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ABSTRACT: Structural, vibrational, magnetic and electronic properties of N-phenylpropanamide 

were analyzed experimentally and theoretically. The molecular geometry optimization parameters, 

vibrational wavenumbers, proton and carbon NMR chemical shifts, frontier molecular orbitals and 

UV-Vis. wavelengths were computed with DFT/B3LYP method at the 6-311+G(d,p) basis set to 

compare the experimental data obtained from the literature. Calculated harmonic vibrational 

wavenumber assignments were obtained from the potential energy distribution (PED) analysis. 

Considering that the N-H
…

O intermolecular hydrogen bond interaction in crystal packing of N-

phenylpropanamide may exist, molecular structure parameters and vibration frequencies of these 

groups in this interaction were investigated. UV-Vis. electronic absorption parameters, HOMO-LUMO 

analyses and molecular electrostatic potential (MEP) surface of N-phenylpropanamide were studied to 

explicate electronic transitions, intramolecular charge transfer and interaction sites in the molecule.  
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INTRODUCTION 

The phenylamides are highly active class of 

fungicides controlling plant pathogens. Plant 

phenylamides are similar with phenylamides in 

insect toxins (Adreva et al., 2007). Herbicidal 

activity and experimental structure analyses of the 

bioactive compound phenylamide derivative N-

phenylpropanamide were investigated by 

(Priyadharsini et al., 2013). They concluded that 

the efficacy of the N-phenylpropanamide against 

the weeds had been found to be better than other 

synthetic chemicals. Klees et al. studied about the 

alfentanil metabolism to N-phenylpropanamide 

and noralfentanil determined in human livers 

(Klees et al., 2005). There are many studies about 

the different synthesis methods of N-

phenylpropanamide in literature (Watanabe et al., 

1984; Liu et al., 2011; Na, 2011; Nowrouzi and 

Jonaghani, 2012; Diab et al., 2017). Watanabe et 

al. reported that a catalytic system for the synthesis 

of N-substituted amides in their work on nitro 

compounds reacted with carboxylic acids. They 

used nitrobenzene and propionic acid to synthesize 

of N-phenylpropanamide (Watanabe et al., 1984). 

As another example, the synthesis of N-

phenylpropanamide was performed by the reaction 

of aniline and acryloyl chloride in dry benzene by 

Diab et al., 2017. 

The quantum chemical calculations have 

been commonly used to identify the structural 

parameters, vibrational frequencies (IR and 

Raman), NMR chemical shifts and electronic 

features (UV-Vis., HOMO, LUMO and MEP) of 

molecular systems. In addition, quantum chemical 

calculations provide strong support for 

experimental studies. Although it is known that the 

biological importance of N-phenylpropanamide, 

detailed structural, spectroscopic and electronic 

studies are not available in the literature, except for 

NMR studies. The purpose of this study is to 

present the experimental and theoretical 

investigations of structural analysis, vibrational 

frequencies, proton and carbon-13 NMR chemical 

shifts and electronic (UV-Vis. and HOMO-

LUMO) features of N-phenylpropanamide.  

MATERIALS AND METHODS 

Computational Methods 

The geometry optimization, vibrational 

wavenumbers, 1H and 13C NMR chemical shifts (in 

chloroform), UV-Vis. spectroscopic parameters (in 

chloroform) and HOMO-LUMO analyses of N-

phenylpropanamide were computed using the 

Gaussian 09W program package (Frisch et al., 

2009). The visualizations of calculated results were 

carried out by GaussView 5.0 program 

(Dennington et al., 2009). In all computations, we 

were used DFT/B3LYP method with the 6-

311+G(d,p) basis set (Lee et al., 1988; Becke, 

1993). 

The vibrational (IR and Raman) 

wavenumbers were computed based on the 

optimized structure of compound in the gas phase. 

The harmonic vibrational wavenumbers obtained 

by calculating by B3LYP/6-311+G(d,p) level were 

scaled with 0.9613 (Anderson and Uvdal, 2005). 

