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The infrared and Raman spectral studies and the normal coordinate analysis of aminobenzoesaeure (AB) have been 
presented. The Fourier Transform Infrared spectrum has been obtained in the region 4000-400 cm−1 and the FT-Raman 
spectrum has been recorded over the range 3500-200 cm−1. The spectra have been investigated in terms of various 
fundamental modes of vibration. The observed infrared and Raman spectra exhibit all the salient features reported in 
literature. Accuracy of the spectral line positions and their bandwidths are found to be satisfactory. The structure of the 
complex has been established on the basis of CS symmetry. A normal coordinate analysis has been carried out following 
Wilson’s F.G.matrix method and a systematic set of potential constants has been evaluated. To check whether the chosen set 
of symmetric coordinates contribute maximum to the potential energy associated with the molecule, the potential energy 
distribution (PED) has been carried out. 
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1 Introduction 
 Aminobenzoesaeure (AB), whose chemical formula 
C7H7NO2, is included as a member of the vitamin-B 
group. Deficiency of AB in man or animals could not 
be demonstrated. AB occurs either as white or slightly 
yellow, odourless crystals or crystalline powder. On 
exposure to air and light, it slowly gets darkened. It is 
having straight solubility in water and found to be in 
compatible with ferric salts and oxidizing agents. AB 
and its extracts find uses by topical application in 
alcoholic lotions or creams as sunscreen agents. A 
few studies are reported in the literature about the AB. 
Smith et al.1 have studied the molecular co-crystals of 
carboxylic acid and the amino-substituted benzoic 
acids assuming the structure of AB. The derivatives of 
p-aminobenzoic acid with a potential anti-arrhythmic 
activity is reported by Chabler and Skulski2 and its 
medical value is discussed. Though, the spectroscopic 
and structural studies on 4-aminobenzoate complexes 
of divalent alkaline earth metals are reported recently 
by Murugavel et al3, no information is available in the 
literature about the conformation of aminobenzo-
esaeure based on normal coordinate analysis. An 
attempt is made in the present paper to make the 
structural elucidation of AB. 

2 Experimental Details 
 The samples of AB were procured in the 
spectroscopic pure form from a reputed 
pharmaceutical firm in Chennai, India. The purity of 
the sample is 99% with a small percentage of water 
and ash according to the specification given by the 
firm. The samples have been subjected to FTIR and 
FTR spectral analysis over the regions 4000-400 cm−1 
and 3500-200 cm−1 respectively, using Brucker IFS 
66 v spectrophotometer at SAIF, IIT, Chennai, India. 
Transmitted light samples are prepared for FTIR and 
FT-Raman spectra by mixing the sample powder with 
spectra grade KBr powder, grinding to mix, and then 
pressing to form a semi-transparent disk of KBr 
containing the suspended sample powder. The FTIR 
and FT-Raman spectra of AB are given in Figs 1 and 
2, respectively. The frequencies observed in the 
spectra along with their assignment are summarized in 
Table 1. 
 
3 Normal Coordinate Analysis 
 The vibrational problem was set-up in terms of 
internal symmetry coordinates as described by Wilson 
et al4. The choice of internal coordinates is important 
for the interpretation of force constants and normal 
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coordinates. The vibrational potential energy of the 
molecule depends upon the force constants of 
difference modes of vibration. The kinetic energy of 
the molecule depends upon its atomic masses, 
equilibrium bond lengths and bond angles. For the 
numerical calculations, geometrical parameters of the 
molecule are taken from Sutton5 tables. The molecule 
under investigation has Cs symmetry. A representative 
structure of the molecule is shown in Fig. 3. The 

fundamental modes of vibration of AB are distributed 
among the active species, all the modes are active 
both in IR and Raman as vib = 29 A′ + 16 A′′. Out of 
these 45 fundamental vibrations 18 in A' and 8 in A" 
species are considered in the present investigation. 
 
