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The nanomaterials have been widely used in various fields, such as photonics, catalysis, and adsorption, because of their unique
physical and chemical properties. Therefore, their production methods are of utmost importance. Compared with traditional
synthetic methods, the template method can effectively control the morphology, particle size, and structure during the preparation
of nanomaterials, which is an effective method for their synthesis.The key for the template method is to choose different templates,
which are divided into hard template and soft template according to their different structures. In this paper, the effects of different
types of templates on the morphology of nanomaterials during their preparation are investigated from two aspects: hard template
and soft template, combined with the mechanism of action.

1. Introduction

Material is a necessity for human life and production and
a driving force that promotes the development of modern
civilization.With the development of science and technology,
the requirements for the material quality are increasingly
demanding. Nanomaterials have a small size, between 1 and
100 nm, and possess unique optical, electrical,magnetic, ther-
mal, catalytic, and mechanical properties, which have been
widely used in photonics, spectroscopy, industrial catalysis,
biology, and other fields [1].

Nanomaterials have distinguished surface effect, volume
effect, quantum size effect, macroscopic quantum tunneling
effect, and dielectric confinement effect, which have attracted
the attention of researchers. The research on preparation of
nanomaterials has become a current hotspot. The common
methods for preparing nanomaterials consist of physical and
chemical methods [2–4]. Physical methods include physical
pulverization method, physical coacervation method, and
spray method. Chemical methods include chemical vapor
deposition method, chemical precipitation, sol-gel method,
hydrothermal method, and template method.

Template synthesis of nanomaterials has been a cutting-
edge technology developed since the 1990s. It is also a
very effective nanomaterials synthesis method that has been
widely used in recent years. Early in 1999, SouthKorean scien-
tists Kim et al. took MCM-48 mesoporous silica as template
and synthesized three-dimensional cubicmesoporous carbon
CMK-1 [5]. In the same year, Japanese scientists Moriguchi et
al. used cationic surfactant CTAB as template and synthesized
disordered carbon materials by using phenolic resin as
carbon source [6]. Templatemethod is not sensitive regarding
the preparation conditions, easy to operate and implement,
which controls the structure, morphology, and particle size
of nanomaterials through the template material (template).
Template method is often divided into hard and soft template
methods. Dong et al. [7] from Fudan University adopted
hard template method. Through using mesoporous carbon
pellets as a template, they have synthesized a variety of non-
silicon-based mesoporous materials such as solid or hollow
aluminum oxide, titanium oxide, and aluminum phosphate
microspheres. Firouzi et al. [8, 9] from the University of
California used soft template method to explore a variety
of different types of inorganic and organic combinations
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and proposed the general synthetic route to mesoporous
materials.

Morphology is an important parameter for characteri-
zation of material properties, especially in the mesoporous
material. Morphology, together with particle size, surface
area, and pore structure, determines the property of meso-
porous materials and, consequently, pinpoints their applica-
tion [10, 11]. Among this, mesoporous thin films, as filmlike
material, have an unparalleled advantage in adsorption and
separation compared to the other nanomaterials with differ-
ent shapes [12, 13].

The template method changes the morphology of prod-
ucts, mainly, by controlling the crystal nucleation and growth
during nanomaterial preparation. Route of nanomaterial
synthesis by using the template method is generally divided
into three steps: First, the template is prepared. Second, some
common synthetic approach such as hydrothermal method,
precipitation, and sol-gel method is used to synthesize the
target production under the function of template. Finally, the
third step is the template removal. The choice of template
for nanomaterial preparation is critical. Templates usually
can be grouped in two major categories: natural substances
(nanomineral, biological molecules, cells and tissues, etc.)
and synthetic materials (surface active agents, porous mate-
rials and nanoparticles, etc.). In addition, the templates are
generally divided into two groups (hard template and soft
template) based on the difference in the template structure
[14, 15].

Template removal is the last step in the synthesis of
nanomaterials. The appropriate method of removal has to
be chosen such that the physical and chemical properties
of the product should not be affected. Common removal
methods include physical and chemical methods, such as
dissolution, sintering, and etching. In this paper, the control
of morphology is illustrated while preparing nanomaterials
by using different hard and soft templates combined with the
mechanism.

2. Hard Template

Hard template is a rigid material, whose stable structure
directly determines the size and morphology of sample
particle. A wide choice of hard templates is available, such as
polymer microspheres, porous membrane, plastic foam, ion
exchange resin, carbon fiber, and porous anodic aluminum
oxide (AAO) [16, 17]. Because of their special structures and
effect on particle size restriction, they play an important role
in many fields.

