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Special Topic—Progress of the Materials Genome Project
(Guest Editor: Prof. LU Xiaogang, School of Materials Science and Engineering, Shanghai University)
Recent Studies on Structure-Property Relationship of Nonlinear Optical Borate Crystals by First-Principles
Method ............................................................................................................ LIN Zheshuai, WU Yicheng

(1)

It is important for the laser technology and related scientific fields to develop nonlinear optical (NLO) crystals. The development

of novel NLO crystals with superior performance requires the understanding of the structure-property relationship. In this paper,
the first-principles studies based on the density functional theory and their applications to elucidate the microscopic origins for the
linear and nonlinear optical properties of NLO borates were reviewed. The ab initio approaches have a capability to accurately
predict the optical properties of NLO borates, and the developed analysis tools can be applied to investigate their intrinsic mechanism. It is anticipated that the first-principles approaches could be used to select the effective NLO materials

Combinatorial Approach to Advanced Photocatalysts................................................................... SUN Song
DING Jianjun, BAO Jun, LUO Zhenlin, ZHANG Fan, ZHU Xiaodi, WANG Mengjiao, GAO Chen

(13)

The combinatorial approaches and high throughput techniques for the promising photocatalysts have been developed in the past
decade. This paper provided a comprehensive review on development of the parallel synthesis and high-throughput screening of
photocatalysts. Based on the previous work, the data mining for the underneath mechanism proposal was presented. In addition,
this review also summarized the remaining problems and prospects on the combinatorial photocatalyst development.

Adsorption of Cerium Ions by SiO2/TiO2 Aerogels ........................................................................................
....................................................... FU Yingyi, DING Xingeng, MENG Cheng, DOU Tianjun, YANG Hui

(28)

The adsorption process of Ce(IV) ions instead of Pu(IV) ions by the synthesized SiO2/TiO2 aerogel was investiagted under dif-

ferent adsorption conditions. The porous SiO2/TiO2 aerogel with the great specific surface area of 1000.499 m2/g and the narrow
pore size distribution was prepared via a sol-gel process and subsequent phase separation and ambient pressure drying. The measured adsorption process follows the pseudo-second-order kinetic equation. The detailed information on the geometry of the cerium adsorption sites were reported. The cerium ions were absorbed primarily due to the electrostatic forces and ion exchange reactions.The adsorption equilibrium time is 64h at the optimal SiO2/TiO2 aerogel dosage of 6 g/L. 55.58% of Ce(IV) in the
SiO2/TiO2 aerogel as an adsorbent is obtained at < 2 h, and the maximum adsorption capacity is 233.04 mg/g. In addition, according to the thermodynamic analysis, the adsorption process is endothermic and accelerating. The chemically-modified SiO2/TiO2
gel with sulfonic acid has a extremely high adsorption to Ce(IV) ions, and can even extract the trace amounts. The constants of
SiO2/TiO2 aerogel as an adsorbent can be applied to predict the optimum reaction parameters to adsorb the nuclide in liquid waste.

Understanding the Materials Genome from the Viewpoint of Computational Thermodynamics and Kinetics
.............................................................................................................................................. LU Xiaogang

(36)

Use of Materials Genome Initiative in Lithium Secondary Batteries Materials Design.................................
........................................................................ WU Musheng, XIAO Jianmao, XU Bo, OUYANG Chuying

(42)

A combination of calculations, experiments and databases is intrinsically realized in the methods of computational thermodynamics and kinetics. Together with the dedicated databases assessed from the experimental data, the meso-scale computational
thermodynamics and kinetics can be integrated with micro- and macro-scale simulations to establish an integrated platform to
accelerate the materials development and deployment. It is valuable and beneficial to understand the concept of materials genome
from the perspective of computational thermodynamics and kinetics.

Lithium secondary battery is widely used in electronics, and will has a promising application as a power supply for electrical vehicles and energy storage devices of solar energy power station. However, it is difficult for the existing lithium secondary batteries
to have the effective energy density and cycling life in future applications due to the physical limits of the materials used. In order
to develop novel battery materials, the materials genome initiative (MGI) for the material design has attracted much attention. In
this paper, recent development on the design of novel battery materials by means of the MGI was reviewed. The basic aspects of
MGI were described, and the design of novel battery materials by MGI was discussed.

