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Dr. Muhammad Usman and his team from KFUPM (Prof. Zain H. Yamani, Dr. Bassem A. Al-

Maythalony, Dr. Habib, Akram Ghanem, Omar Waqas Saadi, Murad Ali, Dr. Mohammad A. Jafar

Mazumder, Safwat Abdel-Azeim) and his GSI Germany colleagues (Dr. Mubarak Ali and Wolfgang

Ensinger), in October 2020, published a high-profile scientific article in the prestigious American

Chemical Society Journal of Applied Materials & Interfaces. . . . . details on page 3
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Sieving Artificial Polymeric Nanochannels with Metal-Organic Frameworks

Progress in layered cathode and anode nanoarchitectures for charge storage devices:

challenges and future perspective

A workshop on "Introduction to Atomistic

Computation" was organized by the Center of

Research Excellence in Nanotechnology (CENT)

from November 1 to 17, 2020. The workshop was

offered to 22 graduate and post-graduate participants

from different regions of the Kingdom of Saudi

Arabia . . . details on page 5

Workshop on Introduction to Atomistic
Computation

A team from KFUPM, specifically the Center of Research Excellence in

Nanotechnology (CENT) comes forward to provide thorough literature review

of the available electrode materials with unique layered morphologies.
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K.A.CARE Research Fellowship Award AY2020-2021
Congratulations to Dr. Mohamad Shamsuddin Qamar for his

nomination to the King Abdullah City for Atomic and Renewable

Energy (K.A.CARE) Research Fellowship Award AY2020-2021.

CENT is proud of Dr. Qamar’s achievements, and wishes him

continued success and excellence.

New CENT Member

Dr. Khaled Hassanein Ahmed joined the Center of Research

Excellence in Nanotechnology as a postdoctoral fellow on the Saudi

Aramco sponsored Carbon Capture and Conversion Chair program.

Farewell to Post-Doctoral Research Fellows
CENT bids farewell to Dr. Yahya Sandali and Dr. Esmail Salhabi.

They have completed their postdoctoral research fellowship

assignments at CENT with significant contributions to the Center.

The Center is grateful to them for their outstanding performances and

contributions and wishes them success in their future endeavors.

New CENT Affiliate
CENT is glad to announce that Prof. Fahhad Alharbi of Department of

Electrical Engineering is now a CENT affiliate. His research portfolio is

structured around computational materials design with more emphasis

on computational methods development and device physics and

engineering.

Best Poster Award
Congratulations to Mr. Syed Shaheen Shah for his participation and

winning the best poster award at the International Workshop on

Nanomaterials for Energy Conversion, Emerging Photovoltaic

Technologies (NEEPO-20) organized by the National Center for

Physics (NCP), Islamabad, Pakistan.
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As a part of CENT mission for adopting and qualifying the

nation’s talents and competencies in the field of science and

engineering, CENT is hosting two high school students

(Mansour Al-Marzooqi and Abdullah Al-Ghamdi) for

training

CENT hosts high school students in preparation for national 

competition

NEW EQUIPMENT: Redox Flow Cell Test System

CENT received "Redox Flow Cell Test System" for

flow cell research & development. The system is

designed for electrochemical evaluation of electrodes,

electrolytes and membranes for liquid flow batteries,

e.g., vanadium redox flow battery. The purchase of this

Redox System is part of the research program CENT is focusing on. This includes

developing nanoengineered electrodes, high-energy density electrolytes, and

nanomaterial-based membranes for improvement of state-of-the art liquid flow

batteries. These areas of research are highly relevant to the Kingdom's Vision 2030,

which envisions enhancing the reliable transmission and storage of renewable energy.

The redox flow system has the following unique features:

❖ Multi-range potentiostat with high accuracy and a 20 A current range.

❖ Whole and half-cell voltage, EIS and high-frequency resistance measurement.

❖ Impedance analyzer for EIS and HFR measurements during charge, discharge and at OCV.

❖ State-of-charge (SOC) voltage inputs for DC SOC measurement when used with SOC cell.

❖ Rigorous electrochemical evaluation of electrodes, electrolytes and membranes for aqueous 

and non-aqueous media.

