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Abstract
Chemical residues at lower than 10-4 M conc. has not usually been detected by a common Raman spectrometer. However, they can be detected at the lower 10-4 M conc., even up to of 10-9 M conc. when their deposition on a surface-enhanced Raman scattering (SERS) surface. In this paper, a SERS surface was prepared gold nano-particles (AuNPs) of 5nm diameter, synthesized from the HAuCl4 precursor and then was arranged as a SERS/AuNP- layer of 25nm in thickness. A Rhodamine 6G (Rh6G) dye-indicator, chosen as the SERS-probe molecules to detect the enhanced Raman amplitude, was diluted at different solution, ranging from 10-4  M to 10-9M conc.  With the same 10-4 M conc. of Rh6G dye, typical Raman peaks of the Rh6G deposited on the AuNPs surface can be clearly detected while these peaks of Rh6G on a blank glass surface could not be seen. Even if, the Rh6G solution on the AuNP surface was diluted up to 10-9M conc. its typical peaks can be still detected clearly. The significant enhancement of the surface Raman signals at the different conc. of the Rh6G solution, deposited on AuNP surface, will be later discussed in the paper.  
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1. Introduction*
    In recent years, overdose usages of growth-stimulating substances and insecticides for animal and plant nutrition have become alarms for communities and administration in Vietnam because feeding animals and/or promoting the plant’s growth with these chemical substances have led to bad effects on customer’s health such as causing unknown diseases when the animals and plants are served as main poultry-sources for people’s daily meals.
In fact, a β2-adrenergic substance, being one of growth stimulating substances, has typical characteristic of salbutamol (C13H21O3N), used for treatment of the contraction of the smooth muscles (bronchospasm) in patients, such as asthma, chronic obstructive pulmonary disease (COPD) and improving human muscular size, etc… It is also hypothesized that salbutamol could replace clenbuterol for a purpose of fat burning and making stronger human muscles. 
However, sabutamol and other growth-stimulating substances have been recently over-used with fault purposes, especially for feeding poultry. In many poultry-feeding farms, farmers often mix salbutamol with other animal feeds to enhance a ratio of lean pork’s meat. Furthermore, this mixture has also effects to accelerate a pig’s growth such as pig’s ham and shoulder would be larger and pork’s meat color looks fresh redder than usual ones. This results in salbutamol-containing pork meats that would be sold with higher prices in the meat market. However, residual-salbutamol-contained in the pork/beef meat would cause bad effects on the health of people who eat these meats as their daily foods. For examples, medical symptoms, caused by salbutamol’s over-residues existing in a human body, might be cardiac arrhythmia, tachycardia, hypertension, bronco-spasm [1,2]. 
Since long time, the salbutamol substance has not been allowed for breeding in the poultry husbandries in Vietnam according to the decisions of the World Health Organization (WHO) and Food & Agriculture Organization of the United Nations. However, several poultry husbandry’s units (companies and families) have still sneakily mixed salbutamol with animal feeds for breeding animals because of their immediate profits. This has caused incalculable harms for health of a community and a society. 
    There have been so far many methods for determining chemical residues in cattle’s and poultry’s feeds such as salbutamol and other chemical substances with a high standard accurate determination, like gas chro-matography mass spectroscopy (GC-MS) meas-urement [2]. However, these methods request high accuracy, expensive equipments that usually installed in national research centers in big cities. This leads to lack of mobility for the equipment’s measurement in rural country-sides. 
    Raman spectrometer has been one of useful spectrum-instruments for detecting chemical residues as it has a high mobility, a good packing and easy to operate. However, its measurement is limited to sensitivity accurate detection, especially, to very low concentration of the chemical residue. Up to now, surface enhanced Raman spectroscopy (SERS), coupled with a common Raman spectrometer, is enable to detect the chemical residue, based on plasmonic resonant effects on surface metallic nanoparticles, like gold (Au), silver (Ag) [3-9]. In recent years, SERS has still been one of hot research topics, focusing on detecting chemical residuals, having their equal conc. to or even lower conc. than 10-4 M in solution. The detected SERS-signals must be stably received on a common Raman spectrometer and these signals also must be adapted (respond) to given requires. In this paper, therefore, we try to synthesize AuNPs of a 3-5 nm diameter to make a SERS/AuNP-layer. The enhancement of Raman signals, emitted from the Rhodamine (Rh6G) deposited on a synthesized AuNP-layer has been investigated with an Rh6G dye’s conc. equal to/lower than 10-9 M instead of a chemical residue like salbutamol or clenbuterol. The significant enhancement of Raman signals, based on the Rh6G/AuNP’s emission, could be applied to detect the chemical residue in foods, medical and pharmaceutical manufacture that responds severe standard requirements of Vietnam Ministry of Health. 
