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The Molecular Elecbnic Symposium MES 2014 waseld in Amasya (Turkey) between
01- 05 September, 201Zhe next MESBA 2016vill be in Buenos Aires, 1:23 Sptember.

The previous (inaugural) MES symposium waganied in Canakkale, Turkey (2012).

MES symposiums propose to bring theoreticians togetpeacefully to present recent
progress in explicit electron correlation, molecular integration over exponentially decaying
orbitals, extrapolation methods and novel noets in quantum physics for molecules and
solids.
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Preface

These proceedings collect some of the work presented at the Molecular Electronic
Symposium MES 2014. It contains applications of quantum chemistry methods at the
(Density Functional Theory) DFT |l evel t

crossdisciplinary fields.

The neurotransmitter cyclodextrin, cadmium telluride and its zinc alloy, enantioselective
catalytic synthesis and mild oxidation in metal oxide catalysts.

Hopefully, you will enjoy reading them as much as we enjoyed compilingdhisne.

P.E. Hoggan Clermont, 25.4.2016.
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A guantitative relationship between the erergy of complexation of
neur ot r an s-oycladextinm cemplexes And their
different properties

Djemil Rayenne!, Khatmi Djameleddine *, Nigri Soraya?

! Laboratory of computational chemistry and nanostructures
Z Laboratory of Industrial analysis diMaterials Engineering
BP.401, University of Guelma, Algeria

Abstract: This researchvork deals withthecomplexation to b-cyclodextrin (CD) of
the neurotransmitter molecules (catecholamibés NA and A, serotonin (S), and ascorbic
acid, AA)w usingthe ONIOM methodTwo criticallevels areconsideredFirst,
densityfunctional  theoryis usedwith  B3LYP functionalandthe 631G*level
thatis performedon the guest molecul&econd, the HartreBock method is usedith
321 G* basisCkxet for the b

The QSPR approach was used to establish a quantitative relationship between the
complex energies and the electronic, the steric, and the hydrophobic properties of the guest
molecules @ determinghe factors affectinghe complexes stabilityThese factorsra fixed
by MLR and PLS models mainly corresponding t&nomo, ELumo (€V), Log Puanin, € (D),
GapEnomo-ELumo of the guest and VDW, and G&pomo-ELumo of the complex.

Theproposednodelhasan improvemenequal t03.20%,when it was applied to the
validation set. As long as the average cross validation error is below 11.5%, an excellent
prediction capability was observed.

Introduction

Recently the quantum chemistry world has turned its interest to the development of the
so called hybrid techniques that make use of different methods to deal with different parts of
the systenil]. The idea bhind these methods is that chemical reactions in large systems
directly involve only a small number of atoms so that tlaemsare treated by a
sophisticated and accurate method. The rest of the system can be satisfactorily dealt with by a
less accurateand computationally cheaper method. Among these hybrid methods the
ONIOM (Our Own Nlayered Integrated Molecular Orbital Mechanis®thod developed by
the Morokuma group, is especially appealing as it can combine virtually any quantum
chemistry or moledar mechanics method with each otfi&r.

The ONIOM method has dramatically extended the scale of chemical and biological
systems which can be investigated by the extensive quantum chemical arsenal available
today[3-9]. Suchan approach is very useful systems of supranolecular chemistry such as
the inclusion complexg4.0-14].
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In ourresearchthe ONIOM method is usead order to obtainherealgeometryand for
providing further insight into the complexation procéss each of theneurotransmitter
molecules (catecholamin®A, NA and A, serotonin (Sgpnd ascorbic acid, AA) with
b-CD. In this research work only two levels thie ONIOM procedure angsed, they
aredefinedas the following:

(i) Density functional theory with B3LYP functional where the8BG* basis set was
performed on the guest molecule.

(i) HartreeFock nethod withthe®2 1 G* basi s set-Chwas wused for

The inclusion complexesrecharacterized byon-covalent interactionthatrequirea
combinationof severakheoretical method® determine the factors affecting their energy.
Thenew modeling techguesinvolving therelationship between structure and biological
activity [15, 16]has becomanattractive, and valuabkgpproach, especially in cases where
the availability of samples is limited, or experimental measurements are dangerous, time
consumingand expensive.

QuantitativeStructureProperty Relationshi@QSPR studies are powerful methads
designthe bioactive compounds and the prediction of activity according to the physical and
chemical propertiegl.7-19].

The objective ofQSPR modeling is tofind an accurate, robust and applicable
modelthatcan beused in understanding how chemical structure relates to the biological
activity of natural and synthetic chemicafsaddition tothedesignation of newer and better
therapeuticsThese models are statistical solution to the problem of directly calculating
physical and biological properties of molecules depending on their stru@adies

This research area aims to correlate molecular struatepessented by theoded
numeric descriptor, with tlre properties using computer modeling techniques and
mathematics.

