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B nmanHO# paboTe ¢ WMCHOJAB30BaHHMEM Habopa ocHoBauuii MP2/6-311++G(3df, 3pd)
paccunTaHa pPaBHOBECHAs TE€OMETPHS, SHEPTHs CBSI3M, TAPMOHHYECKHE M AHTAPMOHUYECKHE
CIieKTpasibHbIe napameTpbl MoHoMepoB Mosiekyil CH3;CHO, HF u xommnexcoB CH;CHO---HF,
CH;COH-FH. AHrapMoHHuYecKHE€ pacueThl MPOBOJWIM C HCHOJIB30BAHUEM TEOPUHU
KosiebaHuil BTOpOro mopsiaka. Duepruu cBszu komiuiekcos CH;CHO--HF u CH;COH--FH
cocraBisiroT 10.1 kkan/monb 1 1.7 Kkan/MoiIb COOTBETCTBEHHO.

KiioueBble cJioBa: BOAOpOAHAasA  CBA3b, TaJOr€HHasA  CBA3b, OHEpPrus, TapMOHHUYECKHE U
AHTAPMOHHNYECKUE PACUCTHBIC ITAPaAMETPBI, UHTECHCUBHOCTH, HEOMIIUPUUICCKUEC PACUYETHI

In this work, equilibrium geometry, bond energy, harmonic and anharmonic spectral parame-
ters of the monomers of CH;CHO, HF molecules and CH;CHO--HF, CH;COH--FH comple-
xes were calculated using the set of bases MP2/6-311++G(3df, 3pd). Anharmonic calculations
were performed using second-order vibration theory. The binding energies of CH;CHO --- HF

and CH;COH -+ FH complexes are 10.1 kcal/mol and 1.7 kcal/mol, respectively.

Keywords: hydrogen bonding, halogen bonding, energy, harmonic and anharmonic calculation.

I. Introduction

Hydrogen bonds are a common type of interac-
tion between molecules that are common in nature.
The hydrogen bond is usually denoted by A-H -+ R,
and the halogen bond is denoted by A-X -+ R. H is
the hydrogen atom involved in the hydrogen bonding
and X is the halogen atom involved in the halogen
bonding. In hydrogen bonding, groups A-H are called
proton donors, and group R is called proton receptors.
There is a parallel bond between a halogen bond and
a hydrogen bond, and there is an electron-receiver re-
lationship in both interactions (electron donor) [1]. In
a hydrogen bond, the hydrogen atom plays the role of
an electron acceptor and receives a non-covalent inte-
raction by accepting an electron density from an elec-
tron-rich site. In a halogen bond, the halogen atom is
the electron acceptor. Simultaneously, the normal co-
valent bond between H or X and R is weakened, so
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the electron density at H or X appears to be reduced
[2].
II. Method of calculation

In this work, equilibrium geometry, bond energy,
harmonic and anharmonic spectral parameters of the
monomers molecules and CH;CHO--HF,
CH;COH--FH complexes were calculated. The calcu-
lations were performed using a set of bases MP2/6-
311++G(3df, 3pd). The anharmonic vibration fre-
quencies of the complex were determined using the
Gaussian 09 program with the keyword
“freq=anharmonic”.

III. Results

II1.1. The monomers. Acetaldehyde CH;COH

Table 1 shows the geometric parameters,
harmonic and anharmonic frequencies, and intensities
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of fundamental transitions of the acetaldehyde
molecule calculated in the set of bases MP26-
311++G(3df, 3pd).

Table 1. Selected MP2. Calculated parameters of the
CH;COH molecule.

