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ABSTRACT

A DFT level quantum mechanical analysis of 4-Amino-3, 6-dichloro-2-pyridinecarboxylicacid (AMPYD) and
3, 6-Dichloro-2-pyridinecarboxylic acid (CLPYD) has been performed to explore their electronic, structural and
spectral behavior. In this theoretical analysis various geometrical parameters, band gap and assignment of
important vibration frequencies are reported and analyzed for both the compounds. In AMPYD the C-CI bond
lengths are found to be 1.84 A% and 1.82 A° while in CLPYD the C-Cl bond lengths are 1.83A%nd 1.81A° The C-C
bonds of pyridine group of AMPYD are slightly longer than the C-C bonds of same group in CLPYD. It can be
attributed to the presence of —-NH. group in AMPYD. The bond length suggests that AMPYD is more reactive than
CLPYD. Analysis also suggest that the active sites in both the compounds are lies on C-Cl bonds and on C-C bond
present between pyridine ring and the substitute group of same bond. Both the compounds get stabilized by
hydrogen bonding. Bond angle analysis reveals that all the C and N atoms in both undertaken compounds are in SP?
hybridization. Analysis also suggests that O is in SP® hybridization. Since all C and N atoms are in trigonal planer
orientation therefore structure of both compounds should be planer. Analysis of dihedral angles reveals that in both
undertaken compounds pyridine ring and substitute group are planer. Both the —Cl attached with ring are also
planer to ring. In AMPYD, —NH; group is also planer to ring. O1, O2 N; and N, are most negative elements while C3
and Cs are most positive elements it suggests maximum reactivity around Cs-N2 and Cs-O; bonds. The total energy
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of the two compounds is found to be -1404.26 a.u. and -1349.20 a.u. The band gap in undertaken molecules is found
to be 4.89 eV (253.54 nm) and 5.30 eV (233.93 nm) respectively. Therefore, AMPYD is more polar than CLPYD.
Analysis also reveals that AMPYD is soft and highly reactive. Zero-point vibration energy for both AMPYD and
CLPYD is found to be 263289.5 Joules/Mol and 218865.6 Joules / Mol. The stoichiometric formula for AMPYD and
CLPYD are calculated as CsH4CI:N2O, and CgH3Cl2NO; respectively and Deg. of freedom for both the compounds
are 42 and 36 respectively. The dipole moment of AMPYD and CLPYD is computed as 6.22 and 3.61 Debye. Total
thermal energy, Cv and entropy of AMPYD are computed as 69.691 Kcal / Mol, 39.716 Cal / Mol-kelvin, 104.545
Cal / Mol-kelvin, respectively and for CLPYD these values are computed as 58.255 Kcal / Mol, 34.072 Cal / Mol-
kelvin, 99.027 Cal / Mol-kelvin, respectively.

Keywords:4-Amino-3, 6-dichloro-2-pyridinecarboxylicacid (AMPYD), 3,6-Dichloro-2-pyridinecarboxylic
acid, (CLPYD), DFT.

INTRODUCTION

Pyridine Herbicides have been an active area research because of their various biological applications. Herbicides are chemicals
used to control unwanted plants. Modern herbicides are synthetic mimics of natural plant hormones that interfere with growth of
the target plants. [1] Herbicides cross the cell wall and the plasma membrane of plant cell to reach its site of action and causes
phytotoxicity. [2] Their resistance towards degradation and high water solubility increases its likelihood of transport. [3] Due to
the lake of rotational programmes and continuous use of it with same sites of action, weeds develop resistance towards
herbicides. [4] Herbicide activity, selectivity in dicots, and mechanism of phytotoxicity attributed to auxin-conjugating enzymes
and auxin signal transduction components. [5] Studies have revealed that herbicides have carcinogenic, mutagenic, and
teratogenic effects on humans. They also have negative effect on insects and rodents. [6-16] There is a risk of Parkinson’s disease
with exposure to herbicide. [17] Herbicide use has negative impact on Bird population and underground water. [18-20] They
cause demasculinization in male frogs, therefore affect frog population negatively. [21]4-Amino-3, 6-dichloro-2-
pyridinecarboxylicacid or Aminopyralid and 3, 6-Dichloro-2-pyridinecarboxylic acid or Clopyralids are selective herbicides used
to control broadleaf weeds. Both are in picolinic acid family and can enter the food chain via manure and affect potatoes,
tomatoes, and beans. [22-28] Clopyralid is known for its ability to persist in dead plants and compost. It is a pyridine carboxylic
acid, auxin-type herbicide that is adsorbed primarily by foliage and also through roots, after translocation to meristematic regions.
It interferes with auxin growth hormones, affecting cell elongation and respiration, leading to growth defects and death in
susceptible species. [26-28] Degradation of Clopyralid is due to formation of toxic intermediates through pyridine ring
transformation, dichlorination and decarboxylation reactions. [29] Dissipation of clopyralid depends on environmental factors
like temperature and soil water content. [30] Aminopyralid has great tendency of soil sorption [31] and has activity on Canada
thistle. [32] It has greater biological activity at the target site than clopyralid. Aminopyralid has shorter half-life than clopyralid.
It is relatively immobile in soil. Aminopyralid is a systemic auxin herbicide moves throughout the plant and deregulates plant
growth metabolic pathways. They are structurally similarly to the natural plant hormone auxin and induce same physiological and
biochemical responses. The primary route of breakdown of Aminopyralid in soil is aerobic microbial degradation. [34-36] It is a
water soluble weak acid herbicide that shows strong sorption towards clay minerals. Its off-target movement is very less. [37, 38]
Its photolysis is mainly responsible for dissipation. [39-41] To the best of our knowledge, there is no report, available for
quantum mechanical study of electronic, structural and spectral behavior of these compounds. In this analysis we provide, a DFT

