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Experimental Procedures and Additional Experiments

General

IR spectra were acquired on a Perkin-Elmer Spectrum 100 FT-IR spectrometer. NMR spectra were obtained on a Bruker
Avance 300 spectrometer, operating at a frequency of 300 MHz for 'H and 75 MHz for **C on a Bruker Avance Ill HD 700
spectrometer operating at a 1H frequency of 699.95 MHz and 176MHz for '*C. We used tetramethylsilane (TMS) as internal
reference and CDCl; CD,Cl,, and DMSO-d6 as solvent according to sample solubility. NMR spectra for the observation of the
cis isomers and in following the cis-to-trans thermal relaxation were obtained on a Bruker Avance Ill HD 700 spectrometer
operating at a 1H frequency of 699.95 MHz This spectrometer is equipped with a 5-mm z-axis gradient TCI cryoprobe. For
these spectra we used deuterated acetonitrile as solvent (CD3;CN). Mass spectra were obtained on a JEOL JMSAX505
spectrometer. The values of the signals are expressed in mass/charge units (m/z), followed by the relative intensity with
reference to a 100% base peak. Elemental analysis by combustion was performed in a Thermo Scientific Flash 2000 at 950°C.
Methionine was used as a verification standard.

4-lodoaniline, N-Methyl-1H-pyrrole, 4-hidroxyaldehyde, triethylamine, Potassium terbutoxide 1M in THF, PhsPCH3Br and
IR780 iodide, were purchased from SigmaAldrich and used without further purification. The [Pd(N,N)-pyrrole ligand] catalyst
was synthetized according to a literature procedure’.

Steady State and Femtosecond Resolved Spectroscopies

UV-Vis absorption spectra were recorded in a Cary 50 spectrometer, fluorescence spectra and fluorescence quantum yields
were measured in a Varian Cary Eclipse fluorimeter. The solvent used for all experiments was acetonitrile HPLC grade and
was acquired from Sigma Aldrich. For the study of the excited state dynamics with two-photon (860 nm) excitation, we
employed the femtosecond fluorescence up-conversion technique. Our setup has been described in detail previously.?®
Briefly, the pulsed light source was a regeneratively amplified Ti:Sapphire laser tuned at 860 nm. This wavelength was
selected in order to guarantee two-photon excitation of the molecules of this study. Tuning to this frequency allows excitation
into the higher singlet states in the 430 nm region of the IR780 cyanine or the polymethinic section of Cy-SAP. The laser
produced a 1 kHz pulse train with a temporal width of 100 fs and up to 0.8 mJ per pulse. The intensity at the samples was
modulated with beamsplitters and a variable neutral optical density filter.

The spontaneous emission from the higher states of the molecules of this study was collected and refocused by a pair of
parabolic mirrors, and the residual excitation radiation was removed by a long or short pass filter. The emission was focused
into a Type | B-BBO crystal making a small angle respect to the gate-pulse which was previously separated from the
fundamental beam and delayed with a translation state. The polarization of the excitation pulse for the time resolved emission
spectra was set to the magic angle (54.7°) respect to the non-linear crystal acceptance direction (vertical). The up-conversion
signal was focused into a double monochromator (Oriel) and detected with a photomultiplier tube connected to a lock-in
amplifier (Stanford Research Systems) which was referenced to the third sub-harmonic of the laser repetition rate. The
instrument response function (IRF) for the up-conversion system was determined to be Gaussian with a FWHM of 260 fs. This
was determined from the instrument-limited emission signal rise of coumarin-102 at 460 nm. For the up-conversion
experiments, the solutions of Cy-SAP, SAP and IR780 were kept flowing through a 1 mm quartz cell. For the anisotropy
measurements, the polarization of the excitation beam was adjusted before the sample so that the parallel or perpendicular
component of the fluorescence was up-converted at the crystal.

Detailed Synthetic Procedures and Characterization

(E)-2-((4-iodophenyl)diazenil)-N-Methyl-1H-pyrrole — (5)

A 250 ml round-bottomed flask, equipped with a magnetic stir bar, was charged with acetone (15 ml), water (15 ml) and 4-
lodoaniline (2.1 g, 9.6 mmol, 1.2 eq.). The resulting mixture was cooled to 0°C and 12M HCI solution was added slowly into
the mixture (13 ml, 164 mmol, 20.5 eq.). Next, a NaNO. solution (0.77 g, 10.64 mmol, 1.4 eq. in 5 ml of water) was added
dropwise. After an hour, a mixture of acetone (15 ml), water (15 ml), N-Methyl-1H-pyrrole (0.65 g, 8.0 mmol, 1.0 eq.) and
Na,COs; (1.7 g, 16 mmol, 2.0 eq), was transferred slowly into the flask. The mixture was left stirring for another hour.
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Then, the acetone was removed in vacuum. Next, the aqueous phase was extracted three times with DCM (50 ml) and the
organic phase was dried over anhydrous Na,SO,. The crude material was purified by column chromatography on silica gel
eluting with 5-30% ethyl acetate in hexane to give 5 (2.47g, MW= 311.12 g/mol, 7.9mmol, 99%) as an orange solid.

"H NMR (300 MHz, DMSO-d6) & 7.99 — 7.77 (m, 2H), 7.63 — 7.48 (m, 2H), 7.33 (t, J = 2.1 Hz, 1H), 6.65 (dd, J = 4.2, 1.7 Hz,
1H), 6.31 (dd, J = 4.2, 2.6 Hz, 1H), 3.92 (s, 3H).

HRMS [ESI+]: calculated for C11H141IN3 [M+H]": 311.99976, found: 311.99977. Mass diff. (ppm)= 0.01

4-Vinylphenol — (7)

In a round-bottomed flask, PhsPCH3Br (5.5 g, 15 mmol, 1.5 eq.) was set at N, atmosphere. Next, a solution of t-BuOK in THF
(1M, 25 ml, 25 mmol, 2.5 eq.) was poured over and left stirring at room temperature for 10 minutes. Then, 4-hidroxyaldehyde
(1.3g, 10.6 mmol, 1.0 eq.) was added and left for 24h at room temperature. The reaction was quenched with 100 ml of saturated
NH,4CI water solution. The aqueous phase was extracted three times with DCM (50 ml). The organic phase then is washed
with brine to remove any salt left and dried over anhydrous Na,SO4. The crude product was purified with column
chromatography on silica gel eluting with 10% ethyl acetate in hexane to give 7 (1.11g, MW=120.15 g/mol, 9.2 mmol, 86.7%)
as a white solid.

'H NMR (700 MHz, DMSO-d6): 9.51 (s, 1H), 7.49 — 7.14 (m, 2H), 6.74 (dd, J = 8.5, 1.5 Hz, 2H), 6.61 (dd, J = 17.6, 10.9 Hz,
1H), 5.58 (dd, J = 17.6, 1.1 Hz, 1H), 5.04 (dd, J = 10.9, 1.1 Hz, 1H).

HRMS [ESI+]: calculated for CsHeO1 [M+H]*: 121.06534, found: 121.06527. Mass diff. (ppm)= -0.60

SAP: 4-((E)-4-((E)-(1-methyl-1H-pyrrol-2-yl)diazenyl)styryl)phenol — (1)

A round-bottomed flask was charged with 7 (0.83 g, 6.9 mmol, 1.2 eq), 5 (1.7 g, 5.4 mmol,
1.0 eq), triethylamine (1.82 ml, 10.8 mmol, 2.0 eq), DMF (60 ml) and [Pd(N,N)-pyrrole ligand]
catalyst solution (3.6mM in DMF, 3.5 ml, 0.1%). The mixture was stirred at reflux for 2 hours.
After cooling, 40 ml of NH4ClI saturated solution was added. The mixture was extracted with
DCM 3x50ml and the organic phase was thoroughly washed with brine to remove the excess
DMF and then, was dried over anhydrous Na,SO,4. The mixture was purified by column
chromatography on silica gel eluting with 5-50% ethyl acetate in hexane to give 1 (1.31 g,
MW=303.36 g/mol, 4.32 mmol, 77.4%) as a dark orange solid.

