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In the present study, 1-dodecanethiol self-assembled monolayers (SAMs) on graphene oxide
(GO) —Au (Gold) thin films as molecular templates for the selective deposition of multilayer
films was performed. Thus, heterostructured GO/Au/DDT and DDT/Au/GO thin film are
fabricated by sputtering Au target onto modified GO structure or self-assembled 1-dodecanethiol
(DDT) arrays. It has been shown that a new device concept can be made by completing the glass
substrate with the surface heterostructures; i.e. layer GO sheet or DDT with Au nanoparticles
(Au NPs). In the light of the performed study, the layer-by-layer assembling of DDT on the GO
sheet-Au thin films template has been proved for the distinct conjugation. Also, Optical and
morphological characterizations are coherent with the instantaneous nucleation and growth
model over the modified DDT-Au NPs-GO or GO-Au NPs-DDT thin films in the aspect of
surface roughness, the phonon transport, and other multilayer films properties. As a
consequence, the multilayer films of DDT-capped Au thin films and GO sheets have shown a
better hybrid nanostructure with higher consistency, hierarchy and surface area. In addition, this
work will present a new perspective for template preparation based on nanostructured thin films
due to its unique properties resulting from nanoscale properties.

© 2020, Advanced Researches and Engineering Journal (IAREJ) and the Author(s).

1. Introduction

pattern fabrication that use Au (Gold) thin films- self
assembled monolayers (SAMs) as a resist. The patterned

In recent years, researchers have focused on layer
improving on various surfaces to form a hybrid
nanostructured continuous film. Hybrid nanostructures
[1] have been paid attention due to their great potential
applications in photocatalysis [2], biosensor production
[3], magnetic materials [4-9] and super-hydrophobic
materials [10]. These functional devices are continuously
being developed by using advanced materials, they can
be applied to high-tech applications [11]. With the use of
SPM- based lithography [12-15] photolithographic
techniques [16], molecular resist which is composed of a
combination of sputter deposition and patterned monolayers
has been used in a number of nanofabrication processes
[17].

There are limited number of studies on the
modification of graphene oxide (GO) compounds for
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SAMs properties are used as a template for the sputter
deposition of Au thin film layers or modification of GO.
The inexpensive and simplicity of the present technique
can allow to build a reachable implement of coordination
of several multilayer films for electro-optical devices.
The affecting of selective layer absorption using SAMs as
a governing or directing surfaces introduces a new style
of control in the formation of multilayers film systems
[18]. GO is easily affected by reduction and doping.
Thus, its application field has been continuously being
developed [19] and it has been used for chemical and
biomolecule sensor-based device production due to its p-
type behavior in electron transition [20, 21]. In addition
to this, Au nanoparticles (AuNPs) show great electrical
conductivity, indicate controllability with their size,
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shape, and surface-volume ratio and they can contain a
great variety of ligands [22]. Thus, for decades, AuNPs
have been employed for several high-tech applications
involving sensors [23-25], optoelectronic devices [26]
and drug delivery systems [27, 28].

In this study, self-assembly and sputtering process for
layer-by-layer growth of GO, DDT, Au thin films were
showed. In order to determine the composition,
morphology and the structure, obtained films were
examined by scanning electron microscopy (SEM), UV-vis
spectroscopy, X-ray photoelectron spectroscopy (XPS) and
Raman techniques.

Moreover, the information about nanostructured thin
films which exhibits unique properties and could be used
for applications in sensors was provided with this work.

