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Highlights:

»  Synthesis a series of dendritic phthal ocyanine-spacer linker-SWNTs nanoconjugates.
»  Intramolecular electron transfer could occur from phthal ocyanines to SWNTSs.
»  Electron transfer rate and efficacy increase with decreasing spacer linker length.
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Abstract : A novel series of dendritic phthalocyanine-single-wall carbon nanotube nanoconjugates,
zinc (1) phthalocyanine bearing poly (aryl benzyl ether) dendritic substituents covalently linked with
single-wall carbon nanotubes through either ethylenediamine or hexamethylenediamine as the spacer
linker, were prepared. The structures and morphologies of the dendritic phthalocyanine-single-wall
carbon nanotube nanoconjugates were characterized by IR, Raman spectroscopy, transmission electron
microscopy and thermal gravimetric analysis methods. The photophysical properties of the
nanoconjugates were studied by steady-state and time-resolved fluorescence spectroscopy. The
intramolecular electron transfer occurred from phthalocyanine (donor) to the carbon nanotubes

(acceptor) by a photoinduced process. The electron transfer exchange rate constant and the electron
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transfer efficacy between the dendritic phthalocyanine and single-wall carbon nanotubes increased with

decreasing length of spacer linker. These novel nanoconjugates were fundamentally important due to

the synergy effects of carbon nanotubes and dendritic zinc phthalocyanine, which may find potential

application as biological labels.

Keywords: Single-wall carbon nanotubes; Dendrimer; Phthalocyanine; Photoinduced electron transfer;

Photophysical properties; Synthesis

1. Introduction

Single-wall carbon nanotubes (SWNTs) have unique electronic, mechanism and structural

properties as well as chemical stability that make them ideal nano-materials for applications in energy

conversion, gas storage, sensing and biological applications [1-2]. However, processing SWNTs and

integrating them in real world applications were severely limited by a number of inherent shortcomings:

purification, manipulation and low solubility in organic solvents. In order to improve their solubility

and overcome the aggregation properties, various functionalized strategies, like covalent [3-5] and

noncovalent methods [6-9] were employed. For example, Gudi et al., reported on the functionalization

of SWNTs with ferrocene species, and on the result of a spectroscopic investigation suggested an

intramolecular electron transfer in the functionalized nanotubes [10]. Sun and coworkers functionalized

SWNTs with pyrene-containing dendra and found that the photo-excited pyrene moieties were

quenched by linked SWNTs via efficient intramolecular energy transfer [11]. Some previous work has

been reported on the preparation of phthalocyanine-SWNTs composites or nanoconjugates and their

photoinduced intramolecular electron transfer properties [12-17].



A dendritic phthalocyanine is a metal complex encapsulated within the inner core of a dendrimer

bearing hydrophilic surface groups, which is considered as a new efficient light-harvesting system.

Functionalization of the SWNTs with a light-harvesting dendritic phthalocyanine would present a

particular strategy to attach a limited number of function groups onto the SWNTs surface, thus we

expected them to show better solubility, less aggregation and better photophysical properties. Besides,

functionalized SWNTs with electron-donor antenna chromophores through a covalent linkage which

may lead to a significant breakthrough in generating singlet excited energy and conversion into

chemical energy, leading to excellent electron-transfer properties. However, at present, there are few

examples of dendritic phthalocyanine functionalized carbon nanotubes reported.

In this paper, a novel series of dendritic phthalocyanine-SWNTs nanoconjugates, zinc (ll)

phthalocyanine bearing poly (aryl benzyl ether) dendritic substituents covalently linked with SWNTs

through either ethylenediamine or hexamethylenediamine as the spacer linker, were synthesized and

characterized. The photophysical and photoinduced electron transfer properties of this novel series of

dendritic phthalocyanine-SWNTs nanoconjugates were studied by UV/Vis, steady-state and

time-resolved fluorescence spectroscopy.

2 Materialsand Methods

Solvents for organic synthesis were reagent grade, and were dried according standard procedures.