H NMR (300 MHz, DMSO-ds): 9.64 (s, 1H, Hsg), 7.75 (d, J = 8.6 Hz, 2H, Hy), 7.66 (d, J =
8.6 Hz, 2H, Hg), 7.50 — 7.41 (m, 2H, Hys), 7.30 — 7.17 (m, 2H, H,, H4y), 7.08 (d, J = 16.4 Hz,
1H, Hio), 6.85 — 6.74 (m, 2H, Hia), 6.59 (dd, J = 4.1, 1.6 Hz, 1H, Ha), 6.29 (dd, J = 4.2, 2.6
Hz, 1H, Hs), 3.93 (s, 3H, Hy). ®C NMR (75 MHz, DMSO-ds) & 157.60 (Css), 151.84 (Cs),
146.06 (Cs), 138.89 (Cs), 129.62 (C1), 128.21 (C1z), 128.13 (C13), 128.01 (C2), 126.82 (Cs),
124.43 (Cyo), 122.13 (C7), 115.62 (C1a), 110.17 (Cs), 99.61 (C4), 33.06 (C4). 'H, *C-HSQC
(300 MHz / 75 MHz, DMSO-ds): 8('H) / 5(**C) = 3.93/32.66 (Hi/ Cy), 6.29/109.85 (Hs/ Cs),
6.60/99.10 (Ha/ Ca), 6.79/115.14 (Haal Cua), 7.12/124.02, 7.05/123.96 (Hol C1o), 7.22/129.05,
7.28/128.98 (Hayl Cu1), 7.27/127.90 (Ha/ Ca), 7.46/127.76 (Hasl C13), 7.67/126.60 (Hs/ Cs),
7.74/121.61 (Hs/C;). 'H, *C-HMBC (300 MHz / 75 MHz, DMSO-d): 8("H) / 5("°C) = 3.94/
128.69, 146.55 (Hy/ Cys), 6.30/100.06 (Hs/ Ca), 6.60/110.64 (Ha/ Cs), 6.80/116.09, 128.47,
158.02 (H1al Cia1215 ), 7.10,7.04/ 138.93, 129.67, 127.11 (Hiol Cor112), 7.22,7.27/ 124.43,
128.21, 138.93 (H1/ Ciorzs), 7.27/ 99.61, 110.17,146.06 (H/ Cass), 7.45/ 156.97, 128.11
(Hisl C1s13), 7.66/ 124.29, 126.77,151.77 (Hsl Cro6), 7.76/ 122.03, 138.80 (H7/ C7),IR (KBr)
v max 3223.73, 3017.84, 2921.32, 1585.35, 1507.37, 1470.79, 1392.32, 1350.68, 1324.78,
1241.87, 1166.83, 1042.97, 959.76, 834.20, 719.73, 539.73. HRMS [ESI+]: calculated for —
CioH1eN3O [M+H]*: 304.14499, found: 304.14357. Mass diff. (ppm)= -4.65. EA: Calculated: 3 2
13.85% N, 75.23% C, 5.65%, found 13.04% N, 73.53 % C, 5.45 % H.
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Cy-SAP: 2-((E)-2-((E)-3-((E)-2-(3,3-dimethyl-1-propylindolin-2-ylidene)ethylidene)-2-(4-((E)-4-((E)-(1-methyl-1H-pyrrol-
2-yl)diazenyl)styryl)phenoxy)cyclohex-1-en-1-yl)vinyl)-3,3-dimethyl-1-propyl-3H-indol-1-ium iodide. — (2)

In an amber round-bottomed flask, IR780-I (0.71g, 1.1 mmol, 1.0 eq.), 1 (2.68g,
2.7 mmol, 2.5 eq.), triethylamine (8.2 ml, 58.9 mmol, 55 eq.) and MeCN anhydrous
(80 ml) were charged, then left stirring 24h at room temperature. Then, after the
temperature was raised to 40 °C for 2h, the solvents are evaporated in vacuum.
The compound 1 was thoroughly removed by two consecutive silica gel column
chromatography, using DCM/EtOH (100% ->50:50). The crude was purified
further by recrystallization by slow diffusion of diethyl ether to a saturated DCM
solution. A dark green solid was obtained, which was extensively washed with
diethyl ether. The solid was identified as 2 (765.8 mg, MW=934.00 g/mol, 0.82
mmol, 74.5%).

TH NMR (700 MHz, CD,Cl,): 7.96 (d, J = 14.1 Hz, 2H, Ha), 7.85 — 7.74 (m, 2H,
Hs), 7.65 — 7.55 (m, 4H, Hua, Hy), 7.36 (td, J = 7.7, 1.2 Hz, 2H, Hay), 7.30 (dd, J =
7.6, 1.2 Hz, 2H, Hso), 7.20 (td, J = 7.5, 0.9 Hz, 2H, Hz), 7.16 (d, J = 16.3 Hz, 1H,
Hu1), 7.14 — 7.10 (m, 4H, Hys, Haz), 7.09 (d, J = 16.4 Hz, 1H, Hyo), 6.98 (dd, J =
2.6, 1.7 Hz, 1H, Hy), 6.65 (dd, J = 4.2, 1.7 Hz, 1H, Ha), 6.28 (dd, J = 4.2, 2.6 Hz,
1H, Hs), 6.04 (d, J = 14.2 Hz, 2H, Hay), 3.99 (t, J = 7.9, 7.3 Hz, 4H, Hy), 3.95 (s,
3H, Hy), 2.73 (t, J = 6.3 Hz, 4H, Hug), 2.06 (q, J = 6.3 Hz, 2H, Hse), 1.86 (h, J = 7.4
Hz, 4H, Ha7), 1.37 (s, 12H, Hye), 1.04 (t, J = 7.4 Hz, 6H, Hzs). 1°C NMR (176 MHz,
CD.Cl,): 172.86 (Cz2), 164.72 (C1g), 160.19 (C1s), 153.47 (Ce), 147.26 (Cs), 142.82
(Cao), 142.70 (Czs), 141.61 (Caa), 138.84 (Cs), 132.43 (C1z), 129.10 (C7), 129.06 (Cs), 128.76 (C11), 127.79 (Cro), 127.51 (Co),
127.44 (C1a), 125.57 (Ca1), 122.96 (Cs), 122.72 (Cao), 122.54 (C17), 115.64 (C13), 111.19 (Ca3), 110.74 (Cs), 100.38 (Ca1), 100.30
(Ca), 49.62 (Czs), 46.50 (Czs), 33.81 (C4), 28.24 (Cas), 24.94 (C1s), 21.70 (Cro), 21.26 (Czr), 11.88 (Czs). 'H, 'H-COSY (700 MHz
/ 700 MHz, CD,Cl): 8('H) / 5('H) = 1.08/1.88 (Hzs! Har), 1.88/4.02 (Hz1l Hag), 2.10/2.76 (Haol Hig), 6.07/8.00 (Ha1l Hao), 6.32/6.68,
7.02 (Ho/ Ha, Hz), 7.62/7.16 (Haal Hiz), 7.62/7.82 (Hel Hs), 7.16/7.40 (Hsal Hsz)."H, 1*C-HSQC (700 MHz / 176 MHz, CD,Cl):
8('H) / 8(*3C) = 1.04/11.29 (Hag/ Cas),1.37/27.67 (Hael Czo), 1.86/20.66 (Hz/ Car), 2.07/21.13 (Huel Crs), 2.73/24.40 (Hsgl Crs),
3.96/33.05 (H4/ C4), 3.99/45.90 (Has/ Cz6), 6.05/99.80 (Ha1/ Ca1), 6.28/110.01 (Ha/ Cs), 6.65/99.50 (Hal Cs), 6.98/127.02 (Hol C),
7.07/127.15 (H1ol C1o), 7.11/110.62 (Hs/ Css), 7.13/115.05 (Hsa/ C3), 7.15/128.08 (Hasl C11), 7.20/124.98 (Hsil Ca1), 7.29/122.17
(Hsol Cso), 7.36/128.53 (Hsal Csz), 7.59/127.88 (H1al Caa, Hal Cy), 7.80/122.36 (Hal Cs), 7.97/142.22 (Haol Cao).'H, 1*C-HMBC
(700 MHz / 176 MHz, CD,Cl,): 8('H) / 5("3C) = 1.04/20.68, 45.93 (Haa! Cz7.26), 1.37/27.65, 49.04, 141.03, 172.27 (Hael Ca9.23.24.22),
1.86/11.29, 45.93 (Harl Casze), 2.06/24.36, 121.98 (Hiol Ciga7), 2.73/24.26, 121.98, 142.13, 164.15 (Hisl Cis17.2016),
3.95/127.21, 146.68 (Hil Cys), 3.99/11.29, 20.67,142.25,172.28 (Hasl Cos27,.2522), 6.04/49.04, 121.96, 142.01 (Ha1/ Ca3.17,.20),
6.29/127.19, 146.70 (Hsl Cys), 6.66/127.25, 146.70 (Hal Cy5), 6.98/99.72,110.15, 127.28, 146.66 (Hal Cas2s), 7.08/127.21,
131.91 (H1ol Carr2), 7.11/124.92, 141.11 (Hssl Cs125),7.12/115.07, 131.87, 159.61 (His/ Cuzrz15), 7.15/128.12, 138.15 (Hysl
Ci1e), 7.20/110.62, 122.21, 141.11 (Has/ Css3024), 7.30/49.05, 128.53, 142.24 (Hsol Ca332.25), 7.36/110.64, 122.20, 142.18 (Hs,/
Cas3025), 7.59/127.43, 159.62 (Hsal C1ans), 7.60/122.14,152.90 (Hyl Cas), 7.96/24.35, 121.98, 164.15, 172.27 (Hzol C1g17,.1622)-IR
(KBr) vmax 2958.91, 2923.43, 2868.63, 1556.07, 1505.46, 1397.06, 1353.05, 1228.10, 1149.55, 1083.01, 1034.67, 993.80,
912.94, 788.72, 707.09. HRMS [FAB+]: calculated for CssHeoNsO [M]*: 806.4798, found: 806.4794. Mass diff. (ppm)= -0.5 EA:
Calculated, 7.50% H, 70.73% C, 6.48% H; found, 7.14% N, 68.70% C, 6.40

