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Abstract. .\'ano-composiie spun films lead phthalocyanine (PhPc) were prepared hy lor the first time by 
exposure of thin spun films of a lipophilic lead phthalocyanine derivative to H;S gas. The formation of le.id 
sulphide was confirmed by Raman and UV-vis spectroscopy measurements. The characteristic spectrtil 
transformations at 62.5-65U cm- l and 1(100-1400 c m ' correspond to bending and stretching vibrations of 
phthalocyanine macrocycles, respectively. The spectra undergo dramatic changes after the treatment with 
H;S gas. A Q-band double peak is shifted to the lower wavelengths (680/74.'; nm). f-rom the bkie spectral 
shift of the fundamental adsorption band, the size of the Pb.S clusters was estimated to be 2,24 nm. 
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Ahslrak. F i lm nano-komposit ]eati philuilocymiiiu' (PbPc) pertama dibuat dengan mengekspose gas H;.S 
pada film iiirunan lipophilic leadpliilnilocyaniiie yang dibuat dengan teknik spincoaling, Terbentuknya Imd 
stdiihide dikonforniasi dengan pengukuran spektroskopi Raman dan U V - V i s . Perubahan spektrtim pada 62.'>-
b%) cm' ' dan I(K)0-I400 cin ' ' masing-masing berkaitan dengan vibrasi beiiditifi dan sireichina dan 
phthalocyanine. Tampak bahwa terjadi perubahan spektrum yang cukup signifikan akibat eksposure gas H;.S 
Tainpak terjadi pergeseran puncak ganda Q-band ke artih paniang gelombang pendek (6H0/74.'i nml. Dari 
pergesertin pita absorbs! tersebut diperkirakan ukuran dari kluster PbS sekitar 2.24 nm. 
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L Intrudiiction 

Nanometer-size lead sulphide (PbS) particles have been fabricated using chemical routes for a 

variety of applications including single-electron devices | 1 | , l ight-emitting devices 12|. 

programmable memory in organic field-effect transistor [3] and multiscale nonlinear switching 14|. 

Chemica l methods of formation of such nanostructures attract a great deal of attention because of 

their cost effectiveness when compared to expensive solid-state technologies such as molecular 

beam epitaxy. It has been reported that mono dispersed PbS nanoparticles c;in be produced by 

exposing self-assembled monolayers ( S A M s ) of I 1-mercaptoundecanoic acid-adsorbed Pb ions on 

gold substrates to an H^S atmosphere[.'i]. The average particle size was estimated to be of 3.2-0.4 

nm. The current-voltage characteristics of a single nanopariicle exhibited the effect of Cou lomb 

blockade and the staircase width depended upon the gap between an S T M tip and the PbS 

nanoparticle [6]. In further studies, PbS doped-silica gels showing a visible absorption onset were 

prepared by the sol-gel method [7], I I - V I semiconductor nanoparticles have also been produced 

within Langmuir -Blodget t ( L B ) films of appropriate fatty acid metal salts upon exposure to H ; S 

gas[81-[10]. 

In this paper, we report for the first time the formation of a nanostructured composite material of 

lead sulphide in a phthalocyanine matrix. This has been achieved by exposing spin coated films of 

1-, 4 - ,8 - , 11-, 15-, 18-, 22-, and 25-octahexyl-phthalo-cyanina to lead to H ; S gas for at least I2h. 
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Figure I (a) presents tine chemical structure of the molecule, which w i l l be referred to as C 6 P b P c 

throughout this paper. U V - v i s i b l e and Raman spectra were obtained for thin fi lms of C 6 P b P c 

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 C 6 H i P c [for chemical structure, 

.see Figure Kb) ] . 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). A s a consequence of 

this, two plausible transformations of spun C 6 P b P c films may take place under prolonged 

exposure of H i S gas according to the fo l lowing scheme [ 12j: 

Figure 1. Cliemical structure of: (a) I-. 4-. 8-. 11-. l . ' i - . I8-. 22-. 2.";- ociahexylphthalocyaninaio lead 
(C6PbPc) and (b) I-, 4-, 8-. 11-. 1.S-, I8-, 22-, 2.'i-ociahexylphlhalocyanine metal free (ChH Pc) molecules. 