level computation of 4-Amino-3, 6-dichloro-2-pyridinecarboxylic acid and 3, 6-Dichloro-2-pyridinecarboxylic acid. Here 4-
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Amino-3, 6-dichloro-2-pyridinecarboxylic acid is abbreviated as AMPYD and 3, 6-Dichloro-2-pyridinecarboxylic acid is termed
as CLPYD.

METHODOLOGY

A quantum mechanical study of 4-Amino-3, 6-dichloro-2-pyridinecarboxylic acid and 3, 6-Dichloro-2-pyridinecarboxylic acid
has been performed on the basis of density functional theory. [42, 43] Calculations were performed on a Pentium IV/ 1.6 GHz
personal computer using the Gaussian 09W suite of programs [44]. The Becke 3LYP keyword, which invokes Becke three
parameter hybrid method [45] using the correlation function of Lee et. al [46-48] and 3-21G (6D, 7F)-basis set [49, 50] was used
to locate the optimized geometries of the undertaken complexes. All the parameters were allowed to relax and all the calculations
converged to an optimized geometry which corresponds to a true minimum, as revealed by the lack of imaginary values in the
wave number calculations. The Cartesian representation and the theoretical force constants has been computed at the fully
optimized geometry by assuming the molecules belongs to Cs point group symmetry by combining the result of Gauss view
programme [51] with symmetry consideration, vibration frequency assignments are made.

RESULTS AND DISCUSSION
Geometry of the molecule

The stoichiometric formula for AMPYD and CLPYD are computed as CsH4Cl2N202 and CsHsCI2NO: respectively Molecular
mass of both the compounds is calculated as 205.96498 amu and 190.95408 amu respectively.

Table 1: Various bond lengths in AMPYD and CLPYD in A° R = -COOH

Bond length CsH3CIN,-R CsH,CILN-R Bond length CsH3CIN2-R CsH,CILN-R
AMPYD CLPYD AMPYD CLPYD
C4-Cof C5-Cy 1.38 1.39 Co-Cly/ C4-Cly 1.82 1.81
C,-C4f C4-Cs 1.42 1.39 N2-Hs 0 1
Cs-C4 C5-C; 1.40 1.38 N2-H, 0 1
C4-Cs/ C-Cy 1.38 1.39 Cs-N; 135 | -
Cs-Ny/ C1-N; 1.30 1.30 Ce-01 1.22 1.22
Ce-Cy/ C5-Cs 1.50 1.49 Ce-O; 1.37 1.37
C1-Ny/ Cs-N; 1.35 1.35 O,-Ha/ Op-Hs 0.99 0.99
Cs-Hi/ Co-H, 1.08 1.08 H-bond 2.34 2.35
Cs-Cly/ C1-Cl, 1.84 1.83 CyH, | - 1.08
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In these herbicides substitute group shows a mono valent attachment to the C of pyridine ring. X-Ray crystal structure data of
both the compounds is not available. Therefore, quantum mechanical analysis of these molecules becomes more relevant to
optimize geometry at DFT level. Fig.1 and Fig.2 represent the optimized geometry of AMPYD and CLPYD respectively. It is
found that the calculated bond lengths are in well conformity with the bond lengths expected from reported atomic radii. [52] In
AMPYD the C-CI (Pyridine group) bond lengths are found to be 1.84 A° and 1.82 A that are higher than C-O bond lengths
1.37A%and 1.22 A of substitute group. In AMPYD the C-C bonds of pyridine group are slightly longer than the C-C bonds of
pyridine group of CLPYD. Bond lengths also suggest that C-C bonds of AMPYD are less stable than CLPYD. It can be
attributed to the presence of -NH2 group in AMPYD. In AMPYD the C-O bonds are more stable than C-C bond. In CLPYD the
C-CI (Pyridine group) bond lengths are found to be 1.83A%nd 1.81A0 that are less than the same bond lengths in AMPYD. C-N
bond in both the undertaken compounds is found to be 1.30 A% The carbonyl Cs-O1 bond length in both the undertaken
compounds is found to be 1.22 A°. An important feature of the two compounds is that both the compounds get stabilized by
hydrogen bonding. The (O-H) hydrogen bond length in AMPYD is 2.34 A° while in CLPYD the same is 2.35 A°. The bond
length suggests that AMPY D should be more reactive than CLPYD. C-Cl Bonds in both the compounds are found longer than all
other bonds and C-C bond between pyridine ring and substitute group in both the compounds are slightly longer, suggesting that
active sites in both undertaken compounds are centered on the same bond.

The detailed data on bond lengths is shown in figure-1, figure2 and Table 1.

