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Multiple temperature single crystal neutron diffraction studies of a new polymorphic form of
2,4-dihydroxybenzoic acid, and of the isomer 2,5-dihydroxybenzoic acid, are presented, together
with static and dynamic solid-state density functional theory calculations. The studies present an
unambiguous analysis of the potential for cooperativity and hydrogen atom disorder in the
hydrogen bond network of both materials. The neutron diffraction experiments establish clearly
that there is no disorder, and hence that no hydrogen bond cooperativity is present in either
system at temperatures up to 150 K. The findings are supported by DFT calculations, from which

lattice and hydrogen bond configuration energies are also obtained, together with computed

vibrational spectra.

Introduction

Hydrogen bonds (HBs) in the solid-state are varied and
complex interactions. The architecture of hydrogen bonding
in crystal lattices can be, at least partially, controlled by taking
starting materials of known structural inclination (e.g. a
tetrahedral core) and combining them with specific inter-
molecular bonding substituents (e.g. COOH groups). The
details of the HBs involved, and the frequent competition
between possible hydrogen bonding schemes governing such
architectures, can often be subtle, and recent studies of
hydrogen bonding using multi-temperature (multi-7) single
crystal neutron diffraction, X-ray diffraction and solid-state
simulations have begun to reveal the potential for variation in
the bonding energies and topologies of HB networks by
changing external thermodynamic parameters such as
temperature and pressure.! In effect, such perturbations can
be viewed as tuning the ‘chemistry’ (and energetics) of the HB
network,? as evinced by changes in bond orders and the
redistribution of electron density. Infrequently, within
compounds in which the proton affinities and structure are
favourable, a change in temperature or pressure may instigate
proton migration or disorder.

Multi-condition studies of short HBs have permitted such
effects to be followed in detail,® and have revealed that the
chemistry of these materials in the solid-state may be more
varied than was previously suspected. Disordered hydrogen
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atom positions within a double well potential have also
been widely observed in longer HBs, e.g. in substituted
benzoic acids.* Similar findings have also been reported in a
comprehensive series of studies by Gilli ez al. (and references
therein).’

The latter authors have also investigated a number of
materials bearing intramolecular HBs, in which proton
transfer involves tautomerism, and therefore a degree of
cooperativity, between the hydrogen and chemical bonds.®
On the basis of this work, Gilli et al. have further developed
the concepts of charge- (CAHB) and resonance- (RAHB)
assisted hydrogen bonding.

Ongoing interest in hydrogen atom disorder in carboxylic
acid dimers has prompted further investigation of the
possibility of cooperative effects in materials containing both
intra- and intermolecular HBs. As a part of this work, a recent
study highlighted a previously unknown polymorph of
2,4-dihydroxybenzoic acid (2,4-DHBA).” The 2,4-DHBA
structure was characterised by multi-7" X-ray diffraction and
preliminary solid-state DFT calculations. As the representation
in Fig. 1 shows, the material manifests a HB network that is
suggestive of cooperativity between the intermolecular
(COOH), dimer-forming and intramolecular HBs. The presence
of any hydrogen atom disorder within these HBs would
support such a cooperative model, but initial X-ray studies
proved to be inconclusive in this regard. However, calculations
on the three potential end-point tautomers (Fig. 1) indicated
that the dominant, crystallographically observed configuration
(form 1) is at least 9 kJ mol™! lower in energy than the other
forms, indicating that no disorder should be expected. The
current work expands upon this initial study, also extending
it to the 2,5-dihydroxybenzoic acid (2,5-DHBA) isomer
and adding, in particular, the results obtained from multi-T'
neutron diffraction experiments, with their ability to locate
accurately and precisely the nuclear positions associated with
the hydrogen atoms in molecular structures. These experi-
mental measurements are supported by more extensive
calculations, including dynamics simulations.
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Fig. 1 The three possible tautomeric forms of the 2,4-DHBA dimer.

Two polymorphs of 2,5-DHBA are known® and their
structures have been determined by X-ray diffraction. The
first (form 1) is an ordered monoclinic form and the second
(form 2) contains a disordered HB involving the 5-substituted
hydroxyl group. This disorder is constrained to exist by the
presence of an inversion centre along the HB. In addition to
multi-7 neutron diffraction studies of 2,4-DHBA, the evolution
in the structure of form 1, an ordered polymorph of
2,5-DHBA, is also investigated by means of multi-7 X-ray
and neutron single crystal diffraction.

