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Characterization, Optical Recognition Behavior, Sensitivity, and
Selectivity of Silica Surfaces Functionalized with a Porphyrin
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The optical gas recognition capability of a covalently self-assembled monolayer of 5,10{p5-tri-
dodecanoxypheny420-(p-hydroxyphenyl) porphyrin molecules on silica substrates was studied. The
following analytes have been investigated: NGO, CH,, H,, NHs, HCI, CHCL, C;HsOH, CH;OH,
pyridine, tetrahydrofurane, triethylamine, and dimethylformamide. The self-assembled porphyrin monolayer
appears highly sensitive to 1 ppm of Nid both anhydrous and humid conditions. The selectivity of the
self-assembled porphyrin monolayer with respect to other analytes was also examined and present data
show that the presence of CO, ¢, and NH does not influence its U¥vis spectrum. Many common
solvents slowly affect the position of the Soret band. The presence of HCI vapors results in a broad band
extending over the entire 44®00 nm range while the starting Soret disappears—Mig measurements
on an-hexane 1.010°° solution of the 2,3,7,8,12,13,17,18-octaethyl-21H,23H-porphine, that does not
contain phenyl substituents in the meso positions, show no changes in the optical spectrum gpon NO
interaction. It emerges that aromatic substituents in the meso positions play a crucial role in determining
the optical sensing properties.

Introduction Experimental Details

The appeal of reversible gas detection at low concentration  Aldrich grade reagents and solvents, packed under nitrogen, were
levels has become fundamental in the perspective of fabrica-used throughout all present syntheses. The sodium salt of the
tion of highly sensitive gas sensors for environment monitor- 5,10,15-tri-p-dodecanoxyphenyl)-2Qsthydroxyphenyl) porphyrin
ing.1 (H2TPP3R) was synthesized and characterized as already rep6ited.

There is an increasing technological interest in the Fused silica (quartz) substrates were cleaned by immersion in

synthesis of hybrid inorganic/organic nanomaterials by Piranha’ solution (HSQ/30% HO, 70:30 v/v) at 80°C for 1 h

. ; . . 7 and then left to cool to room temperat@&Subsequently, substrates
covalent bonding of organic molecules on suitable inorganic : . o .
were repeatedly rinsed with double distilled water and immersed

surfa'c.es in the perspectlvg of fabrication of devices showing;, 4, HO/30% HO,/NHs 5:1:1 v/v/v mixture at room temperature
specific molecular properti€s® for 40 min. Then, they were washed with double distilled water
In this context, the 5,10,15-trp{dodecanoxyphenyl)-20-  and dried under vacuum immediately before coupling agent
(p-hydroxyphenyl) porphyrift® (Figure 1) shows a good  deposition. All the successive sample manipulations were performed
affinity toward NQf and suitable steric hindrarfder a very
efficient optical gas-sensor. In addition, selectivity is im- (2) (a)Liu, Z.; Yasseri, A. A.; Loewe, R. S.; Lysenko, A. B.; Malinovskii,
portant as well as sensitivity in gas sensing. Therefore, there V- L. Zhao, Q.; Surthi, S.; Li, Q.; Misra, V.; Lindsey, J. S.; Bocian,
. L. . . . . D. F. J. Org. Chem2004 69, 5568. (b) Yamada, H.; Imahori, H.;
IS enOUgh motivation for an extensive Investigation on the Nishimura, Y.: Yamazaki, .. Ahn, T. K. Kim, S. K.: Kim, D.:

optical recognition behavior of gas analytes by a covalently Fukuzumi, Si. Aén. Chem. So@003 I125 3129a10) Van derng&m,
; ; o T.; Evmenenko, G.; Dutta, P.; Wasielewski, M. Ghem. Mater.
self-assembled monOIayer of this porphyrln on silica sub- 15, 4068. (d) Facchetti, A.; Abbotto, A.; Beverina, L.; Vand der boom,

strates. Moreover, the origin of optical N®ensing proper- M. E.; Dutta, P.; Evmenenko, G.; Pagani, G. A.; Marks, TCHem.

i f porphvrins h n investi . Mater. 2003 15, 1064.(e) Samori, P.; Francke, V.; Enkelmann, V.;
ties of porphyrins has bee est gated Muellen, K.; Rabe, J. RChem. Mater2003 15, 1032. (f) Fendler, J.

