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Materials mainly refer to the matters with a certain compo-
sition, structure, and property, which can be formed by nat-
ural mineralization or artificial manufacture and are widely
used in various specific fields, therefore, materials serve as
the substance basis for human survival and development [1].
In the 1970s, materials combined with information and en-
ergy have been proposed as three pillars for the con-
temporary civilization [2]. It is obvious that materials are
closely related to national economic construction, national
defense construction and people’s livelihood [3,4]. New
materials, information technology and biotechnology are
further recognized as the important indicators of new tech-
nological revolution in the 1980s. Here, new materials are
high knowledge intensive and high technology intensive
materials with advanced physical and chemical properties
[5]. In new materials industry, main challenges are the design
and fabrication of the advanced materials with excellent
performance, high quality as well as outstanding stability,
and breaking through the limits of production scale [6].
Materials science and engineering cover the discovery,

design, and fabrication of new materials [7,8]. One ultimate
aim in materials research is to provide the much-needed
matters to the downstream applications, such as the assembly
of devices in health care, scientific study, military, commu-
nication, and so on. Design and optimization of the materials
composition, structure, and properties can be individually

achieved in materials laboratory [9,10]. However, facing the
downstream application industries, two aspects have to be
focused on advanced materials, i.e., both multisize and
multiweight effects. Materials multisize effect would satisfy
different sizes requirements, and materials multiweight ef-
fect can satisfy those demands for yield in downstream ap-
plications (Figure 1). Therefore, these two key effects
determine whether new materials can finally move from la-
boratory to industry.
Materials multisize effect refers to a variety of sizes ex-

hibited by a certain materials ranging from micro- to macro-
scales [11,12]. Thermodynamically, materials with different
sizes correspond to different energy states, which origin from
the size-dependent ratio between the bulk free energy and
surface free energy. That is, materials multisize effect is a
single factor question. As shown in Figure 2, the system
energy state decreases with the increase of material size in
reactor. Our task is only to stabilize the reactor energy at a
proper state. In this state, the system energy cannot provide
enough driving force for the surface/interface evolution, thus
materials would stop growth and retain a certain size. The
energy of surface or interface at a certain state can be ex-
pressed as
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where E is the energy of corresponding surface or interface,
ΔG is the increased Gibbs free energy when the area of
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surface or interface is increased, A is the increased area of
surface or interface, and Ebond is the chemical bonding energy
at the surface or interface. For the monosized materials state,
its Gibbs free energy can be written in terms of bulk and
surface contributions, G=Gsurface+Gbulk [13], where Gsurface=
A⋅γ is surface free energy, Gbulk=V⋅Δμ is bulk free energy, γ is
the unit surface free energy, and Δμ is chemical potential
decrease when formation of unit volume substances (Figure
3). In order to enlarge the surface, the system needs to do
work on the reactants, and this can move the composition to
the surface/interface. Therefore, we can operate substance
surface/interface to control materials multisize effect by
modifying the system energy state. In material applications,
the mechanical, optical, electrical and magnetic properties of
advanced materials are the function of their energy states.

For example, once the size of the nanomaterials is smaller
than its Bohr radius, the materials will exhibit unique
quantum effects, leading to materials with specific excellent
properties compared to bulk materials [14]. In the reactor,
surfactants with a longer carbon chain are used to hinder the
system working on the surface of nanosized materials. In
solid state lasers, the gain medium needs bulk optical ma-
terials such as laser single crystals, laser ceramics, and laser
glasses [15]. In the fabrication of these bulk materials with
the size of several millimeters, centimeters, and even deci-
meters, the material compositions would release amounts of
heat to the environment, which promotes the system working
on the surface and creates a large-size surface/interface.
Materials multiweight effect is different yields of mono-

sized materials produced by “on pot” production, ranging
from mg- to kg- and even ton-scale. Materials multiweight is
a typical kinetic question, which is determined by the for-
mation process in reactors and influenced by a series of
factors, such as the reaction and transfer. In order to increase
the “one pot” yield, a direct method is to scale up the reactor.
The mass of reactants and corresponding reactor size are
determined by thermodynamic controls. However, this will
lead to multisize of the target materials due to nonuniform
distribution of reactants with increasing the reactor size. The
mass transfer, heat transfer, and momentum transfer need to
be strengthened in a larger reactor [16,17]. The driving force
for transfer intrinsically comes from the concentration,
temperature, and velocity gradients. Because all these para-
meters are distance dependent, the transfer in industrial re-
actors is different from that in laboratory reactors. From the
perspective of geometric space, the reactor cavity can be
divided into a three dimensional net, which produces a large
amount of nodes at the vertical and horizontal boundaries. In
a certain coordinate, the vector-based representation of each
node is different, resulting in distinct concentration, tem-
perature, and velocity gradients. Inhomogeneous transfer can