The QSPR models obtained must possess appropriate characteristics, namely:
precision, accuracytability and prediction.

Selecting the descriptor informatiamcluded ineach modeis a dfficult task. On one
handi,it is difficult to select that of each model.On the other haind, veryrelevant because
it allows usto determinghe physicochemical parametéhat havemajor influence on the
activity andthusallows us tadesign newstructures tamprovethe biological effect sought.

To achieve this goalye planned tgenerat€ SPR model$or a set of inclusion complexes
of neurotransmitter moleculelSach of the (catecholaminBs\, NA and A, serotonin (S))
Fig.1,and ascorbic acid, AAKig.2)with b-cyclodextrinthat is presented i8cheme In
which theQSPR modelselatedto the energy ofcomplexationwith differentelectronic and
structural properties is plotted. Accordingth@ jargonof supramolecular chemistry these
properties ar&nownas e "drivingforces".
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Methodology

DFT and ONIOM2 calculations were carried out using the Gaussian 09 quantum
mechanics package and semi empirical calculations with Mopac (versions[20093] The
starting s-€CD and haunotessmitters vebconstructed with the help of the
Cambridge ChemBio 3D Ultra (version 11.0, Cambridge software).

The method used by Liu and Guo was emplaygedfind the minimum energy of the
complex[24]. It alsoexplores the conformational spaamleng an axis passindiough the
center of the cyclodextrin cavity in which the neurotransmitter molecule is moved in respect
of 1A in each displacemenlso, it isrotated by an angle equal to 2@%]. Themost stable
structure was obtained at the optimum position and ampls. displacement of the guest
molecule generates a number of conformations optinbydeM6 method (Parametric
Method 6)[26]. Once the minimum energy structure is obtained, its geometryagtimized
with ONIOM2 method14].

In order to investigatene driving forces leading to the actual complex between the guest
and theb-CD, we have to calculate the complexation energies, defined as the following:

Ecomplexation= Ecomplex- (EpcptE gues)

The ONIOM energy is described as follows:

EONIOM =E compkex, low ~ (E CD, lowt E guest, high

Chemometrics analysis, including MLR and PLS models were performed using the
software MINITAB 16.The optimum number of PLS factors was determined by cross
validation.

We subsequently applied tbackwardmultiple linearregressiofMLR) proceduran order
to quantitatively relatéhe energy of complexation with tllferentproperties by a
mathematical expression.

We tested the electronic and steric properties of the neurotransmitters, which are
classified as indeperdt variablesWith these independent variables, we attempted to explain
the dependent variable, i.e. the energy of the complex. The values of these properties for the
guest molecules and their inclusion complexes (B&D, EP:b CD. S:b €D, NA:b CD,
amd AA: b CD) are listed in Table 1.

Ry

HO NH-R, R; R, Abbreviation
Dopamine H H DA
Noradrenaline OH H NA ou NE

HO

Adrenaline ou epinephrin OH CH; Aou EP

Figure 1. General structure of catecholamm
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Figure2: Structure of ascorbic acid

Schemel. Chemical structures of natural cyclodextrin.
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Table 1: Electronic and hydrophobimperties of catecholamines and indolamines calculated B3LYR&(d) and their complexes with cyclodextrin

Guest Complex
Hydrophobic Steric Electronic properties Electronic propgies Steric poperties
Complex Ecomplexat | properties properties
ONIOM LOg Pheo Log Volume Eromo ELumo Gap € ( C Enomo E umo Gap H bond VDW
Hyperchem P theo (CmS/ mOI) (eVv) (eVv) Eromo-ELumo (eV) (eV) Eromo-Evy intra | inter
Marvin MO OHO | CHO
DA: -38.71 | -1.40 -0.33 | 120.08 -5.527 | 0.228 | 5.755 3.48 | -8.633 | 3.722 | 12.355 1 2 1|3
b-CD
-29.68 -8.528 | 3.356 | 11.884 1 1 2 1
EP. -35.79 | -1.61 0.85 128.34 -5.640 | 0.088 | 5.728 2.25|-8.356 | 3.493 | 11.849 4 4
B-CD | .14.80 -7.826 | 4.4635| 12290 |2 0
NA: -32.87 | -2.02 -0.08 | 115.74 -5.598 | 0.084 | 5.682 2.14 | -8.196 | 3.958 | 12.154 3 2 0 0
b- CD
S.b-CD | -31.52 |-2.21 1.23 134.66 -5.155 | -0.084 | 5071 3.16 | -7.705 | 3.439 | 11.144 2 3
-21.51 -7.350 |3.833 | 11.183 1
AA: &£ | -44.87 |-2.44 -2.15 | 123.07 -6.508 | -0.964 | 5.544 453]-9.739 | 2.829 | 12.568 2 3 2 |0
D
-40.18 -9.630 |3.091 |12.721 1 3 3 1
9
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It is started by using a full model including all explanatory
variables Then,thestatistical tesHpis applied to eliminatgariableswith ndather
significant weightor rich information in the model.

