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ABSTRACT

A density functional computation of few mixedditBia-2-arsacyclopentane ( 1,3-D-2-A ) derivagweith sulfur
and oxygen donor legends such as thiobenzoic aoid, benzoic acid, have been performed with theablp of
exploring their electronic, structural and spectralbehavior. While complexes with thiobenzoic aar
abbreviated as compoundl, the complexes with benaoid are termed as compound2. The geometrical
parameters, band gap and assignment of importasration frequencies are reported. The As-S (liggriabnd
length 2.409 is slightly higher than As-S (1, 3-B2bond length. The two ring namely benzene arsdl-2-A are
not co-planer. The C-S and C-O bonds are gredtantC-C bond. In the two molecules under constitaraAs-S
bond is > As-O bond. The total energies of the tmmpounds are found to -3851.61 a.u and -3530.86 a
suggesting sulfur complex to be much more stabigpaped to oxygen complex. On the other hand comgis
more polar than compoundl. The energy gap inwltecomplexes is found to be 4.33 and 4. 77 e\ktisely.
An important feature of the two complexes is thiaitenl exists in only one stable form the compo2nuhdergoes
rotation about O2-C3 and O2-As bonds to produce moee conformer in which benzene ring is cis to 1h&-
dithia -2-arsacyclopetane group. The compoundsabilized by hydrogen bonding.

Keywords. 1, 3-dithia -2-arsacyclopetane, DFT, Arsenic

INTRODUCTION

The chemistry of arsenic, antimony and bismuth coungls derived from organic ligands has been ameatiea of
research for the last thirty years. The reasonsdntinues interest in these compounds can béduatid to their
great structural diversity ranging from monomermc golymeric supramolecular assemblies and theiersite
technological applications.

Although arsenic and its compounds are popularo&soping materials at high doses some of theserrakstdind

applications in industries and medicines as welgjaic compounds of arsenic are much less toxie iharganic.
Arsenic compounds find their applications as amedytreagents, cracking catalyst regenerators,ifiges and as
antitumor agents. Its metal complexes are also @isedulcanization of rubber. Arsenic compoundsoafsd

applications as a preservative in pressure-trelbadber, pesticides, preservative in animal hidedgitive to

certain metals such as lead and copper , glassfa@nrng. Arsenic metal is extensively used in memductor
technology [1-23].

Recently, Chauhan et, al [24] reported the synshebiaracterization and antimicrobial studiefewf 1, 3-dithia-2-
arsacyclopetane derivative with oxygen and sulfurat complexes. To the best of our knowledge, tlern® report
on the quantum mechanical study of the structudebamding in such compounds. In the present stuglyeport, A
DFT level computation of the derivatives of 1, 8xih -2-arsacyclopetane with benzoic acid and #abic acid.
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MATERIALS AND METHODS

All of the DFT [25, 26] calculations for the curteproblem were performed on a Pentium 1V/ 1.6 Gléespnal
computer using the Gaussian 09W suite of progré&ws [The Becke 3LYP keyword, which invokes Beckeeéh
parameter hybrid method[28] using the correlatiomction of Lee et al [29,30,31] and 6-31G-basis[32133] was
used to locate the optimized geometries of the chik@-dithia-2-arsacyclopentane ( 1,3-D-2-A ) datives with
oxygen and sulfur donor legends such as benzai #iobenzoic acid. All the parameters were a#dwo relax
and all the calculations converged to an optimigedmetry which corresponds to a true minimum, seaked by
the lack of imaginary values in the wave numbecwations. The Cartesian representation of ther#tieal force
constants has been computed at the fully optimjgsimetry by assuming the molecules belongs to @& gmup
symmetry by combining the result of Gauss view paogme [34] with symmetry consideration, vibrational
frequency assignments were made.

RESULTS AND DISCUSSION

Geometry of the molecule

Chauhan et al have reported a tentative geometitheoinolecule on the basis of their spectroscopia.d It is
concluded that ligands exhibit a monodented modattathment to the As (lll) and suggested threecrdinated
distorted pyramidal structure. X-Ray crystal stanetdata of the molecule is also not available .[f#}iew of this
optimized geometry of the molecule at DFT leveldraes more relevant. The optimized geometry ofctiraplex

1, 3-dithia-2-arsacyclopentane with thiobenzoiaddsishown in Fig.1. The geometry of the compléthwenzoic
acid can be obtained simply by replacing S withhOven in Fig.2. It is found that the calculated bdewigths are in
conformity with the bond lengths expected from mpad atomic radii [35]. The total energy is caited to be -
3851.61 a.u and -3530.86 a.u. for sulfur and oxyligands respectively suggesting sulfur complexoé more
stable compared to oxygen complex. As-S bondtkenthe cyclopentane group is calculated to 186 2° in
both the molecules. On the other hand As-S bongtheof the As-S (ligands) is 2.409/ compound 1. These
data suggest the AS-S (ligands) bond to be moralent/than As-S (cyclopentane) bond. The correspgnéis-O
bond length in the complex with O ligands is 1.87 fn similar grounds it can be concluded that Alse8d is
more polar compared to As-O bond. The S-C, C=0Gute bonds of the ligands moiety are calculateded 192,
1.22 1nd 1.48 A respectively. An important feature of the temmpounds is that while molecule 1 remains in
one stable conformer, the molecule 2 undergoediontabout O2-C3 and O2-As bond to produce one more
conformation. The low energy conformer can be réhagecis conformers in which the benzene ringRuggloups
are cis to each other. On the other hand the démgingy conformer can be named as Trans conformshiich the
benzene ring is Trans to the R group. The cis gomdo is stabilized by hydrogen bonding. The OlHytirogen
bond length is 2.18 A. The detailed data on bond lengths is showiginif, fig-2 and Table 1.

