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Theoretical Investigations of the Crystal Structures and Molecular Energetics of High 

Quality Silicon Carbide (SiC)Precursor Compound1,4-bis(trimethylsilyl)benzene 
 

 

 

ABSTRACT:  

Over the last decades, the rapidly growing theoretical methods have revolutionized whole scientific 

paradigm, developed state-of-art analyses, and created substantial computational platforms through the 

huge support of outstanding mathematical algorithms. The self-consistent-charge density-functional based 

tight-binding (SCCDFTB) scheme is one of them that offers versatile and efficient quantum mechanical 

calculations with some unique features compatible especially to the crystalline solid even at low 

computational resources. Its effective parametrizations and computational implementationsunder the 

Gaussian standardized interface as an "External program" via theusers' script (Gaussian 

Externalmethodology; GEM)has added an additional value because of which various in-built high-level 

Gaussian computationsaredirectly accessible. Herewith, the Gaussian offered geometry 

optimization algorithms&convergence criteria plus the ModRedundanttype relaxed potential energy 

surface (PES) scanning techniques are assessed through the GEM, and characterized the crystal structures 

with concerned molecular energetics and PES of the experimentally synthesized 1,4-

bis(trimethylsilyl)benzene (1,4BTMSB) compound; a potential precursor for the high quality Silicon 

Carbide (SiC) coating particles, and an ideal "Internal Standard" for the quantitative spectroscopic 

analyses.The general results reveal that the 1,4BTMSB moleculesin its unit-cell and crystal lattice 

experience significant non-bonding interactions that induces them to attain the definite molecular 

geometry with recognizable ring, angle, torsional, &steric strains.The quantitative analyses of its PES 

depict that the phenylene ring has to overcome multiple yet unidentical energy barriers with the tallest 

𝐸𝑎1 = 5.3 𝑘𝑐𝑎𝑙/𝑚𝑜𝑙 in order to undergo internal 2 angular rotation around the 1,4(CSi) axes. And, 

exhibiting such type internal rotation of its phenylene ring is energetically highly probable as this 

compound is widely employed in coating high temperature reactors, and in quantizing analyte in high 

energy run spectroscopic facilities.The same quantification is referred here in order to underscore the 

significance of adopting perfectly closed topological molecular architectures while designing/synthesizing 

amphidynamic type crystalline free molecular gyrotops and their prototypes. 

 

KEYWORDS: SCC−DFTB,"GaussianExternal", SiC Coating Particle,Spectroscopic "Internal 

Standard",and Monoclinic Crystalline Geometry. 
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1. INTRODUCTION 

Being aprecursor crystalline molecular compound for the complete syntheses of wide ranging 

chemical materials, and the monomeric prototype molecular compound for the construction of 

varieties of the silicon based polymers, the experimentally synthesized π-electronic system 

bridged bis-(trimethylsilyl)(hereafter, BTMS) based chemical compounds(Fig. 1)have gained 

substantial attentionsin the recent decades [15]. Actually, such compounds are employed most 

frequently as atitle compound due to possessing many recognizable physicochemical properties 

such asabnormal structural &chemical stability, rapid volatility property, better reactions 

optimizing &designing tendency, utmost possibility of functionalizing even viathe transition 

metalmediatedchemical reactions, intramolecular charge transferring (ICT) features, P21/n type 

stable monoclinic space group with two freely & independently aligned molecules per unit cell, 

relatively good participating ability in several industrially revolutionized coating methods 

(thermal spray, coldspray, chemical vapor deposition (hereafter, CVD)), etc. [615]. For 

example, the 1,2-bis(trimethylsilyl)benzene compounds (Fig. 1(A)) are usedinthe synthesis of 

the (a) most potential benzyne precursors [1],(b) multifunctional &versatile 3D luminescent type 

borondoped polymeric materials (emissive organic solid materials, electron-transporting 

materials, chemosensors, etc.) [25], (c) powerful Lewis-acid catalyst [6], (d)model chemical 

compound for the technologically advanced low molecular weight polymers[7,8], etc. Similarly, 

the Bis-(trimethylsilyl)phenyl-bridged donor-acceptor molecules are used for (a) constructing the 

deep-blue emitting materials such as non-doped organic light-emitting diodes [7], (b) 

fluorescence quenching (restricting the molecular rotation in the excited states) [7], etc., the 1,4-

bis(trimethylsilyl)tetrafluorobenzene (Fig. 1(B)) is used as a prototype fordesigning varieties of 

the title compounds required for the development of Sibased conjugated polymers (the most 
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emerging engineering materials in the fields of organic and hybrid solar cells)[9].Comparatively, 

the experimentally synthesized monoclinic P21/ntype organosilicon crystalline compound1,4-

Bis(trimethylsilyl)benzene (appearance white crystalline powder; molecular formula C12H22Si2; 

Mr = 222.4741;hereafter, 1,4-BTMSB) (number of molecules per unit cellZ = 2)[10,11] (Fig. 

1(C))is more recognizable due to its frequent uses in spectroscopic and industrial coatings such 

as(a) a secondary standard in quantitative NMR spectroscopy [12], (b) an internal standard in 

1
HNMR spectroscopy [13], (c) a potential precursor for producing Betatype Silicon 

CarbideSiC; an impervious and hardest engineering materials (the degree ofhardness is 

9.259.6, as close as 10 for the natural Diamondon Mohs scale) [14,15], (d) a better replacement 

for the traditionally used SiC precursor methyltrichlorosilane, (e) a fundamental source of the 

surface-hardened coating materials needful for the development of high temperature reactors 

(hereafter, HTR), etc. As per the critical literature analyses [1424], the compound 1,4BTMSB 

is found to be acceptedwidely as a far better precursor than the methyltrichlorosilanenot only in 

terms of deriving better quality SiC particles but also their facile and efficient production steps, 

such as(a) compatible with the CVD operation techniques (even at high temperature (1673 K)), 

(b) more stable& impervious, more oxidation &thermal shock resistance,and superior chemical 

inertness &mechanical strength,(c) more valuable &economic in designing tough, hard, and 

strongHTR basement (coating materials = mixture of UO2 and SiC particles ),(d) better in 

deposition even at mild conditions, and have less time dependency with the hardening processes, 

(e) more eco-friendly, and higher resistance to wearing, tearing, cracking, &corrosion, (f) more 