X-Ray diffraction study of 2,5-DHBA

Multi-T X-ray diffraction data for form 1 of 2,5-DHBA were
collected over temperatures ranging from 100 to 350 K in 50 K
intervals. The evolution in the geometry of the HB network
was followed closely. The molecules (Fig. 2) are found to
condense into a lattice (Fig. 3) characterised by a planar
ribbon arrangement, and containing three crystallographically-
unique HBs: namely, two intermolecular (A and C; Fig. 3)
and one intramolecular (B) bond. The carboxylic acid group
(C7, 08, 09 and HI; Fig. 2) borne by each molecule partici-
pates in an intermolecular HB with an adjacent molecule,
forming dimers with inversion centres located at the midpoint
of the (COOH), linkages. The non-protonated oxygen (O8) of
each COOH group also acts as a hydrogen acceptor for the
intramolecular HB (B) extending from the ortho-OH group
(O2H2). The meta-OH group (O5HS) participates in an
intermolecular HB (C; Fig. 3) with the equivalent group
on a neighbouring molecule, leading to the formation of
continuous HB chains along the b-axis of the cell.

In keeping with the previous results for 2,4-DHBA,’
examination of the X-ray difference Fourier maps proves
inconclusive, in the sense that the presence of small secondary
electron density peaks associated with each HB cannot be
excluded with complete certainty (Fig. 4), although there is
certainly little compelling evidence for such density. The peaks
locating the electron density associated with the hydrogen
bonded hydrogen atoms are well defined at low temperature,
but the noisier higher temperature maps are slightly ambiguous
in their localisation of the hydrogen atom density.

\

Fig. 3 Top: The crystal structure of 2,5-DHBA in the plane of a
ribbon, highlighting the intermolecular dimer-forming (A), intra-
molecular (B) and intermolecular chain-forming (C) HBs. Bottom:
The crystal structure of 2,4-DHBA in the plane of a layer, highlighting
the intermolecular dimer-forming (D), intramolecular (E) and inter-
molecular (F) HBs.

Neutron diffraction studies

Crystals of both materials were grown by slow evaporation
from acetone solutions. Large single crystals suitable for
neutron diffraction studies were obtained, and data sub-
sequently collected on the SXD instrument at the ISIS
spallation neutron source (see the Experimental and theoretical
methods section).

The 2,4-DHBA structures obtained from our neutron
diffraction experiments confirm the results of the previous
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Fig. 4 Difference Fourier maps derived from the X-ray diffraction study of 2,5-DHBA, plotted in the plane of the C7, O8 and O9 atoms, with
atoms H1 and H2 removed from the structural model. Left to right: 100, 150, 200 and 350 K. The (COOH), dimerisation link is at the top.

X-ray diffraction study,’ yielding lattices in which the usual
(COOH),-bonded (D, Fig. 3) dimers are linked into undulating
layers by intermolecular (F) HB linkages. Intramolecular HBs
(E) are also present, linking the ortho-OH and COOH groups.
The relevant crystallographic data are presented in the Experi-
mental and theoretical methods section, while the evolution in
the structure of the 2,4-DHBA molecule with temperature is
depicted in Fig. 5.

The previous study by Parkin et al.” offered some evidence
in support of the lack of cooperative disorder in the dimer-
forming (D) and intramolecular (E) HB linkages. The difference
Fourier maps derived from the present multi-7" neutron
diffraction (shown in the plane of atoms C7, O8 and O9 in

Fig. 5 The neutron diffraction structure of 2,4-DHBA at 20 (top)
90 (middle) and 150 (bottom) K, visualised with 50% ellipsoids.

Fig. 6) establish clearly that there is no proton disorder in any
of the HBs up to the highest temperature accessed in our study
(150 K). The atomic displacement parameters of the hydrogen
atoms increase in magnitude with temperature as expected, but
their shapes remain close to spherical in each case. The C-O,
C—0, O-H and O- - -O distances determined from the nuclear
densities also remain invariant throughout the temperature
range studied. This constitutes an important null finding,
effectively ruling out any cooperativity in the HB network of
this material and supporting the conclusion of the related
X-ray study.

