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1. Time-resolved fluorescence technique

The fluorescence lifetime of the dyes was obtained using the time-domain
fluorescence technique. The samples were excited with a 190 fS laser pulse at 515 nm
(2nd harmonic of the 1030 nm) operating with a repetition rate of 300 HZ, delivered by
a laser system (Light Conversion, model Pharos-PH1). The fluorescence signal was
collected perpendicularly to the excitation beam by a multimode optical fiber. The optical
fiber directs the fluorescence signal to a silicon photodetector with a temporal resolution
of approximately 700 PS. The electronic signal generated by the photodetector is acquired
by a 1 GHZ oscilloscope!. The signal convolution method was used to obtain an accurate
representation of the dyes lifetime, where a theoretical function is convoluted with the
temporal instrument response function (IRF)!?. Figure SI1 shows the experimental

curves of fluorescence intensity as a function of time for both compounds.
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Figure SI1 - Dithienyl-diketopyrrolopyrrole derivatives fluorescence emission lifetimes, deconvoluted
fluorescence signal, and instrument response function.

2. Quantum chemical calculations details

Table SI1 — Optimized structures of dithienyl-diketopyrrolopyrrole derivatives obtained through PCM-
B3LYP calculations in chloroform medium. Basis set: 6-311G(d,p) for H, C, N and O atoms; cc-pVDZ
for S and Br atoms.

DPP2T DPP2TBr
N -1.640341 1.004437  0.732580 | N -1.639660 1.017670  0.739790
C -0.646879 2.038698 0.773240 | C -0.639630 2.045510  0.768750
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Using the compounds optimized structures (see Table SI1), QQCs concerning the
one-photon absorption (1PA) and two-photon absorption (2PA) processes were

performed. Tables SI2 and SI3 summarize the results obtained, including transition

energy, oscillator strength, 2PA probability, and 2PA cross-section (9 2PA).

The computed 1PA spectrum of the compounds in molar absorptivity was
obtained using the oscillator strength and transition energy values, as provided in Table
SI12, and utilizing the equation described in3. It is important to note that the line widths
used were estimated from the decomposition of the experimental 1PA spectrum into three
absorption bands and its fitting using Gaussian curves (the average FWHM linewidth
values for the three bands are: 0.4 eV, 0.4 eV, and 0.3 eV), and that although 20 transitions
were computed using the TD-DFT method, only those within the experimental spectral
range were used to computed the 1PA spectrum?#.

As described in the manuscript, the two highest-energy electronic bands observed

in the 1PA spectrum are ascribed to some electronic transitions. For greater accuracy, it
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was observed that for the DPP2T molecule, the second band is related with three
electronic transitions, labeled as 4, 5, and 7 (see Table SI2). On the other hand, the third
band is ascribed to a single transition, labeled as 10. Conversely, for the DPP2TBr
molecule, the second band comprises two electronic transitions (4 and 5), and the third
band comprises 4 transitions (9, 10, 12, and 14). However, transitions 10 and 14 have a
negligible contribution, given the low values of their oscillator strength, and TD-DFT

calculations are likely overestimating these values, a typical behavior of DFT theory?.

To obtain a computed 2PA spectrum in terms of @ ZPA, the properties summarized
in Table SI3 were utilized, along with the equation described in*. The spectrum was
obtained considering only the second electronic excited-state (electronic transition 2, see
Table SI3), while states 3 and 6 were not included as they lie in a spectral region where

the resonant enhancement effect due to 1PA occurs.

Table SI2 — Theoretical one-photon absorption properties of dithienyl-diketopyrrolopyrrole samples
obtained by TD-PCM-B3LYP calculations in chloroform medium. Basis set: 6-3/1++G(d,p) for H, C, N
and O atoms; aug-cc-pVDZ for S and Br atoms.

