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ABSTRACT

In the present work, we reported a combined expartal and theoretical study on molecular structuaned
vibrational analysis of N-phenylethanolamine (NPERJ-IR and FT-Raman spectra of the title compoimthe
solid phase are recorded in the region 4000-400'camd 3500-100 cih, respectively. The structural and
spectroscopic data of the molecule in the groumtiesis calculated using density functional methdfth WSDA/6-
311+G(d,p) and B3PW91/6-311+G(d,p) levels. The O0BBPW91/6-311+G(d,p)) calculations have been giving
energies, optimized structures, harmonic vibratioinaquencies, IR intensities and Raman activitiése study is
extended to the HOMO-LUMO analysis to calculateghergy gap, ionization potential, electron affjniglobal
hardness, chemical potential and thermodynamic @riigs of NPEA. The calculated HOMO and LUMO eresgi
show the charge transfer occurs in the moleculecofplete vibrational assignment aided by the thicak
harmonic frequency analysis has been proposed. Hdrenonic vibrational frequencies have been compared
experimental FT-IR and FT-Raman spectra. The oleseand calculated frequencies are found to be indgo
agreement. The complete vibrational assignmentpartormed on the basis of the total energy distidn (TED)

of the vibrational modes calculated with scaled mfuan mechanical (SQM) method.

Keywords: FT-IR spectra, FT-Raman spectra, N-phenylethanaknttirst order hyperpolarizability, Molecular
electrostatic potential

INTRODUCTION

Phenylethanolamine is perhaps best known in théd fief bioscience as part of the enzyme name
“phenylethanolamine N-methyl transferase”, refagrio an enzyme which is responsible for the coneersf
norepinephrine into epinephrine, as well as otlkedated transformations. In appearance, phenylethamoe is a
colorless solid [1].

Phenylethanolamine has been found to occur najuiall several animal species, including humans [2,3]
Phenylethanolamine (sometimes abbreviated PEOHRB-toydroxyphenethylamine, is a biogenic amine related
structurally to the major neurotransmitter norepimine, and the biogenic amine octopamine. As ajaric
compound, phenylethanolamine ig-dydroxylated phenethylamine that is also strudlyrzlated to a number of
synthetic drugs such as phenylpropanolamine, aadpinedrine family of alkaloids/drugs. In commorhvthese
compounds, phenylethanolamine has strong cardiolaasactivity [4] and, under the namgophedrin has been
used as a drug to produce topical vasoconstri¢ghnChemically, phenylethanolamine is an aromatempound,

an amine, and an alcohol. The amino-group maksscitinpound a weak base, capable of reacting witts ao
form salts. Phenylethanolamine was found to be aelent substrate for the enzyme phenylethanolaniNn
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methyl transferase (PNMT), first isolated from menladrenal glands by Julius Axelrod, which transfed it into
N-methylphenylethanolamine [6].
EXPERIMENTAL SECTION

N-phenylethanolamine (NPEA) was procured by M/srisld Chemicals, USA, which is of spectroscopic gradd
hence used for recording the spectra as such witaoy further purification. The room temperatureufer
transform infrared spectrum of NPEA was measuretiénregion 4000—400 cirat a resolution of +1 cthusing a
BRUKER IFS-66V FT-IR spectrometer equipped withamled MCT detector for the mid-IR range. KBr pedlet
were used in the spectral measurements. The FT4Rapectra of NPEA were recorded on a BRUKER IFS-66V
model interferometer equipped with an FRA-106 FTraa accessory in the region 3500—-100"casing the 1064
nm line of a Nd:YAG laser for excitation operatiag200 mW power. The reported frequencies are éxgddo be
accurate within +1 ci.

COMPUTATIONAL METHODS

The molecular structure of NPEA and correspondiityyational harmonic frequencies were calculatechgisi
DFT/LSDA and B3PW91 combined with 6-311+G(d,p) basgt using Gaussian 09W program package [7] withou
any constraint on the geometry. The harmonic vibnal frequencies have been analytically calculdtgdaking
the second-order derivative of energy using theeskewel of theory. Transformation of force fieldfn Cartesian to
symmetry coordinate, scaling, subsequent normakdiaate analysis, calculations of TED, IR and Raman
intensities were made on a PC with the version M317 of the MOLVIB program written by Sundius [8,9]o
achieve a close agreement between observed andatatt frequencies, the least-square fit refinenadgrrithm
was used. By combining the results of the GAUSSVIEMY] program with symmetry considerations, alonithw
the available related molecules, vibrational fregpyeassignments were made with a high degree ofacy.

Prediction of Raman intensities
The Raman intensitie$; were calculated from the Raman activiti&3 ¢btained with the Gaussian 09W program,
using the following relationship derived from timtansity theory of Raman scattering [11-13].

4
= flu,-v)"s
" u[l-exp(-hcu)]/ KT
where U, is the exciting frequency (in chrunits), U, is the vibrational frequency if th& normal modeh, ¢ andk

are the universal constants ahis the suitably chosen common scaling factor fbrtte peak intensities. The

simulated IR and Raman spectra have been plotted) Wsrentzian band shapes with FWHM bandwidth 6f 1
-1

cm .

RESULTS AND DISCUSSION

Structural descriptions

In order to find the most optimized geometry, timergy calculations were carried out for N-phenydetiiamine,
using LSDA/6-311+G(d,p) and B3PW91/6-311+G(d,p) hoes for various possible conformers. The
computationally predicted various possible confasr@btained for the title compound are shown inEighe total
energies obtained for these conformers are listedable 1, the structure optimizations have shohat the
conformer of Fig.1 (C6) have produced the globatimum energy. The optimized molecular structurehwite
numbering of atoms of the title compound is showrrig. 2. The most optimized structural parametegse also
calculated by LSDA and B3PW91 levels and they amialed in Table 2. The optimized structural paramsewere
used to compute the vibrational frequencies ofstiable conformer (C6) of NPEA at the LSDA/6-311+@jdand
B3PW91/6-311+G(d,p) levels of calculations.

Table 1 Calculated energies of different conformatins of N-phenylethanolamine molecule computed at IL¥A/6-311+G(d,p) and
B3PW91/6-311+G(d,p) levels

Conformers LSDA/6-311+G(d,p) B3PW91/6-311+G(d,p)
Energy(hartree)| Energy(kJmof) | Energy(hartree)| Energy(kJmol)
C1 —439.133666 —1152945.5285%94 —441.373507 —115382630
C2 —439.129681 —1152935.066094 —441.362824 —115B32807
C3 —439.130556 —1152937.36375%1 —441.359624 —115833992
C4 —439.132339 —1152942.043907 —441.3696%53 —115BBA648
C5 —439.129691 —1152935.094011 —441.3628383 —115308850
*C6 —439.139355 —1152960.464459 —441.379603 —115386312
C7 —439.125031 —1152922.857324 —441.358480 —115B788599
C8 —439.127371 —1152929.0024715 —441.364403 —115880210

*Global minimum energy
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C8

Fig. 1 Various possible conformers of N-phenylethaiamine
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Vibrational assignments

In order to obtain the spectroscopic signaturehef ¢elected compound the harmonic-vibrational feegies are
calculated by DFT/LSDA and B3PW91 levels of theangh 6-311+G(d,p) basis set. The task of the vibret

analysis is to find out the different vibrationabdes connected with specific molecular structurétief molecule.
The molecular structure of NPEA belongs to C1 pgmtup symmetry. The NPEA consists of 21 atomsgééh
undergoes 57 normal modes of vibrations.