Development of the Materials Databases .......................................................................................................
................................................... YIN Haiqing, ZHANG Ruijie, LIU Guoquan, QU Xuanhui, XIE Jianxin

(48)

The materials database firstly appeared in the absence of the effective IT technology decades ago. There has been a rapid devel-

opment of material databases from the published manuals at the first stage to the current collaborative large databases in the data
era. In this paper, the history and the current status of the worldwide materials databases were reviewed, and the vision for the
brilliant future perspective in the data era was described.

Green Synthesis of CdSe Quantum Dots with Tunable Photoluminescent Properties ...................................
........................................... GAO Bing, SHEN Chao, YUAN Shuanglong, YANG Yunxia, CHEN Guorong

(53)

The CdSe quantum dots (QDs) were synthesized with water phase Se precursor and non-toxic glycerol as a solvent of Cd pre-

cursor. According to the analysis by X-ray diffraction (XRD), the phases of the product are pure. The particle size of the monodispersive QDs product determined by high resolution transmission electron microscopy (HRTEM) is 3.2 nm～4.5 nm. Furthermore, compared to the CdSe bulk material, the band gap of QDs exhibits a blue shift, indicating that the size of the QDs product
is in nanoscale. In addition, the photoluminescent spectra of CdSe QDs show red shifts from 529nm to 591nm when the size of
CdSe QDs increases, due to the quantum size effect. The quantum yield of CdSe QDs is calculated to be 50.53%, which is greater
than that of the CdSe QDs synthesized by other water phase methods.

Flux Growth and Spectral Characterization of LiLa(MoO4)2 and Nd:LiLa(MoO4)2 Crystals ........................
.................. ZHANG Yang, LI Jing, JIANG Huaidong, ZHAO Xian, WANG Jiyang, Robert BOUGHTON

(59)

LiLa(MoO4)2, and Nd:LiLa(MoO4)2 crystals were grown by a spontaneous nucleation method. The crystals obtained were char-

acterized by X-ray powder diffraction, derivative differential thermal analysis, Fourier transform infrared spectroscopy,
UV–visible diffuse reflectance spectroscopy, and fluorescence spectroscopy, respectively. The electronic structure of
LiLa(MoO4)2 was calculated based on the density functional theory, indicating that it has a direct band gap of 2.57 eV. Theoretically, the band structure and density of states reveal that the optical properties of LiLa(MoO4)2 are mainly determined by the Mo
4d orbital.

Regular Articles
Dielectric, Magnetic and Magnetodielectric Characteristics of LuFeO3 Ceramics ........................................
......................................................................... QIN Ying, WU Shuya, LIU Xiaoqiang, CHEN Xiangming

(63)

LuFeO3 ceramics with an orthorhombically distorted perovskite structure in space group Pbnm were synthesized, and the struc-

tural, dielectric, magnetic, magnetodielectric and ferroelectric properties were investigated systematically. Two Debye-type dielectric relaxations were observed at low temperatures (140-250 K) and high temperatures (350-500 K) respectively. The low
temperature relaxation originated from the electron hopping between Fe2+ and Fe3+ ions, while the high temperature relaxation
was related with oxygen vacancies. The Néel temperature for LuFeO3 was 628 K, and the weak ferromagnetic characteristics
were detected at room temperature owing to the canting angle of magnetic spins. Ferroelectric loops were determined at room
temperature, and the values of electric polarization increased with an applied external magnetic field. The dielectric anomalies
near the magnetic transition temperature implied the substantial magnetodielectric effect. Meanwhile, room-temperature magnetodielectric effect was detected, and LuFeO3 might be expected as a promising candidate for multiferroic new materials.

