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Abstract
The excited-state properties of an amphiphilic
porphyrin-fullerene dyad and of its porphyrin
analogue adsorbed at the dodecane/water in-
terface are investigated using surface second-
harmonic generation. Although the porphyrin
is formally centro-symmetric, the second-
harmonic spectra of both compounds are dom-
inated by the intense Soret band of the por-
phyrin. Polarisation-selective measurements
and molecular dynamics simulations suggest an
angle of about 45◦ between the donor-acceptor
axis and the interfacial plane, with the por-
phyrin interacting mostly with the non-polar
phase. Time-resolved measurements reveal a
marked concentration dependence of the dy-
namics of both compounds upon Q-band exci-
tation, indicating the occurrence of intermolec-
ular quenching processes. The significant dif-
ferences in dynamics and spectra between the
dyad and the porphyrin analogue are explained
by a self-quenching of the excited dyad via an
intermolecular electron transfer.

Introduction
Interfaces between two immiscible liquids are
involved in many areas of science and tech-
nology.1–7 Because the molecules experience an

asymmetry of forces at the interface, their ori-
entation is not isotropic, giving rise to proper-
ties that can significantly differ from those of
the two constituting liquids. This, in turn, can
have a strong impact on the chemical reactivity.
These specific properties of liquid interfaces are
exploited in ’on-water’ chemistry, where reac-
tions between organic reactants are accelerated
in the presence water.8–13 However, the current
understanding of the chemical dynamics at liq-
uid interfaces is still limited. This is mostly
due to their typical thickness of 1-2 nm, and,
consequently, to the extremely small number of
molecules in this region relative to those in the
bulk phases. Therefore, the spectroscopic re-
sponse from the interface is usually buried in
the response arising from the bulk, unless a
surface-selective technique is used.
Herein, we report on our investigation of the

excited-state properties of an electron donor-
acceptor dyad at the dodecane/water inter-
face using surface second-harmonic generation
(SSHG). Despite the relevance of interfacial
charge-transfer processes, this technique has
still been rarely applied for studying the dy-
namics of photoinduced electron transfer at
liquid interfaces.14,15 SSHG is selective to the
interface between two isotropic media as its
probes the second-order non-linear optical sus-
ceptibility, ↔χ(2), which, under the dipolar ap-
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proximation, is zero in centro-symmetric ma-
terials.16–21 The magnitude of the tensor ele-
ments of ↔χ(2) is strongly frequency dependent
and its spectrum consists of bands arising from
one- and two-photon resonances. We exploit
the electronic resonance enhancement so that
the second-harmonic (SH) signal originates only
from the dyad and not from dodecane or water
molecules.
The dyad 1 consists of a free-base tetraphenyl

porphyrin (H2TPP) doubly linked to a C60

fullerene (Chart 1). Substitution on the por-
phyrin and fullerene sub-units confers an am-
phiphilic character, as shown by a previous
study, where Langmuir-Blodgett monolayers of
this dyad were prepared.22 According to previ-
ous time-resolved studies,23–25 local excitation
of the porphyrin sub-unit is followed by the ul-
trafast population of a delocalised excited state
interpreted as an exciplex.26 In polar solvents,
the latter evolves in a few picoseconds into a
charge-separated state with a sub-nanosecond
lifetime. In non-polar media, the exciplex de-
cays back to the ground state on a few nanosec-
onds timescale.

Chart 1: Structure of the dyad 1 and of the
porphyrin-only analogue 2.

We compare the excited-state dynamics of the
dyad with those of the donor phorphyrin ana-
logue (2, Chart 1) using time-resolved SSHG.
Information on the orientation of these two
molecules at the interface is obtained by us-
ing both polarised SSHG and molecular dynam-
ics (MD) simulations. The results suggest that
the excited-state dynamics of both compounds
at the interface is dominated by self-quenching

processes, which, in the case of the dyad, in-
volve intermolecular charge separation. In this
respect, these interfacial dynamics differ signif-
icantly from those measured in solution.

