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Abstract: The third-order nonlinear optical properties of
5-(4-pyrenylalkynylphenyl)-10,15,20-tris(4-octylgxyenyl)porphyrin D and
5-(4-iodophenyl)-10,15,20-tris(4-octyloxyphenyl)pbyrin @ have been
comparatively investigated with symmetrical
5,10,15,20-tetra(4-octyloxyphenyl)porphyriB) (and pyrene 4) as reference using
femtosecond-pulsed-scan technique. Due to the BA structure, both AB type
asymmetric porphyring and2 were revealed to exhibit larger two-photon absorpt
(2PA) cross sections over the symmetrical analogueith the largest value of
6.1x10 GM revealed forl because of the intramolecular energy transfer fthen
excited pyrene moiety to the porphyrin moiety adidated by the fluorescence
spectroscopic result. The good 2PA properties ebehAB type porphyrins with
ultrafast response indicate their good applicagmmtential in nonlinear photonic

devices.
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1. Introduction

Porphyrins are versatile functional pigments witivide range of applications not
only because of their two-dimensional conjugatexttebnic molecular structure but
also associated with their versatile functional@atat the peripheral positions and
the central metal ions. Recently, porphyrins hatmaeted considerable attention due
to their potential applications in 3-D microfabticam, optical power limiting,
two-photon photodynamic therapy, and fluorescendéerascopy [1-5]. However,
most of porphyrins have relatively low two-photdosarption (2PA) cross sections
(<100 GM) [6-8], therefore limiting their usefulreeBr 2PA applications. In order to
improve the 2PA cross section, considerable effoaige been continuously devoted
to the exploration of novel porphyrin derivatesl[y,including porphyrin arrays [11],
dimers [12,13], self-assembled porphyrins [14, 85jdexpanded porphyrins [16,17].
Despite great efforts paid in this direction, mokthe newly developed porpphyrin
derivatives still exhibit the 2PA cross sectionstire range of 10°~10° GM as
revealed by the Z-scan measurements under theatanitof femtosecond laser
pulses. However, a number of factors have been dfoln influence the 2PA
magnitudes, among whicirelectronic delocalization plays important role ,[19.
As a consequence, special attention nowadays engiy the molecule with donor
and acceptor sets intervened byr-@onjugation system. Such systems carry an
electron donating group on one side of the porphymacrocycle and an electron
withdrawing group on the other side. The effecvaiying the electron-donating or

electron-accepting intensity of the end groups &l ws introducing additional



groups to perturb the charge redistribution hasbmmnsidered in designing new
molecular structures [20], resulting in a seriesha donorr-acceptor (Dr-A) type
systems such as,B; and ABC porphyrins showing excellent nonlinear optical
(NLO) properties with large 2PA cross section. Ftample, Osuka reported
5,15-ABC-bis(azulenylethynyl) zinc(ll) porphyrins witthe maximum 2PA cross
section value of 8030 GM at 1400 nm [20]. Porphyrinwith
2,4-bis(dimethylamino)phenylethynyl donor and vasoacceptor groups were
calculated using density functional theory (B3LY®) evaluate the 2PA cross
sections between 400 and 3600 GM at 1300-15®0[21]. A similar study on
5,15-AB, porphyrins with various donor or acceptor groupsegthe values of 2PA
cross sections between 300 and 3300 GM [22]. Howyéitiée research is focused on
the 2PA properties of 8 type asymmetric porphyrins with donor and accepto
groups.

In the present paper, the third-order nonlinear icapt properties of
5-(4-pyrenylalkynylphenyl)-10,15,20-tris(4-octylgxyenyl)porphyrin D and
5-(4-iodophenyl)-10,15,20-tris(4-octyloxyphenyl)payrin @ have been
comparatively investigated with symmetrical
5,10,15,20-tetra(4-octyloxyphenyl)porphyriB) (and pyrene 4) as reference using
femtosecond-pulsed-scan technique, Fig. 1. Due to thermbA structure, both AB
type asymmetric porphyringd and 2 were revealed to exhibit larger 2PA cross
sections over the symmetrical analogdiewith the largest value of 6.1x1G6GM

revealed forl because of the intramolecular energy transfer filoenexcited pyrene



moiety to the porphyrin moiety as indicated by tlu@rescence spectroscopic result.
The good 2PA properties of thesegBAtype porphyrins with ultrafast response

indicate their good application potential in noekn photonic devices.