2. Experimental Methods
    Chemical agents, purchased from Merck and Sigma-Aldrich Co.Ltd., included aminopropyl-triethoxysilane (APTES) (C2H5O)3-Si-C3H6-NH2, Tetrachloroauric acid trihydrate 99.5% (HAuCl4 · 3H2O) and tetrakis (hydroxylmethyl) phosphonium chloride [(CH2OH)4P]Cl. Besides the chemical agents used as precursors, solvents were selected as follows: Formaldehyde (HCHO) with its purity of 37-38% (Merck), Trisodium citrate (Na3C6H5O7), Ethanol (C2H5OH) at their purities of around 99.9%, Potasium carbonate (K2CO3), Sodium hydroxide (NaOH), Potasium hydroxide (KOH) & deionized water. They were all used for the synthesis of gold nano-particles (AuNPs) which are then based on the preparation of AuNP-layers for SERS.
2.1 Synthesis of gold nanoparticles in solution
    Spherical gold nanoparticles (AuNPs) in a colloidal solution were synthesized by the chemical reaction equation as follows: 
* Preparation of gold hydroxide solvent
K2CO3 + H2O  ( HCO3- + 2K+ + OH-

HauCl4 + (4-x) OH- (  [AuClx(OH)4-x]- ,  x=0-4

[P(CH2OH)4]Cl + NaOH ( P(CH2OH)3 + H2O + HCHO +NaCl
* Synthesis of AuNPs:
HauCl4 + 2HCHO + 2H2O ( Au0 + 2HCOOH + 4HCl + ½ H2
Finally, AuNPs were synthesized in the solution, and then, they were dispersed as colloidal suspension of gold nanoparticles in a solution.
2.2. Surface functionalization of glass substrates by primary amine (-NH2) molecules
    Glass substrates of 1cm x 2.54 cm were chosen for their NH2-modified surface where

AuNPs were then deposited on. First, these substrates were immersed and sonicated twice for 5 min in 10ml of 1M KOH solution. They were later kept in the solution for 30 min. Finally, these glass substrates were immersed in EtOH solvent overnight to create an OH-layer on their surface. Since AuNP’s surface possesses negative charge, so AuNPs could only be adsorbed to the positive-charged surface of a glass substrate. This glass surface was, therefore, modified by its immersion in APTES solution; hydrolysis and condensation reaction with hydroxyl (–OH) occurred as follows in order to create functional primary amine –NH2 on the glass substrate:
= Si-OH + (C2H5-O)-Si-(CH2)3-NH2 ( = Si-O-Si-(CH2)3-NH2.
2.3 Deposition of AuNPs on the surface-modified glass substrate 
    Synthesized AuNPs in the solution were deposited on a NH2-modified glass substrate through affinity interaction of Au–NH2; the affinitive interaction was so enough strong due to electrostatic interaction of AuNPs with -NH2 functional molecules that they could keep AuNPs on the glass substrate without their peeling off (delamination). Hence, the first AuNPs deposited on NH2-modified glass surface were considered as an Au-nuclei layer on which the following AuNPs then continued to growth by stacking-up. It can be realized that the roughness of AuNP-multilayers stacked on the glass substrate is dependent on sizes of AuNP’s nuclei. Details of AuNP’s synthesis process are described in the references [9-11].