2.1. Porous Anodic Aluminum Oxide (AAO). Porous anodic
alumina has high pore density. The pores are evenly dis-
tributed and very thin. The pore size is adjustable in range
of 50–200 nm and the pore density is between 1 × 109 and
1 × 1012 cm−2 [18, 19]. It is widely used in the preparation
of nanofunctional devices. For example, it is used in the
deposition ofmetal, semiconductor, conductive polymer, and
other functional materials and has been successfully applied
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Figure 1: Structure diagram of AAO [24].

in fields of magnetic recording materials, optoelectronic
components, electronics, and so forth [20–28].

2.1.1. Preparation of Porous Anodic Aluminum Oxide (AAO).
Thepreparation process ofAAOhas not been unified.Usually
the high purity aluminum piece is placed into an acidic
solution, and AAO is obtained by electrolysis by the anodic
oxidation. By changing anode voltage and the composition
and concentration of electrolyte, the size and distribution
of the pore are controlled. The structure diagram of AAO
is shown in Figure 1. It can be seen from this figure that
there is dense alumina called the barrier layer between the
nonoxidized aluminum matrix composite and the porous
layer. Since the barrier layer hinders the contact between
the electrolyte solution and the electrode, this layer needs to
be removed during the preparation of the sample by elec-
trodeposition.The aluminummatrix composite also has to be
removed in order to obtain the double pass AAO template.

2.1.2. Application of Porous Anodic Aluminum Oxide (AAO).
Porous anodic alumina is widely used in the preparation
of nanomaterials because of the adjustability and quantum
level of pore size, such as in the preparation of one-
dimensional nanomaterials (nanowires, nanotubes), zero-
dimensional materials (nanodots), and mesoporous films.
The method of preparing nanomaterials by using porous
anodic aluminum oxide as template is divided into two
groups: one, electrochemical deposition; two, deposition
without electrolysis. The precursor is deposited in the inner
hole of the AAO template, and it controls the structure of
the nanomaterial by guiding the spatial restriction of the
cylindrical bore arranged in matrix. The morphology of the
particle we obtain is similar to that of the AAO template. Sun
et al. [29] used AAO as the template and the electrochemical
deposition method to prepare the ZnS nanowires with a
diameter of 30 nm, as shown in Figure 2(a). Lu et al. [30] syn-
thesized rodlike mesoporous silica by using polypropylene
glycol and P123 as surfactant and silica as precursor in the
AAO template, which is shown in Figure 2(b). Forrer et al.
[31] prepared gold nanowire arrays by using AAO template



Journal of Nanomaterials 3

40nm

(a)

Alumina membrane

SBA-15 nanorods

9mm

(b)

Figure 2: TEM image of products fabricated by AAO template. (a) ZnS nanowires. (b) Rodlike silica [25, 26].

technique. The synthetic process schematically demonstrates
how the AAO template produces gold nanowires which is
given in Figure 3. Figure 3(a) shows an AAO template with
subsequent pores and Figure 3(b) shows gold nanoparticles
were deposited in the pores by applying the AAO template
potential in a gold bath. Figure 3(c) shows the alumina and
the aluminum base metal were removed in a NaOH solution
to expose a free standing array of nanowires.

2.2.Mesoporous Carbon. Mesoporous carbon is an important
member of mesoporous materials. Its pore distribution is
uniform and the pore diameter is generally between 2 nm
and 50 nm. It has regular pore structure and high specific
surface area. It is also thermally and chemically stable.
Mesoporous carbon materials are widely used in many fields
such as hydrogen storage, adsorption, catalysis, batteries, and
capacitors [32–38].

2.2.1. Synthetic Methods of Mesoporous Carbon. Synthetic
methods of mesoporous carbon can be divided into catalytic
activation, organic sol-gel method and template method,
and so forth. Catalytic activation is used to synthesize
mesoporous carbon through the catalytic effect of metals and
their compounds act on carbon gasification [39, 40]. The
activation reaction mainly occurs around the metal particles,
which can inhibit the formation of micro pores and increase
the mesopores [41]. Organic sol-gel method was proposed by
Pekala and Schaefer [42]. This method uses the gel formed
by the polymerization of precursor as carbon source, and
the mesoporous carbon is obtained by high-temperature
carbonization. Zhang et al. [43, 44] mixed melamine and
formaldehyde with NaCO

3
as catalyst and added mixed

solution of phenol and formaldehyde and finally phenolic
resin to get organic moisture gel. Finally, mesoporous carbon
is obtained by carbonization. The structure of mesoporous
carbon is shown in Figure 4 [45].