Cl2 free,& less pyrophoric, (g) better in withstanding internal gas pressure, and in opposing 

chemical & high temperature effects, (h) good for minimizing HCl, Cl2, UC, USi2, and U3Si2type 

fission products/byproducts released in the HTR technology,etc.  
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Besidesall these effective and efficient uses, the crystalline 1,4-BTMSB compoundhas 

been extensively using in investigatingprimary roles of the molecular architecturesand crystalline 

molecular geometries in order to designprototype molecular models that looks structurally 

analogous to the macroscopic rotor, gyroscope, and compass like devices; respectively known 

bythe names molecular rotor, molecular gyroscope, and molecular compass in the nanometric 

world[2527]. As these amphidynamic type crystalline molecular machines are 

designed/synthesized day-to-day with the greatest admiration of the latest 

computational/experimentaltechniques where the proper installation of thesubstituted/non-

substituted dipolar/nonpolar rotary unit (such as phenylene) centrally through the SiC type 

spinning axes joined both sides (1,4 positions) to the peripherally distributed three different 

explicit (SiO)x and SiOSi based siloxaalkane arms (stator) (Fig. 2(A) and Fig.2(B)) 

(closed topology)is a key in maintaining many potential parameters of the crystals (packing 

coefficient 𝐶𝐾,free space around the rotary segment (freevolume), rotational energy barrier𝐸𝑎) 

that act as the most fundamental prerequisites for functionalizing crystalline 

freerotatorssuccessfully [2833], the proper evaluations, quantifications, and the most 

appropriate justifications forall these structurecorrelatedparametersare only possible if they are 

examined with1,4-BTMSB's open topological molecular architecture precisely viasome potential 

computational/theoretical and/or experimental means. To materialize the same,the crystalline 

1,4-BTMSB compound is very often treated as a reference molecular compoundin both 

experimental and theoretical research works [2628]while exploring how effectively the 

peripheral static frameworksof the molecular gyroscopes/compasses/rotors can block the 

intermolecular force of interactions (interactions between the periodic molecular arrays, 

interactions between the rotators of the intervening molecules, interactions between the rotators 
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and stators, etc.) so that their central rotary segmentsexperience negligiblehindrance, and 

significantly low 𝐸𝑎which in fact leads theentire molecular architectural pathways towardsthe 

development of functional crystalline freemolecular machines.Present author and his 

collaborators have already reported those rigorous works elsewhere [2629, 3133] where 

theamphidynamic crystalline siloxaalkane molecular gyroscopes/compasses with theperfectly 

closed structural topologies are dealt impressively withrespect to the qualitative results computed 

for the open topological molecular structure of 1,4-BTMSB compound. 

 Despite being 1,4-BTMSB crystalline compound a center of interest for the various 

stateofart applications, the in-depth structural characterizations of its monoclinic crystal 

structure and the two independent molecular alignments inside its unit-cell plus the detailed 

quantum mechanical computations of the rotational potential energy surface (hereafter, PES) for 

its1,4Silinked phenylene segments with respect to the peripheral methyl groups & the exact 

estimation of 𝐸𝑎 with enough clarifications given on the basis of structural topologies(open 

topology; 1,4-BTMSB compound, Fig.1 (C))vs closedtopology; molecular gyroscope/compass, 

Fig. 2(A) andFig. 2(B)) by incorporating the most significant and predominant type van der 

Waals (hereafter, vdW)type non-bondinginteractions exist in between the trimethylsilyl 

groupsSi(CH3)3&each explicit methyl group/s of the neighboring moleculesare yet to be 

reported.Beside this, to the knowledge of the present author, the structural stabilities of its 

crystalline molecular geometry at different intermittent positions of the PES such as local 

minima, global minima, saddle points, etc. are far from the researchers' consideration.Since in 

the NMR and GSMS spectroscopieswhere the magnetic field of 120𝑇, and the electron energy 

of 70𝑒𝑉 =  1614 kcal/molare applied respectively for the custom analysis of the chemical 

compounds, the 1,4-BTMSB crystal as an "internal standard" is observed to produce the 
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chemical shifts at 0.0 ppm (similar to the tetramethylsilane TMS peak position becauseof having 

four magnetically equivalent aromatic protons and eighteen equivalent methyl protons), and its 

m/z value with 100%  abundance at 207  (molecular ion peak, 𝑀𝑟(222) 𝑀𝑟(𝐶𝐻3) (15) ) by 

retaining its molecular entity [34]. It means the monoclinic crystalof the 1,4-BTMSB can resist 

relatively as equal energy as this without undergoing any crystalline structural breakages and 

spectroscopic malfunctions, and most probably with undergoing induced type internal rotation of 

its phenylene unit across the 1,4-(SiC) axes. In this sense, the in-depth examinations of the 

extra stable structural entities of its unit-cell at each theoretically evaluated points on the 

rotational PES are needful. In fact, the proper addressing of these issues can only be assessed if 

the intense effects of the vdW force of interactionsexperienced by the entire unit-cell, and 

phenylene segmentsof each molecule (the phenylene unit feel strong force of interactions with 

the trimethylsilyl groups of the same molecule (intramolecular) as well as of the nearby 

molecules (intermolecular) arranged periodically in the definite crystalline phase) are taken into 

account.As this type force is very much responsible to determine the electronic/structural 

stabilities/instabilities, structural abnormalities, bonding/angular (dihedral angle) 

irregularities/dislocationsof the molecules in respect to1,4-(SiC) axes (Fig. 1(C)), &their 

periodic arrays, and is primarily originated from the structural congestion created steric 

hindrance, the only possible means for taking into consideration of them solely are the effective 

implementation of the most suitable computational methodologies that have adopted advanced 

yet promising quantum mechanical formulations. To the experience of the present author, one of 

suchpotent computational means is "Extended Density-Functional based Tight-Binding Scheme 

(hereafter, DFTB+)" [3540]. It is widely recognizablequantum mechanical software package 

that integrates many more spectacular  
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mathematical/computational schemes designed especially to overcome the several intrinsic  

Fig.1. A GaussView sketchedexperimentally synthesized π-electronic system bridged bis-

(trimethylsilyl) based open topological molecular entities; (A) 1,2-bis(trimethylsilyl)benzene, 

(B) 1,4-bis-(trimethylsilyl)tetrafluorobenzene, (C) 1,4-Bis-(trimethylsilyl)benzene, (D) an 

XRD structure of (C) with the atom numberings reproduced from ref [10].  

