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Thermodynamic functions and IR modes Calculation for newly
Azo compounds by Using DFT Model
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Abstract

Depended on (Gaussian 03) program for using Density Function Theory calculations
(DFT/B3LYP) have been done after complete optimization of geometry on the newly azo (A, B)
molecules . The geometric parameter (bond lengths and bond angles) , charge , thermodynamic data
and the fundamental vibration frequencies (3N-6) along with their assignments and the
corresponding IR absorption intensities for each one of the two molecules where , also, The
MOPAC Computational Packages (semi-empirical method , PM3 model) employed through out this
study to compute the heats of formations, dipole moments, orbital energies (HOMO, LUMO) and
ionization energies . The compound —B is more stability because it has less heats of formation and
entropy , and easier ionization than compound-A , the shown results that each one nitrogen atom of
compound-B highest electron densities than compound-A . The higher frequencies values for the
(O-H) stretch fundamental vibration mode.

Keyword: DFT study, thermodynamic functions, IR studies.

Introduction

Azo compounds, with tow phenyl rings separated by an azo (-N=N-) group, this molecules are a
very important in research both fundamental and application.

Azo compounds have been used for a long time as dyes in industry [1]. In addition, azo
compounds are used in analytical chemistry as indicators in pH, redox, or complexometric titration
[2,3]. Some azo com- pounds have shown a good antibacterial activity [4,5]. The existence of an azo
moiety in different types of compounds has caused them to show pesticidal activity [6]. Because of
the good thermal stability of azo compound, one of the most important applications of azo compound is
in the optical properties in applications such as optical recording medium [7-9], toner [10,11], ink-jet
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printing [12,13], and oil-soluble lightfast dyes [14]. Recently, azo metal chelates have also attracted
increasing attention due to their interesting electronic and geometrical features in connection with their
application for molecular memory storage, nonlinear optical elements, and printing systems [8,10,15].
Metal azo complex dyes are used for DVD-R (digital versatile disc-recordable) as recording layer.

The aim of present work is to report the optimized geometries, heats of formations, dipole
moments, orbital energies (HOMO, LUMO), ionization energies, charge, thermodynamic data and the
fundamental vibration frequencies (3N-6) along with their assignments and the corresponding IR
absorption intensities for each one of the tow molecules (Fig. 1) by calculation based on the
(DFT/B3LYP) and (MINDO/3 model).

1-Compound -A

2-((E)-(4'-((E)-(2-hydroxyphenyl)diazenyl) biphenyl-4-yl)diazenyl)-5-methylphenol

2-Compound -B

2-((E)-(4’-((E)-(2-hydroxyphenyl)diazenyl)biphenyl-4-yl)diazenyl)-5-methoxyphenol

Fig 1: compounds A and B.
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Results and Discussion

For the A and B molecules , the calculated geometric parameters (bond lengths and bond angels),
According to the results of the calculated geometric parameters (table.1) , show that each one of a bond
length (C11—Ci, C12-Ci3) in compound-A smaller than their identical in compound-B (C20—Cy1, Co1—
C2), and the bond angle value which is located the group substituted in compound-A (<C;1;C12C13)
bigger than identical in compound-B (<CC21C2), whereas each one of the bond angles values
(<C13C12C31, <N2N;C4) in compound-A smaller than their identical in compound-B (<C32C2103s,
<N,N;C3), and all this might due to Resonance effect of Methoxy group which is stronger pushing of
electrons than Methyl group. And the calculated some physical properties; heats of formation (AHj,
kcal.mol™), Dipole moments (i in Debye), energies (eV) of the High Occupied Molecular Orbital
(HOMO) and the Lower Unoccupied Molecular Orbital (LUMO), ionization energies (eV), the shown
this results (table.2) that compound-B has lower heat of formation AHy, (kcal/mol), that means it is
more stability than compound-A, due to the same previous reason, in addition to that compound-B has
highest Enomo and lowest E, ymo and ionization energy IP, (eV), which indicates that compound-B is
easier ionization than compound-A .

The results of the calculated thermodynamics data (Table.3), show the entropy value (S°) less to
compound-B , and it has highest heat capacity value, and which agree with the results of the calculated
heat of formation, the reason as it is mentioned before.

In a comparison between every nitrogen atom in compound-A with their identical in compound-B is
found that all the nitrogen atoms in compound-B (N1, N2, N21, N2) has lower charge values (highest
electronic density) than the nitrogen atoms in compound-A (N1, N2, Nig, N17) (Table.4), the reason of
this due to the high pushing of electrons effect of the Methoxy group comparing with Methyl group, so
we can conclude compound-B form complexes more stability than compound-A because it has atoms
give more electrons.