2.2.2. Application of Mesoporous Carbon. As the pore diam-
eter of mesoporous carbon is even and the structure is

Al

Al2O3

Al2O3-
barrier
layer

(a)

Au

Al

Al2O3

Al2O3-
barrier
layer

(b)

Au

Au

support

nanowires

(c)

Figure 3: Synthesis of gold nanowires using porous aluminumoxide
membrane template [27].

ordered, it is often used as template to synthesize ordered
mesoporous materials such as nanozeolite molecular sieve
and mesoporous metal oxides. In the synthesis of meso-
porous materials, the mesoporous carbon pores are copied
to a new mesoporous material by means of the nanorepli-
cation technology, so the morphology and structure of
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Figure 4: TEM image of mesoporous carbon structure [35].
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Figure 5: TEM image of particles prepared by CMKs-template. (a) Hexagonal mesoporous MgO. (b) RMM-1 with cubic crystal system. (c)
RMM-3 with the hexagonal crystal system [37–39].

the particles obtained by this method are similar to those of
the mesoporous carbon. Roggenbuck and Tiemann [46] and
Roggenbuck et al. [47] synthesized successfully the hexagonal
ordered mesoporous MgO by using mesoporous carbon
CMK-3 as the template, as shown in Figure 5(a). Sakthivel
et al. [48] used carbon mesoporous molecular sieve (CMKs)
as the template to synthesize mesoporous zeolite molecular
sieve. Yang et al. [49] synthesized the aluminosilicate molec-
ular sieve RMM-1 with the cubic crystal system by CMK-1,
which is shown in Figure 5(b), and aluminosilicate molecular
sieve RMM-3 with the hexagonal crystal system by CMK-3,
as shown in Figure 5(c).

In the preparation of nanomaterials by usingmesoporous
carbon or other porous materials as the template, the precur-
sor tends to crystallize inside the pores or deposit outside the
pores. When the diameter of the pore is larger than that of
the primary unit cell of thematerial, the space of the pore will
accommodate the unit cell, forming a crystal material which
has the similar structure to the pore. On the contrary, when
the diameter of the pore is smaller than the primary unit cell
unit, the crystal tends to form core and grow between the
pores and finally become irregular crystalline material.

2.3. Polymer Microspheres. The methods of synthesizing
polymer microspheres are methods such as emulsion poly-
merization, microemulsion polymerization, soap-free emul-
sion polymerization, suspension polymerization, and dis-
persion polymerization. By controlling the rate of polymer-
ization, the particle size can be controlled. Zhang et al.
[50] have studied the effects of various factors (such as
dispersion stabilizer, monomer, initiator, reaction medium
polarity, reaction temperature, and agitation speed) on the
particles, successfully synthesizing the polystyrene micro-
spheres whose particle size is in the range of 1𝜇m to 10 𝜇m.

The polymer microsphere has a good dispersivity and
an easily adjustable particle size. It is usually used to
synthesize the spherical-shaped particles or near-spherical
core-shell and the hollow structure after modifying the
surface of the particles. Lin [51] synthesized the com-
pound of PSA/ZnS/CdS core-shell structure by using home-
made polystyrene-acrylic microspheres (PSA) as a tem-
plate using the dip method. Then, the template PSA was
removed with toluene solution, finally obtaining ZnS/CdS
composite hollow microspheres, whose microsphere size
can be regulated by the amount of emulsifier. Figure 6
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Figure 6: TEM image of ZnS/CdS composite hollow microspheres prepared by PSA. (a) PSA. (b) PSA/ZnS/CdS. (c) ZnS/CdS [41].

shows the particle morphology during various preparation
stages.

2.4. Summary. Hard template is a commonly used method
for the synthesis of nanostructured materials such as nano-
particles, nanorods, nanowire, nanotubes, and nanobelts in
recent years. Because the method is capable of preparing
templates with different nanohole size and structure under
various requirements, using physical or chemical growth or
deposition of nanomaterials in nanopores for nanomaterials
fabrication, the dimensions and specifications of target pro-
duction can be precisely controlled.

Because of the stability of hard template structure, it is
often used as the “micro reactor” in synthesis, during which
a precursor is filled into the pores of the hard template or
absorbed at its surface by impregnation or chemical vapor
depositionmethod.The special structure of the hard template
restricts the crystallization or aggregation of the precursors,
and a mesoscopic phase having a structure opposite to that
of the template can be obtained with the removal of template
material by the appropriate method. Particles with different
morphologies can be obtained by choosing hard templates
with different structures.