(A) (B) 

(C) 

(D) 
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limitations of the solid state chemistry. Among them, the "Dispersion Energy 

Fig.2. A schematic diagram of the 1,4-bis-(Si)linked π-electronic system bridged molecular 

gyroscope and compass with the closed topological molecular entities; (A) a crystalline molecular 

gyroscope with a non-polar phenylene rotator, (B) a crystalline molecular compass with a dipolar 

difluorophenylene rotator (compass needle). The respective experimentally synthesized molecular 

analogues for them are firstly reported by Setaka et al. herewith [26, 27] with using three long 

siloxaalkane spokes (represented by three arcs) explicitly. In terms of their structural topology and 

functions, they resemble quite close to the macroscopic gyroscope and compass respectively as 

depicted pictorially. 
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Corrections"algorithm of it is relatively more demandable not only due to efficient 

executingability of the Slater−Kirkwood model but also implementing Slater−Koster files 

(SK−files) routinely with giving an additional focus tothe solid state crystalline systems. The 

DFTB+ operates all these rigorous formulationsviathe (a) Non-Self-Consistent-Charge DFTB 

(NCC−DFTB); azeroth-order expansionof the Kohn-Sham total energy in DFT with respect to 

charge density fluctuations, and (b) Self-Consistent-Charge DFTB (SCC−DFTB); a second-order 

expansion, schemes[3841]. While the former is known with its traditional features applicable 

mainly to treat the nonpolar and homonuclear molecular systemsmathematically [41], the latter is 

preferably chosen here due to its quantum mechanical treatment to the charge distribution in a 

molecule (point charges) obtained through the iterative self-consistent manner, relatively more 

promising featuresto cope with the heteroatomic molecular systems where the charge balance 

between the atoms is crucial [38,39], and superb performance in computing crystal geometries 

&molecular energetics of the amphidynamic type molecular crystals [2833]. This article is 

organized as: in section 2, the detailed Materials and Methods are outlined; in section 3, the 

Results and the relevant Discussions are presented, and in section 4, the concise Conclusions are 

expressed. 

2. MATERIALS AND METHODS 

As per the Xray crystallography reported elsewhere [10, 11], the 

monoclinic,P21/ncrystal of 1,4-BTMSB (number of molecules per unit cell, 𝑍 =  2) has a unit 

cell dimensions 𝑎 =  6.5410 Å, 𝑏 =  10.5452 Å, and  𝑐 =  10.3952 Å.  The mercury 

crystallographic software [42(a)] was used to extract the concerned unit-cell parameters; 

𝑎, 𝑏, 𝑐,, , from the concernedcrystallographic information file with.cifextension, and also the 

Xray derived unit-cell Cartesian coordinates explicitly. Thus derived unit-cell Cartesian 
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coordinates were used collectively as itstrial structure for the entire computations. Since the 

whole DFTB+ itself, and its most potential SCCDFTBtype scheme lacks some additional 

computational features that are as similar as Gaussian's "ModRedundant"; the computational 

mean responsible toperform relaxed PES calculations;the GaussianExternal methodology 

offering a substantial ability of calling SCCDFTB scheme via the user provided scriptsas an 

"External Program"was employed computationally, and accessed the Gaussian'sfeatures 

efficiently.The detailed computational procedurethat routes this methodology under the 

Gaussian's standardized interface is summarized in Scheme 1. As per the requirements of this 

methodology, the unit-cell Cartesian atomic coordinates of the 1,4-BTMSB were usedexplicitly 

in the Gaussian text-file format, and the entire geometry was fully optimized with the Gaussian 

optimizerunder the SCCDFTB offered PBC + "Dispersion Energy correction" platforms. While 

scanning the rotational PES of the phenylene unit in respect to its predefined dihedral angle 

𝜙(the standard definition of 𝜙 is given inFig. 3), theGaussianaction code "S" followed by the 

controllers "nstepsstepsize" were explicitly mentioned in the textfile, and computed the 

concerned electronic energy at eachredundant geometryconstrainedwith the specific𝜙scaled up 

by the stepsize+2  (clockwise scanning) and 2  (anticlockwise scanning) from its original 

(experimentally observed) value𝜙 = 36.6 =  0.203  (modulo).It means both the Gaussian's 

GaussianScript                               External program (DFTB) 

Produces a "Text file" with a 

current structure in Gaussian 

format. 

a. Converts the text file ("input file") into the SCCDFTB input 
format.  

b.Runs the SCCDFTB.  
c.Converts the results into a Gaussian format "Output file". 

Scheme. 1. Working procedure of the Gaussian-External methodology  
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"optimizer and Modredundant"plus the DFTB's "Dispersion Energy Correction" features were 

implemented at the same time through the Gaussian External methodology, and the ground 

state 3D equilibrium structure of the unit-cell plus the corresponding structural entitiesat 

eachlocal/global minimum&saddle point of the PESwere computed. The Jmol graphics [42(b)], 

and its "Measurement" tools were used to render the structures in 3D space, and to determine all 

the concerned structural parameters.  

The “Input file” with the required "Keywords"for the "External Program"was 

createdprogrammatically by referring the DFTB+ manual available elsewhere [43]. The 

Hamiltonian operator and its associates recommended for the crystalline states were configured 

through the "Hamiltonian = DFTB" followed by "Periodic = Yes, &Lattice-Opt = Yes"tags. The 

Brillouin zones integration was executed under "KPointsAndWeights", and each explicit setof the 

lattice vectors extracted from the .cif file was appended. The“NoSymm” terminology was 

selectivelyused to block the symmetry breakage of the molecules/unit-cell during the entire 

computational iterations. The Cartesian coordinates format of the unit-cell was put into effectby 

"Geometry=GenFormat" driver, and each recurring geometry was appended seriallyin a separate 

text file via"AppendGeometries = Yes" function. The SCC type iterations were ensured through 

the "SCC=YES" procedure, and the required "SCCTolerance" (1𝑒5 ) and "MAXSCCIterations" 

(200) were set as tight as Gaussian. Moreover, thevdWtype nonbonding interactions were taken 

into account by "Dispersion = SlaterKirkwood" scheme, and all the required dispersion constants 

such as polarizabilities   (Å3) , SlaterKirkwood effective numbers 𝑁𝑒𝑓𝑓 , cutoff interaction 

range 𝑟𝑐 , and the effective charge (Chrg.) for each and every atoms with a unique coordination 

were supplied under the"HybridDependentPol" tag. The concerned parameter sets for the H, C, 

and Si atoms of 1,4BTMSBwere taken from those sets that were established earlier for the 
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closed topological molecular gyroscopes/compasses, and many other heteroatomic crystalline 

systems [28,43]. For accessing the SlaterKoster files (.skf extension) of every pairwise 

permutation atomic types, the mio11 and pbc02a sets were used computationally.  