H. Chem. Mater2001, 13, 3196. (g) Gomez-Romero, Rdv. Mater.
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M.; Gurney, R. W.; Wightman, M. D.; Huang, C.-H. K.; Nguyen, S. gawa, M.; Takasaka, H.; Kato, K.; Kaneko, F.; KawakamiColloids
T.; Hupp, J. T.Polyhedron2003 22, 3065. (c) Rodriguez-Mendez, Surf 2002 198200, 905. (c) Arnold, D. P.; Genga, A.; Manno, D.;
M. L.; Gorbunova, Y.; de Saya, J. Aangmuir2002 18, 9560. (d) Micocci, G.; Serra, A.; Tepore, A.; Valli, LColloids Surf2002 198—
Lavigne, J. J.; Anslyn, E. VAngew. Chem. Int. E2001, 40, 3118. 200 897. (d) Tepore, A.; Serra, A.; Arnold, D. P.; Manno, D.; Micocci,
(e) Lu, X.; Winnik, M. A. Chem. Mater2001, 13, 3449. (f) Nickel, G.; Genga, A.; Valli, L.Langmuir 2001, 17, 8139. (e) Roisin, P.;
A. M. L.; Seker, F.; Ziemer, B. P.; Ellis, A. BChem. Mater 2001, Wright, J. D.; Nolte, R. J. M.; Sielcken, O. E.; Thorpe, SJCMater.

13, 1391. Chem 1992 2, 131.

10.1021/cm048130k CCC: $30.25 © 2005 American Chemical Society
Published on Web 01/08/2005



522 Chem. Mater., Vol. 17, No. 3, 2005

Gulino et al.

Figure 1. Schematic drawing of the 5,10,15-tp-lodecanoxyphenyl)-2@a¢hydroxyphenyl) porphyrin (fTPP3R).

in a glovebox under Natmosphere. In particular, freshly cleaned

1:100 (v/v) n-heptane solution of the chemisorptive siloxane,

substrates were immersed, at room temperature for 30 min, in atrichloro[4-(chloromethyl)phenyl]silane, 4-CIGHH,SiCls, to af-

(4) (a) Rella, R.; Rizzo, A.; Licciulli, A.; Siciliano, P.; Troaisi, L.; Valli,

L. Mater. Sci. Eng. @002 22, 439. (b) Pedrosa, J. M.; Dooling, C.
M.; Richardson, T. H.; Hyde, R. K.; Hunter, C. A.; Martin, M. T.;
Camacho, LMater. Sci. Eng. Q002 22, 433. (c) Pedrosa, J. M,;
Dooling, C. M.; Richardson, T. H.; Hyde, R. K.; Hunter, C. A.; Martin,
M. T.; Camacho, LJ. Mater. Chem2002 12, 2659. (d) Brook, R.a.;
Dooling, C. M.; Jones, L. T.; Richardson, T. Mater. Sci. Eng. C
2002 22, 427. (e) Dooling, C. M.; Worsfold, O.; Richardson, T. H.;
Tregonning, R.; Vysotsky, M. O.; Hunter, C. A.; Kato, K.; Shinbo,
K.; Kaneko, F.J. Mater. Chem2001 11, 392. (f) Worsfold, O.;
Dooling, C. M.; Richardson, T. H.; Vysotsky, M. O.; Tregonning, R.;
Hunter, C. A.; Malins, C.J. Mater. Chem 2001, 11, 399. (g)
Richardson, T. H.; Dooling, C. M.; Worsfold, O.; Jones, L. T.; Kato,
K.; Shinbo, K.; Kaneko, F. Tregonning, R.; Vysotsky, M. O.; Hunter,
C. A. Thin Solid Films2001, 393 259. (h) Suzuchi, Y.; Nishide, H.;
Tsuchida, E.Macromelecule200Q 33, 2530. (i) Amao, Y.; Asai,
K.; Miyakawa, K.; Okura. 1.J. Porphyrins Phthalocyanine200Q 4,
19. (j) Okura, 1.J. Porphyins Phthalocyanin&902 6, 268. (k) Drain,
C. M.; Hupp, J. T.; Suslick, K. S.; Wasielewski, M. R.; Chen, X.
Porphyrins Phthalocyanine€2002 6, 243. (I) Salleh, A. M. M. Yahaya,
M. Sens. Actuators B002 85, 191.

