Preparation of ZnO nanoflowers for surface enhance Raman scattering applications
Tran Thi Ha1, Nguyen Manh Hong2, Pham Van Thanh2, Mai Hong Hanh2, Sai Cong Doanh2,Nguyen Thi Dieu Thu1,Nguyen Thanh Binh2,  Nguyen Trong Tam3, Ho Khac Hieu4,Pham Nguyen Hai2,Nguyen Viet Tuyen2*
1Department of Physics, Faculty of Basic Science, University of Mining and Geology, Duc Thang, Tu Liem, Hanoi
2Faculty of Physics, Vietnam National University- University of Science, 334 Nguyen Trai, Thanh Xuan, Hanoi
3Department of Physics, Faculty of Basic –Fundamental Sciences, Vietnam Maritime University, 484 Lach Tray – Le Chan - Hai Phong
4Duy Tan University, 03 Quang Trung, Danang, Vietnam
*Corresponding author: nguyenviettuyen@hus.edu.vn

Abstract: Thanks to unique Raman spectra of chemical substances, a growing number of applications in environmental and biomedical fields based on Raman scattering has been developed. However, the low probability of Raman scattering hindered its potential development and thus, many different techniques were developed to enhance Raman signal. A key step of surface-enhanced Raman scattering technique is to prepare active SERS substrate from noble metals. The main enhancement mechanism is electromagnetic enhancement resulted from surface plasmon resonance. The disadvantages of nanoparticles based SERS substrates include high randomness due to self - assembly process of nanoparticles. Recently, a new kind of SERS substrates with order nanostructures of semiconductors combining with noble metals can serve as active SERS substrates, which are expected to possess high enhancement of Raman signals. In this study, ordered ZnO nanorods were first prepared by galvanic hydrothermal method and gold was sputtered on the as prepared ZnO nanomaterials to enhance Raman. Our SERS substrates exhibit promising high enhancement factors, and can detect chemical substances at concentration in nano molar range.
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1. Introduction:
Raman spectroscopy is well known as a useful tool to characterize materials with many advantages such as: non-destructive, time saving and ability to provide finger-print spectra of materials. However, the main limitation of this method is low Raman intensity due to small probability of inelastic scattering. Surface enhanced Raman scattering is believed to be a perfect solution to overcome this bottleneck. The key problem is to fabricate SERS substrate of high uniformity and high enhancement factor. Among available noble metals for SERS, gold has several advantages compared with other including: chemical stability, biocompatibility[1]. Although SERS substrates based on colloidal particles were reported to provide good results in regards tohigh enhancement factor. Difficulties in controlling size, shape and the distance between nanoparticles lead to limited repeatability Raman results. Another approach is to distribute noble metal nanoparticles on 1D semiconductor nanostructures[2–4]. This approach is hoped to provide reproducibility and consistent analysis results. Moreover, enhancement factor of these structures is believed to be higher than that of noble metal nanoparticles due to charge transfer between metallic nanoparticles and semiconductor nanomaterials[4]. 
ZnO is a potential candidate because it is convenient to fabricate, environmental friendly, economical, diversity in size and shape of available nanostructures[5–9]. In this research, ZnO nanoflowers were fabricated by a simple hydrothermal process assisted with galvanic effect. Effect of hydrothermal time on the morphology of the nanoproduct was investigated. Gold was then deposited on the as prepared ZnO nanorods by sputtering method. 
2. Experiment
ZnO nanoproducts were prepared by hydrothermal method assisted with galvanic effect[8,10]. First, the print circuit boards served as substrates were polished by fine sand paper to remove oxide and any surface cover on top of copper layer. The substrates were then cleaned in sequence with acetone, ethanol and double distilled water. Aluminum foil was used to cover the edge of substrates. The center area (55 mm) were left blank for the growth of ZnO nanomaterials. 
Equal volumes of 90 mM Zn(NO3)2 and hexamethylence tetra-amine (HMTA) solutions were mixed well. The as prepared substrates were then immersed into the above mixture solution. The substrates were held upside down horizontally in the solution. The temperature of the system was raised to 90 oC and maintained in 3h. Then, the samples were rinsed with double distilled water and dried in air at 90 oC in 30 min. For surface enhance Raman scattering applications, ZnO nanoproducts were then sputtered with gold in 15 s with a current of 30 mA. The samples were characterized with Raman spectroscopy Horiba Jobin Yvon, HR 800, Scanning electron microscopy (Nova NanoSem), energy dispersive spectrum integrated in SEM system. The photoluminescence spectra of the samples were measured on FL3-22 spectrometer.
Surface enhanced Raman scattering was investigated with methylene blue (MB) as probe agent. 10-7 M MB solution was dropped on ZnO/Au nanomaterials. The sample was dried naturally before Raman measurement. The excitation wavelength was 632.8 nm from He-Ne laser. The spectra were taken at room temperature with low laser power of 0.5 mW at the surface sample to avoid burning of MB. 