All the other compounds were used as received. SWNTs-COOH: diameter of about 20 nm, a length of

1-3um and purity > 90%.

Raman spectra were measured at room temperature with a Renishaw micro-Raman spectroscopic

system (Renishaw Invia, UK) and a diode laser operating at a wavelength of 785 nm as an excitation



source. The UV/Vis spectra were recorded with a Cary50 UV/Vis spectrophotometer. A Perkin-Elmer
ATR Fourier transform infrared spectrophotometer was used for IR data collection. Steady-state and
time-resolved fluorescence spectra were carried out on a FL900/FS920 fluorescence spectrophotometer.
Thermal properties of the samples were measured using a Mettler-Toledo TGA/SDTA851e at a heating
rate of 101/min in nitrogen atmosphere. Transmission electraraacopy images were recorded on a

JEM-2010 transmission electron microscope at 200 kV accelerating voltage.

3 Experimental

3.1 Synthesis of compound 1

Compound 1 and Compound 2 were synthesized according to the literature [18,Ndiert-
butyloxycarbonyl-1,2-ethylenediamineN-Boc-ethylenediamine) was obtained by treatment of
1,2-ethylenediamine (12 mL, 200 mmol) with-tert-butyldicarbonate (23.2 mL, 100 mmol) in
anhydrous methanol (120 mL) at room temperature. The mixture was evaporated to dryness under
reduced pressure. The residue was dissolved in water (100 mL) and saturated with sodium carbonate.
The aqueous layer was exacted with ethyl acetate (40 mL) by three times. The combined organic layers
were dried by magnesium sulfate anhydrous and evaporated toogipeund 1 as yellow oil. Yield
(16.00 g), percentage yield (50 %). IR/En8446, 2976, 2930, 1692, 1365, 1397, 1170, 1039, 955, 870.
'H NMR (CDClk, 400MHz, 8/ppm): 5.00 (s, 1H, -NH-), 3.18 (t, 2H, -NHGH, 2.80 (t, 2H, -Ch
close to amino), 1.45 (s, 9H, -GH 1.40 (s, 2H, -NH). ESI-MS (m/z): 160. Found: 161
[M+H] *.Analysis calcd. For €1:6N,0, C: 52.50, H: 10.00, N: 17.50. Found: C: 52.54, H: 10.05, N:

17.53. [See SI-Fig.1-3]



3.2 Synthesis of compound 2

N-tert-butyloxycarbonyl-1,2-hexamethylenediamirg-Boc-hexamethylenediamine) was obtained
by treatment of 1,2-hexamethylenediamine (9.30 g, 80 mmol)divitért-butyl dicarbonate (9.28 mL,
40 mmol) in anhydrous methanol (80 mL) at room temperature. The mixture was evaporated to dryness
under reduced pressure. The residue was dissolved in water (80 mL) and saturated with sodium
carbonate. The aqueous layer was exacted with ethyl acetate (40 mL) by three times. The combined
organic layers were dried by magnesium sulfate anhydrous and evaporated dongieend 2 as a
yellow loil. Yield (9.33 g), percentage yield (54 %). IR/&n3349, 2980, 2929, 1693, 1529, 1450, 1360,
1250, 1172, 864'H NMR (CDCk, 400MHz,3/ppm): 4.71 (s, 1H, -NH-), 3.06 (t, 2H, -NHGH 2.63
(t, 2H, -CH- close to amino), 1.64 (s, 2H, -NK1.00-1.50 (s, 17H, -CHCH,-). ESI-MS (m/z): 216.
Found: 217 [M+H]. Analysis calcd. For GH,N,0, C: 61.11, H: 11.11, N: 12.96. Found: C: 61.15, H:
11.14, N: 13.03. [See SI-Fig.4-6]
3.3 Synthesisof SWNTs 3 and SWNTs 4

To a suspension @WNTs-COOH (100 mg) in dry dimethyl formamide (DMF) (20 mL) which

was sonicated in an ultrasonic washer for 30 min were ad#€8dimethylaminopropylN*-
ethylcarbodiimide hydrochloride (EDC-HCI) (100 mg), 1-hydroxy-benzotriazole (HOBt) (100 mg) and
compound 1 (0.25 g). The mixture was stirred at room temperature under nitrogen for 36 h. The
solution was filtered and the black solid was washed with DMF, dichloromethangClgCtdnd
diethyl ether affording functionalize®WNTs 3. Instead otompound 1 we usedcompound 2 (0.42 g)
and the same reaction procedure to ob&iNTs 4.

