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Graphical Abstract

A new class of NIR absorbing dyes accessed by lmagdition-cycloreversion reaction of alkynes wighrafluoro-TCNQ is

reported. Studies on the photoacoustic effect ef gbries of NIR dyes revealed a molar extinctioaffaciency which
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Introduction

The photoacoustic (PA) effect was discovered by AldearGraham Bell in 18857 The PA effect refers to the phenomenon
wherein matter absorbs a short-pulsed laser beamcameerts its energy into soundig heat, which induces localized pressure
changes)”® Based on the PA effect, photoacoustic imaging (F#$ been developed as a highly promising toolsfadying
intracellular physiological processes. PAI combities high spatial resolution of ultrasonic imagimglahe high contrast of optical
imaging®® Both the set-up of PAI devices and PA contrast agenhtribute to the imaging performance. Organiesdwith a
maximum absorption in the NIR range, such as cyaffineorphyrid” and borondipyrromethene derivativEsare widely used PA
contrast agents. The development of new PA moleco&erials are limited because the influence ofdigcbn the PA effect have
seldom been systematically studied, resulting iack of guidance for the design of molecular PA casttagents™™ Recently, we
focused on [2+2] cycloaddition-cycloreversion chetmy, between either tetracyanoethene (TCNE), Bi&racyanoquinodimethane
(TCNQ) or 2,3,5,6-tetrafluoro-7,7,8,8-tetracyanoquineethane (FTCNQ) and ‘electronically confused' alkyn&s™ The resulting
adducts, especially those formed froppTIENQ, had good solubility and were easily preparedigh yields. Notably, these adducts
showed a strong absorption in the 700-900 nm regitich made them highly suitable contrast agent$#i: Here we report a new
series of NIR dyes (abbreviated B3 Q) based on FTCNQ. The series oFTQ dyes was synthesized by a cycloaddition-
cycloreversion reaction between-FCNQ andN,N-dibutyl-4-ethynylanilines (having different suligtions for fine modulation of
optical properties). The PA effect of the seried=0fQ dyes was characterized and they exhibited a hiBleimtensity than that of
indocyanine green (ICG) under the same experimeuntadiitions.FT Q-4 was successfully utilized for long-term cell imagiwhen
self-assembled into hydrophobic phospholipid bitayef liposomes. To further understand PA molecoiaterials, the relationship
between molecular structures and PA intensities masstigated. The results indicate that substitutiith other electron-donating or
electron-withdrawing groups can enhance the molanaidn coefficient and PA intensity, which is in agment with photothermal

theory. This work provides high performance PA molecmaterials and can direct the design of new NISbdting dyes for PAI.
2. Experimental

2.1. Materials and methods

Reagents were purchased from commercial sourcesi¢@)dand used without further purificatiotd NMR spectra were measured
on a Bruker AV500 NMR spectrometer (500 MHz) at 20 @Bemical shifts are reported in ppm downfield froitl&,, using the
solvent’s residual signal as an internal referef€E.IR was recorded on a PerkinElmer LR-64912C Fwutiansform infrared
spectrophotometer. All MALDI-TOF-MS spectra were mgas on a Shimadzu AXIMA-CFR mass spectrometer. Tregation was
performed at an accelerating potential of 20 kV Hinaar positive ion mode with dithranol as a matti®//Vis/NIR spectra were
recorded in a quartz cuvette on a JASCO V-570 spgluttometer. Elemental analyses were measured onASHFLEA 1112
elemental analyzer. The reacting aromatic alkyné&oubes are shown iScheme 1. a;-a4, by, andFT Q-4 were synthesized according
to literature methodS:** The other photoacoustic effect molecules were sgizled and fully characterized by NMR, FT-IR, MS

spectra and elemental analysis from which the creratouctures were verified.



