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Synthesis

General. All chemicals, solvents and chromatographic materials were obtained from Aldrich
Chemicals and were used as received. Anhydrous o-dichlorobenzene (0-DCB) from Aldrich was used
for all spectroscopic studies. The supporting electrolyte, tetra-n-butylammoniumperchlorate (TBAP),
for the electrochemistry studies was obtained from Fluka Chemicals. The preparation of the AlPor-Ph-
Ceo dyad and its reference compounds AlPor-Ph and Ce-Ph-COOMe have been previously reported.'
Note that the AlPor-Ph-Cgy dyad was labeled as AlPor-Cg in our previous paper. The 'H NMR data for
AlPor-Ph-Csy (300 MHz, CDCl3): 6, ppm 9.05 (s, 8H), 8.14 (d, 8H, J = 6.9 Hz), 7.74 (m, 12H), 6.88
(bs, 2H,), 5.21 (d, 2H,, J = 8.1 Hz), 4.74 (d, 1H, J = 9.6 Hz), 4.45 (s, chiral center, 1H), 4.00 (d, 1H, J
= 9.6 Hz), 2.39 (s, 3H). Synthesis of pyridine appended tetrathiafulvalene derivatives (TTF-py and
TTF-Ph-py) were reported elsewhere.’
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Scheme S1. Synthesis of Cgp-Ph,-COOH. Reaction conditions: (i) 2M Na,COj;, Pd(PPh;s)4, DMF, stir at
110°C for 12 h under N; (ii) IM HCI and (iii) Toluene, reflux for 5 h under No.

Preparation of OHC-Ph,-COOH."” A mixture of 4-bromobenzoic acid (1.12 g, 5.60 mmol), 4-
formylbenzeneboronic acid (1.00 g, 6.70 mmol) and Pd(PPhs)4 (320 mg, 5 mol%) in DMF (40 mL) was
added 2M Na,CO; (8.2 mL, 16.4 mmol). The mixture was heated at 110°C under nitrogen atmosphere.
After 12 h the reaction mixture was cooled and the obtained solid was filtered and washed with MeOH
(10 mL). Collected filtrate was evaporated to dryness. The residue was added MeOH:H,O (= 50:10
mL) and acidified with 1M HCI (6 mL). The resulting precipitate was collected, water washed and air-
dried. The white solid was washed with chloroform to get the OHC-Ph,-COOH in a pure form. Yield:
1.20 g (94%). "H NMR (300 MHz, (CDs),SO): 8, ppm 13.08 (bs, 1H), 10.10 (s, 1H), 8.07 (d, 2H, J =



8.3 Hz), 8.04 (d, 2H, J = .8.5 Hz), 7.98 (d, 2H, J = 8.3 Hz), 7.91 (d, 2H, J = 8.5 Hz). ESI MS: m/z 225
[1\/[—1]+ fOI‘ C14H1003.

Preparation of Csp-Ph,-COOH. A mixture of Cep (100 mg, 0.14 mmol), sarcosine (26 mg, 0.28 mmol)
and OHC-Ph,-COOH (64 mg, 0.28 mmol) in dry toluene (100 mL) was refluxed under nitrogen for 5 h.
After reaction time toluene was evaporated and obtained crude product was purified by silica gel
column chromatography. The column was eluted with toluene:ethylacetate (= 80:20) and collected the
unreacted Cep as a first band then desired compound as a second band. The solvent was evaporated to
get the pure compound as a brown solid. Yield: 40 mg (30%). '"H NMR (300 MHz, CDCL): 6, ppm
8.15(d, 2H, J=17.7 Hz), 7.94 (d, 2H, J = 7.7 Hz), 7.75 (d, 4H, J = 8.2 Hz), 5.06 (d, 1H, J = 10.0 Hz),
5.02 (s, 1H), 4.34 (d, 1H, J = 10.0 Hz), 2.87 (s, 3H). FAB MS: m/z 974 [M]" for C76H,5sNO,.
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Scheme S2. Synthesis of Cg-Ph;-COOH. Reaction conditions: (i) 2M Na,CO;, Pd(PPhs),
toluene/ethanol, reflux for 4 h under N, (ii) KMnOy, aq. Na,COs, acetone, reflux for 3 h, (iii) Con. HCI,
(iv) 2M NayCOs, Pd(PPhs)s, DMF, stir at 110°C for 5 h under N, (v) 1M HCI and (vi) Toluene, reflux
for 9 h under N,.