3.4 Synthesisof SWNTs5 and SWNTs 6



To a suspension &WNTs 3 (10 mg) in dry CHCl, (5 mL) which was sonicated for 30 min was
added trifluoroacetic acid (TFA) (1 mL). The reaction mixture was stirred at room temperature under
nitrogen for 2 h. The solution was filtered and the black solid was washed wi€i,Gidd dry ethanol
affording functionalize WNTs 5. The same reaction procedure leads to olS&fINTSs 6.

3.5 Synthesisof DZnPc 7

Tetra-[3,5-di-(4-cyanobenzyloxy)benzyloxy] zinc (II) phthalocyanine was synthesized by
condensation of 3,8(4-cyanobenzyloxy)benzyloxy phthalonitrile in the presence of acetate zinc in
60% yield [20]. Thdetra-[3,5-di-(4-carboxylicbenzyloxy)benzyloxy] zinc (II) phthalocyanid@nPc
7 was obtained by hydrolyzesetra-[3,5-di-(4-cyanobenzyloxy)benzyloxy] zinc (II) phthalocyanine
(0.50 g, 0.2mmol) in NaOH as a green solid[21]. Yield (0.36 g), percentage yield (82%)1RR0D,
2930, 1690, 1600, 1450, 1430, 1318, 1295, 1250, 1153, 1067, 1020, 82'% 8BOR (DMSO-d;,
400MHz,d/ppm): 7.90-7.92 (dJ=8Hz, 16H, HOOCPh-H), 7.50-7.52 (#8Hz, 16H, HOOCPh-H),

7.18 (s, 4H, Pc-H), 7.04-7.06 (@8Hz,4H, Pc-H), 6.92-6.93 (d=4Hz, 4H, Pc-H), 6.71 (s, 4H,

Ar-H),6.55 (s, 4H, Ar-H), 5.23 (s, 4H, PhGH), 5.14 (s, 4H, PhC}®), 5.08 (s, 4H, PhC}O).

MALDI-TOF-MS (m/z): 2201. Found: 2203 [M+2]Analysis Calcd. For $/NgHgsOxZn (%): C:

70.02, H: 4.14, N: 5.27. Found: C: 70.01, H: 4.16, N: 5.29. (See SI-Fig.7-9)

3.6 Synthesis of SWNTs-E-DZnPc 8 and SWNTs-H-DZnPc 9

To a suspension WNTs 5 (10 mg) in anhydrous DMF (20 mL) which was sonicated for 30 min
were added EDC-HCI (100 mg), HOBt (100 mg) and the dendritic phthalocy@#mec 7 (20 mg)

were added. The reaction mixture was continuously stirred at room temperature under nitrogen for 36 h.
The solution was filtered and the black solid was washed witfCGldnd anhydrous ethanaffording

SWNTs-E-DZnPc 8. According to the above proceduYNTs 6 (10 mg) was treated with EDC-HCI



(100 mg), HOBt (100 mg) and the dendritic phthalocyanD&nPc 7 (20 mg) to give
SWNTsH-DZnPc 9. The structures ofSWNTs 5 SWNTs 6, SWNTs-E-DZnPc 8 and
SWNTs-H-DZnPc 9 were characterized by IR, Raman spectroscopy, transmission electron microscopy
and thermal gravimetric analysis methods which would be discussed in the following chapter.
4, Resultsand discussion

The synthetic route for the dendritic phthalocyanine-single-wall carbon nanotube nanoconjugates
was shown in schente
4.1 Synthesisand characterization