3. RESULTS AND DISCUSSIONS 

3.1 Unit Cell Geometry of Crystalline 1,4Bis(trimethylsilyl)benzene Compound 

The GaussianExternalmethodology operated "External Program" SCCDFTB with 

"Dispersion Energy Correction" features derived low energy electronic structure of the isolated 

1,4-BTMSB molecule, and its entire unit-cell (no. of molecules per unit cell 𝑍 =  2)rendered 

through the Jmolgraphics are displayed in Fig. 3, and Fig. 4respectively. For the comparative 

purpose, the Xray diffraction characterized unit-cell structure rendered through the same 

visualization tool is also shown in Fig. 5. All the atoms labeled in Fig. 3are as per thedefinition 

of the structural parameters bond lengths, bond angles, and dihedral angles listed in Table 1, and 

these descriptors were set based on the quantitative explanations and structural characterizations 

to be carried out in this study. For example, the chemical bonds C2C3, C1C2, C3C4, etc. are 

selected to quantify the ring strainsof the C1Si7, C4Si8 linked phenylene unit; the bond angles 

such as C6C1C2, C5C4C3, C4C3C2, etc., and H6C6C1, H2C2C1, C6C1Si7, 

C5C4Si8, etc. are selected to deduce its interior and exterior angle strains respectively, the 

dihedral angles such as C6C1Si7C73, C2C1Si7C73, C5C4Si8C81, C3C4Si8C81, 

etc.are selected to explain its torsional strain; the bond angles such as C73Si7C72, 

C72Si7C71, C71Si7C73, C83Si8C82, C82Si8C81, C81Si8C83, etc. are selected to 

theorize the steric strains experienced by the three non-bonding tri-methylsilyl groups (two set) 

attached to Si7 and Si8atoms peripherally, the bond angles H711C71H713, H811C81H812, 

etc. are selected to examine the tetrahedral orientation of the hydrogen atoms of each methyl 
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(CH3) groupexplicitly; and the distancesmeasured in between any two non-bonding atoms and 

groups such as C2 C5, C2 C6, C72 C73, Si7 Si8, Si7 C3, etc. are selected to justify 

all those strains in terms of phenylene ring alignment, andtri-methylsilyl substituents' 3D 

configuration.   

As shown in Table 1, all the phenylene C−C bond lengths are theoretically computed as 

0.140 𝑛𝑚 in average. Thisbond distance is longer than the standard carbon-carbon double bond 

(𝑙𝐶=𝐶 =  0.134𝑛𝑚) but shorter than the standard carbon-carbon single bond (𝑙𝐶𝐶 =  0.147𝑛𝑚); 

ensuring us the presence of partial double bond characters in phenylene ring with significant 

Fig.3. A "SCCDFTB + PBC + Dispersion Energy Corrections" optimized structure of an 

isolated molecule present in the unit-cell of 1,4-BTMSB crystalline compound. All the atoms are 

numbered as per the measurement definitions of bond lengths (Å), bond angles (), and dihedral 

angles () summarized in Table 1. The optimized geometry of the entire unit-cell of this molecule 

is shown in Fig.4. The definition of the dihedral angle is given by the atoms C2C1Si7C71 

encircled in red colored shapes. The theoretically predicted dihedral angle between the planes 

formed by these atoms is highlighted by red color in Table 1.    
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Table 1. Experimental Expt. vs. Theoretical Th. (SCCDFTB + PBC + Dispersion Energy 

Correction)structural parameters for the 1,4-BTMSB molecule measured in its unit cell 

structures. 

effectsof the delocalized -electrons. Similarly, thetheoretically predicted interior and exterior 

bond angles are 117.7 (involving ipso C atom) &121.2 (involving meta&paraC atoms), and  

1,4-BTMSB molecule Magnitude of the Bond Lengths (nm) and Bond Angles () 

Expt. (nm) Th.(nm) 

Structural parameters 

(Bonds and Angles) 
Ref. 10 Ref. 11(a) Ref. 11(b) This study 

C1C2 (C1C6) 0.13994 (0.140) 0.1393 0.141  0.140 (0.141) 

C2C3 (C5C6) 0.13946 0.1376 0.139 0.140 

C4C5(C4C3) 0.13946 0.1395 0.141 0.141 

Si7C1 (Si8C4) 0.18817 0.1891 0.185 0.187 

Si7C71 (Si8C81) 0.18622 0.1831  0.188 0.187 (0.186) 

Si7C72(Si8C82) 0.18622 0.1885 0.188 0.187 (0.187) 

Si7C73(Si8C83) 0.18622 0.1895 0.188 0.186 (0.187) 

C1C3 (C5)   0.245 0.244 

C1C4   0.289 0.285 

C1 C71 (C72, C73)   0.305 0.304 (0.303, 0.305) 

C1 C81 (C82, C83)   0.566 0.563 (0.558, 0.564) 

C2 C5   0.276 0.278 

C2 C6   0.239 0.241 

C71 C72   0.378 0.307 

C72 C73    0.304 

C71 C73    0.304 

Si7 Si8   0.660 0.659 

Si7 C2   0.286 0.285 

Si7 C3   0.417 0.410 

Si7 C4   0.475 0.472 

Si7 C81(C82, C83)   0.744 0.743 (0.743,0.738) 

C1 H2 (H6)   0.215 0.217 (0.218) 

C1 H3 (H5)   0.342 0.343 (0.343) 

C1 H711   0.400 0.399 
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C1 H712   0.324 0.319 

C1 H713    0.331 

C1 H811   0.672 0.666 

C1 H812   0.557 0.541 

C1 H813    0.574 

C2 H3    0.213 0.216 

C2 H5   0.384 0.388 

C2 H6   0.337 0.341 

C71 H721   0.328 0.325 

C71 H722   0.327 0.322 

C71 H723   0.404 0.401 

Si7 H2   0.298 0.298 

Si7 H3   0.500 0.501 

Si7 H711   0.248 0.248 

Si7 H712    0.247 

Si7 H713    0.247 

Si7 H811    0.852 0.848 

Si7 H812   0.728 0.712 

Si7 H813    0.748 

C2 C71    0.329 0.337 

C2 C72    0.402 0.378 

C2 C73    0.423 0.433 

C2 C81    0.548 0.542 

C2 C82    0.497 0.508 

C2 C83    0.479 0.470 

C3 C71    0.467 0.472 

C3 C72    0.521 0.501 

C3 C73    0.537 0.546 

C3 C81    0.437 0.429 

C3 C82    0.371 0.388 

C3 C83    0.347 0.334 

C71 C81    0.857 0.858 

C71 C82    0.822 0.803 

C71 C83    0.791 0.796 

C6C1C2  115.8 115.7 117.7 

C5C4C3  115.8 115.7 117.7 

C4C5C6  122.8  121.2 
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C4C3C2  121.4  121.1 