Methods

Samples

The synthesis of the dyad 1 and of the reference
compound 2 was reported in ref. 27. Dodecane
(99+%) was purchased from Alfa Aesar. Water
was purified using a Milli-Q Reference system
before use.
The samples were prepared by adding a spe-

cific volume (between 0.5 to 7µL) of a 0.1mM
solution of the dye in CHCl3 on the lower aque-
ous phase located in a 4x4x4 cm3 cubic quartz
cell. Dodecane was slowly added after approx-
imately 10 min., allowing the CHCl3 to evap-
orate. All measurements were performed at
room temperature.

Surface second harmonic genera-
tion

Experimental setup. The SSHG setup, was
based on a 1 kHz amplified Ti:Sapphire system
(Solstice, Spectra-Physics) and was described
in detail before.28,29 Briefly, the SSHG probe
pulses (100 fs, 0.7µJ and 130µm x 340µm spot-
size at the interface) were generated with a
collinear optical parametric amplifier (Topas
C, Light Conversion), and were focussed onto
the interface with an angle of incidence just
above the critical angle for total internal reflec-
tion, which amounts to about 70◦ for the dode-
cane/water interface between 350 and 1200 nm.
Their polarisation was controlled with a half-
wave plate. The conventional notation for the
polarisation is used: p for parallel polarization
with respect to the plane of incidence, s for
perpendicular polarisation and 45◦. The re-
flected pulses were guided through a combina-
tion of irises, filter and spectrograph to elim-
inate the reflected probe light before reaching
a CCD camera (Newton 920, Andor). No SH
signal could be detected at the dodecane/water
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without the dye.
Stationary second-harmonic spectra.

Stationary SH spectra were recorded by scan-
ning the wavelength of the probe pulses with
5 nm steps. They were measured at γ = 45◦/s
polarisation geometry. The spectra were cor-
rected using the SH spectrum from a Al mirror
immersed in dodecane.30 The resulting spectral
intensity is referred to as ISH. The SH spec-
tra are usually displayed using

√
ISH, as this

quantity is proportional to the concentration of
harmonophores.

Polarization-resolved SSHG. For polar-
ization selective measurements, the polarisation
angle of the incident beam at 860 or 840 nm, γ,
was controlled with a half-wave plate mounted
on a motorised rotatory stage and a given polar-
isation component of the steady-state SH signal
was selected using a wire-grid polariser.30 The
resulting signal intensity is referred to as ISH.

Time-resolved SSHG. For TR-SSHG mea-
surements, a pump pulse channel that can be
delayed with respect to the probe pulse was
added to the SSHG setup. The pump pulses
were at 520 nm (80 fs, 0.8µJ and 180µm x
500µm spotsize at the interface) and were gen-
erated with a noncollinear optical paramet-
ric amplifier (Topas White, Light Conversion).
This wavelength corresponds to the Qy transi-
tion of the porphyrin sub-unit. These pulses
were circularly polarized to avoid photoselec-
tion and were focused on the interface from the
top using a combination of spherical and cylin-
drical lenses and overlapped with the probe
pulses. As a consequence, the SH signal is reso-
nant with the Soret band transition of the por-
phyrin sub-unit.
The TR-SSHG profiles were recorded using

the 45◦/s polarization, where the signal inten-
sity is the highest. No significant dependence of
the dynamics on the polarization was observed.
In order to correct for the fluctuations of the
probe beam intensity, a chopper was used to
reduce the pump pulse repetition rate by a fac-
tor of 2 relative to the probe pulse. The re-
flected SH signal was directed onto the spec-
trograph entrance slit using a mirror mounted
on a galvanometer oscillating at the same fre-
quency (500 Hz). The SH signals coming from

the pumped and the un-pumped sample hit
different spots on the CCD camera and were
measured separately. The TR-SSHG profiles
were processed by taking the square root of
the pumped SH signal intensity divided by the
square root of the non-pumped signal intensity,
and were then normalised, so that it changes
from 1 to 0 upon photoexcitation. As the SSHG
is purely resonant, the resulting signal, S(t), di-
rectly reflects the photoinduced changes in pop-
ulation.

