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Abstract

The FTIR spectra of 4-dimethylamino pyridinium-betaine of squaric acid in 4000–100 cm21 frequency region in solid state were

measured. In addition, the structure and harmonic vibrational frequencies of this molecule were theoretically evaluated using restricted

Hartree–Fock and B3LYP density functional methods. The computed vibrational frequencies are used to determine the types of molecular

motions associated with each of the experimental bands observed. The results of the optimized molecular structure obtained on the basis of

restricted Hartree–Fock and density functional theory calculations are presented and compared with the experimental X-ray diffraction data

for the 4-dimethylamino pyridinium-betaine of squaric acid single crystal. Comparison with the experimental spectra provides important

information about the ability of these computational methods to describe the vibrational modes in these highly polar strained ring

compounds.

q 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Organic systems with second- and third order nonlinear

optical (NLO) properties have been intensively studied due

to their potential applications such as second harmonic

generation, optical parametric oscillation, electro-optic

modulation [1–3]. In the recent years different application

of NLO and photorefractive (PR) materials have been

developed—e.g. optical frequencies conversion, dynamic

holography optical writing and optical guiding of laser

beam. It is known that certain classes of organic compounds

show very high NLO and electro-optical effects [4–6]. The

linearity is based on molecular units, containing strongly

delocalised p-electron system with donor and acceptor

groups at the opposite ends of the molecule. Among these

materials the substituted betaines play important role

because of its dipolar structure [7,8].

We have reported a study of the IR spectra of

unsubstituted pyridinium-betaine of squaric acid [9] and

evaluated the quality of the prediction provided by quantum

chemical calculations using restricted HF and density

functional theory (DFT) methods. The chemistry of some

substituted pyridinium betaines of squaric acid was

described by Schmidt et al. [10–12]. The authors have

published only four characteristic bands in IR spectra of the

compounds. We have studied the UV–Vis spectra of

representative series of 3- and 4-substituted compounds of

this class [13]. As a result of this elucidation was established

the clearly distinct negative solvatochromism, characteristic

for compounds with dipolar electronic ground state

structure. The two absorption bands in the visible region

have shown charge transfer character, which determine their

strong dependence on medium polarity and substituent

nature. The investigation of the spectral behavior of the 4-

dimethylamino pyridinium-betaine of squaric acid (DAPB)

and some other representatives has revealed their potential

NLO and electro-optical properties. Furthermore, this

compound exhibits remarkable thermal stability, required

for these applications.

In the present paper, we report the experimental FTIR

spectra in solid state and in nujol mulls and the result from

the ab initio and DFT calculations on the electronic structure

and vibrational spectra of DAPB. To our knowledge,

infrared spectra for DAPB have not been reported. Assign-

ment of fundamental molecular vibrations is made with
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the help of quantum chemical calculations. Comparisons

were made between calculated and observed IR spectra, and

calculated geometry with published X-ray crystallographic

data.

2. Experimental

The preparation of DAPB is described in Ref. [10]. The

product is purified by double recrystallization from water

and DMSO. The melting point, determined by means of

differential scanning calorimetry (DSC)—393–395 8C of

the compound studied is considerably higher than this

published in the literature [12]. The crystals are very stable

under normal conditions. The IR spectra of the compound

studied were recorded in KBr and CsI pellets as well as in

nujol and perdeuteronujol mulls on a Bruker IFS-113v

spectrometer equipped with high intensity Globar source,

Ge/KBr beam splitter, and DTGS detector. The far IR

spectra have been recorded on the same spectrometer

equipped with high-pressure Hg arc lamp a 6.25 and 25 mm

Mylar beam splitter and DTGS detector. In both cases, the

spectra have been recorded at a resolution of 1 cm21 (100

scans).

3. Computations

Ab initio restricted Hartree–Fock (RHF) method and

DFT are used to obtain equilibrium geometry, force field

and fundamental vibrational frequency of DAPB molecule.

