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Abstract: Single-wall carbon nanohorns (SWNHSs) are a new class of material that is closely related to
single-wall carbon nanotubes. Here, we describe the synthesis and characterization of a series of SWNHs
functionalized with ethylene glycol chains and porphyrins. Functionalization of carbon nanohorns has been
achieved using two different synthetic protocols: (1) direct attack of a free amino group on the nanohorn
sidewalls (nucleophilic addition) and (2) amidation reaction of the carboxylic functions in oxidized nanohorns.
The nanohorn derivatives have been characterized by a combination of several techniques, and the
electronic properties of the porphyrin/nanohorn assemblies (SWNH/H,P) have been investigated by
electrochemistry, spectroelectrochemistry, and a series of steady-state and time-resolved spectroscopy.
The cyclic voltammetry curve of nanohorn/porphyrin conjugate 6 showed a continuum of faradic and
pseudocapacitive behavior, which is associated with multiple-electron transfers to and from the SWNHs.
Superimposed on such a pseudocapacitive current, the curve also displays three discrete reduction peaks

—2.26, —2.57, and —2.84 V and an oxidation peak at 1.12 V (all attributed to the porphyrin moiety).
Steady-state and time-resolved fluorescence demonstrated a quenching of the fluorescence of the porphyrin
in SWNH/H,P conjugates 5 and 6 compared to the reference free base porphyrin. Transient absorption
spectra permitted the electron-transfer process between the porphyrins and the carbon nanostructures to
be highlighted.

Introduction and large surface areas. SWNHSs are typically constituted by
tubes of about 25 nm diameter and 3650 nm length which
associate to give rise to round-shaped aggregates of 100 nm
diameter. Their surface areas and porosity ensure a great affinity
for organic compounds?®and make them promising candidates
for hydrogen and methane stordyé* as well as for drug
delivery system$?®

Carbon-based nanomaterials are currently under active in-
vestigation for producing innovative materials, composites, and
electronic devices of greatly reduced stz Among the wide
variety of carbon materials (which include fullerenes, single-
and multiple-wall carbon nanotubes, carbon fibers, and carbon
nanoonionsy;” single-wall carbon nanohorns (SWNHSs) are of
particular interest since these compounds possess high porosnym
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Scheme 1 @

3

aReagents and conditions: (a) DMF, 80, 5 days; (b) piranha solution ¢80/H,0,, 30%, 4/1), rt, 3 h; (c) EDC, HOBt, DMF, 568C, 5 days.

Solubilization of nanohorns is a prerequisite for their ap-

Here, we describe the functionalization of pristine and

plications in life science. Recently, several studies demonstratedoxidized SWNHs by direct nucleophilic addition or via ami-

that functionalization of SWNHs improved solubilization in
organic solvents and in wat&8 Drug delivery systems based

dation of the carboxyl groups, respectively, with a monopro-
tected diamine derivative as well as their subsequent derivati-

on functionalized nanohorns have generated great expectazation with tetraphenylporphyrins. The electrochemical and

tions1>19Because SWNHSs derive structurally from nanotubes,

photophysical properties of the SWNH# dyads have been

other applications can be envisaged for these compounds.investigated.

Chemical derivatization with electroactive moieties can generate
useful systems for electron-transfer and photovoltaic applica-

tions, similar to single-wall carbon nanotubes (SWN¥s¥3

Results and Discussion

Synthesis and Characterization The synthesis of the

Raman spectroscopy shows that SWNHs possess many morésWNH derivativesl and 2 is described in Scheme 1. The
defects than SWNTs. For nanohorns, the disorder-inducedreaction of pristine SWNHs (p-SWNHSs) in the presence of

D-band is similar in intensity to the graphite-like G-bafd*26

monoprotected diaming?® in DMF led to 1. To produce2,

This result is also corroborated by high-resolution transmission p-SWNHs were first oxidized with piranha solution A0/

electron microscopy (HR-TEM) images in which it is possible

H,0, (30%), 4/1) to give nanohorns that bear carboxyl func-

to observe tortuous contours pointing outside of the central tionalities,4 (ox-SWNHSs), and then the latter were allowed to
aggregates. The end caps and the presence of defects are knowigact with3 in the presence oi-[3-(dimethylamino)propyl]-

to introduce strain in the $dramework of nanotubes, giving
rise to areas with higher reactivity. In nanotubes, addition of
an amine is possible at the cap regféiWe expected similar
or even higher reactivity for SWNHs, which we tested in