Fig. 1. Schematic molecular structures ogBAtype 5-(1-pyrenylalkynylphenyl)-10,15,20-tris
(4-octyloxyphenyl)porphyrinl) and 5-(4-iodophenyl)-10,15,20-tris (4-octyloxypgBporphyrin

(2) with 5,10,15,20-tetra (4-octyloxyphenyl)porphy(8) and pyrene4) as references.

2. Results and discussion

2.1 Synthesis



In order to obtain suitable DA structure with expandedr-electronic
delocalization and good solubility in most organsolvent, a AB type
5-(4-pyrenylalkynylphenyl)-10,15,20-tris(4-octylgpiyenyl)porphyrin -~ ) was
designed and synthesized. The asymmetric
5-(4-iodophenyl)-10,15,20-tris(4-octyloxyphenyl)pbyrin (2) substituted with three
4-octyloxyphenyl groups and one 4-iodophenyl grompthe meso-positions was
synthesized according to the method reported pusiyo[25]. Subsequently, as
shown in Fig. 2, porphyrid was prepared from the Pd(0)-catalyzed cross-cogpli
reaction of porphyrir2 with 1-ethynylpyrene [23] under mild basic conalitiwithout
using any copper for the purpose of avoiding thidatwve dimerization of the alkyne
component and metalation of the porphyrin unit [24] addition, the symmetric
porphyrin3 substituted with four 4-octyloxyphenyl groups Inetmeso-positions was
also synthesized according to the established Adlago method as the reference
compound [26,27]. All these porphyrin compounds evpurified and isolated by
silica-gel column chromatography. The newly pregdar@orphyrins were

unambiguously confirmed by various spectroscopithous in addition to elemental

analysis.

Pd(PPhy),

triethylamine, N,

Fig. 2. Synthesis of 5-(1-pyrenylalkynylphenyl)-10,15,2&{@-octyloxyphenyl) porphyrinlj.
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2.2. Electronic absor ption spectra

The electronic absorption spectra ofBAtype asymmetric porphyrith and 2 in
CHCI; are shown in Fig. 3. For comparative purpose, gleztronic absorption
spectra of the reference compourddand4 are also shown in the same figure. It is
worth noting that because of the poor solubilityGriCl, the spectrum off was
recorded in methanol. Compared with the symmetpeaphyrin 3, the absorption
spectra of the asymmetric porphyrithand2 show similar Soret band at 423-425 nm
and Q bands between 500 and 660 nm, in line wighrésults reported previously
[28,29].In addition, the common bands at 280 and 370 nnpéophyrinl can be
ascribed to the absorption of pyrenyl group. Theogttion spectrum df is identical
with the sum of the spectra of porphyBrand pyrenet, indicating that there is no
appreciable interaction between porphyrin moietg pprenly group in compountl
in the ground-state [30]. In comparison with ponpta, little red-shift takes place
on the Soret band of porphyrih by 2 nm, which demonstrates that the pyrene

substituent is a stronger electron donor thandh&GCgH;7 substituent.
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Fig. 3. The electronic absorption spectra gBAtype porphyrinl and2 with reference porphyri

and pyrenet recorded at room temperature. The concentrati@ne feld at 76 mol/L.