ESI-5



NMR spectra of all compounds synthetized
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Figure S1. 'H NMR (300 MHz, DMSO-d6) spectrum of (E)-2-((4-iodophenyl)diazenil)-N-Methyl-1H-pyrrole — (5).
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Figure S2. 'H NMR (300MHZ, CDCI3) spectrum of 4-Vinylphenol — (7)
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Figure S3. 'H NMR (300 MHz, DMSO-d6) spectrum of SAP: 4-((E)-4-((E)-(1-methyl-1H-pyrrol-2-yl)diazenyl)styryl)phenol — (1). 'H and '3C chemical shifts are based on HSQC and
HMBC NMR spectra. The signals assigned to residual DMF (2.7, 2.8, 7.9 ppm all singlets) are in accordance with values reported in the literature.®
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Figure S5. 'H NMR (700MHz, CD,Cl,) spectrum of Cy-SAP: 2-((E)-2-((E)-3-((E)-2-(3,3-dimethyl-1-propylindolin-2-ylidene)ethylidene)-2-(4-((E)-4-((E)-(1-methyl-1H-pyrrol-2-
ylydiazenyl)styryl)phenoxy)cyclohex-1-en-1-yl)vinyl)-3,3-dimethyl-1-propyl-3H-indol-1-ium iodide. — (2). "H and "*C chemical shifts are based on 2D HSQC, HMBC and COSY NMR
spectra. The inset shows an expanded view of signals crowded around 7.5 ppm.
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Figure S6. '*C NMR (176 MHz, CD,Cl,) spectrum of Cy-SAP: 2-((E)-2-((E)-3-((E)-2-(3,3-dimethyl-1-propylindolin-2-ylidene)ethylidene)-2-(4-((E)-4-((E)-(1-methyl-1H-pyrrol-2-
yl)diazenyl)styryl)phenoxy)cyclohex-1-en-1-yl)vinyl)-3,3-dimethyl-1-propyl-3H-indol-1-ium iodide. — (2). The inset shows an expanded view of signals crowded around 126 ppm. 'H and

3C chemical shifts are based on 2D HSQC, HMBC and COSY NMR spectra.
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Steady State Spectroscopy from upper excited electronic states of the IR780 cyanine dye
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Figure S7. Steady state spectroscopy for the higher excited states (S, n>1) of the IR780 cyanine dye. A) Absorption spectrum
(blue line). The corrected emission spectrum from the second excited singlet state is presented in red symbols. The black line
corresponds to an estimation of the second singlet emission spectrum formed with a pair of log-normal functions. B) Absorption
(green) and excitation (blue symbols) spectra of the IR780 cyanine in methylene chloride. The emission at 528 nm was
monitored. All spectra were taken in acetonitrile. The missing blue symbols are due to the presence of a Raman band.

Computational Chemistry Methods

In order to determine the energy transfer parameters involved in the photoactivation of the Cy-SAP system, we performed DFT
calculations using the Gaussian09-E0.1 set of programs’ for the SAP and IR-780 molecules. In particular, the directions of the
corresponding transition dipole moments are crucial to estimate the energy transfer efficiency as described in the manuscript.
The ground state geometry optimizations and frequencies were obtained using the PBEO and MO06 hybrid functionals and the
6-311++G(d,p) basis set. These are among the best general purpose functionals for large organic molecule excited state
calculations.®'® Our main use of these results is the estimation of the relative direction between the transition moment vectors
relevant in the indirect excitation of the actuator section (from the higher cyanine-localized state to the excited state localized
in the stilbenyl-azo section). The transition dipole moment vectors are important parameters which determine the efficiency of
energy transfer. The calculations were carried out in solution (acetonitrile) with the polarizable continuum model (PCM). The
absence of imaginary frequencies in these calculations confirmed the global energy minimum of the ground state equilibrium
geometry. The excitation energies were corrected by state-specific solvation of the vertical excitation states.

The ground state equilibrium geometries were optimized using the PBEO (PBE1PBE) and M06 as functionals, along with the
base set 6-311++G(d,p), using the PCM solvation model PCM for acetonitrile. The calculations obtained did not yield any
imaginary frequencies. Later, the excitation energies carried out trough TD-DFT calculations. Lastly, the excitation energies
were corrected by means of calculations of the state-specific solvation of the vertical excitation. For the TD-DFT and TD-DFT
calculations with state-specific correction, the same functionals, base set and solvation model were used. The input files shown
below, correspond to the ground state equilibrium geometry optimization. The Z-matrix coordinates of the optimized geometries
for SAP and IR-780 are included in a different section below.
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Gaussian input file example for the SAP molecule ground state equilibrium geometry optimization.

%nprocshared=16

%mem=32gb

%chk=SAP.chk

#p pbe1pbe/6-311++g(d,p) opt=calcfc freq scrf=(pcm,solvent=acetonitrile) nosymm int=grid=ultrafine iop(1/8=3) scf=xqc
density=current

SAP_SO0_acetonitrile

01
[Z-matrix coordinates of the input structure]

Gaussian input file for the SAP molecule to the vertical excitations calculation.

%nprocshared=16

%mem=32gb

%oldchk=SAP.chk

%chk=TDSAP.chk

#p pbe1pbe/6-311++g(d,p) TD=(NStates=20,singlets,root=2) scrf=(pcm,solvent=acetonitrile) nosymm int=grid=ultrafine
iop(1/8=3) scf=xqc density=current geom=check guess=read

SAP_TD_acetonitrile

01
[No coordinates in Z-matrix because chosen the SAP.chk file to start the TD-DFT calculation using geom=check and
guess=read as keywords]

Gaussian input file for the SAP molecule to TD-DFT state-specific solvation of the vertical excitation calculation.