2.2. Synthesis

2.2.1. Synthesis of N,N-dibutyl-4-(phenylethynyl)anilibg.(Monomera, (137 mg, 0.600 mmol) and bromobenzene (0.079 §00.5
mmol) were dissolved in TEA (150 mL) and THF (150 )mAfter the solution was flushed with bubbling Ar gs 30 min,
Pd(PPB).Cl, (12.6 mg, 0.018 mmol) and Cul (5.7 mg, 0.030 mmaj)e added. The reaction mixture was then stirréd &€ for 10 h
under Ar atmosphere. The resulting mixture was cotmated, diluted with CECl,, and filtered through a plug of silica gel. Théveat
was removed under vacuum and the product was putiffecolumn chromatography (SiOpetroleum ether/Ci€l,=4:1) to giveb,
(0.115 g, 63%) as a yellow oil liquith NMR (CDCl, 500 MHz):5 = 1.00 (t, J=7.5 Hz, 6H), 1.43 (m, 4H), 1.63 (m, 4833 (t, J=7.5
Hz, 4H), 6.61 (d, J=5.4 Hz, 2H), 7.31 (t, J=7.0 Hz, TH36(t, J=7.0 Hz, 2H), 7.40 (d, J=5.1 Hz, 2H), 7.53JF.5 Hz, 2H) ppm. FT-
IR (KBr): v=2947, 2850, 2200, 1587, 1515, 1379, 1160, 926, 823 cn'. MALDI-TOF-MS (dithranol): m/z: calc'd for GHyN:
305.21 g/mol, found: 306.3 g/mol [MH]Elemental analysis calc'd (%) fon,;N (305.21): C 86.51, H 8.91, N 4.58; found: C 86.50,

H 8.92, N 4.59.

2.2.2. Synthesis of 2-(2-(4-(Dibutylamino)phenyl)-2-(4-(dicgmethylene)-2,3,5,6-tetrafluorocyclohexa-2,5-dieylidene)-1-
phenylethylidene)malononitrileFTQ-1). The monomerbs (0.100 g, 0.328 mmol) and,FACNQ (0.090 mg, 0.330 mmol) were
dissolved in chlorobenzene (2 mL). The reactiontanx was then stirred at 10C€ for 2 h under Ar atmosphere. The solvent was
removed under vacuum and the product was purifieddiymn chromatography (S}OCH,CI,) to give FTQ-1 (0.183 g, 96%) as a
black red solid'H NMR (CDC, 500 MHz):8 = 1.06 (t, J=7.5 Hz, 6H), 1.50 (m, 4H), 1.78 (m, 48152 (t, J=6.0 Hz, 4H), 6.87 (d,
J=9.5 Hz, 2H), 7.39 (d, J=9.0 Hz, 2H), 7.54 (t, J=7.5 2H), 7.63 (t, J=8.0 Hz, 3H) ppm. FT-IR (KB§=2946, 2850, 2200, 1587,
1515, 1379, 1160, 922, 804, 529 tnMALDI-TOF-MS (dithranol): m/z: calc’d for ¢H,/F;Ns: 581.22 g/mol, found: 582.3 g/mol

[MH]". Elemental analysis calc’d (%) forfEl,/FNs (581.22): C 70.21, H 4.68, N 12.04; found: C 7012@,.68, N 12.05.

2.2.3. Synthesis of 4,4'-(Ethyne-1,2-diyl)bis(Niblstylaniline) (b,). a, (0.166 g, 0.500 mmoland a, (0.137 g, 0.600 mmol) were
dissolved in TEA (150 mL) and THF (150 mL). The PRIE.Cl, (12.6 mg, 0.0180 mmol) and Cul (5.7 mg, 0.030 mmare added
into the solution after bubbling with Ar gas for 3@mThe reaction mixture was then stirred at@0or 10 h under an Ar atmosphere.
The resulting mixture was concentrated, diluted v@ith,Cl,, and filtered through a plug of silica gel. Théveat was removed under
vacuum and the product was purified by column chtography (SiQ, petroleum ether/C}€l,=4:1) to giveb; (0.155 g, 78%) as a
colorless solid'H NMR (CDC, 500 MHz):5 = 0.99 (t, J=7.5 Hz, 12H), 1.38 (m, 8H), 1.62 (m, 8BR1 (t, J=7.5 Hz, 8H), 6.59 (d,
J=8.5 Hz, 4H), 7.36 (d, J=8.5 Hz, 4H) ppm. FT-IR (KBH2947, 2874, 2200, 1587, 1527, 1441, 1367, 1024, 814, 621, 523 cih
MALDI-TOF-MS (dithranol): m/z: calc'd for GH.N,: 432.35 g/mol, found: 433.3 g/mdliH] *. Elemental analysis calc’d (%) for

CsoHaaN, (432.69): C 83.28, H 10.25, N 6.47; found: C 83122,0.26, N 6.47.