3. Soft Template

The soft template does not have a fixed rigid structure.
In the synthesis of nanoparticles, an aggregate with some
certain structural features is formed by means of the inter-
molecular or intramolecular interaction force (hydrogen
bonding, chemical bonding, and static electricity). Using
these aggregates as a template, inorganic species are deposited
on the surface or the interior of these templates by means
of electrochemical method, precipitation, and other syn-
thetic methods, forming particles with certain shape and
size. Common soft template can be a surfactant, polymer
and biopolymer, and so forth. The soft template has broad
prospects for development in the synthesis of nanomaterials
because of its advantages such as its good repeatability,
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Figure 7: Structure of liquid crystals [49].

simplicity of the process, and no requirement for the removal
of silicon [52, 54–57].

3.1. Surfactant. Surfactants are amphiphilic molecules, incl-
uding ammonium salts, heterocyclic, carboxylic acid salts,
sulfonate salts, and other ionic or nonionic surfactants. It is
easy for the amphiphilic molecule groups to form a variety
of ordered polymers in a solution, such as liquid crystals,
vesicles, micelles, microemulsion, and self-assembled film
[58, 59].

From the perspective of material chemistry, it is gen-
erally thought that the interaction between liquid crystal
phase of surfactants and organic-inorganic interface plays
a decisive role in the morphology of mesoporous materials
[60, 61]. In the strongly acidic environment, the interaction
between the organic and inorganic interface is weak hydrogen
bonds, while, in a strong alkaline environment, it is strong
electrostatic attraction. Liquid crystalline phases formed by
surfactants in the solution have various structures, such as
lamellar phase, cubic phase, and hexagonal phase. It is also
easy to construct and adjust [62]. Therefore, it is an ideal
reactor for synthesizing mesoporous materials. The lamellar,
cubic, and hexagonal structures are shown in Figure 7.
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Figure 8: TEM image of mesoporous silica. (a) Silica microsphere. (b) Mesoporous silica thin film [50, 51].

1𝜇m
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Figure 9: TEM image of cuprous oxide crystals. (a) Lamellar cuprous oxide crystal. (b)Urchin-like cuprous oxide crystal. (c) Acicular cuprous
oxide crystal [52].

It is relatively easy to control the hydrolysis and poly-
merization of silicon species. Moreover, mesoporous silica
with fibrous, thin film, tubular, spherical, and other different
morphologies can be obtained by combining the collective
effect of surfactants and the reaction environment. Zhang
et al. [63] synthesized wormlike monodisperse mesoporous
silica microspheres in neutral alcohol-water system by using
laurylamine as surfactant and tetraethyl orthosilicate as
silicon source.The silica microsphere is shown as Figure 8(a).
The pore diameter can be regulated and controlled by adjust-
ing the molar ratio and the concentration of the reactants
and the ratio of alcohol/water. Wang et al. [53] synthesized
mesoporous silica thin film in an acidic environment, which
is shown in Figure 8(b), using tetraethyl orthosilicate as sili-
con source and cationic surfactant cetyltrimethylammonium
bromide as template.

3.2. High Polymer. High polymer is often used as a template
for the synthesis of mesoporous materials because of its large
molecular weight, good stability, and diversity of molecular
structures. The pore structure and the morphology play a
decisive role in the application of mesoporous materials.

In recent years, researchers have emphasized the importance
of controlling the morphology of mesoporous materials [64,
65], as different forms correspond to different application
fields.

High polymer as a template and organic precursor form
a certain liquid crystal structure by self-assembly method.
In the fine crystal nucleation process, the selectivity of
high polymers and certain crystal phase interact with each
other, promoting or inhibiting the growth of crystal and
thereby controlling and improving the morphology, size, and
distribution of particles. Li et al. [66] successfully synthesized
cuprous oxide crystals, which are lamellar, urchin-like, one-
dimensional line and acicular, in CuSO

4
and Na

2
SO
3
system

by using polyacrylamide (PAM) as template and adjusting the
concentration of Cu2+, PAM content, and temperature. The
lamellar, urchin-like, and acicular cuprous oxides are shown
as in Figure 9.

Block copolymer is one of the most important high
polymers, which is connected by polymer chains with two
or more different properties. During the process of synthesis
of mesoporous materials, hydrogen bonding occurs as the
hydrophilic segments and precursors interact with each other
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Figure 10: Mechanism of soft template method [53].

which results in the formation of the ordered mesoscopic
phase. The pore diameter of the mesoscopic phase is deter-
mined by the hydrophobic chain of the block copolymer;
therefore, the larger the molecular weight of hydrophobic
segment is, the stronger the hydrophobic property is, and the
larger the synthesized pore diameter is [67].

