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Abstract. In this paper, a general method of producing zero-dimensional (0-D) and one-
dimensional (1-D) nano-structures by adjusting only one parameter in the process of
production is investigated. To further study the result of small-scale effects, a quantitative
characterization for the specific surface area of 1-D nanostructure is proposed. And the
characterization method could be integrated into the nano-systems to reflect useful
parameters for the analysis of nanomaterials. These two methods mentioned above could
enhance nano-fabrication in volume productions, as well as predict the properties of
nanodevices in years to come. This means, to some extent, would exert an unquestionably
positive impact on manufacturing of nanomaterials and nanodevices.

1. Introduction

Nanotechnology has been highly applied to different fields and playing crucial role in scientific
development [1-4]. The key parameters of nanodevices are determined by surface area of certain
nanostructures [5-6]. The specific surface area of nano-scaled substrate can be raised by several
orders of magnitude [7-9]. 1D-nanostructure can expand surface area of every substrate. And the
production of 1D-nanostructure with controllable method of processing [10-12] is attracting more
and more attention. The application of nanostructures could be largely enhanced once
nanostructures are precisely characterized with a new method of fractal theory (as shown in Figure
1) [13-15].

Published by CSP © 2017 the Authors 352



2D-films 0D-particles 1D-amray

Figure 1 The surface of different nano-sized dimensional structure characteristics on the same
substrate

Nowadays, most of nanodevices need to be made into a finished product to measure the specific
surface area of them [16-18]. In this paper, we propose a method of measurement that the
nanodevices can be measured by semi-finished products [19]. Compared to the existing method, the
proposed method greatly reduces the cost and risk to optimize the producing method [20].

2.  Experimental

Polished single-crystal Si chip is chosen as the substrate material. In the magnetron sputtering
process, the Zn target is of 99.999% high purity, and the Si surface is coated with a Zn film in
thickness of 500 nm. Heating at 400°C for 2 h, the Si substrate is coated with a layer of epitaxial
ZnO on the surface. Polyvinyl alcohol (PVA) and deionized water are mixed up at the mass ratio of
4 : 100, putting aside for 48 h at 30°C. Transparent PVA mixture solution is obtained; the Zn(AC),
and PVA solution is mixed at the mass ration of Zn(AC),: PVA = 1:3 (sample a), 1:2 (sample b),
1:1 (sample c), 2:1 (sample d), 3:1 (sample e), 4:1 (sample f). At the same time, the mixing process
needs water bath heating at 90°C and mechanical stirring for 1-2 h. The Si substrate with an
epitaxial ZnO layer is immersed into solution, tiling at the bottom of mixed liquid. The mixture is
placed in the 120°Coven for 4-5 h (this course existed or no, it is the different of samples in 0D-
nanostructure or 1D-nanostructure), and then transferred into to muffle furnace, heated at 600°C for
3-5 h. After that, the sample could be moved out and cooled to room temperature in air.

The gray value of Scanning Electron Microscope (SEM) image of nanomaterials is different from
the real height of the samples in 0D and 1D nanostructures. Based on the assumption of Pentland,
the difference has been considered. Even the changes of resolution are limited in some scope, the
objects in nature and their corresponding image still have a certain degree of correlation. So
according to their gray change of SEM images, it is possible to estimate the surface area of
nanomaterials.

Early researches have proved that low-dimensional nanomaterials have obvious fractal
characteristics. According to the fractal theory, the measurement results will become more and
more precise. With the reduction of measurement, they tend to physical limits. And measurement
results and scales approximately meet linear relationship in dual logarithmic axis. Thus, the
measurement result for the surface area of nanomaterials is different from that of the real project. In
this paper, the method of data fitting is used to solve this problem according to fractal theory.
Assuming that nanomaterials meet Fractional Brownian Motion (FBM) model, when measure step
reaches minimum, there is a limit (LB) of surface area. The LB can be reached with a series of
measurement results in different scales. We strongly encourage authors to use this document for the
preparation of the camera-ready. Please follow the instructions closely in order to make the volume
look as uniform as possible.
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3. Results and discussion

A group of measurement results of surface area in different scales were taken as raw data. The
measurement results were fitted in logarithmic axis with the method of Least Squares in this paper.
When the measurement scale is close to minimum, the interception of fitting line in vertical axis is
the logarithmic limit of surface area. According to the gray change of their SEM images, the surface
area of materials in different scales can be estimated. The measurement results in different scales

are shown in Figure 2.
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Figure 2 Measurement results of some low-dimensional nanomaterials and their double
logarithmic linear fitting results in different scales

Taking Figure 2 as example, LB=6.2240, the specific surface area parameter of nanomaterials
can be calculated according to LB. And it is defined as Eq. (1).
K =exp(LB)/S. (1)
Where LB is the logarithmic limit of surface area, S is the total area of SEM image. The physical
meaning of the parameter K for specific surface area can be regarded as surface area of low-
dimensional nanomaterials with unit basal area.

Figure 3 SEM images of several kinds of 0D-nanomaterial

In this paper, 6 SEM images of OD-nanostructure with the same basal area (magnification is
40,000) were selected as shown in Figure 3. And 6 SEM images of 1D-nanostructure with the same
basal area (magnification time is 10,000) were selected in this paper. They are shown in Figure 4.
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Figure 4 SEM images of several kinds of 1D-nanomaterial

To analyse the surface area of traditional nanodevices, the specific surface area of nanoparticles
can be detected by the traditional method, such as laser particle size analyzer. But, up to now, the
special structures with the surface of nanodevices covered by complex nanoparticles and 1D-
nanomaterial, have been calibrated by no mature technology. Since there is no mature mapping
technology, the surface area of nanodevices could not be measured with standard equipment, as
shown in Figure 3 and Figure 4. On the other hand, it is impossible to predict the performance of
the devices based on the size of specific surface area of nanodevices. Therefore, it is urgent to
analyse the image by the equipment based on detection image, such as the SEM. And it will provide
a suitable method for the prediction of the calibration of nano projection and the performance of
nanosensors. The traditional particle size analyzer is only an analysis of the specific surface area of
discrete nanoparticles. And the structure, such as the surface of the sensor covered by nanoparticles
could not be detected and calibrated. At the same time, the surface of sensors covered by the
nanostructures such as 1D-nanoparticle and 1D-nanowire, could not be calibrated by mature
technology.

From Figure 5, it can be seen clearly that the specific surface area parameters of 1D-nanomaterial
are much higher than them of 0D-nanomaterial. For 6 different structures of OD-nanomaterial, their
calculation results are in accordance to the estimation results of human eyes. Besides that, for 6
different structures of 1D-nanomaterial, a new estimation method of structure of materials was
proposed. Based on fractal theory, this method was wonderfully verified in this paper.
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Figure 5 Results of specific surface area of 0D and 1D nanomaterials

4. Conclusions

In this paper, based on the fractal theory, the SEM images of nanomaterials in different shapes
were calculated and analysed. And then a method to value surface of samples was proposed to
estimate the specific surface area of low-dimensional nanomaterials quantitatively. By adjusting
only one parameter in the process of producing, the OD-nanostructure and 1D-nanostructure could
be produced with good control. Nanostructures could be better characterized and the properties of
nanodevices could be predicted in the future. The request for such a cantilever structure will be in
great demands. The great demands not only save us huge funds, but also provide the society with a
big impulse by expanding the application of nanostructures in production and measurements.
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