All calculations have been performed with the standard

GAUSSIAN [14] software (AIX, version 1998). DFT method,

employed in the present study is B3LYP—Becke’s three-

parameter hybrid method [15] using the correlation func-

tional of Lee, Yang and Parr [16]. The standard 6-31Gp

basis set was applied in all calculations. The local minimum

was verified by establishing that the matrix of the energy

second derivatives (Hessian) has no negative eigenvalues.

The standard analytical procedure, implemented in GAUS-

SIAN was used. It is well known that both RHF and B3LYP

methods overestimate the frequencies of fundamental

vibrations significantly. Thus, for a better correspondence

between experimental and calculated values, the RHF and

B3LYP results were modified using the empirical scaling

factor, reported by Scott and Radom [17].

4. Results and discussion

4.1. Structural analysis

4.1.1. Geometries

X-ray crystallographic data for DAPB were provided by

Kolev et al. [18]. The molecules in the crystal structure are

held together by means of intermolecular nonclassical

hydrogen bonds formed by methyl groups and O-atom of the

‘pure’ carbonyl group of adjacent molecule (dist.

3.417(2) Å), which link the molecules in the crystal into

infinite chains. The intramolecular hydrogen bonds formed

by O-atom of the C–O groups and H-atoms at positions 2

and 6 in the pyridinium ring (3.223(2) Å) contribute to the

extremely high melting point of the compound [18]. The

title compound can be considered as being essentially planar

from experiment (maximum deviation from planarity

0.077(2) Å). The molecular geometry lies between the

resonance structures shown in the chemical diagrams

(Scheme 1).

The optimized geometry parameters, i.e. bond lengths

and bond angles, computed by RHF and DFT methods are

compared with X-ray data [18] in Table 1. The numbering

of the atoms in DAPB is shown in Scheme 2. In both

computation methods C2v symmetry for DAPB molecule

has been taken into account. As can be seen there is a good

agreement between experimental and theoretical geometry

parameters. Both RHF and B3LYP predict that the C10–O17

bond is with 0.025 Å shorter than the equalized C8–O16 and

C9–O17 bonds and this agrees with the experimental

measurements. It is interesting to note that RHF/6-31Gp

underestimates the CyO and CHO bond lengths by 0.027

and 0.029 Å, respectively, while the B3LYP/6-31G predicts

these bond distances quite accurately and the calculated

Scheme 1. Resonance contributors A, B, C, and D of DAPB.
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deviations for the same lengths are only 0.005 Å. The

interatomic distance N–C7 ¼ 1.400 Å (exp.) is predicted

very well from the both theoretical methods (deviations are

0.006 and 0.010 Å calculated by means of B3LYP and RHF,

respectively. The most surprising is the bond distance C4–

N13 ¼ 1.335 Å (exp.), while the both theoretical methods

predict a longer bond length (Table 1). This distance is the

shortest among all distances around the substituted

pyridinium ring. The X-ray crystallographic observations

indicated that the double bonds in the pyridinium ring of

DAPB are localized on C2–C3 and C5–C6 while the bonds

N1–C2 (resp. N1–C6) and C3–C4 (resp. C5–C4) are some

longer. Similar quinoid features were also observed in the

X-ray diffraction study [19] for the molecular geometry of

4-dimethylamino pyridinium derivatives. This bond length

alternation in the pyridinium ring is not consistent by the

quantum-chemical calculations. Both computational

methods predict the bond angles quite accurately and the

calculated mean deviations for RHF and B3LYP are 1.0 and

0.88, respectively.

4.1.2. Electronic structure

The calculated electronic charges are listed in Table 2.

The potential nonlinearity of DAPB, suggested by two

charge transfer bands in its UV–Vis spectrum showing

noticeable negative solvatohromism [13] as well as by its

crystal structure [18], is due to the charge transfer between

the positively charged pyridinium ring and the negatively

charged Sq moiety and slightly negatively charged

dimethylamino group (Scheme 2).