The carbodiimide-active amidation reaction was used to functionalize the surface bound
carboxylic acid groups the SWNTSWNTs-COOH) with a functional dendritic phthalocyanine
DZnPc 7 using either ethylenediamine or hexamethylenediamine as a spacer linker in DMF. In brief,
compound 1 was firstly obtained by reaction of ethylenediamine with 2 equivalent-teft-butyl
dicarbonate. Ther§WNTs 3 with Boc protecting groups were obtained by reactioBVNTs-COOH
with EDC-HCI, HOBt anccompound 1 in DMF. After that, the Boc protecting groups ®/VNTs 3
were removed by using 25-50% TFA in @, affording SWNTs 5 with amine groups. The dendritic
phthalocyanineDZnPc 7 was successfully synthesized via a convergent approach. Its structure was
unambiguouslycharacterized by means of elemental analysis, IRLMATOF-MS and'H NMR [20].
Finally, the coupling reaction between the amine grouf@MRTs 5 and the carboxylic groups of the
dendritic phthalocyanin®zZnPc 7 in the presence of EDC-HCI and HOBt gave a nanoconjugate
SWNTs-E-DZnPc 8 with ethylenediamine as the spacer linker through amidation reaction. The similar
synthetic procedure was carried out to obtain a nanoconju§d&Ts-H-DZnPc 9 with

hexamethylenediamine as the spacer linker. The constitutions, structures and morphologies of



SWNTs-E-DZnPc 8 and SWNTs-H-DZnPc 9 were characterized by combination of analytical
techniques, such as IR, Raman spectroscopy, transmission electron microscopy (TEM) and thermal
gravimetric analysis (TGA).

The morphologies of thBWNTs-COOH, SWNTs-E-DZnPc 8 and SWNTs-H-DZnPc 9 were
studied by TEM. The images @WNTs-COOH, SWNTs-E-DZnPc8 and SWNTs-H-DZnPc9 are
shown in Figure 1. The image of pristiB&/NTss=COOH showed a clean sidewall with a diameter of
about 20 nm (Fig.1 (a)). The black spots originated from the dendritic phthalocyanine indicated by
white circles on the SWNTs, evidence of the existence of the dendritic phthalocyanine on the
SWNTs-E-DZnPc 8 and SWNTs-H-DZnPc 9 with diameters of about 23 and 24 nm, respectively
(Fig.1 (b) and Fig.1 (c).

Further evidence to support covalent functionalization of SWNTs was found in the IR spectra.
Figure 2 showed the IR spectra ®NNTs-COOH, SWNTs-E-DZnPc 8, SWNTs-H-DZnPc 9 and
DZnPc 7. A symmetrical C=0 stretching at 1733 tmvas assigned to the vibration of COOH moieties
of SWNTs-COOH. SWNTs-E-DZnPc 8, SWNTs-H-DZnPc 9 both displayed band at 1720 ¢m
which was matched with the vibration of the amide functional groups after the COOH moieties of
SWNTs being reacted with either ethylenediamine or hexamethylenediamine [22]. Finally, the IR
spectra of SWNTs-E-DZnPc 8 and SWNTs-H-DZnPc 9 also displayed other bands that were
coincident with those displayed BZnPc 7.

Raman spectroscopy provided essential and useful information that the dendritic phthalocyanines
have been successful covalently attached to the carbon nanotube sidewalls. Raman spectra of the
nanoconjugates were shown in Figure 3. There were two principal bands at about 1330-1380 cm

band) and 1400-1600 ¢iG band). The former was used to indicate the density of the defects for the



SWNTs and had been used to monitor the process of covalent functionalization which transformed
from sg to sp site; while the latter could be used to estimate the level and distribution of modification
[23]. Upon excitation at 785 nm, the intensity¥NTs-E-DZnPc 8 andSWNTs-H-DZnPc 9 at 1386
cm'was stronger than that of the prist®&NTs-COOH, which suggests a significant modification

after the addition of phthalocyanine via a covalent bond [24-25]. Besides, some new features located at
682 and 749 cthfor SWNTs-E-DZnPc 8 andSWNTs-H-DZnPc 9 were assigned to thievibration of
macromolecular zinc phthalocyanine, which can be clearly observed in Fig.3 [26]. The above results
confirmed the presence of zinc phthalocyanine particles on the SWNTs. Furthermore, radial breathing
modes (RBMs) were very sensitive to diameter and structure of the nanotubes. The RBM bands were
observed between 166 and 266°cfor the all compounds. The peaks at 266 and 166veene hardly
discernible for the pristine SWNTSs, but obviously observed for the functionalized SWNTSs. This result
implied that the nanoconjugates were enriched on the nanotubes with slightly larger diameters after
reaction.

