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1 1. INTRODUCTION

Naphthalene, a white crystalline solid with a char�
acteristic odor that is detectable at low concentrations
[1], is classified as a polycyclic aromatic hydrocarbon
and its structure can be considered as the fusion of
couple benzene rings. Naphthalene derivatives have
clinical potency that causes hemolysis with subse�
quent blockage of vomiting and headache [2, 3]. Also,
they have various importances as intermediates for
agricultural, pharmaceutical and industrial fields such
as rubber, tanning and textile chemicals [4].

Many studies have been experimentally and theo�
retically reported in order to examine substituted
hydroxyl derivatives of naphthalene by different meth�
ods in the recent past [5–8]. The mono�substituted
hydroxyl derivatives of naphthalene are called as
naphthol and give all the chemical reactions charac�
teristic of phenols [9, 10]. The other hand, halo�sub�
stituted hydroxyaromatic compounds (among them
the title compound) arc used as starting materials for
the preparation of bis(hydroxyaromatic) compounds

1 The article is published in the original.

in chemical applications such as dyes, plastics, phar�
maceuticals and pesticides, and in forming polymers
[11].

Our aim of the present paper is to reveal the struc�
tures of 4�chloro�1�naphthol (CN), 1�hydroxynaph�
thalene (HN). 1,4�Dihydroxynaphthalene (DHN) by
means of the spectral study and interaction energy by
using density functional theory (DFT)–B3LYP level
and M06�class functional calculations for dimer
structures of these molecules. In addition, we aimed to
compare theoretical results (IR and NMR chemical
shifts) with the corresponding experimental data in
this study.

2. COMPUTATIONAL DETAILS

Hydroxyl� and halo�substituted rotamers were
optimized by density functional theory (DFT) [12]
with nonlocal hybrid three�parameter Lee–Yang–
Parr (B3LYP) [13, 14] level of theory with the 6�
311G++(d,p) basis set in the Gaussian 03 [15] pro�
gram. Vibrational frequencies of CN�a and CN�b were
scaled with a scale factor of 0.9614 [16] by DFT–
B3LYP method at 6�311++G(d,p) set. The assign�
ments of the theoretical frequencies of CN were iden�
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tified by means of the potential energy distribution
(PED) analysis using Vibrational Energy Distribution
Analysis (VEDA 4) program [17] and these vibration
modes were supported by using Gauss�View molecular
visualization programs [18]. 1H and 13C NMR chemi�
cal shifts (in CDCl3 and DMSO solvent) were done by
Gauge Including Atomic Orbitals (GIAO) method
[19, 20], and the solvent effects were taken into
account by means of the PCM approximation [21]. In
chemical shift calculations, tetramethylsilane (TMS)
was used as a reference molecule. All the calculations
for dimer structures were also performed at DFT
method (B3LYP level) and M06–2X [22] theory with
6�31G(d,p) in Gaussian 09 [23] program. Basis set
superposition error (BSSE) corrections and corrected

binding energies were calculated by the counterpoise
correction procedure (CP) [24].

3. RESULTS AND DISCUSSION

3.1. Rotameric Analysis and Geometric Parameters

Molecular structures showing the atom numbering
scheme for CN, HN, and DHN are given Fig. 1. Pri�
marily, in order to determine the substitution of
hydroxyl group, potential energy surface (PES) scans
are simply performed on 3C�2C�17O�18H torsion
angles for CN and HN, θ1[3C�2C�17O�18H] and
θ2[4C�5C�19O�20H] torsion angles (simultaneously)
for DHN by B3LYP/6�31G(d) set level. The graphs of
the PES scans of DHN compound are given Fig. 2 and
θ1, θ2 are calculated as –180°. Sum of electronic and
zero�point energies (Ee + EZPE) along with some cal�
culated thermodynamic parameters (G and H) and
their relative differences are reported for the consid�
ered rotamers of CN, HN, and DHN, all in gas phase,
in Table 1. Relative differences of Ee are computed
1.56 (CN), 1.44 (HN), and 3.00 kcal/mol (DHN) can
be interpreted as fairly moderate. Additionally, electric
dipole moments, static dipole polarizabilities, first�
order hyperpolarizabilities and energy gaps between
the highest occupied molecular orbital (HOMO) and
the lowest unoccupied molecular orbital (LUMO) for
the rotamers of selected naphthalene derivatives are
given in Table 2.