Table 2 Optimized geometrical parameters for N-pheylethanolamine molecule computed at LSDA/6-311+G(d) and B3PW91/6-
311+G(d,p) levels

Value Value . Value
Bond length(A) - s5 A T Bapwer | “Exp | 50" a"9%e (°)Tspa T Bapwei] Texp | Dnedralandle (°)—spa | mapwer
C-C, 1401 | 1.406 §C—C, | 11838 118.20 £C-Cr G 0.17 0.11
Ci=Ce 1.398 | 1.403 §C-N, | 12001| 119.48 EC—CrHy | 179.71 | 179.67
Ci-N; 1.369 | 1.386 GC—N, | 121.60| 122.29 NC—C,C; | —178.73| -178.10
C—C 1379 | 1.385 GC,C; | 120.69| 120.80 NC—Cr—Hur 0.81 1.46
[ 1.096 | 1.087 GCrHy; | 118.95| 110.18 £C—CoC —0.39 | -0.28
CC, 1.390 | 1.395 GCrHy; | 12037 120.01 £C—CoHy | 17954 | 179.83
Ca—Husg 1.094 | 1.086 §C—C, | 120.78| 120.79 NC—Ce—C: 178.49 | 177.87
Co=Cs 1.385 | 1.389 GCsHie | 110.24] 119.20 N-Ci—Co—Ha 157 | -2.02
Co—Hug 1.092 | 1.084 GCiH | 11008 120.02 EC—N~H, | —21.18 | —22.50
Co—Cs 1.386 | 1.392 §CCs | 11881| 118.72 EC-N~C, | -168.82| -165.22
Cs—Hag 1.094 | 1.086 GCiHie | 12057 120.61 E£C—N—Hs 159.95 | 159.37
Co—Ha 1.093 | 1.084 GCiHo | 12062 120.67 [ 12.31 16.65
N—Hs 1.023 | 1.011 ©C—Cs | 121.03| 121.09 GCrCsCy 0.15 0.12
N—Cq 1424 | 1.442 GCsH | 11001 110.04 GCrCiHie | —179.99| -179.97
Co—Hug 1117 | 1.105 E©CsN, | 110.06| 118.96 H-C,—C—C, | —179.38| -179.43
Co—Huy 1107 | 1.097 GCo—Cs | 120.31| 120.39 H-Cr—Ca—Hie 0.48 0.47
Co—Cu 1505 | 1519 GCoHy | 11001]| 12031 £CCC 026 | -018
CuHis 1.106 | 1.097 GCoHyn | 110.78| 119.29 £C;CoHy | 179.88 | 179.93
Cu—Hus 1102 | 1.093 GN~H; | 117.05| 114.83 H-C:Ci—Cs | 179.88 | 179.92
Cu O 1411 | 1422 GN~C, | 122.20| 122.13 B-Ci—Ca—Hic 0.02 0.03
Ou—Hie 0.973 | 0.961 EFN~C, | 113.22| 112.84 £CCsCe 0.03 0.00
N—CyHie | 111.91] 112.00 ©C,CoHp | —179.70| —179.80
N—CyH;, | 110.84| 110.24 H-Ci—Co-C, | 179.90 | 179.89
N~-CoC; | 108.72| 109.81 t-Ca—Co—Hac 0.16 0.09
Fi—CoHy | 106.37| 106.77 £C—CoC 0.29 0.24
Fh—Co—Ci; | 109.96| 109.76 ECs—Co—Hyu | —179.64| -179.88
Fh—Co—Ci; | 109.00| 108.15 W-Ce—Co-C, | —179.97| -179.96
GCuHi; | 110.19] 109.60 W—Co—Co—Har 0.09 —0.07
GCiHu | 109.54| 109.77 EN;—Co—Hyg 56.29 54.02
GC O | 111.48| 11248 EN—Co—Hy | —62.28 | —64.71
FheCiHi | 108.01| 108.06 EN—CysCy; | 177.94 | 176.23
FheCiOp | 112.01| 111.78 FN—Co—Hy | -92.47 | -89.36
FheCiO; | 10543 105.48 FN~—Co—Hy,, | 148.97 | 151.91
COi—Hic | 108.70| 108.66 FN,—Co—Cr; 29.18 32.85
N-Co—CirHi: | —177.99| 178.77
N-Co—CiHy | 63.32 60.23
N-Co—CiO | -52.97 | -56.88
HoCo—Ci—Hi: | —56.16 | —57.70
HCo—Cy—H. | —173.84] -176.23
Ae-Co—CyOc | 69.87 66.66
Hi—Co—Cy—Hi: | 61.09 58.43
Ri—Co—Ci—Hu | —57.60 | —60.10
H,-Co—Cp O | —173.89| -177.22
G-CiOw—Hie | 6844 | —69.12
H:CiOi—Hie | 55.55 54.30
HCi—Oi—Hye | 172.78 | 171.25

Of the 57 normal modes of vibrations, 21 modes siretching vibrations, 18 are in-plane bending nsodé
vibrations and remaining 18 modes are out-of-plaeeding vibrations. The total energy distributiarED) was
calculated and the fundamental vibrational modeseveharacterized by their TED. The recorded (FTHR;
Raman) and calculated vibrational wavenumber alwitly their relative intensities and probable assignts along
with TED of the title molecule are given in TableThe experimental and theoretically predicted RTand FT-
Raman spectra are shown in Figs. 3 and 4, respéctiv

To best of our knowledge, there is no theoretitadlys on the vibrational assignments of N-phenyleti@mine in
the literature. So, in order to introduce detailédrational assignments of N-phenylethanolaminezomplete
assignment of the fundamentals was proposed bas#teacalculated TED values, infrared and Ramaamsities.
Any inadequacy noted between the observed andatlalated frequencies may be due to the two facts:is that
the experimental results belong to solid phasethedretical calculations belong to gaseous phaseanother one
is that the calculations have been actually dona simgle molecule contrary to the experimentali@slrecorded in
the presence of intermolecular interactions. THeutated vibrational frequencies were scaled ineortd improve
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the agreement with the experimental values. Vibra frequencies calculated at LSDA/6-311+G(d,pHl an
B3PW91/6-311+G(d,p) levels were scaled by 0.902Daf623, respectively.

O-H vibrations

e

Fig. 2 The optimized molecular structure with numbeing of atoms of N-phenylethanolamine

The O-H group gives rise to the three vibrationg, gtretching, in-plane bending and out-of-plarending
vibrations. The O-H stretching vibrations are siresito hydrogen bonding [14]. The non-hydrogen-dtexh
hydroxyl group of phenols absorbs strongly in tH#®-3584 cit region [15]. Hydrogen bonding alters the
frequencies of the stretching and bending vibratidme O—H stretching bands move to lower frequenaigually
with increased intensity and band broadening irhfdrogen bonded species.

Hydrogen bonding if present in five or six memhagrsystem would reduce the O—H stretching bar@b&0—-3200
cm™ region [16]. In the FT-IR spectrum of title commoly a medium strong band observed at 3323 are
assigned to O—H stretching mode of vibration. TEDTcontribution of this mode is 100%. A comparisidrthese
bands with literature data predict that there ideaiation which may be due to the fact that thes@nee of
intramolecular hydrogen bonding.

In general, for phenols the in-plane bending vibre lay in the region 1250-1150 TrfL7]. In the present study,
the O—H in-plane bending vibration calculated e882m™ by LSDA/6-311+G(d,p) and 1286 chiby B3PW91/6-
311+G(d,p), respectively. They show good agreemdhtliterature. The position of band due to O—H-ofiplane
deformation vibration is dependent on the streragthhydrogen bond [18]. The O-H out-of-plane defdrom
vibration of phenol lies in the region 320—290 tfor free O—H and in the region 710-571¢for associated O—H
[17]. The frequency increase with hydrogen bondrgjth because of the larger amount of energy redjud twist
the O—H bond out-of-plane [19]. In our case thecbaiserved in Raman spectrum at 285’ame assigned as O-H
out-of-plane deformation vibration.