The quality of the generated models is determined by statistical measures: the
square of the correlation coefficient jjRrepresents the part of variation in the
observed data that is explainedtbg regression.-f e st ( Fi sher 6s val ue)
significancereflects the ratio of the variance explained by the model and the variance
due to the error in regressigtr’/]. The tvalue is computed as the ratio between
deviation from the mean acamied by a studiedaect, and standard error of the
mean By comparing the-value to itstheoretical distribution (Studentdistribution),
we obtain the signiaggad.ant | evel of the studi

The pvalue is also called the significance level. It is used to assess the
s i gcaniceyof an observediect or variation: a small-palue means that there is
little risk of crediting artefactual effects. The usual limit used in the interpretation of a
p-value is 0.05 (or 5%). If the-palue <0.05, there is no reason to believe that the
edect is due to random variationthe @e ct must K28]. si gni ycant

Results and discussion

The inclusion complex has two orientations which will be denbesal and tail
orientationsWhen the aromatic ring of guest molecule is insejtecs t -Chyweo b
cal l this 6dhead orientationd anydttshen t he
orientation is known as Ot ail orientationo.

The stabler structure can be obtained by comparing complex energies of
theseorientations. The values show that the in@dastomplex of the head orientation
is stabler than the tail orientation.
In all complexes, the geometry analysis of the most favorable orientation shows that
the hydrophobic portion of the guest moleaslénside. In contrast to the hydrophobic
cavity of the cyclodextrin, the hydrophilic parts are in the peripheral regions of the
hydrophilic cyclodextrin.

In order to understand the stability of the complexes studied and to fix the main
factors involving in the quantification of the complex energy, we dettte electronic
and steric properties of the neurotransmitt&€he followingproperties : the volume
of the complex, hydrophobicity (log Rhe Biomo, the Eumo, the gaEromo-ELumo,
dipole moment, number of intenolecular hydrogen bonding, and the rien of
binding Van Der Waals, are classified as independent variables.
These independent variabl@® used to explaithe dependent variable, i.e complex
energy of the guest molecules and their inclusion com(@laklel)

The data listed iTable 1is subgctto severakimple and multiple regressions.

10
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The best MLR modek obtainedby two variablesenergyof both HOMOandLUMO
of the studied complex.

The formula below explains the energy of the complex

Ecomplexation:6-734 Eomo + 6.894 Eumoé € . (1)

In which: Biomo and Euwmo respectively are thelOMO and LUMO energies.
The Ris the coefficient of determinatian whichR*=0.991, theFi sher 6s val uct
(F)is equal t0197.39 and Ralueis equal to 0.000.

Thehigh correlation coefficient value obtainedpresents the best fit of the
proposed regression. Since thsalue is high compared to tabulated values
(5.41),the model is statistically significant.

For clearvisualizingof them o d equaditg, we plottedthe energy
of complexcalculated by th©NIOM methodand the energy thad calculatedby the
model(1).

-154 [

-204

-254

-304

EONIOM

-354

-404

454

_50_

T T T T T T T T

-50 -45 -40 -35 -30 -25 -20 -15
MLR model

Figure 3. Complexation energy calculated by ONIOM and the variation in the
model

Figure3 showscorrelation betweethe complexenergycalculatedoy ONIOM
modé energiesand bothExomo and Euywvo energies calculated by B3LYRA&LG (d)
method.

In this research work, PLS, a complementary method was used to predict
ONIOM energy.

In PLS calibration models, the evaluation of the method linearity was carried out
in order to show a proportional relationship betweenctmplex energy calculated
by theONIOM methodversus the energy of the PLS model.
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The performance of the model was evaluated by the coefficient of
determinatiorR?and the root mean square error of creafidation RMSECV. In
order to validate the model devel oped,
technique was usgd9].

The PLS model offers a good correlation withof 0.987 in calibration an&? of
0.818 in prediction and a low RMSECV (RMSECX¥67).

The Chemometric analysis demonstrates that the main variables selected to
construct the PLS model correspondedtomo, ELumo (eV), Log Pvanin, €(D), The
Enomo-ELumo gap of guest and VDW, artthomo- ELumo gap of thecomplex.

Fig. 4 exhibits the scatter plot for the relationship betwden energy
ofthecomplex calculated by tH@NIOM methodversus the energsalculated
by PLS model.

-104

-154

-20

-25 4

EONIOM

-30 4

-35

40

45 |

-45 -40 -35 -30 -25 -20 -15 -10
EPLS

Figure 4. Correlation plot of the predicted PLS energy versus energy ONIOM

As indicated in k.4, PLS was able to find a very good correlation
with R? (0.988). The intercept and the slope of the predicted PLS energy vs. the
ONIOM enery resulting in thdollowing calibration data are 0.0000 and 1.0000
respectively These resultsonfirm the fitting quality of the model.

