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Abstract—The postgraduate students majored in materials 

science and engineering for a master degree are often puzzled by 

where and how to start their scientific investigations. The hot 

problems in the applied disciplines can be exploited as the good 

start points for a series of innovations, which comprise fine 

teaching materials in higher education for master students both 

in theory and in practice. With one of the hottest problems in 

pharmaceutics, i.e. the dissolution of poorly water-soluble drug 

as a model, and with electrospinning as the applied 

nanotechnology, a new strategy was suggested in the present 

paper to demonstrate how to initiate the development of a new 

functional materials from the problems encountered in the 

applied subjects. The successful solution of the dissolution 

problem associated with the poorly water-soluble drug using the 

electrospun polymer nanofiber is just a pertinent example for 

explaining this strategy. Along this strategy, many other 

problems in a wide variety of applied fields can be similarly 

exploited as the start points to provoke the postgradaute 

students’ interests and curiosities for initiating their scientific 

researches. 
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I. BACKGROUND ABOUT MATERIAL DESIGN 

Materials science and engineering is an interdisciplinary 
field, which involves the discovery and design of new 
materials [1]. The innovations of new materials design need, 
on one hand, the incorporated elements of physics, chemistry, 
and engineering. And on the other hand, these innovations 
should be useful in providing solutions to the problems in a 
wide variety of applied fields, such as energy, environments, 
biomaterials, and pharmaceutics. Particularly, many of the 
most pressing problems humans currently face are due to the 

limits of the materials that are available. Thus, the needs in the 
applied fields are always the strong start point for developing 
new kinds of functional materials [2].  

After many years’ studies in their undergraduate stage, the 
postgraduate students majored in materials science and 
engineering for a master degree are keen to utilize their 
knowledge to develop new products. However, they are often 
puzzled about that where should be the start point and how to 
start a scientific project. This is mainly because of their 
limited knowledge about other fields. Thus, the hot problems 
from other disciplines can often be effective materials for 
provoking their interests and curiosities to begin their initial 
scientific investigations through an interdisciplinary manner.  

Shown in Fig. 1 is a typical process for the 
interdisciplinary actions in designing new functional 
materials.  The hot problems in the applied disciplines can be 
easily found from the literature review. The new materials can 
be designed to have the high functional performances for 
resolving the problems, which can be fulfilled through the 
reasonable selections of raw materials and the applied 
preparation methods.  One of the hottest in pharmaceutics is 
the dissolution of poorly water-soluble drug, which is also a 
difficult issue in this area for over half a century.  Today, 
more and more efforts have been paid to the amorphous 
nanomaterials for resolving this problem [3-7]. Based on 
these knowledge, the postgraduate students can begin their 
scientific investigations to take advantage of their 
professional knowledge. Taking considerations of the start 
materials (e.g. hydrophilic polymeric excipients and 
surfactant), a series of nanotechnologies such as 
electrospinning, electrospraying and others can be exploited 
to create new medicated biomaterials [4-13].
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Fig. 1. The hot problem in an applied discipline can be utilized as a good start point for innovations, which can be further exploited as teaching materials.   

The hot problem in an applied discipline can be utilized as 
a good start point for a series of innovations, which can be 
further exploited as teaching materials for the postgraduate 
education. One of the hottest problems in pharmaceutics is the 
dissolution of poorly water-soluble drug, which is utilized as 
an example of this investigation. 

II. ONE OF THE HOTTEST SPOT PROBLEMS IN PHARMACEUTICS 

During the past several decades, the numbers of poorly 
water-soluble drugs are always increasing with the progress 
of organic chemistry and bio-medical engineering, which 
comprises one of the hottest spot problems in the fields of 
pharmaceutics and also biomaterials [14]. Correspondingly, 
more and more methods are introduced into this field for 
effective delivery of these drugs [15]. A simple statistics 
based on Web of Science about the increase trend of poorly 
water-soluble drugs is shown in Fig. 1. The publication 
numbers were achieved by searching with “insoluble drug” or 
“poorly water-soluble drug” as “topic” within each five years 
from 1960. The sharp increase clearly demonstrates that the 
dissolution enhancement of poorly water-soluble drugs is one 
of the most difficult and intractable problems, which has 
drawn substantial attention simultaneously.  

 
Fig. 2. The publications about poorly water-soluble drugs are rising. 

The dissolution of poorly water-soluble drug comprises 
one of the hottest spot problems in pharmaceutics, which can 
be reflected from the never-stopping fast increase of 
publications about them. The data were achieved with 
“insoluble drug” as “topic” to search in Web of Science 
within in each five years. 

III. ELECTROSPINNING - ONE OF THE MOST POPULAR 

NANOTECHNOLOGIES 

Electrospinning, electrospraying and e-jetting printing are 
commonly termed as electrohydrodynamic atomization 
(EHDA) techniques, which are “top-down” processes for 
nano fabrications [16]. Different from traditional nano 
fabrication methods, electro-static energy is directly 
exploited to remove organic solvents from the working fluids 
for generating solid products during the EHDA processes 
[17].  These advanced material processing processes are very 
popular with potential applications of their products in a wide 
range of fields including pharmaceutics, ceramics, cosmetics 
energy, and environmental science and food industries.  

 

Fig. 3. The publications about electrospinning increase very fast. 

