promising candidates for polariton formation, as they can be synthesized
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in highly monodisperse batches and have sharp corners and edges which offer strong EM field
confinement.?®3° The synthetic control over corner sharpness offers an additional avenue for
potential modulation of coupling strength. In this study, a colloidal polariton system of gold
nanotetrahedra strongly coupled to the J-aggregate forming dye TDBC (5,5',6,6'-tetrachloro-1,1'-
diethyl-3,3’-di(4—sulfobutyl) -benzimidazolocarbocyanine) were synthesized. Static and transient
optical measurements were carried out to measure the Rabi splitting energy and phonon mediation
of the polaritons. When the LSPR energy was near resonant with the J-aggregate peak of TDBC,

a maximal splitting energy of 244 meV was observed. By fitting the upper and lower polariton
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resonances to a coupled harmonic oscillator, the characteristic Rabi splitting energy was found to
be 206 meV, which is greater or comparable to other plasmonic systems coupled with the j-
aggregate of TDBC. Transient absorption studies revealed that the extinction of the polariton
states’ bleach feature is modulated by the expansion and contraction of the nanoparticle lattice, as
the plasmon resonance feature periodically oscillates between higher and lower energies, shifting
its overlap with the exciton feature. The phonon modes of the bare nanotetrahedra were previously
characterized, and the nanoparticles were shown to exhibit a primary breathing mode that causes
the corners of the tetrahedra to expand outward.’! Transient absorption measurements were
performed off resonance, obscuring any modulation to the Rabi splitting energy, but still allowing
for observations to changes in the polariton extinction as a function of phonon mode. Additionally,
the phonon mode periods are shown to increase by ~0.5 ps across all samples upon addition of
mass from the dye. Future studies altering the amount of dye added to the nanoparticle ensemble

may further determine the phonon mode’s sensitivity to additional mass.

Results and Discussion

A size series of highly monodisperse gold nanotetrahedra, referred to herein by their peak LSPR
wavelength, were coupled with TDBC dye. These nanoparticles were carefully selected to have an
LSPR energy resonant or nearly resonant with the J-aggregate exciton transition in TDBC. The
plasmonic nanoparticles are highly monodisperse as shown by the TEM images in Figure S1,
which helps to decrease dissipation rates of the plasmon and enhance coupling strength. The
nanoparticle samples were capped by positively charged CTAC, while TDBC dye molecules carry
a negative charge; thus, associations between the two systems occurred via electrostatic coupling

and van der Waals interactions.
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Figure 1A shows the extinction spectra for TDBC, gold tetrahedra nanoparticles, and coupled
TDBC-gold nanoparticles, all dispersed in water. TDBC assembles into J-aggregates in water,
resulting in a strong, narrow excitonic absorption peak centered at 587 nm. Each hybrid sample
exhibits split peaks, with a transparency dip occurring near the TDBC J-aggregate absorption peak.
For samples with greater detuning energy between the plasmon and exciton, the hybrid peaks form
an antisymmetric Fano resonance line shape, as expected from polariton formation.>?” Titrations,
presented in Figure 1B, were performed to discern the effect of dye concentration on Rabi splitting
energy for the gold tetrahedra with the LSPR at 595 nm, which is nearly resonant with the exciton

energy. When twice as much dye was added to the sample, the Rabi splitting energy increased by

a factor of approximately V2, as predicted by the Tavis-Cummings model. Adding greater
quantities of dye beyond this point did not significantly increase the splitting energy. This
dependence on dye concentration would suggest the strong coupling regime has been reached. The

changes in peak splitting as a function of the detuning energy is presented in Figure 1C. A clear

This articleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

avoided crossing region between the upper and lower polariton features is distinct, with the greatest
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Rabi splitting energy occurring in the samples with near resonant overlap between the plasmon
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and exciton. To accurately determine the Rabi splitting energy for the system, the upper and lower

polariton resonances were fit to a coupled harmonic oscillator model as follows:

E(hw,) = 2222220 4 0.5/(h0)? + (hwp —hwo)? (1)

where ho, is the LSPR energy, ho, is the exciton energy, and hQ, is the Rabi splitting energy.>’
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Figure 1: A) Static extinction for TDBC aggregate, gold tetrahedra nanoparticles, and polariton
systems dispersed in water. LSPR of gold tetrahedra samples ranges from 564-622 nm. B) Static
extinction spectra for 595 nm sample titrated with varying amounts of TDBC. C) Upper and lower

polariton energies as a function of LSPR energy.

