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OPTICAL STUDY ON SPUN FILMS LEAD PHTHALOCYANINE (PbPo)
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Abstractl. Nano-composite spun fims lead phthalocyanine (PbPe) were prepared by Tur the first time by
eaposure of thin spun films of a lipophilic lead phihalncvaning derivative 1o M-8 pas. The Tormation af lead
sutphide wus confinmed by Raman and UV-vis spectroscopy measurements. The characienstic spectril
vanstormations @l 623650 cm-1 and [00G=1400 ey’ correspond 1o bending wnd streiching vibrations of
phthalocyanine macrocycles, respectively. The spectra underge dramatic chunges wher the teatinent with
H.S pas. A Q-band double peuk is shified 10 the lower wavelengihs (6807745 nm). From the blue spectril
shift of the Tundamental adsorption bund. the size of the PhS clusters was estimated te be 2.24 nni.

Keywords: Nano-composite, lead phthalocyanine, exposure of thin spun ﬁ!rm

Abstrak. Fim nann-homposit fecd pliiclocyanine (Phl’c) penama dibuat dengan mengekspose pas H:S
puda [y wranan lpophific lead phithalacyanine yang dibug dengan leknik spincoating. Terbentuknyva fead
suiphide dihonformasi dengan peogukuran spektroskopi Raman dan UV-Vis. Perabahun spekinem pada 625-
630 e’ dan 1000-1300 cm™ masing-masing berkaitan dengan vibrasi fending dan streching dan
phthalocyanine. Tampak bahwa terjadi perubahan spektrum vang cukup signilikan akibat eksposure gas H:S
Tampak terjadi pergeseran puncak ganda Q-band ke arah panjung gelombang pendek (6807745 nmi. Dun
pergeserin pita absorbsi tersebut diperkirakan ukuran dart KMoster PhS sekitar 2.24 nnn.

Keywords: Nano-komposit. fead phthaiocyanine. eksposare film tipis

I. Introduction

Nanameler-size lead sulphide (PbS) particles have been fabricuted using chemical routes for o
variety of applications  including  single-electron devices  [1]. light-emirting  devices  [2].
programumable memory in organic field-effect rransistor 3] and multiscale nonlinear switching (4.
Chemicual methods of formation of such nanostructures wtract o great deal of atiention beeause of
their cost effectiveness when compared to expensive solid-state technologies such as molecular
beam epitaxy. Tt has been reported that mono dispersed PbS nunoparticles can be produced by
exposing setf-assembled monolavers (SAMs) of 11-mercaptoundecanoic acid-adsorbed Ph ians on
gold substrates to an H,S stmosphere]S]. The average particle size was estimated to be of 3.2-G.4
nm. The curreni=voltuge churacteristics of o single nunoparticie exhibited the effect of Coutomb
blockade and the staircase width depended upon the gap between an STM tip and the PbS
nanopurticle [6]. In further studies, PbS doped-silicu gels showing a visible absarption onset were
prepared by the sol-gel method {7]. TI-VI semiconductor nanoparticles have alsa been produced
within Langmuir-Blodgett (LB) films of appropriate faity actd metal salts upon exposure to E,S
gas [8]-110],

In this puper, we report for the first time the formation of a nanostructured composite material of
lead sulphide in i phthalocvunine matrix. This has been uchieved by exposing spin coated fitms of
1-4- 8-, 11 15, 18-, 22-, and 23-octehexyl-phthulo-cyaning 1o lead 10 H.S gus for at least 12h.
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Figure I(a) presents the chemical structure of the molecule, which will be referred to as C6PbPc
throughout this paper. UV-visible and Raman spectra were obtained for thin films of C6PbPc
molecules before and after the H,S treatment. We have shown that. in these molecules, the Pb
atoms are lost on exposure to H,S to afford the metal-free analog C6HPe [for chemical structure,
see Figure 1(b)]. This implies that the Pb ions are rather weakly bound to the Pc moiety because of
the large ion radius and geometrically are out of the molecular plane [11]. As a consequence of
this, two plausible transformations of spun C6PbPc films may take place under prolonged

exposure of H,S gus according to the following scheme [12]:

(Pb+S+C6H P (a)

(M

C6PbPc+ HaS — ¢ e
= | PBS + C6H Pe (6)
;6H 13
/QN CeH1a

(a)

(b)