Preparation of Br-Ph,-CHO.® To a solution of p-iodobromobenzene (1.20 g, 4.2 mmol) in toluene (10
mL) was added a catalytic amount of Pd(PPhs)s (320 mg, 5 mol%) and aqueous 2M Na,COs (3 mL, 6
3



mmol). To this a solution of 4-formylbenzeneboronic acid (1.0 g, 6.6 mmol) in ethanol (10 mL) was
added, and the mixture was refluxed for 4 h under nitrogen atmosphere. After cooling, the mixture is
extracted three times with dichloromethane and the combined organic phases were washed with water,
brine and dried over Na,SO4 and the solvent was removed. The residue is purified by silica gel
chromatography using dichloromethane:hexane (= 90:10) as eluent, giving the pure compound. Yield:
0.70 g (64%). '"H NMR (300 MHz, CDCls): 8, ppm 10.09 (s, 1H), 7.98 (d, 2H, J = 8.7 Hz), 7.74 (d, 2H,
J=28.7Hz), 7.64 (d, 2H, J= 8.4 Hz), 7.52 (d, 2H, J = 8.4 Hz). FAB MS: m/z 261 [M]" for C;3HyBrO.

Preparation of Br-Ph,-COOH.® To a solution of Br-Ph,-CHO (350 mg, 1.34 mmol) in 2M Na,CO; (2
mL) and acetone (15 mL) was added aqueous KMnO,4 (245 mg in 4 mL of water). The resulting
solution was refluxed for 3 h. After cooling, solution was filtered and washed with acetone and water
mixture. Collected filtrate was acidified (pH = 4-5) with concentrated hydrochloric acid and obtained
precipitate was collected, washed with water and air-dried. The solid was washed with hexane to get
the desired compound in a pure form. Yield: 300 mg (80%). 'H NMR (300 MHz, CDCl): &, ppm 8.18
(d, 2H, J=18.3), 7.68 (d, 2H, J = 8.3 Hz), 7.63 (d, 2H, J = 8.6 Hz), 7.52 (d, 2H, J = 8.6 Hz). FAB MS:
m/z 277 [M]" for C;3HyBrO,.

Preparation of OHC-Ph;-COOH. To a suspension of Br-Ph,-COOH (372 mg, 1.34 mmol), OHC-Ph-
B(OH), (241 mg, 1.60 mmol) and Pd(PPhs)4 (77 mg, 5 mol%) in DMF (15 mL) was added 2M Na,CO;
(2 mL, 4.2 mmol). The mixture was heated at 110 °C for 5 h. After cooling, the solid material was
filtered and washed with MeOH (10 mL), and the filtrate was evaporated to dryness. To the residue
was added MeOH:H,0 (= 50:10 mL), and the solution was acidified (pH = 4-5) with 1M HCI. The
resulting precipitate was collected, washed with water and methanol and air-dried to get the desired
compound. Yield: 202 mg (50%). "H NMR (300 MHz, CDCls+drops of CD;0D): 6, ppm 10.03 (s, 1H),
8.13 (d, 2H, J="7.4 Hz), 7.97 (d, 2H, J = 8.2 Hz), 7.80 (d, 2H, J = 7.4 Hz), 7.74 (s, 4H), 7.71 (d, 2H, J
= 8.2 Hz). EI MS: m/z 302 [M]" for C50H,40:s.

Preparation of Cep-Ph3-COOH. A mixture of Cey (78 mg, 0.11 mmol), sarcosine (20 mg, 0.22 mmol)
and OHC-Ph3;-COOH (66 mg, 0.22 mmol) in dry toluene (100 mL) was refluxed under nitrogen for 9 h.
After reaction time toluene was evaporated and obtained crude product was purified by silica gel
column chromatography. The column was eluted with toluene:ethylacetate (= 80:20) and collected the

unreacted Cep as a first band then desired compound as a second band. The solvent was evaporated to
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get the pure compound as a brown solid. Yield: 20 mg (17%). '"H NMR (300 MHz, CDCls+drops of
CDsOD): 6, ppm 8.10 (d, 2H, J = 7.8 Hz), 7.88 (bs, 2H), 7.69 (m, 8H), 5.01 (d, 1H, J=9.6 Hz), 5.00 (s,
1H), 4.28 (d, 1H, J = 9.6 Hz), 2.84 (s, 3H). FAB MS: m/z 1050 [M]" for Cs,H;9oNO5.