C6C1Si7     121.6 

C5C4Si8    121.0 

C2C1Si7     120.7 

C3C4Si8    121.3 

C71Si7C1  107.8  109.1 

C73Si7C72  109.9  109.1 

C72Si7C71  108.5  110.7 

C71Si7C73    109.5 

C81Si8C82  109.4  110.5 

C82Si8C83  109.4  109.2 

C81Si8C83  109.4  109.5 

C83Si8C4  111.0  109.7 

C81Si8C4  110.2  109.4 

H6C6C1    119.9 

H2C2C1    119.7 

H3C3C4    119.9 

H5C5C4    119.9 

H711C71H713    109.4 

H721C72H723    109.5 

H811C81H812    109.4 

H821C82H822    109.4 

C6C1Si7C73    24.7 

C2C1Si7C73    156.6 

C2C1Si7C71    36.6 

C5C4Si8C81    35.5 

C3C4Si8C81    145.6 

C6C5C4C3    0.0 

C2C3C4C5    0.1 

C5C6C1C2    0.6 

C3C2C1C6    0.7 

     

119.7 in average respectively. These values are deviated from the respective bond angles 

measured in the regular planar shaped benzene molecule (bond angle= 120.0°). It further 

guaranties the existence of notable angular strain in the ring as predicted by the gas phase 
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electron diffraction technique[11(b)]. Therewith, the respective interior anglesare reportedas 

115.7° in average. The exactly similar type bond angles determined fromthe oscillation 

&Weissenberg photographs and the visual estimation of the intensitiesare reported as115.8, and 

121.5in average elsewhere [11(a)] (Table 1). Interestingly,all these theoretically and 

experimentally predicted angular values are found to be quite consistentto each other. In addition 

to this, the geometric relationship of the phenylene ring with the peripherally 

distributedtrimethylsilyl substituentsis described herewith via the critical analyses of the dihedral 

anglescomputedin this studies. Actually, the small change in dihedral angles between the planes 

formed by themalways leads to the substantial change in structural conformation, and in this case, 

their closed investigations may reveal the exact alignment of the phenylene ring along the 

C1Si7, and C4Si8 axial bonds. The dihedral angles concerned with this such as 

C2C1Si7C73, C2C1Si7C71, C3C4Si8C83, C5C4Si8C81, etc.are listed in Table 

1which not only confirmsthe slightly twisted shape of the phenyene ring across the two planes 

that intersect at the CSi axes but also supports the experimental evidences speculated ring 

strains. These sets of the dihedral angles further guaranties that there is an existence ofthe 

relatively stronger torsional strengthbetween each methylsilyl group and phenylene ring. Unlike 

this, the steric strain experienced by the three non-bonding methyl groups attached to each Si7 

and Si8 atom is revealed as negligible as the bond angles between them such as C71Si7C1; 

C73Si7C72; C72Si7C71; C71Si7C73; C81Si8C82; C82Si8C83, etc. are predicted 

theoretically as 109.5 in average; a standard tetrahedral angleconsistent to that of the 

experimentally derived value (Expt. = 109.4in average) [11(b)]. The 109.5angular gap 

between each methyl group in respect to the central Si7 and Si8 atoms plus the perfectly 

tetrahedral 3D configuration of its H atoms (H731C73H733; 
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H711C71H712;H832C83H831; H811C81H812 etc. type bond angles listed in Table 1) 
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signify the existence of negligible non-bonding interactions or repulsive steric interactions 
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between the atoms and groups. As a whole, all thesedissimilar strains observed in 1,4-BTMSB 
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moleculesuch as ring strain, angle strain, torsional strain, steric strain, etc. are justified 

collectively herewith by the distances measured in between some of the preselected non-bonding 

atoms ( is used to denote non-bonding case) and groups aslisted in Table 1such as: (a) C2 

C5, C2C6, etc.distances that are theoretically predicted in the range of 0.388𝑛𝑚 and 

Fig.4. A "SCCDFTB + PBC + Dispersion Energy Corrections" optimized 

structure of the unit-cell of 1,4-BTMSB crystalline compound with bounding 

box. The two molecules present in its unit-cell are aligned based on the XRD 

predicted projections (ref. 11(b)) onto the (100) lattice plane (as shown in the 

inset). The cyan, blue, and gray spheroids represent C, H, and Si atoms 

respectively.    

(ref. 11(b)) onto the (100) lattice plane (as shown in the inset). 

70.8 

0.40nm 

0.394nm 
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0.341𝑛𝑚respectively;the quite reasonable valuesto that of the experimentallydetermined 

datasets (0.384 𝑛𝑚, and 0.337 𝑛𝑚) reported by Rozsondai et al. elsewhere [11(b)]; quantify the 

trimethylsilyl groups caused internal ring strain as the same set of the distances measured in the 

regular planar benzene molecule with no steric groups attached to its ipso carbon atoms at all are 

0.279 𝑛𝑚 and 0.242 𝑛𝑚respectively; (b) C1 C3 (C5), C1 C4, etc. distances Th.0.244 𝑛𝑚 

(Exp. 0.245 𝑛𝑚) and Th.0.285 𝑛𝑚 (Exp.0.289 𝑛𝑚) respectively depictthe slightly elongated or 

outward stretched phenylene ringtowards the ipso 1,4C corners as the similar type distances in 

a regular nonstrained benzene with no any substituents are measured as 0.241𝑛𝑚 and 

0.279 𝑛𝑚respectively; (c) C1 C71 (C72, C73),  C1 C81 (C82, C83), etc. distances 

Th.0.304 𝑛𝑚 (average, Exp.0.305 𝑛𝑚), and Th.0.563 𝑛𝑚(average, Exp.0.566 𝑛𝑚) 

respectivelydescribe the direction and intensities of the phenylene ring and its trimethylsilyl-

groups' deformation. In conclusion, all such type outward expansion, elongation, and the entire 

structural deformation of the 1,4BTMSB molecule in its unit-cellare mainly caused by the 

electronegativity of the trimethylsilyl groups as expected.  Since the trimethylsilyl groups are 

principally recognized as the appreciable electronic resonance interaction groups that show 

strong abilities to exert direct influence on the phenylene ring attached to them on either side of 

the Si atoms, and are known for their exceptional electron-releasing tendencies (the 

electronegativity difference between Si and C is +0.7 unit on the Pauling scale) [44], the direct 

strains put by them on the phenylene ring resulted all those structural irregularities and 

abnormalities. More precisely reiterating, all those electronic and structural strains experienced 

by the phenylene ring, and its peripheral trimethylsilyl groups are as a result of the intense van 

Der Waals type intra and inter molecular interactions: the phenylene ring feel strong force of 

interactions with its sidewaysdistributed trimethylsilyl groups (intramolecular), and themselves 
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are interacted with the neighboring molecules (intermolecular) arranged periodically in the 
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monoclinic crystalline patterns. And, the principal cause of originating such type nonbonding 
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interactions is none other than the structural congestion created steric hindrance.Therefore, the 

closeness of the two molecules in the unit-cell approximate the strength of the van Der Waals 

type forces between them, and is estimated herewith by the distances measured in between some 

of the pre-selected non-bonding atoms(Fig.4 and Fig. 5): the nearest non-bonding CC, and 

Fig.5. A Jmol rendered XRD characterized unit-cell structure of the 1,4-

BTMSB crystalline compound with bounding box. The two molecules present 

in its unit-cell are aligned based on the XRD predicted projections (ref. 11(b)) 

onto the (100) lattice plane (as shown in the inset). The cyan, blue, and gray 

spheroids represent C, H, and Si atoms respectively.   

