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Abstract. The basic result of carboxylic group that the oxygen atom of the –OH never
seems to be a hydrogen bond acceptor is violated in the cases, namely urea oxalic acid and
bis urea oxalic acid complexes, where the hydroxyl oxygen atom is an acceptor of a weak
N–H. . . O hydrogen bond. The parameters of this hydrogen bond, respectively in these
structures are: hydrogen acceptor distance 2.110 Å and 2.127 Å and the bending angle at
hydrogen, 165.6◦ and 165.8◦ . The bond strength around the hydroxyl oxygen is close to
1.91 valence units, indicating that it has hardly any strength left to form hydrogen bonds.
These two structures being highly planar, force the formation of this hydrogen bond. As
oxalic acid is the common moiety, the structures of the two polymorphs, α-oxalic acid and
β-oxalic acid, also were looked into in terms of hydrogen bonding and packing.
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1. Introduction
Carboxylic acids are hydrocarbon derivatives containing a carboxyl (COOH) moiety. Carboxylic acid contains a carbonyl group, which has one oxygen atom doubly
bonded to the carbon atom, and a hydroxyl (OH) group singly bonded to the carbon atom. Since carboxylic acids have a carbonyl and an alcohol group they share
some basic physico-chemical properties with aldehydes, ketones and alcohols. The
carboxylic acid moiety is considered to be a highly polar organic functional group.
The polarity results from the presence of a strongly polarized carbonyl (C=O)
group and hydroxyl (O–H) group. In the case of carboxylic acids, the O–H group is
even more strongly polarized than the O–H group of alcohols due to the presence of
the adjacent carbonyl moiety. The dipoles present in carboxylic acids allow these
compounds to participate in energetically favorable hydrogen bonding, functioning as a H-bond donor and acceptor. Carboxyl groups can readily form hydrogen
bonds between each other as cyclic dimer or as open arrays. The donor properties
of this group and molecular packing modes of carboxylic acid have been extensively
studied [1–3]. The OH group adopts synplanar or antiplanar conformation in the
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crystalline state. Synplanar conformation is more stable than antiplanar which has
been observed to occur only in cases when –OH bond participates in an intramolecular hydrogen bond. An analysis of the properties of the oxygen of hydroxyl of
–COOH as an acceptor in the case of biomolecules was carried out by Ramanadham and coworkers [4]. A method was proposed to distinguish between ionized and
neutral carboxyl group based on hydrogen bonding properties of OH of COOH. A
more general survey of all the carboxylic acid structures determined using neutron
diffraction was taken up. It is a well-known fact that the neutrons are scattered
primarily by atomic nuclei, and hence donor–H distances are measured without
serious systematic errors. Donor–H distances observed in X-ray studies tend to be
shorter by 0.1 Å than the true mean internuclear separation. It was observed that
in two structures, urea oxalic acid and bis urea oxalic acid complexes, the oxygen of
OH of COOH group acts as an acceptor of hydrogen bonding. These two structures
are highly planar.
2. Materials and methods
Update 5.19 of the CSD 2000 (Cambridge structural database) database was used to
retrieve data of all the structures containing carboxylic acid studied using neutron
diffraction. A subset was created containing 120 good quality crystal structures,
which served as basis for further searches. Average values for various structural
parameters involving –COOH group were computed. Four geometric parameters
were used to describe the hydrogen bond interaction. They are, the three interatomic distances X–H, H–Y, X. . . Y, and XHY angle denoted by symbols r, d, R
and θ respectively. A hydrogen bond is said to have formed if the distance between
H and Y atoms is less than the sum of their Van der Waals radii by at least 0.2
Å and the bending angle, i.e. ∠XHY is more than about 140◦ . Hydrogen bonds
X–H- - -Y involving hydroxyl group of COOH was identified and hydrogen bond
parameters, viz. X–H, H- - -Y, X- - -Y distances and bond angle at H (∠XHY)
were analysed.
Bonds are characterized by their bond valence (s) according to basic assumptions
of the BV model [5]. The following expressions are commonly used to describe the
relationship between the bond length (r) and the bond valence (s).
sij = (r/r0 )−N

and

sij = exp((r0− rij )/B),

where rij is the length of the bond between atoms i and j, r0 being the length of
a bond of a unit valence, B and N are constants, which have been tabulated [6,7].
The valence sum rule is one of the basic assumptions of the BV mode.
Vi = Σsij .
Accordingly an ith atom is connected with atoms designated by index j through
typical covalent bonds and through intermolecular contacts (among them hydrogen
bonds). Vi is the atomic valence of the atom under consideration and may be treated
as its oxidation state or the formal charge. Bond strength for both covalent and
hydrogen bonds involving oxygen atom (hydroxyl oxygen) were computed using the
above empirical bond length, bond valence correlations.
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Table 1. The average values of various bond lengths and bond angles in
carboxylic group.
No.
1
2
3
4
5

The parameters

Average values

O–H bond length
C=O bond length
C–O bond length
∠OCO
∠COH

1.053(0.076) Å
1.217(0.015) Å
1.300(0.016) Å
123.89(1.17)◦
111.99(1.19)◦

Figure 1. Distribution of C=O bond length in structures retrieved from
database.