2.3 Fluorescence spectra

Figs. 4 and 5 show the fluorescence emission spaxdtrAsB type asymmetric
porphyrinl and2 as well as3 and4 excited at 410 and 270 nm, respectively, with
their concentrations being kept constant af 1fol/L. As shown in Fig. 4, the
fluorescence spectra of asymmetric porphfrand2 showed similar emission bands
at about 660 nm compared with the symmetrical ppiph3 when porphyrin was
selectively excited at 410 nm, which suggest thelpgrin origin of these emission

bands [28,31-33].
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Fig. 4. Fluorescence emission spectra @BAype porphyrinl and2 with reference porphyri

recorded at room temperature. The concentratioms treld constant to 0omol/L for all of the

specieSiex = 410 nm.

As shown in Fig. 5(a), excitation dfat 270 nm results in the expected emission
from the pyrene with intense peaks at 380 and 392[3il]. However, when the
pyrene unit in porphyrid was selectively excited at 270 nm, the intenserélscence
peak of pyrene was significantly quenched. Simeltarsly, the characteristic
emission peak of porphyrin at 660 nm is observedarphyrinl, Fig. 5(b). This is,
however, not true for porphyrir’isand3 since no fluorescence signals were detected
in both cases. These results indicate the efficfemdrescence resonance energy
transfer (FRET) from the pyrene donor to the porhwcceptor due to the rigid
molecular structure as well as the good overlapvéen emission of the pyrene group
and absorption of the porphyrin unit In The fluorescence excitation spectroscopic
result gives further confirmation for the presenfé&RET in porphyrinl. As shown

in Fig. 6, an obvious band at 280 nm attributegyienyl group and a series of bands
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between 400-600 nm attributed to porphyrin are oeske for 1. However, only

characteristic porphyrin bands are observed fopmpins2 and3.
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Fig. 5. Fluorescence emission spectra @BAype porphyrinl and2 with reference porphyri

and pyrenet recorded at room temperature. The concentrati@rs Weld constant to amol/L

for all of the species.ex =270 nm.
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Fig. 6. Excitation spectra of 8 type asymmetric porphyrifi and2 with reference symmetric

porphyrin3 recorded at room temperatukg, = 650 nm.

2.4 Molecular structure of AsB type porphyrin 1

To obtain the information about the molecular sute for AB type porphyrini,
PM3 method35,36] in Gaussian 98\[87] was carried out on the basis of simplified
molecular models in which the octyloxy groups aplaced with methyloxy groups
on the porphyrin unit. The optimized structure foobtained is shown in Fig. 7. It
appears that the meso-phenyl moiety and the pymaoyty are apparently coplanar
through the alkynyl bridge. The porphyrin ring [geoximately vertical to the meso-
phenyl moiety and the pyrenyl group. Obviously Bwa-A system gets expanded in
porphyrinl, resulting in the elongation of theconjugation length by introducing a

pyrene group to porphyrin linked by ethynyl bond.
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Fig. 7. PM3 method optimized structure ogB\type porphyrinl in the top and side view. The
three OGH,7groups attached on the mgsieenyls of porphyrin are replaced by O{d#oups for

clarity.

2.5 2PA properties

Open-aperture Z-scan measurements were carried fautthe solution of
asymmetric porphyrind and 2 as well as symmetrical porphyr® in CHCk and
pyrene 4) in methanol with the concentrations ofrfiol/L contained in 1 mm thick
quartz cell. As shown in Fig. 8, all Z-scan tradésplay a symmetrical valley with
respect to the focus, suggesting that all thesgpoamds in respective solution exhibit

the positive nonlinear absorption in nature. Irggrgly, the experimental data are in
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good agreement with the theoretical fitting usingscan theory as described in
literature [38], Fig. 8. At the end of this sectiah is noteworthy that for pure
chloroform or methanol in quartz cell, the nonlin@@sorption effect can be safely
ignored because no peak or valley was observedrdingoto the open-aperture

Z-scan experiments.
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Fig. 8. Z-scan data for 8 type porphyrinl and 2 with reference porphyrir8 and pyrenet

obtained under an open-aperture configuration. ciimeentration of them is famol/L. The dots

are the experimental data while the solid curvedtae theoretical fit.