70.7 

0.41nm 

0.408nm 
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HH distancesbetweenthe two molecules of the unit-cell are theoretically predicted as 

0.361 𝑛𝑚(Exp. 0.401 𝑛𝑚[11(a)]), and0.281 𝑛𝑚respectively.In fact, the closest distance that the 

two atoms of the nearby molecules can approach to each other mustalways exceedsum of their 

van der Waals atomic radii, the nearest molecular gap predicted in this study validates it well: as 

an example, sum of the van der Waals atomic radii between the two C atoms =  (0.17 +

 0.17)  =  0.340 𝑛𝑚 which is smaller than the distancecomputedfor theC C(0.361 𝑛𝑚)) of the 

two nearby molecules.Based on this evaluation, one may conclude that the two molecules 

aligned in the theoretically derived unit-cellmaintain a just-required amount of the intermolecular 

gap even while close-packing of their unit-cells repeatedly in the crystal lattice. In terms of the 

distances&angular departures in respect to nearby methyl groups and molecular elongation plane 

(each Si atom of each molecule in the unit-cell is inclined by 70.8 (Expt.70.7) angle in respect 

to the nearby molecular elongation plane, and each methyl group of each molecule is departed by 

the distance in average of 0.41 𝑛𝑚 (Expt.0.40 𝑛𝑚) with the nearby methyl group of another 

molecule (Fig. 4 and Fig. 5,)), the two moleculesare also found to maintain a just enough gap 

required to undergo tight molecular packings with notable packing coefficient 𝐶𝑘 ; a mandatory 

characteristic features of the crystalline solid. 

 Besides all these explicit structural characterizations of the1,4BTMSB molecules and 

theirunit-cells, present study also focuseson how closely the theoretically derived unit-cell 

geometry resembles with the experimentally reported crystal structure. As displayed in Fig. 4 

and Fig. 5, the Xray produced and "SCCDFTB + Dispersion Energy Corrections" optimized 

three dimensional electronic structures seem alike to each other. Even the 3D orientations and 

the related structural conformations of each and every methylsilyl groups attached to Si7 and Si8 

atoms, and the overall structural alignment of the phenylene ring are reproduced by the present 
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theoretical methodology semiquantitatively. As a whole, the entire molecular alignments in the 

unit-cell and the peripheral orientations of every methylsilyl groups plus the relative positions of 

the phenylene rings in respect to C4Si8 and C1Si7 axes are exactly similar to the XRD 

predicted projections onto the (100) lattice plane as shown in the insets of Fig.4and Fig.5. 

Energetically, the theoretically computed electronic energyof the global minimum electronic 

structure is 𝐸 =  337.171761𝐸ℎ  (relative Energy 𝐸𝑟 = 0.0 𝑘𝑐𝑎𝑙/𝑚𝑜𝑙 ); a ~5.3 𝑘𝑐𝑎𝑙/𝑚𝑜𝑙 , 

and~1.8 𝑘𝑐𝑎𝑙/𝑚𝑜𝑙 times less energy structure than the structures computed at first saddle point 

and first local minimum as noted onthe PES plotted inFig. 6. The more detailed energetic point 

of view is expressed in the subsection 3.2. 

3.2 Potential Energy Surfaces 

The computational incorporation of themonoclinic crystalline molecular assembly of 

the1,4BTMSB compound with two molecules per unit-cell (number of atoms in each molecule 

=  36) while the concerned computations are in the fly is a challenging task in terms of utilizing 

computational resources, andexecuting complexmathematical formulations.In the view of ab 

initio perspectives offered by the Gaussianpackage, such calculations are regarded as 

computationally expensive, and time consuming plus suddenly interrupted during iterative 

procedures types.The computational incorporation of the "Dispersion Energy Corrections" 

features under PBC further demands more computational efficiencies and resources with 

additional mathematical algorithms. Towards resolving these obstacles and frequent failures, and 

more importantly smooth proceeding of the entire computational procedures genuinelywithout 

worsening the computational accuracies and mathematical precisions, present study employed 

SCCDFTB scheme under GaussianExternalmethodology so that both the DFTB+ and 

Gaussianofferedfeatures get simultaneous access. The Gaussian's "ModRedundant" feature 
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assessed through the GaussianExternalmethodologywas employed to compute the relaxed PES. 

Under this feature, the dihedral angle defined in Fig.3 (C71Si7C1C2 is highlighted in 

Table 1)was stepped up by +2 (clockwise scanning) and 2 (anticlockwise scanning) from the 

original value𝜙 = 36.6 =  0.203  (modulo) measured inthe optimized unit-cell geometry 

displayed in Fig.4, and the PES was scanned in between 0 to 2 with the computations of 

corresponding Eigen values 𝐸  and unit-cell structures at each redundant  . The graphical 

mathematical function that shows a relationship between the𝐸 , and the specific molecular 

geometry (i.e., atomic position) redundant at each predefined; literally called potential energy 

surface, is shown in Fig.6where the global, and local minima plus the saddle points are explicitly 

marked. The unit-cell geometries computed to these theoretically evaluated points on the PES, 

and their 1degenerate structures are shown in Fig.7.  