Table 1. Various bond lengths in molecules 1 andi A°
R = CHCH, SAs —

Bond length R-SCOC6H5| R-OCOC6H5| Bond length| R-SCOQG85 | R-OCOC6H5
Ci-H; 1.09 1.08 Cs-Cy 1.48 1.47
Ci-H; 1.09 1.08 C4-Cs 1.40 1.40
Ci-C 151 151 Cs-Cs 1.39 1.39
Co-Hs 1.09 1.08 Ce-Cy 1.40 1.39
CoHy4 1.09 1.08 C+Cs 1.39 1.39
CrS 1.92 1.92 Ce-Cq 1.39 1.39
Ci-S 1.90 191 Cs-Co 1.40 1.40

S —As 2.36 2.36 Cs-Hs 1.08 1.08
S, — As 2.35 2.33 Ce-He 1.08 1.08
As- S5/ As-0, 241 1.87 CrHy 1.08 1.08
C3-S/Cs0; 1.89 1.37 Ce-Hs 1.08 1.08
Cs— 0O 1.22 1.23 Co-Hg 1.08 1.07
0O1-H1 2.18
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The optimized geometry of the molecule 1 and 2
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Fig.1.Optimized geometry of compound1
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Fig.2. Optimized geometry of compound 2

The bond angles in compound 1 and 2 are listedahler 2. In compound 1 the internalAS;S, angle in
cyclopantane moiety R is lower ( 93.72 compared to outer,8s,S; bonds (98.9 similarly in compound 2 the
internal $SAs;S; angle in cyclopantane moiety R is lower ( 93)%ompared to outer,8s,0, bonds (101.3 which
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can be attributed to loan pair - loan pair repuisimver neibouring sulfur atoms. This also sugges
hybridization on the As atom in both the compoundse structure of both the compounds can be asstionbd
distorted tetrahedral. Data also suggesaf G carbon atoms of com. 1 & 2 to posses Bybridization and all
carbon atoms of the benzene ring to posseshgbridization. It is interesting to discuss angl®und As atoms
bridging the two moieties namely 1, 3-dithia -2aamgclopetane and benzoic acid / thiobenzoic acithe GS;As;
angle in compound 1 is 104.@ompared to §D,Ag; angle of 131.%in the compound 2. This can be attributed
to the higher electro negativity of oxygen as coragdo sulfur.

Table 2. Various bond angles (degree) in moleculésand 2
R = CH2CH2 S2As -

Angle R-SCOC6H5 | R-OCOC6H5| Angle | R-SCOCEH5 R- OCOQ85
H.C:H> 109.65 111.42 0:.C3C4 124.11 124.11
H,C,Cy 110.85 110.88 C3C4Co 122.56 121.96
H.C.Cy 112.22 112.52 C4CoHg 119.95 119.20
H3CoH4 110.11 110.25 C4CoCs 119.99 119.85
H3C,Cy 111.97 112.16 HCoCg 119.96 120.93
H4C,Cy 110.58 110.58 CqCgHsg 119.72 119.81
S,CiH1 107.49 106.03 CoCsCy 120.14 120.16
S,CiH> 104.53 104.44 HgCsCr 120.12 120.02
S,C.Co 111.74 111.13 CgCiH» 119.96 119.96
SiCoH3 106.93 106.96 CgC+Cs 120.03 120.07
SiCoH,y 104.30 103.82 H,C:Cs¢ 120.00 119.95
SiIC.Cy 112.60 112.67 C;CeHs 120.10 120.11
As:S,Cy 93.35 97.18 C+CeCs 120.07 119.99
As,S,C, 98.50 98.86 HeCsCs 119.82 119.89
SAS:S 93.72 93.49 CeCsHs 120.97 121.22
SiIAS:1S;/ SIAS,0, 98.51 101.42 CeCsC4 120.13 120.06
SASS] SAS0; 93.84 107.28 HsCsCy 118.88 118.71
As1S:C4f As,0,Cs 104.76 131.06 CsC4Cs 117.79 118.18
S3C304/ 0,C50, 117.66 122.71 CsC4Co 119.59 119.84

Dihedral Angles.

