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ABSTRACT

The purpose of this study is to synthesis the gold nanoparticles (AuNPs) and shift in its surface plasmon
resonance (SPR) to the near infrared (NIR) region of spectrum by using chemical methods. The AuNPs solution is
prepared by citrate reduction method and a solution of Sodium Chloride is added to it, then two volumes of Hydrogen
Chloride solutions are added individually. The results showed a red shift in the absorbance of SPR from 524nm to
the 715nm, 721nm and 725nm.
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1. INTRODUCTION

One of applications of gold nanotechnology was in medical fields and used with an external source of energy
such as near infrared (NIR) laser where Gold nanoparticles (AuNPs) absorb the light as a heat source to heat up and
ablate tumors. That means there is an a lethal amount of energy (lethal doses) applied in the cancer cells (Marsh,
2009). The surface plasmon resonance (SPR) is an optical property of gold nanoparticles. This unique phenomenon
of noble metal leads to strong electromagnetic fields applied on the surface of the particle and enhance the optical
properties such as absorption (Xiachua Huang, 2010). Gold nanoparticles (AuNPs), among nanoparticles materials
show special characterestic in this field due to the physical properties: the high ratio between surface area and volume
(surface area to volume) and small size (Khan, 2014). The purpose of this work is to use a fast and simple method -
in the same time (Wolfgang Haiss, 2007), to synthesize the gold nanoparticles and shift the absorption of surface
plasmon resonance (SPR) to the near infrared region (NIR). There are many developed methods in synthesizing the
AUNPs and one of these method is the chemical procedure (Monic Shah, 2014). Where the AuNPs shifted from
visible region to unvisible one (red shift) which attributed to the oscillation of the surface plasmon of free electrons
(Mohamed Anwar, 2012). However, the 800 nm (near infrared, NIR) is the optimal wavelength is used for the best
penetration in the tissue by gold nanoparticles where the absorption of hemoglobin is decreasing predominantly and
the absorption of water is increasing, forming a ‘‘tissue window’’ transmission by assistant of Sodium Chloride
(NaCl) and hydrogen chloride (HCI) solutions (James, 2014). To study the effect of using chemical materials in the
Surface Plasmon Resonance of the Gold nanoparticles is prepared by chemometric technique (Soheila Honary,
2013), where the gold particles and Sodium Chloride and hydrogen chloride are solutions (Tapan, 2001). The main
target is to synthesize gold nanoparticles in aqueous solution by using chemical reduction methods (Zhao Jingyue,
2015), Chloroauric acid (HAuUCIy) the source of AuNPs and Trisodium citrate dihydrate (NasCsHsO-) the reducing
agent (Ahlam Jameel Abdulghani, 2014). The major step in synthesizing AuNPs is reducing the gold ions (Au* or
Au*) to (Au®) neutral atoms with a strong reducing agent (Ratul Kumar Das, 2012). In this chemical technique
Trisodium citrate dihydrate (reducing agent) is used to stop the growth of the gold nanoparticle at the nano scale and
Capping as well to prevent aggregation (Susie Eustis, 2006).

2. EXPERIMENTAL METHOD

Materials: Chloroauric acid (HAuUCI.), distilled water, Trisodium citrate dihydrate (NasCsHs0O7), Sodium Chloride
(NaCl) and Hydrogen Chloride (HCI) of 0.1N.

Synthesis of AuNPs: Mix 1g of Chloroauric acid with 50ml and 1g of Trisodium citrate dehydrate with 100ml of
distilled water. Add 150uL from Chloroauric acid solution to the 49.85ml of distilled water and heat it without
stirring at 100°C, when the solution start evaporating add 500uL of Trisodium citrate dehydrate solution with stirring
till the color of solution turned to red and then cool it.

Procedure: Add 0.5g of Sodium Chloride to 10ml of distilled water then add 750uL of this solution and 50uL of
Hydrogen Chloride solution of 0.1N to 2ml of AuNPs solution, respectively. Repeat the procedure by adding 100uL
of Hydrogen Chloride instead of S0uL.

3. RESULTS AND DISCUSSION

In this work an UV-visible spectrophotometer is used to show the effect of HCI and NaCl on the absorbance
of surface plasmon resorance of gold nanoparticles, first the gold nanoparticles was synthesized chemically and it
shows the SPR at A = 524nm in the visible region see fig.1, then a Sodium Chloride solution (750ul) added to the
AUNPs solution (2ml) and the result is a shift in red region in the surface plasmon resonance at A= 715nm in near
infrared region (closer to 800nm) (James, 2014), and the absorbance is decreased see fig.2.
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Fig.1. The SPR of AuNPs in visible region Fig.2. The SPR of AuNPs was shifted to the red
at A= 524nm region at 2= 715 nm

green curve is the AuNPs Solution while black curve

represent the effect of NaCl solution on SPR of AuNPs
In this step a hydrogen chloride solution (100ul) is added to a previous solution of gold nanoparticles and
Sodium Chloride solutions and repeat the same procedure with 50ul of hydrogen chloride solution (half the previous
one), fig.3, shows the effect of hydrogen chloride solution, it reduce the absorbance and increase the red shift of
surface plasmon resonance of gold nanoparticles towards near infrared region at A = 721nm (HCL = 100ul) and at

A= 725nm (HCI = 50pl).
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Fig.3. The effect of HCI volume on SPR of AuNPs, black curve represents NaCl (750pl)
Pink and blue curves represent 100ul and 50pul of HCl, respectively

Although the hydrogen chloride solution reduces more the absorbance of gold nanoparticles but The volume
of hydrogen chloride solution directly proportional to the absorbance of AuNPs, when the volume increased the
absorbance increased and inversely proportional to the red shifting. As a result, the Sodium Chloride solution has a
good effect in increasing the shifting towards red region but reduce the absorbance of AUNPs comparing to hydrogen
chloride solution. Fig.4, shows the red shifting under the effect of Sodium Chloride and hydrogen chloride solutions
on absorbance and surface plasmon resonance of gold nanoparticles.
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Fig.4. The effect of NaCl and HCI solutiE)"r';s on absorbance and SPR of AuNPs

4. CONCLUSION
A red shift in the surface plasmon resonance of gold nanoparticles can be achieved to the near infrared by

adding Sodium Chloride solution and the absorbance has decreased. Hydrogen Chloride solution is used as an
assistant factor to the Sodium Chloride to increase the shifting towards near infrared with more loss in absorbance,
it can reduce this by increasing the volume of Hydrogen Chloride solution but the shifting will be less.
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