The dipole moment of DMPB is 16.1 D calculated by

means of B3LYP and 17.1 D with help of RHF. In

accordance to this is the extremely high decomposition

point at 393 –395 8C determined through DSC. The

comparison between the electronic charges of the studied

Table 1

Experimental and calculated bond lengths (Å) and bond angles (8) of the

DAPB molecule

Sructural parametersa Experimentalb B3LYP/6-31Gp RHF/6-31Gp

N1–C2 1.369 1.368 1.345

C2–C3 1.346 1.372 1.360

C3–C4 1.416 1.422 1.415

N1–C7 1.400 1.394 1.410

C8–C7 1.421 1.436 1.416

C8–C10 1.513 1.569 1.544

C8–O16 1.231 1.226 1.204

C10–O17 1.207 1.201 1.179

C4–N13 1.335 1.361 1.344

N13–C19 1.469 1.459 1.455

m.d.c 0.017 0.018

k(N1C2C3) 121.9 121.14 121.7

k(C2C3C4) 121.0 120.9 120.4

k(C3C4N13) 122.0 121.9 121.9

k(C3C4C5) 115.9 116.1 116.0

k(C4N13C19) 121.4 120.3 121.3

k(C7N1C2) 120.9 120.1 120.2

k(C10C8C7) 88.1 87.4 87.3

k(C8C7C1) 132.2 131.1 131.1

k(C8C7C9) 95.6 97.8 97.9

k(O17C10C8) 135.9 136.4 136.2

k(O16C8C7) 136.4 135.1 136.1

k(C19N13C20) 117.1 119.6 119.3

m.d.c 1.03 0.8

a Numberimg of atoms as in Scheme 2.
b Ref. [18].
c Mean absolute deviation between experimental and calculated data.

Scheme 2. The RHF and B3LYP (in italics) net electronic charges over Py-

and Sq- and N(CH3) fragments of DAPB molecule.

Table 2

Net electronic charges ðQÞ over atoms of DAPB molecule

Atoma Q

B3LYP RHF

N1 20.50 20.73

C2 0.08 0.16

C3 20.24 20.36

C4 0.42 0.51

C5 20.23 20.36

C6 0.08 0.16

C7 0.15 0.03

C8 0.31 0.44

C9 0.31 0.44

C10 0.34 0.44

H11 0.24 0.33

H12 0.17 0.25

N13 20.47 20.70

H14 0.17 0.25

H15 0.24 0.33

O16 20.53 20.64

O17 20.43 20.50

O18 20.53 20.64

C19 20.33 20.30

C20 20.33 20.30

H21 0.18 0.19

H22 0.18 0.20

H23 0.18 0.20

H24 0.18 0.20

H25 0.18 0.20

H26 0.18 0.20

a For atom numbering see Scheme 2.
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molecule and these ones of PBSQ [9] shows that the

unsubstituted molecule excels DAPB as push–pull system.

The explanation of this fact is the presence of dymethyla-

mino group which increases the dipole moment of DAPB

but strongly decreases the positive charge over the N-

pyridinium atom. In the previous paper [9] it was found that

the charge flux in PBSQ (intramolecular charge transfer or

CT) creates a large permanent dipole moment (11.16 D

(B3LYP/6-31Gp) and 12.56 D (RHF/6-31G)), whereas in

DAPB the dipole moment is greater. Thus, it can be

expected that the molecule studied is a typical dipolar one

but its first hyperpolarizability will be smaller.

4.2. Vibrational assignment

The fragment of the IR spectrum of DAPB in 3200–

2000 cm21 in KBr pellet is shown in Fig. 1. The middle IR

spectrum of the same compound in KBr disc is shown in

Fig. 2. The FTIR spectrum in 400–100 cm21 in CsI matrix

of DAPB is shown in Fig. 3. The numeric values of

experimental frequencies are compared with the corre-

sponding RHF/6-31Gp and B3LYP/6-31Gp ones in Table 3.

