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ABSTRACT
The structure aud relative stability of Molybdate-Phosphonic Aed (MPA) Complex in different solvents
have been carried out using Density Functional Theary {DFT) methods. The methods are wwed for
calculations are B3LYP and B3IPWO1 that have been studied 1n twu series of hais sets: D95%*and 6-314H5
{dip) for hydrogen and oxygen alwms; LANL2DZ for Mo and Phospborus, Predicied geometr and relative
stability arc discussed. Equilibriun geometry tn the ground electronic st chergy has been caleuluted for
LT eomplex. The hest results for eoergettc and geometrival groand state in different of used selveats were

obtained with Beeke3L YP calculations.
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INTRODUCTION

The complex of transition meta! with ligands of
oxyacids of phosphorus, such as phosphonic acid, hias
heen the subject of theoretical study. Many natural and
arufictal  supramolecules  are  formed  through
1ntermalecular forces such as hydrogen bomding, van der
Waals forees, and hydrophobic interacuons [1]. The
groups of lguers [2, 3] and M6 [4-6] as well as niber
authors [7] have shpwn the usciulness of the AIM
models 1 interpretiog the strength of some simple
hydrogen-bonded  sysiems such as  methanol-waier,
pbospbonic acid, and phosphinexides and aminoxides.
The accumutanon of surficient experimental data in the
last few decades has not only provided an exrended
picturc of the applicatin range of this class of
compounds, but has wlso allowed for some (heoretical
and mechanistic studics aimed at paining a decper
mderstanding of most of the rcacuon mechanisms
involving the diesters of H-phosphonic acid [§] When
solvent etfects ure taken 1n o aecount, the reverse order
ts found. in accordance with the experimental data [9],
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DFT methods, particularly hybrid functionn]
micthods have cvolved to a powerful quantum
chemical iood for a determination of the clecironic
struciure of tholecules. In the framework of DFT
approach, different cxchange and corrclation
feoetionals are mutinely vsed [10]. In this Papr
we have nvestigaied  the hypothesis  of
rationabizations af stabilitics nf MPA Cpmplex hy
means of DFT methods. DFT calevlations were
carried put at the B3LYT and BIPWO methods
with twu series of basis sets: DOS** and 6-31+G
{d,p} for hydrogen and oxygen atoms: LANL2DZ
tor Mo and Phosphorus have been cumed out
Hxdrogen bonding will be discussed in rerms of
observable pmpertics  such  as  geomcloeal
paramcicrs and imeraction coorry. Earlier ah
mito studies of the structures and stabulities of
hydrogen-borded assemblies of nuclcic acid basis
carried out [11-15] and showed ihat quanum
chemical techniques could now be used to
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perform caleulations on meolecular systems of
practical significance.

METHODS
All DFT caleulations were carried oul with the
Gaussian 03 program  [19].  Geometry

optimizations in the solvent phase for ali

components and complex were performed at the

DFT level with BILYP and B3PWS1 functionals

and with two series of basis scts:

A. Dunping basis sct plus polanzed functions
{D95**} for hydrogen and oxygon atoms;
LANL2DZ for Molybdenumn and Phosphor.
The effective core potential of Wadt and Hay
is also meluded tfor Mo and P.

B. Doubte-zeta valance hasis sct plus polarized
and  diffuse  functions (6-31+G{dpy) for
hydrogen and oxygen atomns, LANL2DZ for
‘Molybdenum and Phosphor. The effective
core potential of Wadt and Hay is also
mcluded fitr Mo and P
Thiz level that makes use nf Becke-Soyle

density functional theory [20] with various

comrelaton functinnals (LYP, P86 and PWGI)

[21]. The double-g basis set adds two sizes of

orbital funetians nn heavy atoms and hydrogens,

respectively, as well as diffuse functions on both.

Solvent effects are televant m MPA stahilit, stoec

polanity differences can induce signiticant chanyes

in their relative energies ip splution. We decided
to use of PCM/BILYP calculatinns to analyze the
solvent eftecis nn MPA complex. It is important
to stress that the PCM model does not consider
the presence of explicit solvent molecules; henee
specific  solute—olvent 1nteractions are ot
described and the caleulmed solvation effects anse
ooty from mumal sclutc—solvent electrosiatic
polarization [ 16].

