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Fluorescent organic nanoparticles (FON) made of lisma
molecules recently arouse considerable interesbiamedical
imaging and opto-electronics as potential micratase emitting
displays? Their collective emission largely enhanced with
respect to dilute media and their reduced sentsitia external
bleaching and quenching effects make them vergaite when
powerful excitation is required as in multiphotdnofescence
spectroscopy. Fluorescence in the solid state vgelier facing
two deleterious effects: competitive non-radiatigeienching
processes caused by strong intermolecular aggoegatnd
emission reabsorption owing to the inherent highostophore
density. The main strategies consist in introducibglky
substituents to prevent the formation of non-eméssit stacked
assemblies as well as elaborating materials withrge optical
Stokes shifé Hydrophobic materials are often obtained and
considered of little use in bioimaging. We wantréport herein
the synthesis and the properties of a new familypa$h-pull
amorphous compounds which form strong one- andpiaaon
emitting nanoparticles that can efficiently be inétl to image
lipophilic cell membranes despite their water inbality.

The present series of fluorescent compoutids consists in
polar triphenylamino derivatives substituted by Kyultert-
butylphenyl groups following a Suzuki aromatic @aupling
reaction as a final step (Scheme' Bpth the twisted star-shaped
triphenylamino- core and peripheral hindered stipestits prevent
deleteriousreT1t stacking and ensure high solubility in polar and
apolar organic solvents.
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Scheme 1. Synthesis scheme of compourids.

Compoundsl-5 only exist as amorphous solids. They can be

processed as transparent thin films with a veri loigtical quality
by spin-coating or vaccum evaporation under a pressf 2x10°
mbar, or as nanoparticles by the precipitation wetthddition of
filtered deionized water under vigorous stirringoirm 0.2 g.[*
acetonitrile solution of compounds yields remariabpherical
spheres as evidenced by TEM measurements. Aggltorerar
sedimentation was not observed after weeks of ggoraaqueous
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solution at room temperature. The nanoparticle dtans were
evaluated to be 100-200 nm in agreement with aeslysy
dynamic light scattering. X-ray diffraction measuents carried
on nanoparticles and thin films showed no diffractipatterns.
Moreover thermal characterizations in the 25-30@@perature
range present no melting peak but clear glassiti@ms around
90°C, asserting an amorphous state for all compmtnd

Compared to those in solution, the absorption saeaf thin
films and nanoparticles df5 are slightly red-shifted due to local
increase in polarity. They present neither add#@ioband nor
significant broadening, proving the lack of stramgtstacking in
the ground state. The UV-vis absorption spectrabéxh 330 nm-
centered band which shows little sensitivity to tbkectron-
accepting group, and was ascribed to an aminobypoemtered
TTr* transition as confirmed by TDDFT calculations (B@
basis/ 6-31G(d) — Supporting information) (Figuje 1
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Figure 1. Normalized UV-vis absorption (left) and emissiopestra
(right) of nanoparticle4-5 dispersed in water.

A distinct additional band assigned to an intraroolar charge
transfer (ICT) excited state appears for compouiisThe ICT
band undergoes a dramatic bathochromic shift fr@® ® 459
nm according to the strength of the electron-ditigcgroups.
TDDFT calculations revealed that this latter bateins from a
charge transfer from the HOMO to the LUMO (highestupied
and lowest unoccupied molecular orbitals) located the
triphenylamino and electron-withdrawing groups exgjvely.

Unlike the ground state whose absorption hardlyegawith
the investigated media, the properties of the emtiexcited state
considerably depend on the solvent polarity and rhegrix
identity. All compounds are fluorescent in the daditate (thin
film, powder, nanoparticles) with the emission bgmdking from
432 to 632 nm forl to 5 (Figure 1). Excitation in the
aminobiphenyl-centered or charge-transfer bandssl@avariably
to the same lowest emissive state with emissiomtyuna yieldsg-



in toluene varying from 0.79 to 0.12 when goingnird to 5.
Accordingly the emission Stokes shift increasesnfrd00 cnt
(AA=53 nm) for 1 up to 5240 cml (AA=140 nm) for 5.
Remarkably, except fdt, almost no decrease @f is encountered
in thin films compared to toluene solution, whiaghghasizes the
lack of strong intermolecular quenching and regison effect.