To further ascertain if strong coupling was reached, the Rabi splitting energies for each sample
were compared to the dephasing rates of the plasmon and exciton. The dissipation rates for the
gold tetrahedra nanoparticles and TDBC were estimated by fitting the LSPR and excitonic peak to
a Lorentzian and Gaussian, respectively, to determine the full width at half max (FWHM).*

Likewise, the wavelength for the upper and lower polariton peak maximums were estimated via
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Lorentzian fits. . The splitting energy was then calculated by taking the difference in energy of the

peak position of the lower and upper polaritons. These results are presented in Table 1.

Table 1. Dissipation rates (k and y) of the LSPR and exciton, peak positions of upper polariton
(UP) and lower polariton (LP), and Rabi splitting energies Q. Error for UP, LP, and (2
determined by measuring samples in triplicate.

LSPR | Kkispr(eV) | yrpec(eV) | UP (eV) LP (eV) 0 (eV) 20
Yroec + Kispr

(nm)

564 0.302 £2¢-3 | 0.03 +£1e-3 | 2.23 +£0.02 | 2.06 £0.01 | 0.18 £0.02 1.18

584 0.171 £2e-3 | 0.03 +1e-3 | 2.21 £0.01 | 1.98 £0.01 | 0.23 +£0.01 2.64

595 0.180 +2¢-3 | 0.03 +1e-3 | 2.20+0.01 | 1.95+0.01 | 0.26 £0.02 2.84

611 0.170 £2e-3 | 0.03 +1e-3 | 2.16 £0.02 | 1.95+0.01 | 0.21 £0.03 2.43

622 0.183 +2¢-3 | 0.03 +1e-3 | 2.15+0.01 | 1.92 +£0.01 | 0.23 +0.02 2.47

The gold tetrahedra sample with LSPR at 584 nm reached a maximum Rabi splitting energy of
~244 meV. It may be noted that slight alterations to nanoparticle size to provide greater overlap
may increase this splitting energy. The inequality for determining the strong coupling regime was

rearranged as follows:

20
K+vy

>1

For each sample, this inequality yielded a value larger than 1, indicating that the coherent exchange
of energy in the polariton hybrids occur faster than dissipation of the plasmon or exciton, further
supporting the hypothesis that strong coupling has been achieved. The high Rabi splitting energy
of 206 meV modeled by coupled harmonic oscillators may be due in part to the sharpness of the

tetrahedra corners, which increases electric field focusing at the tips. Whether the J-aggregate

7
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coupling is strongest for the face, edges, or corners of the tetrahedra likely impacts the coupling
strength and could be a matter of future study. We find that this splitting energy is greater than or
comparable to similar plasmonic-excitonic nanoparticle systems encapsulated with CTAC/CTAB
ligands and coupled with TDBC dye, such as gold nanostars (145 meV), gold trigonal bipyramids

(155 meV), and gold nanocubes (215 meV).3?

Ultrafast transient absorption studies were then performed to analyze the role of impulsively
excited nanoparticle phonon modes on polariton coupling. Transient absorption spectra for the
bare nanoparticles with LSPR at 595 nm and their polariton hybrids are shown in Figure 2. As
these samples were excited off resonance at 450 nm, the early times are dictated by plasmonic
dynamics, namely electron-electron and electron-phonon scattering. Two ground state bleach
features emerge in the hybrid system, corresponding to the upper polariton state and the slightly
red-shifted plasmon resonance. Observation of the uncoupled plasmon feature in the hybrid system
may be due to the off-resonance excitation conditions, as reported in other previous studies.?? Due
to spectral congestion of transient signals arising from shifting of both polariton features and a background
components, analysis of Rabi coupling strength modulation is challenging. However, we do clearly observe
oscillatory behavior of the upper polariton extinction coefficient, especially at the position of the bleach

feature, as modulated by the phonon motion..
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Figure 2: A) Transient absorption spectra for 595 nm bare nanoparticles and B) polaritonic
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nanopartices. C) The spectral shapes for the polariton are additionally presented as a function of
the phonon phase, corresponding to maximum contraction or expansion of the lattice. Black arrows
indicate the oscillations in extinction coefficient at the bleach and absorption features. D) Kinetic

traces showing oscillations caused by nanoparticle phonon modes.

