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Abstract
    An ab initio methodology to predict the crystal structures of thermodynamically stable polymorphs of benzocaine  within the least energy region of energy landscape by analyzing the local minima from the initial gas phase optimization initiated through the flexible torsion using  MP2/6-31G(d,p) method. The global search for the hypothetical dense packing for the structures within the energy penalty region of the local minima have revealed the possible stable conformers under a repulsion alone potential field. The generated hypothetical dense packings from the global search were selected for lattice minimization using the repulsion - dispersion potential field to authenticate the stability. The stability and the characteristics of the  generated structures were analyzed from the comparative hydrogen bond analysis and second derivative properties with the known experimental polymorphs. The morphological studies of the  global minima of benzocaine molecule from the valid lattice energy landscape was studied in detail to find the morphological important lattice.
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1. Introduction
  Polymorphism is the ability of a flexible molecule to get crystallize in different crystal lattice. As the physiochemical properties of the molecule depends on the crystalline parameters of a molecule, the prediction of different  polymorphic structures of a molecule in a crystal phase gains its importance.1  Effect of polymorphs may alter the pharmaceutical nature of  flexible drug molecules  which indeed  exposed the search of polymorphs as commercially and academically vital methodology.  As  the experimental methods to predict the polymorphs have been considered to be tough analysis, theoretical ab initio prediction methodology paved the way in easy procedure with more accuracy. Recent reports have been justified the accuracy of Ab initio methodology in predicting the polymorphs of molecular solids.2 
  The prior aim of the current research was to analyze the possible conformeric polymorphs of a local anesthetic molecule of Benzocaine. The reported analysis of the flexible benzocaine  with a ester group attached to the aromatic ring, and the amino group attached in the para position to the  ester group reveals the presence of three polymorphic forms. The reports suggested that the  structures were found to be stabilized through the hydrogen bond interaction between the carbonyl and  amino group.  The polymorphism exhibited by benzocaine showed its three forms, mainly Form I, Form II and Form III . The needle like morphological crystals of Form I showed the deviation of the terminal ethyl and carbonyl functional groups from the phase of the phenyl ring, which have justified as the conformational changes in the alkyl ring , thereby increasing the possibility of conformational polymorphism .  The Form II crystals are found to be flat molecule with orthorhombic morphology implementing the P21/c space group.  The low temperature phase transition of form II molecule resulted the formation of a twinned monoclinic structure with space group P1121. The structures were found to be stabilized by the interaction through carbonyl and amine functional groups of the molecule.3,4,5 As the possibility of conformational polymorphism prevailed in the molecules with stability achieved from the position of terminal carbonyl  and amine group, ab initio prediction methodology can be initialized for accurate prediction. 

2. Computational methodology
   The prior aim of the research was the identification of local minima, for the possible crystal structures  of the concerned parent molecule which may  exhibit conformational polymorphisms. A potential energy surface scan with MP2 level theory  using polarized basis set through the selected flexible torsion have been executed. As the central aromatic ring was found to be rigid with - interactions, the terminal torsions C(7)-C(6)-C(16)-O(1) and  C(17)-O(2)-C(16)-C(6) were taken as 𝜃1 and 𝜃2  (Fig .1)to execute the Potential Energy Surface scan.  Accuracy of the ab initio prediction methodology in identifying the stable polymorphs which satisfies the principle relation of 
Etotal = Ulattice + ΔEintra    (1)
solely depends on the exhibition of the local minima associated with the flexible benzocaine molecule. The conformers at local minima and the those which are likely to overcome the energy penalty raised from the torsion distortions  are validated by analyzing the energy associated with the distorted conformers. 
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Fig. 1. Benzocaine molecule with selected flexible torsion
The PES scan executed through the flexible torsions (𝜃1 and 𝜃2  ) commence the partial gas phase optimizations of each step ranging from -180 to 180 of the flexible torsions through MP2 level  6-31G(d,p) basis set using the Gaussian 09 package.6 The promising stable conformers are selected for lattice minimization from the troughs of the plot generated using the torsion angles and corresponding energy of each conformers. (Fig. 2), remaining structures were discarded as they were improbable to overthrown the energy penalty of distortion to achieve local minimum. 

