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FT-RAMAN SURFACE ENHANCED RAMAN SCATTERING STUDY 

OF THE ADSORPTION OF 10-MERCAPTO-1-DECANOL 

AND CEFAZOLIN SODIUM ON 

CHEMICALLY REDUCED SILVER FILM 

Key words: Fourier transform Surface Enhanced Raman Scattering spectroscopy (FT- 
SERS), 10-mercapto-1 -decanol, Cefazolin sodium, silver mirror, self-assembled 

monolayer film. 

Zuoying Xue*, Jiacai Wang, Jianghua Zhang, Yanli Yu and Cheng Yuan 

Chinese PLA Jinan General Hospital, Jinan, 250031, R.P. China. 

ABSTRACT 

Chemisorption and conformation of 1 O-mercapto- 1 -decanol and Cefazolin sodium on 

chemically reduced silver film have been observed by Fourier transform Surface 

Enhanced Raman Scattering spectroscopy ( FT-SERS ). These compounds can easily 

be chemisorbed on silver film by the cleavage of S-H or nitrogen and sulfur 

coordination to form self-assembled monolayers. 

INTRODUCTION 

Organic sulfur derivatives coordinate strongly to some metal surfaces and form 

monomolecular films. Nuzzo, et al. showed that dialkyl disulfides formed oriented 

monolayers on metal fiom solutions I .  The monolayer was well organized and endowed 
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the metals attached many special properties such as wetting, adhesion, anti-corrosion. 

The discovery of SERS served to stimulate extensive interest in characterization of 
adsorbed organic compounds on metals such as silver , copper and gold owing to its 

very high spectral resolution and excellent sensitivity". Now many studies have used 

SERS as spectroscopic tool 435. The application of conventional laser Raman 

spectroscopy has been greatly limited by laser-induced fluorescence. A modified 

Fourier transform near IR Raman Scattering spectrometer with a near-infrared 

excitation can circumvent this problem. 

The first reported SERS study of disulfide and thiols on a electrochemically 

roughened silver surface was by Sandroff and Herschbach'. They found that the 

surface products of thiophenol and phenyl disulfide on silver were identical and they 

were adsorbed in the same state. Sobocinske and co-workers have studied alkylthiols 

at electrode surfaces using SERS and they made comparisons between the surface 

interactions of alcohols and thiola. 

In this study a fluorescence-free FT-SERS investigation was carried out on 10- 

mercapto- 1-decanol and Cefazolin sodium adsorbed on silver film. 

EXPERIMENTAL 

The sampling methods of chemicals 10-mercapto-1-decanol can be easily 

synthesized as described previously 6*7. Cefazolin sodium was supplied by Fuzhou 

Anti-biotic Co., China. Tollen's test was widely used in the identification of aldehyde'. 

Here it was used to prepare fine silver film which can react with sulfide. In a 10 ml 

beaker were a few of lOxlOxl mm glass plates, which were washed with water and 

acetone. 5 m10.2 M silver ammonia complex and 5 ml 5% D-glocuse aqueous solution 

were mixed in the beaker. During heating at SO'C, the solution turned to milk and the 

silver ions were reduced and deposited on the glass plate to form fine silver film. After 

withdrawing the plates were washed with distilled water and then dipped in 0,001 M 

10-mercapto-I-decanol solution or 0.001 M Cefazolin sodium aqueous solution for 
five minutes. The treated samples were washed with alcohol or water and ready for 

FT-SERS spectrum measurement. 
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FT-SurfaceEnhanced Raman Scattering spectroscopy The FT-SERS spectra 

were recorded with a Bruker model RFS 100 Fourier Raman spectrometer with an air- 

cooled diode pumped Nd-YAG laser and Ge-detector, cooled to liquid nitrogen 

temperature. The incident laser excitation was 1064 nm. The outputs are 300 and 50 

mW, respectively, for FT-SERS and regular FT-Raman measurement. The resolution 

was 4.0 cm-'. The scattered light was collected at 180". 