Themodelhasan improvemenéqual t03.20%, when it was applied to the
validation setSince the average cross valida error is below 11.57 %&n excellent
prediction capability was observed

The comparison between MLR@&IRPLS models is illustrated byd5.
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Figure 5. Comparison of the energy ONIOM versus predicted PLS and MLRelnod

As indicated in k.5, PLS and MLR models are powerful tools used to predict
the ONIOM energy. The main factors that govern the stability of the studied
complexes ar&powmo, ELumo (eV), Log Puvanin, € (D), Enomo-ELumo gap of guest and
VDW energy anEnomo-ELumo gap of thecomplex

Conclusion

We had studiethecomplexatiorof theeach neurotransmitter molecule
(catecholamineBA, NA and A, serotonin  (Spnd  ascorbic  acid
AA) with b-cyclodextrinvia the ONIOM method. From complexation energy,
ONIOM results show that the head orientation is prefeirethis configurationthe
catechol ring Iis deeply included into the F

QSPR is used to find a quantitative relationship betwd®n structure and
thedifferentpropertieso determine the factors affecting the complexation energy.
The correlation studiesf thecomplexation energiesf differentinclusion
complexedelpedto establish a relationship based adectronic and structal
propertiesof guest moleculesia linear regressionlheproposed modeln whichan
excellent prediction capability was observed, is the one
thatis correlatedo the frontier orbitalenergyof the complex.

The main factors that govern the stabildf/the studied complexes aEgowmo,
ELumo (eV), Log Pwanin, €(D), Enomo-ELumo gap of guest and VDW energy and
Enomo-ELumo gap of thecomplex.
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Abstract: The scope of this investigation is to make a clear contrast between the
structural and electronic properties of cadmitgtiuride CdTe and its &by cadmium

zinc telluride Cdi.xZnsTe using first principlescalculations based on density
functional theory within the local density approximation (LDA). A supercell with
2x2x2 unit cells has been considered in the calculations. Structural parameters and
electronic densities of states are shown to discuss thetsfiédocal environment
induced by a Zn impurity on the structure of zislende CdTe. Our results are in
good agreement with other theoretical studies.

Keywordssab 1 niti o, DFT, electronic band struct
Introduction

The 1I-VI compounds have experienced a rather rapid development in recent
years. They are materials which exhibit many interesting solid state phenomena of
considerable practical importancgl-4]. These semtonductor materials can
crystallize in either theubic zincblende (beta) phase iffare 1) or the hexagonal
wurtzite (alpha) phase. The compound CdTe can be considered as quite representative
of this group. Indeed, the recent growing scientific and technological interest on CdTe
arises from its peculiar phigsl properties, i.e. its mechanical, chemical and thermal
stability. Moreover, CdTe is a promising material for electronic and optical devices
[5]. Cadmium telluride (CdTe) is an excellent choice for use as a@rductor in
solar panels because it igrfectly matched to the solar spectrum. It has proven to
provide good optical performance over a wide temperature range and has provided a
suitable mechanical robustness to be used as a substrate material. CdTe has a high
resistance to moisture sensitiviig available at a reasonable price and can operate at
high filter deposition temperatures without disassociating. It is, however, also the
softest of the HVI materials and is most easily scratched or prone to cleaving. These
characteristics provide thpotential for highefficiency modules, with low cost
manufacturing processés-9].
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Figure 1

The unit cell of CdTe in cubic zinc blende phase

The mixed crystals of ¥l compounds have attracted much attention in last few
years. They araow used in a large variety of fields, including nuclear physiesayX
and gamma ray astronomy and nuclear medicine. Among them we classify the
cadmium zinc telluride (GdZngTe). Their great interest is mainly motivated by a
promising series of applitians in radiation detectors, solar cells and many other
technological applications of general usefulness.

Vegarddés |l aw is assumed to i Bgleslaysi d expe
and often used to derive the Zn concentrabonit isunclear whethe i Vegar ddés | av
[30], which assumes linear interpolation of the structural parameters, such as lattice
constant and bulk modulus is valid in practice.

The structure of this paper is as follows: In section 2, we describe the calculation
procedure. In seahn 3 we discuss the results obtained. Finally, a conclusion is given
in section 4.

Computational details

The present calculations was carried out using the relativistiepdidntial
augmenteeplanewave (FRLAPW) method in the framework of the Density
Functional Theory (DFT) [10,11] incorporated in the Wien2k cddel 3] within the
local density approximation (LDA) [14,15].

In the calculations the Cd (#6<), Te (4d°555p") and Zn (384<) states are
treated as valence electrons and the muffirradii values were fixed at 2.5 Bohr for
all atoms. Thé-expansion of the wave function were carried out uipt@ = 10 while
the charge density was expanded up @12 (Ryd}’.in a Fourier series.