The computed vibrational frequencies are used to determine

the types of molecular motions associated with each of the

observed experimental bands. The assignment of the

vibrational bands of the pyridinium moiety is denoted by

Py, the dimethylamino part by Me and that one of squarate

is designated by Sq. Wilson’s notation [20] is employed. As

it can be seen from Table 3, the agreement of the calculated

frequencies with the experimental data is very good. The

mean absolute deviations between experimental and

theoretical values are 15 and 20 cm21 for the B3LYP and

RHF calculations, respectively. In this case, DFT method

provided more accurate vibrational spectra than the RHF

method. Hence, the mode description provided with band

assignments here is based on the B3LYP calculations.

The molecule of DAPB has C2v symmetry. As a result,

DAPB possesses 72 normal vibrations distributed in:

G ¼ 24A1 þ 10A2 þ 15B1 þ 23B2:

All bands are Raman and IR active except for A2 symmetry

class forbidden in the IR spectrum.

Assignments of the bands in the experimental spectrum

are carried out on the basis of previous work for PBSQ [9] as

well as calculations presented here.

4.3. Vibrational assignment of dimethylaminopyridinium

moiety

Four stretching modes of pyridinium ring nðCHÞ viz. 2,

20a, 7 and 20b were observed in the IR spectrum of DAPB.

The calculated frequencies by B3LYP are significantly

Fig. 1. Infrared spectrum of DAPB (1 mg in 200 mg KBr) in 3200–

2600 cm21 frequency region.

Fig. 2. Infrared spectrum of DAPB (1 mg in 200 mg KBr) in 2000–

400 cm21 frequency region.

Fig. 3. Infrared spectrum of DAPB (6 mg in 200 mg CsI) in 400–100 cm21

frequency region.
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Table 3

Theoretical and experimental (nujol/perdeuteronujol) vibrational frequencies n (cm21) intensities A (km mol21) of DAPB molecule