Fig. 2. 3D PES scan plot of the benzocaine molecule with energy penalty associated with each step
The selected conformers were refined and selected by analyzing the energy penalty associated with the conformers. The structures within the range of ~ 5kJ/mol of energy penalty with respect to the local minimum were subjected to the global search.
2.1 Global search
    The global search for the plausible conformers of the benzocaine molecule was executed using the MOLPAK 7 algorithm to generate the candidate structure in the space group where it belongs ; within the most common space groups prevailing in CSD and determining the decision variables that establishing the geometry of the unit cell.8 The MOLPAK global search investigates the unique orientations of the central molecule and constructs approximate coordination patterns of the concerned molecule. Global search algorithm was designed to search for the densest packing patterns of the minimum volume for molecules with fixed conformers. The algorithm  initiates the search for the possible dense crystal packings encountering in the common space groups of P1, P-1, P2, Pm, Pc, P21, P2/c, P21/m, P2/m, P21/c, Cc, C2, C2/c, Pnn2, Pba2, Pnc2, P221, Pmn21, Pma2, P212121, P21212, Pca21, Pna21, Pnma and Pbca from the 3D orientation and repetition  of the central molecule in  10steps, ranging from -90 to +90 specified by the Eulerian angles in a 3Dimensional grid . Each orientations satisfying the threshold interaction with neighboring unit cells have been subjected for the PMIN9  using the repulsion alone UMD potential10  to create a possible crystal phase with minimum cell volume initiated through a DFT level theory11 using becke 3-Parameter exchange basis set (B3LYP) operation.12 The 500 hypothetical crystal structures of benzocaine for each space groups, generated with dense packing were ranked on the basis of minimum cell volume were subjected to the lattice minimization implementing the repulsion dispersion potential field of form 2 
U= iє1kЄ2  [(AiiAkk)1/2] exp [-(Bii + Bkk)Rik/2]-(CiiCkk)1/2/R6ik            (2)
2.2 DMACRYS minimization
   Lattice minimization of the generated conformers from the MOLPAK global search were executed by implementing the  repulsion dispersion potential using the DMACRYS13  algorithm, rectifying the effect of repulsion alone UMD potential in the global search. The minimization was initiated with the candidate structure with space group constraints by analyzing the distributed multipole associated with the system through GDMA14 algorithm. The algorithm imposes the FIT potential field of the form (2) , parameterized by Williams and Cox15  with additional terms for the hydrogen atoms bound to nitrogen later fitted by Coombes et al.16  The promising densest hypothetical benzocaine crystals at 0K were refined from the analysis of the Ewald summed charge-charge, charge-dipole, dipole-dipole interactions of the molecules. The second derivative properties of the rigid conformers were calculated by the algorithm to justify the thermodynamic and mechanical  stability of the benzocaine polymorphs. The stability of the lattice minimized benzocaine conformers were authenticated from the born criterion17 achieved by the conformers and those conformers which get minimized with negative eigen values where re minimized by removing the negative representation of the symmetric constraints.
   The candidate structures preferred from the lattice minimizations were compared with the experimental polymorphs of benzocaine through COMPACK18 comparison. The algorithm determines the similarity  of the optimized structures with experimental from the least RMS deviation in the crystal packing. The optimized rigid conformers of benzocaine with RMSD less than 0.4 with 20 molecules in common for a coordination sphere of 20 molecules within 40%  of  tolerance were selected as duplicates and discarded from the studies. The unique structures of benzocaine with valid minimization were ranked on the basis of the energy (Table 1) associated and selected to generate the energy landscape.19 

Table 1. List of Lowest energy conformers of benzocaine with the reproduced experimental Known polymorphs of Benzocaine
	Structures
	Etotal(kJ/mol)
	Density
	Space Group
	a(Å)
	b(Å)
	c(Å)
	α(°)
	β(°)
	