A comparison of properties of C 6 P b P c and C 6 H Pc spun films with L B films of lead stearate 

al lows us to PbS nanoparticles indicating that path (b) in (I) is fol lowed, at least partially, it is also 

possible that some residual Pb atoms w i l l remain attached to the Pc ring, producing a composite 

material consist ing of PbS nanoclusters: metal free and lead phthalocyanines. The PbS 

nanoparticles may form aggregates in a way s imilar to those in L B films [9] or alternatively 

intercalate with Pc molecules and form a nanocomposite material consisting of C6H2PC and PbS or 

some combinat ion of lead and sulphur. 

Further experiments have now been performed to identify the precise route of the formation of the 

PbS nanophase in C 6 P b P c spun fi lms 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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U V - v i s i b l e absorption spectra. It is found that these particles are much smaller than those 

previously reported [5]. 

2. Experimental Details 

Solutions of both C 6 P b P c and C S H ^ P c compounds in chloro-form at a concentration of 2 m g / m L 

were used for spin coaling. F i l m deposition was carried out with a Photo-resist Spinner (model 

4000. Electronic M i c r o System, Downton, Wil tshi re , U . K . ) at a constant spin speed of 2000 r/min 

for 40 s. Sol id substrates of different types (e.g., glass slides, pieces of s i l icon wafer) were fixed on 

a rotating stage, and a small aniount of solution (20 -30L) was dispensed with a micropipette onto 

the center of the substrate prior to the start of rotation. In order to produce the PbS phase in the 

films, the samples were exposed to H i S gas for approximately 12 h (usually overnight) in a sealed 

container, as was described earlier in [8] for nanocomposite L B fi lms. 

Raman spectra of fi lms deposited on Si were recorded with a Triplemate S P E X spectrometer 

equipped with a multichannel detector ( L N - 1 3 4 0 P B , Princeton Instruments. Trenton. NJ) in back-

scattering geometry. The spectral resolution was 5 cm. The 488-nm line of a ,50-mW A r laser 

focused to a diameter of 2rn was used for the spectral excitation. 

Both types of fi lms (untreated and treated with H i S ) were then characterized with L ' V - v i s 

absorption spectroscopy using an U N I C A M U V - 4 instruinent. The spectral properties of the above 

films were compared with L B fTlms containing PbS nanoparticles produced by conventional 

techniques [8]. The L B films were obtained using an N I M A 611 Langmuir trough. Monolayers of 

stearic acid were formed by spreading its 1-mg/mL solution in chloroform onto the surface of 

Mi l l ipore water containing 5 x 10"* M C d C L . Y-type L B layers were transferred onto the surface 

of hydrophobic glass slides at a constant surface e pressure of 28 -30 i i i N / m and then exposed to 

H i S gas, as was described earlier. Procedures for L B film deposition, as wel l as sample 

preparation (hydrophobization) were previously described in detail in [9j. 

3. Results and Discussion 

Raman spectra of C 6 P b P c films before and after H T S treatment are presented in Figure 2(1) (curves 

and). The modes in the range from 200 to 1400 c m ' correspond to intramolecular vibrations of the 

phthalocyanine macrocycle. The detailed assignment of the vibrations are given in (13) and 114|. 

The characteristic spectral transformations at 62.^-630 c m ' and 1000-1400 c m ' correspond to 

bending and stretching vibrations of phthalocyanine macrocycles. respectively. These indicate the 

formation of C 6 H P c after treatment of C b P b P c f i lm by H ; S . The spectral features appearing at 

approximately 300 and 220 c m ' ' in C 6 P b P c film after H j S treatment can be associated with the 

formation of PbS . The results of a detailed Raman investigation (with the beam focused on the 

cluster as.sembly spot on the sample) are presented in Figure 2(11), clearly showmg the spectral line 

at 220 c m ' ' , which corresponds to local oscillator ( L O ) phonons in bulk PbS |131- | I71 in the 

galena crystallographic modification [18,19). The line at 300 em' 'may, therefore, be related either 

to other weaker PbS phonon lines or to some sort of impurities in the film. Test samples of C 6 H P c 

spun films do not show any spectral changes fo l lowing H T S treatment (see Figure 2(1). curves c 

and d). 