This dramatic Stokes shift and the antenna effestted by the
biphenyl units give straight access to multicolorigsion from a
mixture of1-5 particles by using a single excitation wavelerigth
the UV or IR range (see infra), which is of highegerest for
signal multiplexing in biological imaging (Figurg.2

Figure 2. a) TEM image of nanoparticle§ stained with Ru@ b)

Fluorescence microscope imaging2eb nanoparticles deposited on glass

slit (Aexc = 343 nm). ¢) Absorption and d) emission of nambplas
dispersed in wateAgyc = 343 nm).

Lifetime measurements performed in spectroscopiadegr
toluene solution show monoexponential decay inndw@osecond
range for all compounds b8t The longer singlet excited lifetime
Tg for compounds3-5 compared to those df2 rely on strongly
distorted emissive excited states whose relaxdtotihe ground
state is partly prohibited. Indeed, calculationghaf radiative (§
and non-radiative () rate constants fromg and 75 show that k
is one order of magnitude less for compours (9.0x10’,
4.2x10" and 4.&10° sY) compared td-2 (5.8<10° and 2.%10° s
%) while k, remains in the same range of order {2.6x10° s%).

Star-burst symmetric  triphenylamine  derivatives and

compounds exhibiting strong ICT are broadly usedfphotonic

applications. Therefore we inquired into the two-photon

absorption (TPA) cross-sections of compourids since they
combine both properties. TPA measurements werédaout on
solutions and isoabsorbing nanoparticles dispemsedater by
recording the two-photon excited fluorescence aftar-infrared
excitation and comparison with fluoresceine as fereace
standard. Despite their sharconjugated system, compouréis
in cyclohexane or toluene solution show significaMA cross-
sections orpa UP to 95 GM (1 GM = 18 cm.s.photon
! molecules) at 820 nm. Therefore, dipolar contribution clgarl
plays a predominant role to the nonlinear absomppi@perties of
4-58 These cross-sections values dramatically increpseto 30
times upon aggregation as dispersed nanopartiele@-igure 3).
This enhancement can reasonably be assigned tomexcupling
in the solid state permitted by the fairly high amohbsorption
coefficients?®® This striking result proves that fluorescent oigan
nanoparticles appear extremely attractive to geéeeedficient
two-photon absorbing systems with little synthetifforts
compared to systems with a high TPA chromophoreitesuch
as dendrimer§’
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Figure 3. TPA cross sections for nanoparticle$ dispersed in water.
Fluoresceine in 0.01 M NaOH as TPA reference.

Finally, the applicability of these nanoparticles l@ological
probes under two-photon excitation was investigabtdidH-3T3
murine fibroblasts fixed with methanol at -20 °Cravéncubated
in PBS solution at 37°C for 20 min with compouBdwhich
appeared to be the best candidate in terms of iemisssponse
and uptake by the cells. One and two-photon flumese
imaging was done by using a laser scanning confogabscope
working at 820 nm and collecting the fluorescemcthie 550-680
nm region. The images showed clear localization tioé
nanoparticles into the lipophilic cell membrane hwitno
accumulation in the cytoplasm or the nucleus asitedi out by
the Z-scan profile (Figure 4).
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Figure 4. Laser scanning confocal microscopy images of fixéd-3T3
murine cells after uptake of nanopartickesa) Phase—contrast picture. b)
One-photon fluorescence imaging,( = 458 nm;Aem = 550-680 nm). c)
Z-scan profile of image b). d) Two-photon fluoresce imaging Xexc =
820 nm;Aem = 550-680 nm).

In summary, we have developed a new series of dhaant
amorphous compounds forming stable spherical naticlea
which a) strongly fluoresce in water, ii) yield rtiablor emission
from blue to red by using one single UV excitatiwavelength,
iii) exhibit significant TPA cross-section largelgnhanced
compared to solution. For the first time to our Wfexige, we
have demonstrated that small molecule-based organic
nanoparticles can be efficiently used for two-phobdoimaging.
These studies open up a novel appealing alternativeimerous
organic and inorganic materials thanks to the sittsimplicity
and expected lower cytotoxicity of the present mmamticles.
Their use as emitting polarity probes of biologinadia as well
as systematic correlations between the particle sizd their
optical properties are under progress.
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Two-photon imaging of fixed
NIH 3T3 murine fibroblasts

solution dispersed
nanoparticles

A series of dipolar amorphous triphenylamine derivatives exhibiting fluorescence in the solid state has been synthesized.
Perfectly spherical nanoparticles have been obtained by precipitation, and showed strong emission in water from blue to red
with no aggregation propensity after weeks of storage. Their two-photon absorption cross sections dramatically enhanced (up
to thirty times) relative to solutions and large cell uptake open up a new alternative for near-infrared bioimaging.
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Synthetic procedures