The compound-A belongs to the Cs symmetry point group and it is has (3N-6=147) fundamental
vibration modes, whereas compound-B belong to the C; symmetry point group and it is has (3N-
6=150) fundamental vibration modes . From the character table, it is shown that all the modes have the
(A", A") symmetry for compound A and the (A) symmetry for compound B . The frequency values for
all of these modes along with their assignments and the corresponding IR absorption intensities for the
A and B compounds where listed in table 5 and 6 respectively.

From these two tables it was shown that the frequency with the higher value is that of v4, (O-
H) st.; calculated with about the same value for the tow molecules . The next higher frequency values
where these of the (C-H) stretch fundamental vibrations . The (CHjs st., vs, vig) and (CHs sciss., v29)
frequencies values in compound-A bigger than its identical in compound-B (vis, vig) and (vag)
respectively .
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Table 1. Calculated geometric parameters (bond lengths in Angstrom and bond angles in degrees) of
the Azo compounds .

Geometric Compound Geometric Compound
parameter -A- parameter -B-
Ni— N» 1.350 N;— N, 1.352
N;—Cq4 1.487 N; —Cs 1.481
N, — Cs 1.496 N, — Cy4 1.495
Cs;—Cs 1.419 Cs—Cyg 1.441
C3—Cq 1.421 C3—Cy3 1.418
C4—Cyp 1.436 Cs—Cs 1.419
Cs—Cyy 1.420 Cs—Cy 1.421
Cs —Cs 1.403 Cs — Cs 1.402
Cs — Hs, 1.099 Cs —Hass 1.099
Ce—Cy 1.425 Ce—Cy 1.425
Ce — Hss 1.096 Ce — Hay 1.096
C;—Cs 1.428 C;—Cs 1.428
C7—Cys 1.513 C7—Cyo 1.512
Cg—Cq 1.400 Cs—Cy 1.400
Cg — Has 1.096 Cg — Hss 1.096
Cg — Hss 1.099 Cgo — Hsg 1.099
Cio—Cn 1.423 Cio—Cn 1.426
C10— Oy 1.408 Ci0—Cys 1.428
Ciu—Cy 1.408 Ciy—Co2 1.401
C11 —Hss 1.099 Ci1 — Hgyy 1.096
Cio—Cy3 1.423 C1o—Cy3 1.420
Cip—Cs 1.539 Cio — Hsg 1.098
Ci3—Cus 1.400 Ci13—Cuy 1.421
C13 - H37 1.097 C13 - N15 1.465
Ciq — Hsg 1.099 Cu—Cys 1.400
Ci5—Cs 1.426 Ciq — H3g 1.098
C15 — Cyo 1.428 Ci5 —Hgo 1.096
Cis— Cyy 1.401 Nis — N1z 1.364
C16 — Hag 1.096 Ni7; — Cig 1.452
C17—Cig 1.420 Cis—Cx 1.431
C17 — C40 1.098 C18 — C28 1.460
Ci1s—Cyo 1.421 C19—Cyo 1.413
Cis— Ny 1.465 Ci19 — Oy 1.408
Ci9—Cyo 1.400 Cxn—Cn 1.422
Ci9— Hay 1.098 Co0— Hap 1.098
Co0— Ha 1.096 Co—Cp 1.428
Ngl — N22 1.364 C21 — C31 1.416
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N21 — Hyg 1.451 Cy—Cys 1.400
Co—Cy3 1.431 Co —Hg 1.094
Co3—Cyq4 1.460 Co3—Hys 1.099
Cy3—Cyg 1.392 Ca—Cys 1.392
Co—Cys 1.099 Cos—Hys 1.099
Cos — Has 1.429 Coxs—Cy 1.429
Cos — Cog 1.097 Cos — Hys 1.097
Co5—Hys 1.392 Cy— Cy7 1.392
Co— Cy7 1.099 Co6 — Has 1.099
Co — Hus 1.442 Cy7—Cyg 1.442
Co7 —Cog 1.097 Co7 —Hyy 1.097
Co7—Hge 1.364 Czs — O30 1.364
Czg — O30 1.027 O29 — Has 1.027
O29 — Hyz 1.100 031 — Cs3 1.476
O30 — Hyg 1.103 Cs2 — Hsg 1.106
C31 — Hyg 1.103 C32— Hsg 1.110
C31 — Hso 1.095 C32 — Hsp 1.110