As shown in Fig. 3, all porphyrins exhibit stromdpsorption band centered at
423-425 nm, resulting in the highly transparenurafor their CHJ solution in the
near infrared range. As a consequence, the nonlaisarption effect measured at the
wavelength of 800 nm is only able to originate fraRA. By best fittings between the

measured Z-scan traces and the Z-scan theory évacierizing two-photon absorber
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[39], the 2PA coefficients were extracted wth- 0.148 and 0.076 for the asymmetric
A3B type porphyrinl and 2 and 0.062 cm/GW for the symmetrical porphyBn
respectively. Furthermore, according to the formifla, = Zwp/N, wherehw is the
incident photon energy, and is the number density of sample in solution thé 2P
coefficient was converted into the 2PA cross seciih the value ob2pa at 800 nm,
6.1x10" cm'esephotort and 3.1x10° cm’ssephotori for porphyrin 1 and 2 and
2.5x10% cmssephotori® for 3, respectively. According to 1 GM = 18°
cm'esephotort, the values of,pa at 800 Nm are estimated to be 6.1%BM for 1,
3.1x10 GM for 2, and 2.5x10 GM for 3. In spite of the obvious NLO absorptive
effect of the porphyrin, no obvious NLO absorptwas observed for pyrend)(

For comparative reason, some of correspondingteefarlporphyrin and porphyrin
derivatives including monomer porphyrins [40], poypn arrays, self-assembled
porphyrins and expanded porphyrins reported preWooave been listed in Table 1.
As shown in Table 1, bothsB type asymmetric porphyring and 2 exhibit large
2PA cross sections. Theigpa values are even on the same order of magnitude wit
porphyrin arrays [11,15kelf-assembled porphyrins [14,16}xpanded porphyrins
[17], and trisporphyrins [41] reported previousigdicating that they are excellent

candidates for 2PA materials.

Table 1 Optical parameters of selected 2PA compounds.

Compounds (ZK/T) Techniqgue 1 (nm) Solvent Reference
H,TPP 16 Z-scan fs 810 CHLCI 42
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CuTPP 101 Z-scan fs 810 CHCI 42

bis. (imil?al?;?/?;g?phyrin) 44x10 Z-scanfs 873  CHGI 16

Expanded porphyrins 0.8x10 Z-scanfs 780  CiCl 17
Porphyrin arrays 0.9xf0 Z-scanfs 800 toluene 11

Self-assembled porphyrins  7.6X10 Z-scan fs 887 CHGI 14
tris-ZnPor 1.18x10 Z-scan fs 800 THF 41

A3B type porphyrinl 6.1x10  Z-scan fs 800 CHGI This work
A3B type oorphyrir2 3.1x10  Z-scanfs 800 CHGIl This work

Symmetric porphyrir8 25x10 Z-scanfs 800 CHGIl This work

Previous theoretical and experimental results hdemonstrated that organic
molecules with strong electron donor and electrmeptor groups that are connected
by a large conjugatedtelectron system should have high nonlinear effgtis42].
As shown in Fig. 1, the pyrene unit serves as dandrthe three octyloxy groups of
porphyrin serve as accepter to form a{d- system in porphyrirl. Similarly, iodine
substituent serves as acceptor and the three agtgmups of porphyrin serve as
donors in porphyrir2. These twoA3B type porphyrins provide the structure with
highly delocalizedn-electron system, which induces the enhancemen2RA
responselt is worth noting that both 8 type asymmetric porphyririsand2 exhibit
larger 2PA cross sections over the symmetricaloayua3.