(5) (a) Paolesse, R.; Monti, D.; La Monica, L.; Venanzi, M.; Froiio, A.;
Nardis, S.; Di Natale, C.; Martinelli, E.; D’Amico, AChem. Eur. J
2002 8, 2476. (b) Amao, Y.; Asai, K.; Okura. 1J. Porphyrins
Phthalocyanine®00Q 4, 179. (c) Redman, J. E.; Sanders, J. K. M.
Org. Lett 200Q 2, 4141. (d) Ashkenasy G.; Ivanisevic A.; Cohen,
R.; Felder, C. E.; Cahen, D.; Ellis, A. B.; Shanzer,JAAm. Chem.
Soc 200Q 122, 1116. (e) Offord, D. A.; Sachs, S. B.; Ennis, M. S.;
Eberspacher, T. A.; Griffin, J. H.; Chidsey, C. E. D.; Collman, J. P.
J. Am. Chem. Sod 998 120, 4478. (f) Li, D. Q.; Swanson, B. |;
Robinson, J. M.; Hoffbauer, M. Al. Am. Chem. So&993 115 6975.

(6) Gulino, A.; Mineo, P.; Scamporrino, E.; Vitalini, D.; FragalaChem.
Mater. 2004 16, 1838.

(7) (a) Vitalini, D.; Mineo, P.; Scamporrino, Bacromoleculesl999
32, 60. (b) Mineo, P.; Scamporrino, E.; Vitalini, Macromol. Rapid
Commun2002 23, 681. (c) Delmarre, D.; Malet-Renault, R.; Bied-
Charreton, C.; Pasternack, R.A&nal. Chim. Actal999 401, 125.

(8) (a) The presence of only one hydroxyl group in the peripheral position
of the porphyrin allows a univocal covalent linkage to the substrate.
Moreover, the steric hindrance due to the three long aliphatic groups,
covalently bound to the remaining peripheral positions of the por-
phyrin, could prevent the well-known aggregation due to stacking
interactions; (b) Micali, N.; Villari, V.; Mineo, P.; Vitalini, D.;
Scamporrino, E.; Crupi, V.; Majolino, D.; Migliardo, P.; Venuti, V.
J. Phys.| Chem. R003 107, 5095.

(9) Lin, W,; Lin, W.; Wong, G. K.; Marks, T. JJ. Am. Chem. Sod996
118 8034.

ford a monolayer of the coupling agent (CA). Then, they were
washed with copious amounts of pentane, sonicated in acetone for
1 min to remove any physisorbed CA, immersed in-405* M
dimethylformamide (DMF) solution of the porphyrin sodium salt
and heated to 80C under stirring for 48 h. Finally, the substrates
bearing the covalently self-assembled porphyrin molecules (P
SAM) were cooled to room temperature and repeatedly washed
with DMF to remove any residual unreacted porphyrin.

Angle-resolved X-ray photoelectron spectra (AR-XPS) were
made at different takeoff angles (45.0°, 3°) with a PHI 5600
Multi Technique System (base pressure of the main chamber
2:10719Torr). A freshly prepared PSAM was quickly transferred
from the glovebox under Natmosphere to the XPS main chamber.
Resolution, corrections for satellite contributions, procedures to
account for steady-state charging effects, and background removal
have already been described elsewR&Experimental uncertainty
in binding energies lies withia: 0.45 eV.

UV —visible measurements were performed using a—\As-
1601 Shimadzu spectrophotometer. Hexane solution spectra were
carried out using 0.1-cm quartz cuvettes. ©¥s scans (in the
400-500 nm range, scan frequeney4 s, scan rate 50 nm/sec)
were performed on the-PFSAM during an in situ continuous leaking
of 1 ppm NQ in a N, gas stream (flow rate=100 sccm).
Experimental uncertainty in the-F5AM spectra lies withint 1
nm.