All chemical reagents and solvents were purchased from commercial sources (Aldrich, Acros, SDS)
and used as received. Spectroscopic grade toluene was used for spectroscopic measurements. All air-
sensitive reactions were performed under argon using a vacuum line. Analytical TLC was performed on
Kieselgel F-254 precoated plates. Visualization was done with UV lamp. Flash chromatography was
carried out with silica gel 60 (230-400 mesh) from Merck. 4,4’-di(bromophenyl)&mités(4-
bromophenyl)phenylamifféand bis(4'tert-butylbiphenyl-4-yl)-4-nitrophenylamiff& 4 were synthesized
according to reported literature procedures.
'H and™C NMR spectra were recorded on a Bruker 300 MHz spectrometer, and chemical aleifts
reported in ppm relative to TMS and referenced to the residual solvent. High resolution mass spectra were
obtained by MALDI-TOF (Voyager-DE sSTR, Perseptive Biosystems) or ESI-TOF (LCT, Waters)
techniques.
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2,

SIE

4-di(4'-tert-butylbiphenyl-4-yl)aminobenzene 1 A solution of bis(4-bromophenyl)phenylamine
(1.822 g, 4.52 mmol) and tetrakistriphenylphosppaiadium(0) (156 mg, 0.13 mmol) in 20 mL of
toluene was stirred at room temperature under afgoh5 min. A solution of 4ert-butylphenylboronic
acid (1.690 g, 9.5 mmol) in 5 mL of methanol wadext] followed by the addition of a 2 mof.laqueous
carbonate solution (1.916 g, 18 mmol). The resyltaaction mixture was heated for 20 h at 80 °GeAf
being cooled to room temperature, the reactionumixtvas extracted with toluene. The combined omani
layers were washed with 10 % agueous ammonia gplatid brine, and dried over anhydrous magnesium
sulphate. Concentration in vacuo followed by flasthumn chromatography on a column of silica gel
using 10 % dichloromethane in petroleum ether 8b& the eluent, affordedas fluffy white flakes
(710 mg, 31 %). J68 °C."H NMR (300 MHz, CDC}): 6 = 7.52 (dJ = 8.5 Hz, 4H), 7.48 (dJ = 8.5 Hz,
4H), 7.45 (d2) = 8.5 Hz, 4H), 7.27 (dd) = 7.0; 8.4 Hz, 2H), 7.17 () = 8.5 Hz, 4H), 7.15 () = 8.4
Hz, 2H), 7.05 (t3J = 7.0 Hz, 1H), 1.36 ppm (s, 18HYC NMR (75 MHz, CDCJ): 6 = 149.9, 147.8,
146.9, 137.9, 135.4, 129.4, 127.8, 126.5, 125.8,712124.3, 123.1, 34.6, 31.5 ppm. HR-MS (MALDI-
TOF) m/z [M] for CsgHagN: calcd. 509.30770, found 509.30820. UV-vis tok)ei.(€) : 330 nm (37
400). Anal. calcd. for ggHsgN: C, 89.54; H, 7.71; N, 2.75. Found: C, 89.277H2; N, 2.63.

pewen

CHO 6
4-di(4-bromophenyl)aminobenzaldehyde £! A solution of trichloride phosphorus oxide PQCT.58
mL, 81 mmol) in 15 mL of dimethylformamide was slgvadded to a solution cooled at 0 °C of bis(4-
bromophenyl)phenylamine (6.54 g, 16.2 mmol) in I5ahdimethylformamide. The solution was stirred
at room temperature for 1 h, and heated at 80 Yemargon for 20 h. After cooling to room temperatu
the reaction mixture was quenched with cool watet 20 mL of 1 mol.[* sodium hydroxide solution
until neutral pH. The solution was extracted witllocoform. The combined organic extracts were dried
over anhydrous magnesium sulphate and concentiatedcuo. The residue was purified by flash