The optimized geometry of the AMPYD and CLPYD
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Figure-1: Optimized geometry of AMPYD
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Figure-2: Optimized geometry of CLPYD

Table 2: Various bond angles (degree) in  AMPYD and CLPYD R =-COOH

Angle CsHsCILN2-R CsH.CILN-R Angle CsHsClIoN2-R CsH.CI:N-R
AMPYD CLPYD AMPYD CLPYD

C1C:Cly/ CsC4Cly 124.6 125.4 C4CsClyf C,C1Cl, 116.4 117.2
C1CoCqf CsC4yCs 121.1 116.3 H1C4Cs/ H,C,Cy 1211 121.3
C2C4C4f C4CsC2 116.2 119.6 CsN;Cy/ C1N:Cs 118.3 120.2
CoCsN; 1222 | - Cl,CsNy/ CI,C1N; 1175 118.1
Cl,C,Csf CIiC4Cs 114.2 114.6 N1C:C¢/ N1CsCs 111.9 112.6
C3C4Cs/ C5C,Cy 117.8 116.3 N;C1Cof N1CsCy 120.4 119.2
C3C4Hy/ C3CoH; 121.0 122.2 C,C60:/ C5C60- 112.9 112.2
C3NyH3 1206 | - C1C604/ C5C601 124.1 124.3
C3NaHy 12012 | - Cs02H./ Cs02Hs 107.9 108.3
N2C3C4 1214 | - 0:C60./ 0:C60- 122.8 1233
C4CsNy/ C,CiN; 125.9 124.5

The bond angles in AMPYD and CLPYD are listed in Table 2. In both the compounds various bond angles around C and N1 are
almost 120° that suggests SP? hybridization in the C and N1 atoms. N1 is pyridine nitrogen. Here we can assume that non-bonding
electron pair is not delocalized therefore cannot contribute in the resonance with the other x electrons in the cycle. In AMPYD
N2 is amine nitrogen. We can assess its hybridization sp2. It can be attributed to the fact that all its surrounding bond angles are
almost 120°. Here resonance interaction between the aromatic ring and the nitrogen delocalized lone pair can be predicted.
01C602 angle in both undertaken molecules is more than 120 ° which can be attributed to high grade of repulsion between Ip of
both the oxygen atoms. CéO2H2 angle in AMPYD and CsO2Hs angle in CLPYD are less than 109° 28"’ it is due to Ip-Ip repulsion
on oxygen atom. Bond angle around O2 also suggests sp® hybridization in O2. Bond angles Cl2CsN1, N1C1Cs, C1Cs02, C4CsCl2
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and Cl1C2Czin AMPYD and bond angles Cl2CiN1, N1CsCs C1, C5CsO2 , CliC4C3 , and C2C1Clz in CLPYD are less than 120 0 it
can be due to Ip-bp repulsion.

Dihedral Angles
Table-3: Various Dihedral angles (degree) in AMPYD and CLPYD R=-C H,COOH
Dihedral angles CsH3CIN2-R CsH,CI:N-R Dihedral angles CsH3CIN,-R CsH,CIbN-R
AMPYD CLPYD AMPYD CLPYD

H10,Cs01/ H30,C60: 0.000 0.000 C2C3C4Cs/C4CsC,Cy 0.001 -0.000
H10,CsCy/ H30,C6Cs -179.9 180 C,C3C4H1/C4C5CoH, -179.9 180
0,C6C1Co/  0,C6CsCa -0.026 0.000 C3C4CsCl,/C3C,CiCl, 179.9 -180
0,C6C1Ny/ 0,C6CsN; 179.9 179.9 C3C4CsN1/C3C,C1Ny 0.002 0.000
0:C6C1Cyf 01C6CsCy 179.9 180 H3N2CsCs -0.001 | -
01C6C1iNy/ 0;C6CsN; -0.05 -0.001 H4N,CsCy -1799 | -
C6CiC.Cly/  CeCsCuCly 0.002 -0.000 N2C3C4H1/H1C3CoH, -0.003 0.000

C6C1CoCaf CsCsCaCs 179.9 179.9 N2C3C4Cs/H1C5C,Cy 179.9 180
C6C1N;Cs/ CcCsN;C,y -179.9 -180 H,C4CsCly/H,C,C;Cl, -0.01 0.000
C1C,C3C4l CsC4CsCo -0.009 0.000 H;C4CsN1/H,C,C1Ny 179.9 180
C1C,C3Ny/ CiC4CsH; -179.9 180 C4CsN;C1/C,C1N:Cs 0.001 0.000
Cl1,C,CsNy/ CI,C4C3H; -0.015 -0.000 Cl,CsN;C4/Cl,C1N;Cs -179.9 -180
CliC,CsC4f CliC4CsCo 179.9 180 CsN;C;Co/C1N;1CsCy -0.009 -0.001
C,C3N2H3 1799 | - N1C1C.Cl:/N;CsC,Cly -179.9 -179.9
C2CsN2H, 0.055 | - N;C1C>Cs/N:CsC4Cs 0.01 0.000

The dihedral angles of AMPYD and CLPYD are listed in Table 3. Dihedral angles 01CsCi1C2, 01C6CiN1, 02CsC1C2, and
02C6C1N1in AMPYD are calculated to be 179.9%, -0.05°, -0.026° and 179.9° it reveals that substitute group is planer to pyridine
ring. By analyzing dihedral angle data of N1CiC2Cli, CeC1C2Cli CliC2C3Ca, C3CsCsClz, HiCsCsClz, and Cl2CsNiCi, we can
conclude that both substituted —ClI attached with ring are planer with this. Dihedral angles C2C3N2H3, C2C3N2H4, and N2C3C4H1

explain that —NH: attached with ring is also planer with ring.