The averaged (isotropic) dipole polarizability is
calculated using the following expressions defined as
[25]:

. (1)

The overall in�plane and out�of�plane components of
the polarizabilities are calculated as 1/2(αxx + αyy) and

α
αxx αyy αzz+ +

3
�����������������������������=

X1

(a) X1 = OH(17O, 18H), X2 = C1(19Cl)
X2

(b) X1 = OH(17O, 18H), X2 = H(19H)
(c) X1 = OH(17O, 18H), X2 = OH(19O, 20H)

Fig. 1. The view of molecular structures showing the atom
numbering scheme for (a) 4�chloro�1�naphthol, (b) 1�
hydroxynaphthalene, (c) 1,4�dihydroxynaphthalene.
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Fig. 2. Scan grid plot of 1,4�dihydroxynaphthalene for torsion angles 3C–2C–17O–18H and 4C–5C–19O–20H.
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αzz, respectively [26]. Using the x, y, and z compo�
nents of β the magnitude of the first hyper polarizabil�
ities tensor can be calculated by:

. (2)

In summary, CN�a, HN�a, and DHN�a are more
stable than the other rotamers in gas phase. As seen

βtot βx
2

βy
2

βz
2+ +( )=

from Table 2, this can be attributed to an electrostatic
viewpoint, taking into account the larger static electric
dipole moment of the electronic ground state for
CN�b, HN�b, and DHN�b rotamers [27]. It can be
said that there is a contrasting relationship between the
static first hyperpolarizabilities and HOMO–LUMO
gaps [28]. HOMO–LUMO gaps have allowed the

Table 1. Sum of electronic and zero�point energies (Ee + EZPE), thermodynamic parameters (G and H) and their relative
differences for the rotamers of naphthalene derivatives in ab initio calculation

CN�a CN�b HN�a HN�b DHN�a DHN�b

Ee (hartree) –920.857324 –920.854837 –461.236430 –461.234138 –536.481022 –536.476247
ΔEe (kcal/mol) 0.00 1.561 0.00 1.438 0.00 2.996
(Ee + EZPE) (hartree) –920.715847 –920.713485 –461.085552 –461.083349 –536.326406 –536.321526
Δ(Ee + EZPE) (kcal/mol) 0.00 1.482 0.00 1.382 0.00 3.062

Thermodynamic parameters 
G (hartree)* –920.750648 –920.748440 –461.118251 –461.116174 –536.360832 –536.355974
ΔG (kcal/mol) 0.00 1.386 0.00 1.303 0.00 3.048
H (hartree)* –920.705540 –920.703100 –461.076482 –461.074220 –536.315826 –536.310979
ΔH (kcal/mol) 0.00 1.531 0.00 1.419 0.00 3.042

All results at B3LYP/6�311++G(d,p) basis set.|
* Sum of electronic and thermodynamic parameters values.

Table 2. The ab initio calculated electric dipole moments (Debye), static dipole polarizabilities, 〈α〉 (×10–24 esu), first�
order hyperpolarizabilities, 〈β〉 (×10–31 cm5/esu) and homo�lumo energy gaps (a.u.) with their selected components for
naphthalene derivatives

CN�a CN�b HN�a HN�b DHN�a DHN�b 

μtot 1.8957 2.6136 1.3865 1.5769 2.5011 2.7321 
αxx 24.229 24.543 25.067 24.882 25.825 25.754 
αyy 25.423 25.134 19.651 19.837 20.864 21.088 
αzz 10.218 10.217 9.453 9.442 9.673 9.715 
〈α〉 19.957 19.965 18.057 18.054 18.787 18.852 
〈β〉 9.39 19.52 20.37 24.48 13.86 31.84 
EHOMO–ELUMO 0.1621 0.1576 0.1676 0.1632 0.1589 0.1489 
All results at B3LYP/ 6�311++G(d,p) basis set.