❖ Electrolyte reservoir stirring.

training under supervision to carry out experiments and preliminary research that will

help them in the National Olympiad for Scientific Creativity (Ibdaa competition). This

is an important stage for nomination for the Intel International Science and

Engineering Competition (Intel ICEF).
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Sieving artificial polymeric nanochannels with Metal-Organic Frameworks:

A Research Team at KFUPM has grown MOF in artificial polymeric

nanochannels for hydrocarbon purification, which was published in a high-

profile journal

cycles of growth showed defect-free MOF growth

continuity, strong attachment of MOF to the

support, and a high degree of flexibility. The

flexibility and the strong confinement of the

obtained membrane upon folding and shaking

result from; (i) the flexible np-PET support, (ii)

coordination attachment between the HKUST-1

and support, and (iii) the growth of HKUST-1

crystals in nanoconfined geometries. The MOF

has a preferred growth orientation with a window

size of 3.5 Å, which can separate CO2 from natural

gas and olefins. Experimental and DFT results

show that the restricted diffusion of gases only

takes place through the nanoporous MOF confined

in the np-PET substrate. This research thereby

provides a new perspective to grow other porous

MOFs in artificially prepared nanochannels for the

realization of continuous, flexible, and defect-

free membranes for various applications.

Dr. Muhammad Usman and his team from KFUPM

(Prof. Zain H. Yamani, Dr. Bassem A. Al-

Maythalony, Dr. Habib, Akram Ghanem, Omar

Waqas Saadi, Murad Ali, Mohammad A. Jafar

Mazumder, Safwat Abdel-Azeim) and his GSI

Germany colleagues (Dr. Mubarak Ali and

Wolfgang Ensinger) published a high-profile

scientific article in the prestigious American

Chemical Society Journal of "Applied Materials &

Interfaces“ in October, 2020. In this study, the team

discovered the first-ever flexible, continuous, MOF

membrane for hydrocarbon purification. This

discovery is an outcome of continuous research

work lasting three years. The researchers finally

demonstrated the confinement by the porous metal-

organic framework of the track-etched

nanochannels of polyethylene terephthalate (np-

PET) membrane using liquid phase epitaxy (LPE)

technique. The composite membrane (MOF/np-

PET) resulting from 100 Continued on page 5
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Continued from page 4

In this research, KFUPM researchers used the

polymeric nanopores prepared in GSI Germany by

Dr. Mubarak Ali to grow MOFs in these

nanochannels. Previously, several unsuccessful and

non-continuous growth have been reported.

However, KFUPM researchers made history by

filling these nanochannels with MOFs to decrease

300 nm pores to 0.35 nm pores, which were used

for hydrocarbon purification. As MOF is

chemically bonded to the wall and surfaces of the

nanochannels, it is not detached by folding,

shaking, or under ultrasonic vibrations. Details of

the synthetic strategy are given in the main

manuscript and SI at the following link:

https://pubs.acs.org/doi/10.1021/acsami.0c13715.

This work also covered the successful execution

of the project "MOE-RDO High Quality-Impact

Research Publication Initiative". The research

work under the Saudi Aramco Chair-Program at

KFUPM continues to progress in a positive

direction with the discovery and synthesis of

several new MOF-related materials. Dr. Usman

is a member of the program at KFUPM, and his

research is focused on the applications of MOFs

for CO2 capture and its conversion to useful

products. The discovery of this study will

reinforce the spirit of the applications of MOFs

to solve the current challenges of CO2 capture

and conversion under the guidance and

coordination of Prof. Zain H. Yamani, the

Director of the Center of Research Excellence

in Nanotechnology (CENT) at KFUPM.

Optical photos of the prepared HKUST-1 MOF np-PET membrane after 100 cycles

growth showing the flexibility and transparency nature of the membrane.
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Workshop on Introduction to Atomistic Computation

It was prepared, planned and delivered by Dr. Muhammad Ali and Dr. Saad Alqahtani under the

supervision and support of Prof. Zain Hassan Yamani. It was delivered intensively in 7 sessions (2 hours

per session and 3 sessions per week). Initially, an ice-break session was delivered on October 27, 2020

by Prof. Yamani to illustrate the nature of computation and ensure the technical readiness of the

participants. Also, a closing session was organized on November 17, 2020 where Prof. Yamani

presented a summary of the expected acquired skills and discussed the feedback given by the

participants. In addition, Dr. Ali and Dr. Alqahtani demonstrated the importance of computation in

various research disciplines, such as nanostructured chemical sensors, novel nano-scale electronic

devices, non-toxic thin film solar cells, etc. A follow-up session was also opened for the participants to

address their queries about atomistic computation on November 26, 2020.