Pyrenyl group-substituted ;B type porphyrinl shows more excellent 2PA
property than porphyrir2. Several factors are considered to be responfibléhe

enhancement of 2PA cross section. The expansiorthef D«t-A system by
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introducing a pyrenyl group to porphyrin linked ethynyl group is believed to play
an important role in contributing to increasing thga value of porphyrinl. In
addition, due to the good overlap between the eomssf pyrenyl group and the
absorption of porphyrin, the pyrenyl group transfenergy with high efficiency to the
porphyrin unit in porphyrinl, which is another factor for leading to the lakgea
value of porphyrinl. In addition, previous research has proved thamggting the
effectiven-conjugation length is effective to improve 2PA beior [20,41,42]. Since
the alkynyl bond increases the conjugated pathasphp/rin 1, the oopa value of

porphyrinl is larger than that of porphyrih

3. Experimental Section

3.1 Materials and measurements

Column chromatography was carried out on silica @éérck, Kieselgel 60,
200-300 mesh) with the indicated eluents.,Chland triethylamine were purified by
distillation over Cakl All other reagents and solvents were used asvesteThe
compound 1-ethynylpyrene was prepared accordinbegublished procedures [23].
5-(4-iodophenyl)-10,15,20-tris(4-octyloxyphenyl) rpbyrin  2) was prepared
according to the method we have reported previda&y

'H NMR spectra were recorded on a Bruker DPX 30@tspmeter (300 MHz) in

CDCls. Spectra were referenced internally by using #@stdual solvent resonancg (
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= 7.26 for CDCJ) relative to SiMg. Electronic absorption spectra were recorded with
a Shimadzu UV-3600 spectrophotometer. Fluorescerperiments were performed
with a RF-5301 PC spectrofluorophotometer. MALDI-H @ass spectra were taken
on a Bruker BIFLEX Il ultra-high resolution masspestrometer with
a-cyano-4-hydroxycinnamic acid as matrix. Elemetahlyses for C, H and N were

performed with a Vario EL Ill elemental analyzer.

3.2 2PA measurements

The 2PA properties of asymmetric porphytiand2 with symmetrical porphyrit3
and pyrene4) were measured by using an open-aperture Z-scanooh¢38]. The
laser source for the experiments was a Ti: sappigenerative amplifier (Coherent
Inc.), operating at 800 nm wavelength with a pulseation of 170 fs and a repetition
rate of 1 kHz. The laser pulses had near-Gausp@imsand temporal profiles. In the
Z-scan measurements, the laser beam was focusedldns with a 150 mm focal
length, producing the beam waist at the focys W5 um + 2 and the corresponding
Rayleigh length is 0.8&m. To carry out Z-scan measurements, we perform the
Z-scan measurements at the intensitjpef 132.96 GW/crfy the sample was scanned
across the focus along the optical axis using apcen-controlled stage, while the
transmitted pulse energies were probed by a defgotoducing the open-aperture
Z-scan trace. The Z-scan system was calibratedavittece of cadmium sulfide bulk

crystal and the experimental uncertainty shoulgvitiein £20%.
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3.3 Preparation of 5-(1-pyrenylalkynylphenyl)-10,15,20-tris (4-octyloxyphenyl)

porphyrin (1)

A deaerated solution of pophyrih(0.05 mmol, 56 mg) in 5 mL of triethylamine
and CHCI, (1:1) was stirred with 5 mg (0.005 mmol) of Pd(BRPhat room
temperature for 15 min under nitrogen atmosphées i.-ethynylpyrene (0.05 mmaol,
11 mg) was added. The resulting mixture was hetdeckflux with stirring under
nitrogen atmosphere for 2 h. After being cooleddom temperature, the volatiles
were removed under the reduced pressure and thdueesvas purified by
chromatography on a silica-gel column with CEl@t the eluent to give a fraction
containing the desired compound. Repeated chromegiby followed by
recrystallisation from CHGland CHOH gave purd. as purple powder (23 mg, 38%).
'H NMR (300 Hz, 25°C, TMS)5 -2.79 (s, 2H, NH), 0.96 (t, 9H, GH 1.40 (m, 24H,
CH,CH,CH,CH,), 1.69 (m, 6H, Ck), 2.01 (m, 6H, Ck), 4.28 (t, 6H, OCH), 7.29
(AA'BB', 6H, ArH), 8.15 (AA'BB', 6H, ArH), 8.09 (A/BB', 2H, ArH), 8.89 (AABB",
2H, ArH), 8.18-8.40 (9H, pyrene), 8.94 (m, gHpyrrole); MS (MALDI-TOF):m/z =
1223.7 [calcd. for gHgsN4Oz (M*) 1223.6]. Anal. calcd. (%) for ggHgeN4Osz: C

84.41, H 7.08, N 4.58. Found: C 84.76, H 7.27, R04.