Y%nprocshared=16

%mem=32gb

Y%oldchk=SAP.chk

%chk=SAPSS.chk

#p pbe1pbe/6-311++g(d,p) scrf=(pcm,solvent=acetonitrile,read) nosymm int=grid=ultrafine iop(1/8=3) scf=xqc
density=current geom=check guess=read

SAP_state_specific_acetonitrile_01

01

NonEqg=Write

--Link1--

Y%nprocshared=16

%mem=32gb

%chk=SAPSS.chk

#p pbe1pbe/6-311++g(d,p) scrf=(pcm,solvent=acetonitrile,Externallteration,Read) TD=(NStates=20,singlets,root=1) nosymm
int=grid=ultrafine iop(1/8=3) scf=xqc density=current geom=check guess=read

SAP_state_specific_acetonitrile_02

01
NonEg=read
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Figure S8. SAP Experimental absorption spectra (red line) comparison with the calculated vertical transitions (black lines) calculated using TD-DFT PBE0/6-311++G(d,p) (left) and M06/6-
311G++(d,p) (right)with PCM as MeCN solvent model.
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311++G(d,p) (right) with PCM as the solvent model for acetonitrile. An expanded view of the spectra from 200 to 500 nm is included in the insets.
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Energy Transfer Rate Constant Calculation (Forster model)

The rate of transfer k;,..,,s can be calculated using the equation S1 which considera a coulombic type interaction for the interchromophore
coupling.

9000 In(10) K2®; () J (81)
trans — 128 11-5Nn41:R6

Where is k? the orientation factor of the donor and acceptor transition dipole moments, @4 (py, is the donor fluorescence quantum
yield in the absence of any acceptor, J, is the spectral overlap, N is Avogadro’s number, n, is the solvent’s refractive index, , is the
donor fluorescence lifetime and R is the donor—acceptor center-to-center distance of separation. The spectral overlap is:

o (S2)
_ [P fs(eaw)
J= J; —

where f(v) is the normalized spectral distribution of fluorescence intensity as a function of wavenumber, &,(v) , is the molar absorption
coefficient of the acceptor as a function of wavenumber.

The Foster distance R, which is a critical distance between the center of donor and acceptor where the transfer efficiency is 50% value is:

6 _ 90001n(10) x2<l>,(D)] (S3)
0 128 m5Nn*
The Transfer efficiency, T, can be calculated using Equation S4.
T= RS (S4)
" RS+ RS

The calculation of the Fdster energy transfer parameters was performed using the program PhotochemCAD ™. "7

In the following pages we include three different ways to calculate the Forster efficiency. In all cases we use the S, emission spectrum of IR-
780 but change the way we consider the acceptor chromophore absorption transitions. We include the calculations using the SAP absorption
spectrum (Figure S11), the Cy-SAP absorption spectrum (Figure S12), and the Cy-SAP minus IR-780 absorption spectrum (Figure S13, also
see Figure S10). All these different ways to estimate the overlap integral give similar results, with efficiencies from 75 to 81%. The manuscript
refers to the calculation according to the overlap displayed in Figure S11 which considers the SAP absorption spectrum.
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Figure S10. Comparison between the Cy -SAP and the IR780 absorption spectra. We also include the spectrum that results from the
substraction of the Cy-SAP spectrum minus IR780 absorption spectra. This spectrum is nearly identical to that of SAP. This comparison was
made in order to show that the two chromophores maintain their spectroscopic properties in Cy-SAP.
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Figure S11. Overlap between absorption spectrum of SAP (orange line) and emission spectrum of the S, state of IR780 (purple line). The latter
spectrum was formed with two log-normal functions which were fitted to the experimental data as indicated in a previous figure.

Table S1. Results of the Forster energy transfer calculations in Cy-SAP using the orientation factors obtained with TD-DFT calculations, and
the overlap in Figure S11. The interchromophore distance was 0.925 nm which corresponds to the center-to-center distance of the two
chromophores from the respective optimized geometry. For reference we include the results from considering random relative orientations
between the chromophores (k? =2/3).

Kk?=2/3 PBEO (k2 = 3.76) MO06 (k2 = 3.73)
J [ cm®mmol] 2.3x10™ 2.3x10™ 2.3x107™4
Forster distance [A] 8.3 11.1 11.1
Transfer efficiency [%] 34.7 75.0 74.8
Kirans [$7'] 3.8x10" 2.1x10" 2.1x10%
Dexter value [eV'] 0.116 0.116 0.116
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Figure S12. Overlap between absorption spectrum of Cy-SAP (blue line) and emission spectrum of S, excited state of the IR780 (purple line).

Table S2. Results of Forster energy transfer calculations in Cy-SAP using orientation factors obtained with TD-DFT theory and the overlap in
Figure S12. For reference we include the results from considering random relative orientations between the chromophores (x? = 2/3 ).

K? = (2/3) PBEO (x*= 3.76) MO06 (k2= 3.73)
J [ cm®*mmol] 3.1x10™ 3.1x10™ 3.1x10™
Forster distance [A] 8.8 11.8 11.7
Transfer efficiency [%] 41.6 80.1 80.0
Kirans [$7] 5.1x10" 2.9x10" 2.9x10%
Dexter value [eV-] 0.123 0.123 0.123
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Figure S13. Overlap between absorption spectrum of Cy-SAP minus IR780 (green line) and emission spectrum of the S, excited state of the

IR780 (purple line).

Table S3. Results of Forster energy transfer calculation in Cy-SAP using orientation factors obtained with TD-DFT theory and the overlap in

Wavelength (nmd

Intensity (I

Figure S13. For reference we include the results from considering random relative orientations between the chromophores (x? = 2/3 ).

K? = (2/3) PBEO (1 = 3.76) MO06 (k2 = 3.73)
J [ cm®*mmol] 3.1x10™ 3.1x10™ 3.1x10™
Forster distance [A] 8.8 11.7 11.7
Transfer efficiency [%] 41.7 80.1 80.0
Kirans [$7] 5.1x10" 2.9x10" 2.9x10"
Dexter value [eV-] 0.156 0.156 0.156
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E-Z Photo-transformation of the Actuator (SAP alone)
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Figure S14. Evidence of the phototransformation of the SAP system and the return to the thermally stable isomer (E). On the
left we show the spectral evolution associated with the Z-E thermal back-transformation. On the right we include the proton
NMR spectrum as a function of time for the Z-E thermal back-transformation. The signal at 3.88 ppm corresponds to the N-
methyl proton of the Z isomer and the signal at 3.825 pm, to the same proton in the E-isomer.
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Figure S15. 'H Spectral evolution of the Z->E thermal back-isomerization of Cy-SAP. The complete disappearance of the Z

isomer is more clearly observed in the full spectra. Important signals are marked with arrows next to the signals.
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Estimation of the absorption spectra of the E-SAP and E-Cy-SAP isomers from the photostationary spectra

The method used to obtain an estimation of the absorption spectra for each isomer is based on the one proposed by Calbo
and coworkers."® Starting from the Lambert-Beer law for the photostationary state:

Apss(D) = (M) Cp(PSS) + £,(A)C,(PSS)) (S5)

Where Apgs(2) is the total absorbance in the photostationary state as a function of the wavelength, [ is the path length (in
cm™), £x(A) and £4(2) (in L mol' cm™) are the molar extinction coefficients as a function of wavelength of the trans- and cis-
isomers respectively.

Rearranging for g;(t) from Equation S5:

Aess®) _ e, ocy(pss)
C,(PSS)

g(A) =

It is known that the total concentration C, remains constant throughout the isomerization process and is also the sum of the
concentration of both isomers.

Co = Cc(PSS) + C5(PSS) (S7)

The concentration of trans- and cis- isomers in the photostationary state was estimated using a specific wavelength where
the trans isomer is the main absorbent.

