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great convenience to engineering applications. In addition, high temperature 

superconductors have a relatively high upper critical field which can be used to generate 

a strong magnetic field above 20T [16], which just overcomes the shortcomings of 

conventional low temperature superconductors. The research work of high temperature 

superconducting materials has made important progress in single crystal, thin film, bulk 

material and applications. 

Energy materials such as solar cell materials are also a typical functional material, some 

reported solar cells even have a conversion efficiency as high as 40% [17,18]. Solid oxide 

fuel cells also got a lot of attention, such as solid electrolyte membranes and battery 

cathode materials, as well as organic proton exchange membranes for proton exchange 

membrane fuel cells, etc., which are all research hotspots. 

Smart materials are the fourth-generation materials after natural materials, synthetic 

polymer materials, and artificially designed materials. Smart materials are one of the 

important directions for the development of modern high-tech new materials [19,20] that 

will support the development of future high-tech and realize structural functionalization 

and functional diversification. Scientists predict that the development and large-scale 

application of smart materials will lead to a major revolution in the development of 

material science [21]. Such as the British Aerospace Corporation uses wire sensors to test 

the strain and temperature conditions on the aircraft skin.; in piezoelectric materials, 

magneto strictive materials, and high conductivity The application of smart materials such 

as molecular materials, electrorheological fluids and magnetorheological fluids to drive 
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based on Newtonian mechanism, including molecular mechanics (MM), Monte Carlo 

(MC) simulation, molecular dynamics (MD) simulation, etc. These methods are all based 

on the classical mechanical model of molecules or molecular systems, or obtain the stable 

configuration (MM) of molecules by optimizing the total energy of a single molecule; or 

by repeatedly sampling the configuration space of the molecular system and calculating 

its total energy, obtain the most probable configuration and thermodynamic equilibrium 

properties (MC) of the system; or obtain the phase trajectory of the system by numerically 

solving the classical mechanics equation of motion of the molecular system, and count 

the structural characteristics and properties (MD) of the system [60-62]. A simple 

schematic diagram of heating copper simulation snapshots is shown in Figure 1-2. At 

present, due to the development of molecular simulation theory, methods and computer 

technology, molecular simulation has become the third method to understand the world 

at the molecular level after experiments and theoretical methods [63-65]. 

The earliest MD simulations were implemented in 1957. Alder and Wainwright used 

computer simulations to study the motion of molecular systems ranging from 32 to 500 

rigid spheres [66]. In 1964, Rahman [67] simulated and studied 864 Ar atomic systems 

with Lennard-Jones potential function, and obtained the properties related to the equation 

of state, radial distribution function, velocity autocorrelation function, mean square 

displacement, etc. Since then, with the efforts of molecular simulation researchers, the 

relationship between the Lennard-Jones potential function parameters and the model 

molecular architecture and properties has been established, which has had a profound 
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impact on molecular dynamics. Other researchers have also made great contributions to 

the development of molecular dynamics, such as in 1984, Kinetic methods at constant 

temperature; in 1991, molecular dynamics methods for the grand canonical ensemble. etc 

[68, 69]. 

To get the trajectory of the atom, besides the atomic mass, initial position, initial 

speed and other values that can be set artificially, the essential difference between 

different research objects lies in the force function (interaction/force field), the parameters 

of the force function determine the properties and behavior of the research objects, such 

as Lennard-Jones potential function mentioned above, used to describe the interaction of 

any two non-bonded atoms within the cut-off radius. The interaction between the bonding 

atoms is described by the bonding potential function. The bonding interaction is divided 

into bond energy, angle energy, dihedral energy, and improper energy, different 

molecules will have different bond potential energies. The more common bonding 

potential used to describe bonding atoms, such as CHARMM generalized, OPLS-AA, 

GAFF, these potential functions calculate the density and evaporation enthalpy of various 

organic molecules accurately, there are also force fields used to deal with reactions such 

as reaxff, REBO; the selection of a suitable potential function will affect on the results 

accuracy. 

Currently there are many kinds of software for molecular simulation, Gromacs, 

NAMD, Amber and LAMMPS. LAMMPS (Large-scale Atomic/Molecular Massively 

Parallel Simulator) is a very popular simulation calculation software, the advantages of 
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compound with a molecular mass of several thousand to several million, despite their 

high relative molecular mass, they are all connected in simple building blocks and repeats.  

Polymers have a wide range of applications and can be seen everywhere in life 

(figure 1-3), such as by synthesizing valuable plastic products, etc. There are also 

naturally occurring polymers, such as proteins, which are natural polymers composed of 

amino acids, while nucleic acids (DNA and RNA) are nucleosides. Polymers of acids - 

such as complex molecules composed of nitrogenous bases, sugars, and phosphoric acids.  

