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Hartman Perdok Method
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This paper deal with an analysis of the growth form of crystals from the point of view of Hartman Perdok
method of  analysis.  We present in the present paper  a parallel of three types of crystals like :   betulinic acid,
urea and quartz crystals  that from starting Hartman Perdok method  , knowing the structure of each  crystal
we can obtained  by using simulations   the growth form  of these crystals. The simulations  are in good
agreements obtained in experiment with the crystal for quartz and urea crystals but for betulinic acid the
studies are only preliminaries and  need  to  be improved .
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Hartman and Perdok theory of Periodic Bond Chain
explains crystal morphology starting from the crystal
structure [1]. In the Hartman Perdok theory was introduced
the PBC (Periodic Bond Chain) term, which represent an
uninterrupted chain of first neighbor bonds having a
periodicity of the lattice. So it can be described three types
of faces: 1) F – the face which is parallel with at least two
different sets of PBC; 2) S – the face which is parallel with
only one PBC and 3) K – the face which is not parallel with
any PBC[1].  Are taking into account intermolecular
energies and is possible to predict the growth form [2].
Hartman and Bennema introduced the proportionality of
the growth rate of the F face with its attachment energy
[3]. In molecular crystals Coulomb energies   are more
important than Van der Waals energies [2].

The crystal structure determines the surface structure
and the surface related energies: specific surface energy,
attachment energy, and slice energy. Attachment energies
are supposed to be directly proportional to the growth rates
of F faces [3]. Calculations of attachment energies allow
for the construction of theoretical growth forms. The
theoretical growth forms can based on the Coulomb
interactions energies (by using an electrostatic point charge
model).  For a more rigorous model can be used the
contributions of van der Waals interactions and Born
repulsions. Can be computed the theoretical equilibrium
forms based on the specific surface energies.

In the present paper, by using Hartman and Perdok
method, is presented the growth form of crystals related
to the attachment energy.

These methods were applied in previous studies on
quartz [4], on rutile [5]  and  on  melilite [6]  and were
obtained the growth and equilibrium forms of these types
of crystals.

The simplest method for predicting crystal morphology
from knowledge of the crystal structure is to assume that
the slowest growing and hence largest crystal faces are
those with the greatest interplanar spacings, dhkl, reflecting
the weakest interactions between the face and next
growth layer [7]. This is the basis of BFDH method, which
has evolved from work by Bravais, Friedel and Donnay
Harker [11,12] and is very useful in determining which
crystal faces should  be considered  in morphological
studies. The influence of the intermolecular interactions
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on crystal morphology was taken into account qualitatively
by Hatman and Perdok [1]. F (flat) faces where the slice
dhkl contains at least two periodic Periodic Bond Chains
(PBCs) parallel to the face which usually dominate the
morphology. In contrast faces with fewer strong interaction
in the layer classified as S (stepped) or K (kinked) faces
which grow much faster. Hartman-Perdok theory become
quantified through the calculation of attachment energies
Ea. The attachment energies Ea (hkl) is defined as the
energy per molecule (or building unit: BU) released on
attachment of stoichiometric growth slice (a slice of crystal
parallel to the growing face) to a growing (hkl) crystal
surface [7,3]. The relative growth  rates of faces will be
proportional to the  attachment energy , has been justified
for F faces  which grow according  to a layer  growth
mechanism [7,3]. Molecular dynamic simulations of pure
solvent [2,10,7] or saturated solutions [2] above different
crystal faces have been performed to provide molecular
level insight into solvent effects. Estimates of binding
energy of solute and solvent to kinks and edges can provide
some of the parameters required for modeling 2D
nucleation or spiral growth rates [7].

To develop theories of molecular crystallization process
we require a program that is capable calculating a wide
range of surface properties, including surface –surface,
surface –layer and surface- molecule interaction
considerable flexibility in the types of molecular
arrangement that can be treated [10]. To use approach to
calculate attachment energies Ea for predicting
morphologies of organic crystal were used programs such
HABIT [11,12] or CERIUS  [7]  is from slice  and crystal
energies  calculating by dividing  the summation of the
intermolecular interactions within the perfect infinite
crystal. An alternative approach as to calculate it from the
definition using 2D periodic boundary condition as
implemented  in the MARVIN program [7] HABIT is limited
to isotropic atom-atom potentials and use point charges
on atoms plus inter-atomic Lennard-Jones or Buckingham
functions [12,7]. Simple interaction potentials can be
successfully, is well establish that it is  necessary to go
beyond the atomic point charge model to reproduce the
structure of many van der Waals complexes and organic
crystal structures [13,7].  The distributed multipole analysis
(DMA) method use a higher order for electrostatic
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moments [14,7]. Model of potential using DMA electrostatic
models and empirical repulsion-dispersion models have
been  applied to study the interaction of a wide   range of
organic  molecules in the gas and crystalline  phase [15,18]
Engkvist et al. used such models for crystallization of urea
[10] by using ORIENT program package to study the
morphology of  crystalline urea . Based on these results
we obtained in the present paper the growth form of urea
crystals, to continue the results of Engkvist [31].  Engkvist
conclude that polar facets of urea crystals cannot be
predicted by attachments energy model.

