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Abstract Porphyrin monomers, 5,15-bis(4-(2,5,8,11-
tetraoxatridecan-13-yloxy)phenyl)-10,20-bis(3-
iodophenyl)porphyrin zinc (5a) and 5,10-bis(4-(2,5,8,11-
tetraoxatridecan-13-yloxy)phenyl)-15,20-bis(3-
iodophenyl)porphyrin zinc (5b), and their oligomers 6a and 6b
were synthesized and characterized. The titration experiment of
the monomers was carried out in THF by changing the solution
percent of water. The optical properties (UV—vis and fluores-
cence spectra) of the monomers that possess slightly red-shifted
optical spectra in water compared to the spectra obtained in THF
are reported. The newly prepared porphyrin constructs were also
mixed with SWCNTs to generate noncovalent hybrid materials.

Keywords Porphyrin - SWCNT - Multiporpyrin -
Fluorescence

Introduction

Porphyrins are of major interest in chemistry and have thus
been subjected to intensive experimental and theoretical in-
vestigations [1-46]. Porphyrins with tailor-made
photophysical properties and well-defined three-dimensional
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geometries constitute attractive synthetic targets in porphyrin
chemistry [1]. Porphyrins are a ubiquitous class of naturally
occurring compounds within important biological representa-
tives such as hemes, chlorophyll, and Vitamin By, [2, 3]. They
perform important chemical processes, such as
(photoinduced) electron transfer, oxygen-binding and C-H
bond activation [1, 3]. The basic structure of the Por macro
cycle consists of four pyrrolic subunits linked by four methine
bridges [2]. A great number of structural changes consisting of
variation of the central atom and/or peripheral substituents at
the unoccupied pyrrolic positions can be achieved without
altering the porphyrin’s chemical stability [2, 4]. Among the
many promising examples are large excited state absorption
cross-sections and various other nonlinear optical effects as
well as long triplet excited state life times. These properties
render porphyrins interesting candidates for generating effec-
tive optical limiting materials. Since the invention of intense
light sources based on laser mechanism in 1960s, the need for
protection of optical sensors and human eyes from accidental
and hostile lasers has stimulated considerable research. More
recently several materials (organic and organometallic com-
pounds with nonlinear optical properties) and device config-
urations have been proposed and developed to meet this chal-
lenge, among these materials porphyrins are very attractive
due to their intrinsic properties and the fact that they can be
readily be tuned by suitable structural modifications.

During the last years, efforts have been made to encapsu-
late porphyrins within dendrimers to tune their photophysical,
electrochemical and chemical properties [5—8]. Because of
their large size and the possibility of host-guest interactions
the porphyrins represent attractive cores for the design of den-
dritic sensors and catalysts [5]. Porphyrins and
metalloporpyrins are also useful photophysical probes for
evaluating properties of dendimeric structure due to their sen-
sitivity to the type and position of the substitution as well as
the presence of neighbouring chromophores.
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The success of the photosynthetic reaction centre as a trans-
ducer of light into chemical potential depends primarily on the
assembly being able to exert strict control over a number of
design features, such as the separation and orientation of the
various redox centres and the nature of the medium separating
those [9]. Therefore, an important aspect of designing artificial
photosynthetic devices based particularly on the
multiporphyrin arrays found in light harvesters and in
the initial processes of such reaction centres, is the se-
lection of an appropriate organizing principle that will
control these same features. Multiporphyrin systems in
which the porphyrin subunits are interlinked using co-
valent bonds have produced an array of elegant struc-
tures, some of which enable mimicking those processes
found in natural reaction centres.

Nature’s process of electron transport has been mimicked
in the form of an electron donor/acceptor (D/A) pair utilizing
porphyrin derivatives as electron donors combined with com-
plementary electron-accepting species [14]. Among the many
promising examples are large excited state absorption cross-
sections and various other nonlinear optical effects as well as
long triplet excited state life times. These properties render
porphyrins interesting candidates for generating effective
optical limiting materials. [14, 15]. It is also reported
that fullerenes have been spontaneously attracted to por-
phyrins and metalloporphyrins [10, 14, 16-20]. A natu-
ral feature of these structures is the cofacial sandwich-
like arrangement of porphyrins with fullerenes bound in
the clefts.