In this workshop, the fundamental computational theory along with numerical and programming

methods were conveyed in order to understand and predict properties of materials. During the

workshop, the following topics were covered: a) basic quantum mechanics and Schrodinger wave

equation; b) particle in a box and multi-electron problems; c) Born-Oppenheimer and Hartree-Fock

approximations; and d) density functional theory (DFT). In addition, the participants had the

opportunity to learn basic Python scripting for performing related numerical methods, numerical

solution of Schrodinger equation for 1D and 3D particle in a box, and numerical solution of Kohn-Sham

equation using self-consistent field procedures. Moreover, training sessions were delivered on designing

structure of materials and atomistic calculation using VESTA and open-source Quantum Espresso (QE)

simulation package, respectively. Several examples of designing bulk crystal systems and

nanostructures were illustrated using VESTA. Also, the QE was employed to study the structural and

electronic properties of graphite in the framework of density functional theory. As the outcome of the

workshop, the participants are expected to be able to read papers that report about DFT results, and

make basic calculations using an open source DFT code
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A Workshop on "Introduction to Atomistic

Computation" was organized by the Center of

Research Excellence in Nanotechnology (CENT)

from November 1 to 17, 2020. The workshop was

offered to 22 graduate and post- graduate

participants from different regions of the Kingdom

of Saudi Arabia.
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HIGH PROFILE REVIEW ATRICLE: Progress in layered cathode and anode

nanoarchitectures for charge storage devices: Challenges and future perspective

A CENT team published an

article in one of the most

prestigious journals, i.e.,

Energy Storage, under the title

“Progress in layered cathode

and anode nanoarchitectures for

charge storage devices: Challenges and future

perspective” https://doi.org/10.1016/j.ensm.2020.11.033. 

The published article provides information and recent 

progress in various classes of layered materials (2015-

2020).

Modern electric vehicles, cell phones, hydropower 

plants, windmills, etc. purely rely on energy resources. 

Rechargeable batteries and supercapacitors are the 

ultimate solutions to modern world challenges. 

Therefore, researchers are trying hard to develop novel 

materials for next-generation devices, which could have 

properties to store and generate more energy than the 

existing materials.

A team from KFUPM, specifically the Center of 

Research Excellence in Nanotechnology (CENT) comes 

forward to provide a thorough literature review of the 

existing electrode materials with unique layered 

morphologies.

Dr. Shahid Ali and Dr. Safyan A. Khan (Experts in the 

development of advanced nanomaterials for energy and 

oil field applications) provided an overview of the role of 

layered chalcogenides, layered perovskites, and in situ 

investigations of various reactions occurring in recently 

developed electrochemical energy storage (EES) devices. 

Moreover, they provided in-depth information about the 

role of electrolytes and their modifications.

Graphical representation of potential 

layered cathode and anode materials 

with challenges and perspectives.
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Dr. Muhammad Usman (Expert in thin-film

fabrications and MOFs Chemistry) collected

interesting facts about the challenges that could be

investigated to deploy the MOFs more effectively in

the next-generation EES devices. He believes that the

elastic nature and tuneable properties of MOFs can be

game changers in the EES industry.

Dr. Nadeem Baig a researcher from the Center of

Research Excellence in Desalination & Water

Treatment, examined graphene and the layered nature

of few reported metal oxides. He concluded that due to

economic aspects and abundant nature of metal oxide,

modern technologies can be based on these materials

with proper modifications. Moreover, Li-ion battery is

already a key component in electric cars, mobile

phones, and medical and military technology.

Investigating the economically feasible materials, Dr.

Ibrahim Khan (Expert in layered material synthesis and

energy applications) concluded that layered materials

based on carbon, perovskites, and Mxenes could have

potential applications in the modern EES devices.

These materials already show exceptional rate

capabilities and power retention. According to his

survey, photo-batteries and photo-capacitors are the

perspectives of next-generation EES industry.

Charge storage devices: Real game-
changers in prominent energy 
sectors.

Acknowledgment:

The work is supported by “Research and Development Office, Ministry
of Education (RDO-MOE), Saudi Arabia under High Quality-Impact
Research Publication Initiative (Project # RDO-HQIP19_25).
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Ultrasonically controlled growth of monodispersed octahedral BiVO4

microcrystals for improved photoelectrochemical water oxidation

The synthesis of facet-controlled structures with precise morphology and an exposed reactive

surface is one of the key research challenges. Monodispersed octahedral bismuth vanadate

microcrystals with exposed {1 0 1}, {2 0 0}, {3 1 2} and {0 2 1} dominant facets were obtained

through an optimized sonochemically assisted hydrothermal process. A pulse sonication (5-s ON

and 2-s OFF cycle, 21 W ultrasonic power, and 20 kHz ultrasonic frequency) for 30 mins followed

by 1 h hydrothermal treatment was found to yield the preferred octahedral morphology.