As shown in Fig. 6, the SCCDFTB computed PESs with and without "Dispersion 

Energy Correction" features are almost reproducible to each other along with the locations of the 

global and local minima, saddle points plus their degenerate positions on them. They are 

respectively observed at  =   0.2 #1 ,  =  0.7 (#2) , and  =  0.9 (#3) radians whose 

corresponding degeneracies are appeared at  = 1.3 (#1′), = 1.7 (#2′), and  = 1.9 (#3′) 

radians respectively.As expected, the PES derived byaddressing "Dispersion Energy 

Corrections"under PBC (red colored curve in Fig. 6) displaysmore recognizable yet reproducible 

degenerate minima, and estimates relatively taller energy barrier 𝐸𝑎1 = 5.3 𝑘𝑐𝑎𝑙/𝑚𝑜𝑙in between 

the first global (#1) and local minima(#2) as it was slightly underestimated to the value 𝐸𝑎1 =

4.3 𝑘𝑐𝑎𝑙/𝑚𝑜𝑙 while excluding "Dispersion Energy Corrections" features.This observation 

justifies the need of incorporating all the intra and inter molecular type non-bonding 

interactionsexisting in the 1,4BTMSB molecular crystal computationally throughout the 
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computational procedures of deriving crystal structures and molecular energetics. Therefore, the 

SCCDFTB approach equipped with the "Dispersion Energy Corrections" inscribed 

SlaterKirkwood polarization algorithm is regarded as a superb theoretical scheme.Additionally, 

the energy barrier exists in between the first local minimum ( #3 ) and the second global 

minimum (#1′) is 𝐸𝑎2 = 3.0 𝑘𝑐𝑎𝑙/𝑚𝑜𝑙  which is also extremely underestimated to 𝐸𝑎2 =

1.78 𝑘𝑐𝑎𝑙/𝑚𝑜𝑙in the absence of "Dispersion Energy Corrections" features. Towards deducing 

the effects of structural topologies of the molecular compounds, the energy barrier 𝐸𝑎1 =

5.3 𝑘𝑐𝑎𝑙/𝑚𝑜𝑙 estimated for the crystalline 1,4BTMSB compound with completely open type 

structural topology is highly useful. This magnitude of 𝐸𝑎1 is found to be incomparable to that 

computed for the Si and (SiO)x based molecular gyroscopes (flipping barrier 𝐸𝑎 =

1.2 𝑘𝑐𝑎𝑙/𝑚𝑜𝑙), and molecular compasses (𝐸𝑎 = 4.9 𝑘𝑐𝑎𝑙/𝑚𝑜𝑙 ) simply due to having perfectly 

closed structural topologies(Fig. 2). This structural role on reducing 𝐸𝑎  foresees the most 

essential credentials required to designfunctional crystalline free molecular architectures, and 

influences the synthetic chemists to setmost effective strategical synthetic laboratorial pathways. 

Based on the same analyses, present author, and his theoretical/experimental collaborators 

referred 1,4BTMSB crystalline compound time to time while investigating the working 

mechanisms of the molecular gyroscopes and compasses plus their most possible applications 

(dichroism, birefringence, etc.) in the nanometric world [2533].Therewith, the extreme 

importance of the peripherally distributed flexible typeSi&(SiO)xmade siloxaalkane 

spokesthat encapsulates the rotary phenylene unitcentrallyplus their effective practical adoptions 

in designing state-of-art molecular architectures and prototype gyrotopsthat can exhibit 

macroscopic gyroscope/compass like functions facilely were quantified by the various 

sophisticated experimental and theoretical approaches. Besides this, the steric strains (intra/ 
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inter molecular) experienced by the central phenylene rotator of such designed molecular 

gyroscopes/compasses weretheorized based on the open structural topology of the1,4BTMSB 

compound possessing a similar type phenylene unit but strained sterically withthe six  
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Fig.6. The GaussianExternal operated SCCDFTB derived potential energy surfaces 

(PES) with and without "Dispersion Energy Corrections" features under periodic 

boundary condition (PBC). The concerned dihedral angle  that was fixed throughout the 

PES scanning calculations is defined in Fig. 3.  The corresponding unit cell geometries at 

each minimum and saddle point are shown in Fig. 7. 
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trimethylsilyl groups configured peripherally on its either sides. Additionally, the "Free Volume" 

(free space) unit available around the rotary segment of the molecular gyroscopes/compasses was 

precisely evaluated, and appropriately justified in reference to theopen topological molecular 

architecture of thesame crystalline molecular compound, and nowadays itis regarded as an 

essential parameter while upgrading &inventing various other gyroscopic molecular prototypes. 

Towards all these quantitative perspectives, the present theoretical investigations associated with 

determining molecularcrystal structures, PESs, activation energy barriers𝐸𝑎 , global/local minima  

&saddle points plus their explicit geometrical entities, and their in-depth correlations of the 

extensively using 1,4BTMSB compoundput significant values.   

Moreover, the structural and geometrical stability of the unit-cell of the 1,4-BTMSB 

compound, and its entire monoclinic crystal structures matters a lot while justifying the extra 

stability, indestructibility, mechanically more durability, and the surface-hardened characteristic 

features of its typesilicon carbide SiC coating particlesbecause of which this crystalline 

compoundis actually accepted as a far better precursor than the traditionally used 

methyltrichlorosilane in terms of advancing high temperature reactor (HTR) 

technologies[1424]. In addition to this, the extensive uses of this crystalline molecular 

compound as a secondary standard in quantitative NMR spectroscopy [12], and as an "internal 

standard" in quantitative analysis of small organic molecules in 
1
HNMR 

spectroscopydemandthorough examination of its structural stabilities &unit-cell moieties at 

different equilibrium and non-equilibrium stages of the rotational pathway of the phenylene 

ringviz.rotational PES (Fig. 6). In these sense, the structural visualizations and theoretical 

characterizations of the stable unit-cell geometries at different global/local minima, saddle points, 
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and their respective degenerate positions are meaningful. Therefore, present study explicitly 

reports herewith all theunit-cell structures that belong to each  
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#2'' 

 = 𝟏. 𝟕 

 = 𝟏. 𝟑 

#1' 

 = 𝟏. 𝟏𝟓 

#2' 

 = 𝟎. 𝟔 

#2 
#3 

 = 𝟎. 𝟗 

#3' 

 = 𝟏. 𝟗 

Fig.7. The GaussianExternal operated SCCDFTB produced unit cell structures of the 

global/local minimum, saddle points, and their degenerate positions. The specific symbols used to 

mark them on the potential energy surface are mentioned in the inset where the concerned 

dihedral angle  is explicitly given. While rendering these images, the major attention was given 

in the molecular entity and molecular alignments rather than the angular position of the phenylene 

rings.           
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and every theoretically evaluated points of the PES. As shown in Fig.7, they are structurally 

differed to each other by the specific dihedral angle. All thestructurally unobstructed unit-cell 

entities and the geometrically unconfined molecular configurations of each of them ensure their 

stability at different intermittent rotary forms of the phenylene ring even while undergoing 

smooth induced type internal rotation at ambient/hightemperature (𝑇 )ranges (sources: HTR 

technology, NMR and 
1
HNMR spectroscopies, etc., and this specific temperature may enable the 

phenylene ring to overcome concerned energy barrier 𝐸𝑎1 = 5.3 𝑘𝑐𝑎𝑙/𝑚𝑜𝑙facilely. In fact, the 

𝐾𝐵𝑇 =  0.60 𝑘𝑐𝑎𝑙/𝑚𝑜𝑙 when 𝑇 =  300 𝐾, where𝐾𝐵and 𝑇 areBoltzmann constant and absolute 

temperature, respectively). To the knowledge of this author, the most probable happening of the 

internal rotation of the phenylene ring of the 1,4-BTMSB compound is logical as it is not only 

used as a potential precursor of the high quality coating particles required for the HTR 

technologies but also as an internal standard in various spectroscopic facilities run with high 

electronic energy and magnetic fields. 