2.2.4. Synthesis of 2-(2-(4-(Dibutylamino)phenyljZdicyanomethylene)-2,3,5,6-tetrafluorocyclohexa-dien-1-ylidene)-1-(4-
nitrophenyl)ethylidene)malononitriled=TQ-2). The monomekb; (120 mg, 0.361 mmol) and,ACNQ (0.090 g, 0.360 mmol) were
dissolved in chlorobenzene (2 mL). After, the reatinixture was then stirred at 100 for 2 h under Ar atmosphere. The solvent was

removed under vacuum and the product was purifieddbymn chromatography (SiOCH.CI,) to give FTQ-2 (0.213 g, 97%) as a



black red solid‘H NMR (CDCk, 500 MHz):5 = 0.94 (t, J=7.5 Hz, 6H), 1.00 (t, J=7.5 Hz, 6H), 1(#¥ 4H), 1.51 (m, 4H), 1.66 (m,
4H), 1.78 (m, 4H), 3.57 (t, J=7.0 Hz, 4H), 3.61 (t,.0=z, 4H), 6.62 (d, J=9.0 Hz, 2H), 6.83 (d, J=9.5 Ht),Z.41 (d, J=9.0 Hz, 2H),
7.56 (d, J=9.0 Hz, 2H) ppm. FT-IR (KBN)=2947, 2874, 2187, 1587, 1527, 1441, 1367, 1024, 844, 621, 523 cth MALDI-TOF-
MS (dithranol): m/z: calc’d for §H.NGF.: 708.84 g/mol, found: 709.6 g/midiH] *. Elemental analysis calc’d (%) for,fEl,,NeFs

(708.84): C 71.17, H 6.26, N 11.86; found: C 71.1%.28, N 11.87.

2.2.5. Synthesis of N,N-dibutyl-4-((4-pentylpheztilynyl)aniline §3). a, (0.137 g, 0.600 mmoBnd 1-bromo-4-pentylbenzene (0.113 g,
0.500 mmol) were dissolved in TEA (150 mL) and THBQInL). The solution was flushed with bubbling Ar gas30 min. Then the
Pd(PPH),Cl, (12.6 mg, 0.0180 mmol) and Cul (5.7 mg, 0.030 mmare added. The reaction mixture was then state®D°C for 10

h under Ar atmosphere. The resulting mixture was eotmated diluted with CHCI,, and filtered through a plug of silica gel. The
solvent was removed under vacuum and the productpwaied by column chromatography (Si(petroleum ether/C}E1,=7:1) to
give b; (0.135 mg, 60%) as a yellow oil liquitH NMR (CDCL, 500 MHz):5 = 0.94 (t, J=6.0 Hz, 3H), 1.00 (t, J=7.0 Hz, 6H), 1(:39
8H), 1.68 (m, 6H), 2.65 (t, J=7.5 Hz, 2H), 3.33 (t, 5=z, 4H), 6.62 (d, J=9.0 Hz, 2H), 7.17 (d, J=7.5 H), Z.40 (d, J=9.0 Hz, 2H),
7.45 (d, J=7.5 Hz, 2H) ppm. FT-IR (KB®)=2935, 2850, 2200, 1601, 1503, 1367, 1184, 112, 792, 535 cril. MALDI-TOF-MS
(dithranol): m/z: calc’d for GH3N: 375.29 g/mol, found: 376.2 g/mdiH]*. Elemental analysis calc’d (%) forE;N (375.29): C

86.34, H9.93, N 3.73; found: C 86.35, H 9.94, N 3.74.