chromatography on a column of silica gel (dichloedhane). The pale yellow collected fractions were
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evaporatedn vacuo and the residue was recrystallized from cyclohexaraffordé as yellow flakes (1.58
g, 23 %). Mp 154 °C'H NMR (300 MHz, CDCJ): § = 9.83 (s, 1H), 7.70 (dJ = 8.5 Hz, 2H), 7.43 ()
= 8.8 Hz, 4H), 7.03 (fJ = 8.9 Hz, 2H), 7.01 ppm (dJ = 8.5 Hz, 4H)*C NMR (75 MHz, CDCJ): § =
190.5, 162.6, 152.5, 145.2, 133.1, 131.5, 127.88.2llppm. HR-MS (ESI-TOF) m/z [M] for
CigH1.NOBT,: caled. 431.9422, found 431.9431. Anal. CalcdGaH,,NOBr,: C, 52.93; H, 3.04; N, 3.25.
Found C, 53.21; H, 2.94; N, 3.21.

3

CHO 3
4-di(4’-tert-butylbiphenyl-4-yl)aminobenzaldehyde 3 A solution of compound (1.08 g, 2.5 mmol)
and tetrakistriphenylphosphinepalladium(0) (0.29.825 mmol) in 15 mL of toluene was stirred at room
temperature under argon for 15 min. A solution -@&4-butylphenylboronic acid (0.98 mg, 5.5 mmol) in
5 mL of methanol was added, followed by the addita 2 mol.[* aqueous carbonate solution (1.06 g,
10 mmol). The resulting reaction mixture was hedtwmd6 h at 80 °C. After being cooled to room
temperature, the reaction mixture was extractetl wituene. The combined organic layers were washed
with 10 % aqueous ammonia solution and brine, anidddover anhydrous magnesium sulphate.
Concentration in vacuo followed by flash column arthatography on a column of silica gel (3/7
hexane/chloroform) affordeglas a fluorescent yellow solid (0.74 g, 55%).77 °C."H NMR (300 MHz,
CDCly): 6 = 9.83 (s, 1H), 7.72 (d) = 8.5 Hz, 2H), 7.57 (¢J = 8.8 Hz, 4H), 7.53 (dJ = 9.2 Hz, 4H),
7.47 (d,%) = 7.9 Hz, 4H), 7.25 (J = 8.1 Hz, 4H), 7.12 (d¥J = 8.5 Hz, 2H), 1.37 ppm (s, 18HjC
NMR (75 MHz, CDC}): 6 = 190.5, 153.4, 150.5, 145.2, 137.9, 137.5, 13128,5, 128.3, 126.7, 126.5,
126, 120.0, 34.7, 31.5 ppm. HR-MS (MALDI-TOF) mM][" for CsH3NO: calcd. 537.30262, found
537.30472. UV-vis(toluene)nax (€) 367 (29000), 338 nm (32900).

-S3-



T

~-CN
CN 5
4-di(4’-tert-butylbiphenyl-4-yl)amino-4’-dicyanovinylbenzene 5 A solution of 3 (537 mg, 1 mmol),
malonitrile (100 mg, 1.5 mmol), and a catalytic amof ammonium acetate (1 crystal) in a mixtur@ of
mL of glacial acetic acid and 10 mL of pyridine wakbwed to stir under argon at room temperature fo
12 h. The bright red solution was added to 50 mivater under stirring; the solid formed was filig et
and washed well with water. The compound was stégjeto purification by chromatography on a column
of silica gel using 25 % to 50 % chloroform in hezaas the eluent. Concentration of the collected
fractions in vacuo afforded as a bright red powder (560 mg, 96 %).86 °C.*H NMR (300 MHz,
CDCly): 6 = 7.77 (d2J = 9.2 Hz, 2H), 7.60 (dJ = 8.5 Hz, 4H), 7.47 (d) = 8.5 Hz, 4H), 7.54 (d)=8.5
Hz, 4H), 7.53 (s, 1H), 7.27 (&) = 8.8 Hz, 4H), 7.07 (&) = 8.8 Hz, 4H), 6.97 () = 8.8 Hz, 4H), 1.37
ppm (s, 18H):*C NMR (75 MHz, CDC)): 6 = 157.9, 153.4, 150.8, 144.1, 139.0, 137.2, 13128,5,
126.9, 126.7, 126.0, 123.1, 119.1, 115.3, 114.3,31114.2, 34.7, 31.5 ppm. HR-MS (MALDI-TOF) m/z
[M]™ for Cy4H3gNs: caled. 585.31385, found 585.31612. UV-vis(tolyeng.y (€): 453 (46700), 319 nm
(34300). Anal. Calcd. for £&HzgN3 0.07 CHCY: C, 85.01; H, 6.62; N, 7.21. Found C, 84.97; 636N,
7.08.