3. Results and discussions
The average values of various bond lengths and bond angles involving carboxylic
group were calculated and tabulated in table 1. Figures 1–5 show the various
parameters of the carboxylic acid group with respect to the number of structures
retrieved from database.
Earlier study [4] on the acceptor properties of oxygen of –OH of –COOH in
biomolecules alone resulted in the observation that it cannot act as an acceptor
of hydrogen bonding. However, analysis using different molecules which posses
carboxylic acid groups showed that there are exceptions to earlier findings. The
crystal structure of oxalic acid : urea and oxalic acid : bis urea showed that oxygen
of –OH of –COOH acted as an acceptor to the nitrogen donor as shown in figures
6 and 7. The hydrogen bonding parameters of the two complexes are listed in
table 2. A calculation of the bond strength around this oxygen excluding the contribution from the above-mentioned hydrogen bond is close to 1.91 valence units,
thereby indicating that it has hardly any strength left to form hydrogen bonds as
an acceptor. On analysing the packing of these structures it was observed [8,9]
Pramana – J. Phys., Vol. 63, No. 2, August 2004
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Figure 2. Distribution of C-O bond length in structures retrieved from
database.

Figure 3. Distribution of angle ∠COH in structures retrieved from database
structures retrieved from database.

that these are highly planar structures. Later, a survey of all structures (including
X-ray structures) involving oxalic acid was retrieved. Here, again it was observed
that oxalic acid:methyl urea, oxalic acid:bis methyl urea and oxalic acid:furamide
structures showed similar result, i.e. the oxygen of –OH of –COOH acted as an
acceptor to the nitrogen donor. It was observed that this particular character of
hydrogen bond formation is common only to certain oxalic acid:amide complexes.
Examinations of molecular packing [3] in these structures reveal that the preference for this motif is due to the formation of bifurcated N–H. . .O hydrogen bond,
which straddles between carbonyl oxygen and hydroxyl oxygen. On examining the
structure of oxalic acid alone which exists as two polymorphs, i.e. α-oxalic acid and
β-oxalic acid [10], it was observed that the α-oxalic acid crystallizes in space group
Pcab with four centrosymmetric molecules in a unit cell and each molecule is thus
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Figure 4. Distribution of angle ∠OCO in structures retrieved from database.

Figure 5. Distribution of O–H bond length in structures retrieved from
database.

associated with each of its four nearest neighbours by bent hydrogen bonds characterized by ∠O–H. . . O = 146◦ , O. . . O = 2.702 Å and H. . . O = 1.886 Å. The O–H
bond is not directed at the carbonyl O atom; rather it straddles the carbonyl and
hydroxyl O atoms (figure 8) as seen in the oxalic acid:amide complexes described
above. β-Oxalic acid crystallizes in space group P21 /c with two centrosymmetric
molecules in a unit cell. The hydrogen bond parameters are ∠OHO = 174 ◦ , O. . . O
= 2.674 Å and H. . . O = 1.716 Å. As far as the packing of secondary structure is
considered the α-oxalic acid exists as a catemer leading to two-dimensional hydrogen bonding array unlike that of β-oxalic acid, which exists as dimer. In β-oxalic
acid the molecules are arranged in a linear chain while in α-oxalic acid, the hydro-
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Figure 6. ORTEP picture of oxalic acid:bis urea.

Figure 7. ORTEP picture of oxalic acid:urea.

Figure 8. ORTEP picture of α-oxalic acid.

gen bonded molecule form zigzag chains in a non-planar layer so that the molecules
are packed more efficiently. β-Oxalic acid has more stable hydrogen bond and more
stable electrostatic interaction but van der Waals interaction is less favorable compared to α-oxalic acid, but α-oxalic acid is the stable polymorph of the two. This
is because of closer packing, which results in better contacts between the hydrogen bonded molecules leading to favorable non-bonded interactions. The relative
stability is due to the tertiary structure (i.e. the way hydrogen bonded arrays are
related to each other to form a three-dimensional structure) [11].
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Table 2. The hydrogen bond parameters in oxalic acid : urea and oxalic
acid : bis urea.

Structure

X–H
(Å)

H–Y
(Å)

X–Y
(Å)

∠XHY
(◦ )

Vi (v.u.)

Oxalic acid : urea
Oxalic acid : bis urea

1.000
1.009

2.110
2.127

3.089
3.115

165.64
165.81

1.91
1.91

4. Conclusions
The oxygen of hydroxyl of carboxylic group acts as an acceptor of hydrogen bond
only in the case of certain oxalic acid amide complexes (i.e. oxalic acid : urea, oxalic
acid : bis urea, oxalic acid : furamide, oxalic acid : methyl urea and oxalic acid : bis
methyl urea). In all these cases it acts as an acceptor to the nitrogen donor forming N–H. . . O hydrogen bond. Oxalic acid being the common moiety in all these, it
was found that the stable polymorph of oxalic acid is α-oxalic in spite of the fact
that the β-oxalic acid has more favorable hydrogen bonding. The relative stability is due to closer packing which results in better contacts between the hydrogen
bonded molecules leading to favorable non-bonded interactions and the way hydrogen bonded arrays are related to each other to form a three-dimensional structure.
Similarly, it is the packing in the oxalic acid : amide structures (which are highly
planar) which aid in the formation of hydrogen bond between the N–H donor and
the oxygen of the hydroxyl of the oxalic acid as acceptor.
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