The vibrational band assignments were performed 

in terms of PED (potential energy distribution) 

using VEDA 4 program (Jamr'oz, 2004). For 1H 

and 13C NMR isotropic chemical shifts (in 

chloroform) and UV-Vis. parameters calculations 

(in chloroform), the optimized molecular geometry 

of N-phenylpropanamide was obtained at the 

B3LYP/6-311+G(d,p) level using IEFPCM 

method (Miertus et al., 1981). Then, NMR 

chemical shifts of N-phenylpropanamide were 

computed at mentioned level, model and solvent 

with GIAO approach (London, 1937; Ditchfield, 

1974; Wolinski et al., 1990). Additionally, UV-

Vis. parameters of the N-phenylpropanamide 

molecule were calculated using aforementioned 

computational level, solvent model, solvent and 

time dependent DFT (TD-DFT) method (Runge 

and Gross). HOMO and LUMO (the frontier 

molecular orbitals) analyses were simulated using 

B3LYP/6-311+G(d,p) level to determine charge 

transfers and electronic transitions in compound. 

The molecular electrostatic potential (MEP) map 

was imitated using the optimized molecular 

geometry of the N-phenylpropanamide molecule.  
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RESULTS AND DISCUSSION 

Molecular Structure Analysis 

Since we do not have experimental data, 

only the calculated bond lengths and bond angles 

obtained with the B3LYP/6-311+G(d,p) level in 

gas phase of the title molecule were listed in 

Table 1. The optimized molecular structures of 

compound was given in Figure 1. The carbonyl 

bond length (C5=O1) was computed as 1.218 Å 

(1.227 Å under effect of the N-H
…

O 

intermolecular hydrogen bond interaction). The 

N2-C3 and N2-C5 bond lengths were computed 

at 1.413 Å and 1.378 Å as theoretically, 

respectively. The C4-C5 and C4-C8 bond length 

in the ethylene group were computed as 1.528 Å 

and 1.529 Å, respectively. The C-C bond lengths 

were calculated at the intervals of 1.390-1.403 Å 

in phenyl ring. On the other hand, N-H bond 

length in amide group was calculated as 1.009 Å. 

The C-H bond lengths for ethyl group were 

calculated at the intervals of 1.091-1.097 Å 

while calculated at the interval of 1.079-1.086 Å 

in phenyl ring. 

 

 
Figure 1. The optimized molecular structures (a=for isolated gas phase and b=in presence of N-H

…
O 

interaction) of N-phenylpropanamide. 

 

In the literature, the C5=O1, C3-N2, C5-

N2, C4-C5, C4-C8 and CC (in phenyl ring) bond 

lengths in 3-(4-hydroxy-3-methoxyphenyl)-N-

phenylpropanamide molecule were reported as 

1.236(2), 1.420(3), 1.340(2), 1.512(3), 1.534(3) 

and 1.371(3)-1.390(3) Å, respectively (Mierina 

et al., 2016).  

The angles containing the carbonyl group, 

O1-C5-C4 and O1-C5-N2 were calculated as 

122.2° and 123.8°, respectively. The reason of 

the Coulombic forces between the ethyl and 

phenyl groups, the C3-N2-C5 bond angle 

increased to 129.5°. The N2-C5-C4 bond angle 

was calculated as 114.0° while N2-C3-C6 and 

N2-C3-C7 bond angles were calculated as 

117.2° and 123.4°, respectively. Additionally, 

the amide tail bond angle C5-C4-C8 was 

calculated as 112.5° while C-C-C bond angles 

were computed at the interval of 119.1°-121.4° 
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in phenyl ring. As a result of optimization, the 

title molecule has deviation from plane. The C7-

C3-N2-C5 and C2-N2-C5-C4 dihedral angles 

were calculated as 1.2° and 175.9°, whereas the 

N2-C5-C4-C8 torsion angle was computed as 

148.6°. Similarly, in the literature, the C3-N2-

C5, O1-C5-N2, O1-C5-C4, C5-C4-C8, C6-C3-

N2 and N2-C5-C4  bond angles in 3-(4-hydroxy-

3-methoxyphenyl)-N-phenylpropanamide 

molecule were recorded as 126.8(2)°, 121.9(2)°, 

121.7(2)°, 115.2(2)°, 117.8(2)° and 116.4(2)°, 

respectively (Mierina et al., 2016). 