L,

CN 7
4-Diphenylaminobenzonitrile 7 A solution of diphenylamine (1.12 g, 6.6 mmol}bekbmobenzonitrile
(1.09 g, 6 mmol), Pddba) (0.11 g, 0.12 mmol), dppf (0.2 g, 0.36 mmol), aoediumtertbutoxide (0.81

g, 8.4 mmol) in 50 mL of anhydrous toluene wageatirovernight under argon at 80 °C. After cooliag t
room temperature, the mixture was diluted with wet® % aqueous ammonia solution and extracted with
toluene. The combined organic extracts were washkigd brine, dried over anhydrous magnesium
sulphate, and the solvent was remoireglacuo. The residue was subjected to flash chiagnaphy on a
column of silica gel (1/1 petroleum ether 45-69Mthcomethane). Recrystallization from ethanol 95%
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afforded?7 as a white needles (1.15 g, 64%). Mp 1389Q0NMR (300 MHz, CDC)): 6 = 7.42 (d2J = 8.5
Hz, 4H), 7.35 (d%J = 8.1 Hz, 2H), 7.32 (&) = 7.7 Hz, 4H), 7.16-7.14 (m, 6H), 7.14 {d= 8.8 Hz, 4H),
6.96 ppm (d2J = 8.5 Hz, 4H)*C NMR (75 MHz, CDCY)): 6 = 151.7, 146.1, 133.3, 129.9, 126.3, 125.3,
119.8, 102.6 ppm. HR-MS (MALDI-TOF) m/z [MJfor CygH14N,: calcd. 270.11515, found 270.11400.
Anal. Calcd. for GH14N,: C, 84.42; H, 5.22; N, 10.36. Found C, 84.19, H45N, 10.22.

CN 8

4-di(4-bromophenyl)aminobenzonitrile 8 A solution of N-bromosuccinimide (1.05 g, 5.8 mjnia 10
mL of DMF was added dropwise under stirring to lutson cooled at 0 °C of (0.80 g, 2.9 mmol) in 10
mL of dimethylformamide. The resulting solution wakbwed to stir at 0 °C for a further 12 h. Watexs
added under stirring to precipitate the dibromidatempound which was filtered off and washed with
water. Recrystallization from a mixture of ethaobtroform afforded 8 as a cream microcrystalline
product (1.20 g, 97 %). Mp 197 °&4 NMR (300 MHz, CDC)): 6 = 7.45 (d2J = 8.7 Hz, 4H), 7.44 (&)

= 8.8 Hz, 4H), 6.99 (J = 8.8 Hz, 4H), 6.97 ppm (d) = 9.2 Hz, 2H).*C NMR (75 MHz, CDC})): 6 =
150.9, 144.9, 133.6, 133.2, 127.4, 120.9, 119.8,311104.3 ppm. HR-MS (MALDI-TOF) m/z [M]for

CigH1:NLBr,: caled. 425.93617, found 425.93525. Anal. Caled. GgH:N»Bro: C, 53.30; H, 2.83; N,
6.54. Found C, 53.05, H, 3.09; N, 6.29.