Figure 1 (Color online) Fundamentals of multisize and multiweight ef-
fects in materials science and engineering.

Figure 2 (Color online) Multisize effect of materials is thermo-
dynamically determined by their monosize energy states. Individual
monosize represents its surface and interface geometry, and its symmetry
reflects the corresponding energy state of monosized materials.

Figure 3 (Color online) Energy state of monosized materials. In order to
enlarge the surface, the system needs to do work on the reactants, and this
can move the composition to surface/interface.
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further influence the reaction in producing the materials. In
order to solve these problems, dynamic controls in reactor
should be clarified initially. Diffusion, reaction, and crys-
tallization rate equations are
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l= , (2)
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where J is substance diffusion flux, D is diffusion coeffi-
cient, ∂c/∂l is concentration gradient, R is reaction rate, kA is
reaction rate coefficient, α and β are the orders of reaction, c
is reactant concentration, csat is the saturated concentration of
reactant at a certain temperature, v is crystallization rate, k is
crystallization rate coefficient, and n is the order of crystal-
lization. According to eqs. (2)−(4), we can find that the
substance reaction rate, diffusion rate, and crystallization
rate equations are the functions of concentration. The reac-
tion between reactants requires the equilibrium between
diffusion rate and reaction rate. By combining eqs. (2), and
(3) the diffusion-reaction equations can be established,
which will give a series of numerical solutions of the con-
centration at a certain temperature (T) since bothD and kA are
T dependent. Furthermore, the products will transform to
crystalline state, and the concentration of products in eq. (3)
determines the crystallization rate in eq. (4). The equilibrium
between R and ν can inhibit the accumulation in reactor. It is
well known that csat is temperature dependent. By combining
eqs. (3) and (4), we will further obtain a proper temperature.
Backing to the calculated results of diffusion-reaction
equation, key dynamic parameters (c, T) can be optimized.
Such operations will produce virtual multiregime in the re-
actor, and each mono-regime possesses an individual uni-
formity (Figure 4(b)). There exist fast substance exchange
and energy exchange between neighbouring mono-regimes

to maintain the uniformity. As a consequence, materials
multiweight effect can be well controlled by creating nu-
merous microscopic reaction interfaces and designing proper
parameters including concentration (pressure for gas) and
temperature.
Facing the new materials industry, fundamentals in mul-

tisize and multiweight effects are inevitable key bases, which
are high-knowledge intensive and high-technology intensive.
In this view, multisize effect of materials is thermo-
dynamically determined by their monosize energy states.
Individual monosize represents its surface and interface
geometry, and its symmetry reflects the corresponding en-
ergy state of monosized materials. Kroemer [18] proposed
the concept that the interface is the device in his Nobel
Lecture in 2001. In order to obtain monosized materials in
“one pot” production, surface and interface fundamentals are
needed to be focused on the energy state in system. On the
other hand, materials multiweight effect is a kinetic question,
which is closely related to substance formation process. In
order to obtain the large-weight monosized materials, we
need to create a variety of virtual reaction mono-regimes, in
which transfer and reaction conditions are uniform. This
would be established on the basis of both calculations
[19,20] and experiments [21,22]. In the numerical simula-
tions, we may obtain the optimized concentration, pressure
and temperature. Furthermore, step-by-step scaling up ex-
periments would be carried out by referring those useful
simulated operation parameters. Moreover, the reaction
should be also optimized in size by synthetic evolution of the
materials applications and economic benefits. Materials
science and engineering is a multidisciplinary subject based
on physics, chemistry, mechanics, and biology, which would
be promoted by developing on novel concepts, theories, and
technologies.
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