C31 — Hsp 1.092 O30 — Hyg 1.095
<N,N;C4 108.6 <N,N;C3 109.3
<N1N,2C3 115.7 <N;N>C4 108.5
<N,C3Cs 125.6 <N;C3Cq9 115.8
<N,C3Cq 115.8 <N;C3Cy3 125.6
<CsC3Cy 125.3 <N,C4Cs5 115.8
<N;1C4Cyg 118.9 <N,C4Cq 125.4
<N;1C4C14 120.5 <C19C3Cx3 118.6
<C10C4C14 119.0 <C3C19Cxo 119.8
<C3CsCs 120.2 <C3C190g 117.2
<C3CsH3; 118.6 <C3Cx3Cx 122.0
<CgCsH3p 118.8 <C3Cy3Ha3 117.4
<CsCe¢Cy 119.5 <CsC4Cy 118.8
<CsCgH33 117.5 <C4CsCs 120.5
<C;CgH33 121.0 <C4CsH33 118.9
<C¢C,Csq 117.6 <C4CyCsg 120.3
<C¢C;C1s 120.6 <C4CoH35 118.6
<CgC;Cys 121.4 <CgCsH33 120.5
<C;CgCy 118.4 <CsCe¢Cy 121.5
<C;CgHaq4 120.1 <Cs5CgH34 118.4
<CyCgHas 117.2 <C;CgHz4 120.1
<C3CoCsg 121.4 <C¢C;Csq 117.2
<C3CyCss 121.3 <CsC7Cyo 121.4
<CgCoHs35 121.7 <CsC;Cypo 121.4
<C4C10C11 119.9 <C;C5Cq 121.7
<C4C100 121.5 <C;CgH35 119.9
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<C11C1909 121.4 <C7C10C11 121.5
<C10C11C12 118.4 <C;C10Cys5 121.4
<C10C11H3s 121.2 <CyCgHss 118.4
<C12C11H35 123.0 <CgCoHs35 121.2
<C11C12C13 120.9 <C11C19Cs5 117.1
<C11C12C3 119.0 <C10C11C1> 121.7
<C13C12C31 103.0 <C10C11H37 120.0
<C1,C13C14 120.0 <C10C15C14 121.8
<C1,C13C37 119.2 <C10C15H40 1199
<C14C13C37 120.7 <C1,C11H37 118.3
<C4C14Cy3 120.1 <C11C12Cy3 120.2
<C4C14H3g 120.6 <C11C1oH3s 120.4
<C13C14H3s 1194 <C13C1oH3s 119.4
<C;C15Cy5 110.9 <C12C13C14 119.2
<C;C15Cy 110.5 <C12C13N35 117.2
<C16C15Cx0 110.5 <C14C13Ny5 123.6
<C15C16C17 120.0 <C13C14Cy5 120.0
<C15C16H39 121.4 <C13C14H3g 118.7
<C17C16H39 117.1 <C13N6N17 113.6
<C16C17C1s 121.7 <C15C14H39 121.3
<C16C17H40 120.1 <C14C15H40 118.3
<C15C17H40 121.8 <N16N17C1s 109.4
<C17C15C19 119.9 <N17C15C4 116.4
<C17C18N2; 118.3 <N;17C15C0s 123.8
<C19C18N>2; 120.2 <Cy4C15Cos 119.8
<C15C19N2g 120.4 <C15C24Cos 120.7
<C18C1oHm 1194 <C18C24Hua 117.9
<N2oC1oHa1 119.2 <C18C2Co7 1179
<C15N2C1g 117.2 <C18C2C30 121.9
<C15NooH42 123.6 <C5,C19049 123.0
<C19N2oH42 120.0 <C19C2Cy1 120.4
<C18N21N2» 118.7 <C18CooHa1 120.6
<N21N»,C»3 1135 <C19029H4g 103.0
<N22C23Co4 121.3 <C,1CooHa1 119.0
<N,,C»3Cog 118.3 <C5C21C2 1199
<Cy4C23Cos 109.4 <CC21Ca1 1139
<C23C24Cos 116.4 <C,,C»1C3y 126.2
<Cy3Co4Ha3 123.8 <Cy1C2»Co3 119.3
<Cy5Co4H43 119.8 <C»1CyHyo 120.9
<C14C25Co6 120.7 <C51031C3 113.1
<C24CorsHus 117.9 <Cy3CyoH4o 119.8
<Cy6Co5Hus 117.9 <C»,Cy3Hus 120.6
<C25C26Cy7 121.9 <Cy5C24Ha4 121.4
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<Cy5CoHus 121.4 <C24Cy5Co6 119.7
<C,7Co6H4s 119.7 <C24Co5H4s 120.5
<C25C27Cog 120.5 <Cy5Co5H4s 119.8
<Cy6Co7H4s 119.8 <Cy5CCo7 121.5
<Cy5Co7H4s 121.5 <Cy5CoHus 119.1
<Cy3C28C57 119.1 <C,7Co6Has 119.4
<C,3C23030 1194 <C23C,7Cog 120.4
<C,7C2503 120.4 <Cy6Co7H47 121.3
<C19Cy9H47 121.3 <Co5Cy7H47 118.2
<C,g030H4s 118.2 <C,7C25030 120.2
<C12C31H49 120.2 <C,g030H49 100.5
<C12C31Hs 100.5 <03:C3oH5g 105.3
<C12C31Hs1 108.5 <03:C3oH5, 112.1
<H49C31Hsg 108.5 <03;CzHs5p 112.1
<H49C31Hs1 107.7 <H50C3oHs51 109.1