11-, 15-. 18-, 22-, 25- octahexylphthalocyanmnato lead

Figure 1. Chemical structure of: (a) I-,
(C6PbPc) and (b) 1-,4-, 8-, 1 1-, 15-.18-.2

A comparison of properties of C6PbPc und C6H Pc spun films with LB films of lead stearate
allows us to PbS nanoparticles indicating that path (b) in (1) is followed. at least partially. It is also
possible that some residual Pb atoms will remain attached to the Pc ring. producing a composite
material consisting of PbS nanoclusters: metal free and lead phthalocyanines. The PbS
nanoparticles may form aggregates in a way similar to those in LB films [9] or alternatively
intercalate with Pc molecules and form a nanocomposite material consisting of C6H,P¢ und PbS or

some combination of lead and sulphur

Further experiments have now been performed to identify the precise route of the formation of the
PbS nanophase in C6PbPc spun films involving Raman spectroscopy method. This paper provides

these experimental evidences. The size of PbS nanoclusters is also estimated from the analysis of
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UV-visible absorption speciria. Tt is found that these particles are much smaller than those
previousty reported |51,

2. Experimental Details

Solutions of both C6PBPc and CoH.Pc compaounds in chloro-form at a concentration of 2 mg/mL
were used for spin coating. Film depasition was carried out with a Photo-resist Spinner (modui
4000. Electronic Micro System, Downton. Wiltshire. UK.} at a constant spin speed of 2000 /min
for 40} 5. Solid substrates of different types (e.g., glass slides, pieces of silicon wafer) were fixed on
u rotating stage, and a small ammount of solution (20-30L) was dispensed with a micropipetie ento
the center of the substrate prior to the start of rotation. In order to produce the PbS phase in the
films, the saumples were exposed ta H,S gas for approximately 12 h (usually overnighty in a seuled
container, us wiis described earlier in [&] for nunocomposite LB filins.

Raman specira of films deposited an Si were recorded with a Triplemate SPEX spectrometer
equipped with a multichannel detector (LN-1340PB. Princeton Instruments. Trenton. N1) in back-
scatiering geometry. The spectral resolution wus 3 cm. The 488-nm linc of o 50-mW Ar laver
focused to a diameter of 2m was used for the spectral excitation,

Both types of films (untreated and treated with H.S) were then characterized with UV-vis
absarption spectrascapy using an UNICAM UV-4 instrument. The spectral properties of the above
films were compared with LB films contuining PbS nunoparticles produced by conventional
techniques [8]. The LB films were obtained using an NEMA 611 Langmuir trough. Monolayers of
stearic acid were formed by spreading its 1-mg/mL solution in chloroform onto the surface of
Millipore water containing 5 x 107" M CdCl,. Y-type LB layers were transferred onto the surfuce
of hydrophobic glass stides at a constant surface ¢ pressure of 28-30 mN/m and then exposed to
H:S pas. us was described earlier. Procedures for LB film deposition, us well us sample
prepuration (hydrophobization) were previously described in detail in {9].

3. Results and Discussion

Raman spectra of C6PbPe films before und after Ha.S treatment are presented in Figure 2(1) (curves
and). The moades in the range from 200 to 1400 cm’! correspond 1o intramoiccular vibrations of the
phthalocyunine macrocycle. The detailed assignment of the vibrutions are given in {13] and [14].
The characteristic spectral transformations at 625-650 cm’’ and 10001400 cm” correspond to
bending and stretching vibrations of phthalocyanine macrocycles, respectively. These indicate the
formation of CeHPe after wreaiment of C&PbPe film by H.S. The spectral features appearing at
appraximately 300 and 220 em™ in C6PbPe film after Ha$ treatment can be associaled with the
formation of PbS. The results of a detailed Raman investigation (with the heam focused on the
cluster assembly spot on the sample) are presented in Figure 2(11), clearly showing the spectral line
at 220 cm', which corresponds to locul oscillator (LO) phonons in bulk PBS §15]-117) in the
galena crystullographic modification [18,19]. The fine at 300 cm™ may, therefore, be related either
to ather weaker PbS phanaon lines or to some sort of impurities in the film. Test simples of CHHPe
spun filims do not show any spectral changes following H.S treatment (see Figure 2(1). curves ¢
and d}.