    Topography and optical properties of the AuNPs-stacked surface were characterized by scanning electron microscopy (SEM), atomic force microscopy (AFM) and UV-vis spectroscopy. Furthermore, the deposited AuNP-layer would also be used for the measurement of Raman signal’s enhancement coupled with Rhodamine 6G-fluorescent indicator. 
2.4. Determination of enhancing Raman’s spectra on SERS using a Rhodamine 6G
    Rhodamine 6G (Rh6G, C28H31N2O3Cl) is chemical dye which can be used as a color indicator (Fig. 1) to determine the enhancement of Raman-signal’s amplitude on an Rh6G-AuNP-layer. Thus, Rh6G-solution was prepared by diluting Rh6G powder at different concentration ranging from 10-4 to 10-9 M. A droplet of this indicator solution was dropped on the AuNP’s layer with the excited laser’s wavelength of 532 nm, and then emitted light from the AuNP-surface was measured on a Raman spectrometer (Labram HR Evolution, HORIBA Co.Ltd.). The enhancement of Rh6G indicator deposited on the AuNP-layer can be used for estimating plasmon resonant amplitudes. 
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Fig. 1: Typical molecular formula of Rh6G indicator
3. Results and Discussion
3.1 Typical topography of a SERS-AuNP-layer 
    A SEM micrograph of 25nm thickness of AuNPs grown from a gold-nuclei’s size of 5nm at the magnification scale of 500nm is shown in Fig. 2. This micrograph revealed that the deposited gold layer consists of AuNPs arranged regularly on a glass substrate. These gold nanoparticles, having an average size of 3-5nm, are regularly distributed in the range of 10-30 nm between them. Furthermore, many cracks appear between dense areas due to the aggregation of AuNPs. These cracks might create “hot spots” near nanoparticle’s interface where plasmon resonance phenomena is due to  Raman signals emitted from SERS-AuNP layer, could be significantly enhanced.
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Fig. 2 A SEM micrograph of the Au-surface of 5nm-particles growth from Au-nuclei.
    The aggregation of AuNPs is due to gold atoms which are formed during the reduction reaction, are gradually attached to gold’s nuclei; this results in increasing a size of these nuclei. As initial distance between nuclei is different so that adjacent nuclei would be aggregated to form aggregation areas. These areas are not leveled off and their surface-roughness is dependent on aggregated-AuNP’s diameters at the beginning of forming AuNP’s layers. The surface-roughness, ranging from 20 nm to 60 nm, clearly observed can be seen on an AFM image (shown in Fig. 3.2). This roughness is dependent on stacking layers of AuNPs. Moreover, the SEM micrograph reveals the AuNP’s average-size of around 5 nm, resulting in having around 4 to 12 AuNP’s stacking layers, responding to the surface roughness mentioned in the AFM image. Furthermore, experiments have shown Au-particle aggregation and the distance between Au-particles to form the layer with many “hot spots” that would stimulate plasmon resonance of Raman incident laser-ray, and then, could enhance surface Raman signals emitted from Rh6G-molecules on an AuNP-layer. The more hot spots were created on the AuNP’s layer the more surface plasmon resonance of Raman rays would be occurred on the AuNP- layer. 
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Fig. 3  AFM surface-image of AuNP’s layer. 
Moreover, the AuNPs-layer’s thickness, estimated by observing their SEM-image’s cross-section (as shown in Fig. 4) is about 28 -30 nm. This thickness has strong effects on Raman scattering intensity. Also, the experimental result demonstrated that Raman signal’s intensity is dependant on a gold-nanoparticle’s layer that was measured on a cross-section of the gold layer by a scanning electron microscope. The Fig. 4 shows the AuNP-layer of about 28 – 30 nm in thickness at different sites. 
3.2. Raman amplitude’s enhancement of Rh6G deposited on AuNP-layer 
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Typical surface plasmon’s absorption peaks of the SERS-AuNP layer are located at around 515 nm and they were red-shifted when the thickness of AuNP-layers changed from 15nm to 35nm due to the increase in sizes of AuNPs during their synthesis (not shown here). Moreover, the size-growth rate of AuNPs was different and dependent on the different interaction level between adjacent AuNPs. Hence, the absorption spectra of AuNPs revealed that the growth rate of AuNPs did not regularly increased in the particles-sizes
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Fig. 4  The thickness of SEM-micrograph’s AuNP-layer’s cross-section on a glass substrate.