1 (Cgo-Ph-COOH) R~ Pheny!
= m =1 (Cgo-Ph- m = 1 (AIPor-Ph-Cgy)
R = Phenyl, AlPor-OH _ 60
v m = 2 (Cgo-Ph,-COOH) m = 2 (AlPor-Ph,-Cgp)
m = 3 (Cgo-Ph3-COOH) m = 3 (AlPor-Ph;-Cgp)

Scheme S3. Synthesis of axial aluminum(IIl)porphyrin-fullerene dyads. Reaction conditions: (i)

Toluene, stirring at 60-80°C for 12 h under nitrogen.

Preparation of AlPor-Ph;-Cg Solution of AlPor-OH (30 mg, 0.046 mmol) and Cep-Ph,-COOH (46
mg, 0.047 mmol) were dissolved in 10 ml of dry toluene, the resulting solution was stirred at 80°C for
17 h. Solvent was evaporated and washed with hexane yields the desired product in a pure form. The
obtained pure compound was stored in a CaCl, desiccator. Yield: 70 mg (95%)."H NMR (300 MHz,
CDCl): 6, ppm 9.07 (s, 8H), 8.14 (d, 8H, J = 6.6 Hz), 7.73 (m, 16H), 6.69 (d, 2H,, J= 8.1 Hz), 5.14 (d,
2H,, J = 8.1 Hz), 4.93 (d, 1H, J = 9.3 Hz), 4.85 (s, 1H), 4.20 (d, 1H, J = 9.9 Hz), 2.73 (s, 3H). FAB
MS: m/z 1611.30 [M]", Calcd. 1611.3154 for C120H4AIN;O,.

Preparation of AlPor-Phs;-Cg. Solution of AlPor-OH (30 mg, 0.046 mmol) and Cep-Ph;-COOH (49
mg, 0.047 mmol) were dissolved in 10 ml of dry toluene, the resulting solution was stirred at 80°C for
17 h. Solvent was evaporated and wash with hexane yields the desired product in pure form. The
obtained pure compound was stored in a CaCl, desiccator. Yield: 74 mg (96%)."H NMR (300 MHz,
CDCl): 6, ppm 9.10 (s, 8H), 8.18 (d, 8H, J = 6.0 Hz), 7.77 (m, 16H), 7.63 (d, 2H, J = 9.0 Hz),7.54 (d,
2H, J =9.0 Hz), 6.72 (d, 2H,, J = 9.0 Hz), 5.21 (d, 2H,, J = 9.0 Hz), 4.99 (d, 1H, J = 9.0 Hz), 4.95 (s,
1H), 4.27 (d, 1H, J = 9.0 Hz), 2.83 (s, 3H). FAB MS: m/z 1687 [M]" for C126H4AIN;O,.
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Figure S1. 'H (top) and 'H-"H COSY (bottom) NMR spectra (300 MHz) of AlPor-Phy-Cg in CDCls.
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Figure S2. 'H (top) and 'H-"H COSY (bottom) NMR spectra (300 MHz) of AlPor-Ph3-Cg in CDCls.
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Figure S3. UV-visible absorption spectra of 0.1 mM solutions of AlPor-Ph-Cg (purple), AlPor-Ph,-Ce
(maroon), AlPor-Phs;-C60 (green), AlPor-Ph (red), CooCOOMe (blue) and 1:1 mixture (magenta) of
AlPor-Ph and CsCOOMe in dichloromethane. Inset: Magnified spectra between 650-850 nm.

Formation of supramolecular triads (TTF-Ph,-py— AlPor-Phy,-Cg). The triads shown in Scheme

S4 were assembled from the components, AlPor-Phy,-Cs and TTF-Ph,-py, shown in Figure S4.
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Figure S4. Structural information of investigated reference compound (AlPor-Ph), dyads and pyridine

appended TTF derivatives (TTF-py and TTF-Ph-py).
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Scheme S4. Self-assembly of supramolecular TTF-Ph,-py—AlPor-Ph,,-Cq triads.