The results obtained for 2,5-DHBA are similar, in that,
while the thermal ellipsoids increase in size with temperature,
no proton disorder is observed within any of the HBs up to
200 K. The structures and Fourier difference maps obtained
from the neutron data are similar to those of 2,4-DHBA, and
are consequently not discussed here, although they are
included together with the CIFs derived from the neutron
refinements within the accompanying ESI.{

Theoretical studies

First principles electronic structure calculations were performed
to establish the relative energies of the 2,4-DHBA tautomers
(Fig. 1), both in isolation and in the condensed phase. Total
energies were obtained from solid-state density functional
calculations within the plane-wave pseudopotential formalism,
as embodied in the CASTEP code.’ Deformation electron
densities were also obtained from calculations using the
CRYSTALOG6 code.'® Full details of the theoretical methods
applied are presented in the Experimental and theoretical
methods section.

The strengths of the intermolecular dimer-forming (D) HBs,
Eyg, are casily obtained from the difference in total energies
per molecule of isolated molecules and dimers. Plane-wave
basis sets are well suited to this task, for they are free of the
superposition errors that are manifested in atom-centred
representations. Similarly, the stabilisation of the dimers
arising out of their interaction with the crystalline environ-
ment, Eps, may be obtained from the differences in total
energies per molecule of the isolated dimer and crystal cells.
It can be anticipated that the latter energies will be dominated
by the longer intermolecular (F) HBs linking the proton
donating and accepting O atoms at the para- (O4) and
ortho- (02) positions, respectively. Clearly, the intramolecular
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Fig. 6 Difference Fourier maps derived from the neutron diffraction study of 2,4-DHBA, plotted in the plane of the C7, O8 and O9 atoms with
protons H1 and H2 removed from the structural model. 20 (left), 90 (middle) and 150 (right) K. Note that these maps are in a different orientation
from those in Fig. 4, with, in this case, the (COOH), dimerisation link at the bottom.

(E) HB strengths cannot be obtained in the same fashion, for
these HBs do not link units that are chemically stable in
isolation. Insight into the strengths of these bonds in the
various tautomers is instead sought by comparing the
respective voy stretching frequencies, as obtained from
molecular dynamics simulations upon isolated form I and
form IIT dimers.

Previous calculations sought to estimate the relative energies
of the three tautomeric forms of the 2,4-DHBA lattice.” Form
I was found to be the most stable configuration, with form III
lying some 8.6 kJ mol~' higher in energy. Tautomer II was
shown to be unstable; all attempts to optimise into this
structure resulted in relaxation back to the form I configuration.
The energy of this tautomer was instead estimated by combining
the explicit calculation of the intramolecular (E) HB potential
with a harmonic model for the relaxation of the ortho C2-02
and acid C7—O08 bonds, yielding an energy approximately
51 kJ mol™" higher than that of form 1.” The current study
expands upon this earlier work, seeking in particular some
insight into the influence of the crystalline and dimer environ-
ments on the relative energies of the stable tautomers,
alongside the strengths of the interactions binding the
molecules into their lattices.

Table 1 presents the energies per molecule of forms I and 111
of 2,4-DHBA in various environments. Crystals composed of
the form I tautomer constitute the most stable configuration,
while it should be noted that the form III tautomer is higher in
energy in each environment. The energy difference might, at
first sight, be attributed to a simple variation in the charges of
the intramolecular (E) HB acceptors, but this cannot be the
case, for the calculations reveal that the acid group hydroxyl
09 atom has a population 0.14e higher than the carboxyl
atom O8, which would be expected to lead to an increase in the
stability of form III through a strengthening of the intra-
molecular (E) HB. A more plausible model emerges from a
consideration of the tetrahedral and planar orientations of the
O atom lone pairs, revealed by plots of the deformation
electron density [Pmotecule(I) — ZPatoms(r); Fig. 7], arising from
the sp® and sp” hybridization of orbitals within the acid
09-H1 and C7—08 groups, respectively. Thus, it is suggested
that, in form I, the carboxyl oxygen atom O8 acts as a more
effective acceptor of the intramolecular (E) HB, for its lone
pairs lie in the molecular plane, while the hydroxyl oxygen

atom O9 is less effective in this regard in form III, for its lone
pairs point out of the plane. The Mulliken overlap populations
shown in Table 2 support this model, revealing that the
intramolecular (E) HB H2---O population is 0.05¢ lower in
form III as compared with form 1.