<Hs50CszHs; 109.1

<Hs,CspHs; 109.1

Table 2. Calculated heats of formation (in kcal/mole), dipole moments (in Debye), orbital energies

(HOMO,LUOMO, in eV) and ionization energies (IP, in eV) for Azo compounds .

Parameter Compound -A Compound -B
AHs¢ 83.925 54.846
(kcal/mol)
Dipole moment 3.524 4.501
(1 in Debye)
HOMO energies -8.688 -8.654
(eV)
LUMO energies 1.211 1.196
(eV)
lonization potential IP, 8.688 8.653
(eV)
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Table 3. The calculated standard thermodynamics functions at 298.15° K of the Azo compounds .

Thermodynamic Compound -A Compound -B
Data
u° 277.223 280.237
(kcal/mol)
H° 277.815 280.829
(kcal/mol)
s° 182.051 181.938
(kcal mol™ deg™)
G’ -54000 -53964
(kcal/mol)
Al -54001 -53965
(kcal/mol)
Cv 97.107 100.473

(kcal mol™ deg™)

Table 4. Calculated charge for the Azo compounds (See Table 1 for numbering) .

Atom Charge Atom Charge Atom Charge Atom Charge
Symb Symb Symb Symb
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Table 5. The calculated fundamental vibration frequencies (v in cm™) along with their assignments
and the corresponding infrared absorption intensities (ir intensities in km. mol™) for the A molecule .

No. of Freq. Intensity Assignments
Freq. cm? km mol™
In plane, A’
\Z 3714 5.6618 | (O-H) st.
2 3485 0.2568 | Ring (C-H) st.
V3 3484 1.4594 | CHj st.
2 3482 20.3900 | Ring (C-H) st.
Vs 3479 16.1540 | Hydroxybenzene (C-H) st.
Ve 3479 4.9932 | Ring (C-H) st.
\Z 3476 1.5379 | Ring (C-H) st.
Vg 3472 9.7005 | Hydroxymethylbenzene (C-H) st.
Vg 3469 10.1187 | Hydroxybenzene (C-H) st.
Vio 3466 5.5586 | Ring (C-H) st.
\Z 3463 4.1486 | Ring (C-H) st.
V1o 3459 0.2515 | Ring (C-H) st.
Vi3 3458 2.6425 | Ring (C-H) st.
Vig 3456 2.1345 | Hydroxymethylbenzene (C-H) st.
Vis 3456 7.9894 | Hydroxybenzene (C-H) st.
Vip 3454 0.2343 | Ring (C-H) st.
Vi7 3447 2.4926 | Hydroxybenzene (C-H) st.
Vig 3434 0.8622 | Ring (C-H) st.
Vig 3303 0.5035 | CH3 st.
Voo 2619 81.1289 | (O-H) st.
Vo1 1881 104.8377 | 5(0O-H) + Ring (3CCC)
Voo 1738 100.3480 | 6-Hydroxybenzene
Vo3 1732 65.2590 | 9-Hydroxymethylbenzene + 3-Ring
Vo4 1731 5.0362 | 56-Ring + 5-Hydroxymethylbenzene
Vs 1722 33.1666 | 8(0-H) + Ring (8CCC)
Vs 1710 2.5669 | Ring (6CH)
Vo7 1695 2.0157 | Ring (5CH)
Vog 1677 21.4059 | 5-Ring
Vg 1672 22.2003 | CHascis.
V3o 1637 37.2929 | 8-Hydroxybenzene
Va1 1634 3.4880 | 5-Ring
V32 1625 3.7556 | 6-Hydroxymethylbenzene
Va3 1600 55.1361 | 8-Ring
Va4 1579 68.7489 | 6-Hydroxybenzene
V35 1543 65.7152 | 9-Hydroxymethylbenzene + 3-Ring
V36 1535 46.8499 | 8-Hydroxybenzene + d-Ring
Va7 1532 16.9868 | 6-Hydroxybenzene + 6-Ring
Vag 1491 50.6271 | 8-Ring
Vg 1466 36.6582 | 8(0-H) + 8-Ring
Va0 1435 20.8787 | o-Hydroxybenzene + 6(N=N)
Vay 1415 14.3420 | 5-Ring + 8(N=N)
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Vaz 1403 9.3215 | 4-Ring