N-H vibrations

It has been observed that the presence of N—Hrinusamolecules may be correlated with a constaatiwence of
absorption bands whose positions are slightly edtérom one compound to another; this is becaust¢omihic group
which vibrates independently from the other groupshe molecule and has its own frequency. In ladl hetro
cyclic compounds the N-H stretching vibrations acituthe region 3500-3300 ¢m[20—22]. The position of
absorption in this region depends upon the degfdeydrogen bonding and physical state of the sanipléhe
present investigation, the N—H stretching vibrasitiave been found at 3100 ¢rim Raman spectrum with the 98%
of TED contribution. Theoretically computed N—H rakions by B3LYP method of scaled value approxityate
coincides with experimental value.

The bands observed at 1485 ¢mnd 743 cit in Raman are assigned to N-H in-plane and outarfgpbending
vibrations, respectively.
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Table 3 Vibrational assignments of fundamental obseed frequencies and calculated frequencies of N-gmylethanolamine based on
LSDA/6-311+G(d,p) and B3PW91/6-311+G(d,p) levels [sWenumber (cm™); IR intensities (km mol™), Raman intensities (Xamu™)
(Normalized to 100) ]

Observz)(:nir)equenmes Calculated Frequencies (S IR Raman
[SDA/6-311+G(d,p) B3PW91/6-311+G(d,p) intensity intensity Vibrational
Modes LR RFT_ LSD_A/G B:iI/Dg/_VQ LSDA/6- BSPG\{V91/ as_?llzggzn(ysms/
aman Unscaled Scaled Unscaled| Scaled 311+G( 311+G( 311+)G(d, 311+G(d,
dp) d,p) P D)

1 3323ms 3725 3328 3855 3325 334 32.56 0.0 071 vOH(100)

2 3100ms 3469 3103 3601 3100 88.9% 5153 0.0 080 WNH(%)

3 2958w 3129 2958 3204 2956 5.0 6.17 0.04 104 vCHas(98)

4 2926ms | 2927ms 3117 2930 3197 2928 11.42 2602 4 04 0.46 VCHas(97)

5 2882w 3108 2885 3182 2880 7.89 20.07 0.04 148 vCHas(9)

6 2853w 3099 2850 3172 2851 3.18 .94 0.04 16]  vCHss(95)

7 3087 2845 3162 2840 7.78 10.61 0.04 0.67 _ vCHss(96)

8 3023 2836 3106 2832 15.24 23.1 0.04 1.14 ,a6(35)

9 2953 2830 3042 2826 67.03 49.3 0.05 .94 ,a6495)

10 2945 2825 3025 2819 6.22 39.31 0.05 2.04 ,56193)

11 2835 2816 2934 2810 88.48 78.4 0.05 2.5( LS8E2)
VCC(TD),

12 1618vs 1647 1620 1662 1618 19496  159.03 016 653 VCH(18),
CH,rock(10)

13 1603s 1609 1603 1636 1606 8.20 8.7¢ 0.16 0.2 vCC(68), bCH(27)
VCC(70),

14 15225 1524 1525 1546 1520 24107 201.B3 018 16 0. VCH(15),
CH,sci(12)

] bNH(52),

15 14855 1474 1489 1525 1486 6.05 06 0.14 0.3 | ocida) peH(0)

16 14565 | 1456w 1437 1459 1503 1453 a7 2641 0.2p 028 o)

17 1397ms |  1397ms 1426 1399 1493 1394 1.28 1082 203 056 Cg'éﬁ('g)'

18 1382w 1420 1386 1467 1380 16.74 20.14 0.24 0.28 vCN(72),vCC(17)

19 1368w 1399 1373 1413 1369 36.54 27.0p 0.23 o4 Chawag(4s),
gOH(29)

CHywag(46),

20 1294ms 1352 1209 1384 1294 23.16 10.49 0.25 600  gCH(30),
gNH(11)
bOH(43),

21 1330 1288 1377 1286 6.26 5.77 0.26 032  CHyock(25),
bCH(13)

22 1279w 1322 1283 1369 1280 414 24.1p 0.26 .06 vCN(71),vCC(18)
VCC(42),

23 1235ms 1234w 1208 1235 1349 1236 7.4 30.68 028 041 VCH(23),
CH,as(14)
VCC(43),

24 1206ms |  1206ms 1274 1210 1307 1203 9.41 6680 9 04 077 bCH(22),
CH,rock(10)
VCC(42),

25 1210 1196 1261 1192 20.25 5.91 0.30 0.47 vCH(20), bNH(L8)
CHarock(12)
VCO(47),

26 1178w 1169 1162 1201 1178 6.59 19.48 0.32 0.2 VCH(22),
CHass(13)
VCO(7),

27 1162ms 1154 1149 1200 1166 13.09 7.7 03 0356  CHss(),
CH,rock(10)

CHaAwist(41),

28 1146 1124 1176 1120 28.74 1.85 0.34 043 i) gcclio)

CHaAwist(40),

29 1132 1103 1162 1098 0.98 21.21 0.35 034 [ Crio0) goN)

30 1074s 1073w 1096 1078 1106 1074 57.28 5.17 037 0.1 vco?zcll;,(i?iu 14

31 1044s 1044s 1076 1049 1096 1045 16.96 67.23 039 0.38 vco?gl;,(gﬁh 13

32 1015w 1036 1020 1059 1016 7.70 38.71 0.41 01 vco?zcsl;,(gﬂh(n)
bCH(59),

33 10025 1017 1006 1054 1003 42.94 7.8 0.4 320 bOH(20),
CH,sci(12),

34 986vs 984 981 1004 988 2.08 3.8§ 0.44 467 vCOt()](.:8l;,(?)E(!3)é(lO)
gCH(45),

35 928w 944 935 983 930 0.18 0.11 0.48 004  gNH(13),
gOH(10)
gCH(46),

36 914ms 926 920 967 917 5.97 0.02 0.49 001  Chuwist(14),
gOH(10)

37 875vw 923 880 930 878 1.14 10.44 0.53 0.83 bccl-:?érzo)(,:i(ggN)(’ls)
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38

857ms

894

862

912

857

10.99

18.36

0.5§

2.

a1

CH,rock(40),
bCH(20), bCC(13)

39

814w

845

819

879

816

6.31

4.60

0.60

0.09

bCN(43),
bCH(30), bCC(14)

40

743s

809

747

828

745

2.16

1.43

0.69

1.12

gNH(51),
gOH(24),
CHatwist(12)

41

717vs

784

721

818

717

1.15

1.80

0.73

0.5¢

bCN(42),
bCH(28), bCC(10)

42

664w

739

668

761

665

43.78

60.34

0.82

0.34

gCH(44),
gOH(31),
gCN(17)

43

629w

681

631

701

630

49.14

35.7§

0.90

0.04

gCH(45),
gOH(30),
CHowag(12)

44

601w

620

604

632

600

17.53

18.45

0.96

0.63

bCC(49),
bCN(28),
CH,sci(11)

45

557w

614

556

629

555

0.48

0.05

1.09

1.05

gCH(43),

gOH(32),

gNH(18),
CHowag(10)

46

523vw

570

527

567

523

130.3

134.68

bRing(50),
bCH(27),
bNH(16)

47

418vw

501

423

516

420

17.69

21.2

1.66]

0.09

bRing(49),
CHarock(18)

48

377w

472

378

472

375

9.35

1.98

0.70)

gCN(44),
gOH(22),
CHitwist(11)