Basis set
Property (Parameter) MP2/6-
311++G(3df,3p
d)

Total energy (hartree) -153.545397
r (C;-H)) (A) 1.0903
r (C;-Hy) (A) 1.0903
r (C;-Hs) (A) 1.0854
r (C,-Cs) (A) 1.4981
r (Cs=0) (A) 12114
r (Cs-Hy) (A) 1.1055
<H,CH; () 110
<H;CiC5 () 111
<H7C506 () 120
v (C=0)" stretching (sm™") 1778
v (C=0)"" stretching (sm™) 1738
v (Cs-He)" stretching (sm™") 2963
v (Cs-Hg)™ stretching (sm™") 2743
v (C-Hs)" stretching (sm™) 3202
v (C;-H3)™ stretching (sm™") 3064
A*(C=0)" (km'mol™) 305
A *(C=0)"" (km'mol ™) 245
A *(Cs-He)" (km'mol ") 138
A *(Cs-Hg)™ (km'mol ™) 61
A *(C-H;)" (km'mol ™ 6
A *(C;-H3)™(km'mol ™) 9

“Infrared intensity, "Harmonic frequency, “"Anharmonic
frequency.

Table 2. Selected MP2. Calculated properties of the HF
molecule.

Property Basis set
MP2/6-311++G(3df,3pd)
Total energy (hartree) -100.33282
r (H-F) (A) 0.9167
v (H-F)" valent (sm ™) 4176
v (H-F)™  valent 3995
(sm™)
A *(H-F)" (km'mol ™) 112
A *(H-F)™ (km'mol ") 115

Infrared intensity, "harmonic frequency, “"anharmonic
frequency.

I11.2. Hydrogen fluoride

The spectroscopic and structural properties of
hydrogen fluoride have widely discussed in the litera-
ture. The required geometric parameters and harmo-
nic and anharmonic frequencies of hydrogen fluoride
calculated in this study are given in Table 2 [6-10].

IIL.3. The complexes: CH;CHO-HF and
CH;COH--FH

It was found that the hydrogen and halogen
bonding complexes formed between the molecules
due to the intermolecular interactions are formed in
the structure shown in Figs 1-2.
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Figure 1. Optimal geometries of CH;CHO--HF complex.
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Figure 2. Optimal geometries of CH;COH:--FH complex.

CH3;CHO*HF and CH;COH:- FH complexes
are used to analyze the IR absorption spectra and

draw clear scientific conclusions from the
experimental results. In addition, the equilibrium
geometry, the bond energy, harmonic and

anharmonic spectral parameters were calculated using
Gaussian 09 program at bases set mp2/6-311++G(3df,
3pd) taking into account error of the approximation
for the complexes CH;CHO---HF and CH;COH---FH.

As a result of the formation of CH;CHO-- HF
and CH;COH-- FH complexes, the length of the hy-
drogen bond is 1.6823 A and the length of the halo-
gen bond is 2.7016 A, the difference between the
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hydrogen and halogen bonds vary by 1.0193 A. An

increase in the C=0 bond length of hydrogen and ha-

logen bonds is observed [11-12]. That is, in

CH;CHO--HF it is 1.2183, and in CH;COH--HF it is

1.2129 A.

I11.4. Calculated harmonic and anharmonic frequ-
encies of the CH;CHO---HF and
CH;COH--FH

The frequencies and intensities of harmonic and
angarmonic vibrations of hydrogen and halogen

bonds were determined. The calculated vibration
frequency and intensity shifts are shown in Table 3.
For acetaldehyde and CH3;CHO-- HF and
CH;COH-- FH hydrogen and halogen bonded comp-
lexes obtained in Fig. 3, the stretching vibration fre-
quencies C=0O band in the range 1700-1900 cm ',
C-H stretching vibration frequencies range from 2800
to 3300 cm™'. These vibrations are called characteris-
tic vibrations. Also, if the frequency of the band C=0
corresponding to the halogen bond CH;COH:+-FH is

Table 3. Harmonic and anharmonic fundamental transition frequencies v(cm ') and intensities S (km mol™") of the

CH;CHO:---HF and CH;COH---FH complexes.

