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First-Principles Investigation of Graphene/Silicene 
and Graphene/Germanene Heterobilayers 

 

 

Graphene, silicene and germanene are two-dimensional 
nanomaterials with various applications in novel electronic and 
spintronic devices. Although having multiple superior properties, they 
are still plagued with two major disadvantages namely zero-bandgap 
and needing a suitable substrate to grow. One possible solution to 
overcome this issue is by forming a heterobilayer where two 
monolayers are stacked on each other. In our work, silicene and 
germanene are stacked on top of graphene which works as a 
substrate. Stabilities and electronic properties of graphene/silicene 
(Si2C6) and graphene/germanene (Ge2C6) are investigated in three 
different stacking configurations which are top, hollow and bridge 
configurations (Figure 1) using density functional theory.  
 
 
 
 
 
 
 
 
 
 
From structural optimization, both Si2C6 and Ge2C6 are the most stable when 
they are in top stacking followed by hollow and bridge configuration. The 
stability of the structure is considered based on the largest binding energy of 
the stacking configuration. Due to the broken inversion symmetry from the 
stacking, the top configuration for Si2C6 and Ge2C6 produce a bandgap of 32 
meV and 60 meV respectively (Figure 2a). Si2C6 and Ge2C6 are held together 
by van der Waals (vdW) forces because of the weak charge transfer from 
graphene to silicene or germanene monolayer (Figure 2c) and the lack of new 
electronic states formed from the hybridization of C, Si and Ge atomic orbitals. 
As perpendicular strain increases, the interlayer distance between the 
monolayers decreases due to a stronger vdW interaction which eventually 
increases the bandgap of the heterobilayers (Figure 2b).  
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The results have shown that the bandgap of the 
heterobilayers can be altered and modulated by 
controlling the stacking configuration and interlayer 
distance. This work provides useful information and 
options to experimentalists in the development of better 
materials for nanoelectronics, solar cells, optoelectronic 
and spintronics. 

 

Figure 2: a) Band structure of top configuration heterobilayer b) interlayer 
distance and bandgap when strain is applied and c) charge transfer. 
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Figure 1: Stacking of (√3 × √3 ) R30° 
graphene with silicene or germanene 

in a) top b) bridge and c) hollow 
configuration. 
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Welcome to the Newsletter e-Science Putra. This issue present research activities from September 

until December 2022 which highlights the latest research findings and activities by the faculty 

members. 



 

  

Scanning electron microscopy (SEM) microanalysis of precipitated 

CaCO3 crystals revealed CaCO3 crystals of various sizes (2.0m - 

23.0m) with various morphologies such as 

agglomeratedrhomboids, cubic, flower-like, and irregular shaped 

crystals. XRD confirmed that the precipitated CaCO3 is mostly 

calcite with a few aragonites. SEM micrographs of organic and 

sandy clay soils treated by B.cereus and B. paramycoides revealed 

the formation of bio-precipitated calcium carbonate deposited on 

soil particles (Figure 2). As a result, the use of indigenous urease-

producing bacteria as agents for MICP applications is confirmed. 

The findings of this study are expected to serve as a foundation for 

the establishment of a reference on an improved, simple, 

environmentally friendly, and natural bio-mediated soil 

improvement method based on the precipitation of calcium 

carbonate by in situ soilureolytic bacteria with high urease activity 

crystals. 