2.2.6. Synthesis of 2-(2-(4-(Dibutylamino)phenyl}2dicyanomethylene)-2,3,5,6-tetrafluorocyclohexa-den-1-ylidene)-1-(4-
pentylphenyl)ethylidene)malononitril& TQ-3). The monometb, (112 mg, 0.300 mmol) and,FACNQ (0.082 g, 0.30 mmol) were
dissolved in chlorobenzene (2 mL). The reactiontanx was then stirred at 100 °C for 2 h under Ar aphere. The solvent was
removed under vacuum and the product was purifieddbymn chromatography (S}OCH,.CI,) to give FTQ-3 (0.19 g, 98%) as a
black red solid*H NMR (CDCl, 500 MHz):8 = 0.92 (t, J=6.5 Hz, 3H), 1.04 (t, J=7.5 Hz, 6H), 1(86 4H), 1.48 (m, 4H), 1.67 (m,
2H), 1.75 (m, 4H), 2.68 (t, J=7.5 Hz, 2H), 3.60 (t, .B=48z, 4H), 6.86 (d, J=9.0 Hz, 2H), 7.33 (d, J=8.0 Ht), 7.38 (d, J=9.0 Hz, 2H),
7.53 (d, J=8.0 Hz, 2H) ppm. FT-IR (KBn)=2935, 2850, 2200, 1601, 1379, 1012, 816, 645,¢568 MALDI-TOF-MS (dithranol):
m/z: calc’d for GeHsF4Ns: 651.30 g/mol, found: 652.4 g/mol [MH]Elemental analysis calc’d (%) forgEls-F,Ns (651.30): C 71.87,

H 5.72, N 10.75; found: C 71.89, H 5.71, N 10.74.
3. Results and discussion
3.1.Synthesis of compounBI Q-1~FTQ-4

The synthesis of donor-acceptor chromophdfg®-1 to FTQ-4 was achieved through introducing amine-substitutesnatic
precursors by high-yielding [2+2] cycloaddition-ayeversion reactions using-FCNQ as acceptor molecules. As showrstheme
1, all the acetylenic bonds reacted with the elecaoreptor of FTCNQ. The reaction of FTCNQ could be fulfilled under ambient
temperature, while enhancing the temperature to°@@llowed for more rapid completion of the reactiéarthermore, one easy
purification process was necessary because of genab of byproducts, and yields were significaniggynhranging from 96% to 98%.

The molecular structures &TQ were confirmed by NMR, FT-IR, and MS spectra andneletal analysis. ThETQ dyes were stable



at ambient conditions and reasonably soluble inmomorganic solvents, such as DMSO,,CH, THF, acetone and acetonitrileig.

Sl).

The cycloaddition-cycloreversion reaction b8 (~2x10° M) was initially investigated by UV/Vis/NIR spectrosdoptitration
experiments by adding acceptor molecufeTENQ tob3 in chlorinated solventd={g. 1a). The absorption intensities of the precursor
(b3) started to decrease, and two new charge trarGTgrifands at 483 and 861 nm formed due to the pcesef producETQ-3. The
peak positions of the CT bands remained unchangeite the intensities linearly increased with theitidd of F,-TCNQ. Presence of
one isosbestic point at 357 nm indicates there werside reactions. The UV/Vis/NIR monitoring indicatieat the electronic state of
FTQ-3 was modulated by,/-TCNQ. Moreover, the two new CT bandsFof Q-3 have almost perfect geometrical shagég.(1b). It
is easy to separate the three peaks using softmasllpn the Gaussian distribution, and the reswdtsteown inFig. 1b. Peaks A and
B usually exhibit Gaussian distribution and theirfgt curves meet the experimental curves very wdiis Buggests that each peak
conceptually could represent one kind of chromophbr accordance with the CT properties of everpetaphore, the corresponding

chemical structures were also inserted i 1b.
3.2. PA effect FTQ-1~FTQ-4

The PA intesnities ofF TQ solutions with a concentration 0310°> M were measured using MOST-128. As it is showRiin 2a,
the PA intensities of all thETQ dyes were higher than that of ICG, which was usedastchetypal reference for dye-based PA
contrast agents under the same experimental conglitifo give insight into the high PA intensities)gfQs and to cue the molecular
design of NIR dyes for PAI, we measured the molamnesitin coefficientsd), and the thermal conversion efficiencig} gccording to
the photothermal mechanism based equation of PAtefjé] I" n p, F (1), wherel is the Grueneisen parameter (dimensionlesss, |
the optical absorption coefficient (&)1 is the thermal conversion efficiency, and F is @l optical fluence (J-cf). ™ The major

parameters for re-construction of the PA signals wheeeoptical absorption coefficient Jiand the thermal conversion efficienay.(