Both static and dynamic contact angl®) (neasurements were
performed at room temperature in air with a Kernco goniometer.
Water drops (2uL) were applied on the sample surface and
measurements af were made on both sides of the two-dimensional
projection of the droplet. Five different measurements were
performed on different surface portions of every substrate in order
to have statistically reliable results. Both advancing and receding
procedures were adopted.

(10) Gulino, A.; La Delfa, S.; Fragala; Egdell, R. G.Chem. Mater1996
8, 1287.
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Scheme 1

1) HyS0, + H,0,
2) H;O + NH; + H,0,

CICH,-C¢Hy-SiCly

Results and Discussion (stepii), according with the presence of densely packed
benzylic chloride surface® Finally, after step (iii);# showed
the expected reduction of the hydrophobic character falling
to 62 (maximum dynamic advancing angke 65° and

The porphyrin self-assembled monolayer on silica sub-
strates (P-SAM) was prepared by three successive steps
according to Scheme 1i) Silica surfaces were first cleaned minimum dynamic receding angle 56°), upon the por-
and hydroxylated; i) then, under rigorously inert atmo- phyrin linkage. ’
sphere, were treated with the chemisorptive siloxane to afford Figure 2 shows XP spectra of silica substrates after the
a monolayer of the coupling agentiif the porphyrin was  ~, deposition (stepii), Scheme 1). The C 1s peak and

covalently "_’T"e?' to the silylated substrates. unresolved Cl 2p doublet are at 284.9 and 200.3 eV binding
The modification of the substrate surfaces, after every gnergies, respectively. Their intensities, making due allow-
reaction step, was monitored by water contact angle (  ance for the relevant atomic sensitivity factdtsxactly
measurements. The starting uncoupled silica substrate§yaich the theoretical C/Cl atomic concentration ratio (7:1)
showed & = 10° mean value. After cleaning (stépthe v (C = 49.4% and Ck= 7.2%). This result is tuned well with
values decreased to®5due to the hydroxylated silica 5 complete cross-linking of the siloxane moieties on the silica

surfaces$:® The static contact angle changed from 5t6 79 gyrfaces. Moreover, the C 1s peak shows a shoulder at higher
(maximum dynamic advancing angte 88° and minimum  pinging energy 286.3 eV, the intensity of which is ab#t
dynamic receding angte 60°), after treatment with the CA ¢ of the main peak. This observation is nicely tuned with

the theoretical C benzylic/C aromatic functionalities ratio (1:

6). Both Si 2p at 103.3 eV and O 1s at 533.0 eV peaks show
symmetric shapes, thus precluding any further speculation.
Cl2p Nitrogen 1s AR-XP spectra (Figure 3) of the-BAM

; ; . show a broad peak at 399.7 that accounts for the nitrogen in

190 200 210 the free porphyrid2 The nitrogen atomic concentration also
shows a monotonic increase upon decreasing the electron
Cls takeoff angle from 0.73% (at 4h 0.95% (at 10) to 1.54%
; : (at 3), as expected for the upper layer nature of the signal.
280 290 Both UV—visible spectra of the PSAM (Figure 4a) and

of the porphyrinn-hexane 5107¢ M solution (reported for
Ols comparison in Figure 4b) show a characteristic sharp Soret
band at 424 (PSAM) and 421 nm (hexane solution) and
530 540 satellite Q-bands in the 5650 nm range. The calculaféd
. number of porphyrin molecules/@mof the P-SAM is 1.1:
In situ continuous leaking of NO(1 ppm) in N, (flow

100 110 — i
rate =1 m) on the PSAM the progressiv

Binding Energy (V) ate =100 sccm) o e PS causes the progressive

Figure 2. Al Ka excited XPS of silica substrates after the coupling agent (11) Briggs, D.; Seah, M. FRractical Surface Analysi2nd ed.; Wiley:

deposition, stepii(, in the C 1s, Cl 2p, Si 2p, and O 1s energy regions. Chichester, U. K.,1994.