The N-H
…

O intermolecular hydrogen bond 

interaction may exist in crystal packing of the 

title molecule. In this connection, molecular 

structure computations for this interaction were 

performed and its molecular geometry was given 

in Figure 1(b). The N-H
…

O intermolecular 

hydrogen bond parameters were computed 1.016 

Å for N-H bond length, 2.020 Å for H
…

O 

distance, 3.034 Å for N
…

O distance and 175.0° 

for N-H
…

O bond angle. 

Table 1. The computed molecular geometry parameters of N-phenylpropanamide. 

Bond lengths (Å) Calc. Bond angles (°) Calc. Bond angles (°) Calc. 

O1-C5 1.218 O1-C5-N2 123.8 C6-C3-C7 119.4 

N2-C3 1.413 O1-C5-C4 122.2 C6-C9-H20 119.5 

N2-C5 1.378 N2-C3-C6 117.2 C6-C9-C11 120.2 

N2-H14 1.009 N2-C3-C7 123.4 C7-C10-C11 121.4 

C3-C6 1.403 N2-C5-C4 114.0 C7-C10-H21 118.8 

C3-C7 1.401 C3-N2-C5 129.5 C8-C4-H12 109.8 

C4-C5 1.528 C3-N2-H14 114.7 C8-C4-H13 110.7 

C4-C8 1.529 C3-C6-C9 120.6 C9-C6-H15 119.8 

C4-H12 1.097 C3-C6-H15 119.7 C9-C11-C10 119.1 

C4-H13 1.095 C3-C7-C10 119.3 C9-C11-H22 120.4 

C6-C9 1.390 C3-C7-H16 119.6 C10-C7-H16 121.0 

C6-H15 1.086 C4-C8-H17 111.1 C10-C11-H22 120.5 

C7-C10 1.394 C4-C8-H18 110.5 C11-C9-H20 120.3 

C7-H16 1.079 C4-C8-H19 110.4 C11-C10-H21 119.9 

C8-H17 1.093 C5-C4-C8 112.5 H12-C4-H13 106.4 

C8-H18 1.093 C5-C4-H12 106.5 H17-C8-H18 108.2 

C8-H19 1.091 C5-C4-H13 110.6 H17-C8-H19 107.8 

C9-C11 1.394 C5-N2-H14 115.7 H18-C8-H19 108.7 

C9-H20 1.084     

C10-C11 1.393     

C10-H21 1.084     

C11-H22 1.084     

 

Vibrational Frequencies Analysis 

N-phenylpropanamide (C9H11NO) has 22 

atoms and 60 (3N-6) vibrational modes. The 

vibrational assignments, experimental 

frequencies and calculated vibrational 

wavenumbers, IR intensities and Raman 

scattering activities of N-phenylpropanamide 

were listed in Table 2. The vibrational 

parameters were calculated with the B3LYP/6-

311+G(d,p) level. The simulated and 

experimental IR (Bio-Rad, 2018) and Raman 

(AIST, 2018) spectra were given in Figures 2 

and 3, respectively. The NH stretching 

vibrational mode was observed at 3240 cm
-1

 in 

IR and 3295 cm
-1

 in Raman spectrum while 

computed at 3477 cm
-1

 with 100% contribution 

of PED (Colthup et al., 1964; Bellamy, 1975; 

Silverstein and Webster, 1998; Stuart, 2004). 

The NH stretching mode was computed at 3374 

cm
-1

 due to the N-H
…

O intermolecular hydrogen 

bond interaction in crystal packing (Bilkan, 

2019). Moreover, NH in-plane bending vibration 

was observed at 1597, 1548 and 1197 cm
-1

 in IR 

and 1557, 1501 and 1205 cm
-1

 in Raman 

spectrum of N-phenylpropanamide while 

computed at 1570, 1494 and 1210 cm
-1

, Raman 



Nuri ÖZTÜRK et al. Journal of the Institute of Science and Technology, 9(2): 823-834, 2019 

Structural, Spectroscopic (FT-IR, Raman, NMR and UV-Vis.) and Computational Studies on N-phenylpropanamide 

 