A As ecific
Cr(PSS) = f (%) (S8)
spectfic
¢,(pss) = A=oWwear) o pgg) (S9)

€g (lspecific)

where A(Agpecific) is the absorbance before irradiation in a specific wavelength where the absorbance of the cis- isomer is
minimal, Apss(Aspecisic) is the absorbance after irradiation in the photostationary state at the same wavelength and f is a
relation between the frans- and cis- isomer’s absorbance at the 4

specific:
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Figure S16. (A) Absorption spectrum of (E) SAP and (Z) SAP. (B) Absorption spectrum of (E) Cy-SAP and of (Z) Cy-SAP
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Figure S17. Spectra showing the data used to calculate the photoisomerization quantum yield for monophotonic excitation in
the formation of the photostationary state of SAP (A) and Cy-SAP (B) irradiating with 405 nm 3 mW laser. The thermal back
isomerization is also included for both systems.
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Figure S18. Photoisomerization-cycles of SAP system (left) and Cy-SAP system (right). Both experiments were made in
acetonitrile
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Non-linear NIR light Excitation and Photoisomerization of Cy-SAP

Non-linear photocontrol of the Cy-SAP system through energy transfer from the cyaninic antenna to the azo linkage effector
was demonstrated with the following experiment. Cy-SAP was used after recrystalization from DCM/ether. Acetonitrile (HPLC)
was used for the measurements. The solutions were used immediately after preparation. The experimental setup is shown in
Scheme S1.

The same laser system as the fluorescence up-conversion experiments was used. The laser system produces pulses of 100-
200 fs, 860 nm at 1kHz repetition rate. The output beam power was adjusted trough a neutral density filter (NDF) and focused
with a lens (Thorlabs, f=1000 mm) into a 0.5 cm quartz cell containing 400 mL of the solutions (stirring, in darkness and sealed).
The isomerization from the azo moiety is monitored by taking UV-Vis spectra prior and after NIR irradiation.

Evolution, Nd: YLF, 527 nm laser
12w Verdi, NdVO,,532 nm laser
4w

Model-Locked Ti:Saphire laser
865 nm, 240 fs, 200 mW, 100 MHz

Amplifier, Ti:Saphire laser,
865 nm, 240 fs, 580 mW, 1KHz

Galileo’s
Telescope

Mirror

NDF  flip f=1000 mm

Scheme S1. Experimental setup for non-linear photoisomerization of Cy-SAP.

In order to determine the intensity levels where no Cy-SAP photodegradation is observed from multiphoton ionization and
other irreversible multiphoton events, the samples were irradiated for 5 minutes at 3-20 m\W average powers (2x10'%-2x10"
W cm2 peak irradiance) with the pulsed NIR source tuned to 860 nm. The spectra in Figure S19 show there is no change at
wavelengths above 600 nm when exciting the sample at powers up to 10 mW, indicating no cyanine decomposition. When
working in these powers, the only change observed is the one due to the isomerization of the azo linkage as observed in the
250—500 nm region. Evidence of photodecomposition is observed only when irradiating at average powers larger than or
equal to 20 mW. At average powers larger than this, the cyaninic absorption above 600 nm drops by a small percentage,
suggesting some decomposition of the antenna due to the large irradiation intensity. Furthermore, at these larger intensities,
the isomerization around the azo moiety is not observed given there is no change in absorption around 420 nm, further
indicating non-linear optical decomposition at these higher intensities, most likely due to multiphoton ionization.

Although a small yield dissociation of the ether linked group has been observed in a related system previously by our group
upon non-linear excitation (a different system, designed for such purposes),’ no evidence of this was seen for the Cy-SAP
system. For the system of ref. 17, the meso-attached group was specifically designed for homolytic dissociation, which is
achieved in a small yield of 2x10- per excitation event (which is appropriate for the application of that system). In fact, in ref.
17 we included an example of a different attached meso substituent which does not undergo dissociation, which shows that
meso-group photodissociation is not a general feature in this kind of molecule.

Further evidence that the Cy-SAP molecule does not undergo photo-destruction at the 2x10'°-2x10"" W cm? intensity levels
comes from the observation that when the sample is allowed to rest at room temperature after irradiation, there is a full recovery
to the initial state after with a clear isosbestic point at 365 nm (Figure S25). Moreover, if the dissociation was to occur, the
band at 425 nm would show changes in shape, absorbance and position. It should be noticed that the first band of the
stilbenylazopyrrole unit in the phenol form has a more square-like form with a larger absorption coefficient. The differences in
these bands between SAP and Cy-SAP is highlighted in Figure S26.

The quadratic dependence of the azo-linkage isomerization as a function of irradiation power was tested using the same setup
in a power range where no degradation is observed (2-7 mW or 2-5x10"°W cm peak irradiance).
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Figure S$19. Photodecomposition intensity threshold. The spectra where taken after NIR irradiation and compared to the
spectrum prior to irradiation. Right: The full spectral window shows no decomposition at intensities up to 10 mW. Left: Close
up of the 250-500 nm spectral region, different behavior is seen at 20 mW irradiation power.
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Figure S20. Absorption spectrum of Cy-SAP (red line) and for comparison, the sum of the absorption spectra of SAP and
IR780 focusing in the 300-500 nm spectral range.
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Figure S21. Cy-SAP thermal back-isomerization (Z->E) after two-photon excitation at 860 nm. A clear isosbestic point is seen
at 370 nm. Full relaxation to the original spectrum is seen. The two-photon induced reaction takes place in the center of a 3
ml sample cell so that the spectra can be acquired in a UV-Vis spectrophotometer. It should be noticed that the transformation
occurs in a small volume of the order of a few cubic microns, but the spectra are representative of the mixed 3 ml sample,
therefore, the net transformation in the full cell’s volume is small despite the fact that the phenomena occurs in a localized
fashion in the center of the sample (where the local concentration for the E-Z isomerization by two photon absorption can be
much higher).
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Time-resolved Fluorescence Spectroscopy

Table S4. Parameters for the Fluorescence Decay of the S; state of IR780 in Ethanol Solutions.

Muo(MMI 74 [fs]lps]  t4[%] T2 [ps] a2 [%]
480 0.18+0.1 88.2 1.45+0.2 11.8
500 0.21+0.1 83.3 1.45+0.2 16.7
520 0.26+0.1 74.0 1.45+0.2 26.0
530 0.23+0.1 721 1.45+0.2 27.9
540 0.22+0.1 63.0 1.45+0.2 37.0
560 0.21+0.1 68.7 1.45+0.2 31.3

Aexc = 860 nm. IRF ~200 fs.

Table S5. Parameters for the Fluorescence Decay of the S, state of SAP and Cy-SAP in Acetonitrile Solution.

Muo MM T spp [fs] Tcysap [fS]
475 200 + 100 170 £ 20
500 240 + 60 200 + 20
525 260 + 30 170 £ 20
550 260+ 10 180+ 10
575 300 £ 20 190 + 10
600 300 £ 20 180 + 20
625 0 - 200+ 10

Aexc = 860 nm. IRF ~300 fs.
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Figure S22. Comparison of absolute fluorescence intensities between SAP IR-780 Cy-SAP. The detection and excitation
wavelengths were 500 nm and 860 nm (two photon) respectively. The IR-780 were taken in a back-to-back fashion. The up-

conversion experiments for SAP required an increase in the solution concentration and a two-fold increase in the pulse energy
due to its reduced two-photon absorption cross section.
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Figure S$23. Time resolved emission spectra from (A) IR-780 and (B) SAP and (C) Cy-SAP. The emission is produced by two-
photon 860 nm excitation. The solvent in all cases was methanol. The symbols indicate the experimental up-conversion signals
and the coloured surfaces were interpolated from these data.
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inetic Scheme for the Antenna-Actuator system (Cy-SAP):

Cy- E- SAP Z- SAP

_________ — Z-SAP

Cy- V E-SAP

0]

Scheme S2. Kinetic scheme of the system Antenna-Actuator (Cy-SAP).

Starting with the population of the second singlet excited state located at the cyanine section (Sg") by two-photon absorption,
the system can evolve through energy transfer to form the first singlet excited state of the actuator section: (E) SAP (S‘f‘“").
This population can then undergo isomerization to form the Z isomer after internal conversion to the ground state potential
energy surface. The energy transfer channel exists in kinetic competition with internal conversion within the states localized in
the cyanine section. The radiative channels are quite minor but can be used to follow the population of the excited states.