Molecular dynamics simulations

Molecular dynamics (MD) simulations were
carried out using GROMACS 2021.2.31 The
topology files for 1 and 2, based on the
AMBER99SB-ILDN force field,32,33 were gen-
erated using the Antechamber Python parser
interface (ACPYPE) tool,34 with as input
the optimised structures obtained from DFT
quantum-chemical calculations (B3LYP/6-
31G+d)35 as implemented in the Gaussian
16 package.36 For the dyad 1, the force field
parameters of the fullerene were taken from
ref. 37. The atomic charges were determined
from CHELPG fits of the electrostatic poten-
tial obtained from the DFT calculations.38 The
TIP3P model was used for water,39 whereas,
for dodecane, the atom types obtained from
ACPYPE were changed to distinguish two dif-
ferent sets of carbon and hydrogen types for the
CH3 and CH2 groups with the Lennard-Jones
parameters taken from ref. 40. Without this
modification, the simulated dodecane freezes
at room temperature.41 A periodic rectangu-
lar box (6x6x11 nm3) with two dodecane/water
interfaces was used for the simulations. It con-
tained 512 dodecane molecules, and either 5850
water molecules and two dyads or 5906 water
molecules and two porphyrin-only dyes 2. Sim-
ulations were performed at constant pressure
and temperature (295 K) with 2 fs steps for
40 to 150 ns. Further details on the simulation
parameters can be found in the Supporting
Information.
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Results and discussion
Origin of the SH signal. The stationary SH
spectra recorded with 1 and 2 at the dode-
cane/water interface are compared with their
electronic absorption spectra in CHCl3 in Fig-
ure 1. The SH spectra are dominated by a band
peaking at 428 nm, that can be assigned to an
electronic resonance associated with the Soret
band of the H2TPP sub-unit. The larger width
of this SH band compared to the corresponding
absorption band is mostly due to the ∼10 nm
spectral width of the SH probe pulse.
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Figure 1: Stationary electronic absorption and
SH spectra recorded with 1 (A) and 2 (B) in
CHCl3 and at the dodecane/water interface.

Both the SH and absorption bands of the
dyad 1 are red shifted by about 400 cm−1
relative to those of the reference porphyrin
2. Furthermore, the absorption band of 1
markedly broader than that of 2, i.e. 930
vs. 620 cm−1. The Soret band is due to two
quasi-degenerate porphyrin transitions,42 and
the larger width with 1 was attributed to inter-
actions with the fullerene sub-unit, which lead
to an increased energy splitting of these two
transitions.23 In principle, centro-symmetric
molecules like porphyrins do not have any non-
zero element of the hyperpolarisability tensor,
↔
β , and should thus not give any SH signal.43
However, the SH response from porphyrins is

well-documented,44–48 and has been explained
by structural distortions in the asymmetric in-
terfacial environment, resulting in non-zero ten-
sor elements of

↔
β . However, the dyad is not

centro-symmetric and, according to quantum-
chemical calculations described in the Support-
ing Information (Section S2), it has a non-zero
↔
β . The same is also true for 2, because of
the long-chain substituents that are oriented
toward the aqueous phase. These calculations
suggest that

↔
β becomes particularly large when

the SHG signal is resonant with the Soret band
transitions, in agreement with the observations.
The SH spectra of both 1 and 2 show also
weaker features above 500 nm that can be as-
sociated with the Q bands. The relative in-
tensity of these features is significantly larger
for 1 than for 2. This could be attributed to
perturbations of the electronic structure of the
porphyrin due to the presence of the fullerene
sub-unit and/or to a contribution to the SH sig-
nal from the fullerene, which has electronic res-
onances in this spectral region.49
Independently on the origin of the difference

between the electronic absorption and SH spec-
tra, these results confirm that both 1 and 2
are located at the interface and are responsible
for the measured SH signal. This is further
confirmed by the absence of a signal without
dye at the dodecane/water interface.

