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1-Critical point
2-Atomic interaction line
3-Molecular graph
4-Topological era
5-Koch

6-Popelier

7-Atomic Unit
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1- Hessian Matrix
2-Elipticity
3-Cylindrical
4-Hyperconjugation
5-Shared Interaction
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1-Closed-Shell Interaction
2-Rozas
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1-Espinosa’s relationship

2-Local virial theorem

3-Electronic kinetic energy density
4-Electronic potentiol energy density
5-Abramov
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1-Natural Bond Orbital analysis
2-Weinlhold
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1-NAOs
2-NHOs
3- NLMOs
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1-Core

2-Bond

3-Lone pair
4-Rydberg
5-Anti bonding
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1-Aromaticity

2-Schleyer
3-Resonance-Assisted H-Bond
4-Gilli
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1-Nonlinear Optical
2-First order hyper polarizability
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1-Kleinman

2-Taylor series
3-Dipole moment
4-Polarizability
5-Hyperpolarizability
6-Debye
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1-Frontier Molecular Orbitals

2-The Highest Occupied Molecular Orbital
3-The Lowest Unoccupied Molecular Orbital
4-Gap

5-Kinetic stability
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1-Soft molecules

2-Hard molecules
3-Mulliken

4-lonization potential
5-Electron affinity

6-The electrophilicity index
7-Hardness

8-Softness
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1-Quinones
2-Benzene
3-Naphthalene
4-Anthracene
5-1,4-banzoquinone
6-Anthraquinone
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1-Alizarin
2-1,2dihydroxy-9,10-anthraquinone
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B3LYP/6-311++G** ahaws 15 LEDHA 5,k Ll 5 50,8 (ysole (sloads 5 b yuilS )5 ¥-F Jour

NO. Freq. IR R.A Assignment

1 3330 425 73 vOH

2 3323 67 473 vOH

3 3212 0 246 2

4 3212 4 1 2

5 3199 2 350 20a

6 3199 6 94 20a

7 3178 1 210 7a

8 3178 15 19 7a

9 1683 0 222 8b,vCOS0H(i.p)

10 1667 402 0 vC=0,(vC-C, 6C-H)
11 1641 203 0 8a,00H,vC=0

12 1617 O 428 8a,00H

13 1609 98 0 8a,00H

14 1605 O 305 8b,vCO,6CCC(1I),60H(
15 1512 0 34 vCC(II),vC=0,50H,(5CH)
16 1505 221 0 vC-C(I),vC=0,60H,(6CH)
17 1488 0 18 19a, vC-0,60H

18 1484 134 0 19a,vC-0,60H

19 1412 0 54 19b,60H,vC-C(I1)
20 1394 146 0 14,60H

21 1378 1 52 vC-C(1I),60H,14

22 1370 426 0 vC-C(1I),60H

23 1348 0 340 3, 60H

24 1332 72 0 3,

25 1283 673 0 vCC(II),00H,(6CH)
26 1265 O 54 SdOH,8CH

27 1218 0 177 &(CH),8CCC(IT)

28 1195 176 0 (6CH),60H

29 1188 2 0 9b

30 1181 0 61 9b

31 1102 21 0 18b,60H

32 1077 O 60 18a

33 1068 28 0 18b

34 1005 O 1 5

35 1003 1 0 5

36 987 0 96 3CCCI),(vCO,3CCC)
37 933 0 0 17b

38 933 0 0 17a

39 918 0 0 12,6C=0,(vCO)

40 882 58 0 1,CO,(vCO)

41 832 4 0 11,yOH

42 828 0 1 11,yOH

43 805 202 0 11,yOH

44 804 69 1 11,yOH

45 785 15 0 6a

F¥



46 765 13 0 yC=0,(yCO,yCH)
47 752 0 0 11,yCCC(ID)
48 714 0 20 6a,3CO

49 704 24 0 4

50 676 0 1 4

51 626 0 0 6b,3CCC(ID)
52 597 0 31 Ab

53 564 0 1 16b

54 539 4 0 16b

55 535 11 0 6a

56 513 0 55  3CCO

57 477 1 0 16b

58 465 10 0 SCOH

59 456 0 16 3CCC()

60 440 43 0 $C=0,50H
61 429 0 1 yCCC(II),yCC
62 398 0 4 v0...0

63 355 0 8 8C-C-CO
64 304 0 7 vO...0

65 266 0 2 r

66 241 0 0 r

67 20 0 0 r

68 202 0 4 r

69 173 0 0 I,yC=0

70 127 0 1 I,yC=0

71 81 1 0 r

72 50 3 0 r
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B3LYP/6-311++G** zhaws )3 1L,EDHA (oS 5 6,k o bsbs glbo o)l (0 -0) Jsir

