
 

 

 

Abstract— This work performed immobilization of proteins on a 

glass plate, on which Au nanoparticles are deposited (Au-glass). A 

method for fabricating the Au-glass plate was An electroless metal 

plating technique that was composed of (1) adsorption of Sn2+ ions, (2) 

deposition of metallic Ag nuclei generated by reducing Ag+ ions with 

Sn2+ ions on the Sn2+- adsorbed sites, and (3) deposition of Au 

nanoparticles by reducing Au+ ions on the Ag nuclei-deposited surface. 

According to visible (VIS) extinction spectroscopy, a surface plasmon 

resonance absorption peak was observed at 522.6 nm, which indicated 

that Au nanoparticles were successfully deposited on the glass plate. 

Protein-immobilization was performed in aqueous solution with 

bovine serum albumin (BSA) in the presence of the Au-glass plate.  

VIS extinction spectroscopy revealed that the BSA was adsorbed on 

the Au particle surface. 
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I. INTRODUCTION 

ETALS such as Au and Ag are being used widely in various 

fields. Their nanometer-sized particles have special 

interest because they are expected to exhibit unique properties 

different from those of bulk material [1,2], which is called „size 

effect‟. Nanoparticles of such metals show a special optical 

property like surface plasmon resonance (SPR) absorption 

[1,3,4], which depends on particle size, particle shape and 

surface condition.  

Besides the optical property derived from the size effect, such 

metals have the ability to adsorb proteins on their surface 

through amino groups and thiol groups of proteins. This means 

that such metals can be used as support for immobilized enzyme. 

To take full advantage of surface, a decrease in their size is 

effective, because total surface area of metal increases with the 

decrease in size. Those metals face at a problem: They take cost. 

From a view point of effective use of metals, the metals are 

desired to be reused after their use. 

Nanoparticles tend to aggregate, which deteriorates their 
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unique properties derived from the size effect. Immobilizing the 

nanoparticles on supports such as powders and plates is a 

candidate to prevent the aggregation. 

An electroless metal plating technique can make metallic 

films plated on insulating support materials [5-8]. In our 

previous work, Au nanoparticles were successfully deposited on 

silica spheres by the electroless metal plating technique [9]. In 

another previous work of our group, the electroless metal 

plating technique was extended to deposition of Au 

nanoparticles on glass plates (Au-glass) [10]. The peak 

wavelength of SPR absorption of Au nanoparticles for the 

Au-glass plate depended on dielectric constant of the solution, 

which expected that the Au-glass was used as a sensor for 

measuring dielectric constant of solution. 

In the present work, the Au-glass plate developed in our 

previous work [10] is examined as a support for immobilizing 

proteins. The present work also studies on recovery of the 

Au-glass plate toward reusable support of immobilized enzyme. 

II. EXPERIMENTAL 

A. Materials 

Tin chloride (anhydrous) (97%) and trifluoroacetic acid 

(98%) were used for preparation of “Sn solution”.  For 

preparation of “Ag solution”, used were silver nitrate (99.8%) 

and aqueous ammonia (28.0-30%). Oromerse Part B (Au 

electroless plating solution), formaldehyde solution (36.0-38%), 

sodium bicarbonate (99.5-100.3%), sodium sulfite (97%) and 

sulfuric acid (95%) were used for preparation of “Au solution”. 

Affinity between the glass plate surface and ions of metals such 

as Sn, Ag, and Au was improved with polyvinylpyrrolidinone 

(PVP, K=30). Protein used for immobilization on glass was 

bovine serum albumin (BSA). The supports for Au-deposition 

were sodium glass plates (18×18 mm, 0.12-0.17 mm thick). 

Oromerse Part B, BSA, sodium glass plates and the other 

chemicals were supplied by Technic Inc., Merk Ltd.,  

Matsunami Glass Ind., Ltd. and Kanto Chemical Co., Inc., 

respectively. All chemicals were used as received.  Water that 

was ion-exchanged and distilled with Shimadzu SWAC-500 

was used in all the preparations.  

B. Preparation 

Prior to Au-deposition by the electroless metal plating, the  

glass plates were pre-treated by in turn immersing in liquids of 
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acetone, water, PVP aqueous solution, and then water for 

improving affinity between the glass plate surface and the 

various metal ions. 

 

 
Fig. 1 Sketch of procedure for electroless Au-plating technique. 

 

The electroless metal plating technique was employed for Au 

deposition on the pre-treated glass plate, according to a work 

performed by Menon and Martin [5]. This technique was 

composed of three steps, as shown in Fig. 1. The first step was 

surface sensitization of the glass plate or adsorption of Sn
2+

 on 

the plate.  The glass plate was immersed into Sn solution, which 

was prepared by dissolving the tin chloride (0.05 g) in the water 

(10 mL) with addition of the trifluoroacetic acid (0.05 mL).   

After 45 min, the glass plate was washed with immersion in 

water (Sn-glass).  The second step was surface activation or 

deposition of Ag nuclei on the plate.  The Sn-glass plate was 

immersed into Ag solution, which was prepared by dissolving 

the silver nitrate (0.06 g) in the water (10 mL), adding several 

drops of the aqueous ammonia to form brownish fine precipitate 

of silver (I) oxide, and then adding aqueous ammonia further to 

make the solution transparent due to formation of Ag(NH3)2
+
 

complex. After 5 min, the glass plate was also washed with 

immersion in water (Ag-glass).  The third step was Au-plating 

or deposition of Au nanoparticles on the plate.  The Ag-glass 

plate was immersed into Au solution, which was prepared by 

mixing the water (10 mL), the Oromerse Part B (0.25 mL), the 

formaldehyde solution (0.5 mL), the sodium bicarbonate (0.021 

g), the sodium sulfite (0.16 g) and several drops of the sulfuric 

acid.  The deposition times were 5-60 min.  The obtained glass 

plate was washed also washed with immersion in water, and 

then annealed at 500
o
C in air (Au-glass). 