2. Materials and Methods
2.1 Experimental

Argon were used as a sputtering gase while Au (99.99 %)
was used as the target. The base pressure was < 3x 10* Pa.
In the process of deposition, with a sputtering power of 20
W, the substrate was kept at room temperature. After a
deposition time between 25 sec-1000 sec, Au thin films
with thickness that ranges from 80 to 200 nm were
achieved. The experimental conditions were as follows;
sputtering time 25 sec-1000 sec and applied voltage 20 W,
respectively. GO (aqueous dispersion, 4 mg/mL) was
purchased from Sigma Aldrich. 1-Dodecanethiol (DDT)
SAMs were prepared by immersion of Au thin film-GO
sheet in solutions containing 1 mM DDT (CioHzs— S)
(Fluka, purity >97%) for 24 h. Surface morphological
studies of composites were examined and measured by
scanning electron microscopy (SEM, Zeiss Sigma 300).
WITech alpha 300R spectrometer was used to record
Raman spectra of the composites over 4000~200 cm™, X-
ray photoelectron spectroscopy (XPS) study was measured
in a Specs-Flex XPS. Ultraviolet-visible (UV-Vis)
spectroscopy measurements were obtained from a
Shimadzu UV-3600 Plus spectrophotometer.

2.2 Results and Discussion

As can be seen in Figure 1 , the general experimental
strategy used in the present study included the synthesis of
thin films that consist of GO sheets and the partial
modification of DDT SAMs for producing etch centers with
controlled sizes and implementation of sputter deposition of
Au into those etch centers. With the sputter coater, the
typical sputtering time was varied in the rages of 25 sec-
1000 sec. In all samples, the applied voltage was 20 W.

Figure 2a shows SEM micrographs of the Au films
deposited on glass substrates as a function of sputtering
time (20 W 100 sec sputter deposition). In these diagrams,
the surface roughness and uniformly distributed Au grains
were observed for the films.
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Figure 1. Schematic representation of the experimental strategy
for fabricating GO/Au thin film/DDT SAMSs heterostructure on
substrate

Figure 2. SEM micrographs of (a) 20W 100 sec sputter
deposition of Au thin film, (b) 2 mg /mL GO immersion, (c) 20W
100 sec sputter deposition of Au thin film- 2 mg /mL GO
immersion on glass substrate.

Also, Figure 2b shows SEM image of the GO absorption
layer on a glass substrate and this surface exhibits extended
morphology over the larger surface area. The morphologies
of 2mg/mL GO modified on 20 W 100 sec sputter
deposition of Au thin film structures fabricated by the
process in Figure 1 are illustrated in Figure 2c. As shown in
Figure 1c, a large surface area is fully covered by GO
sheets on Au thin film, showing a good uniformity film.
The SEM images of Au deposits obtained after partial
defect of DDT SAMSs at a constant modified time are
shown in Figure 3a. The sputter deposition time was kept as
25 sec. GO which was added for Figure 3b sequential
images display that the diameters of disk-shaped Au NP
(nanoparticle) deposits with the instantaneous nucleation
and growth model. It appears that the Au preferentially
grows on etched regions of DDT SAMs. Thus, employing
suitable sputtering voltage, it can be possible to control the
size and the number Au NP deposits. Figure 3b displays the
DDT SAMs-GO- 20 W 25 sec Au NP deposition that could
be employed to fabricate compound nanostructures with a
combination of the GO patterning and sputter deposition
techniques employing using self-assembled monolayer as a
resist.
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Figure 3. SEM micrographs of (a) DDT SAMs- 20W 25 sec
sputter deposition of Au thin film, (b) DDT SAMs - GO-20W 25
sec sputter deposition of Au thin film, (c) 20W 200 sec sputter
deposition of Au thin film- DDT SAMs, (d) GO- 20W 200 sec
Au-DDT SAMs, (e) GO- 20W 1000 sec sputter deposition of Au
thin film - DDT SAMSs on substrate.

The effect of sputter deposition time on the structure
and the time of Au nanoparticle deposits are shown in
Figure 3c without GO. In Figure 3 d-e, SEM images are
given as a function of different coating times of gold
nanoparticles in GO-AuNP-DDT SAMs layers.

Figure 4 shows representative XPS high-resolution C1s
and S2p core-level spectra in DDT SAMs- 20 W 25 sec Au
NP and DDT SAMs-GO-Au NP. In especial, looking at the
high-resolution XPS spectrum of S2p, it is possible to
conclude that the functionalization occurred via S-Au
chemical bond because of the presence of the components
157 eV. The 2p peaks were fit using doublet peaks with a
2p1/2/2p3/2 ratio of peaks 0.5 and separation of 1,3 eV as
described previously. The first component, centered at
about 157 eV, is assigned to the bound sulphur; the second
one (at about 156 eV) is related to the presence of some
unbound sulphur on the surface.