Photoexcitation of the nanoparticles launches coherent acoustic phonon modes, resulting in
oscillatory features across the spectral probe region. Expansion of the nanoparticle lattice due to
the primary phonon breathing mode corresponds with an observable redshift of the LSPR, while
contraction corresponds to a blueshift.3! To better understand these features and their impact on
polaritonic features, time-resolved spectra were plotted as a function of the phonon phases, =,

which are observable in the transient kinetic traces and represent the points of maximum and
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minimum expansion. The odd & phases indicate expansion of the nanoparticle lattice where the
LSPR red shifts, while even © phases indicate contraction of the lattice where the LSPR blue shifts.
Red shifting of the LSPR reduces resonance overlap with the exciton feature at 587 nm. As a result,
the odd & phases in the transient spectra demonstrate a decrease in the absolute value of AA for
the upper polariton bleach feature. The inverse is observed as the lattice contracts and greater
overlap with the LSPR and exciton occurs. Furthermore, a small shift in the upper polariton bleach
is observed over time, evolving from 567 nm to 562 nm, respectively, with expansion and
contraction. While the obscurement of the lower polariton by the plasmon makes it difficult to
discern whether the Rabi splitting energy changes transiently, these features do suggest a

modulation of the upper polariton’s extinction coefficient as a function of the phonon modes.

Similar effects can be observed for nanoparticle systems with greater detuning between the LSPR
and exciton. The 564 nm and 622 nm samples have LSPR energies higher and lower than the
TDBC’s J-aggregate exciton resonance, respectively. As a result, while contraction of the
nanoparticle lattice will increase overlap of the plasmon and exciton feature in the red-detuned 622
nm sample, it will decrease overlap for the blue-detuned 564 nm sample. The inverse is true for
expansion of the lattice. As a result, the polariton bleach feature in each sample reaches a more
negative extinction coefficient at different phases of the phonon mode, as shown in Figure 3. For
the blue-detuned 564 nm sample, the maximally negative extinction coefficients occur at the odd-
numbered pi phases when the lattice expands, while the red-detuned 622 nm samples show

maximum extinction coefficients at the even-numbered n phases, when the lattice contracts.

10
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Figure 3: Transient absorption spectra for samples with higher (A) and lower (B) LSPR energy.
For the sample with LSPR at 564 nm, the lower polariton is visible, while for the sample at 622

nm, the upper polariton is visible. Black arrows show oscillations of the polariton bleach feature.

As these spectral signatures are complex, to further deconvolute the role the phonon mode plays
in modulating polariton signals, oscillation associated spectra (OAS) were generated. Using a

previously established matrix pencil method, each wavelength was fit to a sum of complex

This articleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

exponentials and the non-oscillatory components were subtracted.?® From here, a Fourier

Open Access Article. Published on 03 April 2026. Downloaded on 4/6/2026 8:39:32 AM.

transform at every probe wavelength was performed and averaged. The oscillatory phases for

(cc)

plasmonic nanoparticles observed in transient absorption are straightforward, either being
perfectly in phase or out of phase by 180 degrees. Due to this simplicity, the relative phase behavior
of a given oscillation can be assigned a value of 1 when in phase with initial lattice expansion and
-1 when out of phase.?® From here, a contour map of the relative oscillation phase multiplied by
the Fourier transform magnitude can be generated, labeled the OAS. The Fourier transforms as a
function of oscillatory period and the 2D OAS for the 595 nm bare tetrahedra and polariton samples

are shown in Figure 4.

11


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5nr03987h

Open Access Article. Published on 03 April 2026. Downloaded on 4/6/2026 8:39:32 AM.

This articleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Nanoscale

Page 12 of 21

View Article Online
DOI: 10.1039/D5NR03987H

FT vs Period B

>

0.1

0.05

FT Magnitude

-0.05

0 525
15 20 25 30 35 15 20 25 30 35
Period (ps) Period (ps)
C FT vs Period D

0.02

o
o
-—
(n
[e)]
(4]
o

0.01

Magnitude
gth
(o)}
N
[$)]

= 0.005

F

-0.01

0 525
15 20 25 30 35 15 20 25 30 35
Period (ps) Period (ps)

Figure 4: Averaged Fourier transform as a function of period of oscillation for A) LSPR= 595 nm
bare nanoparticles and C) polariton hybrids. 2D oscillation associated spectra for B) LSPR= 595
nm bare nanoparticles and D) polariton nanoparticles. Dashed white line highlights wavelength

where oscillations flip 180 degrees in phase.