It is interesting that the formation of the intermolecular (D)
HBs in the dimer reduces the form I-III energy difference. The
effect can be tentatively attributed to two mechanisms,
namely: the increase in the O9-H1 distance of the inter-
molecular (D) HB and the redistribution of charge from the
latter bond into the partial HI---O8 bonds (O8 on an
adjacent molecule and related by an inversion centre), both
of which could conceivably permit the lone pairs borne by
oxygen O9 some degree of relaxation from a tetrahedral
configuration. Thus, in this model, the energy of the form
III tautomer in the dimer will be lowered by two additional
contributions that do not occur in the monomer. Firstly, there
is an increase in the strength of the intramolecular (E) HBs
caused by the partial reorientation of the hydroxyl oxygen
lone pairs discussed above, and secondly, there is an increase
in the strength of the intermolecular (D) HBs, arising from the
transfer of charge from the O9-H1 bond to the HI---O8’
bond. Again, there is support for this model in the results
presented in Table 1 and Table 2, which reveal that the
intermolecular (D) HBs are stronger in form III than in form I,
while the form I and form III intramolecular (E) HB H2---O
overlap populations differ by 0.03e in the dimer and by
0.05¢ in the isolated molecule. However, it must be noted that
the subtlety of the foregoing effects necessitate that they be
regarded with caution, particularly with regard to the
computed Mulliken charges, the absolute values of which vary

Table 1 The relative energies, E, per molecule of forms I and III of
2,4-DHBA in various environments, the energy splitting between
forms I and I, AEgom 111 — Form 1> the intermolecular (D) HB strengths,
Eyp, and the stabilisation energies of dimers in the lattice, Eps.
All energies are in kJ mol ™'

Environment E (Form 1) E (Form III)  AFEfom 111 — Form 1
Crystal 0.00 8.64 8.64

Isolated dimer 19.65 29.23 9.58

Isolated molecule  55.12 76.67 21.55

Eyg 35.47 47.44 —

Eps 19.65 20.60 —
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Fig. 7 The theoretical deformation electron density [pgedr) =
Pmolecule() — ZPatoms(1)] Of the isolated form I monomer of 2,4-DHBA
obtained from B3LYP/6-311G** calculations. Solid, dashed and
dot-dashed lines indicate positive-, negative- and zero-valued
contours, respectively.

sensitively with basis set size and local geometry. Nevertheless,
it is emphasised that the focus here is always upon relative
charges and total energies, and that the use of a plane-wave
basis removes any contributions to the latter arising out of
superposition error.

The packing of dimers into the crystalline environment
changes the form I-1II energy difference very little, emphasising
that it is an essentially intradimer effect. The stabilisation of
dimers in the crystal, Epg, is appreciable, and, given that the
intermolecular (F) HBs and weaker interactions possess near
identical geometries, is of similar magnitude in both forms.
The intermolecular (F) HBs also seem to adopt geometries
that permit the tetrahedrally-oriented lone pairs on oxygen
atom O2 to act as effective acceptors. The energies of the
dimer-forming (D) HBs are within the approximate range of
15-60 kJ mol~' suggested by Emsley for moderate strength
bonds,!! while, if the majority of the dimer stabilisation
energy, Eps, is attributed to the presence of the intermolecular
(F) HBs, the latter are found to possess strengths at the low
end of this range.

Finally, the effects revealed in the static calculations have
been investigated further by performing low temperature
molecular dynamics simulations on isolated dimers of the
form I and form III tautomers. Fig. 8 presents the vibrational
spectra obtained from these calculations for the ortho- (H2),
para- (H4) and acid (H1) hydroxyl group protons. The spectra
for the para- (H4) protons can be considered as convenient
benchmarks, for this group does not participate in hydrogen

N(w)

.

