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S1. C343-Sn0O2 sample preparation

Figure S1 illustrates the step-by-step procedure to fabricate the C343-SnO; film after the preparation of
SnO; paste via the sonication method described previously.® First, we mix 1g of SnO; powder (< 100nm
avg. part. size, 549657-25G, Sigma Aldrich) in 10mL of ethanol (EtOH) (Purity (GC) > 99.9% for
spectroscopy Uvasol®, 1.00980.0500, Supelco) and separately 4g of terpineol (mixture of isomers > 96%,
W304506-1KG-K, Sigma Aldrich) in 8mL EtOH, followed by the addition of 0.5g of ethyl cellulose (48.0-
49.5% (w/w) ethoxyl basis, 46070-250G-F, Sigma Aldrich). The terpineol-ethyl cellulose mixture is then
added to SnO; in EtOH dispersion. After 3 cycles of 5 min sonication and 1 min rest, we evaporate the EtOH
in a fumehood for 2 hours, until we reach a thick slurry.

Once we dip coat the SnO; paste onto a fused silica substrate by doctor blade (tape casting),?3 we sinter
the SnO- layer through a two steps heating process? on a hotplate (PR 5-3T PID Programme Regulator,
Harry Gestigkeit): 1) From room temperature to 150°C in 20min, maintained for 1h, 2) from 150°C to 400°C
in 1h, maintained for 2h. This procedure leads changes in SnO; bandgap which should not compromise ET
to take place once the dye-MO is excited, i.e., SnO, bandgap increase is expected to be less than 0.64 eV
when annealing at 400°C.*

For the C343 in solution, we use a 0.3mM concentration of C343 dye (> 97%, 393029-100MG, Sigma
Aldrich) diluted in a 1:1 acetonitrile:ethanol mixture,® (1:1 ACN&EtOH, ACN: Assay (GC) > 99.5%
Spectronorm for spectroscopy, BDH1103-4LP, VWR Chemicals BDH)). To obtain the dye-MO film, the
SnO; films are heated again from room temperature to 150°C in 20 min, and then we submerge the SnO;
film in the C343 solution for about 20 hours. The resulting C343-SnO; film is rinsed with EtOH to remove

the excess dye and is left to dry in a fume hood.
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Figure S1. Scheme for the fabrication of a C343-SnOz2 film. (a) Fabrication of the SnO: sintered film. (b) Preparation of a 0.3
mM C343 in a 1:1 EtOH&ACN solution. (c) Sensitization of the C343-SnOz film.



S2. Profilometer and atomic force microscopy (AFM) measurements on a C343-SnO: film

We employed a profilometer to characterize the C343-SnO; thickness (Figure S2a-b), which yielded a
thickness of 10-15 um. Additionally, by AFM measurements we have characterized the surface roughness
of a C343-Sn0; film, as well as from a SnO film, in three different 15x15 pm? areas. AFM measurements
were carried out in a commercial AFM system (JPK Nanowizard 2, Bruker) in intermittent contact
(dynamic) mode using scanning by probe configuration in ambient conditions. Rectangular silicon
cantilevers HQ:XSC11-D (Mikromash) were used with a tip radius of 8 nm. Their nominal spring constant
is 42 N/m and its resonance frequency is ~350 kHz. All the AFM images have been processed with JPK
Data Processing software using the leveling (flattening) tool.

Regarding the C343-SnO; film, for area 1 (not shown), the surface roughness is 204.8 nm; in area 2
(not shown), the roughness is 142.7 nm; for area 3 (Figure S2c), the roughness is 127.5 nm. In the case of
the SnO; alone (Figure S2d), the surface roughness of area 1, 2 and 3 are 414.6 nm, 209.3 nm, and 163.3
nm. Figure S2d shows only the latter area.
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Figure S2. Topographic characterization of fabricated films. (a-b) Profilometer measurements of two C343-SnO: films. (c) AFM

images of a 15x15 um? area of the C343-SnO; film measured in (a). (d) AFM images of a 15x15 um? area of a SnO: film.



S3. C343 and SnO:2 energy levels alignment

The C343 HOMO-LUMO bandgap has been assigned in literature with a value of 2.291 eV for free
molecules, which reduces to 2.196 eV when C343 molecules are adsorbed onto a TiO- cluster.® The LUMO
and HOMO levels of C343 when adsorbed have reported values of 1.033 eV and -1.163 eV,® where both
levels have been shifted to set the zero energy to the lower edge of the semiconductor CB.® The bandgap of
the bulk SnO; is reported to be ranging from 3.60 to 3.99 eV."*