Synthesis of Co-Al-layered double-metal hydroxides and the friction performance .....................................
.................. BAI Zhimin, LI Shuo, WANG Zhenyu, ZHANG Tianguang, FU Fan, YANG Na, LOU Gaojin

(70)

Co-Al-layered double-metal hydroxides were synthesized by a co-precipitation method with carbonate or dodecylsulfate or bo-

rate. The samples were characterized by Fourier Transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), thermo gravimetric analysis-differential scanning calorimetry (TG-DSC), scanning electron microscopy (SEM), respectively. Their frictional
features were evaluated in a four-ball friction tester, gear tester and air compressor. The results show that three LDHs products
have the similar hexagonal platelet morphology and the same cell parameter a0 of 0.31nm, as well as different c0, gallery height
and interlayer anions. The use of LDHs powder as a lubricant can reduce friction coefficient, wear of frication pairs, temperature
of lubrication oil and power consumption of driving motor. They could be one of the innovative lubrication and anti-frictional
materials for the potential applications. The anionic species are an important feature promising LDHs friction performance, the order of contribution could be carbonate > dodecylsulfate > borate.

Development on Single Ion Polymer Electrolytes for Lithium Battery Applications ....................................
CAI Weiwei, LI Jing, ZHANG Yunfeng, XU Guodong, Rupesh ROHAN, SUN Yubao, CHENG Hansong

(78)

Recent research activities on single ion polymer electrolyte (SIPE) that provides a simple but important way to solve problems

related to battery safety and lithium dendrite formation for lithium based battery applications were reviewed. Improvement in both
ionic conduction property and battery performance has been achieved during the last two decades. The ionic conduction mechanisms to guide SIPE molecular structure design, membrane preparation and battery assembling have been more clarified. Prototypes with both gel and all-solid systems have been demonstrated with acceptable performance and stability. In addition, the future prospects for the development of SIPE materials in lithium battery applications were also described.

The Sixth Forum on Inorganic Materials
—Advances in the Materials Genome Project
Held in Shanghai in April, 2014
Organized by the Chinese Ceramic Society (CCS), the Division of Chemical, Metallurgical and
Materials Engineering of the Chinese Academy of Engineering (CAE) and Shanghai University (SU), The
Sixth Forum on Inorganic Materials —Advances in the Materials Genome Project was held in SU on April
18-20. Over 200 scholars and experts gathered in SU with great interests in the

materials genome project

focusing on accelerating the design and deployment of new materials.
Academician Wu Yicheng presided over the opening ceremony and Mr Jin Zhanping, the president of
CCS, read out the congratulatory letter written by Prof. Xu Kuangdi, former president of the CAE. In his
letter, Prof. Xu pointed out that the convening of this forum is a significant event in the field of materials
research, and that the concept of “materials genome” was proposed in an attempt to reform the traditional
way of thinking and the style of working practiced by the materials scientists and engineers, so as to
promote the materials science and strengthen the manufacturing industry of our country .
More than 50 scientific reports and papers were presented for academic discussion and exchanges.
Among the attendees are not only celebrated scholars and experts from research institutes and universities,
and industries, but also a great many young researchers and students.
The topics of the presentations cover three aspects that the materials genome project concerns, i.e.
high-throughput experiments, computation and databases. Fundamental researches have been conducted on
multi-scale calculations from the microscopic first-principles calculations and molecular dynamics
simulations, to the mesoscopic computational thermodynamics/kinetics and computational mechanics, and
the macroscopic finite element analysis, etc. Effort has been put on the integration of all computational
methods at multi-scale levels of space and time. The databases for multi-component multi-phase
engineering materials are in fact comprehensive and careful assessments of all experimental and
computational results, and in turn improve the efficiency of further experiments and promote the accuracy
of calculations by implementing more reasonable model parameters. In this way, the rational materials
design based on the innovation infrastructure can significantly accelerate the materials discovery,
development and deployment.
Two special seminars were organized with the view to manifest the effectiveness of the
high-throughput experimental technologies in speeding up the process of materials discovery and synthesis,
especially in promoting industrialization of the laboratory research work. Dr. Wang Youqi, CTO of Yasheng
Tech Co., Ltd. (Shanghai) and Dr. Dipu Pramanik, vice president of Intermolecular Co. from the United
States presented technical reports entitled “Application of high-flux technology to the development of
inorganic materials and solid catalysts” and “High productivity combinatorial (HPC™) for thin-film
material, device, integration R&D”, respectively.
To encourage free discussions in a relaxed atmosphere, an academic salon was arranged so that the
attendees had a chance to express their academic opinions, suggestions and prospects regarding the
materials genome.