49

354vw

416

359

417

355

21.09

10.8

2.15

111

bCO(41),
bOH(28)

50

315w

408

318

415

315

0.00

14.53

bRing(48),
bCH(31), bCN(13)

51

285w

338

287

337

286

120.8%

118.50

3.09

gOH(49),
CH,wag(28),
gNH(10)

52

286

245

284

243

0.70

2.27

4.02

gCo(42),
CH,wag(30)

53

208ms

232

211

235

210

9.04

5.18]

gCN(43),
gNH(21),
gOH(12)

54

186

155

182

152

1.05

0.94

8.81

gRing(42),
CH,twist(19)

55

116w

131

120

126

118

7.18

7.92

13.94

gRing(38),
CH,twist(16)

56

81

74

74

70

4.24

3.27

33.98

14.28

gCC(32),
gRing(30),
gOH(18)

57

54

42

55

43

0.80

0.43

100.00

100.0

gRing(36),
Rtrigd(22),
gOH(14)

s: strong; vs: very strong; ms: medium strong; veak; vw: very weak; ss: symmetric stretching; asrametric stretching; b: in-plane

bending; g: out-of-plane bending; stretching; sci: scissoring; rock: rocking; twidtvisting; wag: wagging.
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Fig. 3 The experimental and calculated FT-IR spec# of N-phenylethanolamine
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Fig. 4 The experimental and calculated FT-Raman spéra of N-phenylethanolamine

C—H vibrations

There are five C—H stretching vibrations in monasitbted benzenes whose wavenumbers fall in thiemefl20—
3010 cm [23]. The benzene derivatives are the best reeegnamong the polyatomic systems as far as the
vibrational spectra are concerned [24,25]. Thegassents of the benzene ring vibrations are relgtigasy because
these vibrations are observed at very similar wamgers in different compounds. The respective bapgear in

the whole range of the spectrum [23].

In this region, the nature of the substituent dostsmake any appreciable change [26]. Gunaseletrah[27] have
reported the presence of C—H stretching vibrationghe region 3100-3000 cmfor asymmetric stretching
vibrations and 2990—2850 chfor symmetric stretching vibrations. In this malés; the FT-IR bands at 2958, 2926
cm* and FT-Raman bands at 2927, 2882 dmave been assigned C—H asymmetric stretchingtiobsa The FT-
IR band at 2853 cm represents C—H symmetric stretching vibration. FHaemonic scaled frequencies by
B3PW91/6-311+G(d,p) level predicted at 2956—2840"¢ail within the recorded spectral range. As expddhese
modes are pure stretching modes as it is evident ffED column, they are exactly contributing to 98%.

The benzene ring C-H in-plane bending vibratiores wmually weak and observed in the region 1300—1008
while the C—H out-of-plane bending vibrations Iie the region 900-650 ¢m[24]. The C—H in-plane bending
harmonic vibrations computed at 1074, 1045, 1018)31and 988 cm by B3PW91 method show excellent
agreement with FT-IR bands at 1074, 1044 and 1643 and FT-Raman bands at 1073, 1044, 1002 and 986 cm
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are assigned to C-H in-plane bending vibrationse TED corresponds to this mode are mixed modes &s i
evident from Table 3.

The C-H out-of-plane bending vibration of the titempound were well identified at 928 and 664 cim the FT-
IR and 914, 629 and 557 chin the FT-Raman spectra are found to be well withieir characteristic region and
literature.

C-N vibrations

Because of the mixing of several bands, the ideatibn of C—N vibrations is a very difficult tasRhanmuganet

al. [28] assigned C—N stretching absorption in théored 382—1266 ci. In the present work, the bands observed
at 1382 and 1279 cthin FT-IR spectrum have been assigned to C—N sirgjovibration. The computed values are
in good agreement with recorded FT-IR spectrumBEMN.

The FT-IR band at 717 ¢fand the FT-Raman band at 814 tmere assigned to C—N in-plane bending vibration.
The C—N out-of-plane bending vibrations of theetilompound were well identified at 354 and 208"cim the
Raman spectrum. The TED of these modes suggesthithas a mixed mode.

C-0 vibration

The absorption is sensitive for both the carbon@unaen atoms of the carbonyl group. Both havestmae while it
vibrates. Normally, the C-O stretching vibratiomsur in the region 1260-1000 chi29]. In the present study, the
C-O stretching vibration observed in FT-Raman @21am™ and computed at 1166 chfor the title molecule at
B3PW91/6-311+G(d,p) level. According to the liters, the C—O vibration is pushed to the lower rediy the
influence of other vibrations, because of the protsi. In NPEA, the C-0O in-plane bending vibratienobserved in
FT-Raman at 354 cth and found at 355 cthat B3PW91/6-311+G(d,p) level, which is found mixeith the O—H
in-plane bending mode.

The C-O out-of-plane bending vibration for theetitholecule is assigned at 243 ¢niThese assignments are
agreement with the literature value [30].

CH, vibrations

The C—H stretching vibrations of the methylene grame at lower frequencies than those of the aion@tH
stretching. The asymmetric GHtretching vibration is generally observed in tegion 3000-2900 cth while the
CH, symmetric stretch will appear between 2900 and028@” [31,32]. The CH asymmetric and symmetric
stretching vibrations computed by the B3PW91/6-3a(dtp) method at 2832, 2826, 2819 and 2810 cmere
assigned to CHasymmetric and symmetric stretching modes of, Gidit. The TED corresponding to both
(asymmetric and symmetric) type of vibrations shesvpure modes of 92-97% as it is evident from thielel 3.
The CH bending modes follow, in decreasing wavenumber,gineral order CHleformation > CHwagging >
CH, twist > CH, rock. Since the bending modes involving hydrogemaattached to the central carbon falls in the
1450-875 cmt range [33], there is extensive vibrational coupliof these modes with GHdeformations
particularly with the CHtwist. It is notable that both GHscissoring and Cirocking modes were sensitive to the
molecular conformation. For cyclohexane, the,GEissoring mode has been assigned to the meditemsity IR
band at about 1455 + 55 ¢hj32]. The CH deformation band which comes near 1463*dm alkenes is lowered
about 1440 cit when the CH group is next to a double or triple bond. A candpnitrile or nitro group lowers the
wavenumber of the adjacent €hroup to about 1425 cth In our title molecule the scaled vibrational fregcies
computed by BBPW91 method at 1453 and 1394' ame assigned to GHscissoring modes of GHunit showing
good correlation with the recorded spectral datstiming bands at 1456, 1397 ¢im FT-IR spectrum and weak to
medium bands at 1456, 1397 ¢rin FT-Raman spectrum. The GaussView animation agelsuggests that it is a
mixed mode with some contribution of bending vikmat The calculated TED corresponding to these made
also as mixed mode with 68% of gbtissoring mode.

The computed wavenumber by B3PW91 method at 13691884 cri were assigned to GHvagging vibrations
for our title molecule which is in good agreemeiittwihe observed bands in FT-Raman at 1383 and 294 The
calculated TED corresponding to these modes arednmodes with above 53% of gMiagging. The bands for
CH, rocking vibrations are observed at 875 tand 857 crit respectively in FT-IR and FT-Raman spectra. The
calculated frequencies of Ghocking and CH twisting vibrations are listed in Table 3. These good agreement
with the literature data.

