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Metal nanostructures capture light efficiently due to plasmonic enhancement, and generate energetic electrons
and holes that can be used to drive chemical reactions or transferred across metal-semiconductor interfaces for
solar cells and photodetectors. The overall efficiency of plasmonic hot-carrier devices depends on the generated
energy distribution, its evolution with transport through the metal, and most critically, on the transport across
the metal surface or interface. Here, we review the mechanistic considerations, strategies and challenges for
efficient hot carrier extraction, highlighting the need for new materials to transport carriers with minimal energy
loss and for interfaces designed to transfer them with high probability.

HOT CARRIERS: OPPORTUNITIES AND CHALLENGES

Surface plasmons and localized plasmons, collective exci-
tations of electrons near metal surfaces or in metal nanostruc-
tures, confine light down to tens of nanometers [1, 2], promis-
ing to bring photonics from the micro to the nano scale [3].
Plasmons rapidly decay to energetic hot carriers in the metal,
which though a challenge for quantum plasmonics, proves
useful as a nanoscale light capture technique for imaging [4],
solar cells [5] and photochemical energy conversion systems
[6, 7].

Plasmonic hot-carrier devices rely on extracting energetic
carriers from the metal before they thermalize and lose their
energy [8, 9]. Their efficiency can theoretically surpass con-
ventional semiconductor devices [10], but remains an order of
magnitude below theoretical limits in most applications [11–
14]. This review briefly summarizes the mechanisms underly-
ing hot carrier harvesting, and highlights ongoing efforts and
open challenges to boost efficiency of hot carrier collection by
using smaller plasmonic structures, finding new materials and
by engineering interfaces.

DOWNSIZING FOR EFFICIENCY

Theoretical predictions using quantum-mechanical simula-
tions of hot carrier generation and thermalization have played
a vital role in illuminating their efficiency limits [15–17].
These simulations have sought to quantify the impact of
nanostructure geometry, electromagnetic field distributions
and metal electronic structure on the usable carrier energy and
momentum distributions. Collectively, these studies identify
several mechanisms and regimes depending on the material,
photon frequency and size of the plasmonic structure.

Plasmonic hot carrier generation is predominantly
plasmonically-enhanced photo-excitation of charge carriers
in the metal. Close to plasmonic resonance, electromagnetic
waves in free space couple strongly to the localized modes
near the particle or surface structure and create a higher
electric field intensity with a different spatial distribution than
further away from resonance. Most importantly, generation

of hot carriers depends on this electric field distribution and
oscillation frequency, but not specifically (and directly) on
whether the plasmon is off or on resonance.

The oscillating electric field within the metal can excite
charge carriers in metals generating an initial energy distri-
bution of hot carriers that depends on the electronic structure
of the metal and the photon energy h̄ω . Figure 1(a) shows the
initial carrier energy distribution in gold predicted from first-
principles calculations (see glossary) of direct transitions
and indirect transitions [17]. When the photon energy ex-
ceeds the interband threshold energy, the dominant process
is direct excitation of electrons from a lower to higher band
by absorbing a photon. In noble metals, such direct excita-
tions leave a high energy hole in the d band of the metal and
a lower energy electron near the Fermi level (the blue ‘hills’
in Fig. 1(a)). Below the interband threshold, in bulk metal or
large nanostructures, the dominant process is phonon-assisted
intraband absorption which excites charge carriers by absorb-
ing a photon and additionally either absorbing or emitting a
phonon. This indirect excitation generates a relatively flat
energy distribution of both electrons and holes each ranging
from zero to the photon energy, mostly independent of the
metal (the red ‘plateaus’ in Fig. 1(a)).

The phonon is necessary in the indirect process to pro-
vide momentum to move the carrier from one state to another
within the same band because the momentum of the absorbed
photon is negligible compared to electrons. In nanostructures,
this momentum may also be obtained from the surface of the
material with non-negligible probability as the electron re-
flects off it. This ‘geometry-assisted’ intraband absorption,
the focus of initial theories of plasmonic hot carrier genera-
tion [15, 16], coexists with the above mechanisms that depend
more on material than nanostructure geometry. Intraband pro-
cesses are less sensitive to the metal electronic structure and
can be reasonably approximated by analytical free-electron
and jellium models [18], but the interband processes depend
sensitively on the joint density of states of the metal and re-
quire first-principles electronic structure calculations.