CN�a HN�a DHN�a

CN�b HN�b DHN�b
Fig. 3. The possible rotamers of CN, HN, DHN at DFT/B3LYP 6�311++G(d,p).
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Table 3. Calculated geometric parameters for low�energy rotamers of CN, HN, DHN molecules

Parameters Experimental Calculated DFT/B3LYP method [6�311++G(d,p)] basis set

bond lengths (Å) CN [32] CN�a HN�a DHN�a

Cl(19)–C(5) 1.748 1.764 – –
O(17)–C(2) 1.394 1.367 1.369 1.374
C(1)–C(2) 1.355 1.375 1.377 1.373
C(2)–C(3) 1.415 1.426 1.426 1.426
C(1)–C(6) 1.410 1.411 1.413 1.415
C(5)–C(6) 1.356 1.370 1.373 1.373
C(4)–C(5) 1.417 1.424 1.421 1.426
C(4)–C(10) 1.413 1.418 1.420 1.417
C(3)–C(4) 1.431 1.433 1.430 1.429
C(10)–C(12) 1.367 1.375 1.375 1.376
C(12)–C(13) 1.401 1.412 1.414 1.412
C(9)–C(13) 1.364 1.375 1.375 1.376
C(3)–C(9) 1.417 1.417 1.418 1.417
O(17)–H(18) – 0.963 0.963 0.963
C(1)–H(8) – 1.085 1.086 1.086
C(9)–H(7) – 1.082 1.082 1.082
C(6)–H(11) – 1.082 1.084 1.086
C(10)–H(14) – 1.082 1.085 1.082
C(12)–H(15) – 1.084 1.084 1.084
C(13)–H(16) – 1.084 1.084 1.084

R2 = 0.9879
Max. difference 0.027

Bond angles (deg)

C(2)–C(1)–C(6) 119.5 120.31 120.18 120.60
C(5)–C(6)–C(1) 120.5 120.31 120.76 120.60
C(6)–C(5)–C(4) 121.8 121.53 120.26 120.37
C(10)–C(4)–C(5) 124.0 123.72 122.08 121.96
C(10)–C(4)–C(3) 118.4 118.30 118.31 119.01
C(5)–C(4)–C(3) 117.6 117.97 119.61 119.03
C(12)–C(10)–C(4) 120.9 120.92 121.05 120.61
C(10)–C(12)–C(13) 120.6 120.61 120.33 120.38
C(9)–C(13)–C(12) 120.5 120.11 120.32 120.38
C(13)–C(9)–C(3) 120.6 120.67 120.46 120.61
C(2)–C(3)–C(9) 122.4 121.44 122.17 121.96
C(2)–C(3)–C(4) 118.6 119.18 118.28 119.03
C(9)–C(3)–C(4) 119.0 119.38 119.54 119.01
C(2)–O(17)–H(18) – 109.70 109.55 109.48
C(4)–C(5)–Cl(19) – 120.02 – –
C(3)–C(9)–H(7) – 118.55 118.82 118.63
C(2)–C(1)–H(8) – 120.39 119.97 120.24

R2 = 0.9468
Max. difference 0.96

molecular orbitals to overlap to have a proper elec�
tronic communication conjugation which is a marker
of the intramolecular charge transfer from the electron
donating group to the electron accepting group
through the π�conjugation system [29, 30]. A similar
result has been also indicated in a previous article pub�
lished on a naphthalene�sulfonyl derivative [31]. Also,
the non�linear optical response of an isolated mole�

cule in an electric field can be represented as a Taylor
series expansion of the total dipole moment. So, the
higher values of calculated electric dipole moment can
be associated with higher static polarizabilities.

The considered all rotamers obtained by optimiza�
tions at B3LYP/6�311++G(d,p) set are shown in
Fig. 3. The calculated structure parameters for the
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Table 4. Calculated vibrational frequencies for low�energy rotamer I and II of 4�chloro�1�naphthol

Mode
no.

Sym�
metry

Assignmentsa
 (PED, %b)

Experimental frequencies,
cm–1 CN [33] 

Calculated frequencies, cm–1

DFT/B3LYP 6�311++G(d,p)