Complex mixtures of nanometer-sized graphene cylinders
are commonly referred to nowadays as single-walled carbon
nanotubes (SWCNTs), have captured the imagination of scien-
tists and engineers largely because of their remarkable physi-
cochemical, mechanical, and electronic properties. Therefore
they constitute exciting new materials for creating next gene-
ration optoelectronic devices, ranging from field-effect transis-
tor devices, chemical sensors, molecular switch tunnel junc-
tions and photovoltaic devices, integrated multifunctional sen-
sors and devices, among others [14, 21-23, 25]. The insolubil-
ity of the SWNTs in most solvents and the difficulties of han-
dling these highly intractable carbon nanostructures, however,
are restricting their real-life applications at the present time [22,
23]. Thus to improve upon the properties of the SWNTs, low-
cost and industrially feasible approaches to their modifications
are constantly being sought by chemists and materials scien-
tists. Among these approaches, noncovalent supramolecular
modifications of the SWNTs can do much to preserve the
desired properties of the SWNTSs, while remarkably improving
their solubilities. For example, it is reported that the
noncovalent combination of the SWNTs with pyrene and por-
phyrin derivatives leads to novel electron donor-acceptor
nanohybrids, which, upon photoexcitation, undergo fast elec-
tron-transfer, followed by the generation microsecond-lived

@ Springer

charge-separated species [22, 24, 25]. Moreover, success in
the noncovalent functionalization of the SWNTSs has provided
a further opportunity to employ these entitites as chemical
and/or biological sensors.

In this work we synthesized novel porphyrin monomers, 5,
15-bis(4-(2,5,8,11-tetraoxatridecan-13-yloxy)phenyl)-10,20-
bis(3-iodophenyl)porphyrin zinc (5a) and 5,10-bis(4-(2,5,8,
11-tetraoxatridecan-13-yloxy)phenyl)-15,20-bis(3-
iodophenyl)porphyrin zinc (5b), and their porphyrin oligo-
mers 6a and 6b (Scheme 1). After their structural characteri-
zation, the newly prepared porphyrin constructs were mixed
with SWCNTs to generate noncovalent hybrid materials. The-
se were investigated with regard to their absorption and emis-
sion properties Scheme 1.

Experimental
Materials and Instrumentation

Solvents and starting materials were used as received. Pyrrole
was freshly distilled before use. Tetrahydrofuran (THF), di-
chloromethane (DCM) and dimethylformamid (DMF) were
distilled under an argon atmosphere over Na or CaH, prior
to use. Reactions were monitored by thin layer chromatogra-
phy (TLC) carried out on silica gel plates (Merck 60 F-254)
using UV light for visualization. Silica gel (Merck 60, particle
size 0.040-0.063 mm) was used for column chromatography.
Microwave assisted poylcondensations were performed in a
microwave reactor.

NMR spectra were recorded on Bruker AC500 (500 MHz)
spectrometer using residual protonated solvent signals as the
internal standard (‘"H-NMR: & (CDCI3)=7.26 ppm, and '*C-
NMR: 6 (CDCI3)=77.16 ppm). GPC measurements in THF
as the mobile phase were performed on a WGE Dr. Bures
system equipped both with a Knauer UV 2500 and Knauer
RIK-2301 detector at 60°C using a flow rate of 1 ml/min. The
samples were separated through a series of four columns
(SDV 50A 5u PPS, SDV 500A 5u PPS, SDV 100A 5u PL-
Gel, SDV 5 p Linear M PSS). Ultra performance liquid chro-
matography coupled to mass spectrometry detection (UPLC-
MS) was performed with a Waters Alliance systems (gradient
mixtures of acetonitrile/water) equipped with Acquity UPLC
columns. The Waters systems consisted of a Waters Separa-
tions Module 2695, a Waters Diode Array detector 996, a LCT
Premier XE mass spectrometer, and a Waters Mass Detector
ZQ 2000.