N'-ethylcarbodiimide (EDC) and 1-hydroxybenzotriazole (HOBt)
in DMF to give 2. The synthesis of dyads SWNH/PI5 and
ox-SWNH/H,P 6 is described in Scheme 2. Nanohofinsnd?2
were resuspended in DMF, and tReert-butoxycarbonyl (Boc)

reactions with amine derivatives. The presence of defects alsoprotecting group was removed by bubbling gaseous HCI through

facilitates the oxidation leading to formation of carboxylic

groups, which are very versatile for subsequent functionalization.
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the suspension. The corresponding ammonium chloride salts

precipitated during the acid treatment and were recovered by

filtration over a Millipore membrane (Fluoropore, 0.22n).

Finally the coupling between the ammonium salts derived from

1 and2 and acid chloride7 derived from 5,10,15-tris(3,5-di-

tert-butylphenyl)-20-[4-(carbonyloxy)phenyl] porphyri)¢®-30

in the presence of Bl gave donofacceptor nanoconjugates

5 and®6, respectively. Acid chlorid€ was prepared by reacting

8 with oxalyl chloride at room temperature in dry @El,.
Oxidation and functionalization of SWNHSs is a convenient

methodology for producing functional nanohofiddere, we

also demonstrate that amino derivatives can react directly with

p-SWNHs to give functionalized materials. Compourdg®,

4, 5, and 6 were fully characterized by standard analytical
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Scheme 2 @

aReagents and conditions: (a) oxalyl chloride, DMF(cat),,CHl rt, 20 h; (b) gaseous HCI, DMF, rt, 1 h; (c)3&t DMF, CHxCly, rt, 4 days.

techniques, such as Raman, bus, and FT-IR spectroscopies, groups are linked to a porphyrin unit in nanoconjugate/hile
thermogravimetric analysis (TGA), TEM, and atomic force a simple calculation permits a demonstration tBatontains
microscopy (AFM). only one porphyrin for every two amino groups.

FT-IR spectroscopy confirmed the presence of the carbonyl To be sure that for ox-SWNHSs the attachment of amines does
functions of the amide groups ih 2, 5, and6 (band around not take place by nucleophilic addition but really via the
1700 cn1? corresponding to the stretching of the CO bond) formation of amide bonds, we mixed the ox-SWNH derivative
and the presence of carboxyl groups for the ox-SWHNIfsand 2 with an excess of monoprotected diamiB@nder the same
around 1750 cm?). Curiously, the bands around 2852950 conditions as those for the synthesislof he resulting SWNHs
cm ! corresponding to the stretching of CH bonds are not visible were investigated by thermogravimetry. TGA did not show any

in the spectra of the functionalized nanohofnand 2, while significant changes before and after the reaction (Figure S2,
they are present in the spectra of the SWNHRHlerivative Supporting Information). One possible explanation is that in
and6 (see the Supporting Information). 0ox-SWNHs all the defects to which the amine could react are

The amount of organic groups in the functionalized SWNHs ©xidized, making the direct addition of amine to the carbon
was determined by TGA. The thermograms of p-SWN#s, framework of the nanohorns impossible.
and2 are presented in Figure 1a,b. Nanohorn derivativasd TEM —AFM. We investigated our SWNH derivatives by
2 present a loss of weight of about 16.5% and 30%, respectively, TEM. TEM images of all the compounds revealed the presence
at 550°C. This corresponds to one functional group per 105 of nanohorns; in all cases the pictures consisted of small round-
and 55 carbon atoms of the nanohorn frameworkIfand 2, shaped aggregates with diameters of about8I nm in which
respectively. It can be noticed that the loss of weight between it was possible to distinguish small conical caps pointing out.
100 and 550C is constituted by two distinct events of similar  Two representative images of SWNtare shown in Figure 2
intensity: first the loss of the Boc protecting group followed (additional pictures of4 and 6 are shown in Figure S3,
by degradation of the ethylene glycol chain. This result has also Supporting Information). Almost no difference can be noticed
been observed in the case of a fullerene derivative bearing abetween the pristine material and the functionalized nanohorns.
similar chain used for comparison (Figure S1, Supporting Nanohorn derivativeg, 2, 5, and6 have also been investi-
Information). gated by AFM. The samples were prepared by spin coating on

