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In the United States and rest of the world, there are abundant shale 
gas resources which are either physically or economically stranded. 

Commercially, natural gas conversion to chemicals is based on an indirect 
conversion route via syngas, followed by subsequent conversion processes 
(methanol plus metholine to gasoline (MTG) process, or Fischer-Tropsch and 
product refining).  The indirect conversion processes are very capital intensive 
and less energy efficient. This presentation emphasizes the direct conversion 
of natural gas constituents (C1-C3) into aromatics and olefins using transition 
metal promoted Zeolite Socony Mobil–5 (ZSM-5) catalysts. Catalyst activity, 
selectivity, deactivation and regeneration of metal-promoted ZSM-5 zeolite 
catalysts will be discussed. We will introduce a new approach that employs 
non-thermal plasma to intensify catalytic reaction for natural gas conversion. 
Under low reaction severity, this approach synergistically integrates plasma 
reaction chemistry with novel heterogeneous catalysis that decouples methane 
activation from catalytic surface reaction, shifting rate-determining step from 
methane activation (cracking C-H bond) to surface C-C formation. One of the 
focus areas of the research is to elucidate deactivation mechanism of Ga-
Pt prompted HZSM-5 and investigate feasibility of regenerating deactivated 
catalysts for commercial viability. The variation in daily production volume and 
the change in shale gas composition over time are hurdles to the engineering 
design of large chemical plants using shale gas as feedstock.  The process 
intensified modular production at natural gas production site overcomes the 
hurdles with low capital requirements and flexible deployment and operation. 
Most importantly, the process intensification reduces energy consumption, 
waste production, and ultimately resulting in cheaper and sustainable 
technologies. This presentation includes direct natural gas conversion to 
aromatics using low-temperature plasma catalytic rector, natural gas pyrolysis 
for the production of CO2-free H2 and carbon nanotubes. The challenge in 
advance the fundamental science aspects presented in direct natural gas 
conversion will be discussed.
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The future regulations in greenhouse gases emissions lead the society to 
find efficient processes for the stabilization of atmospheric CO2. Among 

the different processes, such as reutilization as an alternative to its geological 
storage, the catalytic valorization of CO2 methanation, i.e. CO2 hydrogenation, 
stands as a promising and industrial-scale applicable technology. Although 
CO2 conversion into methane is exothermic and thermodynamically favorable 
at ambient temperature, a catalyst and high temperatures (> 350°C) are needed 
in order to achieve acceptable methane yield. Though many different metals 
have been used to catalyze the methanation process, the catalysts mostly 
based on Group VIII metals, such as Ni and Ru mainly supported on porous 
supports, are the most developed catalytic systems. Ni-based catalysts 
have been widely investigated, because of their good compromise between 
activity and economics. In order to decrease the operating temperature for 
the methanation of CO2, the association of a catalyst with non-thermal plasma 
have been recently proposed, with dielectric-barrier discharge plasma (DBD), 
producing a wide variety of active species such as electrons, ions and radicals, 
improving the CO/CO2 methanation reaction. In this study, we evaluated the 
coupled plasma DBD – Ni/CeZrO2 system in studying more particularly, the 
influence of plasma and other operating parameters.
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The concept of gene expression is continuously explained with epigenetic 
modification. Post-translational histone acetylation and DNA methylation 

are dominant epigenetic alterations of the genome. Histone deacetylases 
(HDAC) play essential role in this process and therefore are very intensively 
investigated drug targets. The alteration in the structure and function of 
HDAC isoforms are identified in the pathogenesis of inflammation, cancer, 
and neurodegeneration. Eleven human HDAC isoforms are sharing a highly 
conserved catalytic domain. Among them, HDAC6 and SIRT2 are important 
for a wide range of diseases, due to their unique physiological functions. In 
our research, we have applied pharmacophore modelling, virtual screening, 
molecular docking and molecular dynamic methodologies for design and 
identification of selective HDAC6 and SIRT2 inhibitors. Recently resolved the 
crystal structure of catalytic domain II of human HDAC6 discovered a wide 
binding site essential for the substrate recognition. We have successfully used 
these structural features of human HDAC6 catalytic domain II to rationally 
design selective HDAC6 inhibitors. Newly published X-ray structures of 
selective ligand-SIRT2 complexes have revealed high conformational flexibility 
of this enzyme, and gave us more details about mechanism of action of sirtuin 
2 inhibitors. Based on these findings we have performed molecular dynamic 
study of SIRT2 and tried to explain the conformational changes during enzyme 
catalysis. Since small number of selective HDAC modulators have been 
reported so far, rational design of HDAC6 and SIRT2 inhibitors are essential for 
further progress in discovery of epigenetic drugs.
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The purpose of the presentation is to develop a new and universe 
technology for protein analysis in one minute by HPLC, called as one 