The dihedral angles of the two molecules are ligteéflable 3. Inspection of Table 3 reveals theedilal angles of
the benzene ring moiety to planar. The dihedralleen®As:S:C; and $As5:0,Cs In compound 1 and 2 are
respectively -148.60 and -41, 10 degrees whichnaganfirm the cis position of 1, 3-dithia -2-arselopetane
moiety cis to the benzene ring in compound 2. Simdbnclusion is provided by the dihedral anglggs4Cs0;and
As10,C304, GSAs:S; and CoS1As10;, AsiS:C3Cal As0,C5C,,

Table 3. Various Dihedral angles in molecules 1 and 2
R = CH.CH; SAs -

Dihedral angles R-GHsCOS | R-GHsCOO Dihedral angles R-GHsCOS | R-GHsCOO
H1C:CoH,4 -54.15 -55.85 HC1SAs -67.43 -73.48
H,C:CoHs -177.35 -179.38 L1SAs 56.12 49.09
H,C.CS; 62.09 59.83 ECoSAs 26.15 34.67
H,C:CoH,4 68.83 69.69 HC:SiAs: 146.10 154.3
H,CiCoHs -54.36 -53.83 EC:SiAs: -97.24 -89.03
H,C.CS -174.91 -174.61 S5As1S; ICSAs102 68.82 82.16
S,CiCS: -58.74 -58.91 SAsS -29.99 -20.94
S,C1CoH; 61.81 61.86 S51A51S; /C:S1As10; -87.11 -110.86
S,CiCoH4 -174.98 -174.60 SAsS 7.34 -2.45

S1As1S:C3 /S1As10,C; -54.24 56.25 AS:C3Cs/ As,0,C5Cy -26.41 -178.12

S$A51S:Cs ISAs10:,Cs -148.60 -41.10 &£5C4Cs | O,CC4Cs 148.69 -179.42

As1S:C501/As:0,C0, 152.25 2.32 eC4CoHg -2.28 0.04

S3C3C4Cs | O,C3C4Cy -33.84 0.48 GC4CsHs -1.33 -0.05
CsC4CoCs -178.94 -179.94 £4C:Ce 179.67 179.93
0:C3C4Cq 147.58 -179.96 (@:C4Cs -29.87 0.12
C4CsCsHs 179.19 -179.99 LeC7H; -179.87 -179.97
C4CoCsCr 0.04 0.02 GCeC:Cq -0.24 0.00
C4CsCeHe 178.82 -179.99 £C4CoHs 175.13 179.95
C4CsCeCr -1.25 -0.01 GC4CsCs -1.53 -0.03
HsCsCyCq -178.87 -179.97 bCsCeCr 179.78 179.98
HsCsCeHe -0.13 0.00 @C:CgHs -178.29 -179.99
CeC7CsCq 0.85 -0.01 @CsC4Cy 2.14 0.02
HesCsC7H> 0.03 0.00 HC-CgHs 1.33 -0.00
HsCeC:Cs 179.66 179.98 HC7CsCo -179.51 179.96
C7CqCyHg -176.62 -179.95 BCsCoHg 2.53 0.02
H.CiSAs: 176.08 168.70
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Electronic structure

We know that the atomic charges are very much diégr@non how the atoms are defined [36] it also plag
important role in the application of quantum cheahicalculations to molecular system. The Mullikaoraic

charges calculated at B3LYP level with 6-31 +Gpdbasis set on various atoms in molecules 1 aa@ Zhown in
table 4. All hydrogen atoms in both the compoucalsy positive charge. In both the compounds pasitharge on
hydrogen atoms of cyclopentane moiety is more tharhydrogen of organic ring. C1, C2 of cyclopeptamiety
in both the compounds are most negative and Asioi positive.

The results show that (a) all the hydrogen atonisoth the molecules lost electrons and electri@aséng tendency
of hydrogen of cyclopentane moiety is more thanrbgdn of benzene ring [37] (b) C1, C2 of cyclopestanoiety
in both the compounds accept electron (c) Asloth bhe compounds accept electron.

Table 4. Atomic charges (coulomb) on various atorms molecules 1 and 2

R = CH,CH, SAs -

Atomic charges | R-SCOC6H5| R- OCOCEH5| Atomic charges R-SCOC6H5 | R- OCOC6H5
C, -0.49 -0.58 As; 0.24 0.74
C, -0.44 -0.54 0O, -0.36 -0.38
Cs 0.05 0.53 Hi 0.23 0.29
Cs 0.04 -0.19 H, 0.20 0.23
Cs -0.15 -0.06 Hj 0.20 0.24
Ce -0.12 -0.17 Ha 0.20 0.24
C; -0.10 -0.10 Hs 0.17 0.18
Cs -0.13 -0.18 He 0.14 0.15
Cy -0.09 -0.03 H, 0.14 -0.10
S, -0.02 -0.08 Hg 0.14 0.15
S -0.007 -0.07 Hg 0.17 0.18

S/0; -0.01 -0.69

The dipole moments, energies, the highest occupielcular orbital (HOMO) energies, the lowest ungied
molecular orbital (LUMO) energies and the energy & the studied molecules have been calculatedgaren in
Table 5.

Table 5. Dipole moment/Total energy/Point group/ HMO-LUMO/Energy GAP

R = CHCH; SAs -
R-SCOC6H5 | R- OCOC6H5 R-SCOC6H5 | R- OCOC6H5
Dipole Moment | 3.81 Debye 5.60 Debye| HOMO -0.25 Hartree -0.25 Hartresg
Total Energy -3851.61 a.u. -3530.86 a.u} LUMO -0.08 Hartree| -0.07 Hartreg
Point group C1 Cl Energy GAP | 0.17 Hartree 0.18 Hartree
Energy GAP 4.33 eV 4.77 eV