2000 3000
“
w/2rc (cm )
Fig. 8 The vibrational spectra of protons in the para- (black), ortho-

(blue) and acid- (red) OH groups in forms I (—) and III (---) of the
isolated dimer of 2,4-DHBA.

bonding in the isolated dimer. The voy peaks for this group
occur at the same frequency of approximately 3760 cm ™! in
both tautomers. Discussing form I first, the most readily
apparent effect of hydrogen bonding is a strong red-shifting
of the stretching frequencies, yielding peaks at 3110 cm™' for
the ortho-hydroxyl proton (H2), and at 2650 and 2760 cm ™'
for the acid proton (H1). The latter two peaks most likely
correspond to the symmetric (g) and asymmetric (i) stretching
modes of the (COOH), linkage, respectively. Tautomerisation
into the form III structure induces a further red-shifting of
approximately 500 cm ™! and a broadening of the acid proton
(H,) stretching band, in keeping with the increased inter-
molecular (D) HB strength found in the static calculations.
However, the ortho-proton (H2) modes apparently blue-shift
by approximately 300 cm™!, in support of the earlier
conclusion that the intramolecular (E) HB is weakened by
conversion to form III.

Conclusions

Representations of the electron density of hydrogen atoms
involved in hydrogen bonding in the form of Fourier
difference maps by X-ray diffraction can provide additional
insight into the behaviour of hydrogen atoms involved in
hydrogen bonds (HBs). In the cases of both 2.4-dihydroxy-
benzoic acid (2,4-DHBA)’ and 2,5-dihydroxybenzoic acid
(2,5-DHBA), these representations provided an ambiguous
picture, showing limited evidence for the possibility of a

Table 2 The Mulliken overlap populations, O(e), between atoms comprising the intramolecular (E) and intermolecular (D) HBs

Olmra 0O2-H2 Olmra H2---O Olmcr 09-H1 Olmcr H1---08’

Form I Form IIIT Form I Form III Form I Form III Form I Form III
Monomer 0.49 0.52 0.12 0.07 0.49 0.48 — —
Dimer 0.50 0.51 0.12 0.09 0.47 0.42 0.16 0.23
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cooperative effect between the intra- and intermolecular HBs,
and hence hydrogen disorder as a function of variable
temperature. Neutron diffraction provides the definitive
unambiguous identification of such effects, and in these cases
showed no evidence for any disorder of the nuclear density in
these systems up to 150 K in the case of 2,4-DHBA and 200 K
for 2,5-DHBA. This is consistent with the observations from
the X-ray data, where the Fourier difference maps only started
to show an unusual shape of the electron distributions at
higher temperatures. This, however, also corresponds to
temperatures where there is inevitably more noise in the
Fourier difference maps.

Theoretical calculations were also utilised in the form of
static models, from which lattice and HB configuration
energies could be extracted, together with theoretical deforma-
tion densities, providing further insight into the electronic
structure local to the hydrogen bonding regions. These
suggested that no cooperative effect in the HBs or disorder
should be expected, confirming the observations obtained
through the neutron diffraction data. The alternative
tautomers were found to be significantly higher in energy than
those found from calculations on the experimentally observed
tautomeric form. Molecular dynamics calculations were also
used to calculate the vibrational spectra of isolated dimers of
the form I and form III tautomers, which in turn assisted in
rationalising the relative variations in the strengths of the
inter- and intramolecular HBs in the isolated dimers, and in
the crystalline environment. Again, the data obtained were
consistent with the structural interpretations advanced.

Finally, a comment on the complementarity of the X-ray
and neutron diffraction, and periodic DFT calculations, in
locating the HB protons, is worthwhile. While the most
generally accurate and useful of these techniques undoubtedly
remains variable temperature neutron diffraction, X-ray
diffraction and static calculations might be expected to offer
useful insights into moderate and weak strength HBs, in which
the protons remain well-localised. The increasing dominance
of quantum effects and covalency in short and strong HBs
poses more severe problems for the latter two techniques, and
while the direct access to the potential for proton motion
afforded by total energy calculations offers a means by which
to account for such effects, there remains, as yet, no generally
applicable theoretical method by which to include the
potentially important coupling of proton motion to low
frequency vibrational modes, such as donor—acceptor stretching
and rocking motions.

Experimental and theoretical methods
Crystallisation

Both materials were purchased from Sigma-Aldrich and
recrystallised by slow evaporation from an acetone solution.

