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INTRODUCTION: Our surroundings are formed 

by many materials. Most of them are solid or liquid 

phases. If someone want to know the chemical state 

of those materials, it depends upon an electric 

conductivity of their materials. Because the electric 

conductivity is a key point, when we obtain the 

chemical state by some spectroscopic techniques. If 

the electric conductivity of the materials is low, 

such as insulators or liquid, the information related 

with the chemical state is not easily detected by the 

charge-up effect phenomenon. Especially, a 

spectrum measured by X-ray photoelectron 

spectroscopy (XPS) cannot obtain. Moreover, the 

charge-up effect by another technique of X-ray 

absorption fine structure (XAFS) with using soft X-

rays under vacuum condition also occurs. During 

XAFS measurements, some excited photoelectrons 

from the inner-shell are emitted to the vacuum side. 

When the photoelectrons return to the excited atoms 

or sample surface, the charge-up effect can be avoid. 

Therefore, we propose that it is necessary to fulfill 

the atmosphere of the sample by inactive gas. From 

the above point of view, if we use X-rays for the 

incident X-rays and detect the fluorescence X-rays 

under the inactive gas atmosphere, we can obtain 

XAFS spectrum of our specimen. In this study, we 

introduce the He-path system for the XAFS 

measurement, the XAFS spectrum can be obtained 

very easily at a high throughput. And we show an 

adsorption reaction of bio-molecule on Au 

nanoparticle in liquid phase.  

METHODS: The Au nanoparticle were fabricated 

by the solution plasma method. The Au rods 

(99.95%, 1 mmφ), L-cysteine (>99%) and NaCl 

(>99.9%) were purchased from Nilaco Co. and 

Wako Pure Chemical Industries Ltd., respectively. 

The Milli-Q water (>18.5 MΩcm) was provided. 

The pulse power source of AC-high voltage with 

both the frequency of 20 kHz and the voltage region 

of 100-150 V was produced by KURITA 

Seisakusho Co. Ltd. Two Au rods faced each other 

and the distance between rods was about 0.1-0.2 

mm. The Au rods were used as both an electrode 

and a source of Au nanoparticle. To control the size 

of the Au nanoparticle, it was important to control 

the electrical resistance of the water solution with 

NaCl as an electrolyte. The average diameter of the 

fabricated Au nanoparticle was estimated to be 

12±3 nm. The L-cysteine molecule as a bio-

molecule was mixed into the Au nanoparticle 

solution. The Sulfur K-edge NEXAFS (Near-edge 

XAFS) measurement was done at BL6N1 in Aichi 

SR by SDD detector with liquid cell. 

RESULTS: Figure 1 shows a color change of Au 

nanoparticle solution from left; before mixed L-

cysteine to right; after mixed.  

 

 

Fig. 1: Image of color 

change of Au nanoparticle 

solution. (Left; before mixed 

L-cysteine and Right; after 

mixed.) 

Finally all the Au 

nanoparticles precipitated. 

From the results of Sulfur K-

edge NEXAFS, the L-

cysteine thiolate adsorbs on the Au nanoparticle 

surface. There is no peak assigned to the atomic 

sulfur in NEXAFS spectrum. It means that the L-

cysteine thiolate adsorbs stably. 

DISCUSSION & CONCLUSIONS: We have 

investigated the adsorption reaction of L-cysteine 

on the Au nanoparticle surface under liquid phase. 

It is found that L-cysteine thiolate adsorbs on the Au 

nanoparticle surface. The chemical state of the bio-

materials in liquid phase can be measured by XAFS 

technique with He-path system. 
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