XPS had been applied to confirm the elemental
composition and electronic states of DDT SAMs-20 W 25
sec Au thin films and DDT SAMs-GO-20 W 25 sec Au
thin films in a wide scan. As displayed in Figure 4a, the
DDT SAMSs/Au nanostructures showed the elemental
composition that appeared at approximately 283.3 eV at C-
H, 283.8 eV at C-C and 2845 eV at C-S which was
attributed to the Cls core levels. Further investigations
about the high-resolution XPS of the Cls showed three

different components: C=C, C-H was at 283.7 eV, C=C, C-
S at 284.5 eV, C-O appeared at 284.9 eV (Figure 4b),
respectively.

Figure 5 shows the Raman spectra of DDT SAMs-20 W
25 sec Au NP, DDT SAMs- 20 W 100 sec Au NP-GO, 20
W 1000 sec- DDT SAMs and GO- 20 W 1000 sec- DDT
SAMs.
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Figure 4. Comparison of the XPS spectra of DDT SAMs-20W

25 sec Au thin films and the DDT SAMs-GO-20W 25 sec Au thin

films. The variations of binding energy of C 1s, S 2p, are shown in
Figure (a)-(b), respectively. (a) DDT SAMs-20W 25 sec Au thin
films; The binding energy for Au 3d (3d3/2, 3d5/2) is (495.3 eV,

486.8 eV), (495.3 eV, 486.9 eV) and (494.9 eV, 486.5 eV) (b)
DDT SAMs-GO-20W 25 sec Au thin films; The binding energy
for 0 15is530.7 eV, 530.8 eV and 530.4 eV.
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Figure 5. Micro-Raman spectra as measured by planar oriented
laser polarization of DDT-GO-20W 25 sec Au, 20W 1000 sec Au-
DDT, DDT-20W 25 sec Au, GO-20W 1000 sec Au- DDT, DDT-
20W 100 sec Au- GO at room temperature on an glass.
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Raman spectrum for the DDT SAMs- 20 W 25 sec Au
NP in Figure 5 a shows weak G band at 1597 cm™ and a
pronounced D band at 1382 c¢cm™.The Raman spectra
exhibit DDT SAMs-20 W 100 sec Au NP- GO at 1355 cm*
and 1602 cm? respectively. In the peak S-band with
shoulders at 1355 cm™ and 1602 cm* corresponds to the G
band of GO. There is no GO layer on the 20 W 1000 sec
Au NP-DDT SAMs surface and therefore, the D and G
belonging to the GO are not observed. G band intensity
increased at 1605 cm* due to the addition of GO when 20
W 1000 sec-DDT SAMs surfaces were modified to GO.

UV-visible absorption spectra of DDT SAMs-20W 25
sec Au, DDT SAMs-GO- 20W 25 sec Au, 20W 1000 sec
Au—DDT SAMs and GO-20W 1000 sec Au- DDT SAMs
multilayer films on glass substrates are shown in Figure 6.
An examination of the absorption spectrum at 300 nm
spectral windows, which is quite similar to spectra were
reported for multilayer films. When GO is added to DDT
SAMs — 20W 25 sec Au NP multilayer films, an increase in
the absorption spectrum at 300 nm is observed. This is due
to the increase in surface areas on the in DDT SAMs-GO-
20W 25 sec Au NP multilayer surface formed by the
addition of GO. Furthermore, multilayer films produced by
increasing Au NP deposition time cause an increase in the
absorption spectrum of 300 hm when compared to other
samples. When DDT SAMs- 20W 1000 sec Au NP
multilayers films are modified on GO films, an increase in
the absorption spectrum is observed. At a deposition time
of 1000 sec, there was a 27 nm shift in its absorption edge
as compared to the desorption time of 25 sec. It also caused
differences in UV spectra in changing layers.
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Figure 6. The absorption spectrum of the DDT-20W 25 sec Au (a)
DDT-GO-20W 25 sec Au (b) 20W 1000 sec Au- DDT (c) and
GO- DDT- 20W 1000 sec Au (d) films on glass

