Fig. 1: Metanil Yellow

Fig. 2: Geometrically optimized structure of metanil yellow




Fig. 3: HOMO-LUMO
Fig. 3.1: HOMO

Fig. 3.2: LUMO

Fig. 4: Van der Waals Forces




Fig. 5: IR Spectra
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Fig. 6: Raman Spectra
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Fig. 7: UV-Vis Spectra and DOS
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Table 1: Optimized geometry of metanil yellow

Atoms Bond Atoms Bond Atoms Dihedral
Length (A°) Angle(®) Angle(®)

C1-C2 1.4047 C2-C1-C6 119.1324 | C6-C1-C2-C3 -0.8694
C1-C6 1.4089 C2-C1-H7 118.4966 | C6-C1-C2-S11 179.0886
C1-H7 1.0871 C6-C1-H7 122.3561 | H7-C1-C2-C3 177.7577
C2-C3 1.3934 C1-C2-C3 122.1717 | H7-C1-C2-S11 -2.2844
C2-S11 | 1.9016 C1-C2-S11 118.254 | C2-C1-C6-C5 0.1498
C3-C4 1.4184 C3-C2-S11 119.5743 | C2-C1-C6-H10 179.9558
C3-H8 1.0854 C2-C3-C4 118.4382 | H7-C1-C6-C5 -178.4218
C4-C5 1.4145 C2-C3-H8 120.6398 | H7-C1-6-H10 1.3843
C4-N15 | 1.4273 C4-C3-H8 120.9116 | C1-C2-C3-C4 0.8995
C5-C6 1.4043 C3-C4-C5 120.1787 | C1-C2-C3-H8 -177.9426
C5-H9 1.0872 C3-C4-N15 124.8249 | S11-C2-C3-C4 -179.0579
C6-H10 | 1.0878 C5-C4-N15 114.9963 | S11-C2-C3-H8 21
S11-012 | 1.6504 C4-C5-C6 120.1609 | C1-C2-S11-012 25.4859
S11-013 | 1.6465 C4-C5-H9 118.2443 | C1-C2-S11-013 -93.7428
S11-0O14 | 1.6469 C6-C5-H9 121.5925 | C1-C2-S11-014 146.3822
N15-N16 | 1.292 C1-C6-C5 119.9106 | C3-C2-S11-012 -154.555
N16-C17 | 1.4279 C1-C6-H10 120.0281 | C3-C2-S11-013 86.2163
C17-C18 | 1.4114 C5-C6-H10 120.0611 | C3-C2-S11-014 -33.6587
C17-C19 | 1.4178 C2-S11-012 102.2834 | C2-C3-C4-C5 -0.2236
C18-C20 | 1.4019 C2-S11-013 104.3134 | C2-C3-C4-N15 179.8777
C18-H21 | 1.0865 C2-S11-014 103.2755 | H8-C3-C4-C5 178.6152
C19-C22 | 1.3964 012-S11-013 114.1867 | H8-C3-C4-N15 -1.2835
C19-H23 | 1.0855 012-S11-014 116.07 C3-C4-C5-C6 -0.4652
C20-C24 | 1.4159 013-S11-014 114.3921 | C3-C4-C5-H9 -179.9251
C20-H25 | 1.0844 C4-N15-N16 115.9768 | N15-C4-C5-C6 179.443
C22-C24 | 1.4212 N15-N16-C17 115.118 | N15-C4-C5-H9 -0.0168
C22-H26 | 1.0896 N16-C17-C18 115.8107 | C3-C4-N15-N16 0.5149
C24-N27 | 1.4138 N16-C17-C19 125.283 | C5-C4-N15-N16 -179.3885
N27-H28 | 1.0133 C18-C17-C19 118.9053 | C4-C5-C6-C1 0.5005
N27-C29 | 1.4093 C17-C18-C20 121.1916 | C4-C5-C6-H10 -179.3055
C29-C30 | 1.4193 C17-C18-H21 117.9434 | H9-C5-C6-C1 179.9418
C29-C31 | 1.4179 C20-C18-H21 120.859 | H9-C5-C6-H10 0.1358
C30-C32 | 1.4034 C17-C19-C22 120.0855 | C4-N15-N16-C17 -179.8752
C30-H33 | 1.0892 C17-C19-H23 118.6556 | N15-N16-C17-C18 | 179.9827
C31-C34 | 1.405 C22-C19-H23 121.256 | N15-N16-C17-C19 | 0.3605
C31-H35 | 1.0843 C18-C20-C24 119.9985 | N16-C17-C18-C20 | -179.8695