The frontier molecular orbitals HOMO and LUMO gapafid gap) helps characterize the chemical reactant
kinetic stability of the molecule. A molecule withsmall band gap more polarizable and is supfmopesses high
chemical reactivity and can be termed as soft nui¢e[38, 39]. HOMO is electron donor and LUMOeigctron
accepter [40] the band gaps for molecule 1 ande2camputed to be 4.33 eV (287 nm) and 4.77 e\ (26)
respectively which matches well with the observalli® in the range 210 -270 nm. The electron moveinetwveen
these orbitals could easily occur [41] it makeseanale soft and more polarizable with a high chelmieactivity.
3D plots of HOMO and LUMO of the studied molecusgs shown in Fig 3. The highest occupied molecndhital
is concentrated around 1, 3-dithia-2-arsacyclopentemoiety in both the compounds. The lowest unoecup
molecular orbital is concentrated around the winotdecule The HOMO and LUMO orbital’s of compounarid 2
are shown in Figure 3 ,4, The band gap is foundeo0.16 Hartree and 0.17 Hartree for compound 2 &
respectively.
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Frig. 4. (A) HOMO and (B) LUMO molecular orbitals of compound 2

Vibrational analysis

The title molecules 1, 3-dithia-2-arsacyclopentéhe3-D-2-A) derivatives with oxygen and sulfur @on legends
both has 23 atoms as a result of it 63 fundamentades of vibrations are present in both the moéulhe
molecule belongs to the Cs point group and allatibns are supposed to IR as well as Raman active.

C-H Stretching Vibrations; Nine frequencies computed at 3097.8, 3105.4633682.6, 3202.8, 3213.5, 3223.3,
3232.8, 3238.9 cth can be assigned to four C-H stretching modesyolopentane moiety and five to benzene
ring. Consideration of Cartesian displacements akek that frequencies appeared at 3097.8, 310886 and
3182.6 cnit should be assigned to C-H stretching modes obpgritane moiety. Out of this only one mode at 3050
cm-1 is observed by Chauhan et al. The nearestlagdd frequency corresponding to the reported robse
frequency at 3050 chis 3097.8 cil. Its dependence on Cartesian coordinates suggesisng to cyclopentane
moiety.  Similarly in molecule 2 the four bandsmputed at 3064.8, 3076.4, 3136.4, 3167.6 can be assigned
to C-H stretching modes of cyclopentane moiety farmlmodes appeared at 3171.1, 3181.0, 3193.8,.328220.8
cm ' can be assigned to benzene ring. Some relevanmtidnal modes, their observed as well as computed
frequencies along with their force constants amenisities are shown in Table. The assignments baga made on
the basis of earlier published work [42-47] andt€sian displacement of normal modes. The neardstilated
frequency corresponding to the reported observeguéncy at 3050 chis 3097.8 cril. Its dependence on
Cartesian coordinates suggests it to belong tapgeitane moiety.

Heavy Atoms Stretching Modes; Frequencies computed at 1632.3 and 1653 a&m assigned to C=0 stretching
modes of compound 1 and 2 respectively on the ldsikeir dependence of atomic coordinates. Comedimg
observed frequencies are 1640 and 1690 @apectively. Frequencies computed that 618 d6dlécm' can be
assigned to C-S stretching modes of the compoumahdL 2 respectively. Corresponding observed bangs ha
appeared at 620 and 610 tmData show an excellent agreement between thenadband calculated frequencies.

Metal Legend Stretching Vibrations These include As-S and As-O stretching modesguemecies calculated in
the range 356 — 319 cirare assign to As-S stretching modes in both thecatés. While As1-O2 stretching mode
in molecule 2 is calculated at 610.1 ¢m
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Table 6: Computed stretching frequencies (cil), force constants (mDyne/A), and atomic Cartesian displacement of vibrationamotions