The basis functions are expanded up R RKm=9 for both binary compound CdTe
and its ternary alloy CZT (Were Kmax is the plane waveotiand Ry is the
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smallest Muffin Tin sphere radius). We then constructed 2x 2x 2 supercells in the
three directions (x, y, z) and we incorporate Zn atomi different concentrations

and in different positions. We used a 10 10 10 MonkhBestk mesh. The above
parameters ensured an accuracy of 0.01 mRy in the total energy of the system.

24765 . , . T . I . .

-2476es5

-24765

]

4765 -

Energy (eV)

24765

-24765 -

24765 ) ) L 1 ) L
300 350 400 450 500 550 600

WVolume |;Il:’:cc1’1.|:"-= )]

18812405 T -1.805%+05 T T T T
x=0.25
x=0.125
-1.8812+05 [— — -1.8053e405 [~
B
&
2e+05 B3 -1.805%+05 [— —
-1.8812¢+05 ]
4
-1.8812¢+05 180336405 [= 1
| | | | 1 L 1 ' 1 L 1 s
3200 3400 3600 3800 4000
3200 3400 3600 3800 4000 s
Volume (Boh.}) Volume (Bohr™)
17293405 -1.6294e+05 :
x=0.5
17293405 -1.6294e 405
= >
= =2
5 -1729%405 3 162540405
i i
17297405 [~ — 162940405 [— —
17295405 | . | . I . I . 1 I 1 I
3200 B 3600 3300 2000 3200 300 3600 3800 2000
3 3
Volume (Bohr) Volume (Bohr’)

Figure 2. Total energy versus volume foinary parent CdTe and its all&oh.xZn,Te
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Results and discussions

Structural properties

The structural properties are presented for the parent compound (CdTe) in the
zinc blend structure and its ternary alldgh.xZnsTe of composition
x= 0.125, 0.250.375, and 0.5For each composition, we carried out a structural
optimization by minimizing the total energy with respect to the cell volume and also
the atomic positions.

To calculate the total energy as a function of volume followed by fitting the
ressl ts with Murnaghandéds equation of state
structures are done.

Were bk, By and b are respectively the total energy at equilibrium, the bulk
modulus and the volume at equilibrium. From this fitting, the optimum lattice
constant and bulk modulus are obtainddhe variations of the total energy versus
volume have been calculated for these compsuthe results are plotted imgEre 2.

In Table 1 we show the LDA results regarding the equilibrium lattice consfatfitea
bulk modulus Band pressure derivative of the bulk modulugiB'addition to the
bandgap energy.

The present calculations within the LDA approximation, yield a slight
underestimation of the lattice constant within 1.11 % and an overestimation of the
bulk moduus around 2.31 % for binary compound in comparison with the
experimental values. One can see friBigure3a that the introduction of zinc in CdTe
leads the lattice constant to decrease monotonically with composition following a
decreasing linear functioaf compositionxkas expected by the Vegat
agrees well with the results reported in Ref&7-20].

At low zinc concentration the calculated lattice constants are smaller than that
predicted by the Ve g-aimcdodcentrdiba segion svpositivee i n t h
deviation from Vegalk6ld6s | aw is clearly visi

One can see fromigure3b a strong increase on the bulk modulus occurs in
the lowzinc- concentration region, indicating that the-Za bond embedded in the
CdTe network is stilltsonger than the Gdle bond.

So a small addition of Zn to CdTe leads to a significant lattice contraction and
produces dramatic bond relaxation to accommodate the radius difference between
Cd? and zri? which is expected to create strain forces, thusibiting the
dislocation notion and strengthening th€d-Te bond in this material§27],
Moreover, the strongest bulk modulus from our results is around x= 0.35, sagporti
the speculation that theloys with low Zn content have the significant stiffeniag
deduced from ion channeling measureme¢n®. For higher Zn contents (> 0.35)
the bulk modulus decreases fron¥ 0.35 tox = 0.5. This trend holds in the high
zinc-concentration region, where the stiff-Zie bond plays a dominant role in the
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chemcal bonding characteristics and leads to a reduction in the compressibility of the
alloy lattice.
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Figure 3. Calculated lattice constants (a) and bulk modulus (b) as a function
of compositiorx for Cdy.xZn,Te

Table 1.calculded structural and electronic parameters for CdTe binary compound
and its alloyCdi-xZnyTe.