S4. Pump diameter in FLUPS transmission and reflection measurements

To characterize ET in the C343-SnO; film by FLUPS™ we excite the dye, first in a solvent solution (which
acts as a reference) and then in the dye-MO film. Fluorescence emission (FL) is collected in transmission
for the dye in a solvent solution (pump diameter, 49 pm). Since the dye is diluted inside a 2 mm thick
cuvette, measurement in reflection results in the emission coming out of a slanted line, which is complicated
to collect with parabolic mirrors. However, measuring the dye solution in transmission ensures that
everything is in the same horizontal and vertical position and is better collected and focused. Nevertheless,
because of the opacity of the dye-MO film, measurements in transmission are not viable. Therefore, in this
latter case we perform FLUPS in reflection mode (pump diameter, 150 um). Furthermore, this geometry
prevents the pump from passing through unnecessary substrate volume and signal interferences between the
dye-MO and the substrate, thus avoiding reflections from the substrate. Another advantage of the thin dye-
MO films is that all the FL comes out of a small volume, which allows us to better focus the FL onto the
0.1 mm slab BBO crystal for up-conversion. Since the spot diameters for C343 and C343-Sn0O, are different,
due to the geometries we have used to measure the FL, we have changed the energy of the pump pulse

between both type of measurements for the pump fluence to be the same.

S5. Pump fluence dependence measurements in FLUPS

We have performed FLUPS measurements at different pump fluences for C343 in solution (Figure S3a-c),
and for C343-Sn0; film (Figure S3d-f). The linear behavior indicates that, for both C343 in solution (Figure
S3g) and C343-SnO; film (Figure S3h), we measure the same dynamics regardless of the fluence and the

integrated emission region.
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Figure S3. (a) Normalized temporal traces of FL intensity for six pump fluences at C343 in solution for the emission integrated
over 2.18-2.29 eV. (b) Same for 2.46-2.57 eV. (c) Same for 2.20-2.60 eV. (d) Normalized intensity of FL for seven pump fluences
at C343-Sn0: film for the emission integrated over 2.18-2.29 eV. (e) Same for 2.46-2.57 eV. (f) Same for 2.20-2.60 eV. (g)
Intensity of FL at the peak of maximum emission (i.e., right after photoexcitation) as a function of pump fluence at C343 in
solution. Blue, red, and black dashed lines are linear fits for the three probe energy regions. (h) Intensity of FL at the peak of
maximum emission as a function of pump fluence at C343-SnO: film. Blue, red and black lines are linear fits for the three probe

energy regions.

In first approximation, from the biphasic exponential decay for the temporal trace of the C343-Sn0O,
interface, in the emission integrated over 2.46-2.57 eV, we obtain lifetimes of 71,csaz-sno. = 1.1 £ 0.1 ps (79
*+ 2 %) and t2caaz-sn0. = 15 = 2 ps (21 + 2 %) (see S10). For the FL integrated over 2.18-2.29 eV, the
biexponential fits gives lifetimes of 71,ca43-sn0. = 1.9 £ 0.2 ps (65 £ 3 %) and 72,c343-sn0. = (22 £ 2) ps (35 £ 3
%) (see S10). Both lifetimes and their relative amplitudes differ from those in the FL integrated over 2.46-
2.57 eV, which suggest that there are two independent species of C343 injecting carriers to the SnO,. This
scenario is also suggested in the main text (Figure 1d). There, the FL integrated over 2.2-2.6 eV persists 5ps
after photoexcitation, which also happens in the FL integrated over the 2.18-2.29 eV region, whereas the
FL integrated over the 2.46-2.57 eV region has vanished at that time. We show stronger confirmation about

independent ET channels in the main text by two global fits (see Figure 3).

S6. Time-Resolved Photoluminescence (TRPL) measurement of C343 in solution

To corroborate the FL lifetime from the C343 in solution obtained through FLUPS, we have performed
TCSPC measurements (HydraHarp, PicoQuant). Figure S4a depicts the FL of the C343 in solution (black
dots) and its respective fitting curve (red line), a single exponential decay convoluted with a Gaussian
function (~260 ps). The residuals of the fitting curve are shown in Figure S4b. A fair approximation is to

assign the single decay to a FL process within the dye.!*"'2We can thus express the decay lifetime in C343



as tcas3 = 1/keL. In that sense, we have obtained a lifetime of zcas3 = (3.86 + 0.01) ns, a value in accordance
with previous reports.t*1°
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Figure S4. (a) Normalized temporal trace of FL intensity (log scale) from C343 in a 0.01 mM EtOH solution (black dots) for a
time window of 30 ns with fitting curve (red solid line). (b) Residuals of the fitting curve.

S7. Fast lifetime in FLUPS measurement of C343 in solution

To determine the nature of the fast lifetime in the C343 solution in the fitting of FLUPS data, which we
claim to be an artifact of the FLUPS setup rather than coming from a physical process, we have measured
away from magic angle condition (Figure S5a), which yields a similar fast lifetime component. Furthermore,
we have observed that this fast lifetime does not arise when using high fluence (Figure S5b) or from using
ACN instead of EtOH as a solvent (Figure S5¢). In this last situation, we show that the change in solvent
only affects the long-lifetime value. The lifetimes and relative amplitudes for the data fitted in Figure S5 are
summarized in Table S1.

