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Detailed abstract : The biological sgnificance of porphyrins and metalloporphyrins
has stimulated intensve investigations on these compounds for many years. On the other hand,
porphyrins and metaloporphyrins a0 have extensve gpplications in many other fields such as
chemical modified electrodes, organic photovoltaic devices and biomimetic catayds. The adrp-
tion behavior and chemical reactionsof metaloporphyrinson surfacesor interfaces are very i mpor-
tant for these gpplications. Surface-enhanced Raman gectroscopy has been used to investigate the
physca and chemical processesof the porphyrinson surfacesin many scientific publications. Sur-
face-reactions such as metalization, demetdization, aggregation, eectrochemica redox and N-
protonation of the porphyrinson colloids, electrodes or films have been revealed by SERS* 2" ©!.

Although most SERS experiments were carried out on noble-metals such Ag, Cu and Au,
enhanced Raman sgnals were d < obtained from molecules adorbed on trandtion metals and
smiconductors® 7. Recently, enhanced Raman sectra were observed for pyridine, cyanine

dyes, azobenzene and severd other molecules adsorbed on dlver oxide (Ag,0) (6.7]

. The charge-
tranfer (CT) mechanism was thought to be the mgor origin for Raman enhancements and small
Agn" custerson Ag,O were believed to be active stesof SERS. It is known that slver oxide can
catalyze a number of organic oxidation reactions. The oxidation and subsequent ring-openning of
the porphyrins and their analog macrocycles are important for understanding the metabolism of
relative prosthetic groups and cofactorsin biological systems. Thus, the SERS studiesof the por-

phyrinson Ag,O may provide new indghts to this natural process.
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Here we report Raman scattering of four metdlote
traphenylporphyrins (MTPP; M = Ag, Cu, Pd, Mg) ad
2rbed on Ag,O oolloids. The Ag,O colloids were prepared by
mi xi ng aqueous lutions of dium hydroxide and dlver ni-
trate. Raman ectra were measured on a Labram-010 Ra
man gpectrometer with the 488.0 nm line of an Ar* laser as the excitation source.

Norma resonance Raman ectra ( Figure 1) of
M TPP lid powders with 488 nm excitation are charac

terized with strong bandsofv, (1532 1560 cm ') v, © PaTPP
(1339 1360cm™ ) vg(330 338cm Y, etc. Fre

quencies of these three modes are known senstively de- ‘ @ CutPe
pendent on centra meta ions. SERSof MTPPon Ag:O &

oolloids is dramaticdly different from the normal Raman é’ AgTPP

ta}
gectra (NRS) . Asshownin Figure 2, the characteristic
bandsof AgTPP at 1 538 ¢,) , 1339 ¢4) , 399 cm™*
Vg) dmost completely vanished in the SERS of AgTPP T y r
. . 500 1200 1500
on Ag,O oolloid, while new bands at 1 617, 1 530, Raman Shift £ am”
1417, 947, 674, and 297 cm™ ! dominate the gectra.

. FHg. 1 Raman gectra of AgTPP, CuTPP
Smilar SERS gectra were a0 measured for other metallo and PATPP wlid powders
-TPP and the free base on Ag,O colloid. These gectra
observations revea that the adsorbentson the colloids un-

} ] ) H,TPP - SERS/Ag,0
dergo surface-reactions, which was conddered to be the .
irreducible oxidation of the adsorbed MTPP. UV-vishle L&
gectra manifest that the fina product of the irreducible
oxidation has a strong absorption at 460 nm.

The Raman shifts in the SERS ectra of AgTPP,
PdTPP and CuTPP on Ag oolloid are very close to the
correponding NRS. For ingtance, structura senstive
bands ¥, V4, andvg) in SERS sectra were found well
close to the correpponding NRSfrequencies. Thus, SERS
of AgTPP, PdTPP and CuTPP on Ag colloids (without 500
OH™~ modification) reveds negligible structura ateration
or surface reaction. Jight frequency differences between

INtensity — e
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10 , 1500
Raman Shift / em’

Fig. 2 SERS of AgTPP and H,TPP ad
rbed on AgO oolloid. Concentra
SESR and NRS gectra may be attributed to the environ tionof TPP: 1x10 ® mol/L

mental difference of the molecule in slid and on surface.
Smilar to those observed on Ag,O colloid, dramatic pectra changes were d < observed for
M TPP adorbed on hydroxyl-modified Ag colloid. Figure 3 digplays the time evolution of the



488. 0 nm excited SERS gectra of AgTPP
adorbed on Ag oolloid ater addition of
dilute aqueous slutions of odium hydrox-
ide. The characteristic Raman bands of
AgTPPat 1 596, 1 579, 1535, and 1 340
cm’ ' shift to 1 612, 1566, 1 530, and 1
338 cm™ ! regectively, accompanying drar
matic enhance of Raman intendties. Be
sdes, new Raman bands gppear at 1 416, 1
358, 1270, 946, 674 and 290 cm™ ', mani-
festing new gecies formation upon adorp-
tion of AgTPP on hydroxyl-modified slver
colloids. From the Raman frequencies and
aborption gectra, it was concluded that
this new geciesisidenticd to that observed
on Ag,0 colloid.

The above gectra changes were at-
tributed to the ring-oxidation of TPP on
methylene carbon (Cn) atoms. This irre

intensity ———— ==
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SERS of AgTPP adorbed on hydroxyl-modified
Ag ols. Fectra recorded (a) 0, (b) 40, (c)
80, (d) 160, and (e) 200 dater adding dilute
NaOH =lution. Concentration of AgTPP: 1
x 10" ® mol/L

ducible oxidation isobvioudy catalyzed by the colloids. Based on Raman, NMR, and UV-vishle
aboorption gectra, the product of irreducible oxidation was suggested having a structure smilar to

porphodi methene whose electronic conjugation extends over two adjacent pyrrole rings. This re-

sult is diginct from the irreducible oxidation of M TPPs by traditional chemical or photochemical

methods, which usually leads to linear conjugated tripyrroles or tetrapyrroles as the main prod-

ucts.
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