Scheme 1 Synthesis of 6a-b: i) TsCl, THF,
tetracthyleneglycolmonomethylether, NaOH, H,O , ii) 4-
hydrohybenzaldehyde, DMF, K,COs5 , iii) pyrrole, TFA, iv) 3-
iodobenzaldehyde, CH,Cl, , BF;.0(Et), , DDQ, v) CHCl; , vi) TMSA,
THEF, diisopropylamine
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Table1  Absorption and fluorescence emission maxima (A, nm) of 5a. * oo _ o
9 e .
5b, 62, 6b, 6a-SWCNT and 6b-SWCNT 1260 *%00 7 %07 ¢%0 40
Compound SOlVCl'lt A max abs (nm) A max cmis] (nm) }\max cmi52 (Ill'Il) 1
c
2038
Sa THF 426 605 654 s
o
H20 436 609 659 é 0.6 R
5b THF 426 604 654 0.4
HO0 435 606 656 o * o
5a-SWCNT THF 426 604 653
0
5b-SWCNT THF 426 604 653 o 2 20 60 80 100
6a THF 426 604 653 Volume H20 % in THF
6b THF 426 615 652 Fig.2 Plot of absorption intensity of 10-6 M 5a vs the volume percent of
6a-SWCNT THF 426 604 653 water in THF. All the solutions prepared Sa content is 10-6 M
6b-SWCNT THF 426 615 652

The absorption spectra were measured using a Shimadzu
UV-1601 spectrophotometer. Fluorescence measurements
were recorded using a Varian-Cary Eclipse spectrofluorimeter.

Synthesis of 2,5,8,11-tetraoxatridecan-13-yl-4-
methylbenzenesulfonate (1)

Was prepared according to the literature [47, 48].

Synthesis of 4-(2,5,8,11-tetraoxatridecan-13-
yloxy)benzaldehyde (2)

Was prepared according to the literature [49].

Synthesis of 2,2'-((4-(2,5,8,11-tetraoxatridecan-13-
yloxy)phenyl)methylene)bis(1H-pyrrole) (3)

Pyrrole (1.4 ml, 20 mmol) and 4-(2,5,8,11-
tetraoxatridecan-13-yloxy)benzaldehyde (0.25 g, 1.6 mmol)
were added to a dry round-bottomed flask and degassed with
a stream of Ar for 5 min. TFA (6.2 ul, 0.16 mmol) was then
added and the solution was stirred under Ar at room temper-
ature for 30 min and then quenched with 0.1 M NaOH: Ethyl
acetate was then added. The organic phase was washed with
water and dried (MgSO,), and the solvent removed under

13%0

vacuum to afford light yellow oil. Column chromatography
with 1:1 EA:PE gave 0.1 g of 2,2'-((4-(2,5,8,11-
tetraoxatridecan-13-yloxy)phenyl)methylene)bis(1 H-pyr-
role). Yield=51 %; R¢ (EA : PE=1 : 1)=0.52; '"H-NMR
(500 MHz, CDCl;): & (ppm) 7.99 (s, 2H), 7.02 (d, 2H, J=
3.5 Hz), 6.76 (d, 2H, J=4.5 Hz), 6.59-6.58 (m, 2H), 6.06—
6.04 (m, 2H), 5.81-5.79 (m, 2H), 5.32 (s, 1H), 4.01 (t, 2H, J=
2.5 Hz), 3.75 (t, 2H, J=2.3 Hz), 3.63-3.62 (m, 2H), 3.5884—
3.5291 (m, 8H), 3.46-3.44 (m, 2H), 3.65 (s, 3H); *C-NMR
(500 MHz, CDCl3): 6 (ppm) 67.5, 69.7, 70.5, 70.6, 70.8, 71.9,
106.9, 108.3, 114.7, 117.1, 129.4, 132.9, 134.6157.7; UPLC
TOF MS ES+ : m/z=429.1279, calcd. m/z=429.2389

Synthesis of 5,15-bis(4-(2,5,8,11-tetraoxatridecan-13-
yloxy)phenyl)-10,20-bis(3-iodophenyl)porphyrin (4a)

