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ABSTRACT

Structure and stability of the complexes formed between pyrimidine and water molecules have been completely
investigated in the present study using by second order Moller-Plesset (MP2) and density functional theory (DFT)
on the basis set 6-311++ G(d,p). Nine reasonable geometries on the potential energy hyper surface of the pyrimidine
and water are considered: two each are with two, three and four water molecules and one each with one, five and
six water molecules. Optimized geometries and hydrogen binding energies for various structures have been
estimated. Hydrogen binding energies and bond distances as well asthe vibrational characteristics show that as the
number of water molecules increases stability of the complexes increases and the bond length between N and H
decreases. The ring-breathing mode v, of the reference system Pd was chosen as a marker band to probe the degree
of hydrogen bonding.

INTRODUCTION

Pyrimidine (Pd) is the parent heterocyclic of awémportant group of compounds that have been studi
extensively because of their occurrence in liviggtems. The pyrimidine ring system provides a pidébinding
site for metals and hence any information on theordinating property is important for understamgdihe role of
metal ions in biological systems, which are extrigméal for many life processes.

Hydration is a universal phenomenon in nature, maological processes occur in aqueous media. Wisss a
crucial role in directing the conformational prefieces of molecules of biological relevance. Pyriméds a model
structure for the representation of biologicallyexant N-heterocycles. Pyrimidine has numerous esffi
receptor/binding sites and water molecule are Yitelbe present in these binding sites and may alegle in the
way in which pyrimidine interacts with water. Hyden bonding is an extensively investigated phenamen
especially due to its importance for biological teys. Quantum Chemistry provides the concepts tdeaehan
understanding of the fundamental nature of chentioatls in general and hydrogen bonds in particBlesides ab-
initio methods, density functional theory (DFT) Haescome very popular recently owing to its goodfigremance
and reasonable computational efforts. Binary iamumplexes, complexes of small organic molecules wiater,
and some other systems have been examined by saaothors [1-6]. Vibrational spectroscopic analysfs
hydrogen-bonding between pyrimidine and water bekperimentally and theoretically studies recently b
Schlucker etal.[7]. These authors have employed¥#3Imethod on basis set 6-31++G(d,p). We have dbee t
theoretical study using by second order Moller-84¢$MP2) and density functional theory (DFT) B3L¥#h the
higher basis set 6-311++G(d,p), all these calauatshows the more stable structure than studi&tblucker etal.
We study the structures and spectra of some pessifurogen bonded pyrimidine-water complexes, slscRdW,
Pd\/\/2(2+0), Pd\/\é(1+1), Pd\/\é,(3+o), PdV\é(2+l), Pd\M(3+1) , PdV\h(z:,z)v PdV\l\;(3+2), PdVVG(3+3), In this paper the ab-initio and
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DFT derived optimized geometries and vibrationacima of the nine pyrimidine-water complexes arespnted
and the change in the structures and spectralrésatuithin this group has been discussed. The gihgeometry,
interaction energies and ring breathing vibratignof the pyrimidine-water complexes has been charaetd
theoretically for the first time using comparatisiidy of ab-initio (MP2) and DFT calculations (B3BY with 6-
311++G(d, p) basic set.

1. Computational M ethodology:

The ground state geometries and vibrational spdotréree Pyrimidine (Pd) and its hydrogen-bondedhplexes
with molecules of water have been optimized andesmponding ring breathing vibratioawere calculated using ab
initio method:-(i) MP2 and hybrid density functidribeory (DFT) methods- (i) B3LYP which uses Beskthree-
parameter functional with nonlocal correlation pdmd by Lee—Young—Parr expression with 6-311++@Jdyasic
set. The optimized structure at MP2/6-311++G(dham been taken as the input structure for the legions at the
B3LYP/6-311++G(d, p) All calculations have beenfpaned using the GAUSSIAN 09 (revision D.01) packad
programs without any constraint on the geometrijalt already been shown that this level of thepsuifficient to
reliably predict molecular geometries as well awrational spectra of hydrogen bonded systems. Ge@sdave
been first optimized with full relaxation on thetpntial energy surfaces.