No. B3LYP RHF Experimental Charactera

nb A nc A n

1. 3130 0.3 3092 10.6 3094 nPyðCHÞ 2

2. 3129 9.1 3067 0.3 3068 nPyðCHÞ 20a

3. 3096 9.2 3065 9.4 3064 nPyðCHÞ 7

4. 3095 11.3 3046 12.7 3048 nPyðCHÞ 20b

5. 3056 23.4 3010 41.2 3010 nMeðCHÞ

6. 3044 1.2 2993 1.8 3000 nMeðCHÞ

7. 2972 46.1 2930 61.3 2930 nMeðCHÞ

8. 2971 0.0 2924 0.0 nMeðCHÞ

9. 2924 68.1 2876 33.7 2926 nMeðCHÞ

10. 2919 54.2 2869 57.0 2890 nMeðCHÞ

11. 1796 600.6 1865 745.6 1798 nðCyOÞ

12. 1770 261.7 1805 68.8 1729 nsðCHOÞ

13. 1664 734.3 1672 1316.8 1644 nasðCHOÞ

14. 1642 322.7 1648 583.7 1635 nPyðCCÞ; dPyðCCHÞ 8a

15. 1525 590.3 1537 37.3 1568 nPyðCCÞ; dPyðCCHÞ 8b

16. 1501 3.7 1527 dPyðCCHÞ; nðC4 –N13Þ

17. 1494 27.6 1498 1.1 1517 dPyðCCCÞ; dPyðCCHÞ; dMeðHCHÞ 19a

18. 1492 2.8 1492 dSqðCCOÞ; dPyðCCCÞ

19. 1472 0.2 1475 6.5 1474 dPyðCCCÞ; dPyðCCHÞ; dMeðHCHÞ 19b

20. 1464 15.3 1472 13.4 1470 dMeðHCHÞ; dPyðCCCÞ

21. 1455 0.0 1463 0.0 dMeðHCHÞ; dPyðCCCÞ

22. 1451 143.8 1460 147.2 dMeðHCHÞ; dPyðCCCÞ

23. 1418 0.5 1429 4.2 1425 dMeðHCHÞ

24. 1399 0.6 1421 29.8 1398 nðC7 –N1Þ; nSqðCCÞ

25. 1365 298.3 1377 411.7 1348 nðC–N13Þ; nðN13 –CMeÞ

26. 1337 29.2 1354 32.5 1327 dPyðCCHÞ 3

27. 1301 2.6 1269 nðN13 –CMeÞ; nPyðCCÞ

28. 1223 33.3 1217 221.7 1227 dPyðCCHÞ 9a

29. 1211 44.0 1213 1196 nSqðCCÞ

30. 1184 26.7 1178 1182 dMeðHCHÞ

31. 1168 6.4 1173 40.7 dPyðCCHÞ; nPyðCCÞ 9b

32. 1108 0.0 1123 1130 dPyðCCCÞ; dSqðCCOÞ; nPyðCCÞ

33. 1107 0.1 1120 dMeðHCHÞ

34. 1100 7.7 1113 1115 dMeðHCHÞ

35. 1099 7.0 1110 45.7 dPyðCCCÞ; nSqðCCÞ 15

36. 1048 24.3 1049 13.1 1063 nðN13 –CMeÞ; dMeðHCHÞ

37. 1007 26.0 1036 0.0 tPyðCCCHÞ 18a

38. 968 0.0 1027 1.8 1025 tPyðCCCHÞ 18b

39. 967 4.9 1013 41.9 1010 dPyðCCCÞ; nPyðCCÞ 1

40. 930 34.7 1005 79.3 964 dðCCN1Þ; dSqðCCCÞ 5

41. 919 42.7 929 19.4 934 dPyðCCCÞ; nPyðCCÞ; nðN13 –CMeÞ

42. 846 4.7 855 3.5 883 nSqðCCÞ; dSqðCCCÞ

43. 815 60.6 838 99.8 829 tPyðCCCHÞ 10a

44. 808 0.0 828 0.0 tPyðCCCHÞ 10b

45. 777 2.2 794 1.8 789 dSqðCCOÞ

46. 746 1.7 764 8.0 754 tSqðCCCOÞ

47. 741 3.6 739 9.1 dPyðCCCÞ; nðN13 –CMeÞ

48. 702 0.6 724 2.4 tPyðCCCCÞ 4

49. 644 0.1 645 0.2 664 dPyðCCHÞ 11

50. 626 0.1 639 3.8 651 dPyðCCCÞ; nSqðCCÞ

51. 584 0.0 616 0.0 584 100tSqðCCCOÞ

52. 575 5.1 570 7.0 570 tPyðCCCNÞ

53. 534 1.6 536 2.0 tPyðCCCCÞ; tðCCC–N13Þ; tPyðCCCHÞ

54. 478 2.7 477 3.1 492 dðN13CCÞ; dðCN13CÞ

55. 467 13.6 473 35.8 475 dðCN13CMeÞ 16a

56. 444 0.2 444 0.4 465 tPyðCCCNÞ

57. 418 0.0 421 0.0 450 dSqðCCOÞ; dðCCN1Þ

58. 342 0.4 345 29.3 362 dðCN13CMeÞ; dðCCN1Þ

59. 336 17.9 344 0.5 320 tPyðCCCHÞ 16b

(continued on next page)
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higher since as known DFT methods lead to overestimating

of C–H stretching frequencies [21]. The agreement,

however, of RHF\6-31Gp calculated frequencies with the

experimental data is very good in this region (the mean

deviation between experimental and calculated data is about

2 cm21).

The six modes ðn5 –n10Þ corresponding to the sym-

metric and the asymmetric C–H stretching of the methyl

groups are in the frequency region of 3010–2890 cm21.

RHF calculation predicted them in the frequency region of

3010–2870 cm21. The band n8; which is predicted as

inactive in IR spectrum (A2 symmetry) misses in the

experimental spectrum. Both in the experiment and

calculations, from weak to medium IR intensity is

observed for these bands.