A solution of 3-iodobenzaldehyde (0.53 g, 2.3 mmol) and
2,2'-((4-(2,5,8,11-tetraoxatridecan-13-
yloxy)phenyl)methylene)bis(1H-pyrrole) (1 g, 2.3 mmol) in
CH,Cl, (230 ml) was purged with N, and treated with
BF;.0(Et), (87 ul, 0.69 mmol ) at room temperature. After
3h DDQ (0.8 g, 3.5 mmol) was added. Chromatography with
EA:PE 1:1 and then EA gave 0.38 g of d1 and then

Fig. 1 Absorption spectra of
titration experiment of 106 M 5a
at different volume percent of
water in THF. All the solutions
prepared Sa content is 10-6 M

v
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Fig. 3 Plot of absorption maxima of 10—6 M 5a vs the volume percent of
water in THF. All the solutions prepared 5a content is 10-6 M

chromatography with EA:THF 1:1 gave 0.13 g of 5,10 —
bis(4-(2,5,8,11-tetraoxatridecan-13-yloxy)phenyl)-15,20-
bis(3-iodophenyl)porphyrin (d2) as a purple solid (yield=
13 % (4a) and 5 % (4b)). Ry (EA)=0.43 (d1) ; 0.18 (d2). 'H-
NMR (500 MHz, CDCl;): 6 (ppm) 8.83 (d, 4H, J=2.4 Hz),
8.76 (d, 4H, J=2.3 Hz), 8.46 (s, 2H), 8.10 (d, 2H, J=3.9 Hz),
8.07 (m, 2H), 8.03 (d, 4H, J=4.0 Hz), 7.41 (t, 2H, J=4.1 Hz),
7.23(d, 4H, J=4.1 Hz), 4.35 (t, 4H, J=2.6 Hz), 3.98 (t, 4H, J=
2.6 Hz), 3.81-3.79 (m, 4H), 3.73-3.64 (m, 12H), 3.62-3.60
(m, 4H), 3.33 (s, 6H); UPLC TOF MS ES+ : C4,HgsN4O10l>
m/z=1279.3094 , calcd. m/z=1279.2790; UV/vis (ACN):
Amax=417 nm.

Synthesis of 5,10-bis(4-(2,5,8,11-tetraoxatridecan-13-
yloxy)phenyl)-15,20-bis(3-iodophenyl)porphyrin (4b)

A solution of 3-iodobenzaldehyde (0.53 g, 2.3 mmol) and
2,2'-((4-(2,5,8,11-tetraoxatridecan-13-
yloxy)phenyl)methylene)bis(1H-pyrrole) (1 g, 2.3 mmol) in
CH2CI2 (230 ml) was purged with N2 and treated with
BF;.0(Et), (87 ul, 0.69 mmol ) at room temperature. After
3h DDQ (0.8 g, 3.5 mmol) was added. Chromatography with

1000 -~
800 1 suny0
— 75% H,0
3
s 600 -
z $0% Hy0
S 400
kS
200 4 $5%E0
100 % H:O
0 lm—— = —
500 600 700 800

Wavelength (nm)

Fig. 4 Fluorescence spectra of titration experiment of 10-6 M 5a at
different volume percent of water in THF using an excitation
wavelength of 426 nm. All the solutions prepared Sa content is 106 M
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Fig.5 Plot of fluorescence intensity of 10-6 M 5a vs the volume percent
of water in THF. All the solutions prepared 5a content is 10-6 M

EA:PE 1:1 and then EA gave 0.38 g of 4a and then chroma-
tography with EA:THF 1:1 gave 0.13 g of 5,10 — bis(4-(2,5,8,
11-tetraoxatridecan-13-yloxy)phenyl)-15,20-bis(3-
iodophenyl)porphyrin (4b) as a purple solid (yield=13 % (4a)
and 5 % (4b)). Ry (EA)=0.43 (d1) ; 0.18 (d2). '"H-NMR
(500 MHz, CDCl): 6 (ppm) 8.81-8.79 (m, 4H), 8.75-8.74
(m, 4H), 8.50 (s, 2H), 8.09 (d, 2H, J=3.7 Hz), 8.04 (m, 2H),
8.02 (d, 4H, J=4.3 Hz), 7.39 (t, 2H, J=4.2 Hz), 7.21 (d, 4H,
J=43 Hz), 433 (t, 4H, J=2.3 Hz), 3.96 (t, 4H, J=2.6 Hz),
3.79-3.77 (m, 4H), 3.77-3.63 (m, 12H), 3.61-3.59 (m, 4H),
3.50-3.49 (m, 4H), 3.31 (s, 6H); UPLC TOF MS ES+:
Ce2HgsN4O ol m/z=1279.8253, caled. m/z=1279.2790;
UV/vis (ACN): Aax=417 nm