The rates of the above mechanisms are all proportional to
the square of the electric field, and are therefore enhanced
near plasmonic resonance when the localized field intensity
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FIG. 1. Predictions of generated and transported hot carrier dis-
tributions. (a) Hot carrier distribution P(ω,ε) in gold as a function
of photon energy h̄ω and carrier energy ε immediately after plas-
mon decay [17], and (b) after transporting 10 nm through the metal,
where most high energy carriers lose their energy to carriers closer to
the Fermi level by electron-electron scattering [19]. (c) Comparison
of (a) and (b) at a specific photon energy of 1.8 eV. (d) Jellium (free-
electron) models predict increased generation of high-energy carri-
ers in smaller nanoparticles [15]. (Adapted with permission from
Ref. [17] (©2016, American Chemical Society), Ref. [19] (©2018,
American Physical Society) and Ref. [15] (©2014, American Chem-
ical Society).

is maximum. In large nanostructures, the electric field can
vary substantially with position, leading to a spatial distribu-
tion of hot carriers within the structure as well. The initial
energy distribution of carriers discussed so far (Fig. 1(a)) is
generated with varying probability throughout the nanostruc-
ture. These carriers must then transport through the structure
to reach a surface where they can be extracted. Note that the
electric field of the plasmon affects the initial carrier distribu-
tion, but negligibly impacts the subsequent transport of carri-
ers because of the high (Fermi) velocity of electrons in met-
als and the rapid oscillation frequency. Instead the dominant
impact of carrier transport is energy and momentum relax-
ation due to electron-electron and electron-phonon scattering
within the material [17, 19]. Figure 1(b) shows the energy dis-
tribution after transporting the carriers through 10 nm of gold:
higher energy electrons and holes rapidly lose their energy
primarily by electron-electron scattering to generate a greater
number of lower energy carriers piling up near the Fermi en-
ergy (Figure 1(c)). This rapid energy relaxation during hot
carrier transport is a key limiting factor in the efficiency of
hot-carrier energy conversion processes.

Carrier transport is no longer an important consideration

in metal nanoparticles smaller than the typical hot electron
mean-free paths ∼ 10 nm (eg. for electrons ∼ 1 eV from
the Fermi level in noble metals). In this regime, the parti-
cle size directly influences the hot carrier distribution because
the geometry-assisted mechanism dominates carrier genera-
tion. Free-electron and jellium model simulations show that
the carrier distributions are quite sensitive to the particle size:
the probability of generating higher-energy carriers increases
with decreasing particle size (Fig. 1(d)) [15]. In very small
particles, the discreteness of energy states is an additional con-
sideration that dramatically changes the distributions for small
changes in size [16]. A quick estimate of the typical energy
spacing is EF/(kF R), where EF is the Fermi energy, kF the
Fermi wavevector and R is the particle radius, amounting to
0.2 eV level spacing for 5 nm particles and 1 eV level spac-
ing for 1 nm particles. Additionally, in such small particles,
surfaces, interfaces and their defects play an increasingly im-
portant role due to the high surface-to-volume ratio. This re-
sults in significant variation from one particle to another in the
ensemble, not captured in the theoretical models.

In summary, plasmonically-enhanced electric field distribu-
tions in metal nanostructures photo-excite carriers in the ma-
terial, whose energy distributions are dependent primarily on
the metal electronic structure (interband threshold and joint
density of states), and whose spatial distribution is determined
by the electric field profile. The hot carriers need to trans-
port to the interface and cross into another material in order to
be ‘collected’ for a detector or energy conversion application.
We next discuss considerations for the plasmonic material and
interface that respectively determine transport and collection
limits to the efficiency of hot-carrier devices.