2.DFT Calculations on Pyrimidine-Water Complexes

In the binary system Pd/W, many different hydrogpemded complexes can be simultaneously presenttwWhe
nitrogen atoms of Pd are potential hydrogen-accegpites. We therefore calculated the structurestlaadibrational
spectra of various small PdMlusters with stoichiometric ratios ranging from 1 to 1. 6. Our calculations are
restricted to species with a maximum of three watelecules (W subcluster) attached to one N atom of Pd having
overall a maximum of six water molecules.

figure 1(a) : Optimized structure of Pyrimidine (Pd) at B3LY P/6-311++G(d,p)
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Fig. 1(b) & 1(c): Optimized structure of Pyrimidine-Water complex PAW and PdW.q) at B3LYP/6-311++G(d,p)
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figure 1(d) & 1(e) : Optimized structure of Pyrimidine-Water complex PdW.1) and at B3LY P/6-311++G(d,p)

figure 1(e) : Optimized structureof Pyrimidine-Water complex PdW 3.
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figure 1(f) : Optimized structure of Pyrimidine-Water complex PdW 3.1y at B3LYP/6-311++G(d,p)

figure 1(g): Optimized structure of Pyrimidine-Water complex PAW 4.1y at B3L 'Y P/6-311++G(d,p)
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figure 1(h): Optimized structure of Pyrimidine-Water complex PdW 4., at B3L Y P/6-311++G(d,p)

figure 1(i): Optimized structure of Pyrimidine-Water complex PdWs. at B3L'Y P/6-311++G(d,p)

figure 1(j): Optimized structure of Pyrimidine-Water complex PdW (3.3 at B3LY P/6-311++G(d,p)
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RESULTSAND DISCUSSION

Calculated total energies (Hartree) for Pyrimidine-Water Complexes

Complex

B3LYP/6-31++G(d,p

B3LYP/6-311++G(d,p) MP

B11++G(d,p)

PdW

-340.78491399

-340.86209604

-339.92202671

PdWa2.0)

-417.23548583

-417.33649308

-416.2137151]

PdWa141

-417.22837484

-417.32974154

-416.20745684

3

PdWs3.40)

-493.67975036

-493.80443467

-492.49934734

3

PdWsp.1

-493. 67902712

-493.80422210

-492.4991117¢

PdWaz.1)

-570.12385146

-570.27290655

-568.78531584

3

PdWy(2.2)

-570.12954870

-570.27853304

-568.79072517

PdWs(3.2)

-646.57453684

-646.74744449

-645.0771653¢

PdWe(s.3)

-723.02535302

-723.22210343

-721.3689045]

The pyrimidine-water complexes are found to be nstable at B3LYP/6-311++G(d,p) level. We also de# tis
number of water molecule increases the stabilityorhplexes also increases.

Calculated N-H Distance and ring breathing mode Frequenciesfor pure pyrimidine and various Pd-W
Complexesfor most stable structure (B3LYP/6-311++G(d,p) )

Comple> | d (N1-H) (A) [ d (N2-H) (A) | v; (cnr?
Pd 993.715
PdW 1.96516 1011.37
PdWooso 1.87130 1013.7
PdWo+1 1.98311 1.98311 1018.18
PdWs.o 1.73482 1017.22
PdW,(241 1.88766 1.97351 1020.38
PdW, 41 1.76910 1.97715 1032.14
PdWi+2 1.88160 1.88160 1022.18
PdW .2 1.76362 1.89163 1033.6[L
PdWk .3 1.76181 1.85149 1034.83
CONCLUSION

1. Quantum Chemical studies of hydrogen bonded Pymmidwater complexes show that as the number ofrwat
molecules increases stability of the complexeseiases. The variations in bond length depend orsitlee of the
Pyrimidine ring in which water molecule is attached
2.The ring-breathing mode, of the reference system Pd has changed with th#i@d of water molecule and
shows blue shift.
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