827 
 

spectrum of N-phenylpropanamide while 

computed at 1570, 1494 and 1210 cm
-1

, 

respectively. As expected the aromatic ring CH 

stretching vibrations were observed at interval of 

3178-3027 cm
-1

 both IR and Raman spectra 

while calculated in the interval at 3118-3026 cm
-

1
. The observed peaks at 2965 and 2920 cm

-1
 in 

the IR spectrum and the peaks in the interval of 

2975-2880 cm
-1 

in the Raman spectrum were 

assigned to the symmetric and asymmetric CH 

stretching modes of ethyl group which were 

calculated in the interval of 3002-2899 cm
-1

. The 

scissoring modes of methylene and methyl 

groups were found at 1445, 1418 and 1370 cm
-1

 

in IR spectrum, 1458, 1445, 1418 and 1374 cm
-1

 

in Raman spectrum and 1448, 1437, 1412, 1407 

and 1358 cm
-1

 with the B3LYP/6-311+G(d,p) 

level. The experimental peak at 1655 (IR)/1686 

(R), calculated at 1685 cm
-1

 with 80% 

contribution of PED, was assigned to 

significative C=O stretching vibration (Colthup 

et al., 1964; Öztürk et al., 2018; Yıldırım, 2018). 

Additionally, the C=O stretching vibration was 

calculated at 1652 cm
-1

 due to presence of the N-

H
…

O intermolecular hydrogen bond interaction 

in crystal packing (Bilkan, 2017). The CN 

stretching vibrational mode of  N-

phenylpropanamide compound was observed at 

1548 and 1197 cm
-1

 in IR spectrum and 1501, 

1205 and 1162 cm
-1

 in Raman spectrum while 

they were calculated at 1494, 1210 and 1147 cm
-

1
 with 15, 27 and 25% contributions of PED, 

respectively. Aromatic skeletal stretching 

vibrations observed at 1607/1597 cm
-1

 and 

1606/1557 cm
-1

 in the experimental IR/Raman 

spectrum were computed at 1494 cm
-1

 and 1467 

cm
-1

. The other stretching, torsion, in-plane and 

out-of-plane bending stretching vibration modes 

of the N-phenylpropanamide were listed in Table 

2. 

Table 2. Vibrational wavenumbers and their assignments of N-phenylpropanamide. 

Assignments (PED%) 
Exp. (cm-1) B3LYP/6-311+G(d,p) 

IR Raman Calc. IIR SRaman 

ν(N2-H14)(100) 3240 3295 3477 19.32 84.71 

ν(C6-H15)(20)+ν(C7-H16)(21)+ν(C9-H20)(29)+ν(C10-H21)(30) 3178 3095 3118 5.28 47.58 

ν(C6-H15)(16)+ν(C10-H21)(23)+ν(C11-H22)(58) 3121 - 3068 16.44 264.04 

ν(C7-H16)(35)+ν(C9-H20)(56) 3072 3069 3054 21.47 80.83 

ν(C6-H15)(20)+ν(C10-H21)(34)+ν(C11-H22)(36) - 3054 3045 0.24 92.25 

ν(C6-H15)(43)+ν(C7-H16)(35)+ν(C9-H20)(12) 3027 - 3026 13.14 57.13 

ν(C8-H18)(12)+ν(C8-H19)(79) - - 3002 14.10 41.87 

ν(C4-H13)(62)+ν(C8-H17)(38) 2965 2975 2980 30.34 86.45 

ν(C4-H13)(36)+ν(C8-H17)(54) - - 2931 18.61 70.64 

ν(C4-H12)(42)+ν(C8-H18)(36)+ν(C8-H19)(16) 2920 2915 2921 30.60 176.35 

ν(C4-H12)(49)+ν(C8-H18)(47) - 2880 2899 17.89 144.68 

ν(O1-C5)(80) 1655 1686 1685 212.31 57.62 

ν(C6-C9)(53)+β(H15-C6-C9)(20) 1607 1606 1579 51.37 134.46 

ν(C7-C10)(13)+ν(C9-C11)(16)+ν(C3-C7)(24)+β(C3-C7-C10)(11)+β(H14-N2-C3)(12) 1597 1557 1570 42.55 4.49 

ν(C9-C11)(14)+ν(N2-C5)(15)+β(H14-N2-C3)(43) 1548 1501 1494 336.44 46.47 

β(H21-C10-C11)(56) 1475 1482 1467 61.39 10.63 

β(H13-C4-H12)(34)+β(H17-C8-H19)(17)+β(H18-C8-H17)(23)+τ(H19-C8-C4-C5)(11) 1445 1458 1448 12.82 5.43 