	benz1
	-99.676
	1.191
	P212121
	4.713
	8.363
	23.373
	90.00
	90.00
	90.00

	benz2
	-98.293
	1.172
	P21/c
	8.235
	6.069
	18.746
	90.00
	92.45
	90.00

	benz4
	-98.278
	1.172
	P21/c
	8.235
	6.069
	18.747
	90.00
	92.52
	90.00

	benz5
	-99.710
	1.191
	P212121
	8.364
	4.706
	23.397
	90.00
	90.00
	90.00

	str 1
	-122.126
	1.263
	P21/c
	9.052
	6.630
	15.550
	90.00
	111.46
	90.00

	str 2
	-121.348
	1.258
	P21
	9.053
	14.583
	6.607
	90.00
	90.64
	90.00

	str 3
	-121.275
	1.260
	P21
	9.053
	14.560
	6.609
	90.00
	89.93
	90.00

	str 4
	-120.007
	1.280
	P1
	6.785
	12.070
	16.185
	26.09
	130.59
	131.89

	str 5
	-119.749
	1.254
	Cc
	10.731
	12.817
	16.555
	90.00
	157.40
	90.00

	str 6
	-119.100
	1.238
	P-1
	6.905
	9.041
	7.333
	77.47
	90.06
	82.91

	str 7
	-118.557
	1.272
	P21/n
	10.409
	7.399
	11.568
	90.00
	104.52
	90.00

	str 8
	-118.285
	1.256
	P21
	9.120
	6.783
	15.188
	90.00
	111.58
	90.00

	str 9
	-117.972
	1.247
	P-1
	6.845
	9.134
	7.430
	107.54
	96.03
	85.36

	str 10
	-117.547
	1.242
	P21
	9.096
	14.398
	6.762
	90.00
	94.07
	90.00

	str 11
	-117.545
	1.261
	P212121
	14.213
	6.733
	9.094
	90.00
	90.00
	90.00

	str 12
	-117.475
	1.259
	P2111
	14.232
	6.730
	9.097
	89.46
	90.00
	90.00

	str 13
	-117.389
	1.245
	P-1
	10.837
	6.889
	10.264
	132.40
	98.10
	56.86

	str 14
	-117.134
	1.282
	P212121
	11.716
	8.562
	8.531
	90.00
	90.00
	90.00

	str 15
	-116.953
	1.221
	P21
	9.061
	6.695
	8.007
	90.00
	112.29
	90.00

	str 16
	-116.941
	1.252
	P21
	7.660
	6.824
	18.108
	90.00
	67.82
	90.00

	str 17
	-116.739
	1.196
	P21/n
	9.940
	8.650
	10.674
	90.00
	88.19
	90.00

	str 18
	-116.480
	1.247
	Pc
	6.851
	18.144
	14.157
	90.00
	88.40
	90.00

	str 19
	-116.426
	1.251
	Cc
	12.138
	11.325
	9.373
	90.00
	137.09
	90.00

	str 20
	-116.260
	1.256
	Pc
	9.105
	7.391
	13.055
	90.00
	96.26
	90.00

	str 158
	-111.055
	1.201
	P212121
	24.080
	4.541
	8.353
	90.00
	90.00
	90.00

	str 210
	-109.865
	1.213
	P212121
	5.010
	21.792
	8.282
	90.00
	90.00
	90.00

	str 302
	-108.555
	1.215
	P21/c
	8.320
	5.117
	21.235
	90.00
	92.33
	90.00

	str 362
	-107.766
	1.185
	P21/c
	8.399
	4.521
	24.384
	90.00
	90.34
	90.00




3 Results and Discussion 
3.1 Energy Landscape Validation
  The generated energy landscape(Fig.4) was authenticated by exploiting the presence of experimental known polymorphs of benzocaine molecule in the generated landscape. The COMPACK comparison of the unique structures with experimental forms of benzocaine employing the criterion of 20 molecules in common for the coordination sphere with least RMSD in crystal packing similarity revealed that  the str 158,str 210, str302 and str 362 ( optimized conformers generated at the 158, 210 ,302 and 362 position in the energy rank with Etotsl -111.055kJ/mol , -109.865kJ/mol, -108.555Kj/mol and -107.766kJ/mol respectively) resembles to the experimental benzocaine Form I(Etotsl -99.710 kJ/mol and  Etotsl  -99.676 kJ/mol) and II (Etotsl -98.293kJ/mol and Etotsl -98.278kJ/mol)[ Str 158 and Str 210 resembled FORM II and Str 302 and Str 362 resembled Form I] Fig 3. 