We have checked that the short lifetime in Figure S3 arises as an artifact, imputed to scattered light
and/or anisotropy in previous study,® although for the C343 in solution the FLUPS measurements have
been done in a magic angle configuration (Figure S5a). Relaxation processes, such as solvent reorganization,
should be followed by a spectral redshift of the FL,*"*® which we do not observe (Figure S6). Consequently,

we can consider that the only contribution from a FL decay process is given by the long lifetime.
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Figure S5. Normalized temporal trace of the FL intensity from C343 in a 0.3 mM solution under different conditions. (a) In a
0.3 mM EtOH solution, under magic angle condition at a pump fluence of 531 wJ/cm? (black empty dots), and away from magic
angle condition at a pump fluence of 191 pJ/cm? (black solid dots). Fitting curves are indicated in red by straight line for magic
angle condition and with a short dots line for the measurement away from magic angle condition. (b) In a 0.3mM EtOH solution
at two pump fluences: 531 pJ/cm? (black empty dots) and 265 pJ/cm? (green empty dots). Fitting curves are indicated by red
straight line for 531 pJ/cm? and by dark yellow line for 265 pJ/cm?. () In a 0.3mM solution of EtOH (black empty dots) and in
a 0.3 mM solution of acetonitrile, ACN (black solid squares). Fitting curves are indicated by red straight line for C343 in the
EtOH solution, and by blue straight line for C343 in the ACN solution.

Ei Short lifetime Relative amplitude Long lifetime  Relative amplitude
igure
(ps) (%) (ps) (%)
Magic
25+ 2 26 =1 4100 = 100 74 +1
Angle
S3a Not
Magic 36 = 3 331 4200 = 200 67 =1
Angle
High
25+ 2 26 =1 4100 =% 100 74 =1
fluence
Low
26 = 3 25+ 1 3900 % 100 75 *1
fluence
In
25+ 2 26 =1 4100 % 100 74 +1
S3¢c EtOH
In ACN 24 + 2 19x1 3590 + 70 81 +1

Table S1. Lifetimes and relative amplitudes of the fitting curves plotted in Figure S5.
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Figure S6. Normalized temporal trace of the FL intensity from C343 in a 0.3 mM EtOH solution under different times (in ps).

S8. Dynamic model in presence of two ET channels
The dynamic model of two ET channels that we propose to analyze FLUPS and TRTS data, considers the

following scenario:

1) C343 in solution: Electrons relax from LUMO to HOMO mainly via photon emission with a rate
KeL = krad +Knrad. Here we have essentially a two-level rate equation:
dN (t)
—u;z\;:o = —kpLNLymo (8) (Eq. S1)
Whose analytical solution is
t
Nrymo (£) = NLymo,0€Xp (— - ) (Eq. S2)
C343

where the FL lifetime is the lifetime of the C343 in solution:

1
Teaas =3~ (Eq. S3)

Since in FLUPS data for C343 in solution we suppose the presence of an artifact, whose rate we label as

Kartt = 1/7anr, We USe a double exponential fitting curve to explain the trace:

: ) + Nrumo,0€Xp (— TC.:43) (Eq. S4)

Tartf

Npymo (t) = Agrepexp (—

2) C343-Sn0; interface: Electrons arrive to the CB of SnO; from two independent LUMO levels. We
assume a four-level system, structured in the following way: two independent LUMO levels for each of
the two types of configurations of C343 molecules onto the SnO, surface, one level for the CB of the
SnO; and one, effective ground state We label their populations as Niumo,1 (t) and Niumo.2 (t), Nes ()

and Ner (t), respectively. Right after photoexcitation (t = 0), we impose that only the C343 LUMO levels



are populated. These fix the initial boundary conditions to NLumo,1 (0) = NLumo1,0, NLumo,2 (0) = NLumoz,,

Nceo (0) = 0, and Netro (0) = 0. These populations communicate only through two channels:

- Electron Transfer: Both LUMO populations, Niumo,1 (t) and Nrumo,2 (t), which independently inject
electron to the SnO, CB. We label the rates of both injections as ker, for Niumo,1 (t) and ker, for
Niumo.2 (t).

- Effective recombination: Electrons leave the SnO, CB via multiple channels (i.e. back electron
transfer from CB to the HOMO of each C343 molecule). We label the rate of the effective channel
as Ker.