β(H17-C8-H19)(43)+β(H18-C8-H17)(32)+τ(H13-C4-C5-N2)(10) - 1445 1437 9.22 8.98 

β(H13-C4-H12)(26)+β(H17-C8-H19)(13)+β(H19-C8-H18)(22) 1418 1418 1412 29.93 7.03 

β(H16-C7-C10)(14)+β(H22-C11-C10)(16) - - 1407 103.29 14.65 

β(H13-C4-H12)(13)+β(H18-C8-H17)(11)+β(H19-C8-H18)(69) 1370 1374 1358 5.95 1.97 

β(H12-C4-C8)(15)+τ(H13-C4-C5-N2)(34) 1312 - 1324 30.77 23.07 

ν(C7-C10)(31)+β(H20-C9-C11)(45)+β(H22-C11-C10)(11) 1304 1303 1304 1.14 5.72 

ν(C7-C10)(19)+ν(C3-C7)(27)+ν(N2-C5)(12)+β(H20-C9-C11)(20) 1297 1257 1282 93.05 32.75 

β(H12-C4-C8)(60) 1248 - 1240 6.53 3.60 

ν(N2-C5)(27)+β(H14-N2-C3)(11) 1197 1205 1210 62.28 82.71 

ν(C6-C9)(15)+β(H15-C6-C9)(72) - 1176 1158 0.22 14.31 

ν(N2-C3)(25)+τ(H13-C4-C5-N2)(10) - 1162 1147 119.93 3.66 

ν(C7-C10)(16)+β(H16-C7-C10)(39)+β(H22-C11-C10)(32) - 1154 1137 3.10 5.16 

ν(C9-C11)(43)+β(H16-C7-C10)(23)+β(H22-C11-C10)(16) 1069 1075 1069 10.54 1.45 
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β(C8-C4-C5)(11)+τ(H12-C4-C5-N2)(18)+τ(H19-C8-C4-C5)(31) - 1056 1054 2.03 5.28 

ν(C8-C4)(16)+τ(H17-C8-C4-C5)(34) 1030 - 1043 13.78 4.00 

ν(C10-C11)(38)+β(C3-C7-C10)(10)+β(H21-C10-C11)(24) 1013 1001 1010 1.86 18.80 

ν(C4-C5)(14)+ν(C8-C4)(38)+β(C6-C9-C11)(11)+τ(H17-C8-C4-C5)(12) 998 - 981 2.09 2.78 

ν(C10-C11)(34)+β(C6-C9-C11)(47) - - 972 0.68 56.96 

τ(H15-C6-C9-C11)(20)+τ(H16-C7-C10-C11)(33)+τ(H22-C11-C10-C7)(10)+τ(C7-C10-C11-

C9)(25) 
- - 968 0.88 0.31 

τ(H15-C6-C9-C11)(58)+τ(H22-C11-C10-C7)(17) 926 930 943 0.18 0.09 

ν(C4-C5)(13)+ν(C8-C4)(12)+β(O1-C5-N2)(20)+β(C5-N2-C3)(15) 899 900 889 11.52 2.68 

τ(H16-C7-C10-C11)(30)+τ(H20-C9-C11-C10)(23)+τ(H22-C11-C10-C7)(24) - - 884 6.87 0.24 

τ(H21-C10-C11-C9)(76) 835 836 812 0.13 1.11 

ν(C3-C7)(11)+ν(N2-C3)(10)+β(C6-C9-C11)(12)+τ(H21-C10-C11-C9)(11) 800 - 810 0.75 5.72 

τ(H18-C8-C4-C5)(34)+γ(O1-C4-N2-C5)(20) 755 763 775 5.02 2.35 

τ(H16-C7-C10-C11)(12)+τ(H20-C9-C11-C10)(24)+τ(H22-C11-C10-C7)(21)+τ(C3-C7-C10-

C11)(14)+γ(N2-C6-C7-C3)(17) 
750 - 739 57.85 1.87 

ν(C4-C5)(14)+β(O1-C5-N2)(11)+τ(C3-C7-C10-C11)(10)+γ(O1-C4-N2-C5)(14) 695 685 679 11.28 3.56 