3. Conclusions

Finally, a new method has been figure out to fabricate the
nanostructure array by combining the absorption layer of
GO sheets and sputter deposition process using DDT SAMs
as a resist. In the scope of the resist film, changing array of
GO/Au thin film/DDT or DDT/Au thin film/GO, really
important and promised nanostructure arrays with different
morphological structures were achieved at the end of
performed study. Also, the multilayer structures showed
different extended morphology over a large surface area.
The obtained results show that it is possible for us to
propose that nanoporous templates have been used for the
fabrication of nanostructured materials with potential
applications for devices such as electronic, optical,
magnetic and energy storage.

Declaration

The author(s) declared no potential conflicts of interest
with respect to the research, authorship, and/or
publication of this article. The author(s) also declared that
this article is original, was prepared in accordance with
international publication and research ethics, and ethical
committee permission or any special permission is not
required.

References

1. Zhang, M., Q. Deng, L. Shi, A. Cao, H. Pang, S. Hu,
Nanobowl array fabrication based on nanoimprint
lithography. Optik, 2016. 127(1): p. 145-147.

2. Wanke, M. C., O. Lehmann, K. Muller, Q. Wen, M. Stuke,
Laser Rapid Prototyping of Photonic Band-Gap
Microstructures. Science, 1997. 275(5304): p. 1284-1286.

3. Haes, A. J. and R. P. Van Duyne, A Nanoscale Optical
Biosensor: Sensitivity and Selectivity of an Approach
Based on the Localized Surface Plasmon Resonance
Spectroscopy of Triangular Silver Nanoparticles. J. Am.
Chem. Soc., 2002. 124(3): p. 10596-10604.

4. Kim, Y. N,, S.J. Kim, E. K. Lee, E. O. Chi, N. H. Hur, C.
S. Hong, Large magnetoresistance in three dimensionally
ordered macroporous perovskite manganites prepared by
a colloidal templating method. J. Mater. Chem., 2004.
14(11): p. 1774-1777.

5. Xu, L, L. D. Tung, L. Spinu, A. A. Zakhidov, R. H.
Baughman, Synthesis and Magnetic Behavior of Periodic
Nickel Sphere Arrays. J.B, Wiley, Adv. Mater, 2003.
15(18): p. 1562-1564.

6. Chi, E. O, Y. N. Kim, J. C. Kim, N. H. Hur, A
macroporous perovskite manganite from colloidal
templates with a Curie temperaure of 320 K. Chem. Mater.,
2003. 15(10): p. 1929-1931.

7. Xu, L., W.L. Zhou, C. Frommen, R. H. Baughman, A. A.
Zakhidov, L. Malkinski, J. Q. Wang, J. B. Wiley,
Electrodeposited nickel and gold nanoscale meshes with
potentially interesting photonic properties. Chem.
Commun., 2000. 12(17): p. 997-998.

8. Kim,J.C., Y. N. Kim, N. H. Hur, W. S. Kim, Y. G. Kang,
Highly ordered macroporous magnetic materials prepared
by electrodeposition through colloidal template. Phys.



Fatma Bayrak¢eken Nisanci, International Advanced Researches and Engineering Journal 04(02): 094-098, 2020

098

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Status Solidi, 2004. 241(7): p. 1585-1588.

Xu, W. G., J. H. Li, S. X.Lu, Y. Q. Duan, C. X. Ma, X.F.
Shi, Y. L. Yang, Y. B. Chen, 2012. Preparation of
superhydrophobic ZnO films on zinc substrate by chemical
solution method. Chem. Res. Chin. Univ., 2012. 28(3): p.
529-533.

Ly, Park S., Highly sensitive gas sensor using
hierarchically self-assembled thin films of graphene oxide
and gold nanoparticles. Journal of Industrial and
Engineering Chemistry, 2018. 67: p. 417-428.

Nisanci, F. B., U. Demir, Size-controlled electrochemical
growth of PbS nanostructures into electrochemically
patterned self-assembled monolayers. Langmuir, 2012.
281(22): p. 8571-8578.