For Sgythe elemental processes are:

Cy

Sgy Kraq Sgy + oy (S10)
C

s g s© (S11)

s "_gyi SE-sap (812)

Where (S10) corresponds to the radiative decay, (S11) to internal conversion to the first cyanine-localized
excited state, and (S12) to the energy transfer channel.

For SE=54P the processes are:
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F-sap Xrad " CE_sap - S13
S§-sAP T2, E-SAP | pyE-SaP (S13)

E-sap MIC° " CE_sap (S14)
$i7 —— S,
E—SAP — Z—-SAP (815)
SE-sap Kic SE-sap

Where the channel in (S13) is the emission decay from S¥-54° (radiative channels are of course small in yield but were used
to monitor the kinetics). The channels in (S14) and (S15) correspond to the return to the electronic ground state leading to
each isomer respectively.

We can write the kinetic equations for the concentration of S5” as a function of time [$5” ()] and the concentration of $5-547
as a function of time [S£-54P (¢)], which are the two bright states of the system at the detection wavelengths.

d
— ;152 ®] = 827 @) (ko + K78 + Ky (816)
d
— = [SETSAP ()] = [S5SAP ()] (1B §4F + 1cfSAP + e AP = 22507 — [ (8)] (acy (817)

dt

The last term in equation (S17) corresponds to the formation channel of SE=54P through energy transfer. Identifying xgm, as

the sum of the Cy-localized S, decay constants and k£, 547 as the sum of SAP (E) Sy decay constants, equations (S16) and

(S17) are:
Ly P ®] = [s9@®)] &2 (s18)
dt[z ]_[2()]KTotal
d
— gz S5 0] = IS5 O] k8 — [87(®)] iy (519)
Equation (S18) corresponds to a fist-order reaction, with solution:
Y] = [s2 (0)]e (“orar)t S20
[s3> ®©] = [$; (0)]e \*rotm (S20)
Substituting the previous equation, in the differential equation of S£~54P (equation S19).
d o cposap E-SAP E-SAP _ ,.CY [¢CY ~(Kfyear) t
_E [Sl @®]= [51 ®] KTotal — Kgr [SZ (0)]3 Total (S21)

Gives the following solution where [S5~54P(t = 0)] = 0.

Cy
[SE54 (8)] = —— T [$97 (0)] (e~ (Khoer) — e(cF)¢) (522)
Total ~— ™Total
Defining:
K
KcE-SAP — ET (823)
Kfotl ~ Kpntal

Equation (S22) can be written as follows.

(5757 (9] = w5 [s57 (@)] (e~ (K7oad)t — e~ (fii1) (824)

From the up-conversion experiments, the total decay rate constants for Cy S, and SAP S are (xgm, ~ 6x101? [s‘l]),

(Kfou8? ~4x10'%[s71]). From the simple Forster model, the rate constant for energy transfer was estimated above to be
approximately (kg5 = 3 x10'2 [s71]).

With these considerations [Sgy (©)] and [S5754P (1)] evolve as follows:
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Figure S24. Concentration [%)] as a function of time for both emissive states S5” (red) and S£~547 (blue).

Fluorescence signals

The fluorescence signal as a function of time is proportional to the number of photons being emitted per unit time from the
sample by both states since both emit in the region where the fluorescence was detected (475 to 600 nm, see the
manuscript): kv (t) and hvE=54P(¢).

The kinetic equations of these processes are:

% [Rve (0)] =[5 (©)] k2, (S25)
& hyEsar(e)] = [5-47 (0)] w57 (526)

The total fluorescence intensity is the sum of the fluorescence intensity of both states Szcy (t) and S£754P (), therefore the
total intensity as a function of time is:

(& _(CY _
Lo(®) = K, e (KFoea) € 4 yE-$AP  E-saP (e (KFear) t _ o= (kioit?®) t) (S27)

We can rewrite the previous equation in order to obtain an expression in terms of ratio between the radiative constants (this
relation may vary slightly across the spectrum due to the different vibro-electronic transitions of each state).

Cy
Lo () = < Xraa )e-(xiﬁm)t FHg (e-(xiﬁm)t — e (F3i)e) (S28)

E-SAP
Krad

The fluorescence detected at 500 nm is a convolution between the fluoresce signal I, with the instrumental response
function I;ge Of our up-conversion setup which is a gaussian function with a FWHM of 270 fs.

Convolution — ’ r
Ifluo ¢ (t) = Jt,IlRF(t —t ) Ifluo(t ) (829)

From the absorption spectrum, the relation between the radiative constants for the second excited state localized in the cyaninic

cy
. . . . . . . . 1 . . .
section Kf;’d and the first excited state localized in the azo section rZ;54% is ( rad -~ Z)' This value was estimated using the
Krad

relation between the molar extinction coefficients in the region of 450 nm (see Figure S10).
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Figure S25. Fluorescence up-conversion traces of Cy-SAP (blue symbols) and IR780 (red symbols).

The black thick line is the result of the kinetic model that simulates the total convoluted fluorescence intensity [a.u.] as a function
of time. The emission is considered to come from both chromophores according to their population evolution in equation (S28),

cy
considering the following relation between the radiative rate constants ( rad Z) , and a gaussian instrumental response
K,

rad
function with FWHM = 270 fs. The experimental Cy-SAP and IR-780 were scaled for comparison and are included to show
that this simple kinetic model approaches the actual experimental observation (blue symbols). The Cy-SAP experimental trace
(blue) decays in a somewhat shorter time scale (within 30% of the kinetic model). This is probably due to the fact that the
kinetic model only considers a simple Forster type energy transfer with dipole-dipole coupling. Due to de small distance
between the chromophores (R= 0.92 nm), it is expected that higher multipole interactions would accelerate the exciton
migration).
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Figure S26. Time resolved emission at 525 nm with detection in the parallel (blue) and perpendicular orientation (red) with
respect to the polarization of the 860 nm excitation pulses. (A) IR-780, (B) SAP and (C) Cy-SAP. The insets show the

respective emission anisotropies r = D7 hear t=0. In the insets, the symbols correspond with the anisotropies calculated
L

I+21
directly from the up-conversion data, and the solid line corresponds to the anisotropies calculated from the de-convoluted
exponential fits to the parallel and perpendicular traces. Other emission wavelengths are presented below for each molecule
in separate figures.