Synthesis of 5,15-bis(4-(2,5,8,11-tetraoxatridecan-13-
yloxy)phenyl)-10,20-bis(3-iodophenyl)porphyrin zinc (5a)

To a stirred solution of 5,15 — bis(4-(2,5,8,11-
tetraoxatridecan-13-yloxy)phenyl)-10,20-bis(3-
iodophenyl)porphyrin (160 mg, 12.5 pumol) in chloroform
(13 ml) a solution of zinc acetate dihydrate (0.14 g, ) in MeOH
(1.4 ml) was added. The reaction was stirred for 1 h at 60°C.

0300 T T T T

80% H20

Abs.

85%H,0
90% H,0
95 % H:O
100 % H,0

3500 4500
un

Fig. 6 Absorption spectra of titration experiment of 10-6 M 5b at
different volume percent of water in THF. All the solutions prepared 5b
content is 10-6 M
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Fig.7 Plot of absorption intensity of 10—6 M 5b vs the volume percent of
water in THF. All the solutions prepared 5b content is 10-6 M

Evaporation of the solvent and chromatography on silica, elut-
ing with EA gave 100 mg of 5,15 — bis(4-(2,5,8,11-
tetraoxatridecan-13-yloxy)phenyl)-10,20-bis(3-
iodophenyl)porphyrin zinc (Yield=% 60). R¢ (EA)=0.5; 'H-
NMR (500 MHz, CDCl): & (ppm) 8.86 (d, 4H, J=2.4 Hz),
8.81(d, 4H, J=2.3 Hz), 8.49 (s, 2H), 8.11 (d, 2H, J=3.4 Hz),
8.02 (d, 2H,J=3.9 Hz), 7.97 (d, 4H, J=4.0 Hz), 7.41-7.37 (m,
2H), 7.03 (d, 4H, J=4.1 Hz), 3.99-3.97 (m, 4H), 3.62-3.59
(m, 4H), 3.38-3.37 (m, 4H), 3.32-3.31 (m, 4H), 3.28-3.27
(m, 4H), 3.22-3.20 (m, 4H), 3.11-3.09 (m, 4H), 2.97 (s, 6H);
UPLC TOF MS ES+ : C62H63N401()Zn12 m/Z:13416819,
calcd. m/z=1341.1925; UV/vis (ACN : THF): A,.,=424 nm.
Synthesis of 5,10-bis(4-(2,5,8,11-tetraoxatridecan-13-
yloxy)phenyl)-15,20-bis(3-iodophenyl)porphyrin zinc (5b)
To a stirred solution of 5,10 — bis(4-(2,5,8,11-
tetraoxatridecan-13-yloxy)phenyl)-15,20-bis(3-
iodophenyl)porphyrin (170 mg, 12.7 wmol) in chloroform
(14 ml) a solution of zinc acetate dihydrate (0.14 g, ) in MeOH
(1.4 ml) was added. The reaction was stirred for 1 h at 60°C.
Evaporation of the solvent and chromatography on silica, elut-
ing with EA:THF 1:1 gave 110 mg of 5,10 — bis(4-(2,5,8,11-
tetraoxatridecan-13-yloxy)phenyl)-15,20-bis(3-

436
435 *
— 434
£ 433
g 432
FEN
E 430
2 429
g
g 428 *
< 427 *
426 0 € € 6 ¢ 6 6 0 0 6 00000
425
0 20 40 60 80 100
Volume H20 % in THF

L 2R 4

Fig. 8 Plot of absorption maxima of 10—6 M 5b vs the volume percent of
water in THEF. All the solutions prepared 5b content is 10-6 M
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Wavelength (nm)