IR R CN�a CN�b 

51 A' νOH(100) 3233br – 3689 3703

50 A' (R1 + R2)[νCH(98) sym] 3088sh 3089sh 3086 3085

49 A' (R1 + R2)[νCH(93) asym] 3072sh 3074m 3084 3082

48 A' (R1 + R2)[νCH(99) asym] 2955vs – 3078 3069

47 A' R1[νCH(89) sym] 2927vs 3063sh 3061 3066

46 A' R1[νCH(95) asym] 2871sh – 3047 3052

45 A' (R1 + R2)[νCH(99) asym] 2855s 3017br 3038 3026

44 A' (R1 + R2)[νCC(67) asym] 1601m 1603vw 1599 1602

43 A' (R1 + R2)[νCC(62) asym] 1572w 1587sh 1572 1576

42 A' (R1 + R2)[νCC(49) sym + δCCC(12)] 1553br 1578s 1548 1546

41 A' (R1 + R2)[νCC(24) asym] + R1[δHCC(15)] 1461m 1467m 1487 1488

40 A' (R1 + R2)[νCC(24) asym + δHCC(39)] 1448m 1444sh 1435 1426

39 A' (R1 + R2)[δHCC(46)] 1403w 1435m 1409 1409

38 A' (R1 + R2)[δHCC(39)] 1377s 1376vs 1364 1358

37 A' (R1 + R2)[νCC(50) asym] 1348s 1349vw 1339 1342

36 A' (R1 + R2)[νCC(60) asym] 1316w – 1314 1318

35 A' (R1 + R2)[δHCC(27) + νCC(16) asym]
+ νOC(16)

1261s 1266vw 1243 1247

34 A' (R1 + R2)[δHCC(41) + νCC(15) asym]
+ νOC(14) 

1240s 1203vw 1218 1223

33 A' δHOC(31) + (R1+R2)[δHCC(11)] 1201s 1162w 1180 1175

32 A' R1[δHCC(24)] + δHOC(17) + R2[νCC(12)] 1166vw – 1171 1155

31 A' (R1 + R2)[δHCC(51)] 1159m 1155sh 1136 1142

30 A' (R1 + R2)[νCC (20) asym] + R1[δHCC(17)]
+ δHOC(14) 

1124w 1126w 1122 1132

29 A' (R1 + R2)[δHCC(22) + νCC (15) asym] 1055s 1058vw 1099 1100

28 A' (R1 + R2)[δCCC(23)] + νOC (14) 1043sh 1026m 1025 1027

27 A' (R1 + R2)[νCC (60) asym] 1026m – 1006 1007

26 A'' (R1 + R2)[τCCC(74)] 979vw – 965 961

25 A'' (R1 + R2)[τCCC(84)] 951w 944w 944 923

24 A' (R1 + R2)[δCCC(42)] + νOC (17) 945w 906vw 912 909

23 A'' (R1 + R2)[τCCC(74)] 860vw – 880 907

22 A'' (R1 + R2)[τCCC(85)] 811s 810vw 842 825

21 A'' (R1 + R2)[τCCC(73)] + R2[γOCCC(16)] 771sh 793vw 779 809

20 A' (R1 + R2)[δCCC(56)] 764m 769vw 772 771

19 A'' (R1 + R2)[τCCC(52)] + R1[τCCCC(12)] 751s – 751 744

18 A'' (R1 + R2)[τCCCC(37) + τCCC(22)
+ γCCCC(14)] 

717w 722s 741 730

17 A' (R1 + R2)[δCCC(41) + νCC(13) sym]
+ νOC(11) 

652m – 699 700

16 A' (R1 + R2)[δCCC(37)] + νClC(25) 629w 652m 631 630

OH

Cl

R1 R2
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low�energy rotamers of CN, HN, DHN molecules are
summarized in Table 3, in accordance with the atom
numberings in Fig. 2. Table 3 also compares the calcu�
lated bond lengths and angles with published experi�
mental X�ray crystallographic data of CN [32]. The
Correlation coefficients (R2) shows that the theoreti�
cal results were found to comply with the correspond�
ing experimental data, highly.

3.2. Spectral Analysis

The resulting vibration frequencies for the forms of
CN are given in Tables 4. For comparison, the experi�
mental vibration frequencies (Infrared and Raman) of
the compounds are also given in the tables [33]. As
realized from Fig. 3, CN�a molecule is planar and
belongs to the Cs point group. So, the vibrations being
symmetric through the mirror plane σh will belong to
the species 35A', the ones being anti�symmetric to the
species 16A'' and total numbers of vibration modes are
51. Assignments of all the fundamental vibration
modes obtained by PED analysis and the symmetry spe�
cies of ail the vibration modes also written in Tables 4.
For C–H (aromatic) stretching, the frequencies values

are computed at the ranges of 3038–3086 cm–1 for
CN�a and 3026–3085 cm–1 for CN�b, with the high�
est percentile (% PED). Also, C=C stretching mode
are calculated as 1435–1599 and 1426–1602 cm–1, for
CN�a and CN�b, respectively. The absorption of the
O–H stretching vibration is observed at 3291 cm–1,
the strong and broad peak, in the spectrum of
1,5�dihydroxynaphthalene and the bands at 1598,
1524 cm–1 are ascribed to C=C stretching, 1257 cm–1