Va3 1394 64.1438 | 5-Hydroxymethylbenzene

Vag 1385 24.3654 | o-Hydroxymethylbenzene

Vs 1380 5.4003 | 5-Ring + 3(N=N)

Vap 1353 7.4277 | 56-Ring

Va7 1349 63.7841 | 5-Ring

Vag 1339 6.4088 | 5-Ring + 3(N=N)

Va9 1336 141.6631 | Ring (8CCC) + §(0-H) + 3(N=N)
Vso 1329 35.1281 | 3-Ring + 8(N=N) + (0O-H)

Vg1 1316 55.2878 | 3-Ring + 6(N=N) + §(0-H)

Vs, 1300 63.5003 | 8-Hydroxybenzene + 6-Ring
Vs3 1288 25.1431 | Ring (6CH) + 8(0O-H)

Vg4 1279 24.3582 | 5-Ring + 8(0-H)

Vss 1257 27.9144 | 5-Ring + 8(0-H)

Vsg 1251 116.6396 | 6-Ring + &(0O-H)

Vs7 1235 2.1758 | 5-Ring

Vsg 1229 24.9266 | o-Hydroxymethylbenzene

V59 1207 189.7887 | o-Hydroxybenzene + 6(N=N)
Veo 1202 50.8668 | 5-Ring + 8(0-H)

Vo1 1190 3.6971 | 5-Ring

Vo2 1183 265.7362 | 6-Hydroxybenzene + d(N=N)
Ve3 1176 8.2524 | Ring (6CH)

Vo4 1151 53.0147 | Ring (8CH) + 8(C-N) + 6(0O-H)
Ves 1100 20.1831 | pCH; + 86(O-H) + Ring (6CH)
Ves 1084 13.5376 | Ring (6CH)

Vo7 1081 11.2942 | 6-Ring

Veg 1064 2.0926 | 56-Ring

Veo 1052 17.0718 | 5-Ring

V70 997 1.8548 | 6-CH; + Ring (6CH)

Vi1 993 5.7769 | 6(N=N) + Ring (6CH) + 8(0-H)
V72 936 3.3940 | 5(N=N) + Ring (6CH)

V73 905 25.7455 | Ring (6CCC) + Ring (6CH) + 6(N=N)
V14 838 35.7639 | Ring (6CH) + 3(N=N)

V75 805 1.0317 | Ring (8CH) + 6(O-H) + 6(N=N)
V76 757 3.3802 | Ring (6CCC) + 5-CHjy

Vo7 747 12.8726 | Ring (6CH) + 6-CH,

V7g 678 0.4546 | Ring (6CH)

V79 677 0.6464 | 5-Ring + 8(0-H)

Vgo 658 0.0053 | 5-Ring

Vg1 608 13.1065 | Ring (6CH)

Vg2 586 19.2956 | 5-Ring + 8(N=N) + §(O-H)

Vg3 577 19.0588 | 5-Ring + &(0-H) + §(N=N)

Va4 548 25.5553 | 5(0-H) + 8(N=N) + 5-Ring

Vgs 529 5.1969 | 6-CH; + 8-Ring + 5(O-H)

Vgs 515 5.4754 | Ring (6CH) + 6(0O-H)

Vg7 487 2.7418 | 5(O-H) + Ring (8CH)

Vgs 454 12.3881 | Ring (8CH) + 8(O-H) + 8-CH3
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Vg9 407 3.4041 | 6-Ring + 6(0-H)

Voo 384 1.3995 | 5-Ring + 6-CHj3

Vo1 306 0.7707 | 6-CH; + 8-Ring + 6(0-H)

Vg2 294 2.9114 | 5-CH; + 6-Ring + 8(O-H)

Vo3 230 1.1195 S(O-H) + S—Rlng

Vag 212 2.2970 | Ring (6CH) + 6(0-H)