Fig. 9 Fluorescence spectra of titration experiment of 10-6 M 5b at
different volume percent of water in THF using an excitation
wavelength of 426 nm. All the solutions prepared 5b content is 10-6 M

iodophenyl)porphyrin zinc (Yield=61 %). Ry (EA:THF=
1:1)=0.83; "H-NMR (500 MHz, CDCl5): & (ppm) 8.88-8.86
(m, 4H), 8.84-8.82 (m, 4H), 8.51-8.49 (m, 2H), 8.14-8.10
(m, 2H), 8.05-8.01 (m, 2H), 8.00-7.97 (m, 4H), 7.42-7.37
(m, 2H), 7.11-7.07 (m, 4H), 4.12-4.09 (m, 4H), 3.76-3.74
(m, 4H), 3.55-3.53 (m, 4H), 3.48-3.47 (m, 8H), 3.43-3.41
(m, 4H), 3.38-3.37 (m, 4H), 3.29-3.27 (m, 4H), 3.11 (s, 6H);
UPLC TOF MS ES+: C62H64N401()Zn12 m/z=13418599,
calcd. m/z=1342.2003; UV/vis (ACN : THF): A,.x=424 nm.

Preparation of Porphyrin Polymer 6a

The porphyrin monomer (5a), trimethylsilylacetylene were
dissolved in a solvent mixture of THF and diisopropylamine
in a 10 mL microwave tube. The mixture was degassed and
purged with nitrogen. Pd(PPh3),Cl, and Cul were added. The
mixture was further carefully degassed. The sealed tube was
heated and stirred at 60°C with 300 W maximum powers over

700

*e .
907 %,%40000%0,0,

500 4

600

400
300
200

Fluorescence Intensity

100
0
0 20 40 60 80 100

Volume H20 % in THF

Fig. 10 Plot of fluorescence intensity of 10-6 M 5b vs the volume
percent of water in THF. All the solutions prepared 5b content is 10-6 M
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Fig. 11 Photographs of THF solutions of a) SWCNT, b) 5a, ¢) an
equimolar mixture of 5a and SWCNT, d) 5b, and e) an equimolar
mixture of 5b and SWCNT. All the photographs were taken after the
ultrasonication and centifugation (10,000 rpm) steps

8 h under super cooling conditions. Then more THF was
added in to the reaction mixture and washed with saturated
ammonium chloride and brine solutions. The organic phase

was dried with MgSQOy,, and the solvent removed under vacu-
um to afford 6a. GPC (THF): M,,=4200 g/mol, M,=3800 g/
mol, M,=4300 g/mol, PDI (M,, / M,))=1.1

Preparation of Porphyrin Polymer 6b

The porphyrin monomer (5b), trimethylsilylacetylene were
dissolved in a solvent mixture of THF and diisopropylamine
in a 10 mL microwave tube. The mixture was degassed and
purged with nitrogen. Pd(PPh;),Cl, and Cul were added. The
mixture was further carefully degassed. The sealed tube was
heated and stirred at 60°C with 300 W maximum powers over
8 h under super cooling conditions. Then more THF was
added in to the reaction mixture and washed with saturated
ammonium chloride and brine solutions. The organic phase
was dried with MgSOy,, and the solvent removed under vacu-
um to afford 6b. GPC (THF): M,,=5300 g/mol, M,,=3200 g/
mol, M,=6000 g/mol, PDI (M, / M,))=1.6

Results and Discussion
Spectroscopic Results

5a and 5b monomers and 6a and 6b oligomers have a well
shaped absorption maximum at 426 nm in THF (Table 1,
Figs. 1, 6, 12, and 15). The absorption maxima for both mono-
mers were 10 and 9 nm red shifted in water, respectively for Sa
and 5b and there were decreases in absorption intensities in
comparison to the absorption in THF. Both monomers and
oligomers synthesised had two intense emission bands at
605 and 654 nm, 604 and 654 nm, 604 and 653 nm, 615
and 652 nm in THF for 5a, 5b, 6a and 6b respectively.
(Table 1, Figs. 4, 9, 13, and 16). Both of the emission bands
of 5a and 5b were also red shifted to 609 and 659 nm, and 606
and 656 nm for 5a and 5b respectively, in water in comparison