The normal vibrations of predominantly ring C–C

stretching character viz. 8a, 8b, 19a and 19b have been

predicted quite correctly by both B3LYP and RHF methods

(the mean absolute deviation is 10 and 12 cm21, respect-

ively). The most intensive band in the experimental IR

spectrum of DAPB at 1626 cm21 was assigned to vibration

8a. The frequency of this mode is well predicted by B3LYP

method (1642 cm21) and by RHF (1648 cm21). It’s too high

intensity is obviously due to vibronic coupling in the

molecule studied. The very strong bands in IR spectra in this

frequency region and the resonantly enhanced bands in the

IR and Raman spectra mainly correspond to vibrations

having a form of transition between aromatic-like and

quinone-like structure [22]. Among them especially the

phenyl vibration 8a in the frequency region 1580–

1620 cm21 is often observed in the IR spectra of radical

ions generated from aromatic ketones [23]. On the other

hand, high NLO efficiency of radical ions has been reported

by Meerholz et al. [24]. Hence, our assignment is in a good

agreement with the literature data [9]. The C–H in-plane

deformation vibrations: 3, 9, 18a, 18b in the experimental

spectrum are found in the frequency region of 1326–

1025 cm21, which is in agreement with the theoretical data

(Table 3). The in-plane normal mode 18a predicted at

1036 cm21 (RHF), 1007 cm21 (B3LYP) is not observed in

the experimental spectrum (A2 mode).

The frequency of the normal mode 1 (‘breathing’) is

predicted fairly well by theory: calculated 1013 (B3LYP),

measured 1010 cm21. The predicted character of this

normal mode is predominantly dCCC ring deformation

(Table 3).

The frequency region of C–H out-of-plane deformation

vibrations 5, 10a, 10b and 11 is predicted correctly:

calculated 1005–645 cm21 (B3LYP), measured 964–

664 cm21.

The deformation vibrations of the pyridinium ring 4, 6,

16b and 16a are predicted in the frequency region of

724–344 cm21 (RHF) and 702–336 cm21 (B3LYP). At

the RHF and B3LYP levels, well-known problems mainly

concern the frequencies of 4 and 14 modes (Wilson’s

notation). Whereas the frequency of 4 mode seems to be

reliable 724 cm21 (RHF), 702 cm21 (B3LYP), but we

cannot find the band in this region in the experimental

spectrum. The calculated band has a very low intensity

(2.4 km mol21) and this could be the reason for its

absence in the experimental IR spectrum. Failure with a

correct description of the ‘Kekule’ type mode has

evidently basic reason [25]. Besides, even with large

basis sets the overall correspondence with the experimen-

tal data remains poor. A good agreement between the

computed and the experimental frequencies of these

modes is found in accordance with literature data for

similar systems [26–28].

Table 3 (continued)

No. B3LYP RHF Experimental Charactera

nb A nc A n

60. 311 12.9 320 23.5 tPyðCCCCÞ; tPyðN
1CCCÞ; tSqðCCCOÞ

61. 249 1.4 266 2.8 264 dSqðCCOÞ; dSqðCCCÞ

62. 225 0.1 239 0.1 236 tPyðC
9C7N1C2Þ; dMeðHCHÞ

63. 216 11.7 220 14.6 nðN1 –C7Þ; dSqðCCCÞ

64. 205 0.2 209 0.2 dðCN13CÞ; dðN13CCÞ

65. 181 0.0 193 0.0 178 tPyðCNCHÞ

66. 151 7.8 150 6.1 138 tðN1C7C8C9Þ; tPyðCCCCÞ

67. 95 1.0 108 7.4 tðCN13CCÞ; tðCCN1CÞ

68. 89 0.0 87 0.1 tSqðCCCCÞ; tSqðCCCOÞ

69. 81 0.3 85 0.6 dðC7N1C2Þ; dðC7C8N1Þ

70. 80 1.7 78 0.0 tðCCN1CÞ; tPyðHCNCÞ

71. 56 0.0 44 0.0 tSqðCCN1C2Þ; tSqðCCCN1Þ

72. 42 0.4 41 0.6 tSqðC
MeN13CCÞ; tðC9C7N1C2Þ

a From B3LYP calculations. Vibrational modes: n, stretching; d all type of deformations, respectively; t, torsion. Wilson’s notation is used for the phenyl

modes.
b Scaled by 0.8953 [17].
c Scaled by 0.9614 [17].
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4.4. Vibrational assignment of squaric acid moiety

Stretching vibrations corresponding to the carbonyl

groups are expected for the DAPB structure given above.