The standard A and B basis sets were used in
all ¢alculations, Liicrature analysis [ 1? 27] shows
that the geometries and relative stabilitics of the
structores calculated at BILYP/6-31HG(d.p) leve]
are in a good actord with cxpcnmﬁntal data.
Pople ct al, have shown hat thc absolute
deviations for the bond lengths and angles are
smaller than corregponding values obtained at
such levels of theory as MP26-31G(d} and
QCISD/6-31G(dY [23]. The eartier studics of
hydrogen binding in nucleic acid bascs indicate
that the B3ILY P method y1clds reliable imeraction
energies that comespond to the MP2/6-31G(d.p)
level data [12]. Therefore, the B3ILYP and
B3IPWO] methads were applied in all calevlations

reperted in this paper. I B

RESULTS AND DISCUSSIONS
Theoretical results of the calculated hydrogeo-
bond geometnes for structure of {MPA
camplex in differcnt sobvents are mven in Tahie 1
and the equilibrium structure obtained in the
BALYPHIELOY6-3 1HG**+{Mo,P): LAI\LZDZ is
shorwn in Figure 1.

Clearly., all structural parameters have
undcrtaken many variations but we considercd
thnse nf tmportance in the MPA complex. The data
presented ic Table 1 show that polar solvems
increase the stability of MPA complex in compare
i gas phase. The Energy of MPA Complex (1:1)
in Different Solvents calculated by the DFT
methods for BILYP/A. B and B3IPW91/ A, B arc
closer than the wvalues nbamed by the opther
methods.  According to the previnus - studics,
HF-oprinized structures show cssentially bigger
deviations in hydrogen-bond lengths [25]. The two
series of basis sets of DFT wchijques shitw sumilar
trends in reproducing the hydrogen-hond angles.

Table {. Energy uf MPA Compiex (1:1} in Different Soivents / (2.}

Salvenl I
B3LYP/ AT
Water TE 39 Pohz b
DMED 46 it 02 95
Mitrshethane 15,21 -G02 03
Ethansl 14 33 -6, 97
Auehong 20070 -H12.95

Energy of MPA Camplex (E:3) 7 (a.u)

B3PWVYLIA BALYP/ B BIPW2L/B
602818 fAn2ee 60278
-6i2 79 -2 85 602 08
-2 95 -85 -2 85
~G02.51 60287 =270}
-603.74 -GO2ES 60268

44: (H,OF1295%*+ (Mo, P)LANLIDZ
"B: (H,0).6-31-G%*+{Mo, P LANLIDZ
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Fig.1. Equilibrium strueture af MPA campicx in the
BALYPAH, Ok 6-314G**+{Mo, P); LANL2DZ.

The differences between the total cnergies of
H-bonding with electron transfer do nnt show a
reguiar trend when changing from gas phase to
most polar solvents (water).

Tabies 2 to 4 are shown that the longest
hvdrogen bonds correspond © O..H bonds
present in MPA complex, while small deviations
of hydrogen-bond angles from 180° manifest
themselves m the complex of MP A, with increase
of polanity solvent. Interestngiy, MPA complex,
which according to the caiculatons are strongly
bound species amtng the hydrogen-banded
systems have also the shortest hydrogen bonds
and almost straight hydrogen-bond angles. The
shorter bydrogen bonds and the straight hydragen-
bord angles do not necessarily reflect stronger
binding. On the contrary, significantly high

calculated tnteraction chergies, display two Q.1
hydrogen bonds and the deviation frum 180° in
the etimesponding O-H...O angles.

The geometrical analysis 1l hydrogen honds in
the calculated assemblics gives usefil insights into
ttermal cooperative clfects regarding the complex
stabiltties but at the same time provides no peneral
ruies for any qualttative or semi-quantitative
conclusions conceming the refative stahilities of
the complex. On the other hand the hydrogen-hond
geometry data couid be profitable for the ertienl
cvaluation of particular tevel of theory by the
calculated molecular parameters [26].