NMR Spectroscopy. Figure S5, shows the "H NMR spectrum of a 1:1 mixture of AlPor-Ph-Cg) and
TTF-Ph-py (top) along with the individual spectra of AlPor-Ph-Csy (middle) and TTF-Ph-py (bottom).
In the coordination complex, shielding due to the porphyrin ring causes an upfield shift of the TTF-Ph-
py protons on the pyridine unit (¢ and d) as well as bridging phenyl moiety (e and f). The magnitude of
the shift depends on the distance of the protons from the porphyrin ring and the pyridinyl protons (c
and d) display the greatest shift indicating that coordination occurs via the pyridinyl group. Small shift
was observed for TTF protons g and 4 suggests TTF unit is away from porphyrin ring. On the benzoate
bridging group to the fullerene, the protons (a) closest to the porphyrin ring show an increased upfield
shift upon coordination, suggesting that the Al center lies out of the porphyrin plane in AlPor-Ph-Cg
and is pulled into the plane when TTF-Ph-py coordinates. Similar 'H NMR titrations were carried out
for the triad TTF-py—AlPor-Ph-Cq¢ and the results show shielding effects for the py and TTF protons,
Figure S6. Overall, the NMR titrations confirm the formation of triads the TTF-py—AlPor-Ph-C¢y and
TTF-Ph-py—AlPor-Ph-Cq.
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Figure S5. "H NMR (300 MHz) spectra of 2.3 mM solutions of TTF-Ph-py (bottom), AlPor-Ph-Cgo
(middle) and TTF-Ph-py—AlPor-Ph-Cg (top) in CDCls.
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Table S1. Optical and electrochemistry data of the triads, dyads and their reference compounds.

Binding Absorption* Potential (V) vs F¢”
Sample Constant M max, M (log €)
™™ TTF/Cg/B-Bands Q-Bands Oxidation Reduction
AlPor-Ph-Cg, - 256 (54(166)’(;;(;72)(468)’ 547 (4.33), 585 (3.52) 1.10 -0.44,-0.83,-1.00,-1.39
TTF-py— AlPor-Ph-Cy, 1248 - - 0.68,1.02,1.11 -0.44,-0.82,-1.00,-1.39
TTF-Ph-py— AlPor-Ph-Cy, 1217 - - 0.71,1.07 -042,-0.82,-1.00, -1.37
py—>AlPor-Ph-Cy, 1307 - - - -
AIPor-Ph,-Cq, ; 2565 4(175)’(53%)(4'76)’ 546 (4.32),583 (3.51) 1.10 ~042,-0.77,-1.04,-137
TTF-py—> AlPor-Ph,-C, 1325 - ] ; ]
TTF-Ph-py—> AlPor-Ph,-Cq 1544 - ; ; }
py— AlPor-Ph,-C, 1352 - - - -
AlPor-Ph;-Cg, - 257 (540195)’(;(;1)(493)’ 546 (4.32),584 (3.53) 1.14 -0.39,-0.75,-1.05,-1.31
TTF-py—> AlPor-Phy-Cy, 1337 ] . ; }
TTF-Ph-py—> AlPor-Ph,-Cq 1352 - . ; }
py— AlPor-Ph;-Cg, 1450 - - - -
AlPor-Ph - 415 (5.75) 546 (4.34), 585 (3.43) 1.12 -097,-1.35
TTF-py— AlPor-Ph 1075 - - 0.68,1.01,1.14 -1.00,-1.35
TTF-Ph-py— AlPor-Ph 1047 - - 0.72,1.05 -0.94,-1.30
py—>AlPor-Ph 1170 ; ; ; }
Cy-Ph-COOMe - 256 (5.06), 309 (4.55) ; - 20.40,-0.78, 131
TTF-py - 28 (44225)’(33 i‘;)(“'”)’ - 0.69, 1.00 -
TTF-Ph-py - 208 (4.48),428 (3.64) - 0.73,1.10 -

“In dichloromethane. "Redox potentials were reported against ferrocene, where Ey(Fc/Fc’) = 0.74 V with 0.1 M TBAP in