τ(H20-C9-C11-C10)(13)+τ(H22-C11-C10-C7)(14)+τ(C3-C7-C10-C11)(31) - - 678 27.72 1.19 

β(C3-C7-C10)(13)+β(C7-C10-C11)(42)+β(C10-C11-C9)(33) 604 618 608 0.70 4.45 

ν(C4-C5)(11)+β(C10-C11-C9)(15)+γ(O1-C4-N2-C5)(23) 576 - 601 2.49 3.35 

β(C10-C11-C9)(10)+τ(H14-N2-C3-C6)(44) - 570 550 27.78 1.13 

τ(H14-N2-C3-C6)(44) - 510 517 16.78 1.48 

τ(H20-C9-C11-C10)(17)+τ(C7-C10-C11-C9)(17)+γ(N2-C6-C7-C3)(34) 499 - 493 25.77 0.23 

τ(H15-C6-C9-C11)(16)+τ(C6-C9-C11-C10)(82) - - 402 0.06 0.02 

β(O1-C5-N2)(30)+β(C5-N2-C3)(40) - 390 344 4.91 1.51 

ν(N2-C3)(27)+β(C10-C11-C9)(10)+β(C4-C5-N2)(19) - 328 300 0.66 5.00 

β(N2-C3-C7)(16)+β(C4-C5-N2)(15)+β(C8-C4-C5)(30) - 270 280 8.61 0.51 

β(N2-C3-C7)(11)+τ(C7-C10-C11-C9)(23)+τ(C3-C7-C10-C11)(14)+τ(C4-C5-N2-C3)(13) - - 242 3.02 0.79 

τ(H12-C4-C5-N2)(38)+τ(H18-C8-C4-C5)(22)+τ(H19-C8-C4-C5)(14) - - 201 1.47 0.26 

β(N2-C3-C7)(55)+β(C4-C5-N2)(24) - 115 133 1.93 0.34 

τ(C4-C5-N2-C3)(57)+γ(N2-C6-C7-C3)(13) - - 78 0.22 1.74 

τ(C5-N2-C3-C6)(81) - - 49 5.35 0.54 

τ(H12-C4-C5-N2)(10)+τ(C4-C5-N2-C3)(12)+τ(C8-C4-C5-N2)(64) - - 30 0.15 0.85 

ν, stretching; τ, torsion; β, in-plane bending; γ, out-of-plane bending; IIR, IR intensity (km/mol); SRaman, Raman scattering 

activity; PED, potential energy distribution 

 

 

 
 

Figure 2. The sim. (top) and exp. (bottom) IR spectra of N-phenylpropanamide. 
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Figure 3. The sim. (top) and exp. (bottom) Raman spectra of N-phenylpropanamide. 

 

NMR Chemical Shift Analysis 

The experimental 
1
H and 

13
C NMR 

isotropic chemical shift values recorded in 

CDCl3 were taken from (AIST, 2018) and 

(Watanabe et al., 1984). In order to make a 

comparison of experimental values and 

calculated data, NMR chemical shifts calculated 

via GIAO method with the B3LYP/6-

311+G(d,p) level in chloroform using IEFPCM 

solvent model were listed in Table 3. 

 

Table 3. The experimental and computed NMR chemical shifts of N-phenylpropanamide. 

Atoms Exp.1
*
 Exp.2

**
 Calc. Atoms Exp.1

*
 Exp.2

**
 Calc. 

C3 139.1 138.3 148.0 H12 2.34 2.35 2.54 

C4 29.5 30.5 35.7 H13 2.34 2.35 2.22 

C5 171.8 173.2 178.4 H14 8.41 7.90 6.95 

C6 118.9 120.4 122.5 H15 7.03-7.56 7.50 6.96 

C7 118.9 120.4 124.4 H16 7.03-7.56 7.50 9.13 

C8 9.6 9.9 11.2 H17 1.17 1.21 0.96 

C9 128.4 128.8 135.1 H18 1.17 1.21 1.02 

C10 128.4 128.8 136.0 H19 1.17 1.21 1.70 

C11 122.7 124.1 129.0 H20 7.03-7.56 7.27 7.52 
*
Taken form Watanabe et al. H21 7.03-7.56 7.27 7.64 