4. CONCLUSION 

This theoretical study was mainly focused to investigate the crystal structures and 

molecular energetics of the high quality silicon carbide (SiC) precursor, and the spectroscopic 

"Internal Standard" compound 1,4-bis(trimethylsilyl)benzene (1,4BTMSB) theoretically. Based 

on the complexity of the monoclinic crystalline patterns of thiscompound, and its relatively 

bigger unit-cell structures with two molecules (𝑍 = 2, no. of atoms per molecule = 36) plus 

thelimited availability of the computational resources and the computational/theoretical features 

demanded by this specific study,present author employed GaussianExternal methodology that 

genuinely offers an integrative ways of functionalizinglow yet decent level quantum 

mechanical schemes as an "ExternalProgram" under the standardized interface of the Gaussian, 
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and of utilizingthus produced Eigen values (optionally a dipole moment or forces) at each 

specific molecular geometry via the users' provided "ExternalScript". For the sake of 

addressing predominant effects of the hetero-atomic charge distributions & charge density 

fluctuations, and the entire van Der Waals type intra and inter molecular force of interactions 

in the molecular structure of 1,4BTMSB, the SCCDFTB parametrizations was run 

computationally as an "ExternalProgram" as it enables the chemists to treatthe former effects 

by SCC type iterative calculations, and the latter by "Dispersion Energy Corrections" inscribed 

SlaterKirkwood polarization algorithm.And, for computing relaxed potential energy surface 

(PES), the Gaussian's "ModRedundant" techniquewas assessed via the GaussianExternal 

methodology.  

The closed structural analyses of the GaussianExternal operated "SCCDFTB + 

Dispersion Energy Corrections" optimized unit-cell structures under the periodic boundary 

condition (PBC) revealedthat the molecules of the 1,4-BTMSB in its crystal lattice and unit-cell 

experience significant non-bonding interactions that induce them to attain recognizable ring 

strain, angle strain, torsional strain, and steric strain. The theoretically derived structural 

descriptors such as bond lengths between the bonding and non-bonding atoms/groups, bond 

angles, dihedral angles, etc. that collectively disclosesall those structural strains were found to be 

quite reproducible to the electron/Xray diffraction, and oscillation &Weissenberg photographs 

predicted datasets.Contrastingly, the theoretically estimated angular gap between each methyl 

group of its two sets of trimethylsilyl groupsuncovered theirthree dimensional tetrahedral 

configurations with negligible repulsive steric interactions.Similarly, the theoretically predicted 

nearest non-bonding C C, and H Hdistances between the two molecules present in its unit-

cell; 0.361𝑛𝑚(Exp. 0. 401𝑛𝑚) and0.281𝑛𝑚 respectively;signified the degree of their closeness 
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which in turn was useful to approximate the strength of their binding force (van Der Waals type 

force). As a whole, while comparing its phenylenering position, each methysilyl groups 

peripheral orientations,and phenylene ring relative alignment in respect to 1,4(CSi)axes, the 

theoretically produced unit-cell geometry wasfound to be exactly similar to that of the XRD 

predicted structures projected onto the (100) lattice plane. Additionally, the in-depth quantitative 

analyses of its PES derived in respect to each redundant dihedral angle  depicted that the 

phenylene ring has to cross multiple yet unidentical energy barriers in order to undergo internal 

2 angular rotation around the 1,4(CSi)axes. The tallest energy barrier estimated was𝐸𝑎1 =

5.3 𝑘𝑐𝑎𝑙/𝑚𝑜𝑙; a relatively low in magnitude that can be overcome by its phenylene ringwhile 

employingthe crystalline 1,4-BTMSB compoundat moderate/highertemperature ranges (𝐾𝐵𝑇 =

 0.60 𝑘𝑐𝑎𝑙/𝑚𝑜𝑙  when𝑇 =  300 𝐾 ) such as in the production of high quality SiCcoating 

particles, in the high temperature reactor (HTR) chemical vapor deposition (CVD) techniques 

(𝑇   2000 𝐾), in the quantitative spectroscopic analyses (source: electronic energy (70𝑒𝑣, and 

magnetic fields 20𝑇 ), etc.The detailed structural examinations and the related molecular 

energetics computed at different theoretically evaluated points on the rotational PES that 

supported the most probable occurrence of the internal rotation of the phenylene at relatively 

high temperature ranges unveiled that the molecular entities in the unit-cellsremain intact and 

structurally compositeeven while undergoingthis specific type internal movement. Beside this, 

the natureof the PES and its barriers explained the degree of ineffectiveness of1,4BTMSB's 

molecular architectures in terms of the requirements of the molecular 

gyroscopes/compasses/rotors, and their functions plus underscored the significance of adopting 

perfectly closed topological molecular architectures while designing/synthesizing latter type 

amphidynamic crystals.  
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Series of the publications that were concentrated into the 1,4BTMSB compoundso far  

are found to bereported its precise yet modified synthetic routes, title compounds and the 

required structural redeterminations/modifications, conveniently accessible yet efficient reactions 

pathways producing high percentage yields,direct employment in HTR coatings viaCVD 

techniques, inestimable potentiality in producing economically viable yet mechanically durable 

and impervious type coating materials, etc. To the knowledge of this author, none of the research 

papers hypothesized and theorized the possibility of undergoing internal rotation of its 

structurally strained &stressed phenylene ring and, the associated structural/energetic stabilities 

& molecular integrities in the unit-cell while utilizing its crystal as an "Internal Standard" in the 

high-energy/temperature run experimental facilities and a precursor in deriving better quality 

SiC particles.Towards this rigorous part, present theoretical investigations and 

examinationsaddeda praiseworthy value. In materializing and strengthening the 

interpretationsgiven in this report, other genuine experimental/theoretical studies are 

recommended. 
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