N

CN 2
4-di(4’-tert-butylbiphenyl-4-yl)aminobenzonitrile 2: A solution of compoun® (670 mg, 2 mmol) and
tetrakistriphenylphosphinepalladium(0) (91 mg, @inol) in 15 mL of toluene was stirred at room
temperature under argon for 15 min. A solution @&r4-butylphenylboronic acid (560 mg, 4 mmol) in 2
mL of methanol was added, followed by the additiéa 2 mol.L* aqueous carbonate solution (670 mg, 8
mmol). The resulting reaction mixture was heated2f® h at 80 °C under argon. After cooling to room

temperature, the reaction mixture was extractetl wituene. The combined organic layers were washed
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with brine and dried over anhydrous magnesium sigphConcentration in vacuo followed by flash
column chromatography on a column of silica gel (htreasing to 5/7 hexane/chloroform) affor@eas

a white solid (570 mg, 71%),D4 °C.*H NMR (300 MHz, CDCJ): 6 = 7.57 (d3J = 8.5 Hz, 4H), 7.50 (d,
%)= 9.2 Hz, 2H), 7.45 (dJ = 8.8 Hz, 4H), 7.23 (¢ = 8.8 Hz, 4H), 7.08 (dJ = 8.8 Hz, 4H), 1.36 ppm
(s, 18H):**C NMR (75 MHz, CDCJ): 6 = 151.6, 150.5, 145.0, 137.9, 137.4, 133.4, 12B18,9, 126.3,
125.9, 120.3, 119.8, 102.9, 34.7, 31.5 ppm. HR-MB\(DI-TOF) m/z [M]* for CyHagN,: calcd.
534.30295, found 534.30126. UV-vis (tolueng)ax (€): 335 nm (42000). Anal. Calcd. foréEizgN,.0.06
CHCIs: C, 86.51; H, 7.07; N, 5.16. Found C, 86.47; 267N, 5.31.

Thermal and photophysical studies (absorption andmaission)

Thermal properties were measured by using diff@estanning calorimetry (Perkin Elmer Pyris
Diamond) in alumina caps under a nitrogen flow atan rate of 10 °C.minover the temperature range
[25 °C - 250 °C].

UV-visible absorption spectra were recorded usinyamian Model Cary 5E spectrophotometer.
Corrected emission spectra were obtained usinga Blpiorolog 1681 spectrofluorometer.

Fluorescence quantum yield in toluene solution etermined from a solution of Coumarine 540 A in
EtOH (@ = 0.38) or diphenylanthracene in cyclohexathe £ 0.90) absorbing equally at the excitation
wavelength. Measurements of Fluorescence quanteld i the solid state were carried out using a
Jobin-Yvon. Inc spectrofluorimter (Fluoromax 4) gped with a hollow integrating sphere coated on it
internal surface with a diffusely reflecting matrireflecting efficiency: 95% in the spectral ran@s0-
2500 nm).

Fluorescence intensity decays were measured birtteecorrelated single-photon counting method
with a picosecond laser excitation at 330 nm predibdy a Spectra-Physics setup composed of a titaniu
sapphire Tsunami Laser pumped by an argon ion,laset doubling LBO crystals and tripling BBO
crystals. Light pulses were selected by an optastamcrystal at a repetition rate of 4 MHz. Flismence
photons were detected through a monochromator Hyamamatsu MCP photomultiplier R3809U
connected to a constant-fraction discriminator s€uleconvolution was performed from the time peofil

of the exciting pulse recorded under the same tiondiby using a Ludox solution.
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Table 1. Thermal and spectroscopic properties of derivatiwb.

a abs em c, e
Compound gy fhy fie t” ) B
1 68 0.21 GH, 328 376 (0.73)
toluene 331 384 (0.79) 1.34
film® 338 383 (0.45)
2 94 7.3 GH., 331 395 (0.42)
toluene 336 421 (0.34) 1.61
film® 336 432 (0.81)
3 77 6.20 GHy, 335,365  421(0.34)

toluene 340,368 466 (0.37)  3.98
film® 340,377 484 (0.39)

4 92  9.03 GHy, 322,397 507 (0.22)
toluene 324, 408 574 (0.12) 2.84
film® 324,415 601 (0.15)

5 86  11.29 GHi. 314,447 530 (0.27)
toluene 320,454 594 (0.22) 4.37
film® 319,479 631 (0.20)

4DSC analysis using a 10 °C.rirthermal gradient°Spin-coated film from chloroform solutiofiFluorescence standards:
9,10-diphenylanthracene in cyclohexage¥ 0.90) for1-3 and coumarine 540A in EtOHg(= 0.38) for4-5. %From integration
sphere measuremenisleasured in toluene by time-correlated single phatmunting.