The amounts of dendritic phthalocyanine covalently linked with the SWNTs were determined by
TGA. Figure 4 showed the thermal decomposition profiles SSfNTss=COOH, DZnPc 7,
SWNTs-E-DZnPc 8 and SWNTsH-DZnPc 9. SWNTsCOOH, SWNTsE-DZnPc 8 and
SWNTs-H-DZnPc 9 presented a loss of weight about 8.9 %, 21 % and 32 %, respectively, at 650°C.
The initial mass loss for each sample before 200°C may be attributed to the solvent loss, therefore the
corrected weight losses due to the functional groups on nanotubes were then estimated to be 12 % for
SWNTs-E-DZnPc 8, 23 % for SWNTs-H-DZnPc 9 and 50 % forDZnPc 7. A simple calculation
permitted a loss of weight of 28% to be estimated if all carboxylic groups of the SWNTs-COOH (the

content of -COOH: 2.73%) were functionalized by the dendritic phthalocyanine. So a weight loss at



about 12 % and 23 % indicated that not all carboxylic groups oB\WWETs have been reacted. This

result corresponds with the calculated result that one dendritic zinc phthalocyanine for about 614 and

1345 carbon atom f@WNTs-E-DZnPc 8 andSWNTs-H-DZnPc 9 [27].

4.2 Photophysical properties

The UV/Vis absorption spectra oBWNTs-COOH, DZnPc 7, SWNTsE-DZnPc 8 and

SWNTs-H-DZnPc 9 were shown in Figure 5. The dendritic phthalocyarid#nPc 7 showed a

B-band at 350 nm and a Q-band at about 685 nm. Additionally, there is a UV band at 290 nm, which

can be assigned to dendritic substituent chromophores. The van Hove singularities of SWNTs [28]were

observed through the recorded range between 300 and 800 nm. The UV/Vis absorption spectra of

SWNTs-E-DZnPc 8 and SWNTs-H-DZnPc 9 nanoconjugates provided unquestionable evidence for

the existence of both constituents: SWNTs and dendritic phthalocyanines. Therefore, the electronic

structure of the SWNTs was largely preserved.

Figure 6 showed the fluorescence spectra @InPc 7, SWNTs-E-DZnPc 8 and

SWNTs-H-DZnPc 9 in DMF. Upon excitation at 610 nrZnPc 7 exhibited fluorescence emissions

at 708 nm, with the fluorescence quantum yield of 0.10 which was calculated according to eq.1 [29]

and lifetime ¢) of 2.92 + 0.29 ns. While th8WNTs-E-DZnPc 8 andSWNTs-H-DZnPc 9 exhibited

about 98% and 97% quenching of the phthlocyanine’s emission at 715 and 750 nm, respectively.

Excitation at different wavelength (350, 610 nm) also showed a similar quenching for the emission of

phthalocyanines (See SI-Fig.10-13), supporting the presence of an electron-transfer process from the

dendritic phthalocyanine to the carbon nanotubes through the spacer linker. The intensity of the

emission bands increased with the addition of an equimolar amount of free dendritic phthalocyanine

into the solution of SWNTs-E-DZnPc 8 and SWNTs-H-DZnPc 9 (See SI-Fig.14-15), further
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evidenced the fact that intramolecular electron transfer did occur between dendritic phthalocyanine

(electron donor) and the carbon nanotubes (electron acceptor) during a photoinduced process.