0-DCB in our experimental conditions.
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Figure S7. Spectral titrations of AlPor-Ph-Cg with TTF-py in o-DCB. TTF-py was added up to 1.9 x
10° M in 1.12x 10* M increments to a 6 x 10> M solution of AlPor-Ph-Cg. Left: Absorption
titrations, inset shows the Benesi-Hildebrand plot of the change of absorbance at 604 nm. Right:
Fluorescence titrations, the excitation wavelength was chosen at the isosbestic point, 555 nm, obtained

from UV-visible titrations.
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Figure S8. Spectral titration of AlPor-Ph-Csy with TTF-Ph-py in o-DCB. TTF-Ph-py was added up to
1.9 x 10° M in 1.12 x 10~ M increments to a 6 x 10~ M solution of AlPor-Ph-Cy. Left: Absorption
titrations, inset shows the Benesi-Hildebrand plot of the change of absorbance at 604 nm. Right:
Fluorescence titrations, the excitation wavelength was chosen at the isosbestic point, 555 nm, obtained

from UV-visible titrations.
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Figure S9. Spectral titrations of AlPor-Ph-Cg with py in 0-DCB. Pyridine was added up to 4.51 x 10~
M in 3.48 x 10 M increments to a 6 x 10~ M solution of AlPor-Ph-Cg. Left: Absorption titrations,
inset shows the Benesi-Hildebrand plot of the change of absorbance at 604 nm. Right: Fluorescence
titrations, the excitation wavelength was chosen at the isosbestic point, 555 nm, obtained from UV-

visible titrations.
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Figure S10. Spectral titrations of AlPor-Ph,-Cgy with TTF-Ph-py in 0o-DCB. TTF-Ph-py was added up
to 1.9 x 10° M in 1.12x 10* M increments to a 6 x 10° M solution of AlPor-Ph,-Cg. Left:
Absorption titrations, inset shows the Benesi-Hildebrand plot of the change of absorbance at 604 nm.
Right: Fluorescence titrations, the excitation wavelength was chosen at the isosbestic point, 554 nm,

obtained from UV-visible titrations.
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Figure S11. Spectral titrations of AlPor-Ph,-Csp with py in 0-DCB. Pyridine was added up to 1.9
x 10> M in 1.12 x 10™* M increments to a 6 x 10~ M solution of AlPor-Ph,-Cg. Left: Absorption
titrations, inset shows the Benesi-Hildebrand plot of the change of absorbance at 604 nm. Right:
Fluorescence titrations, the excitation wavelength was chosen at the isosbestic point, 555 nm, obtained

from UV-visible titrations.
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Figure S12. Spectral titrations of AlPor-Ph3;-Cgp with TTF-py in 0-DCB. TTF-py was added up to 1.9 x
10° M in 1.12x 10™* M increments to a 6 x 10> M solution of AlPor-Phs-Cgo. Left: Absorption
titrations, inset shows the Benesi-Hildebrand plot of the change of absorbance at 604 nm. Right:
Fluorescence titrations, the excitation wavelength was chosen at the isosbestic point, 555 nm, obtained

from UV-visible titrations.
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Figure S13. Spectral titrations of AlPor-Phs-Cgy with TTF-Ph-py in 0o-DCB. TTF-Ph-py was added up
to 1.9 x 10° M in 1.12x 10 M increments to a 6 x 10~ M solution of AlPor-Phs-Cg. Left:
Absorption titrations, inset shows the Benesi-Hildebrand plot of the change of absorbance at 605 nm.
Right: Fluorescence titrations, the excitation wavelength was chosen at the isosbestic point, 555 nm,

obtained from UV-visible titrations.
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Figure S14. Spectral titrations of AlPor-Ph;-Cgy with py in 0o-DCB. Pyridine was added up to 1.9 x
10° M in 1.12x 10™* M increments to a 6 x 10> M solution of AlPor-Phs-Cgo. Left: Absorption
titrations, inset shows the Benesi-Hildebrand plot of the change of absorbance at 605 nm. Right:
Fluorescence titrations, the excitation wavelength was chosen at the isosbestic point, 555 nm, obtained

from UV-visible titrations.
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Figure S15. Spectral titrations of AlPor-Ph with TTF-py in o-DCB. TTF-py was added up to 1.9 x 10~
M in 1.12 x 10* M increments to a 6 x 10 M solution of AlPor-Ph. Left: Absorption titrations, inset
shows the Benesi-Hildebrand plot of the change of absorbance at 604 nm. Right: Fluorescence
titrations, the excitation wavelength was chosen at the isosbestic point, 555 nm, obtained from UV-
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Figure S16. Spectral titrations of AlPor-Ph with TTF-Ph-py in 0-DCB. TTF-Ph-py was added up to 1.9