CompoundsFTQ-1 through FTQ-4 containing the same parent skeleton and diffesetistitutions were used to measure the
UV/Vis/NIR absorption spectra at a concentration of 30° M (Fig. 2b). The UV/Vis/NIR absorption spectra 6fTQ were in
accordance with the wavelength-dependent PA intedfiyrams Fig. 2b andc), supporting the strong correlation between the NIR
absorption and PA effect. The parent moled¢tl®-1 showed the NIR absorption with the maxima at 817 nththe molar extinction
coefficient of 2.2x 10 L mol* cmi*. The compoundTQ-3 showed almost the same absorption propertidsT&s1 (maxima at 816
nm, e = 2.1x 10* L mol™* cm™) with introduction of an alkyl chain. Interestigghith the introduction of the electron-donatiNg\-
dibutyl group as an auxochromeRdQ-2, the molar extinction coefficient was increased ®x 10°L mol™ cm* and the absorption
peak was hypsochromically shifted to 790 nm compaecethe parent moleculETQ-1. However, the placement of an electron-
withdrawing aldehyde group in the chromophore bathaoically shifted theNIR absorption peak dfTQ-4 to 831 nm compared to
FTQ-1, and the molar extinction coefficient increased3t® x 10° L mol™ cm. Based on the above experimental results, we can
conclude that the alkyl chains had almost no imfbgeon the NIR absorption (wavelength and intensiigctron-withdrawing groups

tended to bathochromically shift the absorptionttef FTQ in the NIR range. On the contrary, electron-donatingups tended to



induce a hypsochromicshift of the absorption. Intgaity, both the electron-donating and withdrawingugs resulted in increased
absorption intensity with a hypsochromic sHift.Based on the large molar extinction coefficier)s KT Q-2 andFT Q-4 showed PA
intensities 1.5< 10° at 800 nm and 1.8 10° at 830 nm, respectively, which were higher than ¢fi&T Q-1 (9.9x 10" at 820 nm) and

FTQ-3 (4.2x 10" at 820 nm). The results are in accordance wittethmtion (1) based on the photothermal mechanism.

In addition, thermal conversion efficiencias) (of FTQ dyes were also determined in order to evaluate twitributions to the
resultant PA effects. THETQ solutions with a concentration ofx310° M were used to measure the thermal conversioniaifiy. A
100 pL solution of FTQ was irradiated under the laser (400 mW) at the veaggh of maximum absorption for eaBfi Q. The
temperatures were recorded by the thermal imagistgsyand the time-dependent temperature variatiores ofFTQ are shown in
Fig. 2d. The thermal conversion efficiencies) (of the FTQs were calculated byitting the curves of time-dependent temperature
variations Fig. S2)."*"' FTQ-2 andFT Q-3 displayed high thermal conversion efficiencie$df5% and 53.9%, respectiveljable 1).
Comparing these with the relatively low thermal casign efficiencies oFTQ-1 (n = 30.0%) and=TQ-4 (n = 33.9%), it is proposed
that the alkyl chains iRFTQ-2 andFT Q-3 may contribute to the higher thermal conversioicifficies due to the thermal vibration of
the alkyl chains, since they have similar molecsimucturest'® FTQ-3, with the highestn value (53.9%), showed the lowest PA
intensity (4.2x 10" at 820 nm). This result was not supported by thetqthermal equation (1), where the PA effect isaliyerelated
to the thermal conversion efficiency. For the seraf FTQ NIR dyes, the photoacoustic waves may be alsoegtlad the
electrostriction of the solvent, induced by chargasfer of thé&=TQ molecules™ 2" The molecular simulation and quantum chemistry
calculations were carried out for explanatidralfle 1 and details see Sl). The possible conformatiohahges under photoirradiation
may contribute to the PA effect for the serie$-d1Qs aside from the photothermal mechanism, and mak&TiQ dyes show higher