(px = (pZnPc X FX X AZnPC eq'l
I:ZnPc A(

Where @,,p. is the fluorescence quantum yield&fiPc in DMF, F is the fluorescence of integral of
eitherSWNTs-E-DZnPc 8 or SWNTs-H-DZnPc 9, Fpcis the fluorescence of integral 8hPc, Az.p.
is the absorbance oZnPc and A is the absorbance of eitheBWNTs-E-DZnPc 8 or
SWNTs-H-DZnPc 9.

The fluorescence lifetimes)(of the SWNTs-E-DZnPc 8, SWNTs-H-DZnPc 9 andDZnPc 7 were
studied by time-resolved spectroscopy. The fluorescence decay curv®d/NTs-E-DZnPc 8,
SWNTs-H-DZnPc 9 andDZnPc 7 were shown in Figure 7. The fluorescence lifetimes were found to
fit a mono-exponential function: f)(= A + B,e"™ + B,e"2 The fitting data was summarized in Table 1.
The fluorescence lifetimes)(of the SWNTs-E-DZnPc 8 andSWNTs-H-DZnPc 9 were 2.53 + 0.25 ns
and 2.62 £ 0.26 ns, respectively, bearing resemblance to that of ti2Zinge 7, which has a lifetime
of 2.92 + 0.29 ns. A possible rational explanation was that the dendritic phthalocyanine chromophores
didn’'t interact with the SWNTSs, due to the dendritic structure. Meanwhile, the slight difference in
lifetimes between th&WNTs-E-DZnPc 8 and SWNTs-H-DZnPc 9 can be ascribed to the spacer
linker length. It implied that quicker the electronic exchange between the dendritic phthalocyanine and
SWNTs would occur by shortening the spacer linker. The length of spacer linker between the dendritic
phthalocyanine and SWNTSs also exerted an effect on the photoinduced intramolecular electron transfer
efficiency @sg7) and electron transfer rate constanggdX of the nanoconjugates. The valuesbaf
and Kger calculated by egs.2-3 were shown in Table 1. ®kg and Kser of SWNTs-E-DZnPc 8 with

ethylenediamine showed higher fluorescence quenching efficacy and larger electron transfer rate
1



constant than that of tf @AV NTs-H-DZnPc 9. This result further confirmed that the larger electronic
exchange rate and the higher electronic transfer efficiency between dendritic phthalocyanine and

SWNTs were observed with decreasing the length of spacer linker.

¢SET = 1_ TSWNTS—E—DZHPOB o SWNTsH-DZnPc9 / z-DZnPc7 eq- 2

K SET = 1/ Z—SNNTSE-Dercs or SWNTs-H-DZrPco :IJ Z-DZnPc7 e q . 3

Where tgwnTsE-DznPe 8 or SWNTsH-Dznpe o 1S the fluorescence lifetime of eitheBWNTs-E-DZnPc 8 or

SWNTs-H-DZnPc 9, while tpznpc 7 is the fluorescence lifetime &ZnPc 7.

5 Conclusions

A novel series of dendritic phthalocyanine-single-wall carbon nanotube nanoconjugatedl)zinc (
phthalocyanine bearing poly (aryl benzyl ether) dendritic substituents covalently linked with SWNTs
through either ethylenediamine or hexamethylenediamine as the spacer linker, were synthesized and
characterized. These nanoconjugates exhibited quenching of the fluorescent emission at the Q-band of
the phthalocyanine upon excitation at 610 nm, which is due to a photoinduced intramolecular electron
transfer between the dendritc phthalocyanine and SWNTs through the spacer linker. The length of
spacer linker between the dendritic phthalocyanine and SWNTs had a marked influence on
intramolecular electron transfer efficiency and electron rate constant. The shorter the spacer linker, the
quicker the electron exchange constant and the higher electron transfer efficiency between the dendritic
phthalocyanine and SWNTs were observed. This study suggested that dendritic phthalocyanine-

single-wall carbon nanotube nanoconjugates may find potential application as biological labels.
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Figure 1 TEM images of SWNTs-COOH (a), SWNTs-E-DZnPc8 (b) and SWNTs-H-DZnPc9 (c)