3.1 Symmetry coordinates 
 On the basis of internal coordinates symmetry, co-
ordinates are formed subject, to the well-known group 

 
 

Fig. 1—FTIR spectrum of aminobenzoesaeure 

 

 
 

Fig. 2—FT-Raman spectrum of aminobenzoesaeure 
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theoretical considerations. The orthonormal set of 
symmetry co-ordinates for some specific modes of 
vibrations are as follows:  
 
A' Species: 
S1 = (1/√6) [ΔR1 + ΔR2 + ΔR3 + ΔR4 + ΔR5 + ΔR6] 
S2 = (1/2) [Δd1 + Δd2 + Δd3 + Δd4] 
S3 = Δb 
S4 = Δa 
S5 = Δt 
S6 = ΔD 
S7 = (1/√2) [ΔT1 + ΔT2] 
S8 = ΔP 
S9 = (1/√6)[Δα1−Δα2 + Δα3−Δα4 +Δα5−Δα6] 
S10 = (1/2√2)[Δβ1-Δβ2 +Δβ3-Δβ4 + Δβ5-Δβ6  

+ Δβ7 + Δβ8] 
S11 = (1/√2)[Δγ1 + Δγ2] 
S12 = (1/√2)[Δε1 + Δε2] 
S13 = (1/√2)[Δψ1 + Δψ2] 
S14 = Δσ 
S15 = Δω 
S16 = Δφ 

 
 

Fig. 3—Structure, nomenclature of parameters and orientation of 
the principal axes of aminobenzoesaeure 

 
S17 = Δθ 
S18 = Δδ 
 
A" Species: 
S19 = (1/√12) [2ΔR1−ΔR2−ΔR3 + 2ΔR4−ΔR5−ΔR6] 
S20 = (1/2) [Δd1−Δd2-Δd3 + Δd4] 
S21 = (1/√2) [ΔT1−ΔT2] 
S22 = (1/√12)[2Δα1−Δα2−Δα3 + 2Δα4 −Δα5−Δα6] 
S23 = (1/2√2)[Δβ1 + 2Δβ2 + Δβ3−Δβ4−Δβ5−2Δβ6 

−Δβ7 + Δβ8] 
S24 = (1/√2)[Δγ1−Δγ2] 
S25 = (1/√2)[Δε1−Δε2] 
S26 = (1/√2)[Δψ1−Δψ2] 
 
4 Results and Discussion 
 The determination of the symmetry force constants 
involved in the secular equation from the ni 
vibrational frequencies has remained a 
mathematically unsolved problem. Therefore, any 

Table 1—Initial and final sets of force constants of 
aminobenzoesaeure 

 
Types of 
constants 

Parameter Coordinates 
involved 

Initial 
value 

102N/m 

Final 
value 

102N/m 
 

Stretching F1 1 C – C ring 6.5957 6.6987 
 F2 2 C – H 5.1860 5.0761 
 F3 3 C – N 5.5957 5.4816 
 F4 4 C – O 5.2530 5.5407 
 F5 5 − C = O 9.2101 10.2103 
 F6 6 O – H 7.2700 5.9065 
 F7 7 N – H 6.1762 6.4454 
 F8 8 C – C 5.6852 5.3215 
 F19 19 C – C ring 6.6756 6.8549 
 F20 20 C – H 5.3300 5.2611 
 F21 21 N – H 6.3215 6.4460 

 

Bending F9 9 C – C – C ring 0.8866 0.9790 
 F10 10 C – C – H 0.4848 0.5104 
 F11 11 C – C – N 0.5120 0.5002 
 F12 12 C – C – C 0.7960 0.8890 
 F13 13 C – N – H 0.5423 0.5810 
 F14 14 H – N – H 0.4147 0.4445 
 F15 15 C – C – O 1.8960 1.0517 
 F16 16 C – O – H 0.7730 0.8106 
 F17 17 C – C = O 1.0012 1.0975 
 F18 18 O = C – O 1.0005 1.0819 
 F22 22 C – C – C ring 1.2556 1.2567 
 F23 23 C – C – H 0.4967 0.5111 
 F24 24 C – C – N 0.5156 0.5012 
 F25 25 C – C – C 0.8866 0.9790 
 
 