For the interface we ascribe each component of the temporal trace to a competition between an independent
ET and FL channels. Therefore, we can write each of the two lifetimes for the temporal trace of FL in the

C343-Sn0:; interface as:

1

Te343-5n0,5,0 = (Eq. S5)

where i = 1,2. For the C343-SnO; interface we have also assumed that the sensitization of SnO, by C343
molecules does not introduce additional radiative pathways (ke ©34%5"0z = kg ©343), Then, the dynamic model
of two ET channels for the C343-SnO. interface is described by the following system of differential
equations:

dNpymo,(t)
dt

dN t)
%Mtoz = —kgr,NLymo, (t) (Eq. S7)

dNcp(t)
dt

ANerr(t)
% = KepfNep(t) (Eqg. S9)

Considering that ki = 1/7i (i = ET1, ET» and eff), and imposing boundary conditions we analytically solve
from (Eq. S6) to (Eq. S9):

—ker, NLymo, (£) (Eq. S6)

= kgr, Neumo, (8) + ke, Nyymo, (t) — kessNeg (8) (Eq. S8)

t
Nyymo, (t) = Npymo, 0€XpP (‘ — ) (Eg. S10)
1
t
Nyymo, () = Nrymo,,0€Xp (‘ — (Eg. S11)
2
Teff t t Teff t
= _Tefr — - — N _Teff — —
Neg(t) = Nyymo, o E—— [exp ( TET1> exp ( Teff)] + Npumo,,0 E—— [exp ( TETZ)
exp (— ‘ )] (Eq. S12)
Teff

10



t t
TET, (1—exp<—E>>—reff<1—exp<—reff>>
+

TET, ~Teff

t t
TET,| 1—€xp —E —Tefr| 1—exp _Teff

TET,~Teff

Nesr(t) = Nyymo, o

Npymo,,0 (Eq. S13)

S9. Equations of two ET model for fitting FLUPS and TRTS data

To fit the experimental data from FLUPS and TRTS measurements, we have applied a convolution function
between the solutions of the differential equations and the Instrument Response Function of each setup:
(f*9) @) = [ fte)g(t —to) dto (Eq. S14)
1) For the FLUPS data: We need to consider Instrument Response Function (IRF) of the FLUPS setup,

2
— ____t
IRFpyps (t) = exp( Tf}%gps/zlnz) (Eq. S15)
where zire"-U™ is the temporal width of IRF in FLUPS.
1.1) C343 in solution: the temporal trace of the FL is then described by the convolution:

N385 () = IRFpyps(t) * Nyyuo (1) (Eq. S16)

Whose explicit form is:

t

W)Z * [Aartfexp (‘f) + Niymo,0€Xp (— : )] (Eq. S17)

Ngﬁgps(t) = eXp (_ rtf 7343

where we made to = tocass™U", the time zero in FLUPS for the C343 in solution and tcas3 is given by (Eq.
S3). Solving analytically (Eg. S17) by applying (Eq. S14), we obtain an expression for fitting FLUPS data
of the C343 in solution:

FLUPS FLUPS\ 2 _¢FLUPS FLUPS
1 t—t T t—to C343-Sn0 1 T
Ngﬁéps(t) = Agrtf > exp (— ——0.L343 ) exp ( ( [RF ) > (erf<2v1n2 0L343-9n02 _ LRE +

Tartf 16In2 Tartf TIRF 4+/In2 Tartf
FLUPS FLUPS\ 2 FLUPS FLUPS
1 t—t 1 T t—t 1 7
1) + Noymoo = €xp (— —0C343 ) exp (—’RF ) (erf (2vln2 00343 _ [RE ) + 1)
2 TC343 16In2 \ Tcasz TIRF 4VIn2 Tcays

(Eg. S18)

where erf(t) is the error function.

1.2) C343-Sn0; interface: According to the model proposed in S4, for the interface we ascribe each

component of the temporal trace from FL to a competition between an independent ET and FL channels,

as shown in (Eqg. S5). In first approximation the temporal trace of the FL from the C343-SnO interface

11



are given by a sum of (Eq. S10) and (Eq. S11), where we substitute the lifetimes with the ones given by
(Eq. S5). Then, we can describe the FL of the interface as:

) + Nrymo,,0 €XPp (— ;> (Eg. S19)

TC343-Sn0y,2

FLUPS — S
N¢343-5n0, () = Nrymo,,0 €XP (_ TC343-Sn0y,1
—$n0y,

Including the convolution with the IRF of the FLUPS setup:
Ng3Lz£]3P—SSno2 (t)" = IRFppyps(t) * gsLagsPJgSnoz ®) (Eq. S20)

Solving analytically (Eq. S20) by applying (Eq. S14), where we made to = tocaaz-sno. ", time zero in
FLUPS for C343-Sn0;, we obtain an expression for fitting FLUPS data of the C343-SnO; interface:

FLUPS r_
N¢343-sn0,()" =
FLUPS FLUPS FLUPS

t—t > 2 -t o
NLUM01,0 % eXp (— M) exp < 1 ( TIRF ) (el‘f (Zm 0,C343—-Sn05, _

TC343-Sn03,1 16In2 \Tc343-sn0,,1 TIRF

1 LFLUPS
IRE ) + 1) +
4vIn2 Tc343-5n0,,1

FLUPS FLUPS 2 _4+FLUPS
1 t—ty,c343-Sn0 1 T t—ty C343-sn0
NLumo. 0= €Xp (——"2 exp IRE erf(2vIn2 —=2—="""2
2v2 TC343-Sn03,2 16In2 \7¢343-5n0,,2 TIRF
L -4 ) (Eq. S21)
L ), ) .
4VIn2 Tc343-5n0,,2

2) Forthe TRTS data: We need to consider Instrument Response Function (IRF) of the TRTS setup:

2
t
IRFTRTS (t) = exp <— M) (Eq 822)
Then, we fit the TRTS data of the interface with the convolution between the IRF of the TRTS setup and
(Eq. S11):

t

2
Teff —t/T Teff -t/T
— =] *x|N — ¢ ETy 4+ N — ¢ ETy —
TT}?;S/ZIIQ) [ LUMO4,0 + Npumo,,0

TET,~Teff TET, " Teff

NIETS(6) = exp

Te Te _
(NLUM01,0 —L 4 Npumo,,0 i) e t/T"’ff] (Eq. S23)

TET,1 " Teff TET, ~Teff

Solving analytically (Eq. S23) by applying (Eq. S14), we obtain an expression for fitting TRTS data of the
C343-Sn0; interface:

2 TRTS
TRTS _ Teff 1 t—tdRTS 1 (tige° t—ty
N¢3a3-sn0, () = NLumo, 0 ————5€xp (— exp | e\ 7 erf( 2vIn2 o

TET, ~Teff 2 TET, TET,

2 TRTS
1 tige® ey 1 t=tgRTS 1 (RIS (—eJRTS
4+/In2 TET, +1)+ NLUM02,0 €xp T exp lolnz erfl 2 \V In2 ——

TET,~Teff 2 ET> TET, TIRF

1 Trpo Teff
L WrRF )4 1) — (N _Tefr
4+/1In2 TET, t LUMO4,0 TET, ~Teff +

12



Terf \1 _ t—tgm> 1 (TITE‘FTS)Z ( ( t=tg"™S 1 TIT;S‘FTS> )
NLUMOZ,O TETZ_Teff)Zexp< Ter7 exp | Torms Ter7 erf(2vIn2 — WInE Tos7 +1
(Eq. S24)
S10. Relative amplitudes of lifetimes and ET lifetimes in FLUPS and TRTS

The relative amplitude values given in main text for FLUPS data of C343-SnO; have been calculated using

the following equations.

Ag,
c343—-Snop,1
ATC343—Sn02,1 = A +A - (Eq 825)
Tc343-Snoy,1 ' “"Tc343-Snojy,2
AA _ |ATc343—Snoz,2|AATc343—Snoz,1+|ATc343—Snoz,1|AATc343—Snoz,2 Eq. S26
Tc343-Snoy,1 (A 4 )2 ( a. )
1"c343—Sn02,1+ Tc343-Snoy,2
AT
€c343—-Snoy,2
Tc343-Snog2 A A - (Eq 827)
2 Tc34—3—Sn02,1+ Tc343-Sn03,2
AA _ |ATc343—Snoz,2|AATc343—Snoz,1+|ATc343—Snoz,1|AATc343—Snoz,2 Eq. S28
Tc343-Snoy,2 (A 4 )2 ( a. )
1"c343—Sn02,1+ Tc343-Snoy,2

The relative amplitude values given in main text for TRTS data in C343-Sn0O- have been calculated using

the following equations.

A

— TET,
AET1 - ATET1 +ATET2 (Eq 829)
Ao |04y, +4r.. |04,
AAETl — | ET2| ET4 | ETll ET, (Eq. 830)
(ATETl +ATET2 )
P (Eq. S31)
ET, A‘L'ET1 +ATET2 .
Ao |04y, +|4r.. |04,
AAETZ — | ET2| ET4 | ETll ET, (Eq, 832)
(ATETl +ATET2 )

Once we have obtained the lifetimes in the C343 in solution and in the C343-Sn0, interface, the subtraction
between the inverse of (Eq. S5) and (Eq. S3) gives the ET lifetimes:*?