C-C vibrations

The ring C—C stretching vibrations occur in theioag1625-1430 cil. In general, the bands are of variable
intensity and are observed at 162590 cm', 1590-1575 cm’, 1540-1470, 1465-1430 and 138280 cm" as
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given by Varasanyi [29] for the fine bands in tregion. In the present work, the strong to wealdsarsbserved in
the FT-IR spectrum at 1603, 1522, 1235, 1206 ar®B In* have been assigned to C—C stretching vibrations in
NPEA. The same vibrations appear in the FT-Ramamctepm at 1618, 1234 and 1206 ¢niThe theoretically
computed values by B3PW91/6-311+G(d,p) method 41816606, 1520, 1236, 1203 and 1178 tin NPEA
showed excellent agreement with experimental ddtae CCC in-plane bending vibrations observed &, 328
cmtin FT-IR spectrum and 601, 315 ©nin FT-Raman spectrum. The out-of-plane bendingatibn appeared at
116 cm®. These assignments are in good agreement witlitéhature [34,35]These observed frequencies show
that, the substitutions in the ring to some extaffdct the ring modes of vibrations. The theordfycaomputed
value by B3PW91/6-311+G(d,p) method is in agreemsetht experimental values.

POLARIZABILITIES AND HYPERPOLARIZABILITIES

The development of organic NLO materials for dedpplications are required a multidisciplinary effimvolving
both theoretical and experimental studies in te&é§ of chemistry, physics, and engineering. Quanthemical
calculations have made an important contributiothtounderstanding of the electronic polarizatioderlying the
molecular NLO processes and the establishmentwudtste-property relationships [36,37]. The polabidities and
hyperpolarizabilities characterize the responsa gfstem in an applied electric field [38,39].

Electric polarizability is a fundamental characdéd of atomic and molecular systems [40]. Poldiid#es and
hyperpolarizabilities could determine not only teength of molecular interactions (such as thegd@nge
intermolecular induction, and dispersion forcebp tross sections of different scattering and siolti processes,
but also the NLO of the system [41]. The theoryebéctric polarizability is a key element of theioatl

interpretation of a wide range of phenomena, framlinear optics [42] and electron scattering [48phenomena
induced by intermolecular interactions [44].

E=E°~4,F, - Ya,,F,Fy~ Y By FFF, + ..

where E° is the energy of the unperturbed moleculks, is the field at the origin ang/,, a,s; and ﬁaﬁy are the
components of dipole moment, polarizability and firgt-order hyperpolarizabilities respectively. this paper, we

present values of the total static dipole momept)( the mean polarizability ,), the anisotropy of the

polarizability (A@') and the mean first-order hyperpolarizabilitﬁo() as defined [45-49] in the following
equation:

p= ik + il + 22

a =axx+ayy+azz

)z%

The complete equation for calculating the magnitoidg from Gaussian 09W output is given a follows:

By =~JBZ+B2+B2)
ﬂx :ﬂxxx+ﬂxyy+ﬂxzz

'By :ﬁyyy+ oy T Pyzz

Bz = ﬁzzz+ ﬁxxz + ﬁyyz

where,

The total static dipole moment, the mean polarigbthe anisotropy of the polarizability and theean first-order
hyperpolarizability of the title compound have beafculated using B3PW91/6-311+G(d,p) level. Thevewsion

factor a, ,B and HOMO and LUMO energies in atomic and cgs units1 atomic unit

(a.u.) = 0.1482x18" electrostatic unit (e.s.u.) foff ; 1 a.u. = 8.6393x18 e.s.u. for 5; 1 a.u. = 27.2116 eV
(electron volt) for HOMO and LUMO energies.

194



V. Karunakaran and V. Balachandran J. Chem. Pharm. Res., 2016, 8(6):184-205

Urea is one of the prototypical molecules usechesgtudy of the NLO properties of molecular systeitnsas used
frequently as a threshold value for comparativgopses. The calculated values@fand £ for the title compound
are 16.071& 10 %*e.s.u. and 3.1924 10 *e.s.u. as shown in Table 4. These are greatetthiose of urea (the&¥
and B of urea are 3.7693° and 0.37289 x I8° e.s.u. obtained by B3LYP/6-311++G(d,p) method J50]
Theoretically, the first hyperpolarizability of thigdle compound is of 5.3 times the magnitude afaurDomination
of particular components indicates a substantildaddization of charges in that direction. The nmaxim [ value

may be due ta-electron cloud movement from donor to acceptorciwhakes the molecule highly polarized and
the intra- molecular charge transfer possible. phesence of ICT is confirmed with the vibrationglestral
analysis. From the magnitude of the first hyperpoility, the N-phenylethanolamine may be a ptadmapplicant

in the development of NLO materials.

Table 4 Electric dipole moment L/ (debye), mean polarizabilitya’mt (x10**e.s.u.), anisotropy poIarizabiIityAO' (x10**e.s.u.) and first

order hyperpolarizability ,Btot (x10*°e.s.u.) for N-phenylethanolamine based on B3PW91831+G(d,p) level

Parameters| Values Parametdrs Valudls
M, 0.2997 ﬂxxx 44.0022
U, 0.7593 Boy | -610779
U, o3re3 | [, | 2160040
M 089967 | B, | -231.7888
a,, |uiews| [ ., | -15.4409
a,, | -129es1 ,Bxyz 15.7194
a,, |0 B, 53.4789
a,, 31104 | B, 57.8811
a,, | -ooea| B, 1.7689
a,, 71.7114 ﬁzzz 37.2466
., 160718 | 3, 3.1921
Aa 30.0441

NATURAL BOND ORBITAL ANALYSIS

The NBO analysis is an efficient method to invesigthe stereoelctronic interactions on the reigtand dynamic
behaviors of chemical compounds. NBO analysis {84$ originated as a technique for studying hybaitiim and
covalency effects in polyatomic wave functions. Twerk of Foster and Weinhold was extended by Reted.[52]
who employed NBO analysis that exhibited partidyldd-bonded and other strongly bound Van der waals
complexes. NBO calculations have been performedgusiBO 3.1 program [53] as implemented in the Gamnss
09W program package [7] and GaussView molecularalization program [10] at the B3PW91/6-311+G(deukl

in order to understand various second-order intienae between the filled orbitals of one subsysemd vacant
orbitals of another subsystem, which are a measfutes intermolecular delocalization or hypercorstign.

A useful aspect of the NBO method is that it giig@ermation about interactions in both filled anittwal orbital
spaces, which could enhance the analysis of imtdaitermolecular interactions. NBO method makessjide to
examine hyperconjugative interactions due to ebectransfers from filled bonding orbitals (donos)eémpty anti-
bonding orbitals (acceptor) [54-56]. In the compbwxamined hyperconjugative interactions are obséarder
type and take place betweerandc* orbitals or between electron lone-pairs (LPs) aharbitals. The symbols
andc* are used in a generic sense to refer to filled anfilled orbitals of the formal Lewis structutdpugh the
former orbitals may actually be core orbitals {ohe pairs (n)g or = bonds §, n), etc., and the latter may beor
antibonds ¢*, n*), extra-valence-shell Rydberg (r) orbitals, etcording to the specific case.

The second-order Fock matrix was used to evallsedbnor—acceptor interactions in the NBO basi§. [bBe
interactions result in a loss of occupancy from ltwalized NBO of the idealized Lewis structureoirgn empty

non-Lewis orbital. For each donor (i) and accepdr the stabilization energyE(z) associated with the
delocalization i— j is estimated as [57]
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F(,j)?
6‘]- =&
where (; is the donor orbital occupancyg; and & are diagonal elements and F(i,j) is the off-diaddBO Fock

matrix element. Hybrids of natural bond orbitalécaotated by NBO analysis for the title compound gieen in
Table 5. The NBO bond polarization and hybridizatdlhanges were associated with formation of thepoamd. In

NBO analysis, IargeE(2) value shows the intensive interaction betweentelredonors and electron-acceptors and
greater the extent of conjugation of the wholeeaystthe possible intensive interactions are givehable 6.