Structures due to satellite radiation have been subtracted from the spectra(12) Zeller, M. V.; Hayes, R. GJ. Am. Chem. Sod 973 95, 3855.




524 Chem. Mater., Vol. 17, No. 3, 2005

30

10°

meww 45°

400 410
Binding Energy (eV)
Figure 3. Al Ka excited AR-XPS of a PSAM on a silica surface
measured in the N 1s energy region, at different electron takeoff angles
(45°, 10°, 3°). Structures due to satellite radiation have been subtracted
from the spectra.
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Figure 4. UV-vis spectra: (a) PSAM; (b) H,TPP3Rn-hexane solution.
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Figure 5. (a) UV—vis spectra of the PSAM at the initial time €;); during
the in situ continuous leaking of 1 ppm N@ a N, gas streamt§p andt),
and after the recovering of the Soret bapyl (b) Selected UV-vis spectra
of an-hexane 1.8.0-°> M H,TPP3R solution after 120, 150, 210, 270, 330
s bubbling of 10 ppm N®@in a N, gas stream (flow rates 200 sccm).
This behavior indicates an intensity decrease of both Soret and Q-bands
and an increase of two additional bands at 462 and 714 nm. The original
absorbance spectrum was recovered by removing the solvent and subsequent
redissolution of HTPP3R. (c) Exposure time (sec) dependence of the Soret
P—SAM and new (at 458 nm) band intensities upon switching the O
ppm)/N; gas stream.

500

One of the major drawbacks when gas sensors are used
for environment monitoring is represented by the eventual
interaction of the investigated gas analyte with air humidity.

To test the influence of humidity on the behavior of the
P—SAM, a similar experiment (cycles of 50 fast UWis
scans in the 400500 nm range) was carried out using the
same 1 ppm N@N, gas stream, saturated, in this case, with
H,O vapors allowing the nitrogen to bubble within®l

disappearance of the Soret band at 424 nm which parallelsinspection of Figure 6 shows that, similarly to the previous

the growth of a new band at 458 nm (Figure 5a). The half-
life time of the Sorets 4 s (5o in Figure 5a). Thids value

case, the Soret band at 424 nm progressively disappears,
whereas two additional bands at 448 and 463 nm grow upon

safely represents the response speed of the presenNO, exposure. In this case, the Soret band intensity takes

P—SAM.4%bd Ag noticed previously,180 s exposure results
in a spectrum dominated by the new band at 458 farim (

72 s to fall to 50% with respect to its final saturated value
(tso in Figure 6). After an exposure of 92 s, the spectrum is

Figure 5a) that remains unchanged for many days. Shortfully dominated by the new band at 463 ntf in Figure

heating (4 s) at 80C under N gas stream recovers about
33% of the Soret band (closed circles in Figure 5a) that is
almost fully recovered in 60 g;(closed triangles in Figure
5a). This behavior is similar to that already observed in the
porphyrin solution (Figure 5b) and can be rationalized in
terms of Lewis acietbase interactiof.In fact, porphyrins
are electron-rich systems and Ni® a fairly strong oxidizing
agent.

6). Already reported measurements on multilayer films show
residual Soret signals due to inner porphyrin layers not
interacting with NQ molecules! Presently, we have observed

a significant broadening of the new band at 463 nm because
of the overlap with the 448 nm band upon M&,/H,O
exposure. This response may be due to a competitive
porphyrin protonation, (due to acid vapors@H- 2NO, =
HNO, + HNOg), that also causes a red shift of the Soret

Figure 5c shows the time dependence of the Soret andband. To better rationalize this behavior, we performed

new (at 458 nm) band intensities upon switching the 1 ppm
NO. in a N, gas stream. There is evidence of a direct (new

further UV—vis spectra of porphyrin solutions in different
conditions. Figure 7a shows the WUWis spectrum of an

band) and inverse (Soret) dependence of band intensitiesaqueous 200> M solution of the similar, water soluble,

versus the time of N@exposure. Moreover, the system
shows a reliable reversibility tested by alternating five cycles
of NO, exposure and recovery in,Ninder heating.