BEYOND NOBLE METALS

The most widely used plasmonic materials are the best con-
ducting metals, including the noble metals (gold, silver and
copper) and aluminum, in order to attain lower losses and
higher plasmonic enhancement. Of these, gold has been used
the most because of its relative stability in nanostructures,
but its shallow d bands limit the surface plasmon resonance
within the visible spectrum at about 2.8 eV [24]. Increas-
ingly, experimental challenges due to surface oxidation in sil-
ver and aluminum have been addressed targeting lower loss
and higher frequency applications extending to the ultraviolet
range (about 3.6 eV and 6 eV respectively) [25, 26]. Without
d bands, aluminum also exhibits qualitatively different carrier
distributions - uniform electron and hole distributions even
with direct excitations [27], and relaxation dynamics domi-
nated by a stronger electron-phonon coupling [28]. For photo-
chemical applications, and especially for the challenging car-
bon dioxide reduction reaction (CO2RR) [29], copper is gain-
ing traction due to its higher catalytic activity [30] despite be-
ing lossier than gold with shallower d bands. Hot carriers gen-
erated in copper nanoparticles can both drive CO2RR directly
[31], or in conjunction with single-atom active sites such as
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FIG. 2. Materials beyond noble metals for plasmonic hot carrier collection. (a) Gold-silver alloys exhibit tunable absorption that can
surpass pure gold and silver, but fall short of gold on the photoresponsivity: collected hot carrier current per incident power [20]. (b) Transition
metal nitrides such as titanium nitride can surpass gold in the incident photon to electron conversion efficiency (IPCE) due to broader band
absorption and lower Schottky barriers to carrier collection [21]. (c) Carrier lifetimes in transition metal nitrides such as vanadium nitride
can exceed those in noble metals, leading to comparable mean free paths despite the smaller Fermi velocities [22]. (d) Two-dimensional (2D)
metallic ceramics, MXenes, combine the stability of ceramics like nitrides with the high plasmonic confinement of 2D plasmonic materials
like graphene, and exhibit higher photoresponsivity and IPCE than both noble metals and 3D nitrides [23]. (Adapted with permission from
Ref. [20] (©2020, American Chemical Society), Ref. [21] (©2017, Wiley-VCH), Ref. [22] (©2018, IOP Publishing) and Ref. [23] (©2019,
Wiley-VCH).)

ruthenium that can lower reaction barriers further [32].
Going beyond elemental metals would be advantageous for

flexibility in tuning both the plasmonic (optical) response and
hot carrier distributions. While it is possible to shift plas-
monic resonances by changing the dielectric constant of the
surrounding dielectric medium [15], it would be advantageous
to tune the resonance independently of the dielectric since that
material choice is more tightly constrained for hot-carrier ap-
plications by interface considerations for hot carrier collec-
tion, as we discuss later.

The simplest material platform with tunable plasmonic res-
onance are alloys of noble metals, facilitating response rang-
ing almost continuously from the lossier lower frequency plas-
monics in gold to the lower-loss near-UV plasmonics in sil-
ver [33–36]. This tunability also exhibits potential for per-
formance improvements in photocatalysis and photodetection
[20, 37–40]. Fig. 2(a) [20] shows that absorption in the near-
infrared (NIR) spectrum can be enhanced in Ag-Au alloy thin
films compared to the pure metals. However, the photore-
sponsivity, which measures net hot carriers collected after ex-
citation, is higher for pure Au than all the alloys, hypothesized
to arise from increased carrier scattering in the alloys. Com-
prehensive first-principles prediction of energy relaxation of
hot carriers in alloys accounting for scattering due to disorder,
in addition to electron-phonon and electron-phonon processes
[17], is now needed to build a detailed mechanistic picture
analogous to the previous section for pure metals.

In addition to tunability, a key requirement for increased
efficiency in plasmonic hot-carrier applications is reducing
the size of the metal structure, as discussed in the previous
section. This requires materials that remain stable at small
dimensions, under illumination where they may undergo se-
vere local heating, and potential in corrosive electrolytes for
photochemical applications. Metallic ceramics such as tran-

sition metal nitrides, long applied as protective coatings to
metals [41], have gained recent interest as plasmonic met-
als in their own right because of their outstanding ability to
withstand extreme temperatures and harsh chemical environ-
ments, in addition to optical properties comparable to noble
metals [42, 43]. These nitrides are also increasingly promis-
ing for harvesting hot carriers [44], with TiN in particular
matching the optical response of gold closely, while being
CMOS-compatible for integrating into semiconductor devices
for hot-carrier photodetection [45]. TiN has also shown to
be effective in photocatalytic applications [21, 46], outper-
forming the incident photon to electron conversion efficiency
(IPCE) of gold for water-splitting using a TiO2 nanowire cat-
alyst (Fig. 2(b)) [21]. This increase in performance emerges
from a broader plasmonic absorption band as well as a low-
ered Schottky barrier, allowing the non-zero IPCE to extend to
longer wavelengths (lower frequencies). Theoretical predic-
tions also confirm favorable hot carrier energy distributions
and carrier transport lengths accounting for electron-phonon
and electron-electron scattering in several transition metal ni-
trides compared to noble metals [22]. In particular, predicted
carrier lifetimes in vanadium nitride are longer than noble
metals, while the mean free paths remain similar to noble
metals due to a lower Fermi velocity (Fig. 2(c)) [22].