The Fourier transform shows a very small shift in period from 22.89 for the bare nanoparticle to -
23.38 ps for the polariton hybrid, likely as a result of increase in mass and the changes to the
immediate refractive index environment. The Fourier transforms of the remaining samples were
also performed, and the average change in period was determined to be 0.5 £ 0.14 ps. In the 2D
OAS map, the dark blue versus yellow contours represent oscillatory features which are 180
degrees out of phase with each other. Plasmonic nanoparticle acoustic phonon modes have
previously been demonstrated to exhibit oscillations of opposite phases on either side of the LSPR.
For the bare nanoparticles shown in the 2D OAS map, this flip is observable near 595 nm, the

position of the LSPR, and the oscillations here range in wavelength from ~550 to 650 nm. By
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comparison, the polariton nanoparticles present oscillations ranging from 520 nm to as red as 690
nm, demonstrating that polariton features with energies higher or lower than the plasmonic bleach
still experience the effects of coherent oscillations. Additionally, the phase flip appears centered
at 605 nm, the position of the plasmonic bleach observed in TA. The polariton case shows a larger
separation in wavelength between the two phases in contrast with the bare nanoparticles. In
addition to illustrating the nanoparticle LSPR sensitivity to mass, this demonstrates that the
position of the upper polariton overlaps with one phase of the nanoparticle’s phonon mode and
thus will oscillate in position. To further illustrate the influence of coherent phonons on the LSPR
peak position and overlap with the exciton feature, a slice of the OAS taken at the frequency of
the maximum FT magnitude has been plotted against the static extinction spectra for the bare

nanoparticle (Figure 5A) and polariton hybrid (Figure 5B).

The coherent phonon modes of bare plasmonic nanoparticles cause the LSPR to oscillate in peak

position, changing the LSPR’s maximum extinction wavelength while only slightly broadening

This articleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

the peak.?® The extinction at a given wavelength is thus dependent on its proximity to the new
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LSPR peak position. Taking the first derivative of the static extinction spectrum with respect to

(cc)

energy can illustrate this phenomenon, assuming the peak does not significantly broaden, and
should align with the OAS slice.?® For the bare nanoparticle, the first derivative and OAS taken at
a period of 23.38 ps do align very well. Subtracting the OAS from the static extinction spectrum
further shows the LSPR only red and blue shifts as expected, shown in the inset of Figure 5A,
illustrating how the coherent phonons can modulate alignment of the LSPR and the exciton peak
once the dye has been coupled to the system. The OAS slice (taken at period of 23.38 ps) for the
polariton hybrid was then examined. Notably, the first derivative with respect to energy of the

polariton static spectrum does not fully align with the OAS, likely due to the dominance of the
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plasmonic bleach feature in the transient spectra. This suggests the oscillatory features observed
are solely arising from the plasmonic feature, rather than the polariton hybrids. Thus, while the
magnitude of AA for the polariton bleach in the transient data oscillates in response to the phonon

mode, it is unlikely the Rabi coupling strength between the two polariton features is being

modulated.

A B

1.00 = Extinction 1.00 = Extinction

c — 50D/6E c —— EOD/GE
o 075 — 0AS o 075 —— OAS

S ©

2 050 2 os0
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Figure 5: Static extinction spectrum and first derivative of static extinction for LSPR=595 nm bare
nanoparticle (A) and polariton hybrid (B). Inset: Static extinction spectrum with OAS added or

subtracted.