to C–OH stretching vibrations by Lu et al. [34]. Cor�
relations values (R2) and mean root�mean�square
deviation (RMSD) between the experimental and cal�
culated frequencies can be seen in the last lines of
Tables 4. Statistical results show that the agreements
with experimental data were better level for CN�a
form than their other one. Besides, calculated 1H and
13C NMR chemical shifts (with respect to TMS) for all
the forms of the title compounds are tabulated in
Table 5. The experimental values of CN�a (in CDCl3),
HN�a (in CDCl3), and DHN�a (DMSO�d6) have
been obtained from Spectral Database for Organic
Compounds Web Page [35]. Consequently, the corre�
lation factors between the experimental and theoreti�

Table 4. (Contd.)

Mode
no.

Sym�
metry

Assignmentsa
 (PED, %b)

Experimental frequencies,
cm–1 CN [33] 

Calculated frequencies, cm–1

DFT/B3LYP 6�311++G(d,p)

IR R CN�a CN�b 

15 A'' (R1 + R2)[τCCCC(49)] + γOCCC(14) 584w – 615 616
14 A'' γCCCC(17) + γOCCC(12) + γClCCC(10)

+ (R1 + R2)[τCCCC(14)] 
559vw 556w 575 570

13 A' (R1 + R2)[δCCC(31)] + δOCC(25) 525w 527m 531 530
12 A′ δOCC(15) + δClCC(15) + R2[νCC(10)] – – 510 508
11 A' (R1 + R2)[δCCC(40)] 480m 482m 468 464
10 A'' (R1 + R2)[τCCCC(83)] + R1[τHCCC(12)] 458vw 463vw 453 456
09 A'' R1[τCCCC(57)] + γOCCC(11) – 418vw 411 408
08 A' νClC (40) + (R1 + R2)[δCCC(25)] – 381m 358 359
07 A'' γClCCC(39) + (R1 + R2)[τCCCC(21)]

+ γOCCC(20) 
– 359vw 335 333

06 A' δOCC(37) + δCCC(21) + δClCC(13)] – – 288 300
05 A'' τHOCC(90) – – 275 235
04 A' δClCC(56) + δCCC(25) – 227s 209 211
03 A'' γCCCC(48) + R1[CCCC(21)] + γClCCC(10) – 165m 178 177
02 A'' (R1 + R2)[τCCCC(84)] – 136m 130 115
01 A'' (R1 + R2)[τCCCC(55)] + γClCCC(29) – 107vw 103 102

R2 = 0.9948 0.9944 
RMSD = 70.7623 72.8324 

a Vibrational modes assignments for CN�a.
b Potential energy distribution (PED), less than 10% are not shown.
ν, stretching; δ, bending; γ, out of plane bending; τ, torsion modes; sym, symmetric; asym, anti symmetric; w, weak; m, medium;
s, strong; v, very; sh, shoulder; br, broad. 

OH

Cl

R1 R2
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cal chemical shifts can be also seen in the last lines of
the Table 5. According to these values it can be staled
that the agreement between the experimental and cal�
culated chemical shifts is good.

3.3. Dimer Structures

Firstly, the geometries of CN�a, HN�a, and DHN�a
dimers are obtained by DFT–B3LYP functional and
M06/2X calculations with 6�31G(d,p). All computed
binding energy and CP–BSSE energy of the dimers
have been summarized by the counterpoise correction
procedure in Table 6. As shown in Fig. 4, the most sta�

ble dimer structures obtained by B3LYP functional
theory have linear and single strong O–H···O hydro�
gen bonds with non�planar geometry. Hydrogen bond
distances are calculated 1.895 (CN�a), 1.898 (HN�a),
1.898 Å (DHN�a), for DFT method (B3LYP) and
1.872 (CN�a), 1.882 (HN�a), 1.858 Å (DHN�a), for
M06–2X theory combined with 6�31G (d,p). The
O⎯H hydrogen bond on dimer CN�a is indicated
1.87 Å in study of Sokolowska and Marciniak [32].
Binding abilities of hydrogen atom with hydroxyl oxy�
gen on interactions are stronger at M06–2X theory
than that of DFT method for all dimers. The differ�
ences are mainly ascribed to the existence of electro�

 
Table 5. Experimental and calculated chemical shift values (with respect to TMS) for low�energy rotamers of CN, HN,
DHN molecules at B3LYP/6�311++G(d,p) basis set with GIAO method 

Atoms 

CN�a (in CDCl3) Shielding,
ppm 

HN�a (in CDCl3) Shielding,
ppm 

DHN�a (in DMSO�d6) Shielding,
ppm 

experimental*,
ppm calculated experimental*,

ppm calculated experimental*,
ppm calculated 

C1 108.60 111.784 108.88 111.657 107.92 111.836
C2 150.46 160.274 151.16 161.325 145.43 154.067
C3 125.39 131.672 124.41 129.264 125.33 129.805
C4 131.54 138.408 134.77 140.473 125.33 129.805
C5 123.54 136.655 120.82 125.716 145.43 154.067
C6 125.72 132.614 125.84 132.219 107.92 111.836
C9 122.07 129.846 121.44 129.204 121.88 127.463
C10 124.45 129.812 127.71 134.150 121.88 127.463
C12 126.02 134.452 126.43 132.590 124.66 132.151
C13 127.56 131.644 125.33 130.956 124.66 132.151
R2 0.9520 0.9926 0.9947
H7 8.36 8.783 8.161 8.839 8.076 8.727
H8 6.692 7.057 6.734 7.089 6.703 7.110
H11 7.351 7.756 7.259 7.636 6.703 7.110
H14 8.36 8.439 7.786 8.395 8.076 8.727
H15 7.53 8.095 7.45 7.884 7.431 8.127
H16 7.61 8.005 7.47 7.960 7.431 8.127
H17 – – – – – –
H18 5.31 5.673 5.43 5.738 9.326 5.828
H19 – – 7.417 7.832 – –
H20 – – – – 9.326 5.828
R2 0.9811 0.9936 0.2223

* Ref. [35].

Table 6. Counterpoise (CP) corrected energy, basis set superposition error (BSSE), binding energy (ΔE), and calculated by
using DFT and M06 calculations for naphthalene derivatives dimers

CP energy, hartree CP BSSE energy, kcal/mol ΔE*, kcal/mol 

B3LYP M06/2X B3LYP M06/2X B3LYP M06/2X 

CN�a –1841.44295 –1841.00219 2.899 2.430 –3.989 (–6.888) –6.754 (–9.184)
HN�a –922.25760 –921.86553 3.020 2.509 –4.085 (–7.105) –6.791 (–9.300)
DHN�a –1072.69309 –1072.25701 3.188 2.492 –4.199 (–7.387) –7.017 (–9.509)

All values at 6�31G(d,p) basis set.
* BSSE�corrected (uncorrected) values.
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static dipole�dipole interaction. Respectively, the cal�
culated residual dipolc moments of CN�a, HN�a and
DHN�a dimers formed with dipole�dipole interaction
are higher values of 0.54, 0.02, and 0.06 D at M06–2X
theory. The calculated binding energies with BSSE�
corrected (uncorrected) values of the dimers are given
in Table 6. BSSE�corrected binding energy differences
at M06–2X calculations, more strongly bonds, are
around 2.77, 2.71, and 2.82 kcal/mol for CN�a,
HN�a, and DHN�a dimers with respect to B3LYP cal�
culations, respectively, Intermolecular interactions
between aromatic amino acid residues are studied by
ab initio methods and binding energies are computed
–5.8, –6.6 kcal/mol by second�order Møller�Plesset
perturbation (MP2) theory and molecular mechanics
(MM) simulations for para�cresol dimer labeled HB
structures, respectively [36].

4. CONCLUSIONS

In this study, the most stable rotamers of CN, HN,
and DHN compounds are determined by means of
PES scans and relative energy calculations. The theo�
retical structural parametres, vibrational frequencies
and NMR chemical shifts are obtained by using den�
sity functional theory method for these compounds on
the ground stale forms. Generally, it can be said that
the calculated results of the compounds were to be in a
good agreement with the experimental data. This let�
ter serves structurally stabilities and hydrogen bond�
ings on CN�a, HN�a, and DHN�a dimers using
DFT/B3LYP and M06 levels of calculations. Binding
energies with BSSE�corrected/uncorrected values of
the dimers arc higher at M06–2X functional than the
other (B3LYP) calculations. These calculations aim to

provide as a test of the efficacy of M06 calculations for
intermolecular interactions and more strongly bound
systems.
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