1 1

1
- = (kET,i + kFL) — kg, = kgri = (Eq. S33)

TC343-Sn0,,i  TC343 TET,i
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This conventional protocol assumes that the functionalization of the SnO, by C343 molecules 1) does not
modify the properties of the molecules in solution; 2) is not introducing additional comparable channels
beyond ET, i.e. all the quenching of the FL is ascribed to this effect, so ke ©3435"°2 =~ kg €343, and 3) non-
radiative channels from the dye in solution are not modified when C343 sensitize the SnO,. From (Eq. S33)

we have calculated the ET lifetimes from FLUPS as:

ATC343-8n0,,i  ATC343
t

1 7%343 Sn0,,i €343
— . — —Sn0y,
TETi = T i Atgr, = z (Eq. S34)
TC343-Sn0, 7TC343 S S
TC343-Sn0,,i TC343

The uncertainty to the ET lifetime value from (Eq. S34) is calculated by error propagation.

S11. Comparison of steady-state PL and FLUPS measurements
The absorption and emission peaks of C343 in 0.1mM EtOH solution (Figure S7a) are located at 2.77 (grey
line) and at 2.54 eV (red line), respectively, in good agreement with previous reports.**1620-21 Regarding the
FL spectrum of C343 in solution and of the C343-SnO; interface (Figure S7b), the broadening in the film
(Figure S7c) could be due to two different conformations of the C343 molecules in the SnO; surface.

Figure S7d shows the normalized FL intensity on C343-SnO- film in two different spots, as well as in
a SnO; film, from steady-state measurements. The maximum emission peak for the first spot (dark blue line)
is located at 2.56 eV, and the two shoulders are located at 2.15 eV and 2.00 eV. For the second spot (light
blue line), the maximum peak is located at 2.15 eV, and the two shoulders are located at 1.97 eV and 1.80
eV on the left of main peak, and one shoulder at 2.56 eV on the right of main peak. These differences
indicates that, although the emission peaks for both spots are located at the same energies, their relative
amplitudes depend on the spot on the C343-Sn0; interface we are exciting. In other words, the different
relative amplitudes between both spots are due to surface inhomogeneities of the C343-Sn0O- interface.

Figure S7e shows the normalized FL of C343 in a 0.0lmM EtOH solution measured through
steady-state PL (red line) and FLUPS (black line). The observed shift of 0.08 eV in the FL peak between
both measurements might be due to the different sensitivities between steady-state PL and FLUPS setups
and/or to small changes in C343 concentration between both measurements.

Figure S7f shows the normalized FL of the C343-SnO; film obtained from steady-state PL in two spots
(light and dark blue) and through FLUPS (light yellow), as well as for the SnO> film (orange line), described
in the previous paragraph. The position of the fluorescence peaks between both techniques in the C343-
SnO; film have changed in 0.06 eV. Furthermore, the FL measurements by steady-state PL show a
secondary shoulder at 2.00 eV, and another two around 1.96 eV and 1.80 eV, both being undetected by
FLUPS since the filters in this setup need to absorb laser light to avoid artifacts. The available bandwidth

in FLUPS (2.09 eV), since it might affect the relative amplitudes of the ET processes, as discussed for the
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second global fit (Figure 3), does not alter the relevant kinetic processes analyzed in our study. Finally, the
different available spectral windows between FLUPS and steady-state PL, the latter being wider and with

better spectral resolution (Figure S5f), might results in an apparent shift of the position of the FL peaks.

(a) (b) (c)
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Figure S7. (a) Normalized absorption (grey line) and intensity of the FL (red line) for 0.01mM C343 in EtOH solution. We
excite at 3.067 eV from pulsed laser with a repetition rate of 10MHz. Absorption peak is located at 2.77 eV, whereas the
maximum emission peak is located at 2.54 eV. (b) Intensity of the FL intensity for C343 in 0.01mM EtOH solution (red line)
and of C343-Sn0Oz2 film (blue line), both measured by steady-state PL. (c) Normalized intensity of the FL of C343 in 0.01mM
EtOH solution (red line) and of C343-Sn0: film (blue line) measured through steady-state PL. We excite in (b) in the same
condition that in (a). Maximum emission peak for the solution (red line) is located at 2.54 eV, whereas for the film is located at
2.56 eV with a shoulder at 2.15 eV. (d) Normalized steady-state PL measurements for the C343-SnO- film in two spots (light
blue and dark blue) and on a SnO: film (orange). We excite in the same conditions that in (a). Maximum emission peak for the
first spot (dark blue) is located at 2.56 eV, and the shoulder is located at 2.15 eV. For the second spot (light blue), maximum
peak is located at 2.15 eV, and the shoulder on the right is at 2.56 eV. (e) Normalized intensity of the FL for C343 in a 0.01mM
EtOH solution from FLUPS (black) and steady-state PL measurements (red). Peak intensity is located at 2.46 eV, whereas is
located at 2.54 eV for steady-state measurements. (f) Normalized intensity of the FL for the C343-SnO: interface from FLUPS
(light yellow line) and steady-state PL in different spots (light blue and dark blue), and from steady-state PL measurements on
the SnO2 alone (orange). For the C343 in solution, the maximum peaks in FLUPS are located at 2.21 eV and 2.50 eV, whereas
peaks from steady-state PL measurements for both spots are located at 2.15 eV (light blue line) and 2.56 eV (dark blue line).
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S12. TRTS measurements of SnO2 film and C343 in solution

The employed pump energy in the TRTS experiment is smaller than the energy gap of the SnO,, so we
register no changes in the transmission of the SnO, (Figure S8, black dots). On the other hand, regarding
the C343 in a EtOH solution, the photo generated carriers are bound molecular excitons, so there is no photo
modulation of the THz amplitude, thus resulting as well in -AT = 0 (Figure S8, red dots in the inset).