Another avenue to simultaneously mitigate hot carrier
transport issues and increase plasmonic enhancement is to use
two-dimensional (2D) plasmonic materials. Graphene-based
plasmonic structures can achieve field enhancements almost
an order of magnitude larger than noble metals [47], but this
performance is restricted to infrared frequencies. Similarly,
while low-energy carriers can transport two orders of magni-
tude longer in graphene, carriers with 1 eV energy and greater,
needed for most hot-carrier applications, have shorter mean
free paths than in noble metals due to strong optical-phonon
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scattering [48]. Theoretical calculations show that 2D met-
als, such as a single atomic layer of silver, ‘argentene’, could
simultaneously extend the high plasmonic confinement of
graphene to optical frequencies and retain carrier transport
better than 3D metals to higher energies [49, 50]. However,
there is no pathway yet to experimentally achieve such mono-
layers of elemental metals.

Once again, metallic ceramics come to the rescue! In par-
ticular, MXenes, the two-dimensional counterpart of MAX
phases that are nitride or carbide compounds of transition
metals, exhibit impressive optical properties [53] as well as
promise for hot-carrier photodetection [23, 54, 55] and pho-
tocatalysis [56–59]. Figure 2(d) shows the performance of
flexible thin-film photodetectors of carbide MXene material
Mo2CTx, where T is a surface-terminating group [23]. The
spectral response peaks in the visible range, with the mea-
sured photocurrent corresponds to an IPCE of ∼ 2%, which is
one-two orders of magnitude greater than that of TiN, noble
metals and their alloys in Fig. 2(a-b). Even so, there is signif-
icant room for increasing the fraction of photons converted to
collected electrons from 2% towards 100%, allowing for fur-
ther increase in sensitivity for photodetection with new mate-
rials and interfaces.

GETTING PAST THE SURFACE

Despite significant advances in materials for plasmonic hot
carriers, a key challenge remains: low conversion of photons
to collected carriers in most cases. Experiments have explored
hot carrier separation across numerous interfaces of plasmonic
metals, especially the noble metals, with semiconductors in-
cluding silicon, TiO2, CdSe and GaN [60]. Broadly, these
experiments fall into two categories: direct photocurrent mea-
surements of collected carriers across metal-semiconductor
interfaces of large-area plasmonic nanostructures [51, 61–
63], and indirect or transient detection of collected carriers
from plasmonic nanoparticles, typically using ultrafast spec-
troscopy [64–66].

In larger nanostructures, the charge transfer across the
metal-semiconductor interface is predominantly expected to
proceed from carrier excitation within the metal, followed by
transport and collection, as shown in Fig. 1. Energy relax-
ation during transport of carriers to the surface is the first bot-
tleneck shown in Fig. 1(b), which can be mitigated by ge-
ometrical design to minimize carrier transport distances and
by materials that facilitate transport of higher energy carri-
ers. However, even if these carrier transport issues within
the metal are addressed, a major limit to the efficiency is that
most carriers that reach the surface reflect back into the metal
[67]. This reflection occurs primarily because of momentum
mismatch between metals with fast electrons near the Fermi
level and semiconductors with much slower electrons near
the band edges that cause most hot carriers to be reflected
back into the metal, estimated for free electrons (parabolic
bands) using the Fowler model [63]. Holes in the d bands

of metals exhibit complex non-parabolic band structures with
low velocities, and can thereby exhibit higher injection prob-
abilities (extracted from measured photocurrents using theo-
retically predicted carrier distributions) than predicted by the
Fowler model (Fig. 3(a)). Explaining this increased proba-
bility requires accounting for the momentum distribution of
holes at each energy from a DFT electronic structure calcula-
tion, as well as for tunneling through the Schottky barrier [51],
highlighting the need for first-principles quantum-mechanical
treatment of interfacial hot-carrier transport.