Orientation at the interface. Polarisation-
resolved SSHG measurements were performed
to get information on the orientation of 1 and
2 at the interface. Figure 2 shows polarisation
profiles obtained upon measuring the intensity
of three polarisation components of the SH sig-
nal, namely parallel (p), perpendicular (s), and
at 45◦ relative to the plane of incidence, as a
function of the polarisation angle of the probe
field, γ. The p and 45◦ profiles recorded with
1 and 2 are markedly distinct. They point to
differences in the symmetry of the second-order
nonlinear susceptibility tensor:16,17

↔
χ(2) ∝ N〈

↔
β〉, (1)

where N is the surface density of the dyes and
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the angle brackets denote orientational averag-
ing. Analysis of these profiles allows for the
determination of the relative magnitude of the
three independent non-zero tensor elements of
↔
χ(2) (see Supporting Information Section S1 for
details).17,50–53 The latter can, in turn, be used
to estimate the orientation parameter D :

D =
〈cos3 θ〉
〈cos θ〉

, (2)

where θ is the tilt angle between the transi-
tion dipole moment associated with the res-
onance probed by SSHG and the normal to
the interface. In order to do this, the domi-
nant elements of the hyperpolarisability tensor
have to be known. Given that the SH signal
is due to the porphyrin sub-unit, chemical in-
tuition suggests that the dominant tensor ele-
ments should be associated with the porphyrin
plane, where the transition dipoles are located.
This is confirmed by quantum-chemical calcu-
lations of

↔
β(−2w,w,w) with 2w corresponding

to the Soret band transition frequency, which
suggest that the dominant tensor elements are
βzzz and βzxx, with the molecular-frame axes x
and z located in the plane (see Supporting In-
formation, Section S2). With this definition, θ
is the angle between the porphyrin plane and
the normal to the interface.
Analysis of the polarisation curves, assuming

a delta distribution of the tilt angle, yield θ val-
ues of 45◦ and 56◦ for 1 and 2, respectively.
This indicates that the orientation of the dyad
1 is such that its porphyrin sub-unit lies less
flat at the interface than the reference 2.
Figure 3A depicts snapshots of 1 and 2 at

the dodecane/water interface taken from 40 to
150 ns MD simulations. Both molecules were
initially inserted in the aqueous phase, and
moved to the interface within 1 ns. After this
period, they remained adsorbed at the inter-
face during the whole simulation time. These
snapshots reveal that the porphyrin and the
fullerene sub-units of the dyad, both of which
are hydrophobic, are mostly located in the do-
decane phase and that interaction with the
aqueous phase occurs mainly via the two hy-
drophilic chains. This is confirmed by density
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Figure 2: Polarisation-resolved SH profiles
recorded at γ/x (x=p, 45 or s) geometries with
1 (A, 430 nm) and 2 (B, 420 nm) at the dode-
cane/water interface. The solid lines are best
fits of eq.S2-S4.

profiles (Figure S3) that indicate that the den-
sity associated with 1 is not distributed sym-
metrically relative to the interface plane, but is
centered on the dodecane side.
The most probable orientation of the dyad

with the porphyrin plane at about 40◦ from
the interface normal minimises the contact of
the two hydrophobic sub-units with water while
keeping the end of both arms in an aqueous en-
vironment. Figure 3B shows histograms of the
tilt angle θ of 1 extracted from the last 100 ns
of two 150 ns trajectories. The small differences
between these two distributions point to slow
fluctuations of the orientation, which would re-
quire very long simulation times to be properly
sampled. Given the similarity of these two dis-
tributions, we assume that their sum, also pre-
sented in this figure, accounts reasonably well
for the orientation of the dyad. It can be repro-
duced using a Gaussian function centred at 43◦
with a 16◦ root means square (rms) width.
In the case of the analogue 2, 40 ns trajec-

tories were sufficient to obtain identical his-
tograms of the tilt angle, with a maximum at
76◦ (Figure 3C). They can be reproduced using
a skewed Gaussian function with a rms width of
13◦. As illustrated in Figure 3A, the porphyrin
plane of 2 lies almost flat at the interface, with
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Figure 3: Snapshots from MD simulations of
the dyad 1 and the porphyrin reference 2 at
the dodecane/water interface (A); distributions
of tilt angle θ obtained from two 100 ns (for 1,
B) and 40 ns (for 2,C) trajectories. The blue
curve in B is the sum of the two distributions.