Sngle-photon counting lifetime measurements. Fluorescence decays.

a) 10° b)

Counts

=
o

fvon o

Residual
Residual

T T T
0 2 4 Time / ns 8 10 0 2 4 Time /ns 8 10

Figure 1. Fluorescence decay curves of compofirid a) cyclohexanet(= 1.30 nsx? = 1.11) and b)
toluene f = 1.34 ng*> = 1.18). Monoexponential fit (red curve) and residfor decay at 386 nm

following a 330 nm excitation pulse.
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a)
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8 10

Time /ns 8

Figure 2. Fluorescence decay curves of compofrid a) cyclohexanet(= 1.71 nsx? = 1.15), and b)

toluene t = 1.61 nsy® = 1.15). Monoexponential fit (red curve) and residfor decay at 420 nm

following a 330 nm excitation pulse.

a)

b)

Residual
Lo

Residual

Time / ns 8

15Time / ns 20

Figure 3. Fluorescence decay curves of compo8il a) cyclohexanet{ = 1.59 ns, a= 1.52,1, = 1.04

ns, & = 6.32,x°> = 1.10), and b) toluenay(= 3.98 ns, a= 1.24,7, = 1.71 ns, a= 0.26,x*> = 1.02).

Biexponential fit (red curve) and residual for dee 430 nm in cyclohexane and 500 nm in toluene

following a 330 nm excitation pulse.

a)

10* b)
10*
10°
10°
£ 2 & E it
3 10 . P
S H § 10T
10! L4 i
ifk 10"
_10° lly Ré . . e I
E | T T T T 5] T T T T T T
3 2 3 2
2 0 @ 0
& 2 g 2
T T T T T T T T T T T
0 5 10 Time /ns 15 20 0 5 10 Time/nsl5 20 25 30

Figure 4. Fluorescence decay curves of compoBrid a) cyclohexanet(= 3.23 nsx® = 1.12) and b)

toluene t = 4.37 nsx® = 1.20). Monoexponential fit (red curve) and residfor decay at 540 nm in
cyclohexane and 590 nm in toluene following a 3@80axcitation pulse.
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Two-photon absorption cross section measurements

Two-photon excited fluorescence measurements (TREFe performed using a mode-locked Ti-
sapphire laser (Tsunami, Spectra Physics) deligedid fs pulses with a 76 MHz repetition rate, using
fluorescein in 0.01 mol.L NaOH as reference. The experimental set-up usecadapted from literature
reports’® The Ti-Sapphire excitation beam was focussedircen-long and 2 mm -large cell filled with
moderately concentrated solutions, using a 20 nmgalfiength lens. The signal was collected at 96fnfr
excitation using a high NA lens: a spectrometer used for detailed study of the emission specthe T
laser beam was linearly polarized and a set of-wialfe plate and polarizer was used to vary the
fundamental beam intensity. Excitation spectra wdgtermined following measurements of the whole
emitted light using an amplified photodiode (Ham#suga preceded with filters cutting the fundamental
beam (CVI short pass filter and Schott BG40 colker). For each dye, the quadratic dependencéef t

signal with the pump beam was checked.

a .

) 100 ——1 b) 704 ——1
——2 \ —2
80 | 3 60 — 3
4 1 50 4
60— ——5 ——5

Orppl GM Orpal GIAO 7]

40 30—

20 -

20 - 10
0 _R — =
T T T T T | T T T T T |
740 760 780 800, 820 840 740 760 780 800 820 840
e

/nm ——=

Figure 4. Two-photon cross sections of compoufiesin a) cyclohexane and b) toluene.

The two photon cross-sections of the sample weteuleded from the following expression:

ref
[ ; . . .
o0%pa :%G%A where ¢ designates the fluorescence quantum yield of comga, ¢ the
FYs!ref
concentration of compound i deduced from UV-vis agpon measurements in solution andthe
integrated fluorescence signal emitted by the camgo and detected at each wavelength. Quadratic
dependence of the collected emission with the lpserer as well as spectral matching between the one

photon and two-photon emission maxima were checked.
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Ab-initio computations

DFT calculations were conducted using Becke’s etfparameter hybrid functiohdl and the
correlation functional of Lee, Yang and PAB3LYP) with a 6-31G(d) basis set as implementethe
GAUSSIAN 03 packagé? lllustrations were obtained with GaussView 3.0.