Microscopic and X-ray analysis suggest a potent role played by the ultrasonic waves for the initial

seed growth and its evolution into a well-defined monodispersed microcrystals. Density functional

theory (DFT) calculations reveal strongly localized bandgap states with a bandgap of ≈2.47eV. PEC

measurements for water oxidation demonstrate the efficacy of these microcrystals as

photoanodes. Notably, the optimized octahedral BiVO4 microstructure exhibits a superior

performance as evident from photocurrent density ≈0.9mAcm−2 at 1.23V vs. RHE and %IPCE value

of ≈22% compared to analogous photoanodes under visible light irradiation.

Ibrahim Khan, Abdul Zeeshan Khan, Ali Sufyan, Mohd Yusuf Khan, Shaik Inayath Basha, Abuzar Khan

https://doi.org/10.1016/j.ultsonch.2020.105233

Abstract
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US Patent No 10843930 

SYSTEMS AND METHODS FOR SYNTHESIS OF ZSM-22 ZEOLITE
Emad Naji Al-Shafei;  Oki Muraza; Anas Karrar Jamil; Ki-Hyouk Choi; Zain H. Yamani

Date filed: November 11, 2019

Date of Patent: November 24, 2020

Abstract:

Systems and methods for production of uniformly-sized ZSM-22 zeolite catalyst crystals, a method

including preparing an aluminate solution; preparing a silica solution; mixing the aluminate solution

and the silica solution to form a zeolite-forming solution; heating the zeolite solution with microwave

irradiation in a first, a second, a third, and a fourth distinct isothermal stage to produce the uniformly-

sized crystals of ZSM-22 zeolite catalyst within a pre-selected crystal size range using a non-ionic

surfactant.

Click here for more details

US Patent No 10844500

METHOD FOR MAKING A Pd-DOPED ZINC OXIDE 

CONDUCTING ELECTRODE
Md. Abdul Aziz; M. Nasiruzzaman Shaikh; Zain H. Yamani; Wael Mahfoz;  Fatai Bakare

Date filed: February 2, 2018

Date of Patent: November 24, 2020

Abstract:

A method for producing a palladium-coated doped-metal-oxide conducting electrode by immersing a

metal-oxide conducting electrode in an aqueous solution with a palladium precursor salt to form the

metal oxide conducting electrode with at least one surface coated with a palladium precursor. The

palladium precursor on the metal oxide is reduced with a borohydride compound to form a layer of

palladium nanoparticles on the metal oxide conducting electrode. The palladium nanoparticles on the

metal oxide conducting electrode have an average diameter of 8 nm to 22 nm and are present on the

surface of the metal oxide conducting electrode at a density from 1.5×10−3 Pd·nm−2 to 3.5×10−3

Pd·nm−2.

Click here for more details

LATEST CENT AFFILIATED  PATENTS
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US PATENT, US 10858327

METHOD OF HYDROGENATING A COMPOUND HAVING AN N-

HETEROCYCLIC AROMATIC RING
M. Nasiruzzaman Shaikh; Zain H. Yamani

Filed: February 13, 2020

Date of Patent: December 9, 2020

Abstract:

A method of reducing an aromatic ring under relatively mild conditions using sub-nano particles of a

transition metal supported on super paramagnetic iron oxide nanoparticles (SPIONs). The catalyst is

efficient for catalyzing the reduction of both carbocyclic and heterocyclic compounds. In compounds

with both carbocyclic and heterocyclic aromatic rings, the catalyst displays a high

species selectivity for the heterocyclic ring.

Click here for more details

US Patent No 10844281 

METHOD FOR MAKING In2O3 NANOARRAY AND USE FOR 

SPLITTING WATER
Ahsanulhaq QURASHI, Ibrahim Khan

Date filed: August 29, 2019

Date of Patent: November 24, 2020

Abstract:

A method of forming a one-dimensional nanoarray of In2O3 nanowires on indium foil is disclosed. The

nanowires of In2O3 have diameters of 30 nm-50 nm and lengths of 100 nm-200 nm, and are attached

to and substantially perpendicular to the surface of the indium foil. The In2O3 nanoarray may have a

nanowire density of 200-300 nanowires per μm2 of indium foil and a band gap energy of 2.63-3.63 eV.