TGA of 5, 6, and the porphyri8 are shown in Figure 1c,d.  a silicon wafer from a solution/suspension of the material in
The porphyrin exhibits a characteristic thermogram with the first DMF. The images revealed in all cases the coexistence of
loss of weight before 300C, which may correspond to  individual SWNHs (round shapes of about-6000 nm diam-
decarboxylation reaction, the second between 450 andG50  eter) as well as aggregates several hundred nanometers high.
and the third between 650 and 96C. The thermograms of ~ Two representative images of SWNHRE are shown in Figure
the SWNH/HP conjugate$ and6 present some similaritiesto ~ 3; the use of AFM did not allow us to see the fine structure of
that of the porphyring, which confirms the presence of the the nanohorns, and only some asperities on the surface have
porphyrin moiety. Compared to p-SWNHsand6 give rise to been observed.
a loss of weight of 47% and 53% at 900, respectively. This Raman Spectra Raman spectra of the p-SWNHSs and of their
corresponds to one functional group per 105 and 85 carbonderivatives-excitation at 633 and 488 nfrare reported in
atoms for5 and®6, respectively. We conclude that all the amino Figure 4. Raman spectra of SWNHs show two prominent bands
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Figure 1. TGA curves recorded at 18C/min under N of pristine and functionalized SWNHSs: (a, b) SWNH derivatives containing protected ethylene
glycol chainsl and2; (c, d) SWNH/HP conjugate$ and6.

at about 1350 (D-band) and 1590 (G-band)énThe D-band shifts for 5 and 6 than for the original porphyrin. Moreover,
indicates, as usual for carbon nanostructures, the density ofalso if we did not perform an absolute estimate of the intensity
defects and can be used for monitoring the process of func-of the spectra, we found that, under similar conditions of
tionalization which transforms 3o sp sites. The spectra in  excitation, the fluorescence & and 6 was lower than what
Figure 4a,b, which are normalized with respect to the G-band, was found for the porphyrin. Both these characteristics of the
demonstrate that the oxidized nanotubes (Reand4) show a spectra, the frequency shift and the intensity quenching, suggest
larger number of defects than p-SWNHs ahdsince their that there is a clear interaction between SWNHs and porphyrin
D-band is more intense. It is also possible to note that the in dyads5 and®6.

G-band of the functionalized compounds shows components at In Figure 4d the fluorescence of the porphyrin is no longer
higher frequency in the spectra excited at 633 nm and somepresent because we are recording the Raman signal in a spectral
shifts at higher frequency when excitation is at 488 nm. Smaller region where emission by the porphyrin is not present. In this
shifts at higher frequency for the functionalized nanohorns can case we observe a porphyrin band at 1555 and another

also be found for the D-band. This can be understood consider-one, with smaller intensity, at 1499 cf The band at 1555

ing that the introduction of defects lowers the conjugation of cm™! can be easily recognized in the spectrurd ak a shoulder

the carbon network, which shifts threelectronic excitations to  of the G-band of the nanohorn. In this case the D- and G-bands
higher frequency. This is reflected in a higher frequency of the are not disturbed by the fluorescence, and they can be compared
vibrational modes coupled to theexcitations. All these features  as in Figure 4b, confirming both the variation of the intensity

show, therefore, that the functionalization was achieved. of the D-band and the shift of the G-band at higher frequencies
Parts c and d of Figure 4 report the Raman spectra excited atas a result of the functionalization.
633 and 488 nm, respectively, of the dydgland6 and their Electrochemistry. The electrochemical behavior of SWNH/

comparison with the spectrum of the porphyrin and of the HyP 6 was investigated in tetrahydrofuran (THF), with tetrabu-

p-SWNHSs. In both spectra the features related to the nanohornstylammonium hexafluorophosphate (TBAH) as the supporting
and to the porphyrin are recognized. In Figure 4c the fluores- electrolyte. The experiments were performed under ultradry
cence of the porphyrin dominates the spectrum, but the bandsconditions and at low temperature to have a wider potential
of the SWNHSs are easily seen. It is interesting to note that the window and to obtain a thorough characterization of the redox
broad band due to the fluorescence is found at smaller Ramanprocesses.