In CLPYD dihedral angles O1CsCsCa, O1CsCsN1, 02C6CsCa, and 02C6CsN1 are calculated to be 180°, --0.001°, -0.000° and 179.9°
these data reveal that in CLPYD substitute group and pyridine ring are almost planer. Dihedral data analysis also reveals that —Cl
groups in CLPYD are planer to ring. We can also conclude by analyzing dihedral angle data of pyridine ring that this group in
both the molecules is planner. Analysis of dihedral angles of substitute group also reveals that this group is planner in both the

molecules.
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Electronic Struction

Table 4: Mulliken Atomic charges (coulomb) on various atoms in AMPYD and CLPYD R =-COOH

— CsH:CLN R CsH:CLN-R — CsHiCLN R CsH:CLNR
charges AMPYD CLPYD charges AMPYD CLPYD
C./C5 0.187 0211 Ha/H; 0373 0377
CJCa -0.297 -0.298 Hs 0326 | —
Cs 0.455 -0.090 Hs 0342 | —
C.C2 -0.169 -0.169 ch, 0.140 0174
C4/C; 0.044 0.054 Cl, 0.086 0.111
Co 0678 0679 0 -0.455 -0.453
N; 0544 0526 0 0557 -0.555
N 085 | [ P — 0.247
Hu/Hz 0217 0.239

Atomic charges depend on how the atoms are defined. [53] It plays an important role in the application of theoretical calculations
to molecular system. The Milliken atomic charges calculated at B3LYP level with 6-31 +G (d, p) basis set on various atoms in
molecules 1 and 2 are shown in table 4. Table shows that all hydrogen atoms in both the compounds carry positive charge it can
be attributed to their electropositive nature. Milliken Atomic charges analysis reveals that O1, Oz, N1 and N2 are most negative

elements it can be attributed to their electronegative nature.

While Cs and Cs are most positive elements it suggests maximum reactivity around Cs-N2 and Cs-O2 bonds in these molecules.
Csand Cs are most positive element in both the undertaken compounds because it is attached to more electronegative elements
like N and O. Carbonyl oxygen in both undertaken complexes has high grade of negative charge it can be attributed to high y
value of O. All C of pyridine ring that are attached with H are negative due to electro positivity of H. Due to larger size of Cl they

are less electronegative and possess positive charge.

Table 5: R =-COOH

C5H3C|2N2-R C5H2C|2N-R C5H3C|2N2-R CstClzN-R
AMPYD CLPYD AMPYD CLPYD
Dipole Moment 6.22 Debye 3.61Debye HOMO -0.250 Hartree -0.282 Hartree
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Total Energy -1404.26 a.u. -1349.20 a.u. LUMO -0.070 Hartree -0.087 Hartree
Point group Ci Ci Energy GAP 0.180 Hartree 0.195Hartree
Energy GAP 4.89 eV 5.30eV

The dipole moments, energies, the highest occupied molecular orbital (HOMO) energies, the lowest unoccupied molecular orbital
(LUMO) energies and the energy gap for the studied molecules have been calculated and given in Table 5. The total energy is
calculated to be -1404.26 a.u. and -1349.20 a.u. for AMPYD and CLPYD respectively. Zero-point vibration energy for AMPYD
is found to be 263289.5 (Joules/Mol) or 62.92771 (Kcal/Mol) with zero-point correction 0.100282 (Hartree/Particle) and for
CLPYD zero-point vibration energy is found 218865.6 (Joules / Mol) or 52.31015 (Kcal / Mol) with zero-point correction
0.083362 (Hartree / Particle). AMPYD has 104 electrons and 16 atoms while in CLPYD 96 electrons and 14 atoms are calculated
and both are having neutral nature. The band gap of frontier molecular orbital HOMO and LUMO helps to characterize the
chemical reactivity and kinetic stability of the molecule. A molecule with a small band gap is more polarizable and is supposed to
possess high chemical reactivity and can be termed as soft molecule [54,55]. HOMO is electron donor and LUMO is electron
accepter [56] the band gaps for AMPYD and CLPYD are computed to be 4.89 eV or 0.180 Hartree (253.54 nm) and 5.30 eV or
0.195 Hartree (233.93 nm) respectively. It suggests high chemical reactivity of AMPYD than CLPYD. The electron movement
between these orbitals could easily occur [57] it makes molecule soft and more polarizable with a high chemical reactivity. 3D
plots of HOMO and LUMO of the studied molecules are shown in Figure 3 and 4. The highest occupied molecular orbital and
lowest unoccupied molecular orbital is concentrated around phenoxy group in both the compounds.

9

A B

Figue-3: (A) HOMO and (B) LUMO molecular orbitals of AMPYD

124
Scholar Research Library



Trivedi Setal

Der Pharmacia Lettre, 2017, 9 [5]:117-132

Thermo chemical Analysis

A

B

Figure-4: (A) HOMO and (B) LUMO molecular orbitals of CLPYD

The thermo chemical analysis of both undertaken molecules is also carried out. Total thermal energy, Cv and entropy of AMPYD
are computed as 69.691 Kcal / Mol, 39.716 Cal / Mol-kelvin, 104.545 Cal / Mol-kelvin respectively and for CLPYD these values
are computed as 58.255 Kcal / Mol, 34.072 Cal / Mol-kelvin, 99.027 Cal / Mol-kelvin, respectively.