Fig. 3. Crystal packing similarity between  a) Str210 and form II b) Str 302 and Form I c) Str 362 and Form I d) Str 158 and  Form II with  20 molecules in common in a coordination sphere.
   The equivalent nature of the optimized conformers with the experimental forms were analyzed  from the comparative analysis of the lattice parameters (Table 2), intermolecular short contacts and the mechanical stability of the structures at 0K. 
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Fig .4. Energy landscape consisting the possible conformers of benzocaine  associating the Etotal
  Table 2. Regeneration of the crystal structures of Benzocaine molecule using the experimental data , minimized experimental conformation (Expminexp) and the matching structures (20 molecules in common) found during the search of conformers.
	Structures
	a(Å)
	b(Å)
	c(Å)
	α(°)
	β(°)
	g(°)
	Volume
	Density
	Etotal(kJ/mol)
	rmsd

	Benz1 (Form II)
	
	
	
	
	
	
	
	
	
	

	Observed
	5.302
	8.217
	20.87
	90
	90
	90
	909.234
	
	
	

	Expminexp
	4.713
	8.363
	23.373
	90.00
	90.00
	90.00
	921.118
	1.191
	-99.676
	

	Expminopt (Str 210)
	5.010
	21.792
	8.282
	90.00
	90.00
	90.00
	904.230
	1.213
	-109.865
	0.46

	
	
	
	
	
	
	
	
	
	
	

	Benz2(Form I)
	
	
	
	
	
	
	
	
	
	

	Observed
	8.198
	5.43
	19.592
	90
	91.35
	90
	871.899
	
	
	

	Expminexp
	8.235
	6.069
	18.746
	90.00
	92.45
	90.00
	935.981
	1.172
	-98.293
	

	Expminopt(Str 302)
	8.320
	5.117
	21.235
	90.00
	92.33
	90.00
	903.256
	1.215
	-108.555
	0.9

	
	
	
	
	
	
	
	
	
	
	

	Benz4(Form I)
	
	
	
	
	
	
	
	
	
	

	Observed
	8.257
	5.5009
	19.956
	90
	91.699
	90
	906.022
	
	
	

	Expminexp
	8.235
	6.069
	18.747
	90.00
	92.52
	90.00
	936.081
	1.172
	-98.278
	

	Expminopt (Str 362)
	8.399
	4.521
	24.384
	90.00
	90.34
	90.00
	925.940
	1.185
	-107.766
	1.97

	
	
	
	
	
	
	
	
	
	
	

	Benz5(Form II)
	
	
	
	
	
	
	
	
	
	

	Observed
	8.2424
	5.3111
	20.9044
	90
	90
	90
	915.115
	
	
	

	Expminexp
	8.364
	4.706
	23.397
	90.00
	90.00
	90.00
	920.981
	1.191
	-99.710
	

	Expminopt (Str 158)
	24.080
	4.541
	8.353
	90.00
	90.00
	90.00
	913.272
	1.201
	-111.055
	0.29


   The table exposed the equivalent nature of the optimized conformers with the known experimental forms with similar lattice parameters. The deviation of the energy associated with the structures might be due to the temperature dependence of the molecule as it were regenerated at 0K.  Thermodynamic stability and the crystal phase of the predicted equivalent structures were authenticated from the peaks generated at the simulated XRD patterns of the structures(Fig. 5-Fig .8). 

Fig .5 . Comparison of the XRD spectrum of Str 158 (black) and Form II (benz5) (blue)

Fig .6. Comparison of the  XRD spectrum of Str 210 (black) and Form II (benz1)(blue)

Fig .7 .Comparison of the  XRD spectrum of Str 302 (black) and Form I (benz2) (blue)