 

Figure 2: SEM micrographs of precipitated calcium carbonate crystals by (a) Bacillus 
cereus and (b)) Bacillus paramycoides; XRD spectra of precipitated calcium carbonate 
crystals by (c) Bacillus cereus (d) Bacillus paramycoides. 
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Microbially Induced Calcite Precipitation (MICP) is a 

biomineralization technique that involves a biochemical process 

of precipitating calcium carbonate (CaCO3) crystals induced by 

active bacterial activity as a result of chemical reactions in the 

environment. Ureolysis has been reported to be more 

advantageous for a variety of technical applications due to its 

energy efficiency and ability to produce a large amount of CaCO3 

in a short period of time (Figure 1). The success of the MICP 

process is primarily influenced by in situ conditions such as 

particle size and distribution, temperature, water content, and 

treatment conditions such as cementation solution and bacteria 

concentrations (Saad et al, 2023). Despite numerous advances in 

MICP, the obtained microorganisms are frequently associated 

with drawbacks such as a reduction in the population of the 

introduced bacteria into the soil due to competition, mechanical 

stress, and predation caused by the organisms' non-adaptability 

to the local environment. Furthermore, introduced bacteria can 

have a negative impact on soil microbial communities by altering 

the ubiquitous interactions between soil microorganisms and 

changing the traits expressed by these microbial communities 

(Dardau et al, 2021). 

 
 
 
 
 
 
 
 
 
 
 
Figure 1:  Summary of calcium carbonate (CaCO3) formation via two methods; [A] Net 
breakdown of urea producing NH3 and CO2 which later were broken to form OH- and HCO3

- 

ions, respectively and combine with Ca2
+ from the environment; [B] Negatively charged 

bacteria well call attract Ca2
+ and form a ‘nucleus’ for HCO3

- attachment and form CaCO3 
(Dardau et al., 2021). 
 

Our research focuses on the use of indigenous bacteria species, 

particularly in Malaysian soil. Notably, indigenous microorganisms 

distributed within the soil environment can be enriched in situ (bio-

stimulation) by changing local environmental conditions that promote the 

diversity and distribution of the existing bacterial community with required 

urease capabilities for various MICP applications. A recent discovery 

shows that Bacillus cereus and B.paramycoides can increase the calcite 

content of bio-stimulated MICP treatment of expansive soil with 

indigenous ureaseproducing bacteria by up to 205%. (Dardau 2021).  

 

 

Towards The Self-Healing Crack: An Experiment With 
Indigeneous Bacteria 
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Sparse Optimal Control with Less Interference for Large-scale 
Interconnected Systems 

 

A standard optimal control problem of transferring an input 

into a desired output through an interconnected network is 

often described as a linear quadratic distributed control 

model as follows: 

𝑥̇ = 𝐴𝑥 + 𝐵1𝑑 + 𝐵2𝑢; 

𝑧̇ = 𝐸𝑥 + 𝐷𝑢, 

where 𝑥 ∈ 𝑅𝑛 , 𝑑 ∈ 𝑅𝑞 , 𝑢 ∈ 𝑅𝑚 and 𝑧 ∈ 𝑅𝑠 is the state variable, 

disturbance, control variable, and (performance) output, 

respectively, 𝐸 = [𝑄
1

2 0]
𝑇

∈ 𝑅𝑠×𝑛 and 𝐸 = [0 𝑅
1

2]
𝑇

∈ 𝑅𝑠×𝑚, 

with 𝑄 = 𝑄𝑇 and 𝑅 = 𝑅𝑇 is the state and performance 

weights, respectively. By letting the control 𝑢 = −𝐾𝑥, where 

𝐾 ∈ 𝑅𝑚×𝑛 denotes the state-feedback matrix, then the 

associated optimal control can be obtained by solving the 

following problem: 

𝑚𝑖𝑛𝐾 𝑡𝑟(𝑃𝐵1𝐵1
𝑇), 

where 𝑃 ∈ 𝑅𝑛×𝑛 is the observability Gramian satisfying the 

Lyapunov-Riccati (LR) equation: 

 (𝐴 − 𝐵2𝐾)𝑇𝑃 + 𝑃(𝐴 − 𝐵2𝐾) + 𝑄 + 𝐾𝑇𝑅𝐾 = 0. 

 

 

 

 

 

Figure 1: Left: Sparse-enhanced network structure; Right: Conventional structure. 