the hydrophilic chains penetrating in the aque-
ous sub-phase. Although slightly centred on the
dodecane side, the density profile of dye 2 ex-
tends less in this phase than that of the dyad
(Figure S3).
The difference of tilt angle deduced from the

polarisation curves and the MD simulations of
2 can to a large extent be explained by the as-
sumption of a delta distribution of θ, which is
not supported by the MD simulations. As dis-
cussed by Simpson and Rowlen,54 a Gaussian
distribution of θ centred at 76◦ with a width of
16◦ should give an apparent tilt angle of about
60 ◦ when assuming delta distribution (Figure
S1). This is in better agreement with the 56◦
value determined from the polarisation profiles.
The effect of a distribution decreases as the
centre of this distribution approaches 39.2◦.54
For this reason, a 13◦ wide distribution of θ
around 43◦, as found for the dyad, should give
a similar apparent angle (Figure S1).

Excited-state dynamics. Figure 4A shows
time-resolved (TR) SH profiles, S(t), recorded
at 430 nm upon 520 nm excitation of the

dyad 1 at different concentrations at the wa-
ter/dodecane interface. Those measured with
2 at 420 nm are shown for comparison (Figure
4 B). As mentioned above, S(t) reflects the
photoinduced change in population. This ap-
proximation is valid here because the signal is
purely resonant.
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Figure 4: Time-resolved SSHG signal, S(t),
profiles recorded at 430 nm (1) or 420 nm (2)
after 520 nm excitation of the dyad 1 (A) or
the porphyrin analogue 2 (B) at different con-
centrations, expressed in mean molecular area
(MMA), at the dodecane/water interface. The
solid lines are best multiexponential fits.

As an alternative to concentration, we use the
mean molecular area, MMA, i.e. the interfacial
area available per dye molecule, calculated as-
suming that all dyes are adsorbed. Full cover-
age of the interface can be estimated to corre-
spond to a MMA of about 3 nm2.22
For both molecules, photoexcitation in the Q

band region leads to a prompt decrease of the
SH intensity. The ensuing recovery dynamics of
S(t) are accelerated with increasing dye concen-
tration for both 1 and 2. At the lowest concen-
tration (highest MMA), the signal recovers by
only about 20-30% after 1 ns. As the concentra-
tion is increased (MMA decreased), the amount
of recovery becomes larger due to the presence
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of fast components. For the dyad, these faster
dynamics of S(t) can be reproduced using ex-
ponential functions with ∼5 and ∼100 ps time
constants (Table S3). For the reference 2, a
single exponential function with a ∼20 ps time
constant is sufficient to reproduce the initial dy-
namics. At a given concentration, the signal
recovery 1 ns after excitation is systematically
smaller for the dyad than for the reference.
As the stationary SH signal in the 420-430 nm

region is resonant with the Soret band transi-
tion, its intensity is proportional to the square
of the ground-state population, namely, ISH ∝
|NS0〈βS0〉|2, where βS0 is the hyperpolarisability
tensor of the dye in the electronic ground state.
Photoexcitation at 520 nm in the Qy band of
the porphyrin leads to the population of the S1

state, which can then either decay back to the
ground state or populate another state X. The
signal intensity is:

ISH(t) ∝ |NS0(t)〈βS0〉+NS1(t)〈βS1〉+NX(t)〈βX〉|2,

where Ni and βi are the population and hy-
perpolarisability tensor of state i, respectively.
Given that directly after excitation, only the S0

and the S1 states are populated, the decrease of
the SH intensity, hence of S(t), indicates that
βS0 > βS1. This agrees with electronic tran-
sient absorption measurements, which demon-
strate that H2TPP has relatively weak Sn←S1

absorption between 440 and 700 nm.55,56 The
recovery of the signal could have two origins:
1) the repopulation of the ground state or 2)
the population of a state X with βX > βS1 at
the probe wavelength.
The excited-state dynamics of the reference

compound in bulk solution can be expected to
be similar to those of H2TPP, namely, the S1