in molecule 1
S.No. ((F::’;gtljg rt]gg) 'ggg Assignt. | Frce Const Cartesian Displacement
1 3238.9(95) [ - v(Cs-Hs)B 6.8 G(-0.06Z) + H(0.64Z) + G(-0.03Z) + H(0.342)
2. 3232.8(6.9) | - v(Co-Ho)B 6.7 G(0.04Z) + H(-0.44Z) + G(-0.04Z) + H(-0.527)
3. 3223.3(20.2)| - v(C-H7)B 6.7 G(0.04Z) + H(-0.44Z) + G(-0.04Y) + H,(0.47Y)
4. 32135(8.3) | - v(Ce-Hg)B 6.6 G(0.05Z) + H(-0.53Z) + G(-0.04Z) + H(-0.482)
5 3202.8(0.2) | - v(Ce-He)B 6.6 G(0.01X) + H(0.15Z) + G(-0.03Z) + H(0.362)
6 3182.7(3.3) | - V(ACS—)II-I?A 6.6 G(0.05X) + H(0.58Y) + H(0.39Z) + G(-0.06Y)
7. 3165.7(1.0) | ---- V(ACS_L“)“A 6.5 G(0.04Y) + H(0.53Y) + H(-0.47X) + G(0.06X)
8. 3105.4(12.4)| - v(gf’f‘; A 6.0 G(-0.04Y) + H(0.39Y) + H(0.51X) + G(-0.04Z)
9. 3097.8(2.4) | 3050 v(gfﬂ; A 6.0 G(-0.03Y) + H(0.34Y) + h(0.56X) + G(0.042)
10. | 1701.8(254.3] 1640 v(C:=0Oy) 21.6 G(0.66Y) + Q(-0.42Y) + G(-0.10Z) + G(-0.06X)
11. 1654.2(16.7)| - v(Cs-Co)B 8.8 G(-0.12Y) + G(0.16Y) + G(-0.21Y) + G(0.24Y)
12. 1632.3(9.6) | - v(Ce-C7)B 8.2 G(0.347) + G(-0.19Z) + G(0.15Z) + G(-0.182)
13. 1503.0(11.5)[ - v(C-Cs)B 2.7 G(0.10Z) + G(-0.11Y) + G(0.07X) + G(0.11Y)
14. 1384.9(5.1) | - v(Cg-Co)B 2.0 G(0.12Z) + G(0.05Y) + G(-0.127) + G(-0.022)
15. 1367.1(1.1) | - v(CsCo)B 3.8 G(0.09X) + G(0.12X) + G(-0.09Z) + G(-0.11Y)
16. 12457(67.1)| - v(C4-Cs)B 1.8 G(-0.05X) + G(0.07Y) + G(-0.05Y) + G(-0.16Y)
17. 1227.3(78.6) - v(Cs-Cy) 1.3 G(-0.027) + G(0.07X) + Q(0.02Y) + C(-0.12Y)
18. 1038.6(2.2) | - v(C-CA 1.6 S(0.01X) + G(-0.22Y) + $(0.01X) + G(0.21Y)
19. 618.0(3.2) 620 v(CrrS) 0.9 5(0.07X) + G(-0.21X) + $(-0.14Z) + G(0.342)
20. 598.2(7.8) | - v(CSy) 1.2 5(-0.18X) + G(0.37X) + $(-0.127) + G(0.20Z)
21. 394.3(55) | - V(CsS3) 0.7 S(-0.17X) + G(0.14Y) + Q(0.34X) + G(-0.1227)
22. 356.8(23.3) | - V(As-S)) 1.7 G(-0.08Y) + §(0.42Z) + $(0.53X) + Ag(-0.16X)
23. 347.3(7.0) | - V(As-S3) 1.0 $(0.43Y) + $(0.03X) + $(-0.13X) + Ag(-0.14X)
24, 330.3(9.3) 331] v(As-S) 1.2 G(0.23Y) + 5(0.43Z) + $(-0.39X) + Ag(0.20X)