J. AM. CHEM. SOC. = VOL. 129, NO. 13, 2007 3941
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180nm
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Figure 3. AFM images of SWNH/HP 6 prepared by spin coating on a

) N silicon wafer from a DMF solution: top, several aggregates of nanohorns;
Figure 2. TEM images of the functionalized SWN® (a) low magnifica- bottom, an isolated round-shaped SWNH.
tion, general view; (b) high magnification, close-up of the extremity of the

aggregates showing end caps of the nanohorns. that the above interactions seem to be much less effective in

the case of the oxidation process. The porphyrin-centered
voltammetric peaks are largely broadened with respect to the
dmodel, possibly a joint effect of mass transport (i.e., smaller

diffusion coefficient) and charge-transfer kinetics (i.e., hindering

of electronic interaction with the electrode surface) deriving from

association of porphyrins with the SWN#.

Further insight into the electronic properties of nanoconjugate
SWNH/HP 6 was obtained upon its spectroelectrochemical
characterization. Upon application of potentials corresponding
to the multiple reduction of SWNHs (i.eE < —0.25 V; see

The cyclic voltammetry (CV) curve of a saturated SWNH/
H.P 6, 0.015 M TBAH/THF solution, is shown in Figure 5.
The curve displays a pseudocapacitive behavior characterize
by a continuous increase in current with potential at either
negative or positive potentials, with an onset located-a0D.29
V (Figure 5, inset). By comparison with the CV behavior of
functionalized SWNTSs investigated under similar conditfns
and as predicted by theof§the continuum of the voltammetric
current was attributed to either the progressive filling of the

empty electronic states of the nanohornsat —0.5 V) or the inset in Figure 5), two intense absorption bands developed

the emptying of filled states (aE = 0.3 V). Notably, gradually at 2795 and 2848 nm (Figure 6) along with a
superimposed on such a pseudocapacitive current, the curve alsg. .- - .
significant decrease of plasmon absorption bands (Figure 6,

displays three discrete reduction peaks, with peak potentials at. . o
2.26,—2.57, and—2.84 V. Such processes were associated inset). Interestingly, the transition energy of the above bands

with one-electron transfers localized on the porphyrin moieties (NO'.4 ev) is cqngstent with the band gap yalues theoretllcally
by comparison with the porphyrin mode(see Figures S4 and predicted for pr_lstlne SWI_\II—@.Further reductpn of thg solution

S5, Supporting Information). Interestingly, the first two reduc- at more negative po_te_ntlals brought about irreversible spectral
tion peaks are largely shifted toward more negative potentials changes, and the original spectra were not recovered even after

with respect to moded, whereas the separation between the bulk oxidation.

two processes is maintained (see Table 1). Such a shift has Iikely]c Tth's be?av_lotr_, alglw&/v:h thz (t)k? S((ajrvatlon ofrg;e absorption
to be attributed to the strong electronic interaction between eatures of pristine s and the decrease irvtieasmon

SWNHs and porphyrin in dya6, as also evidenced by the absorption (ind.icaFive of a partial flqcculation), might §uggest
Raman experiments. On the other hand, the anodic shoulderthat the reduction induces degradation of the nanoconjugate by

observed in the positive potential region (at 1.12 V) is close to removing the functionalization.

the anodic peak observed in the model (Table 1), thus suggesting Photophysic; The UV-vis spectra of p-SWNHs re\(eal a
set of two maxima at 226 and 276 nm. Yet slightly different

(32) Melle-Franco, M.; Marcaccio, M.; Paolucci, D.; Paolucci, F.; Georgakilas,

V.; Guldi, D. M.; Prato, M.; Zerbetto, FJ. Am. Chem. So2004 126, (34) Guldi, D. M.; Menna, E.; Maggini, M.; Marcaccio, M.; Paolucci, D.;
1646. Paolucci, F.; Campidelli, S.; Prato, M.; Rahman, G. M. A.; Schergna, S.
(33) Berber, S.; Kwon, Y.-K.; Tofreek, D.Phys. Re. B 200Q 62, R2291. Chem—Eur. J.2006 12, 3975.
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Figure 4. Raman spectra of pristine SWNHs and of the derivatives. Spectra in panels a and ¢ are obtained with excitation at 633 nm and those in panels
b and d with excitation at 488 nm. Key: (a, b) black line, p-SWNHSs; red lhegreen line: 2; blue line, 1; (c, d) blue line, porphyrir8; green line,
SWNH/H,P 5; red line, SWNH/HP 6. The black line in panel d refers to pristine SWNHs.