CdTe CdixZn,Te
this work Other cal X ap(A°)
Exp Eg(eV)
. this work Other cal Exp this work
structural and electroniparameters
Other cal Exp
ao(A°) 6.41 6.43 0.125 12.819 - -
6.42 6.482 0.466 - -
46.0% 0.25 5.98 - 0.48
Boerd  45.53 44 8 12.748 0. 265 -
B'o 4.60° 0.375 - - -
4.88 6.40° 12.654 0.319 -
0.64 1.01"
EgeV) 0.601 1.56 1;526 5'8706025 1.92h
0.6¢° ' 0.62
a[Ref 21],b[ref22], c[ref23], d[ref24], €ref25], f[ref31], g[ref32], h[ref33]
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Electronic properties

To investigate the electronic properties of CdTe as well as its alloy, we have
calculated the band structure within the LDA method using equilibrium lattice
constants as obtained previously. For the binary compound the valence band
maximum (VBM) and the conduction band minimum (CBM) occur at{th@oint;
hence this compound is a seocainductor with a direct band géip G. Our results are
compared with experimental values and other theoretical results in Table 1. It is well
known that calculation using LDA underestimates the bgayl values of IHV and
[I-VI semiconductors. The band gap value obtained for CdTe compound is smaller
than the experimental one, but it agrees well with other theoretical results.

For the first concentrationx£0.125) we noticed from the band gap structure that
our alloy s a semiconductor with an indiredi-ee band gap (0.466 eV)
G-s (0.472 eV). The other values for different concentratierege showed in the
table 1. To the best of our knowledge there are no theoretical or experimental data for
many concentrations to check our predicted resuitprevious calculationsg31] the
gap energy value decreased slightly for low Zn concentration (x< 0.5) and beyond
0.5, itincreases rapidly.

It is now admitted that the ternary alloys have a parabolic compositional
dependence for their gaps. The magitof the parabolic factor is known as the
bowing. Experiments are carried out at different temperatures. They show significant
variation of this bowing factor with temperature. No temperature effect has been
included in the above calculations. They shdodédcompared with data taken at low
temperature whenever possible. We note a contradiction especially in the energy gap
value of x=0.5 in concentration. This is very small in comparison with the other gap
values. There is a slight difference between maalgutated results in the literature
because of the method used and the size of the supercell constructed. However, note
that several important features in the experimental data are reproduced by the
calculation.

The band structure and the total DOS of Cdfeerepresented iigure4.
The band structures of CZT alloys are represent&igure5s.
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Figure 4. Electronic band structure and total DOS of CdTe
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Conclusion

In summary, using the FPAPW method we have studied the structural and electronic
properties of the binary parent semiconductor CdTe and its alloy CZT. We show the lattice
constants of CdzZnTe c lhewmationin thebohddengthY@usasrad 6 s
slight deviation in the lattice constant. The ordering at low concentration of Zn needs the
intermixing of Cd and Zn elements and rearrangement of atoms. This is induced by the long
time and the high temperaturétbe annealing of the samplgs’]. Charge exchange between
Cd, Zn and Te atoms acts as a driving force that tends to stabilize these alloys. From the
electronic parameters we can conclude that the alloy CdZnTe is a semiconductor compound,
where the low xoncentration is not very influential on the band gap energy value. We also
must take into account the role of the calculation method used. It is well known that
calculation using LDA underestimates the bayag values of IHV and II-VI semiconductors
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Abstract: Theoretical studies on thewrformation of the most favorable transition states of

Re andSi type of the parent oxazaborolidine have been performed by means of the Density
Functional Theory (DFT) method. Tlsgnanti term refers to the value of the dihedral angle
H-B-O=C (nearly 0 in syn complexes and nearly 18 anti ones). The results suggested

low energy conformations for those complexes that could be wuseful in further
parameterizations for structural modeling studies. A set of conformations for the
acet op henonempesSwer dharacterized at the B3LYBKS (d,p) level and

it was found that the picture obtained depends heavily on whether siae or anti
conformations prevail. A computational strategy for identifying the hydride transfer from the
BH; moiety on theRe and Si face of the carbonyl substrate, which takes place via a
six-membered transition state, was developed and tested, using a model system for which the
transition state geometry was already known. The DFT method predicts that the planar and
non planarsynRe forms are slightly more stable than tlsyn'Si, while the anti/Si
conformations is much more stable tlzami/Re.

Keywords: Internal rotation, Dihedral angle, Acetophenone, Oxazaborolidine, syn, anti,
B3LYP.

Introduction

In 198788, Corey, Bakisi, and ShibatdCBS) constructed a new class of structurally
rigid oxazaborolidines, which they used in catalytic quantity for the reduction efhoral
ketones, ad defined the reducing species. They propdeedhe first time that the reducing
agentis an oxazaborolidine, as well g@gving its mechanism of actiofl-3] The second
generation oxazaborolidine by Corey, Bakshi, and Shibata is capable of reducing a great
variety of ketonesunder mild reaction conditions, with quantitative yields and e&oell
enantiomeric excesses. Moreover, the CBS catalystglded after the names of its inventors)
bearing a methyl substituent at thedecyclic boron shows morgability, allowing it to be
weighed in the open ail.he reduction products, optically puatcohols and their derivatives
have various applications, especially in medicinal chemistry and organic symthégsis
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Whil e excell ent me ¢ h a ni[%3, Blcandvwotherk9-12bhas Cor ey
yielded a satisfying picture of the catalytic cydler CBS reductions Schemé), an
experimentallyvalidated picture of the transition structure corresponding to the
ratedetermining step is lacking From a mechanistic point of view, the
oxazaborolidinemediated reduction of ketones b@aome charactettiss: in the reaction, a
heterocyclic five membered ring formed from an amino alcohol and the corresponding
reagent act as a dissymmetric template onto which the reacting molecules coordinate. These
templates present a central heteroatom with Lewis acdacter (boron) flanked by two
atoms with Lewis base character. During the reaction, it is assumed that coordination of the
carbonyl compound takes place at the Lewis acidic site, and the main difference between the
reacting complexes lies in the Lewis bagom type, involved the reagent coordinates: borane