A semi-phenomenological theory that describes the transient absorption results in this paper can
be developed by combining the coupled oscillator model in Eq. (1) with oscillations in the plasmon
frequency w, due to acoustic mode excitation, and then adding this result to a formula for the
extinction lineshape function, and then including the effect of bleaching and excited state
absorption on the transient absorption signal. If the Rabi frequency does not vary with acoustic
excitation, and the plasmon frequency is a simple periodic function of time, then Eq. (1) is

modified to:
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E(hwpor+ (1)) = 222822 + 0.5, /(50,)7 + (hwy (£) — hawo)? )

Here w,(t) = wp(0) + Awsin(wgt + 8) and Aw indicate the magnitude of the variation in
plasmon frequency arising from acoustic mode excitation, w, is the frequency of the exciton mode,
and & is a phase that varies with timing of the ultrafast pulse. Here we note that Aw depends on
factors such as the pulsed laser intensity and frequency, with the two polaritons showing out-of-
phase oscillations because of the +. Also, this formula assumes there is only one plasmon and

one acoustic mode; more general expressions would involve a sum over many modes.

To describe the extinction spectrum, we assume a Lorentzian lineshape for the extinction (or
absorption) A(w) of the polaritons as a function of frequency w:

ni(t)/n

3\
Y (@=wporx ()2 +13(D)

A(w, t) = ay(t

3)

Here a4(t) is an amplitude for excitation of each polariton, and 14 (t) is the linewidth. This

This articleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

formula includes for the possibility oscillations in the lineshape parameters due to the acoustic
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oscillations of wy(t). This would make sense, since oscillating plasmon could easily influence

(cc)

the intensity and width in the lineshape.

To describe the transient absorption spectrum, we take the difference between absorption for the
second and first pulse. This yields the expression:

ni(t)/n

(w=wpors ()2 +01(1)

A (w();t) = Aay (D)

4

where the absorption AA has both an oscillating variation on time due to the acoustic mode
oscillations, as well as a slower time dependence that arises from excited state dynamics as

bleaching relaxes. The fast and slow time evolution also applies to Wpei+ (t) and N+ (t). One of the
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predictions of Eq. (4) is that when AA is evaluated at multiples of the oscillation frequency, as in
Fig. 2c, the only variation in lineshape is due to the slow time variation of the amplitude Aa4(t)
and width n4 (t). The values of Aa4 (t) are negative for the two polaritons, but a similar expression
can be developed for the excited state absorption region, where the amplitude parameter Aa(t)

would be positive.

Conclusions

We have shown that gold tetrahedral nanoparticles can couple strongly to J-aggregate-forming
TDBC dye molecules and achieve a Rabi splitting energy of ~206 meV. This large coupling
strength is likely a result of the sharp corners and edges of the tetrahedra, enhancing EM field
confinement. In comparison with other previously studied polaritonic nanoparticle-dye systems,
nanotetrahedra can be additionally synthetically tuned via corner sharpness; the degree to which
this influences coupling could be a topic of future work. We further demonstrated that, depending
on the phase of the phonon and initial LSPR resonance position, the plasmon resonance can shift
into more or less resonant conditions with the J-aggregate exciton peak that results in shifts of

extinction coefficient derived from the hybrid polariton states.

Methods

Gold nanotetrahedra capped in CTAC were synthesized according to literature, the details of which
are provided in the SI, and dispersed in water. For each sample, a 200 puL colloidal dispersion with
an optical density of 0.4 in a 1 mm cuvette was prepared, to ensure each sample had approximately
the same number of nanoparticles. Although nanoparticle size will impact O.D., all samples are in
a very small size range and thus this is a reasonable approximation. To each sample, 12 uL of a 1

mM TDBC solution was added, and the sample was left overnight to allow time for assembly of
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dye on the nanotetrahedra. Samples were centrifuged at 3500 rpm for 5 min, and precipitated

pellets were redispersed in water. A distinct color change was observed upon assembly.

Transient absorption measurements were performed using an amplified Ti:sapphire laser (800 nm,
80 fs pulse duration, 5 kHz rep rate). Of this output, 90% was sent to an optical parametric
amplifier to produce the 450 nm pump pulse and the remaining 10% was mechanically time-
delayed and focused into a sapphire crystal to generate the white light continuum probe pulse. The
pump pulse was mechanically chopped to 2.5 kHz to probe the sample before and after

photoexcitation.

Data Availability

The MATLAB code for transient absorption and oscillation associated spectra analysis can be

found at: https://github.com/kirschner21/OscillationAssociatedSpectra

Supporting Information: Details of gold tetrahedra nanoparticle synthesis and TEM images of all

This articleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

samples at 3 different magnifications.
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The MATLAB code for transient absorption and oscilaltion associated spectra analysis can be
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