L_.- 10- . 0.10
2 osf ;o
! N
E 0.00
T 0.6} £
N OB =536 30 40
= 04' Pump-probe delay time (ps)
©
€ 0.2}
@]

0 10 20 30 40
Pump-probe delay time (ps)

Figure S8. Optical pump-THz probe on pristine SnO2. Inset: Zoom to compare with TRTS of the C343 in EtOH solution (red
dots). Both samples have been measured at pump fluence of 1520 plJ/cm?, and the temporal traces have been normalized by
dividing the data set with the same maximum value used in the main text to normalize the temporal trace of the C343-SnO: film

(see Figure 2a).

S13. Pump fluence dependence measurements in TRTS

We describe TRTS dynamics at (424 + 15) uJ/cm? and (42 + 2) uJ/cm? of a C343-Sn0O; film (Figure S9a)
with two independent ETs pathways which come from independent C343 LUMO populations. Fitting TRTS
data with the two independent ET model yields ETs lifetimes and their respective amplitudes that coincide
within error (Table S2). When we measure another C343-SnO film at three different pump fluences (Figure
S9b), the signal to noise ratio does not allow us to obtain reliable ET lifetime values. We show TRTS
differential transmission values measured in Film 1 (Figure S9a) and in Film 2 (Figure S9b). The linear
behavior of differential transmission data from both films (Figure S9c, black and red fits lines) ensure first

order carrier dynamics in the pump fluence that we have shown in main text.
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Figure S9. (a) TRTS normalized for two pump fluences (424 + 15) pul/cm? black dots; (42 + 2) w/cm?, green dots) for one
C343-Sn0: film (Film 1). (b) Same for another C343-Sn0O; film (Film 2) at three pump fluences: (350 + 37) pJ/cm?, red dots;
(490 + 50) pJ/cm?, orange dots; (700 + 70) pJ/cm?, purple dots. (¢) Normalized -AT/T, averaged between 20 and 40 ps, as a
function of pump fluence for Film 1 (black solid dots) and Film 2 (black empty dots) and their linear fitting curve (black for Film
1, red for Film 2).

Fluence (nJ/cm’) et (PS) Rel. Ampl. ze71 (%0) 7eT2 (PS) Rel. Ampl. zet2 (%0)
42 £ 2 15+£06 70.5+£9.0 158+6.4 29.5+£9.0

424 + 15 14+0.1 76.6 +2.8 9.7x17 234+238

Table S2. ETs lifetimes and their respective relative amplitudes (%) for two fluences in C343-SnO2 TRTS measurements.

S14. Comparison of one and two electron transfer models fitting TRTS data
Despite a single-electron transfer fit does follow experimental data regarding faster electron transfer and
back-electron transfer (Figure S10a), such fit is unable to reproduce data in the 2.5-25 ps time window,
precisely the region where the slow electron transfer is expected to take place, as suggested with FLUPS
measurements. Therefore, the residuals from the single-electron transfer model increase in that time
window. On the contrary, the two-electron transfer fit can reproduce satisfactorily data in all the time
window (Figure S10b), hence giving smaller residuals values than those from single-electron transfer fit,

thus demonstrating the presence of two independent electron transfer processes.
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Figure S10. TRTS normalized data (black empty dots) are fitted with (a) single electron transfer model (purple line). Residuals
from this fit curve are shown below; (b) two electron transfer model (orange line). Residuals from this fit are shown below.

S15. Drude-Smith model for frequency-resolved complex photoconductivity

We have used the Drude-Smith model to fit the photoconductivity of the C343-SnO; film:

_ WATs c
aps(w) = 1-iwT (1 t 1—iw1’) (Eq. $35)

Where & is the vacuum permittivity, w,? is the plasmon frequency, z; the scattering time, and c the
backscattering parameter. From fitting the frequency-resolved complex photoconductivity with (Eg. S35)

we obtain wp?, 7 and ¢. The plasmon frequency w,? and the photocarrier density N are related through:
N = j—gm*w;, (Eq. S36)