minute-liquid chromatography (OMLC). OMLC includes: (1) the theoretical 
basis of two variables of substance retention under gradient elution in liquid 
chromatography; (2) methodology of integrating all assisted operations for 
substance separation together by online manner in liquid chromatography (LC); 
(3) a kind of special column whose length is smaller than its inner diameter, 
called as  chromatographic cake (CCK), to be employed for separation unit; (4) 
several examples for ultra-separation of proteins, peptides , and common small 
solutes to be tested by reversed phase liquid chromatography, hydrophobic 
interaction chromatography, ion-exchange chromatography, resulting in 
successfully complete five separation less in 10 min.
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Two-dimensional (2D) electrides, emerging as a new type of layered material 
whose electrons are confined in interlayer spaces instead of at atomic 

proximities, are receiving interest for their high performance in various (opto) 
electronics and catalytic applications. A realization of electrides containing 
anionic electrons has been a great challenge because of their thermodynamic 
stability. For example, experimentally, only a couple of layered nitrides and 
carbides have been identified as 2D electrides. We developed a material by 
design scheme and applied it to the computational exploration of new low-
dimensional electrides. Our approach here offers an important alternative that 
overcomes the current limitation on discovery of new 2D inorganic electrides. 
By combining the global structure optimization method and first-principles 
calculations, we identified new thermodynamically stable electrides that are 
experimentally accessible. Most remarkably, we, for the first time, reveal an 
effective design rule for 2D electrides. We then discover another new class 
of electrides, the first electride with nontrivial band topology, based on 1D 
building block by coupling materials database searches and first-principles-
calculations-based analysis. This new class of electrides, composed of 1D 
nanorod building blocks, has crystal structures that mimic β-TiCl3 with the 
position of anions and cations exchanged. Unlike the weakly coupled nanorods 
of β-TiCl3, Cs3O and Ba3N retain 1D anionic electron along the hollow inter-
rod sites; additionally, strong inter-rod interaction in C3O and Ba3N induces 
band inversion in a 2D superatomic triangular lattice, resulting in Dirac nodal 
lines. Our work represents an important scientific advancement over previous 
knowledge of realizing electrides in terms of both materials and design 
principles, and should interest the communities of catalytic chemistry, surface 
physics, and structural chemistry, as well as the related engineering disciplines.
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Chronic pain affects 1.5 billion people worldwide, causing a great deal 
of discomfort among patients and an enormous economic and societal 

burden. Inadequate pain control, undesirable side-effects associated with 
current analgesics as well the recent opioid crisis have revived interest in 
analgesic drug development. The challenge is to develop original analgesics 
with novel modes of action to address the unmet needs of patients. Pichon 
recently reported that disrupting the interaction between the PDZ-containing 
protein PSD-95, and the endogenous ligand 5-HT2A receptor, reduced 
hyperalgesia suggesting inhibition of this PDZ protein could result in analgesia. 
Devilliers reported that TWIK-Related K+ channel TREK-1 -/- mice were more 
sensitive than wild-type TREK-1 +/+ mice to painful stimuli, suggesting that 
activation of TREK-1 could result in pain inhibition. Various approaches of drug 
discovery were explored in order to develop original analgesic drugs targeting 
PSD-95 and TREK-1.
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Phosphinidene tungsten pentacarbonyl complexes are extremely unstable, 
highly reactive and could be generated in-situ only. These intermediates 

could be trapped easily in presence of various reagents containing π-systems to 
afford a number of P-heterocycles. A number of compounds are known to give 
phosphinidene intermediates but 2H-azaphosphirene tungsten pentacarbonyl 
complex is the most stable precursor for the in-situ generation of terminal 
phosphinidene complexes. Recently, we found that terminal phosphinidene 
tungsten pentacarbonyl complex reacted efficiently with the reagents 
containing no π-systems. For example, a reaction of terminal phosphinidene 
complex with CCl4 resulted in dehalogenation, which established the route for 
the selective insertion of posphinidene complex into carbon-halogen bonds.  
Such reaction also resulted in dehydroiodination. A reaction of triethylamine 
with phosphinidene complexes resulted in the formation of primary phosphine 
complex via dehydrogenation.

1. A A Khan, C Wismach, P G Jones and R Streubel (2003) An unconventional 
route to [(Me3Si)2HCPCl2W(CO)5] and its conversion to the structurally 
characterized P-chalcogenides (Me3Si)2HCP(X)Cl2[X = S, Se] Dalton Trans.,2483

2. A Ozbolat, A A Khan, G von Frantzius, M Nieger  and R Streubel (2007) 
Dehydroiodination   of   iodo- and   diiodomethane by a transient   phosphinidene 
complex. Angew. Chem., Int. Ed. Engl, 46, 2104.
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