Singh & Banerjee described the computational details
to calculate lattice energy as Molecular Attachment  Energy
(MAE) and Molecular Detachment Energy (MDE) for urea
molecule s of different orientations [19]. For this purpose
they used CRYSTAL09 program in order to calculate the
effect of dispersive interactions density functional theory
based on calculations with empirical dispersion terms.
Civalleri et al. used a method where the structure and the
lattice energies of molecular crystals give a model for the
crystal which is in a good agreement with experimental
results [17,18]. Singh and Banerjee used a special method
to obtain structure and  various energetic characteristics
of growth and dissolutions of different faces  of urea
crystals [19]. The symmetry of slices is maintained during
all surface relaxation calculations. In CRYSTAL09 code
optimization convergence is checked on the root mean
square and the absolute value of the largest component of
both the gradient and the estimated displacements.

Matsui developed for both crystals and melts the CMAS
system of the transferable potential model [9].  The CMAS
model is used in molecular dynamic simulations to
reproduce structural data, lattice parameters, bulk module,
and both average and individual 27 oxides and silicates.
This model reproduces in a reliable way the bulk module
and the inter-atomic distances. The Matsui coefficients are
used to calculate the short-range of the applied energy to

determine the growth form of crystals for different
situations of the reduced charges models.

Woensdregt use in his work as us a model calculations
in an electrostatic point charge that have been performed.
In this model the computations are relatively simple
because are used the Madelung formulas. The limitations
in this model is the ionic character , although the influence
of the partly covalent  character of certain  ionic bonds
such as Si-O and Al-O bonds  can be estimated from
calculations  whit adjusted  electric charges [21].

Structure of urea crystals
The structure for urea crystals (CO(NH2)2) having  space

group P -421m and the parameters for the unit cell : a=b=
5.5780 Å and c = 4.6860 Å [24¸31]  is presented in table 1.

Theoretical growth and equilibrium forms of urea
crystals (CO(NH2)2) were constructed from the calculated
attachment energies see [31] which are assumed to be
directly proportional to the growth rate for F faces. Crystal
structure determines the surface structure and related
surface energies, e.g. specific surface energy, attachment
energy, dispersion because Van der Waals attraction and
Born repulsions. Were obtained this energies for urea
crystals (CO(NH2)2) as they control the crystal growth form
and the equilibrium form of a crystal [31].

Structure of quartz crystals
Were used coordinates as determined by Glinnemann

et al. [23]. The used  Space Group symmetry was  P3121
with a hexagonal unit cell constants a = b = 4.921 Å and
c = 5.163 Å as in table 2.

Structure of betulinic acid crystals
For betulinic acid was used the next structure: space

group Space Group: P212121  orthorhombic system of
crystallization and the parameter of the unit cell a=
7.0988Å   b= 12.3864Å   c= 33.2745Å [30] as in table 3.

Table 1
COORDINATES FOR

UREA [31]

Table 2
COORDINATES FOR SiO2  [23]
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Table 3
STRUCTURE OF  BETULINIC ACID + MeOH

( METHANOL)[30]
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Energy Calculations
The attachment energy, Ea is the energy released per

mole when a new slide of a thickness dhkl crystallizes on
an already existing crystal face (hkl) [7]. The slice is, in the
case of an F face, the elementary growth layer. Its thickness
dhkl is equal to the period with which the same surface
configuration is repeated. This interplanar spacing dhkl is
determined by the same extinction conditions as X-ray
reflections. The attachment energy is the sum of all the
interaction energies over all the ions that belong to one
crystallizing unit and over all slices dhkl where  the crystal
has been divided parallel to the crystal face (hkl).

The surface related energies were calculated using a
point charge model [21] . The selected force field equations
calculations take into consideration only the Coulomb
interactions. Recently, the contributions by the van der
Waals interaction energies and Born energies can also be
computed [5,6]. Since decreasing the effective point
charge can compensate for the partly covalent character
of the ionic bond, the energy calculations in a point charge
model with lower effective charges may be more reliable.

