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The relevance of hydrogen bonds for chemical and biological systems motivates
several experimental or theoretical studies on the nature of this type of interaction which
governs not only the integrity of the genetic code of living beings, but also allows a
variety of flat polycyclic aromatic molecules to intersect between the nitrogen bases of
deoxyribonucleic acid (DNA) [1]. IUPAC defines hydrogen bonding as an "attractive
interaction between a hydrogen atom of a molecule or a molecular fragment XH, where
X is more electronegative than H, and an atom or group of atoms of the same or
different molecules” [2]. This type of interaction can be represented simply by X-H ...
Y, where X-H refers to the proton donor monomer and Y is the end of the acceptor unit
where the interaction occurs.

The stretching of the X-H bond is usually the mode that shows larger intensity
increments in the infrared spectra during the formation of hydrogen bonds when
compared to the data of the respective isolated donor monomer. Thus, the partitioning
of dipole moment derivatives in contributions of charge, charge flux and dipole flux
(CCFDF), [3] from multipoles of the Quantum Theory of Atoms in Molecules (QTAIM),
allows a deeper understanding of the reasons for the increase in infrared intensities of
certain vibrational bands during the dimerization process of carboxylic acids.

All electronic structure calculations were performed in the Gaussian 09 program
[4] using the B2PLYP hybrid functional with the aug-cc-pVTZ base set. The QTAIM
parameters of charge and atomic dipole were obtained with the AIMAII program [5] at
the equilibrium positions of the atoms and in structures distorted by individual
displacements of +0.01 A along the three Cartesian axes. Finally, the infrared intensities
were estimated by the CCFDF/QTAIM model using dipole moment derivatives in
relation to the normal vibration coordinate.

The variations of infrared intensities for the analyzed vibrational modes can be
understood in terms of dipole moment derivatives in relation to the normal mode of
vibration (Equation 1) [6]. The contributions of charge, charge flux, dipole flux and the
cross terms between these quantities can be visualized in Table 1.
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Table 1: Variations of charge (C), charge flux (CF), dipole flux (DF) contributions and cross terms for the
intensity, A, (km mol?) of O-H stretching mode during dimerization according to the CCFDF/QTAIM
model

System AAC  AACF  AAPF AACXCE AACXDF AACFXDE AA?

BrCOOH...BrCOOH 126.1 -159.0 59.3 2672.1 2493 7279 3675.9
CICOOH...CICOOH 127.2 -239.9 65.1 24509 276.9 632.6 3312.8
FCOOH...FCOCH 123.8 -405.1 80.3 18343 3505 392.7 2376.6
HCOOH...HCOOH 90.0 -469.1 -329 22221 -191.3 399.1 2017.8
CICOOH...BrCOOH 126.7 -207.4 61.9 25517 262.1 676.5 34714
CICOOH...FCOOH 1252 -337.5 741 21524 3155 516.8 2846.6
CICOOH...HCOOH 150.3 -382.1 487 22888 196.9 565.0 2867.6
BrCOOH..HCOOH 150.2 -344.6 485 24168 1933 621.3 3085.4
FCOOH..BrCOOH 1249 -299.2 69.1 2293.2 29438 571.3 3054.1
FCOOH..HCOOH 1448 -458.3 50.6 19726 216.7 4453 23718
CH3COOH...BrCOOH 1450 -117.4 378 27444 1716 722.8 3704.2
CH3COOH...CICOOH 1326 -178.1 29.2 2630.3 146.1 646.0 3406.1
CHsCOOH...FCOOH 1442 -322.7 446 22659 2128 5415 2886.3
CH3COOH..HCOOH 177.6 -417.9 37.2 23613 48.7 487.5 2694.5
A = [(AD—H (s)+ Ap_y (as)) — Aoy (@ + Aoy (b))Manomer]-

Dimer

The dimerization process results in an expressive increment in infrared
intensities of the O-H stretching. The main factor responsible for these changes in
intensities after the formation of the two hydrogen bonds is the charge variation of each
atom during dimerization along with changes in the cross term between charge and
fluxes of charge and atomic dipole (Figure 1).

Figure 1: Variations of the infrared intensity of the O-H stretching modes during dimerization as a

function of the sum of changes in the charge contribution and its cross terms with charge and dipole fluxes
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