C32-C36 | 1.4091 C18-C20-H25 119.6044 | N16-C17-C18-H21 | -0.7517
C32-H37 | 1.0881 C24-C20-H25 120.3611 | C19-C17-C18-C20 | -0.2219
C34-C36 | 1.4085 C19-C22-C24 121.0799 | C19-C17-C18-H21 | 178.8959
C34-H38 | 1.088 C19-C22-H26 119.8737 | N16-C17-C19-C22 | -179.6555
C36-H39 | 1.0868 C24-C22-H26 119.0432 | N16-C17-C19-H23 | -0.2614
C20-C24-C22 118.7327 | C18-C17-C19-C22 | 0.7331
C20-C24-N27 123.256 | C18-C17-C19-H23 | -179.8729

C22-C24-N27 117.9475 | C17-C18-C20-C24 | -0.5144

C24-N27-H28 115.1051 | C17-C18-C20-H25 | 177.311
A(24-N27-C29 129.583 | H21-C18-C20-C24 | -179.6065

H28-N27-C29 115.307 | H21-C18-C20-H25 | -1.7812

N27-C29-C30 118.213 | C17-C19-C22-C24 | -0.5147

N27-C29-C31 123.151 | C17-C19-C22-H26 | 178.8285
C30-C29-C31 118.5791 | H23-C19-C22-C24 | -179.8927

C29-C30-C32 120.7397 | H23-C19-C22-H26 | -0.5495

C29-C30-H33 119.3194 | C18-C20-C24-C22 | 0.7307

C32-C30-H33 119.9384 | C18-C20-C24-N27 | 177.7619
C29-C31-C34 120.1231 | H25-C20-C24-C22 | -177.0779

C29-C31-H35 120.1601 | H25-C20-C24-N27 | -0.0468

C34-C31-H35 119.6884 | C19-C22-C24-C20 | -0.2209
C30-C32-C36 120.5653 | C19-C22-C24-N27 | -177.4106
C30-C32-H37 119.369 | H26-C22-C24-C20 | -179.5694

C36-C32-H37 120.063 | H26-C22-C24-N27 | 3.2408

C31-C34-C36 121.1611 | C20-C24-N27-H28 | -154.75

C31-C34-H38 118.9344 | C20-C24-N27-C29 | 26.0976

C36-C34-H38 119.9006 | C22-C24-N27-H28 | 22.303
C32-C36-C34 118.826 | C22-C24-N27-C29 | -156.8494
C32-C36-H39 120.5864 | C24-N27-C29-C30 | -160.7787

C34-C36-H39 120.5874 | C24-N27-C29-C31 | 22.0082

H28-N27-C29-C30 | 20.0703
H28-N27-C29-C31 | -157.1428
N27-C29-C30-C32 | -177.3846

N27-C29-C30-H33 | 3.1937

C31-C29-C30-C32 | -0.0415
C31-C29-C30-H33 | -179.4632

N27-C29-C31-C34 | 177.8009

N27-C29-C31-H35 | -0.2537

C30-C29-C31-C34 | 0.5974
C30-C29-C31-H35 | -177.4572




C29-C30-C32-C36 | -0.6242
C29-C30-C32-H37 | 179.9793
H33-C30-C32-C36 | 178.7939
H33-C30-C32-H37 | -0.6026
C29-C31-C34-C36 | -0.5022
C29-C31-C34-H38 | -179.7868
H35-C31-C34-C36 | 177.5616
H35-C31-C34-H38 | -1.723
C30-C32-C36-C34 | 0.7209
C30-C32-C36-H39 | -179.4483
H37-C32-C36-C34 | -179.8868
H37-C32-C36-H39 | -0.056
C31-C34-C36-C32 | -0.16
C31-C34-C36-H39 | -179.9908
H38-C34-C36-C32 | 179.1178
H38-C34-C36-H39 | -0.713




Table 2: Electric dipole moment p (D), polarizability a. ( X 10 ? Esu) and first order hyperpolarizability

Bt ( X 10 2 Esu) values

Parameter Value Paramaeter Value
Hx -27.1971 Bxxx -1084.7911
wy 10.4173 Bxxy 374.42
nz 0.8644 Bxyy -127.3888
pn (D) 29.1368 Byyy 61.4033
OXX -316.1288 Bxxz 0.4295
oxy 53.3461 Bxyz 24.3903
oyy -165.1084 Byyz 6.9892
axz 10.5545 Bxzz -41.7747
ayz -4.1306 Byzz 7.3467
0zz -169.1452 Bzzz 11.394
Qo (BLU) -216.7941 Brot (8.U) 1330.0961