and nitrogen.
wPh BH;-Me,S (gph
I\]\ '/,Ph H}B‘N\*» "/Ph

R R
HO,, _,H ! /
’ Ph O0—B R. Ph O—B R
RL/<RS /\N( ~ou S L\ 2 .
—Nsp /N\B 0=
Ph i, Ry Ph > H R

Schemel. Catalytic Cycle of the CBS Reduction

It is widely accepted that oxazaborolidines, through their adjacent boron and nitrogen
atoms with complmentary Lewis acid and Lewis base character, can give rise to complexes
incorporating one borane and one ketone molecukeviery favorable arrangement fanis
arrangement reaction. In this process, the role of the substituents at the carbon at@ms of th
oxazaborolidine ring (those of the starting amino alcohol) is that of directing the complexation
of the reactants toward the less hindered diastereotopic face of the oxazaborolidine ring.
When a prechiral ketone (RCORs) is involved in the process, foyossible geometries
(synRe syn'Si, anti/Re andanti/Si) can exist for these complexddd.1 and 2 depending on
the oxygen lone pair involved in the complexation and the enantiotopic face of the carbonyl
compound offered to the BH3 moiety. In theimmes, thesynanti term refers to the value of
the dihedral angle CHB-O=C (nearly 0° insyn complexes and nearly 180° anti ones),
whereasRdSi refers to the face topicity of the carbomybupopposite tothe BH moiety.
Theanti/Reandsyn'Sicompleses offer theSiface for hydride attack. In trenti/Siandsyn'Re
complexes of acetophenone, the exposed face iRéace (Fig.1), which leads to the
product that is preferentially formed in the experiméitleastone transition state stemming
from these two comples must be thus determitiee outcome of the reaction.
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In the present instance, we studied at Bl level of theory the possible modes of
complexation of iphenyletharl-one with the borane adduct of CE3Hs, as well as the
derived trasition states, in agreement with the commonly acceagctionmechanism

Stability differences between th&n and anti conformers are very subtle. This work
reinvestigatethe whole problem in a more systematic manner than has been done before.

O\B ﬁN H B /N /H
Me™™ O
N /B H ﬂ? /B\
P\ e PN -H
H *)=Ph H™ “)<Me
Me PH
Re-type Si-type

Figure 1. Schematic representation of the two possible reactive complexes in the
oxazaborolidinemediated reduction of acetophenone with borane selected as the
model reaction,

9 ) 2 9 {
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Retypeconformer Sttypeconformer

Figure 2. Computed transition structures [B3LYP3&G(d,p)] ofthe Re andSktype
conformationsPhenyl groups on thé&)-CHs-CBS catalyst are indicated by gold spheres.

Computational methodology

All calculationsof the key steps in the CB&talyzd reduction of acetophenone were
carried out in vacuavith the Gaussian 03 (G03) packagaesng dengy functional theory
with the hybrid B3LYP"* functional ands-31G(dp) basisset. The internal rotational angle
(d) is defined as theC-B-O=C dihedral angleThe conformational relative energiegere
obtainedby performing geometry optimization calculations at a set of seleftedlues
scanningfrom 0 to 360degrees in 2@egree stepsThe gasphase standard enthglpf
formation of moleculg at 298.15 Kandcan bedetermined from the equation
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Y "0 (M, 298K) = B Y "O (X, OK) -
627, 509%(B g8 -- m)-(o - - w)]-B &("0 (298K)- "0 (0K))

Wherex is the number of atoms in moleculeM and 'O is thethermal correction to

Enthalpy - ¢ (M) and - (M) denote, respectively, thietal energies of the molecuénd
zeropoint energyof the moleculge calculated using the Gaussian §#ftware packagerl he

units are Hartree mole_cﬂji'efor - M), - (M), and thermal corrections, whereas
a( E wipv € Isinkcal mol! (1 Hartree = 627.5095 kcal/mol).

Table 1 Experimental enthalpies of formation of elements (kcal thfil 6].