DPP2T DPP2TBr
States number
E (eV) Wavelength (nm) f E (eV) Wavelength (nm) f
1 2.264 548 0.5080 | 2.177 570 0.6270
2 3.139 395 0.0000 | 3.096 400 0.0000
3 3.409 364 0.0000 | 3.266 380 0.0000
4 3.663 338 0.0490 | 3.522 352 0.3490
5 3.739 332 0.2540 | 3.632 341 0.0160
6 3.896 318 0.0000 | 3.680 337 0.0000
7 3.942 315 0.0310 | 3.977 312 0.0000
8 3.993 310 0.0000 | 4.004 310 0.0000
9 4.024 308 0.0000 | 4.034 307 0.0210
10 4377 283 0.2430 | 4.038 307 0.0050
11 4.526 274 0.0000 | 4.040 307 0.0000
12 4.656 266 0.0000 | 4.204 295 0.2390
13 4.796 259 0.0000 | 4.529 274 0.0000
14 4.862 255 0.0000 | 4.535 273 0.0010
15 4.906 253 0.0190 | 4.651 267 0.0000
16 4915 252 0.0870 | 4.749 261 0.0000
17 4.997 248 0.0000 | 4.776 260 0.0800
18 5.037 246 0.0000 | 4.913 252 0.0540
19 5.114 242 0.0210 | 4.915 252 0.0090
20 5.171 240 0.0000 | 4.942 251 0.0010
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Table SI3 — Theoretical two-photon absorption properties of dithienyl-diketopyrrolopyrrole samples
obtained by QRF-PCM-B3LYP calculations in chloroform medium. Basis set: 6-3//++G(d,p) for H, C, N

and O atoms; aug-cc-pVDZ for S and Br atoms.

DPP2T
mumber %@ avetongan omy ZPABrob. (X 10°asty T V) 03l (G
gth (nm)
1 4.520 1097 0.00 - —
2 6.280 790 8.61 0.50 12.4
3 6.820 727 127.00 --- —
4 7.320 677 0.00 — —
5 7.480 663 0.00 - ——
6 7.800 636 50.10 - ——
DPP2TBr
mamber 2 ) e (o 2PAProb. (< 10% ey Tr (V) o5 o)
1 4.360 1137 0.0 --- -
2 6.200 800 25.8 0.50 36.4
3 6.540 758 250.0 - —
4 7.040 704 0.0 --- —
5 7.260 683 0.0 - —
6 7.360 674 119.0 - ——
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Figure SI2 — Representation of the MOs (H: HOMO, L: LUMO) involved in the lowest-energy allowed
2PA transition of dithienyl-diketopyrrolopyrrole derivatives, along with the respective percentage
contributions of the excitations. Results obtained from QRF-PCM-B3LYP calculations.

3. Two-photon absorption measurements

: . . 2PA o
To determine the two-photon absorption cross-section (9 ) of dithienyl-

diketopyrrolopyrrole derivatives in chloroform, solutions with a concentration of ca.
-2 . : :
10~ “ mol/L were prepared and placed in quartz cells with optical paths of 2 MM lengths.

The 0 2ha was measured from 790 nm to 1000 nm py the open-aperture Z-Scan
technique using a 150 — 180 f5 Jaser-like pulse delivered by a tunable optical parametric
amplifier (OPA) (Light Conversion, model ORPHEUS). OPA was pumped by a 190 fs
pulse from a laser system (Light Conversion, model Pharos-PH1) centered at 1030 nm
operating at a repetition rate of 750 Hz.

The open-aperture Z-Scan technique consists in determining the change in light
transmittance when the sample is scanned along the focus of a Gaussian laser pulse (Z-
axis)®. In this process, the sample is subjected to different excitation intensities according
to the Z-position. In order to remove linear effects from the measurement, the transmitted
power at a given Z-position is divided by the transmitted power when the sample is far

away from the pulse focus, and nonlinear optical effects are not present, thus obtaining
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the normalized transmittance (NT)’. The nonlinear absorption coefficient (8) is obtained

from the NT curve fit using the equation,

(o)

1 _ g2
mfln[l + qy(z,0)e” " dt (1)

T(z) =

— 2/7,2y) -1
in this q0(2,0) = 'BIOL(l t(z /ZO)) , L is the sample length (2 MM quartz sample
cell), 20 the Rayleigh length, Z the sample position and Iy is the laser-like pulse intensity

at the focus. Finally, the 2PA cross-section is determined from the 02pa = (RWB)/N R

where 1@ is the photon energy and N is the number of molecules per cubic centimeter”.
The %2P4 s expressed  in  Goppert-Mayer  (GM)  units,  where

-50 -1
16M = 1-10 cem* s photon™ " Figure SI3 shows some typical open-aperture

Z-scan curves, with the respective adjustment curves.
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Figure SI3 — Open-aperture z-scan curves of DPP2T and DPP2TBr compounds, where circles represent
experimental data and lines correspond to curves obtained through fitting.