Fig .8. Comparison of XRD spectrum of Str 362 (black) and Form I (benz4)(blue)
   The studies indicated that the predicted structures were stable from the presence of the highest peaks. The shift in the XRD pattern were due to the shear factor associated with the molecules at 0K.  The analysis have also exposed the str 158 and str 302 were exhibiting more perfect match in the XRD. The hydrogen bonds prevails in the predicted and experimental polymorphs of benzocaine were studied in detail and tabulated. The hydrogen bond analysis revealed the experimental polymorphs and predicted equivalent were stabilized from the N--H--O interactions between the carbonyl oxygen attached to the terminal with the amide group attached to the aromatic ring of the molecule contributing to the chain type graph set of  C118 and . In addition to the carbonyl -amide interaction, the predicted structures (str 210, str 302 and str 362)  and their corresponding equivalent experimental form of II and I were found to be stabilized by the C--H--O interaction through the aromatic carbon atoms beside to the aromatic nitrogen and the carbonyl oxygen atom along with the interaction of Carbon atom at the terminal ethyl group with the carbonyl oxygen. The notable result were observed for the str 158 in  which the carbon atom of the terminal methyl group interacts with the oxygen atom of the carbonyl functional group. The common hydrogen bond interactions that are likely to crystallize the conformers were listed in Table 3 .

Table 3 .Common intermolecular H-Bonds between the experimental and Predicted conformers
	 PREDICTED 
CONFORMERS 
	 
	COMMON H-BONDS
	 
	EXPERIMENTAL 
FORMS

	str 158
	NH--O 
	CH--O 
	NH--N
	Form II benz5

	str 210 
	NH--O 
	CH--O 
	-
	Form II benz1

	str 302
	NH--O 
	CH--O 
	-
	Form I benz2

	str 362
	NH--O 
	CH--O 
	-
	Form I benz4



   The in match  nature of the hydrogen bonds for the predicted structures and the experimental equivalent justifies the accuracy of the prediction methodology and energy landscape.  The detailed analysis and comparative studies of the hydrogen bonds and the peaks of the simulated XRD exhibited the perfect match of str 158 and str302 with the polymorphic form of benzocaine II and  I with least RMSD of 0.294 and 0.9 in crystal packing similarity; were selected for further studies. The percentage of contribution of the key intermolecular interactions to the crystal stability were studied from the Hirshfeld surface.
3.2  Hirshfeld finger print plot analysis 
    The contribution of the vital interatomic interaction in the crystal stability and crystallization of the benzocaine molecule have been studied thoroughly from the Hirshfeld surface and 2D contour plots generated using the Crystal Explorer software package.20 
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Fig .9.  2D  Finger print plot of experimental Form II with a) 100 % contribution of all elements b) 20.8% of C···H/H···C interaction c) 16.4% O···H/H···O interaction d) 3% of   N···H/H···N interaction

Fig. 10.  2D Finger print plot of Str 158 with a) 100 % contribution of all elements b) 20.2% of C···H/H···C interaction c) 16.7% O···H/H···O interaction d) 3% of   N···H/H···N interaction

Fig .11.  2D Finger print plot of experimental Form II  with a) 100 % contribution of all elements b) 24.2% of C···H/H···C interaction c) 17.1% O···H/H···O interaction d) 3% of   N···H/H···N interaction

Fig .12.  2D Finger print plot of  Str 302with a) 100 % contribution of all elements b) 25.7% of C···H/H···C interaction c) 17.5% O···H/H···O interaction d) 3% of   N···H/H···N interaction
  The Hirshfeld analysis of the experimental benzocaine molecule of form I and Form II with the predicted equivalent structures ,str 302 and str 158 emphasized the perfect match. The crystal were found to be stabilized NHO and CHO interactions, were the latter interaction providing average of 22.5% percentage of the overall contribution to the stability of the conformers. The pointed nature of the OH/HO interactions towards the lower points of the di/de region indicates the vital importance of the interaction in the stability. The 2D contour plot of the N-H/HN interaction also shows it importance from the pointed nature with a percentage of contribution of 3%. The in match and perfect similarity of the predicted conformers and the experimental equivalents authenticates str 158 and str 302 as known experimental forms of Form II and Form I of benzocaine, thereby validating the energy landscape. As the mechanical properties are closely related to several material parameters which are within reach of theoretical calculations. 21  Studies have been made to analyze the mechanical strength of the experimental polymorphs and the equipotential predicted structure from the elastic components of the Cij matrix.22
Table 4. Comparison of the mechanical properties of the ab initio predicted benzocaine crystal structure and experimental  polymorphs of Benzocaine at 0K.
	Structures
	C11
	C22
	C33
	C44
	C55
	C66
	Young's modulus

	
	
	
	
	
	