Collection of hot carriers generated in the metal is therefore
limited by energy loss during transport as well as reflection at
the interface during injection prior to collection in a semicon-
ductor (black lines in Fig. 3(b)). Instead, directly generat-
ing carriers at the interface, using charge transfer excitations
that produce electrons and holes on opposite sides of the in-
terface (blue lines in Fig. 3(b)), could theoretically eliminate
both these losses. Experimental evidence for such plasmon-
induced charge-transfer transitions (PICTT) is primarily from
ultrafast spectroscopy of small metal nanoparticles on semi-
conductors [11, 68]. Such studies have identified material
combinations with highly efficient charge collection, such as
40% electron injection from gold nanodots to TiO2 completed
within 240 fs of plasmon excitation [65], and 80% hole in-
jection from 10-nm gold nanoparticles to GaN [66]. Ultra-
fast experiments have also detected energy transfer from metal
hot carriers to semiconductor carriers, without a direct charge
transfer across the interface [69]. However, high-efficiency
charge collection, potentially exploiting interfacial transitions,
is relatively rare in most metal-semiconductor interfaces and
still predominantly restricted to ultrafast measurements in-
volving small metal nanoparticles [70–73].

Quantum mechanical simulations of carrier dynamics at
material interfaces could hold the key to understanding what
makes certain material combinations most effective at charge
collection. Most simulations of interfacial charge transfer
processes adopt non-adiabatic molecular dynamics (NAMD)
techniques, which approximately incorporate electronic tran-
sitions into DFT-based molecular dynamics simulations [74].
NAMD simulations show that charge density of plasmon
modes on a metal atom cluster can decay into semiconduc-
tor conduction-band states (Fig. 3(c)), before relaxing back
into the metal [52, 75]. Similar processes have been pre-
dicted in graphene on TiO2 [76–78] and heterostructures of
two-dimensional materials [79]. The efficacy of charge trans-
fer strongly depends on the nanoparticle dimensions [80] and
on its vibrational modes [81–83]. However, these simula-
tions only include few tens of atoms of the metal, result-
ing in electronic states and vibrational modes rather different
from electron bands and phonon modes of realistic nanoparti-
cles. Additionally, these simulations treat atom motion classi-
cally, which is inaccurate below the Debye temperature and
precludes phonon non-equilibrium effects such as phonon
drag. Most importantly, efficient injection across large-area
metal-semiconductor interfaces, rather than from small metal
nanoparticles, remains an open challenge both theoretically
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FIG. 3. Getting hot carriers past the surface. (a) Hole injection probability across Cu-GaN interface extracted from experiment using DFT-
predicted carrier generation is underestimated by the classical Fowler model and requires accounting for the true hole momentum distribution
from DFT and tunneling across the Schottky barrier. (b) Charge-transfer excitations across interfaces (blue lines) could bypass loss due to
energy relaxation in transport and low injection efficiency at the interface (black lines). (c) Non-adiabatic molecular dynamics simulation of
plasmon mode on 20-atom gold cluster decaying directly to electron in conduction band of TiO2 (with hole in gold), before relaxing back to the
metal. (Adapted with permission from Ref. [51] (©2020, American Chemical Society) and Ref. [52] (©2014, American Chemical Society).)

and experimentally.

CONCLUDING REMARKS

Plasmonic hot carriers have made great strides in the last
decade, with an expanding materials toolkit spanning ceram-
ics, especially transition metal nitrides that could enable sta-
ble plasmonic devices approaching the nanometer scale, and
MXenes that additionally bring the higher confinement and
field enhancement advantages of 2D plasmonics. With these
advances, the typical photon to electron conversion efficiency
has gradually increased from sub-percent to the few percent
level. However, a significant gap remains between efficiency
of collected current in large-area metal-semiconductor inter-
faces and the tens of percent efficiency in transient electron
transfer probed using ultrafast spectroscopy.

The key challenge remains in getting carriers across the
surface of the metal, where most carriers reflect back into
the metal due to momentum mismatch with states outside the
metal. Consequently, strategies to engineer the interfaces to
break this momentum-matching bottleneck are of utmost im-
portance. This could include geometrical approaches such
as nanoscale roughening to break momentum conservation or
new plasmonic materials such as ceramics whose lower car-
rier momenta are better matched with semiconductors. Addi-
tionally, these designed interfaces could support direct carrier
separation across metal-semiconductor interfaces with higher
probability, with the goal of bringing typical photocurrent ex-
traction efficiency in line with the much higher charge transfer
efficiencies so far primarily limited to transient measurements.
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HIGHLIGHTS

• New plasmonic materials such as transition metallic ni-
trides show promise for efficient hot carrier collection
with stability at dimensions and environmental condi-
tions out of reach for noble metals.