Table 5 NBO results showing of Lewis and non-Lewisrbitals of N-phenylethanolamine with B3PW91/6-311&(d,p) level

Bond (A-B) | ED/energy (a.u. ED6 | EDs% NBO s% p%
o(C—C) 1.97500 50.81] 49.19 o0.7128tdhC | 36.97| 62.99
0.02077 -0.7014(3fY C | 35.20] 64.75
o(C,—Ce) 1.97401 50.60] 49.400 0.7113tpC | 36.84| 63.12
0.02233 -0.7029(3f9 C | 34.90] 65.05
o(C1—Ny) 1.98783 39.25] 60.79 0.6265t8H C [ 26.03| 73.88
0.02971 —-0.7794(3pHYN | 35.25 [ 64.71
o(Co—Cy) 1.97604 50.52[ 49.48 0.7108tpC [ 36.07| 63.89
0.01451 -0.7034(3f) C | 35.34| 64.63
o(C—Hy) 1.97762 60.45[ 3955 0.7775t8p C [ 28.70[ 71.27
0.01385 -0.6289(889H [ 99.96| 0.04
o(Ca—Hye) 1.98007 60.43[ 3957 0.7773t8pC [ 28.87[ 71.09
0.01304 -0.6291(889H | 99.96 | 0.04
o(N7—Co) 1.99025 60.96] 39.04 0.7808tSp N [ 34.20] 65.77
0.01575 -0.6248($p) C | 23.35] 76.53
6(C15~O1e) 1.99516 3357 66.43 0.57948pC [ 21.47] 78.33
0.01418 -0.8150(8p) O | 29.64| 70.28
o(Ce—Hi) 1.97730 60.67[ 39.33 0.7789fSpC [ 28.02| 71.94
0.01454 -0.6271(889H [ 99.96 | 0.04
LP(1) N, 1.80963 - - s 0.00 | 100.00
LP(1) O 1.98262 - - sp™ 48.80 | 51.17
LP(2) O 1.96025 - - sp* 0.08 | 99.88

Table 6 Second-order perturbation theory analysis foFock matrix in NBO basic corresponding to the inta molecular bonds of N-
phenylethanolamine with B3PW91/6-311+G(d,p) level

Donor §) [ Acceptor) [ *E® (kd mol) [ PE() — E() (a.u.) | °F(i,)) (a.u.)
o(Ci=C2) | o*(C1-Cy) 3.94 1.28 0.064
5(C1-Co) | o*(C:-C) 3.88 1.29 0.063
w(Ci-Co) | n(CrCy) 17.34 0.29 0.063
1*(C4—Cs) 23.20 0.29 0.073
5(C2C | o*(Ci-Ny) 4.47 1.06 0.062
(C—Cy) | #(C1-Cs) 22.55 0.28 0.073
1*(C4—Cs) 17.35 0.28 0.064
o(CHp) | 0*(Ci=Co) 4.63 .10 0.064
2(C—Cs) | #(C1=Cy) 16.93 0.28 0.063
1*(Co—C3) 22.56 0.28 0.071
5(Cs-Cy | o*(Ci-Ny) 4.34 1.06 0.061
LPON, | 7(Ci-Cy) 30.24 0.27 0.086
5*(Co—Hy) 6.40 0.64 0.060
6*(Co—H11) 6.25 0.65 0.059
LP(2) Oz | o*(Co=Cu) 4.67 0.67 0.050
o*(C1-Hy2) 6.12 0.71 0.059

3E® means energy of hyperconjugative interactions.
® Energy difference between donor and acceptor ijaBO orbitals.
°F(i,j) is the Fock matrix element between i andgQNorbitals.

In NBO analysis, the hyperconjugative — c* interactions play a highly important role. Thesgeractions
represent the weak departures from a strictly ipedl natural Lewis structure that constitutes thamary
“noncovalent” effects. The results of NBO analysabulated in Table 6 indicate that there are strong

hyperconjugative interactions @f(C2—C3) —» ¢*(C1-N7) [E(Z): 4.47 kJ mof], o(C2-H17) —» ¢*(C1-CB6)
[ E® = 4.63 kJ mofl], 5(C5-C6)— c*(C1-N7) [E® = 4.34 kJ mal], LP(1) N7— 6*(C9-H10) [E® = 6.40 kJ
molY] and LP(1) N7— n*(C1~C6) [E® = 30.24 kJ mof] for the title compound.

In interaction ofo(C2—C3)— o*(C1-N7), C2 bond hybrid of the C2—C3 bond and @hd hybrid of the C1-N7
bond gains 26.03% in s character and 73.88% irapacter (with hybrid orbital % by B3PW91 level (Table 5).
These results show that strong intermolecular logeugative interactions of theand=n electrons between some
part of the ethanolamine chain and the phenyl viity different stabilization energies. On the otliand, the
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intramolecular hyperconjugative interactions digptdC1-C6)— n*(C2-C3) [E(z) = 17.34 kJ mof], n(C1-C6)
— *(C4—C5) [E®@ = 23.20 kJ mat], n(C2-C3)— n*(C1-C6) [E? = 22.55 kJ mof], n(C2—C3)— n*(C4—C5)

[E® = 17.35 kJ mof], n(C4-C5)— n*(C1-C6) [E® = 16.93 kJ mof] and n(C4—C5)— n*(C2-C3) [E® =
22.56 kJ mof] leading to stabilization of phenyl ring.

The most important interactions have occurred ftbm electron donating LP1 (N7) to the antibondicgegtor
1*(C1-C8), 6*(C9-H10) andc*(C9-H11) with stabilization energy from 30.24 t26 kJ mot™. Likewise, LP2
(O15) conjugate with antibonding(C12—-H13) ands*(C9-C12) leads to less stabilization energy o64.67 kJ
mol™. These interactions give rise to stabilizatiopbényl ring. According to our results, the intragmilar charge
transfer [n— n*, 1 — ©n*] occurs in title compound.

NATURAL HYBRID ORBITAL ANALYSIS

The natural hybrid orbitals (NHOSs) result from arsyetrically orthogonalized hybrid orbital, whichdsrived from
the natural atomic orbital (NAO) centered on paittic atom through a unitary transformation [58] céding to the
simple bond orbital picture, a NBO is defined asodpital formed from NHOs. Therefore, for a locelizs-bond
between atoms A and B, the NBO is defined as:

UAB = CAhA + CBhB

whereh, andhg are the natural hybrids centered on atoms A andd®, andcg are the polarization coefficients for
atoms A and B.

The direction of each hybrid is specified in terofishe spherical polar angles thet &nd phi ¢) from the nucleus
as well as the deviation anglev from the line of the centers between the bondedenugor more generap'd”
hybrids, the hybrid direction is determined numaliicto correspond to the maximum angular amplitadd then
compared with the direction of the line of centbetween the two nuclei to determine the bendinghefbond,
expressed as the deviation andgi®ey, in degrees) between these two directions. The anguibperties of the
natural hybrid orbitals are very much influencedthe type of substituent that causes the conjugatifect of steric
effect. In Table 7, the bending angles of diffedenihds are expressed as the angle of deviationtierdirection of
the line joining the nuclei centers. Carbono®@H is more bent away from the line of-®l,4 centers by 2.7° in
hybrid 1 and the line of &Hy, centers by 2.0° in hybrid 2, as a result of lyinghe strong charge transfer path,
whereas the carbon NHO is approximately aligneth wie C—H axis. Similarly, a little lower bendinffext (1.1°)
is also noticed at the C—C and C—H groups.