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    And then, the Raman signal’s intensities of Rh6G-solution at different concentrations were measured on the Labram HR Evolution spectrometer (Horiba Co.Ltd.) under the excited laser wavelength of 632 nm. Moreover, the enhancement of Raman intensity, emitted from Rh6G-dye on both blank glass substrate and the AuNP-layer, was then detected. Firstly, measuring the mission of Rh6G-powder (high concentration) on the glass-substrate, we can observe typical Raman peaks, located at 613 cm-1, 774 cm-1, 1189 cm-1, 1308 cm-1, 1360 cm-1, 1509 cm-1, 1572 cm-1, 1647 cm-1, corresponding to Rh6G dying substance, respectively (Fig. 5).
Fig. 5   Typical Raman peaks of Rh6G powder on a blank glass surface.
Secondly, when the Rh6G solution, diluted up to 10-4M conc. was dropped on a glass substrate. However, there was not any typical Raman peak of the Rh6G-drop that could be detected. This might be ascribed to too low conc. at 10-4M of Rh6G that is over the detection ability of the conventional Raman spectrometer. On the other hand, Raman signals of the Rh6G-solution at 10-4M conc. on the glass substrate could not be enhanced and detected.

Though, the typical Raman peaks of Rh6G at 10-4M conc. on the glass substrate was unable clearly to be detected, however, they were able to be detected at the same as 10-4M conc.  on Rh6G/AuNPs. The Fig. 6 shows Raman-peak intensites of Rh6G at 10-4 M conc. on the AuNP-layer. The typical Raman peaks can be seen, though peak intensities were much reduced while a signal-to-noise ratio significally increased. Also, the Rh6G/AuNP’s spectrum can be assigned to the following peaks such as 613 cm-1, 774 cm-1, 1189 cm-1, 1308 cm-1, 1360 cm-1, 1509 cm-1, 1572 cm-1, 1647 cm-1. These peaks completely correspond to the typical ones of Rh6G powder on the glass substrate without SERS signal’s enhanced-intensity [12]. 
Even if, when the Rh6G conc. was significantly diluted and reduced up to 10-9 M conc.; typical Raman peaks of the Rh6G were still clearly identified. The Fig. 7 shows Raman spectrum emitted from the Rh6G-solution deposited on AuNP-layer under the irradiation of a 532 nm-incident laser light. Its typical peaks were still well detected and completely identical to those emitted from the 10-4 M Rh6G solution conc. However, their peak intensities significantly decreased, and some of them disappeared and/or they were piled upon each other in comparison to the Raman peak intensities emitted from the Rh6G powder. This means at very low conc. of 10-9 M, the Rh6G peak intensities were still significantly enhanced on AuNP-surface.
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e SERS spectrum of Rh6G at 10-4M conc. on Rh6G/AuNPs
4. Conclusions
Characterization of chemical residues with high enough accuracy is always important for the food safety and hygiene. A common Raman spectrometer, coupled with the SERS-AuNP layer, can spread out the detection of Rh6G (in stead of the chemical residue) solution at low concentration from 10-4 M to 10-9 M. The experimental results obtained show that the SERS layer of 25nm thickness was prepared by the deposition of synthesized AuNPs of 5nm diameter on the NH2-modified glass substrate. Furthermore, typical Raman peaks of an Rh6G-solution drop on the AuNP-layer were clearly detected at the solution conc. of 10-4 M; even these typical peaks have been also detected when the Rh6G solution conc. was lower to 10-9 M. However, we could not find any typical Raman peaks emitted from the Rh6G solution on glass surface even its conc. higher up to 10-4 M. This means that there is Raman signal enhancement for the Rh6G substance as well as chemical residues deposited on the SERS-AuNP-layer. Therefore, the high accurate detection of very low chemical residues in foods or medical & pharmacical products could be performed using the SERS-AuNP layer.
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Fig. 7   The SERS spectrum of Rh6G at 10-9M conc. on Rh6G/AuNPs.
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