Atom Y "O (M, OK)
"0 (298K) - "O (0K
H 5163+0.001

1.01

B 13&D.2
0.29

C 189+ 0.1
0.25

N 152+ 0.02
1.04

o} 98+0.02
1.04

Results and Discussion

The computational study of the key steps in the @Bfalyzd reduction of
acetophenone wei@rried out in vacuo by mean§DFT calculations

It is important to mention here that the decision to only perfthven conform#onal
analysis on the dihedral described in this work was supported by the following reasons:
Energeticallyd is the dihedralnglerelated to the highest energy pointgieacetophenone
(PhMK) andC B S 1 fcbimplex consequently, to the highest barriers of engk@yiations
of the® dihedral anglestensify repulsions between two or more graujge aromatic rings
and methyl, BH groups. In order to avoid poor parameterizations and, consequently,
trapping the molecule in local minima,ist of fundamental importance to obtainanfation
about putative minima obtained by the conformaticanalysis of these anglégariations in
the other dihedral angles (S)-H-CBS catalystlo not causetrongenough steric effects to
cause problems in further parameterizations.
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The B3LYP/631G (d,p) conformational analydier Re-and Sitype transition stateare
shown inFig. 3 The conformational analysis fthhe two complexess described as follosy
Along thed dihedral variatiorfrom 0 to360 degreethere existhe planarand non planasyn
minima( at d490@fdtheanti minima(emerges with a possible deviationrn planarity
by no more than10® with Retype and no more than +3@ith Sitype) (stable conformers)
and two transitio states. One transition statenoted a3 Slappeas between thaynandanti
minimaand another denotéid52appeardetween thanti andsynminima Thesynminimum
is lower than theanti minimum, andT'S1is higher in energy thaihS2 The anti conformersof
theRe andSi-type transition statesre locaéd at thed values ofl 70, 210,

respectivelythe TS1conformersof the Re- and Si-type transition states are located at tiie
values of12@, 14, respectively and theTS2transition statesf the two complex typeare
located at thel values o220, 24, repectively.

The energetidarrierto d variationaround theBi O bond that has its maximum at 200
for the Re conformer and at 240for the Si conformer were predicted to be of moderate
height -610.0 and-732.0 kcal mof, respectively whereas the barri¢hat has its top at20°
for Re conformer and 140for Si conformer should, according to the calculations, be
considerably higher220.0 and -213.0 kcal mol*, respectively.Despite this, theenergy
conformation increases faster when the system changesn fitthe minimumenergy
conformation170° toward the200° conformation than when it changes toward ft#0°
conformation forRetype transition state@€ompare, for example, the energies corresponding
to theC-B-O=C values atl60and B0°, Fig. 3), andthe erergy conformatiomncreases faster
when the system changé®m the minimumenergy conformatior21(® toward the240°
conformation than when it changes toward 148° conformationfor Si-type transition states
(compare, for example, the energies correspantb the C-B-O=C values at200 and220°,
whereaghe energy conformation increasedasterwith Re conformer (than wittsi) when the
system changes from the minimeenergy conformatiof° towards the maximungFig. 3).

For each of the two types transitigtates Re and Si) the relative energiesf the syn
anti, TS1 andTS2conformers oRetype are predicted to b863.0,-783.0, 220.0 ane610.0
kcal mol*, respectively, and @i-type the relative energies are predicted te862.0,-796.0,
-213.0 and -732.0 kcal mol*, respectively. For the analysis of the variation of thg
dihedral anglgFigure4), the barrier heightdor thesynY TS1processeare evaluated to be
1083.0and649.0kcal mol‘for Re- andSitype transition states, respectively, and the barrier
heights for theTSIY anti processes are evaluated to be 106310 583.Ckcal mol*for Re-
and Sitype transition statesespectively Themajor energetic barriamply that thesyn(at
d = 3-800 conformes aremorestablethananti.

The barrier with maximum at thES1conformationof Re- and Si-transition stateareas
high as220.0 and-213.0 kcal mol*, respectively whereas that corresponding to the2
conformationareonly -610.0 and-213.0kcal mol™?, respectively This large difference in the
energy barriergould be expected becaufe the 120° with Retype and for the 140with
SHype transition statesonformatiors the repulsions between th€Hs; group of the
acetophenone and BHnoiety and between the phenyl group of the acetophenone agpd BH
moiety, respectively, on side of the eaule,should be significantly stronger comparison
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to therepulsions between thi@H; group of the acetophenone amdygen lone electropairin
the 200° conformationfor Retype transition state, andbetween thghenyl group of the
acetophenone arakygen lone electropair in the240° conformationfor Sktype.

As a conseguence of this findinthe synRe conformation isslightly more stablgthe
low-energy conformejsthan thesyn'Si conformers and thanti/Siis much more stable than
theanti/Re Therefore the theoretical calculation reported here predict that the reduction with
borane of acetophenonas a model substrate oprochiral ketonesmediated by
oxazaborolidine will preferentially lead to phenylekiol of R configuration, as is
experimerally observeds, 17].
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