Table 3: Potential energy distribution (PED)

Average max. Potential Energy <EPm> = 31.019

TED Above 100 Factor TAF=0.000

Average coordinate population 1.000

sl STRE | 27 | 28 NH 1.013264 | 3625 100

s2 STRE |1 |4 CH 1.087059 | 3227 48 3216 42

s3 STRE |3 |8 CH 1.085399 | 3241 99

s4 STRE |5 |9 CH 1.087188 | 3227 26 3216 55 3191 19
$5 STRE |6 |10 CH 1.087791 | 3227 25 3191 72

s6 STRE |18 | 21 CH 1.086548 | £3240 20 3219 67

s7 STRE | 19 | 23 CH 1.085513 | 3236 91

s8 STRE | 20 | 25 CH 1.084430 | 3247 31 3240 36 3219 29
s9 STRE | 22 | 26 CH 1.089591 | 3175 92

s10 | STRE | 30 | 33 CH 1.089238 | 3203 16 3192 11 3176 66
s11 | STRE | 31| 35 CH 1.084298 | 3247 54 3240 30

s12 | STRE | 32 | 37 CH 1.088067 | f3225 21 3203 46 3176 25
s13 | STRE |34 | 38 CH 1.087963 | 3203 30 3192 50

sl4 | STRE |36 | 39 CH 1.086844 | 3225 55 3192 31

s15 | STRE (3 |2 cC 1.393437 | f1637 21 1391 14

sl6 | STRE |16 | 15 NN 1.292014 | f1461 36 143143

s17 | STRE |22 | 19 cC 1.396432 | f1661 16 f1648 14 1445 15
s18 | STRE (2 |1 cC 1.404736 | 1637 10 f1488 12 1391 14 1109 12 {1079 12
s19 | STRE |6 |5 cC 1.404275 | f1637 14 f1391 14 1109 17
s20 | STRE |20 | 18 cC 1.401879 | f1445 13

s21 | STRE |30 | 32 cC 1.403447 | f1661 15 f1648 15 1112 14
s22 |STRE |1 |6 cC 1.408939 | f1608 35 f1187 11 1079 18 1008 10
s23 | STRE |34 |31 cC 1.404998 | f1112 13

s24 | STRE | 32 | 36 cc 1.409143 | f1112 10 1049 26

s25 | STRE | 36 | 34 cc 1.408547 | f1638 15 1049 21

s26 | STRE |4 |5 cc 1.414483 | f1637 20 1608 10 1488 10 1391 16
s27 | STRE | 18 | 17 cC 1.411428 | f1648 11 1622 16

s28 | STRE | 19 | 17 cC 1.417783 | f1380 11

s29 | STRE | 24 | 20 cC 1.415883 | f1622 23 1380 17 1294 11
s30 | STRE | 31|29 cC 1.417860 | f1638 16 1380 10 1294 10
s31 | STRE | 27 | 29 NC 1.409294 | f1366 16 1248 15

s32 | STRE | 27 | 24 NC 1.413809 | 1555 10 1248 19

s33 | STRE |15 | 4 NC 1.427274 | £1258 12 1209 15

s34 | STRE |16 | 17 NC 1.427910 | f1258 23 f1172 15

s35 | STRE |11 |13 SO 1.646539 | f898 23 893 40 738 22




s36 | STRE | 11 | 14 SO 1.646919 | f898 59 738 23

s37 | STRE |11 |12 SO 1.650425 | 893 47 738 25

s38 | STRE |11 |2 SC 1.901641 | f253 10 240 36

s39 | BEND | 22 | 19 | 17 CcC 120.09 1025 38 655 14

s40 | BEND | 30 | 32 | 36 CcC 120.57 1009 28 633 25

s41 |BEND |4 |5 |6 CcC 120.16 1608 10 535 18

s42 | BEND | 28 | 27 | 29 HNC | 11531 f1638 17 f1555 31 1528 12 1294 15
s43 |BEND |7 |1 |6 HCC 122.36 1488 12 f1314 13 1187 15 1109 18
s44 |BEND |8 |3 |2 HCC 120.64 1488 14 1314 29 1258 11 1079 17
s45 |BEND |9 |5 |3 HCC 121.59 1314 17 1187 14 1109 15

s46 |BEND |10 |6 |1 HCC 120.03 1488 26 1314 15 1187 30

s47 | BEND | 21 | 18 | 20 HCC 120.86 1343 28 f1172 17 1144 10

s48 | BEND | 23 | 19 | 22 HCC 121.26 1343 10 1209 11 1144 27

s49 | BEND | 25 | 20 | 24 HCC 120.36 1343 21

s50 | BEND | 26 | 22 | 19 HCC 119.87 1529 11 f1343 10 f1258 11 1209 10 1144 13
s51 | BEND | 33 | 30 | 32 HCC 119.94 1528 12 1388 12 1223 19 1112 10
s52 | BEND | 35| 31| 34 HCC 119.69 1366 25 1223 22 1112 10