• Two-dimensional metallic ceramics such as MXenes
may bring high confinement and field enhancement of
2D plasmonics to hot-carrier applications.

• Interfacial charge transfer excitations may lead to sig-
nificant increase in efficiency by bypassing both carrier
transport and interfacial injection losses.

OUTSTANDING QUESTIONS

• Transfer of hot carriers across metal-semiconductor in-
terfaces remains a major bottleneck in photocurrent
extraction efficiency: can new material combinations
or interface modifications resolve the momentum mis-
match between electronic states across the interface?

• Interfacial charge transfer excitations lead to high effi-
ciency in transient measurements of select nanoparticle-
semiconductor systems, but can this be made the domi-
nant mechanism in photocurrent extraction from large-
area metal-semiconductor plasmonic devices?

• First-principles electronic dynamics using non-
adiabatic molecular dynamics (NAMD) simulations
provide valuable insights into interfacial charge transfer
and excitations, but how does one realistically account
for phonon / vibrational effects in solid / nanoparticle
interfaces given the system size limits of this method?
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• What computational techniques will provide the right
balance of computational cost and accuracy for first-
principles design of material combinations and inter-
faces for efficient hot carrier transfer?

GLOSSARY

• Density-functional theory (DFT): the most com-
mon approximate technique employed for quantum-
mechanical simulations of the electronic structure of
materials.

• Direct transitions: electronic excitations producing
electrons and holes separated by the energy of an ab-
sorbed photon, and with equal momenta.

• Field enhancement: ratio of electric field in localized
or surface plasmon mode compared to corresponding
electromagnetic wave in free space, which is typically
much greater than one as a direct consequence of plas-
monic confinement.

• First-principles calculations: quantum-mechanical
simulations of electrons that account for the crystal
structure and detailed electronic band structure of ma-
terials. (See density-functional theory.)

• Incident photon to electron conversion efficiency
(IPCE): fraction of incident photons converted to elec-
trons (or charge carriers including holes, more gener-
ally), collected as a photocurrent or used to drive a
chemical reaction.

• Indirect transitions: electronic excitations that pro-
duce electrons and holes with different momenta, rely-
ing on additional interactions such as a phonon to pro-
vide momentum. (See Direct transitions.)

• Interband threshold: minimum photon energy at
which a material supports direct transitions, requiring
indirect transitions at smaller photon energies (longer
wavelengths).

• Jellium models: quantum-mechanical calculations that
ignore the crystal structure and detailed band structure,
treating metals effectively as free-electron gases.

• Lifetimes (of carriers): average time for which photo-
excited charge carriers retain their energy, typically lim-
ited by electron-electron and electron-phonon scatter-
ing processes in plasmonic metals and strongly depen-
dent on the energy of the carrier.

• Mean free path (of carriers): average distance travelled
by a photo-excited carrier before it scatters against other
electrons or phonons to lose its energy and momentum,
equal to the product of carrier’s lifetime and velocity.

• MXenes: two-dimensional ‘MAX-phase’-like materi-
als, which are typically nitrides or carbides of transition
metals with surface functional groups to stabilize the
two-dimensional structure.

• Non-adiabatic molecular dynamics (NAMD) simula-
tions: approximate first-principles technique to account
for electron dynamics by introducing electronic transi-
tions / excitations on top of DFT-based molecular dy-
namic solutions, which by themselves only account for
motion of atoms with electrons in the ground state.

• Photoresponsivity: ratio of photocurrent to incident
optical power, which measures the efficiency of con-
verting photons to collected electrons. Multiply pho-
toresponsivity (in A/W) by photon energy in eV to con-
vert to IPCE.

• Plasmonic confinement: reduction in length scale
over which electromagnetic fields are localized in plas-
mon modes compared to electromagnetic waves in free
space.

• Plasmon-induced charge-transfer transitions
(PICTT): absorption of a photon at an interface to
excite an electron from one side of the interface to the
other, producing an electron-hole pair that is already
separated between a metal and a semiconductor. This
is in contrast to conventional plasmonic hot carrier
processes that generate carriers in the metal that
subsequently transport to and cross an interface.
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