**
Taken form AIST H22 7.03-7.56 7.06 7.29 

 

Due to the effect of quite electronegative O 

atom, carbons in carbonyl groups resonance in 

160-220 ppm region (Lambert et al., 1987; 

Anderson et al., 2004; Pavia et al., 2009). Due to 

bonding with the oxygen and nitrogen atoms, 

NMR chemical shifts for C5 carbon atom was 

occurred at 171.8/173.2 ppm experimentally and 

computed at 178.4 ppm as the highest chemical 

shift in 
13

C NMR spectrum. From the same 

reason, the chemical shift of C3 atom in phenyl 

ring was observed at 139.1/138.3 ppm and 

calculated at 148.0 ppm. Usually, the aromatic 

ring carbons with sp
2
 hybrid resonate in the 

range of 175-100 ppm, depending on the 
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substitute groups connected them (Lambert et 

al., 1987; Anderson et al., 2004; Pavia et al., 

2009). The phenyl carbons excepting C3 in the 

compound were recorded at the interval of 118-

129/120-129 ppm and chemical shifts of carbons 

excepting C3 were calculated in the region of 

122-136 ppm. The measured and computed 

NMR chemical shifts for C4 carbon atom were 

found at 29.5/30.5 ppm and 35.7 ppm, 

respectively. As expected for methyl carbon, the 

lowest chemical shift in 
13

C NMR spectrum was 

observed for C8 carbon at 9.6/9.9 ppm and 

calculated at 11.2 ppm. Because of the phenyl 

rings produce broad deshielding effects and π-

bonding electrons behave like a conductor, the 

hydrogens attached to carbon atoms in aromatic 

ring give resonance signals in the region of 6-8 

ppm (Lambert et al., 1987; Anderson et al., 

2004; Pavia et al., 2009). The aromatic protons 

in title molecule were found at 7.03-7.56/7.06-

7.50 ppm as experimental, while they were 

computed at 6.96-7.64 ppm for the other 

hydrogens excepting H16 atom. The most 

deshielded proton (highest chemical shift) H16 

atom in the phenyl ring shifted to 9.13 ppm in 

computations due to the effect of the 

electronegative O1 atom. The hydrogen bonded 

to nitrogen atom in the amide group can give 

signals in 5-9 ppm region under influence of 

solvent, concentration and temperature (Pavia et 

al., 2009). The H14 atom in NH group gave 

NMR signal at 8.41/7.90 ppm, while it was 

calculated at 6.95 ppm. The NMR chemical 

shifts for protons of methyl and methylene 

groups were observed at 1.17/1.21 and 2.34/2.35 

ppm while they were computed at the interval of 

0.96 and 1.70 ppm for methyl protons and 2.22 

ppm and 2.44 ppm for methylene protons. 

HOMO, LUMO and UV-Vis. Analyses 

FMOs (frontier molecule orbitals), namely, 

HOMO (highest occupied molecular orbital) and 

LUMO (lowest unoccupied molecular orbital) 

are very helpful in interpreting chemical 

reactions (Fukui, 1982). The HOMOs are donor 

groups filled by electrons while the LUMOs are 

acceptor groups unfilled by electrons. They can 

be used for definition of charge transfer. The 

HOMOs (H and H-1) and LUMOs (L and L+1) 

plots and their energy values of N-

phenylpropanamide were given in Figure 4. 

HOMO-LUMO energy difference is used as a 

simple indicator of chemical reactivity. A large 

HOMO-LUMO gap means high stability and 

low chemical reactivity (Manolopoulos et al., 

1991; Liu et al., 1992). The energy values of 

HOMO-LUMO band gap was calculated as 

5.560 eV. As seen from Figure 4, both HOMOs 

(H and H-1) and LUMOs (L and L+1) are 

mostly formed from bonding and anti-bonding pi 

molecular orbitals of aromatic ring, respectively. 

This situation indicates that H-1→L, H-1→L+1, 

H→L and H→L+1 transitions are probably 

π→π* electronic transition. 