Table 6.1: Computed stretching frequencies (c/), force constants (mDyne/#), and atomic Cartesian displacement of vibrational
motions in molecule 2

Frequency | Freq. . . .

SN (Calculated) | Obs. Assignt. Frce Const Cartesian Displacement

1 32209 | - v(Cg-Hg)B 6.7 G(0.02Y) + H(-0.24Y) + G(0.07Y) + H(-0.78Y)
2 3209.2 | - v(Ce-Hg)B 6.6 G(-0.03Y) + H(0.31Y) + G(0.80Y) + H(0.0Y)
3. 31938 | - v(C-H;)B 6.6 G(0.03Y) + H(-0.31Y) + G(-0.04Y) + H(0.45Y)
4. 3181.0 | --—- v(Cs-Hs)B 6.5 G(0.05Y) + H(-0.56Y) + G(0.21Y) + H(0.0Y)
5 31711 | - V(/és_ﬁ;‘A 6.5 G(-0.09X) + H(0.80X) + H(0.27Y) + G(-0.02X)
6 31676 | --—- v(C6-H6)B 6.4 G(-0.03Y) + H(0.41Y) + G(-0.06X) + H(0.71X)

Asym
7 31364 | - V(C-H)A 6.4 G(0.03X) + H(0.73X) + H(-0.40Y) + G(-0.06Y)
Sym

8. 30764 | - V(C-H)A 6.0 G(-0.05Y) + H(-0.37X) + H(0.48Y) + G(-0.03X)
9. 3064.8 2970 v((S:YIT)A 5.8 G(0.03Y) + H(0.42X) + Hy(0.51Y) + G(-0.03Y)
10. 1653.0 1690 v(Cs=0y) 16.6 Q(-0.24Y) + G(-0.36Y) + G(0.11Y) + Q(0.56Y)
11. 16425 | - v(C+Cy)B 8.3 C(-0.30X) + G(0.34X) + G(0.26X) + G(-0.27X)
12. 16156 | ----- v(Cs-Ce)B 8.6 C(-0.20Y) + G(0.35Y) + G(0.16Y) + G(-0.18Y)
13. 15369 | - v(Cs-C¢)B 2.8 G(0.09Y) + G(-0.11Y) + G(0.43X) + G(0.10X)
14. 14969 | - v(Ce-C7)B 2.7 G(0.12Y) + G(-0.14Y) + G(0.13X) + G(0.07X)
15. 13743 | - v(Ce-Cy)B 1.6 G(-0.10X) + G(-0.51X) + C(0.10X) + G(0.02X)
16. 13477 | - v(C-Cg)B 6.6 G(0.24X) + G(-0.19X) + G(0.24Y) + G(0.13X)
17. 1268.3 | - v(Cs-Cy) 4.3 Q(0.36X) + G(-0.09Y) + G(0.09Y) + Q(-0.29X)
18. 10733 | - v(Cs-0y) 2.0 Q(0.16X) + G(-0.05X) + G(0.11Y) + Q(0.20X)
19. 10369 | - v(C-Cr)A 1.7 Gi(0.16X) + H(-0.25Y) +H(-0.23X) +G(-0.202)
20. 610.1 540 | v(Asi-Oy) 2.5 G(0.22Y) +Q(-0.06X)+ G(0.29Y) + Ag(0.08X)
21. 595.8 610 v(Ci-S) 0.9 G(0.29Y) + §(0.07X) + $(-0.11Y) + G(-0.18X)
22. 582.1 | - v(Cr-S) 1.2 G(0.33Y) + §(-0.14Y) + $(-0.12Y) + G(0.31Y)
23. 3521 | - V(As1-S,) 24.5 $(-0.517) +5(0.50Z)+ Q(0.03Y) + As(-0.21Y)
24. 319.8 320 | v(Asi-S) 13.3 $(-0.31Y) +5(0.392)+ Q(0.01X) + As(-0.29Y)