Figure 3 shows a set of typical reproducible UV-visible spectra of the C6PbPc sumples. The curve
ta) represents the spectrum of the C6PbPc spun film as deposited. €.g.. before the treatment with
H,S. The observation of & bund double peak (700 and 735 nm) und a Soret band below 500 nm are
charucteristic features for this compound.
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The spectra underge dramatic changes after the treulment with H8 gas [Figure 3. curve (3] a Q-
band double peak is shifted to the lawer wavelengths (680/745 nm), The spectra bear resemblunces
to ones obtained for C6H.Pe filim [see Figure 3, curve ()} This correspondence clearly indicases
that COPbPe molecules have lost Pb atoms and have been wansformed to metal-free COHPe. Curve
(d). which represenis the difference between curves (b)) and (ch shows the absorption
monotonically rising toward wavelengths below 650 nm,
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Figure 2. {1y Raman spectra of C6PbPe film befare H S treatment (curve a). CEPBPe fihn afer H:5 weatment
teurve by, CO6H Pe film before B S treatment {curve ). and C6HPe film after H.8 trequment (curve g Hl)
Detaled Ruman spectrum of C6PbPe film afizr M8 ireatment,

Curve () in Figure 3 was obtained for PbS nanoparticles in the stearic acid LB film mutrix,
showing the dominant absorption in the same spectral range as for (d). An exact match is not
expected becuuse of the differemt matrices used und vanation m particle sizes. However, the
abservation of the lendency for the absorption 10 rise may be atiributed 10 the formation of a PbS
phase in the C6PLPc film as a resull of the reaction with H,S gas {1b). The interpretation of the
abserved spectral transformations in COPBPe films and the extraction of the specira of the PhS
phuse are quite difficolr tasks because the phthalocyanine film matrix is aksa absorbing in the
visible spectral range.
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Since the ubsarption spectra of phthalocyanine films depend nat only an the electron levels of
tndividual Po molecules, but largely on their arrangement in the films, the observed spectral
tansfor mations in C6PbPe films can be caused bry a combination of three following processes

1) formation of C6HPc molecules as a result of the reaction shown ubove (1)

inclusions of PbS phase (either as a fine imercalation of C6H,Pe und PhS molecules or

the formation of PbS clusters):

3y changes in the structure of CoHLPe films (imermolecular distances and angles) due (o the
presence of the PbS phuse.

0.25 y= - —m-

Wawelergh ()

Figure 3. LV-vis absorption spectra of: (2} C6PbPe film before H2S treaument. (b1 COPhPC film afier H.$
tresiment, {c} CHH Pe il 1dy subtracted spectra (by and €1 ted PhSin 2k laver-thuck steanc acid LB flm
The inset shows proposed chunges in the CaPhPC film siructure caused by expinure to 15 gas

The analysis of the results presented in Figure 3 implies the formation of PbS clusters in the fiim,
There bas not been any dramatic change in the arrangement of stucks of C6H,Pc molecules.
However. slight randomization of stucks has taken place near PbS nanoclusters, as illustrated by
the scheme inthe inset of Figure 3. The size of PbS clusters {¢) can be culculaled from the energy
shift (AE) of their absorption band edge (£,) in respect to that for a bulk material £ [20] as
foliows:

; A=, -l = S

; where (1/U) = (LY m,) + Umig s the reduced exciton mass. Using the values of £, = 19t eV for

‘ PbS clusters. obtained from the absorption edge of 650 nm on the experimentul spectra [see Figure

i 3, carve (d)], and By = (h41 eV for bulk PbS (guleaay [21], 1221, as well as the values of wm.=m, =
0.1amq for butk PbS [23]. the above culculations yield the PhS ctusier size g = 2.24 i,

4, Conclusion

The results of this puper show the formuation of PbS clusters in the spun films of the substiuted
fead phthalocyanine as a resuit of reaction with Ha8 gas. The spin-coating method is much simpler
and fess laborious than the commonly used LB technigue for the formation of [[-V] semiconductor
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nanoparticles. The existence of the PbS Galena phase in the H.S treated COPbPc fiims wus
confirmed using Raman spectroscopy and XPS. The latter shows & complex composition of the
material having several different phases of both lead and sulphur, but obviously including PbS.
Both UV-visible ubsorption and photoluminescence spectral measurements indicate the presence
of PhS in the film after reaction with H 8. The formation of PbS clusters scems 1o be more
probable than an intercalated PbS/CO6H;Pe structured film. The size of the PbS clusters of 2.24 nm
was estimated from the blue spectral shift of the optical absorption edge in respect to its bulk value.
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