Table 7 The NHO data obtained at B3PW91/6-311+G(d)pevel of theory for N-phenylethanolamine, whichniclude NHO directionality
and bending angles (deviations from line of nucleacenters)

NBO Line of centers Hybrid 1 Hybrid 2
0 () 0 ) Dev [©] ) Dev
6Ci—C, 91.2 | 231.8] 91.3| 232 1.1 - - -
6C—Cs 83.3 | 111.8| 83.4| 109.1 2.0 - - -
nC1—Cs 83.3 111.8 7.1 313.2 90.0 172]8 133.0 90.0
nC—Cq 845 | 172.1| 172.9 132.4 90 7.1 312.3  90.0
oCs—Cs 88.8 51.8 - - - 91.3 233. 1.3
nC,s—Cs 88.8 51.8 7.2 312.3 90. 172)8 1324 90.0
6Cs—Cs 955 | 352.1] 95.6| 350.4 1.5 - - -
6Co—Hio 29.0 101.2 27.6 102.3 1.5
6Co—Huy 138.2 | 110.3| 138.5 112. 1. - - -
6Co—Hip 96.3 | 341.6| 96.6| 340.1 1.1 828 1630 20
6Co—Hi3 88.8 51.8 88.1 50.7 1.4 - - -
6Co—Huag 151.0 | 281.2| 1484 2823 2.1

6CiOr | 41.8 | 290.3] 39.9| 289.6 1d 1370 1093 14
LP(1) Ny - 7.1 | 308.0] - B -

LP(1) Oss : - 03.8 | 287.7

LP(2) Os - - 885 | 19.1

HOMO-LUMO ANALYSIS

The HOMO (highest occupied molecular orbital)-LUMIOwest unoccupied molecular orbital) energy gapNef
phenylethanolamine has been calculated at the B3FABL1+G(d,p). Many organic molecules containing
conjugated electrons are characterized hyperpalailites and were analyzed by means of vibrati@mpactroscopy
[59,60]. These orbitals determine the way the md&interacts with other species. Fig. 5 showsdis&ributions
and energy levels of the HOMO-2, HOMO-1, HOMO, LUM@MO+1 and LUMO+2 orbitals computed at the
B3PW91/6-311+G(d,p) level for the title compoundOMO is mainly localized on the methylene group and
slightly delocalized in carbon atoms. LUMO is mginlelocalized in carbon atoms of phenyl ring. HOMGs
delocalized over the carbon atoms of phenyl rind BWMO+1 is localized on the phenyl ring and metmg
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group. HOMO-2 is delocalized over the hydroxyl groand LUMO+2 is localized on the hydroxyl group and
methylene group. The value of the energy separdtiaween the HOMO and LUMO is 5.18894 eV. The lamger
of the HOMO-LUMO band gap is essentially a consegaeof the large stabilization of the LUMO due ke t
strong electron-acceptor ability of the electronegator group. The higher the energy of HOMO, theiegat is for
HOMO to donate electrons whereas it is easier fdMD to accept electrons when the energy of LUMdbis.
The calculated energy values are presented in Tahthich reveals the chemical reactivity of titengpound and
proves the occurrence of eventual charge trandgfaimithe molecule.

Table 8 Selected HOMO and LUMO energies, energy gagalues (eV) and related molecular properties of Nthenylethanolamine based
on B3PW91/6-311+G(d,p) level

Molecular Energy Energy lonisation Electron Global EIec'_(rc_) Global Chemical Globa_l_ .
properties (eV) gap potential (1) | affinity (A) hardness negativity softness €) potential (1) Electrophilicity
(eV) Q) (6] ()
Eioa(Hartree) -441.3796
Eromo -5.56064
-5.18894 0.20435 0.01366 0.09535 0.10901 10.48768 -0.10901 0.06229
ELumo -0.37170
Eromo.1 -6.99006 )
-6.89319 0.25688 0.00356 0.12666| 0.13027 7.89515 -0.13022 0.12128
Eiumon —0.09687
Evomoz 191525 | 7 74109 0.29088 0.00640 0.14224 0.14864 7.03037 -0.14864 0.12001
Eiumor2 -0.17415
HOMO-2
——
HOMO—1
——
-~ il
m"
—0.15063 eV —0.25332 eV —0, 28448 eV

&
¢ Vv

LUMD

LUMG +1 ﬂ'

- =

L

LUMO +2

Fig. 5 The atomic orbital composition of the fronter molecular orbital for N-phenylethanolamine

Global and local reactivity descriptors
Based on the density functional descriptors, gla@mical reactivity descriptors of title molecwslech as global
hardnessy), chemical potential /), global softnesss,

electronegativity ¥), ionization potentiallj, electron affinity A) and global electrophilicity«f) as well as local
reactivity have been defined [61-64] as follows:
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whereE is the total energyl is the number of electrons of the chemical spedléss the chemical potential and
V(r) is the external potential, which is identifiedthe negative of the electronegativigy) @s defined by Iczkowski
and Margrave [65]. According to Koopman'’s theord@][ the entries of the HOMO and the LUMO orbitadfsthe
molecule are related to the ionization potentlaland the electron affinityA), respectively, by the following
reactions:

| = —Eromo

A=-ELuwmo
Absolute electronegativity] and absolute hardnesg of the molecule are given by [67], respectivEpftness «)
is the reciprocal of hardness.

x:—u=%(l +A)
1
n=50-4)
1
o==
n

Recently Paret al [68] have defined a new descriptor to quantitglobal electrophilic power of the compound as
electrophilicity index ¢) in terms of chemical potential and hardness bews:

2
w:[ﬂJ
2n
The usefulness of this new reactivity quantity ustinds the toxicity of various pollutants in terois their
reactivity and site selectivity. The calculated uglof electrophilicity index describes the bioladi@activity of

NPEA. All the calculated values of quantum chemigatameters of the molecule using B3PW91/6-311+3(d,
level are presented in Table 8.

Table 9 The electrostatic potential with atomic chege of N-phenylethanolamine based on B3PW91/6-311{¢Gp) level

Atom Charge Electrostatic potential (a.y.)
C1 0.497891 —14.728386
C2 —0.380812 —14.780884
C3 0.004287 —14.777364
C4 —0.112012 —14.787124
C5 | -0.100173 -14.776910
C6 —0.311321 —14.781250
N7 —0.786918 —18.378244
H8 0.300168 -1.038723
C9 0.619450 —14.734759

H10 | —0.105399 -1.110280
H11 | -0.111713 —1.110549
C12 0.122163 —14.715539
H13 | -0.026517 —1.110039
H14 0.030844 —1.104022
015 | —0.493016 —22.355360
H16 0.292727 —-0.997371
H17 0.173774 —1.108759
H18 | 0.054719 -1.112936
H19 0.081903 —1.119554
H20 | 0.099601 -1.112462
H21 0.150354 —1.108065
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ANALYSIS OF MOLECULAR ELECTROSTATIC POTENTIAL

Molecular electrostatic potential (MEP) at a pdimtthe space around a molecule gives an indicatfothe net
electrostatic effect produced at that point by tibial charge distribution (electron + nuclei) oétmolecule and
correlates with dipole moments, electronegativiigrtial charges and chemical reactivity of the rooles [33,69].
It provides a visual method to understand the ikgapolarity of the molecule. The different value$ the
electrostatic potential are represented by diffecefors; red represents the regions of the magatie electrostatic
potential, white represents the regions of the rpositive electrostatic potential and blue represéme region of
zero potential. The potential increases in the orel@ < green < blue < pink < white. It can be st the negative
regions are mainly over the O15 atom. The negédtie color) regions of MEP are related to electilipheactivity
and the positive ones (white color) to nucleophigactivity. The negative electrostatic potentiairesponds to an
attraction of the proton by the aggregate electlensity in the molecule (shades of redl), while plositive
electrostatic potential corresponds to the repualsibthe proton by the atomic nuclei (shades oft@jhiAccording
to these calculated results, the MEP map showstlieahegative potential sites are on oxygen andgen atoms
and the positive potential sites as well are arothe aromatic hydrogen atoms. These sites giverrirdton
concerning the region from where the compound care hmetallic bonding and intermolecular interactiohhe
predominance of light green region in the MEP stefacorresponds to a potential halfway betweentte
extremes red and dark blue color. The total elacttensity and MEP surfaces of the molecule undezsitigation
are constructed by using B3PW91/6-311+G(d,p) methblde MEP mapped surface of the compound and
electrostatic potential contour map for positivel aregative potentials are shown in Figs. 6 andhié MEP map
shows that the negative potential sites are ortreleegative atoms, as well as the positive potesities are around
the hydrogen atoms. These sites give informatia@utthe region from where the compound can havecowalent
interactions.