-0.05 +

-0.1 4

-0.15 +

-0.2

E(H%rt[ee)

— =HOMO-1

—HOMO

- LUMO
LUMO+1

-0.25

2 3 4

5 Compound

The theoretical spectra were reconstrugted

using the “create spectrum” function |of

PhotochemCAD program

http://www.photochemcad.com/index.html

using Gaussian functions. The wavelength

at peaks maxima were taken from the

TDDFT results. Their intensity was set

equal to the calculated oscillator strength

' and the half-height width was chosen at|40
nm.
Figure 5. Energy evolution (1 Hartree27.2116 eV) othe HOMO-1, HOMO, LUMO and LUMO+1
for compoundd.-5.
Table 3. TDDFT calculated absorption transitions and aktsampspectra in gaz phase for compoutds
(set B3LYP/ 6-31G(d)).
A= (calcd) [nm] (oscillator strength'd)
Cpd HOMO-LUMO HOMO-LUMO+1
1 350.58 (0.8559) B
2 350.64 (0.6062)
3 381.06 (0.5774) 340.50 (0.6798)
4 446.79 (0.4390) 331.20 (0.7258)
0.0 == T T | T i
5 451.76 (0.8135) 335.83 (0.6347) 250 300 350 400 450 500 550

Alnm
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Figure 6. DFT-computed frontier orbitals (HOMO, LUMO and M®D+1) in gaz phase for compouftheb.
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Structural characterizations of nanoparticles

Dynamic light scattering

Mean patrticles size and distribution were measumetilute solution by dynamic light scattering &56nm
using the Nanoparticle Tracking Analyser provided Nanosight (Nanosight LM20); the system allows
nanoparticles to be dynamically visualized and ¢ediin real time by analysing the paths each partakes
under Brownian motion by means of an optical micope coupled to a camera.

-5 . , . . . . |IIIIIII,|- n ‘lll- e

Figure 7. Size distribution of precipitated nanoparticlesaifséd by adding 4 mL of pre-filtered deionized
water into a 0.2 mL acetonitrile solution contamihO pg of compound. From left to right: nanoparticles of
compoundL (size~205 nm), compourii(size~95 nm), and compoubdsize~145 nm).

TEM imaging

The morphology of the nanoparticles was investijdig transmission electron microscopy (TEM, JEOL
100CXIl). Solutions of nanoparticles dispersed imiture of water:acetonitrile were deposited omato
carbon-coated copper grid. After solvent evaporatibe grid was exposed to ruthenium tetraoxideoragr

10 s to stain the aromatic rings of the compoumdisgain imaging contrast.

a > b c @

200 nm S

s00m
Figure 8. TEM images of precipitated nanopatrticles after hguween deposited on carbon-coated grid and
stained with Ru@vapor. a) and b) Nanoparticl2sc) Large view of nanoparticlés

X-ray powder diffraction

Amorphous properties of the precipitated nanodedievere checked by X-ray powder diffraction. The t
peaks correspond to the diffracted patterns oftttecathode Cu (1.54057 A).
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Figure 9. X-ray powder diffraction spectrum of compouddprecipitated by addition of water into an

acetonitrile solution and filtration.

Cell culture and two-photon imaging
NIH-3T3 murine fibroblasts were grown on XXX chamde coverslips in XXX supplemented with 10 %

fetal bovine serum (£Ccells per mL) in a humidified atmosphere at 37viith 5% CQ for XX days. The
cells were fixed with methanol at -20 °C for 7 miwashed twice with PBS and incubated at 37 °C with
50 uL of compounds dissolved in dimethylsulfoxide at a concentratairi0 pg.mL™* for 20 min. For two-
photon imaging, the incubated cells were washedetwiith PBS and then transferred on a thermallylezgd
stage of a Leica SP2 inverted microscope (DMIRER)imped with a Leica TCSP2 confocal system, an oil
immersion objective (magnification 8NA 1.32) and a Mai Tai tunable laser (Spectra iekysTwo-photon
excitation was carried out at 820 nm and emissias wollected in the 550-680 nm spectral range. The
excitation wavelength was fixed at 820 nm, withsesl in the 100-200 fs range and repetition frequenc

around 80 MHz. Neither degradation, nor bleachiegerobserved during the image acquisition.
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