The time-resolved anisotropies were used to further demonstrate differences between the excited state evolution of each
chromophore alone and of their dyad Cy-SAP. As can be seen, the anisotropies due to the excitation of the IR-780 system
near t=0 correspond to a value of 0.3+0.03. For this cyanine-only case, the observed anisotropy is expected to be determined
by the net effect of the transition dipole moments involved in the two-photon absorption, and their relative orientation with the
transiently emissive cyanine S, state. Here, we note that the 0.3 anisotropy value is most likely due to the superposition of
several available Sn, n>1 states at the respective two-photon energy in the initial excitation of IR-780 (see manuscript). The
anisotropy values of the SAP solutions correspond to larger anisotropy values, of 0.42 +0.03. this r(0) value is from the direct
electronic excitation into the higher singlet states of the stilbenyl-azo system (which also may involve more than one state in
the two-photon transition). Finally, the Cy-SAP anisotropy traces correspond with values of 0.1+£0.03; a significantly smaller
r(0) value in comparison with the IR-780 and SAP solutions (the IR780 and the Cy-SAP experiments were taken in back to
back fashion in order to minimize small effects in the anisotropy results which can arise from small alignment differences).
From the limited time resolution, it was not possible to reliably detect the time evolution of the anisotropies (due to the
convoluted nature of the signals with the IRF). However, the difference in their near t=0 values are illustrative of the difference
in the excited state properties of the three systems. The much lower anisotropy for Cy-SAP in comparison with the two separate
systems indicates a rapid (comparable with our time resolution) evolution towards the SAP chromophore from the cyaninic
chromophore.
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Figure S27. Main graphs: Femtosecond fluorescence up-conversion traces of IR-780 in acetonitrile solution detecting the
parallel (blue) and perpendicular (red) emission polarization component of the fluorescence excitation with respect to the
excitation polarization axis. The solid lines are fits to multiexponential decays convoluted with the instrument response function.
The detections wavelengths were (A) 475 nm, (B) 500 nm, (C) 525 nm, (D) 575 nm, (E) 600 nm, (F) 625 nm, and the excitation
wavelengths was 860 nm. The excitation is due to a two-photon absorption process. The inset shows the emission anisotropy
values around t=0. The symbols are anisotropy values calculated with the experimental data, and the solid line was calculated
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considering the de-convoluted fits to the time resolved emission data.
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Figure S28. Main graph: Femtosecond fluorescence up-conversion traces of SAP in acetonitrile solution detecting the parallel
(blue) and perpendicular (red) emission polarization component of the fluorescence excitation with respect to the excitation
polarization axis. The solid lines are fits to multiexponential decays convoluted with the instrument response function. The
detections wavelengths were (A) 525 nm, (B) 550 nm, (C) 575 nm, (D) 600 nm. and excitation wavelengths was 860 nm. The
excitation is due to a two-photon absorption process. The inset shows the emission anisotropy values around t=0. The symbols
are anisotropy values calculated with the experimental data, and the solid line was calculated considering the de-convoluted
fits to the time resolved emission data.
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Figure S29. Main graph: Femtosecond fluorescence up-conversion traces of Cy-SAP in acetonitrile solution detecting the
parallel (blue) and perpendicular (red) emission polarization component of the fluorescence excitation with respect to the
excitation polarization axis. The solid lines are fits to multiexponential decays convoluted with the instrument response function.
The detections wavelengths were (A) 475 nm, (B) 500 nm, (C) 525 nm, (D) 550 nm, (E) 575 nm, (F) 600 nm. and excitation
wavelengths was 860 nm The excitation is due to a two-photon absorption process. The inset shows the emission anisotropy
values around t=0. The symbols are anisotropy values calculated with the experimental data, and the solid line was calculated
considering the de- convoluted fits to the time resolved emission data.
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SAP Z-matrix (compact) coordinates ground state (using PBEO functional).

0 1 (charge and multiplicity)

C

C 1 1.39275

C 1 1.39671 2 119.61700

C 2 1.38551 1 119.66754 3  359.99093
C 3 1.38432 1 120.12180 2 0.00474

C 5 1.40321 3 121.40121 1 0.00601

H 2 1.08465 1 119.37131 3  179.99284
H 4 1.08626 2 119.01838 1  179.99507
H 3 1.08644 1 119.88643 2  180.01260
H 5 1.08480 3 118.31267 1  179.99160
o 1 1.35587 2 117.80485 3  179.99322
C 6 1.45743 5 123.75721 3  179.98418
H 12 1.08840 6 114.20916 5 180.13338
c 12 1.34662 6 126.94794 5 0.09769

H 14 1.08815 12  119.04262 6  359.93228
C 14 145637 12 12657016 6  179.99678
C 16 140462 14 123.85884 12  359.31591
C 16 140794 14 118.61569 12  179.33418
c 17 1.38233 16  120.89334 14  179.96532
H 17 1.08464 16  120.28490 14  359.91376
c 18 1.38158 16  121.90957 14  180.03602
H 18 1.08655 16  118.77196 14  359.99913
c 19 1.40099 17 120.96156 16 0.02310
H 19 1.08540 17  120.60539 16  179.98720
H 21 1.08366 18 120.68576 16  179.96986
N 23 140145 19 115.95536 17  179.99380
N 26 1.26148 23  114.95763 19  180.14716
c 27 1.36315 26  115.80589 23  180.02714
Cc 28 1.39741 27  134.26613 26 0.12157
N 28 1.38092 27 117.79733 26  180.08868
c 29 1.39897 28 106.97546 27  179.98664
H 29 1.07929 28 125.17411 27 0.00181
Cc 30 1.35057 28 108.81585 27  180.00171
H 31 1.08013 29  127.24497 28  180.01605
H 33 1.07997 30 120.75943 28  180.00690
C 30 1.44995 28  125.56018 27 0.10853
H 36 1.00077 30 110.50276 28  300.20511
H 36 1.00089 30 110.54866 28 60.94477
H 36 1.08924 30 108.29506 28  180.58173
H 11 0.96219 1 109.98463 2  180.00183

Ground state energy E(PBEO) = -972.80297702 Hartrees.
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SAP Z-matrix (compact) coordinates ground state (using M06 functional).

0 1 (charge and multiplicity)

1 1.39041

1 1.39417 2 119.71747

2 138312 1 119.62763 3 0.03132
3 1.38208 1  120.06896 2  359.97672
5 1.40073 3 121.34589 1  359.92103
2 1.08542 1 119.16926 3  180.05741
4 1.08729 2 119.21135 1 179.99537
3 1.08710 1 119.71912 2  179.89821
5 1.08602 3 118.48462 1  179.82563
1 1.35468 2  117.74693 3  179.93751
6 1.45549 5 123.54079 3  180.15386
12 1.09045 6 11426330 5 181.50606
12 1.34294 6 126.95505 5 1.72013
14 1.09021 12  119.01566 6 0.26344

-
N

145459 12 12649413 6  180.05437
1.40221 14  123.61402 12 1.15300

1.40529 14 118.73335 12  181.07463
1.37989 16  120.80652 14  180.04296
1.08577 16  120.19846 14 0.15711

1.37946 16  121.85589 14  179.89811
1.08756 16  118.64532 14  359.90290
1.39864 17  120.93909 16 0.05397

1.08635 17 120.80589 16  180.03088
1.08459 18 120.73901 16  179.99966
1.40372 19  115.84867 17  179.94842
1.26158 23  114.95111 19  181.18332
1.36434 26 11559595 23  180.14690
1.39377 27 134.14766 26 0.43503

1.38239 27 117.90026 26  180.39541
1.39781 28 107.07024 27  179.97661
1.07997 28 125.07819 27 0.01905

1.35210 28 108.62314 27  180.00353
1.08026 29 127.19046 28  180.02257
1.08087 30 120.58815 28  180.03097
1.45029 28  125.60567 27 0.07610

1.09186 30 110.64982 28  299.54439
1.09184 30 110.64305 28 60.22476
1.09021 30 108.37246 28  179.88591
1" 096346 1  110.32792 2  180.03584

_ A A
~N o o

W W WWWWNDNDNNNDNDNDN-=2 2
D OO W -2 0 O O©wwNOO” W= © © o

IIIIOIIOIOZOOZZIITIOIOIOOOOIOIOOIIIIOOOOOO
w -
(o] ~

Ground state energy E(M06) = -973.22349353 Hartrees.
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Cy Z-matrix (compact) coordinates ground state (using PBEO functional).