Fig. 6 The molecular electrostatic potential (MEPpf N-phenylethanolamine
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Fig. 7 The contour map of electrostatic potential bthe total density of N-phenylethanolamine
MULLIKEN POPULATION ANALYSIS

The Mulliken atomic charges are calculated by deiging the electron population of each atom asnaefiby the
basis function [70]. The Mulliken atomic chargeSNWEA molecule calculated by LSDA and B3PW91 lewekh
6-311+G(d,p) basis set.

The calculation of effective atomic charges plays important role in the application of quantum chegh
calculations to molecular systems. Our intereseherin the comparison of different methods to dbscthe
electron distribution in NPEA as broadly as possibind assess the sensitivity, the calculated ebamychanges in
(i) the choice of the basis set; (ii) the choicetled quantum mechanical method. Mulliken chargakiutated the
electron population of each atom defined in thedbhmctions. The Mulliken charges calculated ab taifferent
levels and at same basis set are listed in Tahl&1® results can, however, better represent iphical form as
given Fig. 8. The charges depending on basis settenged due to polarizability. The C6 atom haserpositive
charge both LSDA/6-311+G(d,p) and B3PW91/6-311+@(dvhereas the H16 atom has more positive chéage t
the other hydrogen atoms. This is due to the pmsen electronegative oxygen atom; the hydrogemadtiracts
the positive charge from the oxygen atom. The (% @nd O15 atoms by B3PW91 level are more negatiaeges
than the other atoms due to electron acceptingtiutizns at that position in NPEA. The result sagg that the
atoms bonded to O atom and all H atoms are eleettoaptor and the charge transfer takes place ®am H in
NPEA.

Table 10 Atomic charges for optimized geometry of fphenylethanolamine based on LSDA/6-311+G(d,p) arB3PW91/6-311+G(d,p)
levels

Mulliken charges

Atom No. e R 76 311+G(d,p) | B3PWO1/6-311+G(d
c1 ~0.401682 ~0.204873
c2 =0.243334 =0.251215
c3 20.280413 Z0.261926
c4 Z0.065650 Z0.114014
c5 ~0.888275 ~0.778104
c6 0.842608 0.734935
N7 0.022622 ~0.035686
H8 0.248224 0.250432
co ~0.320566 ~0.216910
H10 0.199449 0.166228
AL 0.200301 0.166278
c12 Z0.437546 ~0.392104
H13 0.198390 0.163576
H14 0.216524 0.179914

015 ~0.288954 ~0.304135
H16 0.258165 0.242814
HL7 0.134344 0.115679
HI8 0.155029 0.138498
HIO 0.151916 0.134450
H20 0.155257 0.138221
H21 0.143692 0.127943
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Fig. 8 Atomic charges correlation graph of N-phenydthanolamine
THERMODYNAMIC PROPERTIES

The total energy of a molecule is the sum of tratitshal, rotational, vibrational and electronic egies. ie, E = Et +
Er + Ev + Ee. The statistical thermochemical arialgé§ NPEA is carried out considering the moledol®e at room
temperature of 298.15 K and one atmospheric presdure title molecule is considered as an asymmébp
having rotational symmetry number 1 and the tdta&lrmhal energy has been arrived as the sum of efecjr
translational, rotational and vibrational energi€ke variations in the zero point vibrational enesgem to be
insignificant.

The thermodynamic quantities such as heat capatityonstant pressure %QQ enthalpy AH%,), Gibb's free
energy (G,) and entropy (%, for various ranges (100K—1000K) of temperatunesdetermined and these results
are presented in the Table 11. The correlationtensbetween these thermodynamic properties angdetures
were fitted by parabolic formula. The correspondiitiing equations are as follows and the correlatjraphs are
shown in Fig. 9.
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Fig. 9 Correlation graph of heat capacity, enthalply, Gibb’s energy and entropy with temperature of Nphenylethanolamine

All the thermodynamic data provide helpful informoat for the further study on the title compoundorarthe Table
11, it can be observed that the thermodynamic petens are increasing with temperature except Giliig's
energy, due to the fact that the vibrational inittes of molecule increase with temperature [71jeTollowing
equations are used to predict approximately theegbf heat capacity at constant presseméhalpy, Gibb's free
energy and entropy for other range of temperafline.regression coefficient is also given in theapatic equation.

Com= 3114+ 0148T -60x10°T* (R*=0.9999
H?= 2705+ 0067T + 40x10°T? (R*=0.9998
G = — 52493- 0096T +2.0x10°T? (R*=0.9999
S? = 55198+ 0163T —1.0x10°T? (R?=1.0000

Table 11 Thermodynamic properties at different temgratures by B3PW91/6-311+G(d,p) level for N-phenyleanolamine molecule

T(K) | Chm(cal mor* K™) | AH%, (kcal mot?) | G’ (kcal motY) | S’ (kcal mot?)
100 18.3374 10.5519 —60.9675 71.5194
200 29.3516 17.0891 -71.5106 88.5998
300 41.3258 25.3919 —79.9859 105.3778
400 52.9870 34.8332 -87.6733 122.5066
500 62.9756 45.1410 -94.9327 140.0738
600 71.1650 56.1596 —101.8700 158.0300
700 77.8829 67.7747 —108.5200 176.2950
800 83.4608 79.8926 -114.8990 194.7915
900 88.1431 92.4350 —121.0200 213.4547
1000 92.1040 105.3372 -126.8960 232.2334
CONCLUSION

Based on the density functional theory calculati@sm®mplete vibrational analysis has been doneTbiRFand FT-
Raman spectroscopic techniques. The vibrationgufracies analysis by B3PW91/6-311+G(d,p) methoeesyr
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satisfactorily with experimental results, compatedLSDA/6-311+G(d,p) method. The geometry optimiat
exposes the planarity of N-phenylethanolamine maéecT he first hyperpolarizability of NPEA is 5.ines greater
than the value of urea. The Mulliken charge analystplains the possibilities of charge transferhimitthe
molecule.

The pronounced decrease of the lone pair orbitaljpency and the molecular stabilization energy shiosv
hyperconjucative interaction from the NBO analy3ise NHO represents, the bending angles of diftdsends are
expressed as the angle of deviation from the dineaif the line joining the nuclei centers. Thelsdarequencies
of the FT-IR and Raman spectra are well consistétiit that of the experimental spectra. The streagithg and
polarization band increase in IR due to the degreeonjugation, and the O—H bending character Hevtee
intermolecular hydrogen bonding interactions. Chatgnsfer occurring in the molecule between HOM®@ a
LUMO energies, frontier energy gap are calculated presented. The MEP gives the visual representati the
chemically active sites and comparative reactioityatoms. The thermodynamic functions (heat capaeitthalpy,
Gibb’s energy and entropy) from spectroscopic dayastatistical methods were obtained for the ranfe
temperature 100-1000 K.
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