The strong band at 1797 cm21 can be predominantly

assigned as stretching vibration of pure carbonyl group, nð

C10yO17Þ; while the two bands at 1726 and 1644 cm21

correspond to the symmetric and asymmetric stretching

vibrations of the two mutually connected oscillators C8O16

and C9O18. The B3LYP/6-31Gp method reproduces very

well the frequency of the CyO stretching mode (the

difference between the measured and the scaled calculated

value is only 1 cm21), but overestimates significantly the

frequency of nsðCHOÞ (with 44 cm21) and moderately the

frequency of nasðCHOÞ (with 15 cm21) (Table 3). In both

experimental and predicted IR spectra the carbonyl bands

are very intensive. The frequency of the pure nsðCHOÞ

vibration decreases slightly from 1792 cm21 in PBSQ to

1798 cm21 in this case. The band at 1762 cm21 belonging

to the mode nsðCHOÞ decreases its frequency to 1726 cm21

while the band at 1697 cm21 undergoes a frequency

decrease to 1644 cm21. The bands of the two ‘semi-

carbonyl’ groups regularly decrease their frequencies and

increase their intensities as a result of the presence of 4-

dimethylamino group. The behavior of the CHO groups is

in accordance with the concept for the influence of different

substituents on the carbonyl frequencies and intensities [29],

while the behavior of the pure CyO group is in contrast with

it. A possible explanation of this phenomenon could be

looked for in the increase in vibrational interaction between

these groups. Juchnovski et al. [30] have observed similar

‘resonance-induced intensity borrowing’ from nðCOÞ bands

to skeletal ones.

The band at 1398 cm21 (predicted at 1399 (B3LYP),

1421 cm21 (RHF)) corresponds primarily to stretching

vibration with a small component of motion corresponding

to the CC stretch of Sq. In-plane deformation of Sq moiety:

found at 883 cm21, is predicted fairly well—855 cm21

(RHF), 846 cm21 (B3LYP). The band at 789 cm21 in the

experimental spectrum was assigned to in-plane vibration of

the pure carbonyl group while the band at 754 cm21 is

described as mixed deformation vibration with predomi-

nantly CCCO character. The band at 584 cm21 can be

assigned to out-of-plane deformation vibration of the CyO

bond. The remaining part of the vibrations of Sq moiety is

coupled with the vibrations of the pyridinium part. The band

predicted at 205 cm21 (DFT) and 209 cm21 (RHF) having

purely C–N–C and N–C–C character of Sq moiety was not

found in the experimental spectrum.

5. Conclusions

The bands of IR spectrum of DAPB were assigned

with the help of force field calculations. The majority of

the experimental frequencies are very well reproduced by

the B3LYP/6-31Gp method, and well by the RHF/6-

31Gp. The comparison of the theoretical with the

experimental spectra provides important information

about the ability of these computational methods to

describe the vibrational modes in this highly polar

strained ring compound.

On the basis of the charge distribution analysis it is

concluded that in the isolated DAPB molecule the Sq

moiety plays the role of electron donor and the pyridinium

group of electron acceptor. Influence of dymethylamino

group on the frequencies and intensities is clearly distinct

and it is predicted well from the theoretical method used.

The very high dipole moment of the DAPB molecule

responsible for the extremely high melting point (with

decomposition) is predicted well from theory. It is found

that the structure of DAPB is an intermediate structure

between the aromatic-like and the quinoid-like one.
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