X-Ray diffraction

Single crystal X-ray diffraction data for 2,5-DHBA were
collected on a Bruker-Nonius Kappa CCD diffractometer
and modelled at 100, 150, 200, 250, 300 and 350 K. The
structures were solved using SIR92'? and refined against all

Table 3 Crystallographic data for 2,4-DHBA and 2,5-DHBA

2,4-DHBA 2,5-DHBA 2,5-DHBA
Formula C7HO4 C7HsO4 C7HgO4
M/g mol™! 154.12 154.12 154.12
T/K 20 20 100
Radiation Neutron Neutron X-Ray
Space group P2y/n P2,/n P2y/n
alA 3.656(2) 5.545(3) 5.5591(2)
b/A 22.329(11) 4.877(3) 4.8698(2)
c/A 8.009(4) 23.3506(11)  23.3593(9)
LX) 99.76(4) 93.62(3) 93.448(2)
VA3 644.4(6) 630.1(5) 631.23(4)
VA 4 4 4
po/g cm ™ 1.569 1.623 1.600
Reflections collected 8839 8671 10859
Independent reflections 1463
Observed > 2a(1) 8839 8671 1064
Rint 0.0724
Parameters 264 263 124
GooF 1.048 1.429 0.867
R; (observed) 0.0789 0.0927 0.0430
R, (all) 0.0789 0.0927 0.0674
WR, (all) 0.2129 0.2903 0.1284
Prmax.min/€ A7 0.50, —0.32  0.71, —0.47  0.26, —0.33

collected data within WinGX."? The crystallographic data at
100 K can be found in Table 3 and CIFs for all other
temperatures have been deposited.t

Neutron diffraction

Single crystal neutron diffraction data for both 2,4-DHBA
and 2,5-DHBA were collected on SXD,'* the single crystal
diffraction instrument at ISIS, UK using the time-of-flight
Laue diffraction method.

A total of 10 frames, each consisting of data from the
11 detectors, with an exposure length of approximately
400 pamp h (approx. 2.5 h), were collected at each temperature.
In the case of 2,4-DHBA, temperatures of 20, 90 and 150 K
were measured, and for 2,5-DHBA, 20, 100 and 200 K.

The unit cell was refined from the X-ray cell individually for
each frame and an average taken for the refinement of each
temperature. Processing of the data was completed using
SXD2001. The final refinement was done using SHELXL'
within the program WinGX'? with initial atomic co-ordinates
taken from the X-ray structure. All hydrogen positional and
anisotropic thermal parameters were fully refined. Difference
Fourier maps were computed (without the hydrogen atoms
under investigation) in the plane generated by the atoms C7,
08 and 09. Molecular structure images were produced using
XP'® and Fourier difference maps by the program MAPVIEW
within WinGX."?

Crystallographic data for the 20 K data sets for both
2,4-DHBA and 2,5-DHBA can be found in Table 3. CIFs
have been deposited for all other temperatures.f

Theoretical methods

The exchange correlation functional of Perdew, Burke and
Ernzerhof'” was used throughout, along with consistent
ultrasoft pseudopotentials. The accuracy of the total energies
was ensured by the application of a plane-wave cutoff of
450 eV. The calculations in the crystalline cells employed a
Monkhorst-Pack mesh,'® with spacing of points along the
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reciprocal lattice vectors of 0.05 A~" or less. The isolated
molecule and dimer calculations were performed in cuboidal
supercells with lengths (a,b,c) of (14,10,10) and (22,10,10) A,
respectively, using I'-point reciprocal space sampling. The
initial structures of forms I, II and III of the crystal were set
manually, and optimisation of the atomic positions proceeded
within the fixed experimental cells until the forces on all atoms
were less than 0.01 eV A~'. Mulliken charges were obtained
from a projection of the wavefunction in the plane-wave
representation onto a set of localised atomic orbitals via the
Sanchez-Portal technique.'® The molecular dynamics simulations
were performed within the NVT ensemble, with sampled
trajectories of length 2 ps and a time-step of 0.4 fs. The
temperature was maintained at an average value of 20 K in
each case by use of a chain of five Nosé-Hoover thermostats.
The first 0.4 ps of each trajectory was discarded to allow for
equilibration, and the vibrational power spectra obtained by
Fourier transformation of the atom-projected force auto-
correlation function was derived from the remaining 1.6 ps
of each trajectory. Similar analyses using the atom-projected
velocity autocorrelation functions (see ESIT) yielded essentially
identical positioning of the relevant spectral features. The
deformation electron density of the form I molecule of
2,4-DHBA was obtained from B3LYP/6-311G** calculations
within the CRYSTALO6 code."
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