Vibrational Analysis

Table-6: Computed stretching frequencies (cm™), force constants (mDyne/A°), and atomic Cartesian displacement of vibration motions in

AMPYD.
Frequency Force
SN. (Calculated) Assignt. Const Cartesian Displacement

1. 3662.4(52.6) Asym v(N-Hs) 8.7 Ha(-0.63X)+H3(-0.55Y)+H3(-0.51X)+N(0.08X)
2. 3543.5 (96.8) Sym v(Nz-H,) 7.7 Ha(-0.73X)+H3(0.45X)+H3(0.48Y)+N,(-0.05Y)
3. 3485.6 (33.2) Vv(Oz-Hy) 7.6 02(-0.05Y)+0,(-0.03X)+H(0.53X)+H(0.847Y)
4. 3247.0(0.9) V(C4-Hy) 6.7 C4(-0.06X)+C4(-0.06Y)+H;(0.72X)+H,(0.69Y)
5. 1771.4 (163.2) v(Ce-01) 195 C(0.71Y)+Cs(-0.23X)+04(-0.44Z)+01(0.16X)
6. 1606.9 (8.7) V(Cs-Ny) 5.7 C1(0.15Y)+Cs5(0.27Y)+C4(0.34Y)+N(-0.07Y)
7. 1555.0 (139.7) V(C3-Cy) 9.8 C3(0.43X)+C4(-0.26X)+C5(0.27Y)+Cq(-0.27X)
8. 1459.2 (40.4) V(C1-Cy) 6.8 C1(0.37Y)+Cy(-0.22Y)+C3(-0.31Y)+C4(0.01X)
9. 14434 (2.3) V(C4-Cs) 7.8 C(-0.24Y)+C3(0.27Y)+C4(0.27Y)+C5(-0.31Y)
10. 14156 (2.4.1) V(C1-Cg) 3.0 C1(-0.11X)+C3(-0.15X)+C5(0.17X)+C4(0.18X)
11. 1352.9 (9.6) v(C-Cs) 2.7 C1(-0.14Y)+C5(0.16Y)+C5(-0.11X)+C,(-0.05Y)
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12. 1293.4 (9.5) W(C1-Ny) 47 C1(0.38X)+N1(-0.30XY)+C3(-0.19X)+Ca(0.17X)
13. 1187.1 (291.2) V(Cs-Ny) 16 Ca(-0.02Y)+C, (0.08Y)+Cs(0.16X)+N;(-0.09X)
14. 1098.3 (163.6) v(Ce-0y) 2.0 01(-0.10Y)+C4(0.22X)+05(-0.20X)+H(0.59X)
15. 857.3 (46.1) V(Cs-Cl) 40 C5(0.47X)+Cl5(-0.07X)+Ca(-0.35y)+N;(0.18Y)
16. 516.2 (50.6) W(C2-Cl) 0.2 C2(0.14X)+Cl5(-0.17X)+C3(0.25X)+C4(0.30X)

Table 6.1: Computed stretching frequencies (cm™), force constants (mDyne/A°), and atomic Cartesian displacement of vibration motions

in CLPYD.
Frequency Force
SN. (Calculated) Assignt. Const Cartesian Displacement

1. 3489.47(39.06) v(O2-Hs) 7.6 02(0.04X)+0,(-0.05Y)+H3(-0.57X)+H3(0.82Y)
2. 3261.98(0.34) Sym v(Cz-Hy) 6.8 C2(-0.06X)+C,(0.06Y)+H,(0.68X)+H,(-0.64Y)
3. 3241.08(0.46) Asym v(Cs-Hy) 6.7 C3(-0.02X)+C3(-0.08Y)+H;(0.26X)+H;(0.90Y)
4, 1772.17(166.16) v(Cs=0y) 19.8 C(0.22X)+C(0.72X)+04(-0.15X)+04(-0.45Y)
5. 1589.57(23.80) V(C3-Cy) 9.2 C3(0.41X)+C3(-0.11Y)+C4(-0.17X)+C4(0.15Y)
6. 1562.94(13.79) V(Ci-Cy) 7.6 C1(-0.07X)+C4(-0.21Y)+C,(0.26X)+C»(0.31Y)
7. 1469.19(154.39) V(C1-Ny) 2.6 C3(0.41X)+C3(-0.11Y)+C4(-0.17X)+C4(0.15Y)
8. 1423.68(100.03) V(Cs-Cg) 4.7 C5(-0.21X)+C5(0.15Y)+Cs(0.32X)+C4(-0.08Y)
9. 1349.10(14.12) v(Cs-Ny) 2.8 C5(0.20X)+Cs5(-0.02Y)+C4(-0.10X)+C4(-0.04Y)
10. | 1290.82(8.35) V(C4-Cs) 45 C4(-0.05X)+C4(-0.18Y)+C5(0.20X)+C5(0.28Y)
11. | 1215.41(13.04) v(C2-Cs) 1.6 C2(-0.10X)+C(-0.01Y)+C5(0.12X)+C3(-0.08Y)
12. | 1097.13(124.23) V(Ce-02) 2.3 C6(0.25X)+Cs(-0.04X)+0,(0.04X)+0,(0.12Y)
13. | 847.92(15.30) v(C1-Cly) 3.2 C1(0.37X)+C4(0.07Y)+Cl,(-0.05X)+Cl; (-0.01Y)
14. | 320.73(1.54) V(C4-Cly) 1.7 C4(0.22X)+C4(0.09Y)+Cl,(0.54X)+Cl,(0.13Y)