are the spectra of functionalized SWNHsind2 and oxidized second one around 715 rrevolved. Besides a red shift (i.e.,
SWNH 4. A broad absorption is noted fdr, 2, and4 around 653 and 718 nm) that qualitatively tracks the one observed in
250 nm, which monotonically decreases in intensity until the the ground-state absorption, an appreciable decrease in fluo-
near-infrared region (Figure S5). At first glance, the absorption rescence intensity was seen for SWNKP Setting both
spectra of SWNH/LP conjugate® and6 provide unquestion-  fluorescence spectra in relation, we derive & Huorescence
able evidence for the presence of both constituents, namely,quenching that is well in excess of 80%. For SWNE?5 a
SWNHSs and HP. In Figure 7, for example, the Soret band of similar trend evolved with a weaker;R fluorescence.
HoP is clearly discernible at 420 nm, while the Q-band features  |n time-resolved fluorescence measurements a monoexpo-
(i.e., 515, 550, 592, and 647 nm) are hardly visible. This effect nential decay with a lifetime of 9.5 0.5 ns was measured for
is due to the strong plasmon absorption bands of SWNHs  the H,P reference, when the 650 nm fluorescence maximum
all throughout the visible part of the spectruitihat almost was analyzed. A complementary investigation with SWNHH
completely mask the #P transitions. However, a closer look 6 gave the best results (i.g2 of at least 1) when a biexponential
reveals some notable differences betwegR hd SWNH/HP. fitting function with a long lifetime of 10.6+ 0.5 ns and a
First, a substantial broadening of the Soret band is apparent.short lifetime of 0.26+ 0.5 ns with relative weight distributions
Second, in SWNH/EP all features are red-shifted relative to  of 77% and 23%, respectively, was applied. Notably, als® in
the transitions seen in the;P reference (i.e., 417, 513, 548, a rapid fluorescence deactivation was recorded (i.e., 0.3 ns).
590, and 645 nm). We take these findings to postttatdine The short lifetimes in both samples reflect electronic interactions
with the electrochemical and Raman studitise existence of  and are assigned tentatively to a thermodynamically allowed
electronic communications between the redox-active and pho-electron-transfer proceswide infra. The starting point is the
toactive components. photoexcited singlet state of,A (1.9 eV) to yield either an
Further insight into electronic communications between the oxidized SWNH/reduced #P (2.56 eV) or a reduced SWNH/
H.P moieties and the SWNH core came from fluorescence oxidized HP (1.62 eVj-favoring, however, the latter process.
measurements. In this respect, a reference solution of pist H Next, we tested BP and SWNH/HP 6 in pump—probe
(i.e., lacking SWNHSs) in DMF was adjusted to match the experiments using 420 nm laser pulses from-asBipphire laser.
absorption of SWNH/LP in DMF at the 420 nm excitation  Figure 9 summarizes the results for thgPHteference. Following
wavelength. Both samples (i.e.oPland SWNH/HP 6) gave the photoexcitation, a pattern developed that reflects largely the
rise to the same fluorescence pattern; see Figure 8. In particularground-state absorption: minima are discernible at 515, 550,
sets of two fluorescence maximane around 650 nm and a 590, and 645 nm, and maxima are discernible at 470 and 690
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line) to —1800 mV (green line) by potential steps of 250 mV. Inset: detail
-0.01 of the = plasmon absorption region. Experimental conditions: 0.015 M
< 1 TBAH, saturated THF solutiorif = 298 K. Potentials are referenced to
= SCE.
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Figure 5. Top: CV curvesin a 0.015 M TBAH/THF solution of saturated f;bj

SWNH/H,P 6 (inset, steady-state CV curve at 218 K), scan rate 0.5% s
and Pt disk (1Q«m diameter). Bottom: CV curves in a 0.4 mM solution of 011
porphyrin modeB in 0.015 M TBAH/THF. Data were recorded at 218 K
and a scan ratefd V s™1. The working electrode was a Pt disk (126

diameter). Potentials are referenced to SCE. 0.05 }

Table 1. Electrochemical Potentials (vs SCE)

Compound EylV 0

300 400 500 600 700 800
6 110 —223(-211) -258(-243) —282%
o 119 —1.27 ~158 —281 Wavelength / nm

Figure 7. Absorption spectra of SWNTAR 5 (blue line), SWNH/HP 6
aData collected for a solution of 0.4 mM, in 0.015 M TBAH/THF, at 1  (black line), and porprhyri8 (red line) in DMF.
V s~land 218 K.’ Data collected for a saturated solution in 0.015 M TBAH/