F26 26 C – N – H 0.5849 0.5612 
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useful attempt to evaluate all the symmetry force 
constants associated with the problem of order ni > 1 
should involve the incorporations of ni(ni–1)/2 
additional data other than the ni frequencies. The 
method of kinetic constants6-8 relates the off  
diagonal elements of the F-matrix to its diagonal 
elements through the relations Fij/Fjj = Kij/Kjj (i<j, i = 
1, 2, 3, 4, .…).  
 The secular equation was solved by fixing an initial 
set of force constants taken from work on related 
molecules like benzene and benzene derivatives. In 
the present case, only the diagonal force constants 
have been taken into considerations. Calculation for 
solving the secular equations and the appropriate 
force constants have been carried out through several 
cycles with the suitable increments without fixing any 
of the force constants. The initial and final sets of 
force constants were taken from Rao9 and are given in 
Table 1. The potential energy distribution (PED) 
obtained using the final sets of force constants and 
vibrational assignments are given in Table 2. The 

PED is evaluated using the relation PED = Fij Lij
2/λj, 

where Fij is the force constants, Lij the L-matrix 
elements and λj = 4π2c2γj. 
 

 Aromatic C−H stretching vibrations generally 
occur in the region 3080-3010 cm−1 (Ref. 10) and are 
of strong-to-medium intensity. A band with up to five 
peaks may be observed in this region. As might be 
expected, monosubstituted benzenes usually exhibit 
more peaks than di- or tri-substituted benzenes. As 
expected the C−H stretching vibrations around 3090 
cm−1 and 2980 cm−1 are good group frequencies as the 
corresponding force constants contribute 93% and 
98% to the PED of these modes. Hence, the infrared 
bands around 3090 cm−1 and 2980 cm−1 are assigned 
to the asymmetric and symmetric stretches of C−H 
bond. The force constants for C−H symmetry and 
asymmetry stretching vibrations are fixed as 
5.1860×102 and 5.3300×102 N/m, respectively in the 
present investigation, which closely agree with the 
reported values9. A number of C-H in-plane 

Table 2—Potential energy distribution of aminobenzoesaeure 
 

Frequency (cm−1) Vibrational assignment PED (%) 
FTIR 
 

FT-Raman  

A' Species 
 

1422 (VS) 1434 (M) Sym. C – C ring stretching 75 
2980 (M)  Sym. C – H stretching 93 
1174 (VS) 1179 (S) C – N stretching 94 
1071 (W) 1070 (VW) C – O stretching 97 
1777 (VW) 1757 (VW) − C = O stretching 72 
3364 (S) 3363 (VS) O – H stretching 95 
3230 (W)  Sym. N – H stretching 94 
1311 (VS) 1312 (M) C – C stretching 68 
698 (M) 700 (VW) Sym. C – C – C ring deformation 67 
1128 (S) 1132 (VW) Sym. C – C – H deformation 45 
498 (W) 505 (VW) Sym. C – C – N deformation 44 
450 (W)  425 (VW) Sym. C – C – C deformation 99 
1343 (M) 1343 (VW) Sym. C – N – H deformation 67 
1625 (VS)  H – N – H deformation 43 
410 (S) 393 (W) C – C – O deformation 42 
1522 (M) 1502 (VW) C – O – H deformation 52 
619 (S) 610 (W) C – C = O deformation 76 
816 (S) 835 (W) O = C – O deformation 46 
 

A" Species 
 

1600 (VS) 1601 (VS) Asym, C – C stretching 73 
3090 (M) 3065 (VW) Asym. C – H stretching 98 
3461 (M)  Asym. N – H stretching 92 
770 (VS) 768 (VW) Asym. C – C – C ring deformation 87 
1291 (VS) 1286 (VS) Asym. C – C – H deformation 43 
638 (VW) 640 (W) Asym. C – C – N deformation 47 
551 (S)  Asym. C – C – C deformation 40 
1442 (S) 1440 (VW) Asym. C – N – H deformation 46 

 