The In2O3 nanoarrays may be formed by the anodization of indium foil in an electrochemical cell

subjected to a voltage of 15-25 V at room temperature.

Click here for more details

LATEST CENT AFFILIATED  PATENTS
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LATEST CENT AFFILIATED  PATENTS

US Patent No US10836952

OIL RECOVERY METHODS USING CARBOXYLATED 

PYROLYZED DATE LEAVES 
Md.Abdul Aziz, Bashirul Haq, Abbas Saeed Hakeem, Dhafer A. Al Shehri

Date filed: August 14, 2019

Date of Patent: November 17, 2020

Abstract:

A method is disclosed of recovering a hydrocarbon from a reservoir, whereby an oil recovery

formulation containing pyrolyzed date leaf particles functionalized with carboxylic acid is injected

into the reservoir, and the hydrocarbon is collected from the reservoir. Pyrolyzed date leaf particles

functionalized with carboxylic acid are obtained from date leaves by cutting the date leaves and

drying, pulverizing in the presence of a metal bicarbonate, pyrolyzing at 700 to 1,000°C, and treating

the product thus obtained with an acid solution that includes nitric acid to introduce carboxylic acid

functional groups.

Click here for more details

US Patent No US10844165

COPOLYMER, A METHOD OF SYNTHESIZING THEREOF, AND A 

METHOD FOR PRODUCING HYDROGEN GAS
Nisar Ullah, Muhammad MANSHA, Ibrahim Khan, Ahsanulhaq QURASHI

Date filed: March 02, 2018

Date of Patent: November 17, 2020

Abstract:

A copolymer containing carbazole-based and vinylene based moieties, a photoelectrode comprising a

metal oxide substrate and the copolymer as a photo electrocatalyst component to the photoelectrode,

as well as a photoelectrochemical cell including the photoelectrode. Methods of producing the

copolymers, and methods of using the photoelectrochemical cell to produce hydrogen gas are also

provided.

Click here for more details
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LATEST CENT AFFILIATED  PATENTS

US Patent No US10858292

METHOD FOR MAKING AN AL2O3—cBN COMPOSITE
Abbas Saeed Hakeem, Tahar Laoui, Hafiz Muzammil IRSHAD, Bilal Anjum Ahmed, Muhammad Ali Ehsan

Date filed: July 10, 2019

Date of Patent: December 08, 2020

Abstract:

Conventional sintering processes convert a portion of cubic boron nitride (cBN) to hexagonal BN

(hBN) which is softer than cBN, negatively affecting the functional properties of an alumina

composite. The invention is a method for making an alumina-cubic boron nitride (Al2O3-cBN)

composite that does not contain a substantial amount of hBN by non-conventional spark plasma

sintering of cBN with nano-sized alumina particles. The invention is also directed to Al2O3-cBN/Ni

composites, which do not contain substantial amounts of hBN, and which exhibit superior physical

and mechanical properties compared to alumina composites containing higher amounts of hBN.

Click here for more details

US Patent No 10844281 

METHOD FOR SIZE CONTROLLED PREPARATION OF 

FUNCTIONALIZED GOLD NANOPARTICLES
Md. Abdul Aziz, Mohammed Nasiruzzaman Shaikh, Zain Hassan Yamani

Date filed: December 17, 2018

Date of Patent: November 24, 2020

Abstract:

Monodispersed carboxylate-functionalized gold nanoparticles comprising a capping agent layer of

pamoic acid and colloidal suspensions thereof are disclosed. These gold nanoparticles have an average

particle size greater than 15 nm or less than 8 nm and demonstrate significant fluorescent properties.

In addition, a method for the size-controlled preparation of these monodispersed carboxylate-

functionalized gold nanoparticles wherein pamoic acid acts as both a reducing and capping agent and

wherein the size of the particles can be controlled by the pH of the process is disclosed. A method for

the size controlled preparation of these monodispersed carboxylate-functionalized gold nanoparticles

utilizing seed mediated growth is also disclosed.

Click here for more details
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The Center has done extremely well in the area of publications in the year 2020, recording a total

of one hundred and fifty-four (154) affiliated ISI publications and sixteen (16) US Patents granted.

SOME HIGH IMPACT PUBLICATIONS

CENT hits record number of affiliated publications and issued patents 

in a year
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