Booh, B. L., Polymers for Integrated Optical Waveguides,
ed. B. L. Booh. Academic Press, Boston, 1993. p. 549.

Schoer, J. K., F. P. Zamborini and R. M. Crooks, Scanning
probe lithography. 3. Nanometer-scale electrochemical
patterning of Au and organic resists in the absence of
intentionally added solvents or electrolytes. J. Phys. Chem,
1996. 100 (26): p. 11086-11091.

Schoer, J. K. and R. M. Crooks, Scanning Probe
Lithography. 4. Characterization of Scanning Tunneling
Microscope-Induced Patterns in n-Alkanethiol Self-
Assembled Monolayers. Langmuir, 1997. 13(8): p, 2323-
2332.

Kramer, S., R. R. Fuierer, C. B. Gorman, Scanning probe
lithography using self-assembled monolayers.Chem. Rev.
2003. 103(11): p. 4367-4418.

Li, Y., B. W. Maynor and J. Liu, Electrochemical AFM
“Dip-Pen” Nanolithography. J. Am. Chem. Soc., 2011.
123(32): p. 2105-2106.

Demir, U., K. K. Balasubramanian, V. Cammarata, C.
Shannon, Scanning probe lithography of novel Langmuir—
Schaefer films: Electrochemical applications. J. Vac. Sci.
Technol. B, 1995. 13(3): p. 1294-1299.

Clark, S., M. Montague and T. P. Hammond, Selective
deposition in multilayer assembly: SAMs as molecular
templates. Supramolecular science, 1997. 4(1) : p. 141-146.

Wang, Y., Z. Li, J. Wang, J. Li, Y. Lin, Graphene and
graphene oxide: biofunctionalization and applications in
biotechnology. Trends Biotechnol., 2011. 29(5): p. 205-
212.

Robinson, J. T., F. K. Perkins, E. S. Snow, Z. Wei, P. E.
Sheehan, Reduced Graphene Oxide Molecular Sensors.
Nano Lett., 2008. 8(10): p. 3137-3140.

He, S., B. Song, D. Li, C. Zhu, W. Qi, Y. Wen, L. Wang,
S. Song, H. Fang, C. Fan, A graphene nanoprobe for rapid,
sensitive, and multicolor fluorescent DNA analysis. Adv.
Funct. Mater., 2010. 20(3) : p. 453-459.

Jung, I., D. A. Dikin, R. D. Piner, R. S. Ruoff, Tunable
electrical conductivity of individual graphene oxide sheets
reduced at “low” temperatures. Nano Lett., 2008. 8(12):
p. 4283-4287.

Segev-Bar, M. and H. Haick, Flexible sensors based on
nanoparticles. ACS Nano, 2013. 7(10): p. 8366-8378.

Ly, T. N., S. J. Par and S. J. Park, 2016. Detection of HIV-
1 antigen by quartz crystal microbalance using gold
nanoparticles. Sens. Actuators B, 2016. 237: p. 452-458.

Kahn, N., O. Lavie, M. Paz, Y. Segev, H. Haick, Dynamic
Nanoparticle-Based Flexible Sensors: Diagnosis of
Ovarian Carcinoma from Exhaled Breath. Nano Lett.,
2015. 15(10): p. 7023-7028.

26.

27.

28.

Olichwer, N., E. W. Leib, A. H. Halfar, A. Petrov, T.
Vossmeyer, Cross-linked gold nanoparticles on
polyethylene: resistive responses to tensile strain and
vapors. ACS Appl. Mater. Interfaces, 2012, 4 (11): p.
6151-6161.

Ghosh, S. K. and T. Pal, Interparticle coupling effect on
the surface plasmon resonance of gold nanoparticles: from
theory to applications.Chem. Rev., 2007. 107(11): p.
4797-4862.

Dykman, L. A. and N. G. Khlebtsov, Gold Nanoparticles
in Biology and Medicine: Recent Advances and Prospects
Acta Nature, 2011. 3 (2): p. 34-55.