state decays via internal conversion and fluores-
cence to the ground state and via inter-system
crossing (ISC) to the T1 state. In toluene,
the fluorescence lifetime of H2TPP amounts to
12.8 ns and its triplet yield to 0.8.57 On the
other hand, a fluorescence lifetime of 7.9 ns was
measured with 2 in CHCl3 (Figure S7). Based
on this, the S(t) signal measured with 2 should
recover by less than 20% within 1 ns. The faster
dynamics measured experimentally, and espe-

cially its strong concentration dependence are
most probably due to aggregation phenomena.
MD simulations with two molecules 2 inserted
in the aqueous phase show that, after adsorp-
tion, they diffuse close to each other and re-
main side by side at the interface, interact-
ing mostly via their hydrophilic chains (Fig-
ures S6 and S7). This mutual orientation of
the porphyrins favours dipolar excitonic cou-
pling and should, thus, significantly affect the
excited-state properties. Khairutdinov et al.
showed that aggregates of free-base phorphyrins
in aqueous environments are hardly fluorescent
due to efficient internal conversion on the 30
to 200 ps timescale.58 This study revealed that
these aggregates also absorb in both the Soret
and Q band regions. The fast dynamic com-
ponent measured with 2 could, thus, be due to
the ground-state recovery of photoexcited ag-
gregates. The faster than expected ns recovery
of the SH intensity could be due to the quench-
ing of excited monomers by nearby aggregates,
a phenomenon that is well known for xanthene
dyes, such as rhodamines, both in bulk solution
and at liquid interfaces.59–62
Turning now to the dyad, MD simulations

with two dyads 1 located in the aqueous sub-
phase point to aggregation as well (Figures S4
and S5). These simulations suggest that the
C60 sub-units are relatively close, while the por-
phyrins are located on opposite sides with their
planes making an angle of about 80◦. Such mu-
tual orientation with near orthogonal porphyrin
planes point to negligible dipolar excitonic cou-
pling, contrary to the analogue 2.
As depicted in Figure 4A, the TR-SSHG pro-

files measured with 1 also depend on the con-
centration, but nevertheless differ from those
recorded with 2. Investigations of the excited-
state dynamics of 1 in solution revealed that
photoexcitation of the porphyrin moiety is fol-
lowed by the population of an exciplex-like
state in 150 fs in both polar and non-polar sol-
vents.23,24 In the latter, this exciplex decays
back to the ground state on a few ns timescale.
In the polar benzonitrile, the exciplex trans-
forms in 6.6 ps into a charge-separated state,
with the hole and the electron on the H2TPP
and C60 sub-units, respectively. This charge-
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separated state was found to recombine back to
the ground state in 450 ps. The exciplex was
mostly detected by its fluorescence that is dis-
tinct from that of the porphyrin.23 However, no
strong spectroscopic signature could be found
in the transient electronic absorption spectrum.
As a consequence, one can assume that pho-
toexcitation of the dyad at the dodecane/water
interface also leads to sub-ps population of the
exciplex. The slow recovery of the signal at low
concentration would be consistent with the ns
decay of the exciplex. Its acceleration upon in-
creasing concentration suggests the occurrence
of an intermolecular process, that could speed
up the repopulation of the ground state and/or
lead to the population of another state, X, with
βX > βS1 at the probe wavelength.
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Figure 5: SH spectra (A, C) and intensity-
normalised SH spectra (B, D) recorded at dif-
ferent times after 520 nm excitation of the
dyad 1 (A, B) and the porphyrin-only refer-
ence 2 (C, D) at the dodecane water interface
(MMA=4nm2).

In order to have a better insight into this,
transient SH spectra were recorded between 400
and 480 nm with the pump pulses on. Figure
5A shows that, 20 and 100 ps after excitation,
the amplitude of the Soret band is significantly
reduced in agreement with the TR-SH profiles,
and a new band, more visible at a 100 ps de-
lay, is present above 450 nm. The presence of