PA intensities when compared to IC&.
3.3. PAimaging in vitro

To demonstrate the potential application of FieQs in PAI, we loaded~T Q-4 into a well-defined hydrophobic bilayer of liposane
which have been widely applied as drug delivery Jeki&®! Briefly, L-a-phosphatidylcholine and cholesterol (4:1 w:w) were
dissolved in an ethanol solution. Afterward, tH&Q-4-containing DMSO solution was added into the aforeinartl premixed
ethanol solution. The resulting mixture was subsetjyénjected into phosphate-buffered saline (PBS8J stirred for 1 h. ThET Q-4
molecules were preferentially embedded into a hylisbjr phospholipid bilayer of liposome through ryghobic interaction$? The
morphology ofFTQ-4 O L in PBS (pH=7.4) was investigated by transmissiecteon microscopy (TEM). Under the mass ratio (1:10
of FTQ-4 and phospholipids, uniform vesicular structuredef-4 0 L with a size of 42 £ 18 nm were observédg( 3b). The
technique of dynamic light scattering (DLS) meadueehydrodynamic diameter &fTQ-4 O L of 79 £ 12 nm with narrow size
distribution Fig. S4). TheFTQ-4 0 L with a 1:10 mass ratio displayed almost the sabrs®rption X,.x = 815 nm) with that oF T Q-4
in DMSO, indicatingFTQ-4 was successfully loaded into the liposorkég( 3a). Furthermore, th&TQ-4 O L was utilized as a
contrast agent for PA imaging vitro by using human breast cancer MCF-7 cells as a huadldline. The MCF-7 cells grown on a

Petri dish (~10cells) were incubated withTQ-4 0 L (10 uM based orFTQ-4 molecules) and ICG (1AM) separately for 2 h at 37



°C. The treated cells in PBS were mixed with a 2%aplire agarose solution {¥, = 1:1), and then added into the wells of an agarose
gel phantom made in advance. PA imaging was colleasét Multi-Spectral Optoacoustic Tomography (MSQ@fger an 815 nm
laser excitation at different time intervals. Th& §ignals ofFTQ-4 O L in the cells were recorded in an agarose gePdk About
50% of the PA signals could be maintained Q-4 [ L treated cells for 96 h. As a reference, it oolgk 12 h for PA signals of ICG
treated cells to decrease by h&lfg;. 3c). These results indicate tHat Q-4 could be used as a contrast agent for PAl when dapto

the nano-sized liposomes. In addition, the cytaiioxiof FTQ-4 O L nanovesicles was evaluated through CCK-8 assagetermine

the metabolic viability of MCF-7 cell§? No significant cytotoxicity was observed with a comcation up to 10uM under our

experimental conditions={g. S5).

4. Conclusions

In summary, we have prepared a series of NIR absprilyes through aycloaddition-cycloreversion reaction. The systémat
investigation of the NIR dyes indicates that substihs with electron-donating or electron-withdrawgrgups can enhance the molar
extinction coefficients and PA intensities. Finalllge NIR absorbing dyes with good stability and hiRgh intensities were utilized to
image cells in an agarose gel for an extended gexidime by loading them into nano-sized liposom@ar results systematically
illuminate the influences on PA effects and proviglédance for the design of NIR absorbing dyes faghkperformance PA

bioimaging. The investigation into water-soluble NiBsorbing dyes with high PA intensities is in progri@sour lab.
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Fig. ACCEPTED MANUSCRIPT

UV/Vis/NIR was fitted based on based on the Gaasdistribution, A Peak in blue, B peak in red angeéak in dark green.
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Fig. 2. (@) The PA intensities ¢fTQ and ICG measured in DMSO 310° M). (b) The UV/Vis/INIR spectra of the NIR dyEJ Q and (c) corresponding photos
of FTQ solutions taken by digital camera. (d) The hedtiogling curves of TQ at different times. The energy input from lasers w&0 mW at about 800 nm

with an irradiated diameter of 2 mm.



Table 1. The summary of PA intensity, thermal conversioricefficy §), molar extinction coefficiente], and corresponding sum of main intramoleular

interaction energy (V(r)) in both states of FTQ emilles.

FTQ PA (10) & (10 L/molicm) n (%) VI (Kdimo))

S1 S2
1 9.9 2.2 30.0 -90.485 -78.611
2 14.6 4.5 51.5 -107.156-105.537
3 4.2 2.1 53.9 -89.996 -78.716
4 13.2 3.8 33.9 -90.073 -78.223
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Fig. 3. UV/Vis/NIR absorption spectra ¢fTQ-4 O L with different ratios ofFT Q-4 to liposome in PBS. (b) TEM images 6T Q-4 O L. (c) PA imaging of

FTQ-4 O L incubated in cells, which was added to agaredevglls and embedded into the agarose gel pharifbmphantom was imaged using MOST 128

with an 815 nm excitation pulse laser at diffetame intervals.



® A new class of dyes with NIR absorption was designed and prepared.

® The NIR dyes showed excellent photoacoustic effect.

® Charge transfer of NIR dyes may contribute to photoacoustic effect.