Fig. 12 UV/Vis spectra of a) 5b 0050
(0.005 mg 5b/ 10 mL THF), b) 5b

and SWCNT (0.005 mg 5b and

0.005 mg SWCNT / 10 mL THF),

¢) 5a(0.005 mg 5a/ 10 mL THF),

d) Sa and SWCNT (0.005 mg 5a

and 0.005 mg SWCNT / 10 mL

THF), and e) SWCNT (0.005 mg .
SWCNT / 10 mL THF) in THF 2 ooss
after ultrasonication and

centrifugation

0.000
4000

4700
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Fig. 13 Emission spectra ofa) 5b

(0.005 mg 5b/ 10 mL THF), b) 5a 500 -

(0.005 mg 5a/ 10 mL THF), ¢) 5b

and SWCNT (0.005 mg 5b and

0.005 mg SWCNT /10 mL THF), 400 -

d) 5a and SWCNT (0.005 mg 5a =

and 0.005 mg SWCNT / 10 mL ®

THF), and ¢) SWCNT (0.005 mg > 300 7

SWCNT / 10 mL THF) in THF g

after ultrasonication and 2

centrifugation £ 200~
100 A

0
550

to THF and also quenching occurred. While this red shift for
5a was 4 nm, for 5b it was 2 nm. The shifts observed in the
absorption and emission maxima of 5a and 5b in water were
presumably due to the increase of the polarity of the environ-
ment of the monomers in water in comparison to the data
obtained in THF. While the absorption maxima of 6a and 6b
oligomers are the same, their emission maxima were different.
While the first band of 6a appeared at 604 nm, the one for 6b
was observed at longer wavelength as 615 nm. 6b exhibited
significantly red-shifted emission maxima relative to the cor-
responding monomer.

Titration Experiment

Titrations of porphyrin derivatives 5a and 5b were performed
at fixed concentration of 10~® M 5a and 5b at different volume
percent of water in THF by using an excitation wavelength of
426 nm (Figs. 1,2,3,4,5,6,7, 8,9 and 10). The titration was
monitored by following the absorbance and fluorescence
changes on 5a and 5b spectra. As the water percent is in-
creased the absorption and emission intensities decreased of
both porphyrins 5a and 5b. For Sa, when increasing the water
percent from 75 to 80 % a dramatic decrease in absorption
intensity was observed (Figs. | and 2). The absorption maxi-
ma of 5ais as 426 nm till the water percent is 80 % and at 85 %
water is red shifted to 436 nm and at 85 % and to 437 nm and
then till 100 % water content it is 437 nm (Fig. 3). The fluo-
rescence intensity of 5a showed a dramatic decrease when
water percent was increased from 75 to 85 % (Figs. 4 and
5). In comparison to the absorption maxima at emission max-
ima there was a slight red shift when increasing the water
percent from 75 to 85 % from 605 to 607 nm and at 100 %
water is shifted to 609 nm (Fig. 4). The absorption and emis-
sion decrease of 5b was different than 5a. While there was a
slight decrease at absorption maxima till 75 % water for 5b,
the absorption intensity decreased gradually after 75 %
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percent of water till 100 % (Figs. 6 and 7). The absorption
maxima for 5b was as 426 nm till 75 % percent of water and at

Fig. 14 Photographs of THF solutions of a) SWCNT (1 mg SWCNT /
5 mL THF), b) 6a and SWCNT (0.05 mg 6a and 1 mg SWCNT / 5 mL
THF), ¢) 6a (0.05 mg 6a / mL THF), d) 6b and SWCNT (0.3 mg 6b and
1 mg SWCNT / 5 mL THF) and e) 6b (0.3 mg 6b / 5 mL THF). All the
photographs were taken after the ultrasonication and centifugation
(10,000 rpm) steps
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Fig. 15 UV/Vis spectra of a) 6a bl
(0.001 mg 6a /5 mL THF), b) 6a
and SWCNT (0.001 mg 6a and
0.02 mg SWCNT /5 mL THF), ¢)
6b (0.006 mg 6b / 5 mL THF), d)
6b and SWCNT (0.006 mg 6b
and 0.02 mg SWCNT /5 mL
THF), and e) SWCNT (0.02 mg
SWCNT / 5 mL THF) in THF
after ultrasonication and
centrifugation