Vs 128 0.9081 | 5(O-H) + 3-Ring

Vg 117 0.3728 | 6-Ring + 6-CH3

Vo7 55 0.1792 | 5-Ring + 8(0-H)

Vog 26 0.2116 | 5-CH; + 6(O-H) + 4-Ring
Out of plane, A”

Vg 1669 3.9395 | ®CHj;

V100 1565 9.5390 | ®CH3

V101 1184 85.5990 | v(O-H)

V102 1142 6.5679 | 1CH;

V103 1045 0.1767 | Ring (YCH)

V104 1040 0.0104 | Ring (yCH)

V105 1033 0.2637 | Ring (yCH)

V106 1030 0.6673 | Ring (yCH)

V107 1020 0.3843 | Ring (yCH)

V108 1015 0.5004 | y-Ring

V109 1014 0.5891 | Ring (YCH)

Vi10 904 2.5361 | Ring (yCH)

V114 878 3.8539 | Ring (yCH)

Vi1s 870 54.2377 | Ring (yCH)

V16 864 13.2858 | Ring (yCH)

V117 796 30.6621 | Ring (YCH)

Vi1g 774 0.0555 | Ring (yCH)

V119 760 8.0183 | y-Ring

V120 751 0.2556 | Ring (yCH) + y-CH3

Vi21 744 0.0159 | y-Ring

V12 600 0.0840 | Ring (yCH) + 1CH;3

V123 574 0.0073 | Ring (yCH)

V125 528 2.5374 y-RIng

V126 498 46.2411 | y(O-H)

Vio7 477 18.3269 | y(O-H) + y-Ring

V128 461 13.8353 | y-Ring

V129 424 0.4870 | Ring (yCH)

V130 413 0.5130 | Ring (YCH)

V131 410 0.9710 y-RIng

V132 362 0.8974 ’Y'Rll’lg + ’Y'CH3 + 'Y(O'H)

V133 330 1.0525 ’Y(N:N) + ng ('YCH) + ’Y(O'H)

V134 302 0.3722 ’Y(N:N) + y-RIng
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Vi35 217 0.9940 ’Y(NzN) + y-Rlng

Vi3s 215 0.0225 | y-Hydroxymethylbenzene
V137 207 0.0118 | y-Hydroxybenzene

Viss 169 0.0015 | y(N=N) + y-CH, + Ring (yCH) + y(O-H)
Viso 140 0.0175 | y(N=N) + Ring (yCH)
V140 91 0.1485 ’YO\I:N) + Rlng (’YCH)
Vi1 64 0.9724 ’Y'CH3 + R1ng ('YCH)

V142 35 0.1163 Rlng (’YCH) + ’Y-CHg

V144 13 0.0776 TCH3

Vies 11 0.1011 | y(O-H) + Ring (yCH)

V146 10 0.1550 Y-CHg

V147 6 0.0218 Rll’lg (YCH)

Where; st. stretching; §, in plane binding; y, out of plane binding; scis., scissoring; p, rock; t, twist; o,
waging.

Fig.2: The vibration spectrum of the compound-A .
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Table 6. The calculated fundamental vibration frequencies (v in cm™) along with their assignments
and the corresponding infrared absorption intensities (ir intensities in km. mol™) for the B molecule .

No. of Freq. Intensity Assignments
freq. cm’ km mol™
In plane, A
\Z 3715 6.8100 | (O-H) st.
\Z 3491 8.6613 | Ring (C-H) st.
V3 3485 0.3448 | Ring (C-H) st.
V4 3482 19.6165 | Ring (C-H) st.
Vs 3479 15.9420 | Ring (C-H) st.
Ve 3478 5.0684 | Ring (C-H) st.
\Z 3476 1.7122 | Ring (C-H) st.
Vg 3469 10.0212 | Ring (C-H) st.
Vg 3466 5.3720 | Ring (C-H) st.
V1o 3463 3.6000 | Ring (C-H) st.
Vi1 3461 3.9941 | Ring (C-H) st.
V12 3459 0.3190 | Ring (C-H) st.
Vi3 3457 2.8060 | Ring (C-H) st.
Vig 3455 7.6612 | Ring (C-H) st.
Vis 3449 0.3516 | CHjs st.
Vig 3447 2.5007 | Ring (C-H) st.
V17 3446 4.7832 | Ring (C-H) st.
Vig 3409 3.7062 | CHj st.
Vig 3255 18.7841 | CHjs st.
V2o 2617 83.3689 | (O-H) st.
Vo1 1882 106.1954 | 5(0O-H)
Voo 1738 99.4511 | 6-Hydroxybenzene
Vo3 1732 17.0723 | Ring (8CH)
Vo4 1720 350.9322 | Ring (6CH) + Ring (CCC) st. + 8(O-H)
Vs 1710 27.1434 | Ring (6CH)
Ve 1706 56.9708 | 5(O-H) + Ring (CCC) st.
Vo7 1695 8.2097 | Ring (6CH) + 6(0O-H)
Vog 1677 24.4626 | 3-Ring
Vag 1652 38.3161 | CHsscis.
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V30 1642 5.0202 | CHjsscis.