3. Results and discussion
Figure 1 shows morphology of ZnO sample observed by scanning electron microscopy. SEM image reveals that the as-prepared nanostructures are grown densely and have multi-pod structure. These nanorods were grown from one common centre in radial directions and formed flower structures as observed. The formation of the multi-pod structures might result from a small poly-crystal which plays the role of seed for the growth of small nanorods. The small nanorods have hexagonal cross-section with length of several micrometers. The rods have tapered tips with the average diameter at the tips and bottom of the rods are in the range of 70 and 300 nm, respectively. The reduction of precursor solution at the latter stage of the synthesis might be responsible for tapered tip configuration of the nanorods.
	
	

	[bookmark: _Ref16401536]Figure 1. SEM images of ZnO nanoflowers prepared in different hydrothermal time: 3 h.
	[bookmark: _Ref16401808][bookmark: _Toc516330759]Figure 2. Raman spectrum of ZnO nanoflowers



Raman spectrum of the prepared ZnO nanoflowers is shown in Figure 2. Two clear peaks can be seen in the spectrum at 98 and 435 cm-1, corresponding to E2low and E2high Raman modes of ZnO. These modes are resulted from the lattice vibrations of zinc and oxygen, respectively. High intensities of these two peaks along with observation of 2E2low at 212 cm-1 demonstrate high crystal quality of the samples. Some other peaks of low intensity can be observed at 333 and 382 cm-1. These peaks correspond to 3E2high-E2low, A1(TO) modes of ZnO[11–13].Another peak, observed at 147 cm-1, was believed to be related to the intrinsic host lattice defects in ZnO[14].
Photoluminescence spectrum of the as-prepared ZnO nanoflowers is shown in Figure 3. A sharp band to band transition was observed at 380 nm. A broadgreen band at around 540 nm is attributed to transition from intrinsic defects of ZnO, i.e. zinc interstitial, oxygen vacancies or complex defects of these two. This result is in agreement with the Raman data discussed above. Relative intensities between defect and band to band transitions are usually considered as an indicator of crystal quality of ZnO. The much lower intensity of green emissioncompared with that of near band edge transition reconfirms the high quality of ZnO crystal of our sample.
	
	



	[bookmark: _Ref16401856][bookmark: _Toc516330764]Figure 3. Photoluminescence spectrum of ZnO nanoflowers prepared by hydrothermal method.
	[bookmark: _Ref16401982]Figure 4.. EDS spectrum of ZnO/Au nanoflowers



Recently some researchers proposed new SERS platforms based on 1D nanostructures of semiconductor and noble metals. Such new type of SERS substrates are expected to possess higher repeatability and high enhancement factor. To demonstrate the potential of applying ZnO nanoflowers in the field of SERS, the ZnO nanoflower sample was then coated with gold by sputtering methods.Figure 4 shows EDS spectrum of ZnO/Au nanoflowers. EDS measurement shows that ZnO/Au nanoflowers are pure and clean without any residue or contaminants. 
[bookmark: _GoBack]
[bookmark: _Ref16402004]Figure 5. SERS spectra of Methylence Blue measured on ZnO@Au nanorods and bare ZnO nanorods.

Figure 5 shows the Raman spectra of 10-7 Mb measured on ZnO/Au nanorods and bare ZnO nanorods. As can be seen in the spectra, without gold layer, only a background noise was recorded. In contrast, clear Raman peaks of MB were observed when measured on ZnO/Au nanoflowers substrate. 
Characteristic peaks of MB can be detected clearly at 765, 1144, 1299, 1393, 1497, 1621 cm-1. The corresponding vibration modes were summarised in Table 1. The peak position shows good agreement with previous reports[15–17]. The advanced properties of ZnO/Au nanoflowers as SERS substrate are resulted from several simultaneous phenomena. First, charge transfer between metal layers and semiconductor nanomaterials further enhanced electromagnetic field at the surface of metallic nanomaterials. Second, the density of hot spots distributed on the surface of semiconductor nanomaterial might increase greatly thanks to high surface area of nanomaterials.Estimated enhancement factor of the ZnO/Au substrates was 107, which demonstrates the potential of using ZnO/Au nanoflowers as SERS substrate.

Table 1. Raman peak position and the corresponding vibration mode 
	Observed Raman peak
	Raman vibration mode  [15,16]

	765
	(C-N)AMG; (C-N-C) ring

	854
	(C-C-C) ring; (C-N-C) ring;

	947
	(CH2); (CH)

	1144
	(CH)

	1181
	(CH3); (CH)

	1299
	(CH); (C-N) ring

	1393
	(C9-N10); (C3-N2); (C-N) ring; (CH)

	1497
	(CH2)twist ; (CH)

	1621
	(C-C)/(C-N)



Conclusion
ZnO nanoflowers were successfully prepared by hydrothermal method assisted with galvanic effect. The as-prepared nanoflowers are made of hexagonal ZnO nanorods of uniform in size and shape grown from one common poly-crystal seed. The nanoproducts are of good quality as demonstrated by Raman spectroscopy, photoluminescence. ZnO/Au is a potential SERS substrate with high enhancement factor. The results suggested that ZnO/Au could be a useful tool to measure toxic substances at low concentration and hence can be applied in the field of environment monitoring. Further optimization of the ZnO nanoproducts and thickness of gold layer is under investigation; hopefully the results can be developed as a novel, high sensitivity surface enhanced Raman scattering substrates for chemical detection at trace level. 
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