3.4 Preparation of 5,10,15,20-tetra(4-octyl oxyphenyl)por phyrin (3)

18



5,10,15,20-tetra(4-octyloxyphenylporphyrin 3) ( was synthesized by the
Adler-Longo method [26,27]. A mixture of 4-octyldxenzaldehyde (4.68 g, 20
mmol), and pyrrole (1.34 g, 20 mmol) in propyl a€¢ib0 mL) was refluxed for 2 h,
and CHOH (400 mL) was added into the reaction mixturerafieing cooled to room
temperature. The precipitate was filtered and wastieh CH;OH, then subjected to
chromatography on a silica gel column with Cgl@hd petroleum ether (7:3) as
eluent. After removing the solvent in vacuo, thsidae was re-chromatographed
under similar condition followed by recrystalligati from CHC}/CH3;OH to give the
target compound (1.65g, 30%)H NMR (300 Hz, 25°C, TMS)% -2.73 (s, 2H, NH),
0.95 (t, 12H, CH), 1.46 (m, 32H, ChCH,CH,CH,), 1.67 (m, 8H, Ck), 2.01 (m, 8H,
CHy,), 4.27 (t, 8H, OCh), 7.30 (AA'BB', 8H, ArH), 8.15 (AA'BB', 8H, ArH)8.89 (m,
8H, B-pyrrole); MS (MALDI-TOF):m/z = 1127 [calcd. for @HosN4O4 (M™) 1127.6]
Anal. calcd. (%) for @HgsN4O4: C 80.95, H 8.40, N 4.97. Found: C 80.67, H 8188,

4.60.

4. Conclusion

In summary, the 2PA properties of twi;B type porphyrinsl and2 have been
comparatively investigated with symmetrical porphyr3 as reference using
femtosecond-pulsed-scan technique. Due to the BA structure, both AB type
asymmetric porphyrind and 2 were revealed to exhibit larger 2PA cross sections
over the symmetrical analog@ewith the largest value of 6.1x1GM revealed fotl

because of the intramolecular energy transfer ftoenexcited pyrene moiety to the

19



porphyrin moiety as indicated by the fluorescengeectroscopic result. The
experimental results confirm that construction afhh polarizable n-electronic

systems is one of the useful strategies to impthee2PA properties of porphyrins
and FRET from suitable substituent to porphyrinaasidered to be another effective

method to enhance the 2PA cross section of ponphyri
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Table 1 Optical parameters of selected 2PA compounds.

O2PA

Compounds Techniqgue 1 (nm) Solvent Reference

(GM)

H.TPP 16 Z-scan fs 810 CHCI 42

CuTPP 101 Z-scan fs 810 CHCI 42

bis. (imil?al?;?/?;g?phyrin) 4.4x10 Z-scanfs 873  CHGI 16

Expanded porphyrins 0.8x10 Z-scan fs 780 CiCl 17
Porphyrin arrays 0.9xf0 Z-scanfs 800 toluene 11

Self-assembled porphyrins ~ 7.6%¥10 Z-scan fs 887 CH@GI 14
tris-ZnPor 1.18x1D Z-scan fs 800 THF 41

A3B type porphyrinl 6.1x1G0 Z-scanfs 800  CHGI This work
A3B type oorphyrir2 3.1x1¢ Z-scanfs 800 CHGI This work

Symmetric porphyrir8 2.5x1¢ Z-scanfs 800 CHGIl This work
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Figure Captions

Fig. 1. Schematic molecular structures of 3BA type
5-(1-pyrenylalkynylphenyl)-10,15,20-tris  (4-octylgphenyl)porphyrin 1) and
5-(4-iodophenyl)-10,15,20-tris (4-octyloxyphenylypbyrin 2) with 5,10,15,20-tetra
(4-octyloxyphenyl)porphyrin3) and pyrene4) as references.