Other vibration modes: C=C stretching modes in benzene ring appear indgmns 1600-1585 chand 1500-
1400 cni [48]. On the basis of Cartesian displacements tiaguencies listed at al No. 11-16 in Table six ban
assigned to these vibrations. The frequenciekuleged at 1227 cth and 1038.6 cih are assigned to C3-C4
and C1-C2 stretching modes respectively. In mdée@uthese modes are calculated at 1268.3 & 1086.3 .
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Assignment of frequencies computed in the ran@eI854 ciit belong to different C-H bending mode, few C- C
stretching modes of benzene ring are assigned eibdkis of movement of atoms in these frequerangsare
shown in Table 7. The benzene ring breathing matesolecule 1 and 2 are computed at 891.0@nd 1049.9
cm ™ respectively. These vibrations could be recognkmschuse of their high intensities of 241.5 and 459.

Table 7: Computed Bending frequencies (cif), force constants (mDyne/#), and atomic Cartesian Displacement of vibrationamotions

inCom 1
SN ((F::';ggg rt]:g) grsg Assignt. Frce Const Cartesian Displacement
1 | 1545.4(2.8) | - B (C-H)B 2.9 H(-0.34X)+Hy(-0.37Y)+Hy(-0.33X)+H(-0.33Y)
2 | 1514.1(8.7)| - B (C-H)A 1.5 H,(0.59X)+H:(0.58Y)+H;(0.32Z)+Hy(-0.23Y)
3 | 1507.1(10.1)] ----- B (C-H)A 14 Hi(-0.27X)+H(-0.29Y)+H(0.642Z)+H,(-0.54Y)
4 | 1352.2(14.7)] ----- W B (C-H)A 1.3 H,(0.23Z)+H(0.18Z)+H(0.43X)+H,(-0.13Y)
5 1310.5(7.7) | ---- W B (C-H)A 1.2 H1(0.2927)+H(0.51Z)+H(-0.50X)+H,(-0.46X)
6 | 1225.8(32.8)] ---- B (C-H)B 1.1 H(-0.26Y)+H,(0.552)+H(0.40X)+Hy(-0.31Y)
7 1185.7(0.9) | ----- T (C-HA 1.0 H(0.15Y)+H,(0.632)+H;(0.16Z)+H,(0.57X)
8 1152.4(3.7) | ---- T (C-HA 0.8 H1(0.54Z)+H(-0.382)+Hx(-0.49X)+H,(0.36X)
9 | 1127.6(3.2) | - B (C-H)B 1.2 H(0.39X)+H,(-0.53Z)+H(0.22X)+Hy(-0.32Y)
10 | 1065.5(1.4)| ----- B (C-H)B 15 H5(-0.34X)+H(-0.37Z)+H;(0.35Z)+Hy(-0.312)
11 | 1038.8(1.9)| ---- B (ring)B 0.9 H(0.37X)+H,(-0.37X)+H5(0.31X)+Hy(-0.19X)
12 | 1034.6(5.3)| ----- B (ring)B 2.2 H5(0.34Y)+H;(0.35X)+H;(-0.49X)+H,(0.20X)
13 | 1010.7(4.4)| —- 7B (C-H)B 0.8 H(-0.32X)+H5(0.29X)+Hy(-0.39X)+H;(0.31X)
14 | 981.1(8.2) | ----- R B (C-H)A 0.9 Hi(-0.41Z)+H(0.52Y)+Hy(-0.40X)+H,(-0.26Y)
15 964.7(3.1) | ---- n B (C-H)B 0.7 H5(0.35X)+H;(-0.36X)+Hs(-0.11X)+H(0.44X)
16 | 891.0(204.5) ----- Ring Breathing 2.3 H(-0.21X)+Hy(-0.48X)+Hy(-0.29Y)+H(-0.25Y)
17 884.4(3.5) | ---- n B (C-H)B 0.6 H5(-0.33X)+H5(0.33Y)+Hs(0.38X)+H,(0.36X)
18 | 880.5(3.1) | ---- R B (C-H)A 0.7 H(0.28X)+Hy(-0.44Y)+Hy(-0.45Z)+H,(0.42X)
19 | 793.032.9)| -—- 7B (C-H)B 0.6 H5(0.36X)+H,(0.38X)+Hy(0.38X)+Hy(0.16X)
20 | 724.6(484)| ---- n B (C-H)B 0.6 H5(0.36Y)+H;(0.13X)+H;(0.40X)+H;(0.342)
21 | 692.4(69.2) | ----- B (ring)B 2.1 H(-0.22X)+H,(0.22X)+Hy(-0.31X)+H;(0.17X)
22 | 652.9(26.0) | ----- B (ring)B 15 G(0.24X)+Gy(-0.23Y)+H5(0.43X)+H(-0.32Y)
23 | 642.2(14.5)] ----- B (ring)B 1.4 G(-0.20Z)+H(0.33Z)+H;(0.332)+H(-0.197)
24 520.6(1.0) | ----- B (ring)B 11 H5(0.32Y)+H,(-0.27Y)+Hs(-0.34X)+Hy(-0.23X)
25 | 440.5(16.3)| ----- n B (C-H)B 0.5 G(0.15X)+H5(0.36X)+H,(-0.30X)+H;(0.33X)
26 | 439.1(1.5) | ----- B (C-H)A 0.4 G(0.22X)+Hy(0.51X)+H;(0.29X)+Hy(-0.48Z)
27 430.9(3.0) | ----- n B (ring)B 0.4 H5(0.37X)+H(-0.24X)+Hs(0.37X)+H(-0.25X)
28 | 274.2(23.7)| - B (S-C-O) 0.5 As(0.16Y)+5(-0.21X)+C(-0.09Y)+0y(0.40X)
29 | 268.3(14.6) | ----- RB (C-H)A 0.1 H(-0.44X)+H:(0.47Y)+Hs(-0.40Z2)+H,(-0.37Y)
30 | 252.6(1.4) | -—-- 7B (C-H)A 0.2 Hy(0.49X)+H(-0.38Y)+H;(0.43Z)+Hy(0.25Y)
31 | 193.6(1.5) | -—-- B (C-C-0) 0.5 5(0.12X)+G(-0.08Y)+Qy(-0.14Y)+C(-0.257)
32 173.6(3.4) | - T B (S-As-S) 0.2 S(0.29Y)+5(0.13Y)+A5(-0.16Y)+S5(0.212)
33 | 155.9(0.6) | -—-- B (C-H)B 0.1 H5(-0.26X)+Hy(-0.24Y)+H,(0.34X)+H,(0.32Y)
34 121.0(2.2) | ---- B (HA) 0.1 Hy(-0.46Y)+S(0.26Y)+As(0.09Y)+S(-0.157)
35 94.2(31) | - B (C-H)A 0.02 H(-0.23Z)+H(0.26Y)+H(0.27Y)+H,(0.38Y)
36 87.0(0.8) | ----- n B (C-H)B 0.02 H(0.25X)+Hs(0.23X)+Hs(-0.33X)+H(-0.21X)
37 42.5(1.4) | --- 7B (C-HA 0.01 H(-0.22X)+Hy(-0.22X)+C(-0.23X)+H,(-0.36X)
38 36.3(0.4) | ---- B (C-H)B 0.005 H(-0.25X)+H4(-0.41X)+H,(-0.29X)+H5(-0.21Y)
39 25.01.6) | ---- B (C-H)A 0.003 H(-0.192)+G(0.18Y)+Hs(0.18Y)+H,(0.28Y)
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Table 7.1: Computed Bending frequencies (cm), force constants (mDyne/A), and atomic Cartesian Displacement of vibrational
motions in Com 2