5,10,15,20-tetrak{g-[w-methoxy-poly(oxyethylene)]pheriyl
porphyrin at pH= 3.5. In addition to the Soret, there is a
new band at 448 nm that unambiguously is due to the portion
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case of anhydrous Nfpandt;oo = 92 s value (shorter than
0.024 r 180 s in the case of anhydrous By@re due to the competing
interaction of both N@and acid vapors with the-PSAM.
It can be noticed that the heating at 80 under N gas
stream partially recovers the Soret band that, however,
remains really broadt(in Figure 6) even after prolonged
heating. This behavior is the consequence of the fact that
the heating procedure at 8@ removes the interacted NO
molecules but is not capable of restoring the starting
unprotonated porphyrin. The initial shape of the Soret band
was almost recovered upon heating at’80under vacuum
(dashed line in Figure 6).
Alternating cycles of N@N,/H,O exposure and recovery
_ _ in N> under heating without vacuum increase the portion of
400 440 480 protonated p.orphyrin (not available to interact with O
Wavelength (nm) thus.hampermg the performances, and the band at 448 nm
. . o . dominates the spectrum. By contrast, the heating treatment
Figure 6. UV-vis spectra of the PSAM at the initial time §; solid line); .
during the in situ continuous leaking of 1 ppm K@ a N, gas stream  under vacuum after every cycle fully recovers the starting
saturated with KO vapors {sp andtiog); after the partial recovering,f and porphyrin UV—vis spectrum.
total recovering  dashed line) of the Soret band. Previously reported studies concerning gas-sensing of

Absorbance

0.40- porphyrin-based materials have also been aimed to test their
] ability to detect other chemical species as INB,HsOH,
0.30+ CO, CH,, NOyair, Ch, HCI, O,, 2-propanol, triethylamine,
limonene, cyclohexene, 1,2-diaminocyclohexane, and so
0.20 0n.3c,d,f,4h,i,l,5b,d
0.104 Therefore, the selectivity of the present BAM was tested
3 b by further UV—vis measurement using CO/NCH4/N,, and
£ 000 — T T H2/N> gas streams at different concentrations, starting from
2 a few ppm to pure CO, CHand H. In all these cases, no
< optical evidences have been detected and the spectrum
0.20 remains unchanged. Therefore, analogous measurements
were performed using CO/NAN,, CH4/NO,/N,, and H/
NO./N; gas streams (NO=1 ppm; CO, CH, and H in the
. 10-100 ppm range). Results are similar to those obtained
using NQ (1 ppm) in N.. Similarly, the presence of CHE I
0.00 — ‘ ‘ C:HsOH, CH;OH, pyridine (Pyr), THF, triethylamine (TEA),
400 600 800 and DMF pure vapors only moves the Soret band at 423,
Wavelength (nm) 419, 419, 426, 421, 421, and 423 nm, respectively (Figure
Figure 7. (a) UV—vis spectrum of an aqueous1®> M solution of the 8a).
water soluble, 5,10,15,20-tetrafqis[ v-methoxy-poly(oxyethylene)]pherjyl o
porphyrin at pH= 3.5; (b) UV—vis spectrum of the 1:30-5 M n-hexane Moreover, NH vapors do not significantly affect the

solution of the 5,10,15,20-tetrakip-lodecanoxyphenyl) porphyrin after 5 gptical spectrum of the PSAM that remains almost

s leaking of NQ (5 ppm) in e followed by 5 s of CHCOOH in Nevapors. -, changed. By contrast, the presence of HCI vapors instan-
of protonated porphyrift Moreover, Figure 7b shows a taneously results in a rather broad band extending over the
1.510°5 M n-hexane solution of the 5,10,15,20-tetrakis-(  entire 446-500 nm range (Figure 8b). This experiment was
dodecanoxyphenyl) porphyrin afté s leaking of NQ (5 followed by reaction with dry N@ Unfortunately, HCI
ppm) in N, followed by 5 s of CHHCOOH vapors in M vapors caused complete protonation of the porphyrin and
Three bands are evident: the initial Soret at 418 nm, the no further evidence of NOinteraction was observed in the
additional band at 448 nm, already present in the porphyrin spectrum. This behavior was not unexpected. In fact, in a
water solution at pH= 3.5 and, finally, the band due to the simple localized bonding model, the porphyN©O, adduct