Fig. 2. Synthesis of 5-(1-pyrenylalkynylphenyl)-10,15,23-tr(4-octyloxyphenyl)
porphyrin ().

Fig. 3. The electronic absorption spectra gBAype porphyrinl and2 with reference
porphyrin3 and pyrene recorded at room temperature. The concentrati@mns held
at 10° mol/L.

Fig. 4. Fluorescence emission spectra gBAype porphyrinl and2 with reference
porphyrin 3 recorded at room temperature. The concentraticere Weld constant to
10° mol/L for all of the specied.ex = 410 nm.

Fig. 5. Fluorescence emission spectra @BAype porphyrinl and2 with reference
porphyrin3 and pyrené recorded at room temperature. The concentrati@mns held
constant to 18 mol/L for all of the specied.ex= 270 nm.

Fig. 6. Excitation spectra of 8 type asymmetric porphyrith and2 with reference
symmetric porphyrir8 recorded at room temperatukg, = 650 nm.

Fig. 7. PM3 method optimized structure ogB\type porphyrinl in the top and side
view. The three OgH;; groups attached on the mesioenyls of porphyrin are

replaced by OCElgroups for clarity.
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Fig. 8. Z-scan data for # type porphyrinl and2 with reference porphyri8 and
pyrene4 obtained under an open-aperture configuration.cmeentration of them is
10° mol/L. The dots are the experimental data while 8olid curves are the

theoretical fit.
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Fig. 1. Schematic molecular structures of 3BA type
5-(1-pyrenylalkynylphenyl)-10,15,20-tris  (4-octylgphenyl)porphyrin 1) and
5-(4-iodophenyl)-10,15,20-tris (4-octyloxyphenylypbyrin 2) with 5,10,15,20-tetra

(4-octyloxyphenyl)porphyrin3) and pyrene4) as references.
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Pd(PPh,),

triethylamine, N,

Fig. 2. Synthesis of 5-(1-pyrenylalkynylphenyl)-10,15,23-tr(4-octyloxyphenyl)

porphyrin ().
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Fig. 3. The electronic absorption spectra agBAype porphyrinl and2 with reference

porphyrin3 and pyrené recorded at room temperature. The concentrati@mns held

at 10° mol/L.
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Fig. 4. Fluorescence emission spectra gBAype porphyrinl and2 with reference
porphyrin 3 recorded at room temperature. The concentraticere Weld constant to

10° mol/L for all of the speciedex = 410 nm.
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Fig. 5. Fluorescence emission spectra @BAype porphyrinl and2 with reference

porphyrin3 and pyrene recorded at room temperature. The concentrati@mns held

constant to 18 mol/L for all of the specied.ex= 270 nm.
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Fig. 6. Excitation spectra of 8 type asymmetric porphyrith and2 with reference

symmetric porphyrir8 recorded at room temperatukg, = 650 nm.
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Side view

Fig. 7. PM3 method optimized structure ogB\type porphyrinl in the top and side
view. The three OgH;; groups attached on the mesioenyls of porphyrin are

replaced by OCElgroups for clarity.
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Fig. 8. Z-scan data for # type porphyrinl and2 with reference porphyri8 and
pyrene4 obtained under an open-aperture configuration.cmeentration of them is
10° mol/L. The dots are the experimental data while 8olid curves are the

theoretical fit.
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Both D-n-A type porphyrins exhibit large 2PA cross sections.

The 2PA properties of them were investigated using femtosecond-pulsed Z-scan
technique.

Intramolecular energy transfer takes place in the newly prepared asymmetric

porphyrin.