According to resuits that are shown in Table |,
the MPA complex in different solvents has
minimum  eocrey  configumation  with  similar
mteracion energies for most polar sohvents {wartct),

Analagues of resulis that have been shown in
Tables 1 w 4 indicates that the mteraction
energics and peometocals data that have been
calculated by two methods for BALYP/ A. B and
BIPWS1/ A, B are similar vaiues, Therefore,
caleulations of the counterpoise comectitn are
strongly dependent upon molecular strueture
Also, in this investigation the configuration
calculated by these OFT mcihods, with inercase
palanty of used solvents has shown more stability
Tor all Methnds.

Table 2. Brnd Leogths and Band Angles al H-Banding of MPA Complex, (1.1) in Gas Phase Based on
Different DFT Methls in A & B Basis Sets

Bond Length ¢ (A}

Bond Angle | (D)

MethodBassis St ooy iy om-nan O H{1Z) C0..H2) [L2HNO KR OWHA2) G0

BILYPiA 1.7 LA X L2s 1.554 1750 I7H
BiLYP/B 1.RBR% 0.9%8a 1014 L6 1756 17935
BiPwolia 1 747 (LRF 0] 1 030 1.52% 1751 1780
BiFW'N/B L. B44 0 9R7 (LK 1.587 1757 1797

A: (H, 0) D¥ioo+Mo Py LANLIDY
B: (H. O 6-314G(d p)+{Mo. P LANLIOZ

Table 3. Bond Lengths of H-Bonding of MPA Cornplex (1.1) in Different Solvenis Based on B3LYP &
BiPWo I/ (H. O): D25**+Mn, P): LANLIDZ Caleolations

Bood fempeh / (A - (KFLVE Eond 1.emeth £ {A) = (KIPWO1)
Ine
Malsemt
Oh- ) O -0000 O HOZ) O G2 O T4 Crid}= 104100 D49 0012 0o, 1L

Wags 43 I &2 L Oiw} LG50 1410 1.5%4 1 Qe 1050 | AT
1350 R L] [ 11950 1070 {380 L4621 1045 Log 1320
MifreMetlwne 3,464 1660 O iy 1.0%0 | 340 | fux2 L)) 1070 1550
Lthans] 30 1.627% 1000 E150 1.410 1505 (R4l 10640 1.390
Mecione a3 1.630 0,990 1LATH 1,180 1.637 1,000 1,030 1,364
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Table 4 Bond Lengths of H-Boading of MPA Complex (1.1} in Dufferent Solvents Based on BILYP &
BIPWOL/(H, O) 6-31+G(d py+{Mo, Py LANL2DZ Calculations i

Rond Lengih (LA} - [B3LY P
InE

Bund | ength /(&) - (RIPVOI} i E

Solvent O AN O-EA0 OWLLERD DORLLID | OdhHED O@-HAD OdLH (. Oy HD
Water 436 L&TS {1,990 L %0 1430 1655 0,990 1040 ) 450
DMSO 3B TS 0 9% 1140 1 470 ) 689 0.990 L 030 1420
MitrobActhane 3 64 171 {290 1.0 L4M) 1.720 Th S04 1k 147
bthane] 370 1683 0990 1130 1490 1657 09%0 1 40 1440
Acctone 303 1,730 0990 100 ).480 1692 0.990 11050 L1430
=
CONCLUSION ]

Our theoretical studies imdicate that the stability
informatien of 2 single complex in different
polarity of solvents could not be directly used to
obtain  stability data for  hydrogee-bonded
assemhblies in wencral. 1t is noteworthy that the
geometrical analysis of the hydrogen bonds may
present useful insights ity their cooperative
cffects affecting the complex siabilitics. Two
canclusions arc drawn from this study: (1} the
majar difficulty with ah iniio calculations of
hydrogen-bonded nteractions at the theoretical
levels in solvent phase explored herein livs with
inadequate basis sct, and (2) systems with more
thart 3 or 4 heavy stoms (Ma. P, (3, ..} are, at
present, (oo cxpensive tw real accurately both
hardware and software reasons.

Solvation effects are therefore important in such
systems a3 they are in the hydrogen bond
complexes, The present study shows that the results
obtained by the DFT methods for BILYF/A & B
and BIPW91/ A & B arc similar trends.
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