VS = Very strong; S = Strong; M=Medium; W = Weak; VW = Very weak. 
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deformation bonds (up to six) occur in the region 
1290−1000 cm−1 (Ref. 12). The strong band at 1128 
cm−1 and the very strong band at 1291 cm−1 are 
assigned to symmetry and asymmetry bending 
vibrations of C−H. The force constants for C−C−H in-
plane symmetry and asymmetry bending vibrations 
arrive at 0.4848×102 and 0.4967×102 N/m 
respectively. 
 Generally, the presence of ketonic functional group 
in the compound is reflected in the spectrum as a 
strong band in the region 1870-1540 cm−1 (Ref. 11). 
In concurrence with literature values the frequency 
1777 cm−1 in FTIR and 1757 cm−1 in FTR have been 
assigned to C=O stretching vibration with the force 
constant of 9.3101×102 N/m. 
 The bands due to the C−O stretching vibrations12 
are strong and occur in the region 1260-1000 cm−1. 
Hence, the strong band near 1071 cm−1 in IR and 1070 
cm−1 in Raman are assigned to C−O stretching 
vibration. Further, the bands at 816 cm−1 in IR and 
835 cm−1 in Raman spectrum show the O=C−O 
deformation vibrations.  
 The C−C stretching vibrations in substituted 
benzene are derived from the C−C stretching modes 
1595, 1485, 1311 and 992 cm−1 of benzene of which 
the first two are doubly degenerate. Thus, one would 
expect six C−C stretching vibrations in substituted 
benzenes. All the frequencies except ring breathing 
mode at 992 cm−1 remain unaffected by substitution13. 
In the present case, the frequencies assigned to C−C 
stretching vibrations agree very well with the 
literature values. The ring C−C stretching vibrations 
occur in the region 1625-1530 cm−1. For aromatic six 
member rings, there are 2 or 3 bands in this region 
due to skeletal vibrations, the strongest usually being 
at about 1500 cm−1. In general, mono, meta-di and 
1,3,5 tri substituted benzenes9 have strong bands at 
1625-1590 cm−1. The bands of strong intensity at 
1600 and 1422 cm−1 are hence assigned to asymmetric 
and symmetric vibrations of ring C−C stretching 
vibrations. The C−C ring stretching force constants in 
the present work is arrived at 6.1250×102 and 
6.7756×102 N/m for symmetry and asymmetry 
stretching vibrations, respectively. The ring symmetry 
and asymmetry bending vibrations result in bands at 
698 and 770 cm−1 in FTIR, 700 and 768 cm−1 in FTR. 
 Unassociated hydroxyl groups14,15 are absorbed 
strongly in the region 3670-3580 cm−1. The relative 
intensity of the band due to the hydroxyl stretching 

vibration decreases with the increase in concentration, 
with additional to broader bands appearing at lower 
frequencies 3580-3200 cm−1. In case where intra 
molecular bonding occurs the hydroxyl group (O−H) 
band appears at 3590-3400 cm−1. Here in the case of 
AB it occurs at 3364 cm−1 and 3363 cm−1 in IR and 
Raman, respectively. The O−H force constant value 
of 7.2700×102 N/m for AB arrived at the present 
work. 
 The bands due to N−H symmetry and asymmetry 
vibrations in the region 3500-3300 cm−1 depend upon 
the type and state of the aromatic compound10. 
Symmetry and the asymmetry bond of the N−H 
vibrations of AB occur at 3230 cm−1 and 3461 cm−1, 
respectively. The bending vibrations of N−H group 
occur around 1500 cm−1. The frequency of 1343 cm−1 
and 842 cm−1 may be assigned to asymmetry and 
symmetry bending vibrations of C−N−H. For H−N−H 
deformation the strong band at 1625 cm−1 is assigned 
here.  
 Medium-to-weak absorption bands for the 
unconjugated C−N linkage in primary, secondary and 
tertiary aliphatic amines appear in the region 1250-
1020 cm−1. The C−N stretching vibrations in AB 
occur at 1174 and 1179 cm−1 in FTIR and FTR 
respectively with the force constant value of 
6.1250×102 N/m. 
 A strong band in the region 560-500 cm−1, which is 
due to the CO2 or C−C−N group deformation10 
vibrations, is absorbed for AB except for cyclic amino 
acids. Hence, the bands at 638 and 498 cm−1 are 
assigned for asymmetry and symmetry bending 
vibrations of C−C−N. 

 
5 Conclusion 
 The Fourier Transform Infrared and Fourier 
Transform Raman spectral investigations on 
aminobenzoesaeure have been carried out 
successfully on the basis of Cs symmetry. The bands 
in the spectra are assigned to the various fundamental 
modes of vibration. To check whether the chosen set 
of symmetric coordinates contributes maximum to the 
potential energy associated with the normal 
coordinate of the molecule, the potential energy 
distribution has been evaluated. The force constants 
evaluated are in good agreement with those works of 
similar compounds. The PED calculated gives a 
picture on the correctness of the band assignments 
made. 
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