Frequency .
SN | (Calculated) gsg Assignt. Frce Const Cartesian Displacement
1 | 1491.9(10.7)] — B (C-H)A 1.4 F(0.29Y)+Fb(-0.27X)+F5(0.49Z)+H(0.56X)
2 | 14855(13.1)] -~ B (C-H)A 14 F(0.46Y)+Hb(-0.45X)+H5(-0.257)+H(-0.37X)
3 | 1357.9(9.3) | —— 1B (C-H)A 13 F.(0.622)+H(0.19Y)+H(-0.47Z)+H(0.13X)
4 | 1312.1(22.3) - W B (C-H)A 1.2 F.(0.297)+F(0.472)+H(-0.40Y)+H,(0.392)
5 | 1217.8(86.4)] —— B (C-H)B 1.0 F5(0.46X)+H(-0.33X)+H(-0.42X)+Fb(0.47X)
6 | 1212.7(05) | —— B (C-H)B 1.0 (0. 19X)+F5(-0.42X)+H(0.67Y)+Fb(0.42X)
7 | 1182.8(0.6) | —— 1B (C-H)A 1.0 F(-0.152)+H(0.652)+Fb(0. 13X)+Hy(-0.432)
8 | 1164.3(9.9) | — 1B (C-H)A 0.9 F.(0.447)+H(-0.332)+H(0.44Z) +H(-0.392)
9 | 1117.2(45.8)] —— B (C-H)B 13 F5(0.56X)+H(-0.53Y)+H(0.35X) +Fb(-0.36X)
10 | 1049.9(159.9)f ---- Brgggﬁing 2.3 H(-0.33X)+H5(-0.41Y)+H(0.40Y)+H(-0.32Y)
11 | 1043.4(0.1) | —— 7B (C-H)B 08 F4(-0.407)+H(0.532)+H(-0.512)+H(0.442)
12 | 1026.9(165)] —— B (ring)B 3.4 G(0.41X)+H5(-0.32X)+H(0.43X)+H(-0.30X)
13 | 1024.6(0.1) | —— 7B (C-H)B 08 F(-0.542)+H(0.392)+H(-0.517)+H(0.502)
14 | 986.1(15) | —— 7B (C-H)B 08 G(0.112)+F(0.492)+H(-0.622)+H(0.572)
15 | 970.4(8.9) | —— Rp (C-H)A 08 F(0.46Y)+H5(-0.40Y)+H(0.45Y)+Hy(-0.44X)
16 | 887.9(0.04) | —— 7B (C-H)B 0.6 F4(-0.452)+H(-0.542)+H(0.512)+H(0.482)
17 | 866.9(20.8) | —— Rp (C-H)A 0.7 F(0.31X)+Hb(-0.49Y)+Fb(-0.312) +Hy(0.55X)
18 | 8251(7.7) | —— 7B (C-H)B 1.0 G(0.127)+H(-0.547)+H(-0.522)+F(-0.562)
19 | 819.9(58.0) | —— B (OCO) 36 G(0.122)+Q(-0.547)+H(-0.522)+Q(-0.567)
20 | 726.3(97.0) | —— 7B (C-H)B 05 F4(-0.467)+H(-0.552)+H(-0.347) +H(-0.472)
21 | 705.2(9.7) | —— B (ring)B 14 H(0.472)+H(-0.332)+H(0.472)+F(-0.247)
22 | 687.4(18.1) | —— B (ring)B 2.4 F5(0.31X)+H,(-0.30X)+F(0.32X)+0,(-0.30Y)
23 | 649.7(0.2) | —— B (ing)B 16 F4(-0.32X)+H(0.25Y)+Hs(-0.33Y)+H(0.31Y)
24 | 457.8(0.02) | —— 7 B (fing)B 0.4 F(-0.412)+H(0.47Z)+H(-0.39Z)+Fy(-0.347)
25 | 448.9(28.7) | —— B (ring)B 1.0 Fh(-0.25X)+H(-0.24X)+H(-0.35X)+0,(0.21X)
26 | 424.8(0.002)] —— 7B (C-H)B 0.3 F5(0.472)+H(0.442)+F4(0.442)+ Fy(-0.472)
27 | 4195(3.3) | —— Rp (C-H)A 0.4 Fh(-0.46Y)+H(-0.29X)+H(0.227)+Hy(0.447)
28 | 2959(2.2) | —— B (C-H)B 0.3 F5(-0.38X)+H(-0.34X)+H(-0.22Y) +F(0.26Y)
29 | 268.3(11.8) | —— B (C-H)A 0.4 G(-0.23X)+H(-0.42Y)+Hb(-0.42X)+Fb(-0.22X)
30 | 262.5(15.4) | -~ RB (C-H)A 0.1 H(-0.29X)+Hb(-0.49X)+H(-0.382)+H(-0.39X)
31 | 216.8(13.3) | —— B (C-H)A 0.3 H(-0.22Y)+Fb(-0.20X)+G(-0.13Y)+F(-0.19Y)
32 | 210.6(11.9) | —— B (C-H)A 0.2 F(-0.25Y)+H(-0.32X)+H:(-0.282)+H(0.29X)
33 | 142.70.4) | —— B (C-H)B 0.1 F(-0.322)+H(0.522)+F(-0.262)+O(-0.307)
34 | 129.3(0.8) | —— B (O-As-S) 0.1 H0.16X)+5(0.28X)+A5(0.07Y)+Gy(-0.14X)
35 | 109.3(3.6) | —— B (As-S-C) 0.03 G(-0.23X)+G(-0.20X)+5(0.16X)+As(-0.33X)
36 | 90.3(0.7) | —— 7B (HA) 0.04 S(-0.14X)+5(0.16X)+G(0.192)+Q(0.497)
37 | 735(1.2) | -~ RB (C-H)B 0.02 F1(0.25X)+H5(0.24X)+H,(0.30Y)+F:(-0.20X)
38 | 38.4(0.0) | —— Rp (C-H)B 0.004 F(0.387)+H4(0.467)+Fi(-0.367)+H(-0.402)
39 | 256(1.2) | —— B (HA) 0.003 $(-0.21X)+5(0.17X)+G(-0.182)+Q(-0.282)

CONCLUSION

Density function theory (DFT) computations are igatrout for the model compoun@H,CH, S;,As — ACOCgHs
(A=S, O) with the objectives of reporting their geometry, electronic structure, and bonding. Whienplexes
with thiobenzoic acid are termed compoundl, the meres with benzoic acid are termed compound2. The
geometrical parameters, band gap and assignmeimhpdrtant vibration frequencies are reported. TheSA
(ligands) bond length of 2.409 is slightly highbam As-S (1, 3-D-2-A) bond length. Computationgesd that the
benzene ring is not co-planar with the 1, 3-D-2i#Ags. Energetically sulfur complex are found torbech more
stable compared to oxygen complex. On the othed lkampound2 is more polar than compoundl. Theygrgap
in the two complexes is found to be 4.33 and 4eVespectively. An important feature of the twamplexes is
that while compound1l exists in only one stable fah@ compound2 undergoes rotation about O2-C3 dh@&©O
bonds to produce one more conformer in which bemzen is cis to the 1, 3-dithia -2-arsacyclopetgreup. The
compound? is stabilized by hydrogen bonding.
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