	
	(GPa)

	Form II
	44.633
	14.617
	26.010
	9.705
	13.306
	8.962
	24.038

	Str158
	34.230
	18.098
	50.619
	11.086
	21.688
	13.444
	31.231

	Form I
	47.385
	17.706
	19.711
	9.459
	6.316
	10.053
	21.440

	Str302
	51.709
	20.661
	26.242
	10.797
	15.312
	8.607
	26.883



 The diagonal elements of the Hessian matrix and the calculated  mechanical sensitivity  revealed that the structures have met born criteria and are mechanically stable at 0K. The perfect match of the parameters between the experimental and predicted polymorphs of benzocaine authenticated the energy landscape . The structures generated at the lowest energy region of the energy landscape are the possible polymorphs of the benzocaine. 

3.3  Analysis of the predicted lowest energy polymorph of benzocaine (Str 1)
   The authenticity of the lattice minimized energy landscape generated from the hypothetical unique structures of benzocaine conformers justified the existence of possible stable polymorphs at the lowest energy region. The optimized monoclinic  crystal structure of the benzocaine polymorph  ( Fig. 13)  generated with Etotal -122.126kJ/mol  and  space group P21/c was analyzed in detail to expose the  mechanical stability and the morphological importance. 
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Fig. 13. The optimized crystal structure of benzocaine polymorph generated as Str 1
The benzocaine conformer generated at the global minima was found to be mechanically stable at 0K by achieving born criteria of stability with elastic sensitivity of 29.89GPa.  The thermodynamic stability of the global minimum (explained as Str 1 henceforward)  were justified from the Intermolecular attraction prevailed on the system. The H-bond analysis of Str 1 reveals that the structure were found to be stable by establishing the intermolecular interaction among the Nitrogen atom of the amide group N(1) attached to the ring and O(2), generating C11(8) graph set through N(1)H(2) O(2) linkage. The detailed analysis have also revealed the Carbon atoms of the terminal ethyl group interacts with the carbonyl oxygen making a bond length of 3.401 Å with an angle of 122 through C(8) H(7) O(1). The identification studies of the possible hydrogen bonds prevailed in the Str1 also exposed a key interaction via H(7) between C(8) and O(1)[ C(8) H(7) O(1)] making an angle of 122.5 with bond length 3.401 Å, in addition the methyl carbon atom C(9) also found to be bonded with the amide nitrogen (N(1)) with bond angle 155.5 and bond length 3.865 Å.
  The Hirshfeld analysis and the 2D contour plots of str1 detailed the percentage of contribution of each interaction towards the crystal stability. 

Fig .14.  2D Finger print plot of predicted Str 1  with a) 100 % contribution of all elements b) 24.4% of C···H/H···C interaction c) 21.3% O···H/H···O interaction d) 3% of   N···H/H···N interaction
   The percentage of contribution of the key interactions exhibit the dominant nature of the OH interaction Oxygen being the acceptor, from the pointed nature of the 2D contour plot towards the lower region of di/de. The interaction contributes to the 21.3% of the hirshfeld surface, where as the C H interaction contributes 24.4% of the surface.  The hirshfeld surface reflected the stability of the crystal structure from the NHO bonding, justifying the thermodynamical satbility of Str 1 from  the pointed nature of  the fingerprint plot .
   Thermodynamical stability and the crystal nature of str1 was certified from the simulated XRD patterns, which showed highest peaks of diffraction for the X-ray of wavelength 1.5 Å, indicating the crystalline nature at 0K. The diffraction patterns are represented in fig. 15

Fig. 15. Simulated XRD pattern of the Predicted polymorph (Str 1) 
As the morphological importance of crystal structure depends on the growth rate  and surface area of the crystal phases , studies have been carried out to interpret the morphology and the growth rate of str1by calculating the interplanar d spacing through the formula (3)
1/d2hkl = (1/sinβ )(h2/a2+k2sin2β/b2+l2/c2-2lhcosβ/ac)        (3)
. The morphological analysis of the structure have been carries out by using the BFDH theory23,24,25 incorporating the interplanar spacing (dhkl) and the crystal symmetry which provide a good insight to the morphology of the polymorphs (fig. 16).
. 