s53 | BEND | 37 | 32| 36 HCC 120.06 1223 12 1202 28

s54 | BEND | 38 | 34 | 36 HCC 119.90 1366 12 1223 23 1202 17

s55 | BEND | 39 | 36 | 34 HCC 120.59 1485 11 1202 34 1112 16

s56 |BEND |3 |2 |1 CcC 122.17 f1608 11 1079 11 1008 32 667 11
s57 | BEND | 16 | 15 | 4 NCC 115.98 f942 12 53510 f165 11 53 10 28 20
s58 |BEND |2 |1 |6 CccC 119.13 f1008 17 1942 18

s59 | BEND | 20 | 18 | 17 CccC 121.19 1025 23 1655 27

s60 |BEND |1 |6 |5 CccC 119.91 f1008 18 1667 19

s61 | BEND | 34 | 31| 29 CccC 120.12 633 17

s62 | BEND | 32 | 36 | 34 CccC 118.83 1009 16 890 13

s63 | BEND | 36 | 34 | 31 CccC 121.16 1009 15 1633 35

s64 | BEND | 18 | 17 | 16 CCN 115.81 545 11

s65 | BEND | 19 | 17 | 16 CCN 125.28

s66 | BEND | 24 | 20 | 18 CccC 120.00 655 18

s67 | BEND | 31 | 29 | 27 CCN 123.15 357 17

s68 | BEND | 29 | 27 | 24 CNC 129.58 12511 f28 11

s69 | BEND | 27 | 24 | 20 NCC 123.26 33512 128 10

s70 |BEND |15|4 |5 NCC 115.00 53517 15310 f28 11

s71 | BEND | 17 | 16 | 15 CNN 115.12 f942 13 1535 11 108 10 28 16

s72 | BEND | 13 | 11 | 12 0SsO 114.19 f475 18 1365 11 33511 f301 17 240 16
s73 | BEND | 14 | 11 | 16 0SsO 114.39 f475 22 1365 16 f301 16 1270 16

s74 | BEND | 12 | 11 | 14 0SsO 116.07 f475 14 1365 16 253 43




s75 |BEND |11 |2 |1 SCC 118.25 f407 17 f165 17 108 14 89 10

s76 | TORS | 28 | 27 | 29 | 30 | HNCC | -20.07 527 18 486 39 f472 12 392 11

s77 |TORS |7 |1 |2 |11 | HCCS | 2.28 1028 37 f966 25 1842 15

s78 | TORS |8 |3 |2 | 11| HCCS | -2.10 f987 55 966 27

s79 |TORS |9 |5 |6 |1 |HCCC|-179.94 | 1028 11 f987 20 f966 24 f842 16 f716 14
s80 | TORS {106 |1 |2 |HCCC |-179.96 | f1028 34 842 48

s81 | TORS |21 |18 | 20 | 24 | HCCC | -180.39 | f1031 13 f1015 18 f888 15

s82 | TORS | 23|19 |22 | 24 | HCCC | -180.11 | f1023 36 f1015 14 f870 14

s83 | TORS | 25|20 | 24 | 27 | HCCN | 0.05 1031 14 f1015 13 888 30

s84 | TORS | 26 | 22 | 24 | 27 | HCCN | -3.24 1023 17 1888 11 870 34 858 14

s85 | TORS |33 |30|32 |36 | HCCC | -178.79 | f1004 10 f934 21 87015 f719 11 f424 11
s86 | TORS | 35| 31|34 |36 |HCCC |-177.56 | f103112 f1004 10 934 29 870 10 424 10
s87 | TORS |37 | 32|36 |34 | HCCC | -180.11 | f1004 34 780 15

s88 | TORS | 38|34 |36 |32 | HCCC | -179.12 | f1031 24 1004 15 780 12

s89 | TORS |39 |36 |34 |31 |HCCC |-180.01 | 93428 78019 {71912

s90 | TORS |3 |2 |1 |4 |CCCC |O0.87 f966 10 1716 13 365 10 292 13 253 12
s91 | TORS |16 |15 |4 |3 | NNCC | -0.51 f292 11 12518 f18 32