This classical optimal control design often results a dense feedback 

matrix, implying that the optimal controllers are formed using 

information from all subsystems carried in 𝐾. However, in large 

networks of dynamical systems controllers that based on dense 

feedback matrix may impose prohibitively expensive setup cost and 

computation burden. Moreover, in many applications, the 

communication graph does not have to be fully connected since the 

subsystems are dynamically coupled to each other and allowed to 

control their own states.  

Hence, it is clearly desirable to obtain a higher sparsity feedback matrix 

to reduce the setup cost for controllers that control the interconnected 

systems, especially when the size of the system is large. This kind of 

optimal control framework is applied to multiagent systems, optimal 

actuator placement, nodes selection, cellular mobile phone networks 

and robotics, to name a few. To generate more simple control law where 

the controllers can be switched off completely on parts of the time 

domain, the following new model is proposed and solved via the 

proximal alternating direction multipliers method:  

𝑚𝑖𝑛𝐾  ||𝐾||
0
 

𝑠. 𝑡.  𝑡𝑟(𝑃𝐵1𝐵1
𝑇) ≤ 𝑡𝑜𝑙, 

where 𝑃 and 𝐾 satisfy the LR equation. 

To illustrate the applicability of the new model formulation and solution 

method, a signal distribution problem of some cellular mobile network 

with 𝑛2 unstable nodes is considered.  

 

 

 

 
 

 

Figure 2: Left: Sparse feedback matrix; Right: Conventional dense feedback matrix. 

From Figure 1, one can see that by letting the subsystems be 

dynamically coupled to each other and allowed to control their own 

states as long as the overall performance is within an acceptable margin, 

the number of local connections will be greatly reduced. Mathematically, 

this translates to control problems for obtaining a sufficiently sparse 

feedback matrix that governs the control law (see Figure 2). 
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Ion transfer via the liquid-liquid interface has been of growing 

attention in several chemical and biological applications, such 

as the behaviour of drugs, membrane transport, and 

electrochemical liquid-liquid extraction. The utilization of 

electrochemical sensing platforms can be a solution for an on-

line detection without the need of sample extraction. The 

method has evolved from the transfer of small molecules, such 

as model ions (tetraalkylammonium ion), to the detection of 

various bioactive substances, including amino acids, peptides, 

proteins, neurotransmitters, drugs, DNA, and food additives. It 

also offers the advantages of simplicity of instrumentation, ease 

of miniaturisation, and portability. Dr. Ruzniza's research group 

has focused on the characterization and application of ion 

transfer at the interface between two immiscible electrolyte 

solutions (ITIES) using cyclic voltammetry (CV) and differential 

pulse voltammetry (DPV). 

The research is based on the application of liquid-liquid 

electrochemistry to study the behaviour of diclofenac anions (DCF−) 

and dibucaine cations (DIC+) on such regular ITIES, and in particular 

on the study of the pH ranges of the aqueous phase where the target 

drugs are ionised. Subsequently, important modifications has been 

made to the ITIES to improve the analytical performance and achieve 

lower detection limits and better sensitivity. This miniaturisation of the 

interface to micrometre size leads to improved diffusion rates for 

molecules in the aqueous phase, resulting in higher sensitivity and 

lower detection limits. Some thermodynamics variables for DCF− and 

DIC+, such as the standard Gibbs free energy of transfer, the standard 

transfer potential and lipophilicity were extimated. Electrochemical 

detection was also tested at ITIES for the direct determination of 

benzodiazepines drug in biomimetic (artificial serum and saliva) and 

biological fluids (human urine). The influence of individual components 

of biological fluids on microinterfaces and the concerted influence of 

realistic mixtures have been studied. These studies have led to new 

insights into the analytical chemistry of pharmaceutical substances. 
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Figure 1: Four-electrode cell employed for macro-ITIES system. 

 

 

4 

Newsletter e-Science Putra Issue 10, September – December 2022 

Scheme 1: The electrochemical cell used for micro-ITIES system. 
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