The popularity of this technology should have a close 
relationship with the following three aspects. First, its great 
capability in generating nanostructures using a simple process. 
The past two decades has witnessed the great developments of 
electrospinning in manipulating the working fluids, which has 
evolved from the common single-fluid process, to 
double-fluid processes, and to multiple-fluid processes 
[18-22]. These techniques permit the creation of new types of 
sophisticated nanofibers with well-defined microstructures, 
novel morphologies, and/or new functions [23-26]. Second, it 
is very easy for implementation, a simple and cheap system 
with only one-step and straight forward generation process 
[27, 28]. Third and also the most important is that the super 
functional performances of the electrospun nanofibers 
resulted from their unique physico-chemical properties such 
as smaller diameter, huger surface area and larger porosity. 
Meanwhile, the functions are easy to endowed and tailored 
through manipulations of the working processes. A simple 
search in Web of Science obviously demonstrates this trend, 
only 2 publications between 1990 and 1995 highly soared to 
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near 20,000 publications between 2010 and 2015, meaning 
over 10 publication each day during the past five years. 
Electrospinning, as an advanced nanotechnology, has drawn 
more and more attentions during the past over twenty years, 
which can be utilized as a useful tool for resolving the 
problem of poorly water-soluble drugs.  The data were 
achieved with “electrospinning” as “topic” to search in Web 
of Science within in each five years. 

IV. RESOLUTION PROVIDED BY THE ADVANCED TECHNOLOGY 

FOR RESOLVING THE APPLIED PROBLEM 

Start from the hottest problem in pharmaceutics about 
poorly water-soluble drug and combination with the 
application of electrospinning, an interdisciplinary approach 
can be conceived for resolving this problem, i.e. to prepare 
amorphous hydrophilic nanomaterials for those insoluble 
drugs.  “Amorphous hydrophilic nanomaterials” means three 
ways to work together to resolve this problems. First, the 
physical state is “amorphous”, not crystalline, which is not 
easy to dissolve in water because that the high crystalline 

lattice energy must be overcome. Second, “hydrophilic” 
means the materials are not hydrophobic, i.e. the liquid-solid 
surface tensions are very small for the dissolution and 
diffusion of solute molecules to go into the bulk solutions. 
Third, “nanomaterials” means that there are a huge surface 
area for the drug molecules to contact the water and the later 
dissolution and diffusion.     

Fig. 4 gives a full record about the preparation, 
characterization and functional applications of these 
amorphous hydrophilic nanomaterials. These nanomaterials 
are essentially nanocomposites, which were prepared using a 
modified coaxial electrospinning process (Fig. 5a, its 
upper-right inset is a digital image of the compound Taylor 
cone). Fig. 5b clearly demonstrated that these nanofibers had 
a smaller diameter within 1 micron and an obvious core-shell 
nanostructures (the upper-left inset). Fig. 5c verified that 
these nanofibers had the desired functional performnces, i.e. 
the fast dissolution of a poorly water-soluble drug, from 1 to 
10, the dissolution processes were finished within 1 minute. 

 
Fig. 4. The preparation of medicated nanofibers using coaxial electrospinning (a), their scanning electron microscopic images (b) and transmission electron 

microscopic image (the inset), and the fast dissolution of a poorly water-soluble drug (from 1 to 10, the dissolution processes were finished within 1 minute) 

[15].  

V. STRATEGIES FOR NEW MATERIAL DESIGN BASED ON 

INTERDISCIPLINARY STUDIES 

 
Fig. 5. The crossing-discipline innovations resulted from the requirement 

of pharmaceutics, which should be excellent teaching materials for 

postgraduate students .  

Based on the above-mentioned processes, the strategies 
for designing new types of functional nanomaterials can be 
concluded as follows. First, the needs or hot problems in the 
applied disciplines often comprise excellent start places to 
begin a new investigation or project for the postgraduate 
students, here is the dissolution of poorly water-soluble drug 
(Fig. 5). Second, the knowledge about the raw material 
systems and the reasonable selections for resolving the 
problem or meeting the needs are important. Third, the 

applications of advanced technologies in creating the 
designed new materials for realizing the desired functional 
performances should be carefully taken into considerations. 
Thus, there is an overlapped region in Fig. 5, which reflects 
the cross-disciplinary innovations among the related subjects 
including at least pharmaceutics, polymer science, 
biomaterials and electrohydrodynamic atomization.   

VI. SUMMARY 

The present job successfully demonstrated a new strategy, 
which is very useful for initiating the postgraduate students’ 
scientific investigations or projects. The needs or hot 
problems in other applied disciplines often comprise a fine 
strat point for the students to design new kinds of functional 
materials, which will finally meet the need or provide 
solutions to the problems. The dissolution enhancement of 
poorly water-soluble drug, as one of the hottest problems in 
pharmaceutics, was exploited as a beginning for conducting 
electrospinning to create new biomaterials, i.e. the 
electrospun amorphous hydrophilic nanomaterials. The 
positive results demonstrated that a fine start point, combined 
with an interdisciplinary overlap, can generate new fruits for 
new materials design and development. These strategies are 
particularly precious to the postgraduate students who are 
beginning with their initial scientific research learning. 
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Along this strategy, many other problems in a wide variety 
of applied fields can be similarly exploited as the start points 
to provoke the postgradaute students’ interests and curiosities 
for initiating their scientific researches.  For example, we can 
apply electrospinning technology to the effluent from 
pharmaceuticals, which is not only a matter of urgency in the 
world of environmental protection, but also closely related to 
our lives. We will get the environmental problems and 
materials science and engineering together. So postgraduate 
students in the field of cross-disciplinary access to 
comprehensive knowledge, training disciplines cross the 
thinking of innovation, the theory and application of a 
seamless docking. 
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