An approximation of the potential energy using CMAS
model is [22]:

(1)

where the terms in the sum are:

   (2)

In both eqs. (1) and (2) the first term Ea is the attachment
energy (when only Coulomb interactions are taken into
account), the second term Evdw is the energy when only
van der Waals interactions are taken into account, while
the last term EB , is the interaction energy when only Born
repulsions are taken into account, where f = 4.184 kJ mol-

1. Ai and Bi are the repulsive radii and softness parameters
of the ion i, rij is the interatomic distance between atoms i
and j, respectively, and qi is the net charge.

The specific surface energy is [20]:

 (3)

where f=-166.036 is a conversion factor to obtain the
surface in the unit of mJ·m-2 instead of kJ ·mol-1, Zp is the
number of the molecules in the primitive unit cell with
volume Vp, and Em is the partial attachment energy of slice
m with the interplanar spacing dhkl (- when we take into
account partial attachment energies because of
ecranations - this is the motivation of using fractional
charges in the system.

Results and discussions
Energies calculations using Hartman Perdok Method

Using Hartman Perdok Method we can calculate
attachment energies (Ea)  for simulations and predictions
of F faces .

That was done for urea crystals [31] and were found
energies in the range of  94.7 kcal/mol for  the face 001
and 167.54 kcal/mol for the face -1-1-1. A bigger face
seems to be 110 with an energy of 60.80 kcal/mol.

For the quartz crystals were done the same calculations
and the results were like 249,175 kcal/mol for the face 10-
10, 305.74 kcal/mol for the smallest face 01-11 and
277.697 kcal/mol for the face 10-11.
For betulinic acide  were done only the preliminaries
analysis and at the beginning we get 0.2840 kcal/mol.

Growth form of crystals
In figures 1 a,b,c and 3 a  we can see the growth form of

the studied crystals .

Fig. 3a. Quartz
crystals obtained in

simulations [5],
 b. quartz crystals

obtained in the
experiment

Fig. 4a, b. Betulinic acid
crystals obtained in the

experiment

Fig. 2. urea
crystals

obtained in the
lab [32]

Fig. 1a, b. urea crystals obtained from
simulations  [31] and

c urea crystals obtained from simulations by
from Boeck et al [2]

a
cb
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In figure 1 a , b  we can see the growth forms obtained
in  simulations for urea crystals [31]. We can observe that
these are in good agreement with literature which similar
to that obtain  by Boek et al. [2] from figure 1 c.

 Figure 3 a is a growth form of a quartz crystal as in [5].
We can observe that figures 1 a,b,c and figure 3 a  are in

good agreement  with those obtained from simulations.
Figure 4 is a very good proof that betulinic acid can be
obtained in the laboratory  but  in this moment with no
proof from simulations. This is a good work for the future
research.

Hartman Perdok theory can not explain the asymmetric
growth of the opposite polar faces because  it is  based  on
the fact  that facet growth occurs  due  to the  adsorption
of slice of thickness of the order of dhkl on the existing
surface. In order to compare the results for the lattice energy
with corresponding data which are related to the  enthalpy
of sublimation ∆Hsub. From the experimental data  on
enthalpy the lattice energy Elatt at 0K can be obtained as :
Elatt =-∆Hsub -2RT , where R and T are gas constant  and
temperature  at which enthalpy  of sublimation has been
measured, 2RT  is  the enthalpy correction term. Singh
used in his work results of MAE for two types of molecules
having (111) and (-1-1-1) faces of urea crystals [19].

Conclusions
In the present paper, by using Hartman and Perdok

method, is presented the growth form of crystals related
to the attachment energy. A transferable potential model
was used in an molecular-dynamics simulations to
reproduce structural data, lattice parameters, bulk moduli
and interatomic distances. Because of the reliability of this
model to reproduce bulk moduli and interatomic distances
we have used the coefficients in order to calculate the
short range contributions to the attachment energy.

Attachment energy have to be  directly proportional for
F faces to their growth rates .

Model for calculations is an electrostatic point charge
model. This model was used for different types of crystals:
like quartz and urea with good results . But for betulinic
acide the number of atoms in the structure is  too big and
needs further development  of programs or improuvements
of the present programs to proofs the experimentals for
obtaining of betulinic acid. We consider in the present paper
that by using Hartman and Perdok method is not enough to
predict and calculate attachment energies and then growth
form of crystals with more then 50 atoms in the structure.

This paper deal with an analysis of the growth form of
crystals from the point of view of Hartman Perdok method
of  analysis.  Hartman and Perdok theory of Periodic Bond
Chain explains crystal morphology starting from the crystal
structure. We presented in the present paper  a parallel of
three types of crystals like :   betulinic acid, urea and quartz
crystals  that from starting Hartman Perdok method ,
knowing the structure of each  crystal we can obtained  by
using simulations   the growth form  of these crystals. The
simulations  are in good agreement for quartz and urea

crystals by for betulinic acid the studies are only
preliminaries and  need  to  be improved.
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