RESULTS AND DISCUSSION 

Alkanethiols can easily form monolayer at silver surface by the chemisorption of the S 

head group to the metal substrate, resulting the formation of Ag-S bond'. Evidence for 

this bonding could be observed in the FT-SERS spectra of their films. Spectrum B in 

Fig.l showed the normal FT-Raman spectrum of 10-mercapto-1-decanol and B was 

the spectrum of neat silver film.. Spectrum 1C showed the FT-SERS spectrum of 10- 

mercapto-1-decanol on silver mirrors. Fig. 1A exhibited an intense band due to S-H 

vibration at 2574 cm-'. A few spectral changes occurred, following the adsorption of 

10-mercapto-I-decanol on the silver surface. First, the bands assigned to S-H vibration 

disappeared in Fig. 1C. This observation indicated that they were chemisorbed 

dissociatively on the silver surface by the capture of their S-H groups. In addition, the 

absence of S-H intensity in the self-assembled monolayer film suggested that there was 

no fiee thiol present. The bands related to trans and gauche conformations could be 

observed at 718,663 cm-' in Fig. 1 A and 699,63 1 cm-' in Fig. 1 C respecti~ely~~'~. As 

in the liquid state molecules moved easily and were disordered, and the band at 653 

cm" corresponding to gauche conformation dominated the spectra Fig. 1A. 

Comparing Fig.lA and Fig.lC, we found that the trans (T) and gauche (G) C-S 

vibration bands of liquid compound, had shifted to low frequency in FT-SERS spectra. 

In the previous SERS investigation of HO(CH2)11SH, similar results were the thiolate 

on the copper electrode in a spectroelectrochemical cell ". Because of electrodonation 
from sulhr to silver, the C-S bond weakened, resulting the red shift of their stretching 

frequency. In Fig. 1B the band at 245 cm-' perhaps, which was due to silver oxide on 

the silver film, was so intense that it could cover the band assigned to .the weak Ag-N 

and Ag-S bands of the adsorbed chemicals. 
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FIG.1 The FT-Raman spectra of 10-mercapto-I-decanol (A) and the FT-SERS of 

silver film (B), 10-mercapto-1-decanol adsorbed on silver film (C) .  

The chemically reduced silver film is very active to sulfur-containing or nitrogen- 

containing compounds, Fig. 3 shows the regular Raman ( A ) and SERS ( B ) spectra 

of Cefazolin sodium which is N and S-containing compound as shown in Fig.2. It 
The chemically reduced silver film is very active to sulfur-containing or nitrogen- 

containing compounds. Fig. 3 shows the regular Raman ( A ) and SERS ( B ) spectra 

ofcefazolin sodium which is N and S-containing compound as shown in Fig.2. It 

adsorption depended on the coordination of nitrogen and sulfur in the molecule. As 

in Cefazolin sodium molecule there are many nitrogen atoms and sulfur atoms, we 
proposed it was adsorbed by several "points." When the silver film pretreated 

with Cefazolin sodium was dipped in 0.001 M 2-mercaptoethanol aqueous solution, 

no signals of adsorbed 2-mercaptoethanol were observed except that of adsorbed 

Cefazolin sodium. Because of the steric volume, the small molecule, 2- 

mercaptoethanol could not go through the adsorbed Cefazolin sodium film. 
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FIG. 2 The molecular structure of Cefazolin sodium. 

Wavenumber cm-1 

FIG. 3 The FT-Raman spectra of Cefazolin sodium (A) 

and its FT-SERS on silver film (B). 

CONCLUSION 

Fourier transform surface enhanced Raman scattering spectroscopy (FT-SERS) 

was used to characterized 10-mercapto-1 -decanol and Cefazolin sodium self- 
assembled monolayer on chemically reduced silver film. The normal FT-Raman and 

FT-SERS spectra led the conclusion that by the split of S-H bond, or nitrogen-silver 
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and nitrogen-silver coordinate above compounds could 'be adsorbed on the silver 

film to form self-assembled monolayers. 
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