NO; interaction at 467 nm. can be depicted as an interaction involving unprotonated
Therefore, we are confident that the concomitant observa- porphyrin nitrogens with oxygens of NOSince HCI vapors
tion of these two bands, in UVvis spectra of the PSAM instantaneously cause complete pronotation of porphyrin

under (1 ppm) N@N2/H;0O gas stream, are due to the co- nhitrogens no further interactions are possible with,NO
presence of the protonated porphyrin (new band at 448 nm), Finally, we analyzed already reported experimental data
not suited for interaction with N§ and of the oxidized  regarding optical sensing properties of porphyrin-based
porphyrin that has interacted with N@olecules. materials and observed that in all cases the adopted porphyrin
The present study does not really concern kinetic measure-molecules contain phenyl groups in the meso positféns.
ments. Nevertheless, on a qualitative basis, we note that theTherefore, we performed identical U\Wis measurements
observeds, = 72 s value (larger tha4 s observed in the  on ann-hexane 1.010°° solution of the 2,3,7,8,12,13,17,18-
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0.004+ Soret band. This behavior agree well with results of time-

dependent density function theory, TDDFT, calculations

which show that some geometrical distortions, by themselves,
do not induce any energy shift in the electronic absorption

0.002- b spectra, therefore, in the singlet B (Soret) states, of “simple”
' porphyrin ((P)H).**

Absorbance

Conclusions

N In conclusion, the assembled porphyrin monolayer is
450 500 highly sensitive to 1 ppm of N and, therefore, represents
: a well-suited fast and reversible optical Nf@cognizer. The
presence of both NOand humidity causes an overlap
between three bands at 424, 448, and 463 nm corresponding
to the Soret of the starting, protonated, and MQidized
porphyrin molecules, respectively. In this case, heating at
80 °C under vacuum recovers the starting porphyrin spec-
trum. The presence of CO, GHH,, and NH does not
a influence the optical spectrum of the-BAM whereas some
‘ A common solvents slowly affect the position of the Soret band.
460 T 450 The presence of HCI vapors heayily modifies the optical
spectrum that shows a broad band in the-4800 nm range.
- 6 Selected UV o of the startina-FSAM (solid i UV —vis measurements performed on a solution of a por-
a:lgdu?ra\ tHe ;':geer}]ce of\;lhsesfrz)?l((:)\:vailng puelfesva';plggs: (a})igc()sl—(l) I(cl(;r;ng phy_rl_n that does not Conta‘_m any sgbstltuent in the meso
circles), Pyr (open squares), and THF (open triangles); (b) HCI vapors.  POSitions show no changes in the optical spectrum upop NO
interaction. From this behavior and from the analysis of other
octaethyl-21H,23H-porphine (Aldrich reagent), that does not experimental literature data, we observe that aromatic
contain any substituent in the meso positions. In particular, substituents in the meso positions play a crucial role in
UV —vis scans were recorded after 0, 5, 20, 120, 180, 240, determining the Soret energy shift upon N@teraction. To
and 300 s bubbling of 10 ppm N@n a N; gas stream (flow  the best of our knowledge, this observation was not already
rates= 200 sccm). No changes in the optical spectra were reported.
observed, thus indicating that aromatic substituents in the
meso positions play a crucial role in determining the Soret  Acknowledgment. We thank the Ministero Istruzione Uni-
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interaction of NQ with the nitrogen core of meso-substituted FIRB 2002) support. Dr. C. Satriano is acknowledged for contact
porphyrins brings about a porphyrin geometrical distortion @ngle ¢) measurements.
that modifies the phenyl participation to the aromatic cmo048130K
porphyrin ring and, therefore, the relative positions of the
uppermost energy levels thus causing energy shifts of the(13) Ryeng, H.; Ghosh, AJ. Am. Chem. So@002 124, 8099.
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