In a Drude-Smith scenario, zs and y are related through:

e

Ts
% (14 0) (Eq. $37)

u=

where m*, g and e are the effective mass of the free electrons in the sample, the vacuum permittivity
(8.85-101%2 F-m™!) and the electric charge of electrons (1.602-101° C), respectively. From the Drude-Smith
fit we have obtained that wp? = 11.5 + 1.8 rad?-ps=, z; =0.20 + 0.02 ps and ¢ =-0.82 + 0.01. The application
of (Eqg. S45) gives us that N = (1.5 + 0.6)-10% cm. Since through TRTS we have monitored the electrons
in the CB SnO,, as m* we have used the upper limit of the previously reported values, m* = (0.41 £

0.10)me,?22 where me is the electron mass (9.109-10! kg). Then, by applying (Eq. S37) we obtain a
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conservative value of x = (154 + 60) cm?V-1s, Under the assumption of a full absorption of the pump pulse
by the film, the quantum yield is given by the ratio between the photocarrier density and the pump photon

flux per unit volume, N,:

oy =X (Eq. S38)

Ny
where the N, can be obtained through:

Epump 1
Ny = e L (Eq. S39)

Where Epump IS the pump pulse energy, E, is the pump beam photon energy, A the spot area of the pump
pulse, and I the penetration depth of the pump photons in the C343-Sn0O; film. With the pump energy used
to retrieve the photoconductivity of the C343-SnO; film, 4.75 pJ, the 400 nm photon energy, 4.97-107 uJ,
a pump diameter of 1.11 mm, and through the approximation of a homogeneous excitation profile of the
pump pulse (I= 15 pm), by using (Eq. S39) we obtain N, = (6.6 £ 0.7)-10*" cm, Finally, by applying (Eq.
S38) we obtain a lower bound for the quantum yield of (2.3 + 1.0)-1073.

S16. First global fit
To simultaneously fit both the temporal traces of FLUPS and TRTS we have used a Python script in a
Jupyter notebook. First, we have combined the data from FLUPS and TRTS in common vectors for time
and data. Then we have performed a simultaneous fit which imposes that the parameters of the ET lifetimes
are shared for both temporal traces. Regarding the amplitudes, since the data from TRTS presents a rise,
while the data from FLUPS shows an exponential decay, these parameters are not forced in the fit to be
shared between both temporal traces, i.e. they remain as different parameters for each technique. The values
of the amplitudes obtained from the first global fit (Table S3) are then used to calculate the relative

amplitudes with their errors bars as shown above (see S10).

Parameter Fitted value
71 1.38+0.06
Shared lifetimes (ps) 17 17+1
73 500 + 100
FLUPS Ay 70+0.1
Az 2.63+0.08
As 0+0.03
to 0.101 + 0.005
TRTS Ay -0.87 £0.03
Az -0.25 +0.06
to -0.8+0.1

Table S3. ET lifetimes and the amplitudes values obtained from the first global fit.
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With AsTRTS = -(A; TRTS 44, TRTS),

S17. Second global fit

Using the temporal traces from FLUPS to retrieve the spectral fingerprint of the two ET lifetimes obtained
with the first global fit, we have performed a second global fit with the built-in function of Igor Pro. To
obtain the amplitudes we have forced the temporal traces from the FLUPS measurements on the C343-Sn0O-
film for each probe energy between 2.03 and 2.70 eV to share the ET lifetimes obtained with the first global

fit (see S16), leaving the amplitudes as free parameters. The results of the second global fit can be seen in
Figure S11.

Energy (eV)
® 270

Time (ps)

Figure S11. Temporal traces of the FL intensity at different energies fitted with the second global fit, which retrieve the spectral
amplitudes of the ET lifetimes.

S18. Fitting TRTS data without considering convolution

Since IRF in TRTS is much lower than ET lifetimes, if we apply (Eq. S12) to fit TRTS data of C343-Sn0,
at a pump fluence of 424 pJ/cm? (Figure S12), we obtain ETs lifetimes and their respective amplitudes
(Table S4) which are almost identical with those obtained by fitting the same TRTS data with (Eq. S24).
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Figure S12. Normalized TRTS data (black squares dots) and fit curve applying (Eq. S35) for TRTS (solid green line) under a
pump fluence of 424 pJ/cm?.

TECHNIQUE 7eT1 (PS) Rel. Ampl. zet1 (%) 7eT2 (PS) Rel. Ampl. zer2 (%)
FLUPS (Eq. S21) 11+0.1 79+2 14 +2 21+2

TRTS (Eqg. S12) 1.7+01 80+3 12+3 203

TRTS (Eqg. S24) 14+01 773 10+2 23+3

Table S4. Comparison of ETs lifetimes and their respective relative amplitudes from TRTS and FLUPS on a C343-SnO: film by
applying (Eq. S21) for FLUPS data and (Eq. S12) and (Eq. S24) for TRTS data at a pump fluence of 424 pJ/cm?.
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