Harmonic | Anharmonic Harmonic | Anharmonic
CH;CHO--HF CH;COH--FH
v | S | v | S v | S | v | S
v intermolecular stretchng 170 0.3 153 0.1 172 21 133 4
Vv(HF) libration in the yx plane 531 15 526 14 511 12 509 13
v(HF) libration in the zx plane 776 12 822 18 781 2 767 2
CHj; rocking 915 4 921 5 908 5 863 9
v(OCH) bending 1440 9 1404 4 1426 11 1409 12
v(HCH) bending 1480 27 1446 14 1476 21 1435 28
v(HCH) bending 1492 11 1442 11 1489 9 1440 10
v(CO) stretching 1765 163 1737 100 1772 115 1735 142
Vv(CH) stretching 3022 80 2894 64 2989 57 2864 86
v(CH)stretching symmetry 3070 4 2965 2 3073 1 2966 1
v (C5H6) stretching 3151 1 3014 1 3156 3020 3
v (CH) stretching 3206 1 3070 1 3202 4 3063 7
v (HF) stretching 3680 1036 3495 791 4157 100 3982 143
2
N g
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Figure 3. The monomer of the CH;COH molecule and the complexes CH;CHO---HF and CH;COH:--FH MP2/6-311++G
(3df, 3pd) gaseous vibration spectrum calculated in a set of bases.
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vo=1772 em™', when CH;CHO---HF forms a hydrogen
bond, we see that the stretching vibrations frequency
of the band C=0 shifts to the lower frequency side
Av=10+15 cm™', that is, vp=1765 cm ™' [13-18].

I11. Conclusions

Intermolecular interactions, including hydrogen
bonding, change the spectral parameters of the
interacting molecules. This change is due to the
energy of the interaction. When the energy of
intermolecular hydrogen bonding is close to the Van
der Waals interaction energy, the v(AH) vibration
band shifts only in the low frequency side, and the
shape of the band almost does not change. The
halogen bond energy is much smaller than the
hydrogen bond energy. That is, the formation of a
halogen-bonded complex of hydrogen fluoride with
acetaldehyde results in a binding energy of 1.7
kcal/mol. In the formation of hydrogen fluoride
hydrogen bonding complex with acetaldehyde, the
binding energy is 10.1 kcal/mol.
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Bopopoa Ba rasoren Oorianran H;CHO--HF Ba
CH;COH-"FH koMIJIeKCIAPUHUHT CHEKTPOCKO-
MUK NapaMeTPJapuHu XHCOOIaI

r. HpryponOBal, r. Mypozlonl, M. EyTprII/lMOBaz,
Y. Xyxkamon

CamapkaH JaBjlaT yHUBEPCUTETH, YHUBEpCUTET Kyd. 15,
140104, Camapkanp, V36exucron
*Cauxr-IleTepOypr J1aBiaT yHUBEPCHTETH,
TerepOypr, Poccus

199034 Cankr-

Ymby wmakomaga CH;CHO Ba HF wmonexynamap
moHoMepiiapn xamna CH3;CHO---HF Ba CH;COH--FH
KOMIUICKC/IApUHUHT MYBO3aHAT T'€OMETPUACH, 6OFJ'I8.HI/ILH

9HEPrHsACH, TapMOHHMK Ba  aHTAPMOHHK  CIICKTpal
napameTpIiapu MP2/6-311++G(3df,3pd) 6azucnap
TymmamMunan  QolpamaHraH — Xojma — XHCOOJaHAM.

AHTapMOHUK XpcOOTanuiap MKKHHIM TapTHOIN TeOpaHUII
Hazapwsicu Eépmamuma amanra omupwind. CH3;CHO--HF
Ba CH3;COH-FH  xomImexkcmapuHUHT  OOFJIAHHII
sueprusuiapu 10.1 Ba 1.7 KkaJr/MOJUTAPHH TAIIKAIT KU1

Kamur cy3nap: Bomopoa OOfNaHMIN, TajJOreH OOFJIaHUII,
SHEPrusi, FApMOHKMK Ba aHTaPMOHHK XUCOOJall MapaMeTpliapH,
MHTCHCHBJIMK, HOIMITUPHK XHCOOIamIIap.
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