this band, which is not observed with the refer-
ence 2 (Figure 5C), is a strong indication of the
population of a state X with a non-zero β at
the probe wavelength. Based on the results in
bulk solutions,23,24 the state X is interpreted as
the charge-separated state, with the SH band
above 450 nm attributed to the radical cation
of the porphyrin sub-unit.63,64 The MD simu-
lations suggest that the dyads are mostly sur-
rounded by dodecane. Therefore they should
not experience a local field commensurate with
that of a polar solvent. In such case, the ex-
ciplex can be expected to decay to the ground
state on the ns timescale without undergoing
charge separation (CS), in agreement with the
TR-SH data at low concentration. We hypoth-
esise that at higher concentrations, intermolec-
ular CS between an excited dyad and a dyad in
the ground state takes place, with the hole and
the electron located on two different molecules
(Figure 6). Based on this, the fast recovery
components of S(t) present as higher concen-
trations should mostly reflect the dynamics of
this intermolecular CS. The later process should
also be favoured by the aggregation suggested
by the MD simulations (Figure S4 and S5) with
the relatively close proximity of another C60

moieties facilitating electron hopping.
Intramolecular charge recombination (CR) in

benzonitrile was reported to take place with a
450 ps time constant.23,24 The time window of
the TR-SSHG experiment does not allow mea-
suring the entire signal recovery. However, in-
termolecular CR can be expected to be signif-
icantly slower than intramolecular CR. Given
the relatively high concentration of adsorbed
molecules, hopping of the charges to adjacent
dyads can in principle compete with geminate
recombination.
The interfacial dynamics, summarised in Fig-

ure 6, can be compared with that reported
for solid films of the dyads prepared with
the Langmuir-Blodgett (LB) technique.22 A CS
time constant of 2 ns was estimated from the
exciplex lifetime. The authors determined from
time-resolved photoelectric measurements that
CR occurs on multiple timescales and that the
decay of the charge-separated state follows a
power law time dependence, f(t) ∝ t−β, with
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Figure 6: Schemes illustrating the most relevant
processes upon photoexcitation of the dyad 1
(top) and the porphyrin reference 2 (bottom) at
the dodecane water interface. P stands for the
porphyrin and Pn for porphyrin aggregates. For
the sake of simplicity, the vertical arrow from
P* to P also includes the intersystem crossing
to the triplet state and its ensuing decay to the
ground state. The ground-state equilibrium for
aggregation is also omitted.

β around 0.25. Such behaviour is indicative
of lateral diffusion of the charges in the film.
Similarly, transient absorption measurements
on solid LB films of a dyad similar to 1 but with
a phthalocyanine donor revealed intermolecular
CS occurring in 35 ps, with CR taking place on
the µs timescale.65
Therefore, the excited-state dynamics pro-

posed here for the dyad at the dodecane/water
interface occurs in a regime that is between that
found in bulk solutions, where intermolecular
interactions are negligible and solvation drives
CS, and that in solid films where there is no
formal solvent and intermolecular interactions
are dominant.

Conclusions
We have investigated the excited-state prop-
erties of an amphiphilic electron donor-

acceptor dyad at the dodecane/water inter-
face. Polarisation-resolved SSHG measure-
ments supported by MD simulations revealed
significantly different orientations for the dyad
and the porphyrin reference at the interface.
The orientation is dictated by the presence of
the hydrophobic fullerene sub-unit, that causes
the dyad to be almost entirely surrounded by
dodecane. The location of the dyad at the
interface has strong consequence on its excited-
state dynamics, because intramolecular charge
separation is not operative in such low polar-
ity environment. Instead, photoexcitation of
the dyad leads to the population of an ex-
cited state with modest charge-transfer char-
acter, that decays back to the ground state.
However, because the amphiphilic dyad adsorb
efficiently, interfacial concentrations enabling
self-quenching processes can be easily reached.
Based on the SH spectra recorded after photo-
excitation, the acceleration of the TR-SH signal
recovery observed upon increasing concentra-
tion is attributed to an intermolecular charge
separation between two dyads.
This investigation illustrates how chemical re-

activity at liquid interfaces can differ from that
in bulk solution. In addition to favouring inter-
molecular processes, liquid interfaces also allow
for some control of the orientation and position
of the adsorbates upon addition of hydrophilic
or hydrophobic substituents at specific loca-
tions. For example, adding stronger hydrophilic
groups on the dyad investigated here could shift
its position toward an environment that might
be sufficiently polar to enable intramolecular
charge separation.
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