Fig.16. Predicted morphology of Str 1 with A) longitudinal view B) Transverse view 
The growth rate of the each miller indices have been noted and tabulated to expose the morphologically important of the structure (Table 5) . The studies have revealed miller indices of (-1 0 0)  and  (1 0 0) are morphologically important due to their comparatively less growth rate by exhibiting the higher dspacing.26
Table 5. List of the predicted miller indices of Str 1 with interplanar d spacing
	h
	k
	L
	a
	B
	C
	a
	Β
	
	D

	-1
	1
	1
	9.056
	6.6302
	15.5501
	90
	111.4606
	90
	5.12

	-1
	1
	0
	9.056
	6.6302
	15.5501
	90
	111.4606
	90
	5.35

	0
	1
	-1
	9.056
	6.6302
	15.5501
	90
	111.4606
	90
	6.10

	0
	1
	1
	9.056
	6.6302
	15.5501
	90
	111.4606
	90
	6.10

	1
	1
	0
	9.056
	6.6302
	15.5501
	90
	111.4606
	90
	5.35

	1
	1
	-1
	9.056
	6.6302
	15.5501
	90
	111.4606
	90
	5.12

	0
	0
	2
	9.056
	6.6302
	15.5501
	90
	111.4606
	90
	7.76

	1
	0
	0
	9.056
	6.6302
	15.5501
	90
	111.4606
	90
	9.04

	-1
	0
	2
	9.056
	6.6302
	15.5501
	90
	111.4606
	90
	6.09

	1
	0
	-2
	9.056
	6.6302
	15.5501
	90
	111.4606
	90
	6.09

	-1
	0
	0
	9.056
	6.6302
	15.5501
	90
	111.4606
	90
	9.04

	0
	0
	-2
	9.056
	6.6302
	15.5501
	90
	111.4606
	90
	7.76

	0
	-1
	1
	9.056
	6.6302
	15.5501
	90
	111.4606
	90
	6.10

	0
	-1
	1
	9.056
	6.6302
	15.5501
	90
	111.4606
	90
	6.10

	-1
	-1
	1
	9.056
	6.6302
	15.5501
	90
	111.4606
	90
	5.12

	-1
	-1
	0
	9.056
	6.6302
	15.5501
	90
	111.4606
	90
	5.35

	1
	-1
	0
	9.056
	6.6302
	15.5501
	90
	111.4606
	90
	5.35

	-1
	-1
	-1
	9.056
	6.6302
	15.5501
	90
	111.4606
	90
	4.99



The theoretical analysis of the Str 1 revealed that the structure is a thermodynamically possible stable monoclinic polymorph of Benzocaine, which have the ability to crystallize by attaining  intermolecular short contacts with stabilized dense packing.
4 .Conclusion
  Ab initio prediction of the possible stable polymorph of benzocaine molecule, a flexible local anesthetic molecule via generating the energy landscape ; by analyzing the energy associated for each different conformers showed good accuracy in generating the possible crystal structures of benzocaine. The conformers with compromising energy penalty of torsional distortions were successfully generated the hypothetical structures, owing to the global search through the repulsion alone potential field. The lattice minimization using the distributed multipole analysis associated with the hypothetical structures authenticated the methodology from the generation of experimental equivalent polymorph of benzocaine. The comparison analysis of the experimental known polymorph of benzocaine with predicted hypothetical conformers revealed that Str 158 and Str 302 were equivalent to the experimental known polymorphs of Form II and Form I, with packing rmsd of 0.294 and 0.9 respectively. The thermodynamic stability crystal nature of the predicted conformers was proved from the simulated XRD patterns, with perfect match of Str 158 and Str 302 with Form II and Form I respectively. The Hirshfeld analysis indicated that the predicted and experimental polymorphs of benzocaine were stabilized through N-H-O and C-H-O interactions with dominant interaction through the carbonyl Oxygen atom. As the landscape was authenticated from the presence of experimental known polymorphs of benzocaine, the conformers generated at the lowest energy region can be considered as the possible polymorphs of benzocaine which are yet to be resolved. The Hirshfeld analysis and XRD patterns revealed the thermodynamic stability of the polymorph at lowest energy region  along with the morphological studies exposed useful insight to the crystal morphology.
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