The computations of UV-Vis. spectral 

features of N-phenylpropanamide were 

performed with the TD-DFT/B3LYP/6-

311+G(d,p) level in chloroform by using 

IEFPCM solvation model. The computed 

wavelengths, excitation energies, oscillator 

strengths and major contributions were 

summarized in Table 4. The major contributions 

of electronic transitions corresponding to the 

computed wavelengths were obtained by using 

GaussSum 3.0 program (O'boyle et al., 2008). 

The measured (Bio-Rad, 2018) and simulated 

UV-Vis. spectra in 210-300 nm region of the 

molecule were depicted in Figure 5. The strong 

band observed at 242.0 nm in the experimental 

UV-Vis. spectrum of the N-phenylpropanamide 

can be assigned to π→π* electronic transition 

that is resulted from delocalize pi electrons of 

aromatic ring. The computed wavelengths for 

the three excited states were found at 251.9, 

244.0 and 239.5 nm, which are assigned to 

π→π* transition. Hence, the most intense value 

computed of oscillator strength was obtained at 

value of 0.5097 in H→L electronic transition. 
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E(LUMO+1)= -0.607 eV E(LUMO)= -0.839 eV 

  

E(HOMO-1)= -7.221 eV E(HOMO)= -6.399 eV 

Figure 4. The simulated HOMOs and LUMOs plots of N-phenylpropanamide. 

 

 
 

 
Figure 5. (a) Experimental and (b) simulated UV spectrum of N-phenylpropanamide. 

 

Molecular Electrostatic Potential 

The electrostatic potential of a molecule is 

a good lead in evaluating the molecular 

reactivity against positive or negatively charged 

reagents. The MEP surface has been computed at 

the B3LYP/6-311+G(d,p) level in gas phase to 

Table 4. The UV-Vis. parameters of N-phenylpropanamide in chloroform. 

Wavelength (λ) (nm) 
Transition 

Excitation 

energy (eV) 

Oscillator 

strengths (f) 
Major contributions 

Exp.
*
 Cal. 

 251.9 

π→π* 

4.9224 0.0184 H→L+1 (74%), H-1→L (23%) 

242.0 244.0 5.0806 0.5097 H→L (95%) 

 239.5 5.1780 0.0005 H-2→L (88%) 
*
Taken from Bio-Rad 
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define the electrophilic and nucleophilic sites of 

the N-phenylpropanamide molecule and it was 

given in Figure 6. The negative region of the 

MEP map in gas phase of molecule is mainly 

localized on the O atom and the value of electron 

density is -0.0527 a.u.  On the other hand, the 

positive region is especially localized on the 

amine hydrogen atom with 0.0586 a.u. value of 

electron density. 

 
Figure 6. MEP map of N-phenylpropanamide. 

CONCLUSION 

The molecular structure, vibrational 

wavenumbers, proton and carbon-13 NMR 

isotropic chemical shifts, HOMO-LUMO 

analyses, UV-Vis. electronic absorption 

properties and molecular electrostatic potential 

(MEP) surface of N-phenylpropanamide were 

examined using experimental and computational 

methods. The experimental spectroscopic 

properties taken from literature (vibrational 

wavenumbers, UV-Vis. wavelengths and NMR 

chemical shifts) were supported by data 

computed with the DFT/B3LYP/6-311+G(d,p) 

level. The N-H, H
…

O and N
…

O bond distances 

and N-H
…

O bond angle that are the N-H
…

O 

intermolecular hydrogen bond parameters were 

obtained as 1.016 Å, 2.020 Å, 3.034 Å and 

175.0° respectively. Similarly, the NH and C=O 

stretching frequencies were computed at 3374 

cm
-1

 and 1652 cm
-1

 due to the N-H
…

O 

intermolecular interaction. Due to bonding 

electronegative atoms, NMR chemical shifts for 

C3 and C5 carbon atom was occurred at 

171.8/173.2 ppm and 139.1/138.3 ppm 

experimentally and computed at 148.0 ppm and 

178.4 ppm as the highest chemical shift in 
13

C 

NMR spectrum. The electronic transitions were 

confirmed with theoretical HOMO, LUMO and 

UV-Vis. analyses of the title molecule. Because 

of the HOMOs and LUMOs are mostly formed 

from bonding and anti-bonding pi molecular 

orbitals of aromatic ring, respectively, transitions 

were explicated as π→π* electronic transition. 
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