Table-7: Computed Bending frequencies (cm*), force constants (mDyne/A°), and atomic Cartesian Displacement of vibration motions in

AMPYD.
SN Frequency
Force
(Calculated) Assignt. Const
Cartesian Displacement
1 1689.2 (214.4) 7 B (N-H) 1.9 C3(-0.04Y)+N(0.10Y)+H;(0.54X)+H,(-0.67Y)
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2 1084.6 (12.6) 7 B (N-H) 42 Ha(-0.53Y)+H4(0.63Y)+N;(-0.11X)+C5(0.08X)
3 1026.7 (34.8) (Ring Breathing) 43 C2(0.53X)+C4(-0.37X)+N1(0.27Y)+Cs(-0.11X)
4 970.6 (58.9) 7 B (CiN:Cs) 42 C1(0.31Y)+C4(0.17Y)+N;(-0.31Y)+C5(-0.19X)
5 936.0(57.5) W B (C-H) 1.0 Ca(0.152)+H(0.95Z)+C5(-0.052)+C5(-0.22Z)
6 863.1 (3.1) 7B (CCy) 25 C1(0.43Z)+C,(-0.24Z)+C4(0.09Z)+C4(0.05Z)
7 775.6 (31.1) 7B (C2Ca) 13 C1(-0.04Z)+C(-0.20Z)+C5(-0.28Z)+C4(-0.032)
8 685.8 (0.007) 7B (Cs-Np) 2.9 Ca(-0.472)+Cy(-0.12Z)+N;(-0.37Z)+C5(0.612)
9 667.9 (42.9) 7 B (0:Cs02) 12 01(0.26X)+Co(-0.19Y)+0,(-0.23X)+H(-0.71X)
10 636.0 (111.3) 7B (C+Cs) 03 C2(-0.03Z)+C5(-0.05Z)+C4(0.04Z)+Cs(-0.117)
11 586.5 (49.4) B (Total com) 12 C1(0.26X)+N1(0.29X)+H.(-0.30X)+H,(0.31X)
12 548.6 (2.8) 7 B (CaCaNp) 08 C4(-0.23Y)+C4(0.10Y)+N,(-0.20Y)+H,(0.32Y)
13 526.7 (228.5) W B (N-H) 02 N2(0.11Z)+Hy(-0.23Z)+H4(-0.772)+C3(-0.032)
14 499.1 (66.5) W B (N-H) 02 N2(0.05Z)+Hs(-0.13Z)+H,(-0.81Z)+C(0.092)
15 4724 (58.38) T (N-H) 0.1 C3(0.012)+N3(-0.07Z)+H3(0.93Z)+Ha(-0.312)
16 393.9 (6.3) R B (N-H) 08 Ca(-0.14Y)+Ny(-0.22Y)+Ha(-0.34X)+Ha(-0.41Y)
17 351.7 (6.1) R B (N-H) 04 Ca(-0.06Y)+N5(-0.29X)+H3(0.50X)+H4(0.35X)
18 3416 (7.7) T (N-H) 03 Co(0.18Z)+N5(-0.07Z)+H3(-0.77Z)+H.(0.09Z)
19 3165 (0.6) R B (N-H) 14 C(0.07Y)+N5(-0.19X)+Hy(-0.31X)+H4(-0.22X)
20 2843 (L.1) R B (N-H) 03 Ca(-0.12X)+Ny(-0.31X)+Ha(-0.44X)+Ha(-.35X)
21 234.8 (16) 7B (C:C.Cl) 03 C1(0.12X)+C,(0.08X)+Cl,(-0.37Y)+Cs(0.20Y)
22 2156 (0.2) 7B (C+-Cy) 0.1 C1(-0.12Z)+C(-0.04Z)+C3(0.06Z)+C.(0.392)
23 1675 (0.2) 7 B (Cl.CsNyp) 02 Cl2(-0.36y)+Cs(0.12y)+N1(0.17y)+Co(0.17X)
24 142.8 (4.0) B (Total com) 0.1 C1(0.322)+C(0.20Z)+H(-0.45Z)+Hx(-0.372)
25 69.8 (2.8) B (Total com) 0.03 H1(0.31Z)+H(0.16X)+H3(0.52Z)+H4(0.362)
26 342 (1.0) 7B (Cs-02) 0.007 C+(0.022)+01(0.49Z)+0,(-0.63Z)+H,(-0.582)
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Table-7.1: Computed Bending frequencies (cm™), force constants (mDyne/A°), and atomic Cartesian Displacement of vibration motions

in CLPYD.
SN Frequency
Force
(Calculated) Assignt. Const
Cartesian Displacement

1 1178.75(285.63) R B (C-H) 20 C2(-0.08Y)+C4(-0.02X)+H,(-0.44X)+H,(-0.59Y)