Va1 1637 37.5624 | 6-Hydroxybenzene

V32 1634 0.8109 | Ring (6CH)

Va3 1622 56.5582 | 5-Hydroxymethylbenzene

V34 1600 57.5817 | Ring (6CH)

Vas 1579 68.3842 | 56-Hydroxybenzene

Ve 1569 72.3193 | CHsscis.

Va7 1546 70.6883 | 6-Hydroxymethylbenzene

Vag 1536 46.2466 | 6-Hydroxybenzene + 6-Ring
V39 1533 18.6818 | 5-Hydroxybenzene + d-Ring
V40 1492 46.2417 | Ring (6CH)

Va1 1458 55.7358 | 8(O-H) + Ring (3CH) + 5-CH,
Vo 1434 20.4117 | 6-Hydroxybenzene

V43 1415 0.6730 | Ring (8CH) + 6(N=N)

7 1404 144.4004 | Ring (8CH) + 8(N=N) + 5(O-H)
Vs 1398 178.3608 | 6-Hydroxymethylbenzene

\7 1385 19.0405 | 6-Hydroxybenzene + 6(N=N)
V47 1378 17.1190 | Ring (6CH) + 6(N=N)

Vis 1354 34.2971 | Ring (6CH) + 6(N=N)

Va9 1349 67.4009 | Ring (6CH) + 6(N=N)

V5o 1346 322.2940 | 6-Hydroxymethylbenzene + 6(N=N)
Vs1 1339 14,5917 | Ring (6CH) + 6(N=N)

Vs 1329 21.9933 | Ring (6CH) + 6(N=N)

Vs3 1316 59.0833 | 6-Ring + 6(N=N)

Vs4 1300 82.3882 | Ring (6CH)

Vs 1287 125.6677 | Ring (8CH) + 3-OCH3+ 8(0-H)
Vsg 1279 20.0249 | Ring (8CH) + 3-OCH3+ 3(0-H)
Vs7 1260 54.5446 | Ring (6CH) + 8(0-H) + 5-OCHj;
Vsg 1255 176.2497 | Ring (8CH) + 8(0O-H) + 6-CH,
Vsg 1253 8.2539 | Ring (8CH) + 5-CH3;+ 8(0-H)
Vo0 1235 1.4897 | Ring (6CH)

Ve1 1229 7.7699 | pCH3 + Ring (6CH)

Vo2 1208 215.1202 | Ring (6CH)

Ve3 1202 23.0639 | Ring (6CH) + 6(0O-H)

Vo4 1190 4.7917 | Ring (6CH)

Ves 1183 263.0470 | Ring (6CH) + 8(N=N)
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Ve6 1176 11.9002 | Ring (6CH)

Vg7 1169 0.5088 | pCH3

Vs 1152 182.5279 | Ring (6CH) + 6-CH3+ 8(N=N)
V9 1106 1.9090 | Ring (6CH) + 8-OCHj;

V70 1085 13.8510 | Ring (6CH)

V71 1082 11.0273 | 5-Ring

V72 1064 2.1092 | Ring (6CH)

V73 1052 17.2218 | Ring (6CH)

V74 993 6.2278 | 3(N=N) + 6-Ring

V75 983 1.4661 | Ring (6CH) + 6-OCHj;

V76 938 1.3653 | 6(N=N) + Ring (6CH)

V77 905 26.4107 | Ring (6CH) + 8(N=N)

V78 837 28.6560 | 8-Ring + 6(0O-H) + 6(N=N)

V79 805 1.3245 | 6-Hydroxybenzene + 6(N=N)
Vg0 755 1.4680 | Ring (6CH) + 6-CH3 + 6-Ring
Vg1 742 2.7973 | Ring (6CH) + 6-CHs;+ 6-Ring
Vg2 678 0.3494 8-R|ng

Vg3 674 1.5239 | 6-Ring + 6-OCHj;