Protein-immobilization was performed for the Au-glass plate. 

The Au-glass plate was immersed in 0.12 g/L BSA solution at 

room temperature for 4 h. The immersed Au-glass plate was 

washed by immersing it in water. 

C. Characterization 

The Au-glass plates were characterized by visible (VIS) 

extinction spectroscopy and X-ray diffractometry (XRD). VIS 

extinction spectra were measured in air with a Shimadzu 

UV-3101PC spectrophotometer. XRD measurements were 

carried out with a Rigaku RAD-B X-ray diffractometer at 50 kV 

and 150 mA with CuKα1 radiation. 

III. RESULTS AND DISCUSSION 

A. Morphology of Au-glass plate 

Figs. 2 (a) and (b) show photographs of the Au-glass plate 

prior to annealing. The plate for the deposition time of 5 min 

had a purple tone, which appeared to be derived from SPR 

absorption of Au nanoparticles. This observation implied that 

Au nanoparticles were deposited on the glass plate with the 

present method. An increase in the deposition time to 60 min 

made the purple tone increased.  This indicated that the amount 

of Au deposited on the glass plate increased with increasing the 

deposition time. Fig. 3 shows XRD patterns of the plates. No 

dominant peaks appeared in the sodium glass plate, except for a 

broad peak at ca. 25 degree that was due to amorphous. In 

contrast, for the Au-plate glass, peaks were detected at 38.3 and 

45.0 degree. They were attributed to (111) and (200) planes of 

cubic gold (JCPDS card No. 04-0784). Accordingly, the 

metallic gold was successfully produced with the present 

method. Fig. 2 (c) shows a photograph of the Au-glass plate 

after annealing. The plate also had a purple tone. This 

observation implied that Au nanoparticles were still present on 

the glass plate even after the annealing. The color of Au-glass 

plate became slightly reddish after the annealing. This indicated 

that morphology of the Au nanoparticles was varied with the 

annealing. 

 

 
Fig. 2 Photographs of Au-glass plates. Images (a) and (b) show 

Au-glass plates prior to annealing, in which the deposition times were 

(a) 5 and (b) 60 min. Image (c) shows the sample (a) after annealing. 

 

Fig. 3 (a) shows a VIS extinction spectrum of the Au-glass 

plate. The annealed Au-glass plate was used for the 

measurement. A peak that was clearly observed at 522.6 nm was 

attributed to the SPR absorption [1], which supported the 
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deposition of Au nanoparticles on the glass plate.  

 

 
Fig. 3 XRD patterns of (a) glass plate and (b) Au-glass plate. The 

sample (b) was the same as the sample (b) in Fig. 2. Arrows show 

peaks attributed to cubic gold. 

 
Fig. 4 VIS extinction spectra of various Au-glass plates. Sample (a): 

Au-glass plate, sample (b): sample (a) after BSA-immobilization, and 

sample (c): sample (b) after annealing. 

B. Protein-immobilization 

Fig. 3 (b) shows a VIS extinction spectrum of the Au-glass 

plate after the protein-immobilization. Intensity of the SPR peak 

increased with the protein-immobilization. Adsorption of BSA 

on Au nanoparticle surface probably increased apparent Au 

particle size. This increase in size strengthened light scattering 

from the particles, which provided the increase in extinction 

intensity. The SPR peak position shifted to 541.9 nm. The SPR 

absorption band in the VIS range is very sensitive to particle 

size, particle shape and conditions of particle surface [1,3,4]. 

Adsorption of BSA was considered to vary the condition of Au 

surface in the present work. Accordingly, both tendency for the 

SPR peak intensity and position indicated successful 

protein-immobilization. 

Fig. 3 (c) shows a VIS extinction spectrum of the BSA- 

immobilized Au-glass plate. The plate was annealed at 500
o
C in 

air after the protein-immobilization. The shape of spectrum was 

very similar to the Au-glass plate prior to the 

protein-immobilization, which was shown in Fig. 3 (a). This 

indicated that the BSA burnt on contact with air, and then the 

BSA-immobilized Au-glass plate was restored to its former 

state with no damage to Au particles by the annealing. 

IV. CONCLUSION 

 The Au-glass plates were fabricated by extending the 

electroless metal plating technique. The BSA-immobilization 

on the Au-glass plate was successfully performed by simply 

immersing it into the BSA aqueous solution. The VIS extinction 

spectrum of the BSA-immobilized Au-glass plate after the 

annealing was similar to that of the Au-glass plate prior to the 

BSA-immobilization. Accordingly, it was found that the 

BSA-immobilized Au-glass plate recovered its former state 

prior to the BSA-immobilization with no damage to Au particles 

by the annealing. This result on recovery implied that the 

Au-glass plate produced in the present work could be reused. 

Awaited are further studies on optimization of 

protein-immobilization conditions, a precise mechanism of 

protein-immobilization, and immobilized enzyme. 
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