2 1166.09(28.16) 7B (C-H) 27 Co(-0.14X)+C4(0.23Y)+H1(0.51X)+Ho(-0.57Y)

3 1042.82(0.03) TB (C-H) 09 C2(0.13Z)+C5(-0.14Z)+H1(0.70Z) +H(-0.68Z)

4 1034.42(48.35) (Ring Breathing) 5.1 C2(0.29Y)+C4(-0.19Y)+C4(0.43X)+C5(0.202)

5 890.22(37.80) W B (C-H) 06 Co(-0.11Z)+C4(-0.11Z)+H;(0.672)+H,(0.72Z)

6 875.22(0.0089) B (C-H) 37 C2(-0.112)+C4(0.062)+H,(0.58Z)+H,(-0.132)

7 762.76(25.08) TB (C-H) 20 C2(-0.15Z)+C4(0.14Z)+H1(0.35Z) +H(-0.56Z)

8 700.49(16.15) 7 B (Cs-CeCs) 19 C2(0.13Y)+C4(0.37Y)+C4(-0.18X)+Cs(-0.08X)

9 644.32(42.12) 7 B (01-Cs-02) 13 Co(-0.15X)+04(0.23X)+0(-0.17X)+Hs(-0.60X)

10 634.44(131.19) W B (C-H) 03 C2(-0.052)+C4(0.03Z)+H1(-0.072)+H,(-0.282)

1 557.97(74.61) 7 B (Cs-Cs-0,) 17 C5(0.31X)+Cq(-0.21Y)+0;(-0.22Y)+0,(-0.19X)

1 547.85(16.93) W B (C-H) 0.4 C1(0.182)+C4(0.242)+H,(-0.44Z)+H,(-0.272)

13 482.41(30.16) 7 B (Co-CaClhy) 10 C5(0.32X)+C4(-0.20Y)+Cly(-0.20X)+Clo(-0.13X)

14 475.15(4.48) B (C-C) 04 C2(-0.17Z)+C3(0.21Z)+C4(-0.112)+C5(-0.222)

15 381.90(0.65) 7 B (N:-Cs-Ce) 08 C5(-0.01Y) +N3(0.29Y)+Co(-0.16Y)+04(0.31X)

16 | 313.06(0.33) W (C-C) 03 C1(-0.312)+C5(-0.29Z)+C4(0.282)+C4(0.372)

17| 301.75(0.18) 7 B (Cs-CaCly) 0.4 C4(0.14Y)+C5(0.13X)+Cly(-0.12X)+Cl,(0.11Y)

18 | 225.78(1.18) 7 B (Ca-Cs-Co) 05 C5(0.15Y)+C4(0.11Y)+C5(0.15Y)+C4(0.28Y)

19 165.34(0.16) 7B (ClL-CirNy) 02 C1(-0.13Y)+N3(-0.19Y)+Cl1(-0.09X)+Cl,(0.34Y)
20 | 159.34(4.2) WB(C-C) 01 C2(-0.13Z)+C4(-0.112)+C4(0.13Z)+C+(0.342)
21 | 81.74(2.66) W B (C-H) 03 C2(0.39Z)+C5(0.362)+H,(0.48Z)+H,(0.56Z)

22 | 38.46(1.27) 7B (C-0) 0.009 | Co(0.012)+0,(0.49Z)+0,(-0.63Z)+Hs(-0.582)
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AMPYD has 16 atoms and in CLPYD 14 atoms are present result of it 42 and 36 fundamental modes of vibrations are present
respectively in both the compounds. Among witch 16 modes of vibrations are stretching vibrations in AMPYD and in CLPYD 14
modes of vibrations are stretching vibrations. Deg. of freedom for both the compounds is 42 and 36 respectively. The compounds
belong to the Cs point group and all vibrations are supposed to IR as well as Raman active. Some relevant vibration modes, their
computed frequencies along with their force constants and intensities are shown in Table 6, 6.1, 7, 7.1. The assignments have

been made on the basis of earlier work [58-61] and Cartesian displacement of normal modes.
C- H Stretching Vibrations

Consideration of Cartesian displacements for AMPYD reveals that frequency appeared at 3247.0 cm* should be assigned to C-H
stretching modes of pyridine group. Similarly, by analyzing Cartesian displacements in CLPYD 3261.98 cm™, and 3241.08 cm?,
can be assigned to C-H stretching modes of pyridine group. These frequencies are shown in table 6 and 6.1.

C- C Stretching Vibrations

In AMPYD the frequencies calculated at 1555.0 cm?, 1459.2 cm?, 1443.4 cm? and 1352.9 cm?  assigned to different C-C
stretching modes in pyridine group and frequency computed at 1415.6 cm™ belong to C1-Cs stretching mode in substitute group
and are shown in Table 6. Similarly, in CLPYD the frequencies calculated at 1589.57cm, 1562.94cm™, 1290.82 cm™ and
1215.41cm™ are assigned to different C-C stretching modes in pyridine group. Similarly, frequency calculated at 1423.68 cm!
represents Cs-Cs stretching modes in substitute group and is shown in Table 6.1

O- H Stretching Vibrations

Frequencies computed at 3485.6 cm™ and 3489.47cm™ are assigned to O-H (-COOH) stretching modes in substitute group of
AMPYD and CLPYD respectively on the basis of their dependence of atomic coordinates. These frequencies are shown in table 6
and 6.1.