80 % was as 427 nm, at 85 % as 428 nm, at 90-95 % as
429 nm and at 100 % shifted to 435 nm (Figs. 6 and Fig. 8).
There was a slight decrease at fluorescence intensity of 5b till
70 % percent of water and after 70 % percent the fluorescence
intensity decreased gradually (Figs. 9 and 10). Up to 80 % of
water the emission maxima of 5b was 604 nm, and at % 85
there was a slight red shift to 605 nm. While for 5a the emis-
sion maxima shift was 5 nm as increasing the water content,
for 5b only 1 nm shift was observed. In highly aqueous sol-
vent mixtures, the changes in optical properties of the mono-
mers are presumably due to hydrogen-bonding of the porphy-
rin derivatives with water. The broadening of the absorption
band as the water percent of the solvent (85-100 % water) is
increased was observed which may be originated from charge
transfer transitions.

Mixing of the Porpyrin Derivatives with SWCNT

The solution behaviour of 5a, 5b, 6a, 6b and their equimolar
mixture before and after solubilisation of SWCNT’s in THF

800

600

400

Intensity (a.u.)

2004

0 T T T T 1
500 550 600 650 700 750
Wavelength (nm)

Fig. 16 Emission spectra of a) 6b (0.006 mg 6b /5 mL THF), b) 6b and
SWCNT (0.006 mg 6b and 0.02 mg SWCNT / 5 mL THF), ¢) 6a
(0.001 mg 6a /5 mL THF) d) 6a and SWCNT (0.001 mg 6a and
0.02 mg SWCNT / 5 mL THF) and e) SWCNT (0.02 mg SWCNT /

5 mL THF) in THF after ultrasonication and centrifugation

4250 000

solutions was monitored both by visual inspection with the
naked eye and more precisely using UV—vis and fluorescence
spectroscopy (Figs. 11, 12, 13, 14, 15 and 16). SWCNT sam-
ples were ultrasonicated in the presence of porphyrins Sa, 5b
and their oligomers 6a, 6b and then centrifugated. Binding of
Sa, 5b, 6a, 6b onto surfaces of SWCNTs was investigated by
absorption and emission spectroscopy. There was a decrease
at absorption intensities of 5a, 5b, 6a, 6b and also fluorescence
intensities were quenched after treatment with SWCNTs indi-
cating solubilisation of SWCNTs. The decrease in absorption
and emission spectra of oligomers were more than the de-
crease observed for monomers, indicating that oligomers
solubilisation of SWCNTs is better than monomers. Clearly,
porphyrin oligomers, 6a and 6b exhibits stronger binding in-
teractions than monomers 5a and 5b, due to the extended 7t
conjugation and enhanced electron donating character.
Solubilisation probably occurs through the stepwise interac-
tions that operate when the flat 7 surfaces of
metalloporphyrins are rapidly adsorbed onto the curved 7t sur-
faces of SWCNT bundles. Porpyrins have an affinity to bind
noncovalently with SWCNTs. The noncovalent bonding in-
teraction of the SWCNTs is a desired property because of
providing a further opportunity to employ these entitities as
chemical and/or biological sensors. The SWCNTs can provide
an ideal network to promote charge transfer in porphyrin-
based systems and transport electrons to the collecting surface.

Conclusion

Porpyrin monomers 5a and 5b and their oligomers 6a and 6b
were synthesised for the first time. Spectroscopic properties of
5a and 5b porphyrin monomers have common features. The
titration experiment for the porphyrin monomers 5a and 5b
were carried out in THF with different percentages of water.
As the water percent is increased the absorption and emission
intensities of both porphyrins 5a and 5b decreased. The newly
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prepared porphyrin constructs were mixed with SWCNTs and
data obtained indicates that oligomers, 6a and 6b, dissolve
SWCNs better than monomers 5a and 5b, which make them
candidates to generate noncovalent hybrid materials. The
noncovalent nanotube functionalization with porphyrins is
based on 7t — 7t — interactions between the porphyrin and
SWCNT and thus does not disrupt the intrinsic electronic
structure of SWCNTs, which is important for electronic
applications.
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