Vg4 658 0.1021 8-R|ng

Vgs 606 3.4171 | 8-Ring + 6-OCHz+ 6(N=N)
\ 602 16.1252 | 6-OCH;3+ 8(0O-H) + 6(N=N)
Vg7 580 15.6587 | 5-OCHs+ Ring (6CH)

Vag 576 39.4576 | 6(N=N) + Ring (6CH)

Vg 545 27.9798 | 6(O-H) + 6(N=N)

Vgo 510 5.2071 | 8(0-H) + Ring (6CH) + 5-Ring
Vo1 487 18.6077 | 5(O-H) + 6(N=N)

Voo 475 15.9346 | 6(N=N) + 8-Hydroxybenzene + 6-Ring
Vo3 420 2.0345 | 8-Ring + 6(N=N) + 5-OCHj;
7 382 0.2506 | 6-Hydroxymethylbenzene + 6-Hydroxybenzene
Vs 372 1.0273 | 5(O-H) + 6-OCH3 + 6(N=N)
Ve 300 2.3671 | 8-Ring + 6(N=N) + 8(0-H)

Vg7 256 6.0527 | 5-OCHz+ 6(O-H) + 6(N=N)
Vog 225 0.1372 | 5(0O-H) + 8(N=N) + 6-CH3 + 6-Ring
Vg 204 1.9504 | 5-OCHj3; + 6-Ring

V100 127 1.1673 | 6(O-H) + 8(N=N) + 5-Ring
V101 108 0.2443 | 6(N=N) + 6-Ring

261



Journal of Kerbala University , VVol. 9 No.3 Scientific . 2011

Vig2 53 0.1812 d(N=N) + 3-Ring

V103 24 0.3455 5-CHs+ 3(N=N)
Out of plane, A

V104 1184 85.5512 v(O-H)

V105 1044 0.1772 Hydroxybenzene (yCH)

V106 1040 0.0114 Ring (yCH)

Vig7 1033 0.2541 Ring (yCH)

V108 1020 0.7150 Ring (yCH)

V109 1017 0.4961 Ring (yCH)

V110 1015 0.5149 Hydroxybenzene (YCH) + Ring (yCH)

Viig 1014 0.6262 Hydroxybenzene (YCH) + Ring (yCH)

V112 900 1.3185 Hydroxybenzene (YCH)

Vi13 896 0.0322 Ring (yCH)

Vi14 888 0.0279 Ring (yCH)

V115 878 3.9176 Ring (YCH)

V116 875 19.2015 Ring (yCH)

V117 866 54.4395 Ring (YCH)

Vi1g 836 15.1374 Ring (yCH)

V119 796 30.7789 Ring (yCH)

V120 773 0.0644 Ring (yCH)

Vin 759 8.0894 Ring (yCH)

V122 749 0.8838 Ring (yCH)

V123 738 1.8192 Ring (yCH)

V124 625 0.0895 v(O-H) + Ring (yCH)

V125 575 0.0006 Ring (yCH)

V126 559 0.0828 Ring (YCH)

V127 528 2.6384 Ring (YCH)

V128 497 54.6243 v(O-H)

V129 477 11.4285 v(O-H) + Ring (YyCH)

V130 461 10.3663 v(O-H) + Ring (yCH)

V131 426 0.0632 Ring (YCH)

V132 417 0.0038 Ring (YCH)

V133 412 0.0086 Ring (YCH)

Vi34 371 0.3130 v-Ring

V135 331 2.1893 y-Hydroxybenzene

V136 306 1.8112 y(N=N) + v-OCHjs + y-Ring
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V137 248 0.7030 | TCH3

Vi3g 227 0.8850 | tCH; + y-Hydroxymethoxybenzene

V139 216 1.3273 | y(N=N) + y-Hydroxybenzene + y-CH3 + y-Ring
V140 206 0.1348 | y-Hydroxybenzene + y-Ring + y(N=N) + y-CH3
V141 169 1.0167 'Y(N=N) + tCH;

V142 143 0.0216 | y(N=N) + y-Ring

V143 100 1.9120 | y-OCHjs + y(N=N) + y-Ring

V144 89 0.0167 ’Y-OCHg + Y-Rlng

V145 60 0.7371 ’Y-OCHg + Y-Rlng

V146 35 0.0549 y-Rlng

V147 29 0.1373 | y-Ring

V148 12 0.0000 ’Y(O-H) + ’Y-Rlng

V149 10 0.1983 | y-OCH; + y-Ring

V150 6 0.0220 ’Y-Rlng

Fig.3: The vibration spectrum of the compound-B .
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