THF, & 1V s~*and 218 K. E, for quasi-reversible or totally irreversible 80 - A

behavior; in parentheses are given g values determined by digital

simulation. I \
60 |- , \

nm. These singlet excited-state features are stable on the time

scale of our femtosecond experiments of 3.2 ns and only start o ,
Emission 40 | , \

to decay-through intersystem crossing to the triplet manifeld la.u.
slowly. | \
In the corresponding SWNH#AR 6 experiments we note the 20 L , / \
following features at the end of the photoexcitation: minima \ — \
at 520 and 555 nm and maxima at 480 and 700 nm. This /! > A
confirms the successful excitation of theRHchromophores %o 650 700 750 300
to generate the #P singlet excited statedespite the dominating Wavelength / nm

SWNH absorptlor!. Again, even the excited-state featL!res g!ve Figure 8. Steady-state fluorescence spectra of dilute DMF solutions of
rise to the red shift. In sharp contrast to the observation with H,P (dashed line) and SWNHZR 6 (solid line) with matching absorption
the HP reference, the singlet excited state deactivated rapidly at the 420 nm excitation wavelength.

on our time scale. A lifetime of 0.%& 0.05 ns is derived from

a multiwavelength analysis, for which an illustrative example €volves from a photoinduced electron transfer between the
is shown in Figure 10. Interestingly, the differential spectrum, Photoexcited HP and SWNHs. This rationale is in line with
as recorded at the end of the accelerate® kinglet excited the aforementioned evaluation (i.e., thermodynamic) of the
state, is characterized by a broad feature (i.e., between 550 anelectron-transfer pathways. Figure S6 (Supporting Information)
800 nm) that maximizes at around 625 nm. A plausible rationale demonstrates that in the case of photoexcied 420 nm the

for this observation implies an electron-transfer product that same electron-transfer product evolves.
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Figure 9. Differential absorption spectra (visible) obtained upon femto- _. . . . . .
second flash photolysis (420 nm) offMin nitrogen-saturated DMF solutions Figure 11. Differential absorption specira (visible and near-infrared)
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Figure 10. Top: differential absorption spectra (visible) obtained upon
femtosecond flash photolysis (420 nm) of SWNHPH6 in nitrogen-

saturated DMF solutions with several time delays between 0 and 300 ps at

room temperature. Bottom: time&bsorption profile of the spectra shown
above at 465 nm.

Encouraged by our recent studies with SWiNEvealing

characteristics for SWNT electron-transfer products in the near-

infrared region-we recorded the differential absorption changes
for SWNH/H;P in a complementary experiment in the 800
1200 nm range. In fact, Figure 11 confirms nicely a strong
bleaching of the SWNH absorptions in the near-infrared region.
Important is the fact that the formation of this SWNH electron-
transfer product develops concomitantly with thg”Hlectron-
transfer product in the visible region.

obtained upon femtosecond flash photolysis (420 nm) of SWNP&Hin
nitrogen-saturated DMF solutions with a time delay of 300 ps at room
temperature.

Conclusion

We described the functionalization of carbon nanohorns and
the creation of new SWNH/porphyrin nanoconjugates. The
functionalized SWNH derivatives have been characterized by
a combination of techniques including thermogravimetry, FT-
IR and Raman spectroscopy, and microscopy. All SWNHs
exhibit reasonable solubility in organic solvents, and the
properties of the SWNH/pP assemblies have been tested by
means of electrochemical and photophysical measurements.

The CV curve of SWNH/HP 6 showed a continuum of
faradic and pseudocapacitive behavior, which is associated with
multiple-electron transfers to and from the SWNHs. Superim-
posed on such a current, the CV curve displayed also four
discrete redox processes involving the porphyrin moiety. The
electrochemical experiments revealed sizable electronic interac-
tions of porphyrins with SWNHs in the aforementioned nano-
conjugate. Furthermore, the spectroelectrochemistry exhibited
the expected transition bands for pristine SWNHSs, while it failed
to produce the typical absorption peaks proper for porphyrin,
likely because of chemical instability.

Steady-state and time-resolved fluorescence demonstrated a
guenching of the fluorescence of the porphyrin in SWN&RH
conjugates5 and 6 compared to the reference free base
porphyrin. Transient absorption spectra permitted the electron-
transfer process between the porphyrins and the carbon nano-
structures to be highlighted.
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