Polymers have been studied as early as the 19th century, in 1839, C. Goodyear 

discovered the vulcanization reaction of rubber, thus making a key progress in the 

research of making natural rubber a practical engineering material; in 1870 the 

industrialization of nitrocellulose plastics; in the 1950s, K. Ziegler and G. Natta 

discovered polymer coordination catalysts, ushering in the era of synthetic stereoregular 

structure polymers [75, 76]. With the improvement of people's understanding of polymers, 

synthetic polymers have achieved rapid development, and many important polymers have 

been industrialized. 

Polymers have unique properties, depending on the type of molecules being bound 

and how they are bound. High elastic deformation [77] and viscoelasticity [78] are 

polymer-specific mechanical properties, some polymers are bendable and stretchable, 

such as rubber and polyester. Others are hard and tough, such as epoxy and glass; Heat 

resistance is an important indicator of the use temperature range of polymers [79, 80], 

and glass transition temperature and melting point are heat resistance indicators to 
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Second, C60 is another important organic functional materials, in Chapter 3, C60 was 

selected as my research material, with the same treatment as pentacene, during the 

fabrication an anomalous phenomenon was found. C60 has metallic luster ad has many 

excellent properties, such as superconductivity strong magnetism, high pressure 

resistance, chemical resistance C60 film as a matrix material can be used to make a tooth-

shaped combination capacitor. The chemical sensor made with it has the advantages of 

smaller size, simpler, renewable, and low price than traditional sensors [100] and may 

become an attractive on candidate products. In 1991, it was found that potassium doped 

C60 has superconducting behavior at 18K [101], which is the highest molecular 

superconducting temperature so far. After that, the superconducting properties of many 

metal-doped fullerenes were discovered. C60 and its derivatives not only have research 

value in superconductors, but also have potential application prospects in the fields of 

optical materials, magnetism, and biology materials etc [102-104].  

Third, Poly (ether-ether-ketone) (PEEK) was used in Chapter 4, here molecular 

dynamic were combined with reported experiment results to understand the mechanisms 

of low wavenumber Raman spectroscopy and X-ray diffraction. PEEK [105-107] is a 

high-performance thermoplastic and crystalline polymer with excellent properties such 

as high temperature resistance and chemical resistance. It can be used as high temperature 

resistant structural material and electrical insulating material and can be compounded 

with glass fiber or carbon fiber to prepare reinforcing material. PEEK has numerous 

applications in aerospace, medical devices (as artificial bone to repair bone defects) and 
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optical absorption at elevated temperature first, to determine the suitable solubility and 

temperature for pentacene crystal growth, then the obtained pentacene crystals were 

characterized by Laser microscopy, X-ray diffraction and poly figure to analysis the 

pentacene crystal structure. 

  Chapter 3 is about the anomalous effect of C60 and naphthalene, which was found in 

the attempt of grow C60 by the naphthalene flux method. C60 as an organic semiconductor 

material was trying to growth from naphthalene solution. I found the anomalous 

phenomenon of C60 in naphthalene unexpected. As the temperature increases, as the 

general experience, the solubility of organic compounds in organic solvents will increase, 

but C60 has an anomalous phenomenon. I improved the instrument for solubility 

measurement device to demonstrate this phenomenon by measuring the concentration of 

naphthalene vapors; At the same time, I used Packmol, moltemplate software to establish 

a mixture model, then simulate the mixture heating process with LAMMPS packages to 

observe this phenomenon from the microscopic point of view of simulation dynamics. 

  Chapter 4 is about the new technique to evaluate the vibrational spectra by molecular 

dynamics simulations and its comparison with the reported experiment about the 

composite of an engineering polymer PEEK with carbon fibers. Molecular dynamics 

simulation is used to demonstrate the existing experimental results. I use molecular 

dynamics combined with a newly developed approximation to simulate Raman 

spectroscopy to understand the effect of PEEK intermolecular ordering in the spectra. I 

found that PEEK intermolecular ordering does affect the low wavenumber Raman spectra 
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and the x-ray diffraction as observed in the experiment. Combining the results of 

experiments and simulations can illustrate experimental results or phenomena from 

multiple perspectives. 

 Chapter 5 gives the general conclusion of research topics covered by dissertation. 
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Figure 2-2: Crystal growth scheme. (a) Schematics of naphthalene flux method. (b) 

Temperature (T) -time(t) profiles of left and right sides. (c) Left: H-shaped glass tube 

taken out from the aluminum block heater while hot. Right: Pentacene crystal in the H-

sheped tube (upper left is the bottom). 
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