C- O Stretching Vibrations

On the basis of consideration of Cartesian displacements, vibration frequencies computed at 1771.4 cm™ and 1772.17 cm™* are
assigned to C=0 stretching modes in AMPYD and CLPYD respectively. In AMPYD the frequency calculated at 1098.3 cm
can be assigned to Ce-O2 stretching modes similarly in CLPYD frequencies calculated at 1097.13cm™ can be assigned to Cs-O2

stretching modes. These frequencies are shown in table 6 and 6.1.
C- ClI Stretching Vibrations
In pyridine group of AMPYD vibration frequencies calculated at 857.3 cm™ and 516.2 cm* are assigned to Cs-Cl> and C2-Clz

stretching modes while in same group of CLPYD frequencies calculated at 847.92 cm* and 320.73 cm can be assigned to

C1-Cl2and Cs-Cls stretching modes. These frequencies are shown in table 6 and 6.1.

N- H Stretching Vibrations

In AMPYD vibration frequencies computed at 3662.4cm™ and 3543.5 cm! are assigned to N2-Hs and N2-Hs stretching modes.

These frequencies are shown in table 6. These vibrations are not found in CLPYD.
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C- N Stretching Vibrations

In pyridine group of AMPYD vibration frequencies calculated at 1606.9 cm™, 1293.4 cm* and 1187.1 cm™ are assigned to Cs-
N2, C1-N1 and C1-N: stretching modes while in CLPYD frequencies calculated at 1469.19 cm™ and 1349.10 cm are assigned to

C1-N1 AND Cs-N; stretching mode. These frequencies are shown in table 6 and 6.1.
Bending vibration modes

For AMPYD assignment of frequencies computed in the range 34.2-1689.2 cm™ belong to different bending modes and are
shown in Table 7. similarly for CLPYD assignment of frequencies computed in the range 38.46 -1178.75 cm™ belong to different
bending modes and are shown in Table 7.1. In AMPYD ring breathing is computed at 1026.7 cm™* while in CLPYD ring
breathing is computed at 1034.42 cm.* In AMPYD, = B (C1N1Cs),t B (C1-C2),t B (C2-C3),7 B (C5-N1),x B (01C602),t B (C4-Cs),n
B (CaCsN2),m B (C1C2Cl2), T B (C3-Cs), = P (Cl2CsN1), and t B (Ce-O2) bending modes are calculated at 970.6 cm'?, 863.1 cm
1775 cm1685.8 cm™ 667.9 cm™ ,636.0 cm™,548.6 cm ,234.8 cm™* ,215.6 cm™,167.5 cm® ,and 34.2 cm! respectively while for
CLPYD, = (C-H), W B (C-H), T p (C-H),  p (C3-C4-Cs), 1 B (O1-C6-02), m p (C5-Cs-O2), W B (C-H), 1 p (Cs-Ca-Clr), T B (C-
C), n B (N1-C5-Cs), 7 P (C5-Cs-Cl1), m B (Cs-Cs-Cs), and m B (Cl2-C1-N1) bending modes are calculated at 166.0 cm- ¢, 890.2 cm-
1 875.2 cm?, 700.4 cm?, 644.3 cm?, 557.9 cm?, 547.8 cm, 482.4 cm?, 475.1 cm?, 381.9 cm?, 301.7 cm, 225.7 cm?, and

165.3 cmt respectively.
CONCLUSION

Density function theory calculations are carried out for the undertaken compounds AMPYD and CLPYD with the objectives of
suggesting their geometry, electronic structure, and bonding. The geometrical parameters, band gap and assignment of important
vibration frequencies are reported.

It is found that the calculated bond lengths are in well conformity with the bond lengths expected from reported atomic radii.
Theoretical calculations suggest that both the compounds get stabilized by hydrogen bonding. The bond length data suggests that
AMPYD should be more reactive than CLPYD. It can also be concluded that the active sites in both undertaken compounds are
centered on C-Cl bonds and on C-C bond lies between pyridine ring and the substitute group. Bond angle analysis suggests that
all the C and N atoms in both undertaken compounds are in SP? hybridization. Analysis also reveals that Oz in both undertaken
compounds is in SP? hybridization. Analysis of dihedral angles reveals that in both undertaken compounds pyridine ring and

substitute group are planer.

O1, Oz, N1 and Nz are most negative elements while Cs and Ces are most positive elements it suggest maximum reactivity around
Cs-N2 and Ce-O2 bonds. During quantum mechanical analysis, band gap of AMPYD is computed less than CLPYD therefore it is
concluded that AMPYD is found more polar than CLPYD. We can also conclude that AMPYD is soft and highly reactive. Zero-
point vibration energy for CLPYD and AMPYD is reported to be to be 263289.5 (Joules/Mol) and 218865.6 (Joules / Mol)
respectively. The stoichiometric formula for AMPYD and CLPYD are calculated as CeHaCl2N202 and CeH3CI2NO: respectively
and the molecular mass of both the compounds is calculated as 205.96498 amu and 190.95408 amu respectively.
Deg. of freedom for both the compounds is 42 and 36 respectively. The dipole moment of AMPYD is computed 6.22 Debye and
for CLPYD it is 3.61 Debye. The entropy of AMPYD and CLPYD is computed as 104.545 and 99.027 Cal / Mol-kelvin

respectively.
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