s92 | TORS |22 |19 |17 | 18 | CCCC | -0.73 f759 17 1551 10 437 15 1392 17

s93 |TORS |2 |1 |6 |5 |CCCC |-015 f716 15 292 30

s94 | TORS | 20 | 18 | 17 | 16 | CCCN | -180.13 | 43732 f24 11

s95 | TORS |30 |32 |36 |34 | CCCC |-0.72 f719 15 424 36

s96 | TORS | 34 |31 |29 |27 | CCCN | -177.80 | f213 29 21015

s97 | TORS |32 |36 |34 |31|CCCC |0.16 f719 11 486 16 f424 23

s98 | TORS |36 |34 | 31|29 | CCCC | 0.50 f780 22 719 27

s9 | TORS (4 |5 |6 |1 |CCCC |-050 f716 26 f472 15

s100 | TORS | 18 | 17 | 16 | 15 | CCNN | -179.98 | 210 14 12514 61 11 18 33

s101 | TORS |24 |20 | 18 | 17 | CCCC | 0.51 f759 38

s102 | TORS |31 |29 | 27 | 24 | CCNC | -22.01 f125 10 53 34 128 10 124 11

s103 | TORS | 29 | 27 | 24 | 20 | CNCC | -26.10 89 15 161 31 f24 17

s104 | TORS | 27 | 24| 20 | 18 | NCCC | -177.76 | 55112 392 12 {210 13 24 18

s105 | TORS | 17 |16 | 15 | 4 | CNNC | -180.12 | f61 13 24 17

s106 | TORS |12 |11 |2 |3 | OSCC | -205.44 |f1384

s107 | OUT |14 |2 |13 | 11| OCOS | 57.56 407 45 165 20

s108 | OUT |13 |2 |12 | 11| OCOS | 57.74 365 26 114 21

s109 |OUT |11|3 |1 |2 |SCCC |0.04 624 11 1617 13 114 22 108 15

s110 | OUT | 19|18 |16 | 17 | CCNC | 0.31 f759 12 1551 26

s111 | OUT | 153 |5 |4 | NCCC |0.08 624 13 1617 17




Table 4: Global reactivity parameters

Parameter Value Parameter | Value
(D) 29.1368 [ 2.4
atot (a.u) -216.7941 A 0.23
Btot (a.u) 1330.0961 0 -1.315
HOMO (eV) |-24 Y 1.315
LUMO (eV) -0.23 n 1.085
AE (eV) 2.17 S 0.5425
o 0.7969




Table 5: Thermodynamic parameters

Zero-point correction (Hartree/Particle) 0.289055
Thermal correction to Energy 0.310416
Thermal correction to Enthalpy 0.311361
Thermal correction to Gibbs Free Energy 0.234368
Sum of electronic and zero-point Energies -1093.762182
Sum of electronic and thermal Energies -1093.740821
Sum of electronic and thermal Enthalpies -1093.739877
Sum of electronic and thermal Free Energies -1093.816869




Table 6: Atomic charges and population analysis

atoms | Mulliken APT atoms | Mulliken APT atoms | Mulliken APT
C1 -0.224792 | -0.103019 | O14 -0.6676 -0.7461 N27 -0.51547 | -1.30619
C2 -0.062626 | -0.270089 | N15 -0.13209 | 0.169405 | H28 0.286834 | 0.163811
C3 -0.274698 | -0.084429 | N16 -0.09993 | 0.045425 | C29 0.438544 | 0.82866
C4 0.181457 | -0.19144 | C17 0.153932 | -0.14387 | C30 -0.43434 | -0.30039
C5 -0.350928 | 0.021293 | C18 | -0.34374 | 0.113855 | C31 | -0.37048 | -0.21176
C6 -0.18816 | -0.101795 | C19 | -0.27424 | 0.066879 | C32 | -0.18862 | 0.103062
H7 0.281979 | 0.113096 | C20 -0.36174 | -0.24584 | H33 0.214447 | 0.042853
H8 0.309696 | 0.128211 | H21 | 0.254422 | 0.077315 | C34 | -0.20785 | 0.116079
H9 0.227195 | 0.058984 | C22 | -0.41995 | -0.3414 | H35 | 0.261242 | 0.069169
H10 | 0.210963 | -0.008475 | H23 | 0.266749 | 0.088918 | C36 | -0.25953 | -0.23727
S11 1.072248 | 1.641824 | C24 0.456171 | 0.887487 | H37 0.211231 | 0.013577
012 -0.675525 | -0.800213 | H25 0.252463 | 0.045143 | H38 0.216441 | 0.031445
013 | -0.671589 | -0.773228 | H26 | 0.211628 | 0.013137 | H39 | 0.216232 | 0.025865