4. Measurements of fluorescence excited by 2PA

Fluorescence emission induced by two-photon absorption measurements, excited
in 850 nm gpd 900 nm_ were performed using the same laser system operated at a
repetition rate of 1.5 KHZ_The fluorescence signal was collected through an optical fiber
connected to a spectrophotometer (Ocean Optics, model HR-2000++). The excitation

laser power was controlled by means of a rotating polarizer, which allowed monitoring



145 of the fluorescence emission induced by 2PA as a function of the laser intensity for
146 different pulse energies. The fluorescence spectra are the results of an average of 55 of
147 spectrophotometer data acquisition’ .
148
149 5. Solvatochromism measurement
150
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158 6. Transition dipole moment
159
160 Figure SI6 shows the one-photon absorption spectra of dithienyl-
161 diketopyrrolopyrrole derivatives, which were decomposed into some Gaussian curves to
162 determine the transition dipole moment of the electronics bands. The equation used is

163 described in?.
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Figure SI6 — One-photon absorption spectrum of dithienyl-diketopyrrolopyrrole derivatives (black lines)
decomposed with three Gaussian curves (green lines). The red lines are sum of overlap Gaussian curves.

7. Synthesis of the diketopyrrolopyrroles derivatives.

The solvents and reagents were purchased from Sigma-Aldrich and used as
received. The 'H and 3C NMR spectra were recorded using a Bruker Avance III HD
500 MHz spectrometer at room temperature. The total nitrogen, carbon, hydrogen, and
sulfur are determined using a CHNS analyzer (Fison Instrument model EA 1108).

The DPP2T and DPP2TBr (Scheme 1) were synthesized following the procedure
reported by Scalon et al.'?, described briefly following:

DPP2T DPP2TBr

Scheme S1. Synthetic procedures for the synthesis of DPP derivatives. (I): bromohexane,

K,COs, DMF, 130 °C. (II): NBS, CHCI;, 0 °C.

DPP2T: In around-bottom flask 3,6-di(thiophen-2-yl)pyrrolo[3,4-c]pyrrole-1,4(2H,5H)-
dione (1.7 mmol), potassium carbonate (5.8 mmol), and 20 mL of anhydrous
dimethylformamide were added under argon atmosphere. After a stirring at 90 °C for one

hour, 1-bromohexane (43 mmol) was added dropwise, and the reaction was stirred at
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130 °C overnight. In sequence, the solution was cooled down to room temperature,
poured in 22.0 mL of deionized water, and stirred for 1 h. The reaction product was
extracted with chloroform and dried over anhydrous sodium sulphate. After solvent
evaporation, the product was purified using chromatography column (chloroform as
eluent) and recrystallized with methanol.

'H NMR (500 MHz, CDCl;) 8(ppm): 8.92 (d, J = 3.2 Hz, 2H), 7.64 (d, ] = 4.3 Hz, 2H),
7.28 (dd, J =8.7, 4.0 Hz, 2H), 4.09 — 4.05 (m, 4H), 1.78 — 1.71 (m, 4H), 1.41 (dd, J =
14.5, 7.0 Hz, 4H), 1.32 (dd, ] = 8.8, 5.3 Hz, 8H), 0.88 (t, J = 6.9 Hz, 6H).

3C NMR (500 MHz, CDCls) &(ppm): 161.39, 140.03, 135.25, 130.67, 129.79, 128.61,
107.70, 42.23, 31.41, 29.92, 26.54, 22.55, 14.00.

Elemental Analysis: Calcd for C6H3,N,0,S,: C 66.63; H 6.88; N 5.98; S 13.68. Found:
C 65.64; H 6.16; N 5.88; S 13.69.
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Figure SI7 - 'H and '*CNMR spectra of the DPP2T.

DPP2TBr: In a round-bottom flask DPP2T (1.3 mmol), N-bromosuccinimide (NBS)
(3.0 mmol), and 30 mL of anhydrous chloroform were added, and the reaction was stirred
overnight at 0 °C protect from light. The solvent was rotaevaporated and the crude solid
was recrystallized with methanol.

'"H NMR (500 MHz, CDCls) 6 (ppm): 8.68 (d, J = 4.2 Hz, 2H), 7.24 (d, ] = 4.2 Hz, 2H),
4.01 —3.96 (m, 2H), 1.75 — 1.68 (m, 4H), 1.42 (s, 2H), 1.35 - 1.29 (m, 8H), 0.89 (t,J =
6.9 Hz, 6H).

3C NMR (500 MHz, CDCls) 6 161.06, 139.01, 135.36, 131.66, 131.12, 119.16, 107.82,
42.29, 31.36, 29.95, 26.51, 22.52, 14.00.

Elemental Analysis: Calcd for C,¢H30Br,N,O,S;: C 49.85; H 4.83; N 4.47; S 10.24.
Found: C 49.78; H 4.92; N 4.43; S 10.20.
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