Bond lenghths(A)

B3LYP/6-311++G**

Bond lenghths(A)

B3LYP/6-311++G**

01=C17 1.240 C13=C12---C11 120.225
01=C18 1.240 C12---C11---010 117.948
010-H9 0.989 C12.--C11---C15 119.580
03-H2 0.988 010---C11---C15 122.472
03--:C4 1.337 H9-010---C11 107.119
010---C11 1.337 08---H9-010 146.704
01---H2 1.691 H9..-08=C7 102.732
08---H9 1.689 Cl11...C15-C7 119.846
C4-C5 1.416 C15-C7=08 121.126
C4-C20 1.405 08=C7-C6 120.333
C17-C5 1.465 C6---C18---C19 119.604
Cl17-C16 1.486 C18.--C19=C20 120.929
Cl1-C12 1.405 C19=C20---C4 120.227
C11-C15 1.416 C20---C4---03 117.908
C15-C7 1.465 H2.--01=C17 102.717
C7-Cé6 1.486 C4---C5--C6 118.984
C14-H26 1.082 C18---C6---C5 120.650
C18-H21 1.082 C5---C6-C7 120.337
C18-C6 1.388 C6---C5-C17 121.138
C19-C18 1.400 C17-C16-C15 120.340
Cl4-C16 1.388 C16---C15-C7 121.130
Cl14-C13 1.400 C14.--C16---C15 120.622
C19=C20 1.384 C16---C15---C11 119.024
C13=C12 1.384 Dihedral angles(°)

C5---C6 1.416 H203C4C5 0
C16---C15 1.416 H203C4C20 180
C18-H21 1.082 H23C20C403 0
C14-H26 1.082 H23C20C19H22 0
Bond angles(®) 03C4C20C19 180
H2-03:--C4 107.154 01C17C5C6 180
03---H2-01 146.637 01C17C16C15 180
03--:C4-C5 122.487 C16C15C708 -180
C4-C5-C17 119.878 08C7C6C5 -180
C5-C17=01 121.127 08C7C15C11 0
01=C17-C16 120.359 08C7C6C18 0
C17-Cl6-C14 119.038 H9010C11C12 -180
C16---C14---C13 119.602 H9010C11C15 0.001
C14.--C13=C12 120.947 010C11C15C16 -180
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29 1125 62 0 18a,60D
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33 1005 0 1 5
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35 1003 1 0 5
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42 818 0 1 11
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Abstract

In this research, the strength of intramolecular hydrogen bonding of
1,5-dihydroxyanthraquinone (1,5DHA) was investigated by means of density functional
theory (DFT) calculations, the quantum theory of atoms in molecules (AIM), and the
natural bond orbital (NBO) analysis. 1,5DHA was optimized and the vibrational
frequencies were calculated at the B3LYP/6-311++G** level of theory.

The results of molecular structure, the frequencies of OH bond, the chemical shifts
of enolic proton, and the topology of 1,5DHA in the bond critical point of O--H were
compared with the analogous parameters of 1,8-dihydroxyanthraquinone (1,8DHA)
2-hydroxybenzaldehyde (2HB) and 1-hydroxyanthracen-9(10H)-one (1HA).

The nonlinear optical (NLO) property, dipole moment, polarizability,
hyperpolarizability and frontier molecular orbital surfaces (FMOs) of 1,5DHA were
also calculated.

From AIM result, the interaction of intramolecular hydrogen bonding of these
compounds is partially covalent in nature and these compounds are classified as the
systems with medium hydrogen bonds. Comparison of the molecular structure,
vibrational spectra and AIM results of 1,5DHA with those of 1,8DHA, 2HB, and 1HA
revealed the following trend in the hydrogen bond strength: IHA> 1,5DHA> 1,8DHA>
2HB.

The parameters related to NLO property showed that 1,5DHA is not a good NLO
material but 1,8DHA and 2HB are good ones. FMOs analysis indicated that the softness
decreases in 1,5DHA, 1,8DHA, 1HA and 2HB, respectively. The small HOMO-

LUMO energy gap for the title compounds indicates that these molecules are very

chemical reactive.

Keywords: 1,5-dihydroxyanthraquinone (1,5DHA), Intramolecular hydrogen bonding,
Density functional theory (DFT), Natural Bond Orbital (NBO), Theory of atoms in
molecules (AIM), Nonlinear optical property (NLO), Frontier molecular orbital
(FMOs).
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