Figure 3 shows a set of typical reproducible U V - v i s i b l e spectra of the C 6 P b P c samples. The curve 

(a) represents the spectrum of the C 6 P b P c spun film as deposited, e.g., before the treatment with 

H j S . The observation of a band double peak (700 and 755 nm) and a Soret band below 500 nm are 

characteristic features for this compound. 
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The spectra undergo dramatic changes after the treatment with H i S gas [Figure 3. curve (b)|: a Q-

hand double peak is shifted to the lower wavelengths (680/743 nm). The spectra bear resemblances 

to ones obtained for C6H2PC f i lm [see Figure 3, curve (O). This correspondence clearly indicates 

that C 6 P b P c molecules have lost Pb atoms and have been transformed to metal-free C 6 H P c . Curve 

(d), which represents the difference between curves (b) and (c). shows the absorption 

monolonical iy rising toward wavelengths below 650 nm. 
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Figure 2. (I) Raman spectra o fC6P l iPc I'ilm before H .S treatment (curve a), C6PbPc niiii after HvS treatment 
(curve b). C 6 H Pc film before H S treatment (curve c). and C6HPc film after H;,S treatment (curve d l . (II) 
Detailed Raman spectrum of C6PhPc film after H;S treatment. 

Curve (e) in Figure 3 was obtained for PbS nanoparticles in the stearic acid L B fi lm mtilrix. 

showing the dominant absorption in the same spectral range as for (d). A n exact nii i lch is not 

expected because of the different matrices used and variation in ptirticle sizes. However , the 

observation of the tendency for the absorption to rise may be attributed to the formation of a PbS 

phase in the C 6 P b P c f i lm as a result of the reaction with H^S gas ( l b ) . The interprettitioii of the 

observed spectral transformations in C 6 P b P c films and the extraction of the spectra of the PbS 

phase are quite difficult tasks because the phthalocyanine f i lm matrix is also absorbing in the 

visible spectral range. 
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Since the absorption spectra of phthalocyanine films depend not only on the electron levels of 

individual Pc molecules, but largely on their arrangement in the films, the observed spectral 

transfor mations in C 6 P b P c fi lms can be caused by a combination of three fo l lowing processes; 

1) formation o f C 6 H P c molecules as a result of the reaction shown above (I); 

2) inclusions of PbS phase (either as a fine intercalation of C b H ^ P c and PbS molecules or 

the formation of PbS clusters); 

3) changes in the structure of C 6 H i P c films (iniermolecular distances and angles) due to the 

presence of the PbS phase. 

V^/Svelen^h (nr,) 

Figure .1. U V - v i s ahsorption spectra o l : (a) C6PbPc tllni before H2S treatment, (hi C6PbPc film after H;,S 
treaimeni, (c) C 6 H Pc film, (d) .subtracted spectra (b) and (c) (e) PbS in 2(l-layer-ih)ck stearic acid l ,B filin. 
The inset shows proposed changes in the C6PbPc film structure caused by exposm-e to H.>S gas. 

The analysis of the results presented in Figure 3 implies the formation of PbS clusters in the f i lm. 

There has not been any dramatic change in the arrangement of stacks of C b H i P c molecules. 

However , slight randomization of stacks has taken place near PbS nanoclusters, as illustrated by 

the scheme in the inset of Figure 3. The size of PbS clusters (a) can be calculated from the energy 

shift (AE) of their absorption band edge (/T̂ ,) in respect to that for a bulk material [20] as 

follows: 

ti-r-
Ai: = r:„ - /••„„ = 

2 pii' 

where (1/^) = ( l ) / ( m,,) + \/nih is the reduced exciton mass. Us ing the values of = 1.91 e V for 

PbS clusters, obtained from the absorption edge of 650 nm on the experimental spectra |see Figure 

3, curve (d)], ;ind Ej„ = 0.41 e V for bulk PbS (galena) [21 ], (22], as wel l as the values of tti, = ;»„ = 

0.1/)(|| for bulk PbS [23], the above calculations yield the PbS cluster size a = 2.24 nm. 

4. Conclusion 

The results of this paper show the formation of PbS clusters in the spun fi lms of the substituted 

lead phthalocyanine as a result of reaction with H^S gas. The spin-coating method is much simpler 

and less hiborious than the commonly used L B technique for the formation of I l - V l semiconductor 
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nanoparticles. The existence of the PbS Galena phase in the H^S treated C 6 P b P c f i lms was 

confirmed using Raman spectroscopy and X P S . The latter shows a complex composi t ion of the 

material having several different phases of both lead and sulphur, but obviously inc luding PbS. 

Both U V - v i s i b l e absorption and photoluminescence spectral measurements indicate the presence 

of PbS in the f i lm after reaction with H S. The formation of PbS clusters seems to be more 

probable than an intercalated PbS/C6H2Pe structured f i lm. 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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