Figure 2 IR spectra of SWNTs-COOH, DZnPc7, SWNTs-E-DZnPc8 and SWNTs-H-DZnPc9

Figure 3 Raman Spectra of SWNTs-COOH, DZnPc7, SWNTs-E-DZnPc8 and SWNTs-H-DZnPc9

Figure 4 TGA curves of SWNTs-COOH, DZnPc7, SWNTs-E-DZnPc8 and SWNTs-H-DZnPc9

Figure 5 UV/Vis of SWNTs-COOH, DZnPc7, SWNTs-E-DZnPc8 and SWNTs-H-DZnPc9 in DMF at room
temperature (C sy s CooH, DznPe7, SWNTs E-DZnPes and SWNTs H-Dznpco = 2% 107 mol/L)

Figure 6 Steady-state fluorescence spectra of DZnPc7, SWNTs-E-DZnPc8 and SWNTs-H-DZnPc9 in DMF at
room temperature (Ao = 610 nm). Curves for SWNTs-E-DZnPc8 and SWNTs-H-DZnPc9 have been

amplified by afactor of 20. (C pznpcr, SwNTs E-DznPes and SWNTs H-DznPeg = 2% 10° mol/ L)

Figure 7 Time-resolved fluorescence spectra of DZnPc7, SWNTs-E-DZnPc8 and SWNTs-H-DZnPc9 in DMF

_ _ -5
(Ae= 405 N, C pznpe7, SwNTs E-DZnPes and SWNTsH-Dznpes = 2% 107 mol/L)

Scheme 1 The scheme of synthetic route for dendritic zinc phthal ocyanine-SWNTs nanoconjugates



Table 1 Photophysical properties of SWNTs-E-DZnPc8, SWNTs-H-DZnpc9 in DMF

Complexes Absorption  Emission OF 7./ns Dger Keer(sh
Ama/NM Ama/NM
DzZnPc7 6_78 ;09 0.10 2.92 - -
SWNTs-E-DZnPc8 682 688 0.14 2.53 0.13 5.3x10
SWNTs-H-DZnPc9 683 688 0.05 2.62 0.10 3.9%10

& Znpc( @¢=0.30) as the standard.
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Synthesisand characterization

100
904
S
|_
804
70

T
3500

) ) ) ) )
3000 2500 2000 1500 1000
Wavenumber(cm'l)

SI-Fig.7 IR spectra of DZnPc7

SI-Fig.8 MALDI-TOF-MS spectra of DZnPc7

T
500



?06

7.04

6.93

6.92

6.71

. 51

— 523
S—514

~—5.08

M

SI-Fig.9'H NMR spectra of DZnPc7

Photophysical properties
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SI-Fig.12 Steady-state fluorescence spectra of DZnPc7, SWNTs-H-DZnPc9 in DMF at room temperature with

matching absorption at the excitation wavelength«350 nm, C= 210° moL/L).
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SI-Fig.13Steady-state fluorescence spectra of DZnPc7, SWNTs-H-DZnPc9 in DMF at room temperature with

matching absorption at the excitation wavelength«610nm, C= 10° moL/L).
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SI-Fig .14 The Steady-state fluorescence spectra of SWNTs-E-DZnPc8 after adding same concentration of free

dendritic phthalocyanine DZnPc7 (0 mL, 1 mL, 2 mL, 3 mL) into the DMF solution
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SI-Fig.15 The Steady-state fluorescence spectra of SWNTs-H-DZnPc9 after adding same concentration of free
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Highlights:

»  Synthesis and characterization of a novel series of dendritic phthal ocyanine-single-wall carbon
nanotubes nanoconjugates using either ethylenediamine or hexamethylenediamine as the spacer
linker.

» Intramolecular electron transfer could occur from phthal ocyanines (donor) to single-wall carbon
nanotubes (acceptor) during a photoi nduced process.

» The €electron transfer exchange rate and electron exchange efficacy between the dendritic
phthalocyanines and single-wall carbon nanotubes increased with decreasing length of spacer
linker.