1 1 (charge and multiplicity)

1 1.51821

1 151788 2  110.65443

1 1.09623 2 109.33109 3  239.44156
1 1.09337 2 110.15449 3  121.98894
3 1.50982 1 112.21427 2  306.63605
3 1.09347 1 109.49676 2  185.05193
3 1.09869 1  109.85507 2 68.48147
2 150955 1 11199773 3 54.26578
2 1.09860 1  109.84180 3  292.45848
2 1.09332 1 109.53386 3  175.81852
9 1.39534 2 120.67837 1  155.14152
12 1.39265 9 12549262 2 2.00180

-
w

1.39138 12 12491914 9  179.85552
1.34988 13  122.28586 12  179.18883
1.52886 13  128.75147 12  359.06037
140276 14  111.54875 13  178.49825
1.39086 15 108.92674 14 1.30977

1.38750 15 128.67946 14  181.24344
1.39391 17  117.11953 15  180.49670
1.39274 19  121.22284 17  359.91525
1.38243 17 119.99536 15 179.43775
1.53780 14  111.61582 13 63.84735
1.09267 16  110.96204 14 53.61914
1.09147 16  111.85386 14  292.43266
1.09298 16  109.23192 14  172.89374
1.53760 14  111.84264 13  298.02035
1.00266 16  110.94327 14  306.68324
1.09309 16  109.18158 14  187.49128
1.00137 16  111.95147 14 67.95384
1.45477 14  125.80111 13 0.42561

1.52518 15 112.86662 14 86.84467
1.09257 15 108.38837 14  323.36127
1.09255 15 107.33925 14  208.93203
152129 31 11143782 15 179.65183
1.09521 31  108.98626 15 57.80935
1.09521 31  109.14441 15 301.65081
1.09448 32  111.25457 31  300.03548
1.09262 32 110.79529 31  180.18136
1.09451 32  111.28093 31 60.29432
1.08372 17  122.29760 15 0.80811

1.08478 19  119.09725 17  180.03380
1.08457 20 119.70858 19  179.99672

NN =22 2N =2 A A a a
W Wo 0wo Oo~N~NO MDD

NN =2 WWWWWWwWwWww=2NNN=
S, O OO U NNMNN-_" - 2NN ~NO

22 1.08557 18  121.04601 17  180.16280
6 497069 3 120.13779 1  233.26248
45 1.77161 6 4463559 3  179.01638
46 1.00138 45 35.81594 6  115.86260
47 1.09304 46  108.00311 45 117.09124
7 358132 3 151.67535 1  158.71484

I
©

2.52152 86.09389 3  117.81130
1.76679 49 68.70750 7  140.06348
1.09262 50 36.15186 49 65.19510
1.09522 7 129.68615 3 74.34046

OO I I I IO IIIIIIIIIIIOIIOOIIIOOIIIOOOOOOOOOOOZOO0O0IIOIIOIIIOOO
oo N
G} [N

~

N
©
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47
6
54
53
54
56
57
59
59
54
53
62
61
62
52
67
56
70
66
67
70
69
60
70
55
63
12
13
6
82

OIITIIIIIIIIIIOOIOOIIOOONONOOZIOOO

o

2.53998
1.39563
1.52860
2.17249
1.34977
1.51041
1.09257
1.39087
1.38244
1.39154
1.09523
1.08559
1.38755
1.39667
1.09447
1.39276
1.53805
1.09145
1.08376
1.08456
1.09297
1.08479
1.09253
1.09268
1.08150
1.08328
1.08150
1.08337
1.40597
1.75600

46
3

47
49
47
54
53
56
56
47
49
59
59
59
51
62
54
56
61
62
56
67
57
56

6

54

©

12
3
6

96.56524
120.52319
34.16559
95.32376
121.47269
101.31990
40.92085
109.22588
130.77088
107.91839
106.68567
121.05180
122.38962
118.70167
107.75102
120.56148
111.56561
111.85503
122.30037
119.73526
109.19288
119.67744
106.28053
110.95437
116.44668
116.84677
116.40635
118.22432
117.74950
117.59608

45
1
46
7
46
47
49
54
54
46
7
56
56
56
50
59
47
54
59
59
54
62
53
54
3
47
2
9
1
3

268.66354
202.86042
239.91856
339.75133
162.81410
242.80838
238.29239
359.51612
179.58659
13.92867
197.14850
0.04250
179.62532
180.12585
116.11592
0.06234
125.78146
292.37552
180.66231
179.91724
172.85160
179.74935
239.61162
53.58288
180.03631
147.46501
180.93828
0.86040
24.96425
182.07165

Ground state energy E(PBEO) = -1966.32558585 Hartrees
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Cy Z-matrix (compact) coordinates ground state (using M06 functional).

1 1 (charge and multiplicity)

1 1.51529

1 151510 2  110.41455

1 1.09824 2 109.30551 3  239.64751
1 1.09414 2 110.35288 3  122.23605
3 1.50773 1 112.07547 2  306.07151
3 1.09516 1 109.81199 2  184.33232
3 1.10086 1  109.81979 2 67.82267
2 150749 1 111.92493 3 54.71481
2 1.10079 1 109.81327 3  292.96737
2 1.09501 1 109.80849 3 176.41370
9 1.39090 2 120.67262 1  155.65717
12 1.39035 9 126.43989 2 2.06775

-
w

1.38814 12  123.79245 9  178.70022
1.34994 13  122.71383 12  179.04147
1.52765 13  128.39144 12  358.64558
140555 14 11147171 13  177.62510
1.38784 15 108.86855 14 1.74109

1.38440 15 128.65383 14  181.76703
1.39214 17  117.05419 15  180.43181
1.39060 19 121.21862 17  359.91021
1.37994 17  120.02351 15 179.47316
1.563315 14  111.66545 13 64.92546
1.09459 16  110.87184 14 52.40344
1.09361 16  112.19997 14  291.06221
1.09460 16  109.22941 14  171.48013
153263 14 11215760 13  298.73083
1.09454 16  110.86342 14  308.07019
1.09464 16  109.13575 14  189.08894
1.09337 16  112.38656 14 69.55067
1.45571 14  126.07866 13 0.67722

151973 15 112.36247 14 88.33861
1.09445 15 108.68666 14  324.80889
1.09542 15 107.48705 14  210.32468
151633 31 111.03648 15  179.23920
1.09750 31  108.93020 15 57.26309
1.09738 31  109.11292 15 301.41712
1.09552 32 111.06837 31  300.22209
1.09269 32 111.34617 31  180.11978
1.09555 32  111.08603 31 59.99079
1.08496 17  122.16959 15 0.76199

1.08523 19  119.16183 17  180.04910
1.08503 20 119.66249 19  180.01937
1.08703 18  120.95983 17  180.11225
490525 3 121.23909 1  234.00445

177443 6 4496414 3  177.84376

1.09333 45 35.82813 6  115.75664

1.09462 46 107.78954 45 116.83773
3.77427 3 150.03440 1  156.84748

2.52317 86.76196 3  118.96300

1.76774 49 69.04383 7  142.56637

1.09271 50 36.16787 49 64.82340

1.09740 7 128.32390 3 74.01352

NN =22 2N =2 A A a a
W Wo 0wo Oo~N~NO MDD

OO I I I I OIIIIIIIIIIIOIITIOOIIIOOIIEZIOOOOOOOOOO0ZOOO0IIOIIOIIIOOO
GO D (AARAGNNNDWWWWWWWWW2RNNNIN
> S © JNo o NS00 aNNRNRIIITaNINNo L
~

IS
(o]
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47
6
54
53
54
56
57
59
59
54
53
62
61
62
52
67
56
70
66
67
70
69
60
70
55
63
12
13
9
82

OIITIIIIIIIIIIOOIOOIIOOONOOZIOOO

o

2.53917
1.39080
1.52753
2.17031
1.35004
1.50802
1.09444
1.38795
1.37973
1.38820
1.09749
1.08698
1.38457
1.39450
1.09555
1.39054
1.53342
1.09359
1.08491
1.08503
1.09459
1.08524
1.09544
1.09460
1.08123
1.08565
1.08144
1.08572
1.40339
1.76636

97.77621
120.52315
33.98217
95.15371
121.46368
101.39086
40.75818
109.37210
130.53739
107.55236
106.46407
120.97983
122.40811
118.63039
107.75746
120.56244
111.74154
112.26450
122.18525
119.77892
109.16047
119.61895
106.11640
110.87188
116.14587
117.53154
116.14164
118.77442
117.59612
117.68096

45
1
46
7
46
47
49
54
54
46
7
56
56
56
50
59
47
54
59
59
54
62
53
54
3
47
2
9
1
2

268.90792
202.84598
241.00480
342.73824
164.20839
243.01551
238.12620
359.36278
179.35492
14.82503
200.33981
0.14098
179.47109
180.25820
115.89632
0.08189
126.23095
290.94083
180.72861
179.89435
171.38969
179.69773
239.52688
52.34588
180.06914
147.64028
180.85614
359.95236
333.19486
178.86214

Ground state energy E(M06) = -1966.97522035 Hartrees
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