3.3. Biopolymer. Since biopolymer has the advantage of
availability in wide variety of sources, its complex structure,
nontoxicity and easy removal, and so forth, it has great
potential to be used as a template in synthesis of other
materials. By means of inducing the biomineralization of
inorganic nanoparticles, biopolymer synthesizes nanomate-
rials that have certain structures.

Common biopolymers are DNA, proteins and polysac-
charides, and so forth. Wang et al. [68], using linear DNA
molecules of the same length as a template and controlling
the synthesis of DNA sequences, synthesized petaloid and
spherical gold nanoparticles. Zhang et al. [69] successfully
synthesized hierarchical porous SnO

2
nanomaterials that

have a structure of cotton fibers by using cotton as a template
and, respectively, adopting solvothermal method, ultrasonic
method, and impregnation method.

3.4. Summary. Li and Zhao [70] schematically summarized
two synthetic strategies of soft template method in Figure 10.
There are two common mechanisms of the soft template:
inorganic species and surfactants directly have supramolecu-
lar self-assembly, forming organic-inorganic phase. Accord-
ing to the combination of the two parts, it can be divided
into electrostatic bonding, hydrogen bonding, and covalent
bonding; since the interaction between inorganic species
and surfactants is weak or they repel each other because

they have identical electrical property, it is necessary to add
the intermediate phase as a link to connect them, forming
organic-inorganic phase.

In the self-assembly process, inorganic species interact
with surfactants driven by Coulomb force, covalent bond,
or hydrogen bonding. The interaction of the organic (sur-
factants)/inorganic (inorganic species) interface is a weak
hydrogen bond force in the strong acid environment while
it is a strong electrostatic attraction force in the strong
alkaline environment. Thus inorganic species at the interface
polymerize and cross-link and assemble with surfactants [71,
72].

4. Comparison of Hard and Soft Template

Hard template is mainly used some previously prepared tem-
plate material, such as AAO template, mesoporous carbon,
and polymer microsphere. It then applies for the physical
or chemical growth or deposition of nanomaterials into
nanopores of the template and finally removal the template;
the dimensions and specifications of target production can
be precisely controlled. Hence, hard template has high repro-
ducibility and stability and is mostly used for synthesis of
arrays of nanomaterial. However, the separation of template
and production may cause damage to the structure of nan-
otubes, nanowire, or hollow balls.

On the other hand, soft template is mainly based on
action of the micelle which forms organic-inorganic phase
between surfactant, high polymer, and biopolymer and tar-
get production. The aggregation by weak intermolecular
or intramolecular interaction creates a certain structure of
space. Such aggregates have significant structural interface;
it provides a unique interface to create a particular tendency
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of the distribution of inorganic spices and at last produce
the nanomaterials with specific structures. Soft template
is formed within the reaction, whereas hard template is
prepared before the reaction. Hence, soft template is easier
to build and remove than the hard template and it does not
require complex equipment and strict production conditions,
and the reaction has good controllability. Soft template is
mostly used to produce various size, sharp structure of nano-
materials.

5. Conclusions

The rapid development of template method has promoted
the innovation in nanotechnology by making the synthesis
of nanomaterials with particular structure and morphology
possible. Among these, hard template has a very vast advan-
tage in the synthesis of particular nanomaterials since the
hard template has adjustable pore structure and morphology.
The sample obtained by this method has good dispersion,
uniform pore size, and simple operation. Nevertheless, the
hard template method also has disadvantages. The elimina-
tion of the template often leads to the collapse of part of
the pore structure, affecting the performance of the product.
Also, the obtained sample only shows order for smaller
particle size. In addition, partially filled samples lead to
discontinuous structure defects in the pore. The limited
sources of template material restrict the widespread use of
hard template method.

There are different types of soft templates. They only
require simple equipment and have good reproducibility
during the process of synthesis and the advantages of mass
production. However, soft template method has also some
disadvantages. The stability of soft template, which requires
certain synthetic system, is not good. It can only form an
orderedmesoscopic structure if the soft template has a strong
interaction with the precursor. The precursor itself must be
able to form a polymer structure with mechanical strength
to certain degrees to guarantee that the structure will not
collapse after the removal of the template. Furthermore, the
mechanism of the soft template has not been unified for the
nanomaterial synthesis.

Template method has a unique advantage in the synthesis
of nanomaterials. To find an inexpensive, nontoxic template
with good stability is a current hotspot in the research of
templatemethod.More studies are needed on themechanism
of the template by selecting the appropriate soft or hard
template and changing the reaction conditions, which has a
certain practical value.
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