0.0

x 10 M in 1.12 x 10 M increments to a 6 x 10~ M solution of AlPor-Ph. Left: Absorption titrations,
inset shows the Benesi-Hildebrand plot of the change of absorbance at 604 nm. Right: Fluorescence
titrations, the excitation wavelength was chosen at the isosbestic point, 554 nm, obtained from UV-

visible titrations.
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Figure S17. Spectral titrations of AlPor-Ph with py in 0-DCB. Pyridine was added up to 4.5 x 10° M
in 2.23 x 10* M increments to a 6 x 10> M solution of AlPor-Ph. Left: Absorption titrations, inset
shows the Benesi-Hildebrand plot of the change of absorbance at 604 nm. Right: Fluorescence
titrations, the excitation wavelength was chosen at the isosbestic point, 555 nm, obtained from UV-

visible titrations.
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Figure S18. Spectral titrations of AlPor-Ph with TTF in o-DCB. TTF was added up to 3.53 x 10~ M in
2.10 x 10°* M increments to solution of 6 x 10~ M solution of AlPor-Ph. Left: Absorption titrations.

Right: Fluorescence titrations, the excitation wavelength was chosen to be 555 nm.
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MEP HOMO-1 HOMO LUMO
Figure S19. Molecular electrostatic potential map (MEP), HOMO-1, HOMO and LUMO of TTF-Ph-
py—>AlPor-Ph-Ce.

17



MEP HOMO-1 HOMO LUMO
Figure S20. Molecular electrostatic potential map (MEP), HOMO-1, HOMO and LUMO of TTF-
py—AlPor-Phy-Ce (top) and TTF-Ph-py— AlPor-Ph,-Cs (bottom).
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MEP HOMO-1 HOMO LUMO
Figure S21. Molecular electrostatic potential map (MEP), HOMO-1, HOMO and LUMO of TTF-
py—AlPor-Ph3-Ce (top) and TTF-Ph-py— AlPor-Ph3-Cs (bottom).
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Figure S22. Differential pulse voltammograms of (a) Ferrocene (magenta), TTF-py (maroon) and TTF-
Ph-py (blue) (b) 0.52 mM solution of AlPor-Ph (red), TTF-py—=AlPor-Ph (maroon) and TTF-Ph-
py—>AlPor-Ph (blue) (¢) 0.43 mM solution of AlPor-Ph-C¢ (red), TTF-py—AlPor-Ph-Cgy (maroon)
and TTF-Ph-py—AlPor-Ph-Ce (blue) in 0.1 M TBAP, 0-DCB.
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Figure S23. Left: Absorption (black) and fluorescence (red) spectra of AlPor-Ph in o-DCB at room
temperature. Right: Phosphorescence spectrum of AlPor-Ph in CH,Cl,:C,HsOH (= 1:1) at 77K.
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Figure S24. Diagram illustrating the energies of the possible charge separated states in newly

constructed dyads and triads in toluene. Note that the reported energies for TTF "AlPor *, AlPor "Cg "

and TTF "Cq * are average values of two dyads (TTF-Ph,-py—AlPor-Ph, n =

(AlPor-Phy,-Cep, m = 1-3) and six triads (TTF-Phy,-py—=AlPor-Ph,-C¢p, n = 0, 1 & m

respectively.

0, 1), three dyads
1-3),
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Figure S25. Femtosecond transient spectra of AlPor-Ph in toluene at the indicated time intervals. The

time profiles of (i) 487, (ii) 448, (ii1) 1240 and (iv) 648 nm are shown.
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Figure S26. Fluorescence decay curve of AlPor-Ph in Ar-saturated toluene. Excitation and emission

wavelengths were at 560 and 590 nm, respectively.
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Figure S27. Femtosecond transient absorption spectra of AlPor-Ph-Cey and TTF-py—AlPor-Ph-Ce Is

in toluene at different time intervals.
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Figure S28. (a) Nanosecond transient absorption spectra of 0.1 mM TTF-Ph-py—AlPor-Ph-Cg

observed by 532 nm (ca. 3 mJ/pulse) laser irradiation in 0-DCB. Inset: Absorption-time profile at 1020

nm. (b) Absorption time profile at 470 nm.
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