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ABSTRACT

The effect of ten chosen Density Functional ThéDRT) methods at various basis sets for predictimgmolecular
structure, vibrational frequencies and infrared dnsities of pyrimidine molecule has been investidatThe
exchange functionals DFT employed in this studjude local (SVWN), Gradient corrected (BLYP, PW93RW
mPWPW91, G96LYP, PBEPBE) and hybrid (B3LYP, B3PW#\W1LYP, mPW1PW91) and basis sets include
Pople basis sets 6-311G(d,p), 6-311++G(d,p), 6-3@d2p), 6-311++G(2d,2p), 6-311G(3d,3p) 6-
311++G(3d,3p), 6-311G(2df,2pd) 6-311++G(2df,2pd);361G(3df,3pd), 6-311++G(3df,3pd) and Dunning's
correlation-consistent basis sets cc-pVDZ, aug-¢bg, cc-pVTZ and aug-cc-pVTZ. The results are coetpaith
the available experimental data in the gas phassdBlistances and bond angles computed at the PBEPBL1G
(3df, 3pd) level are in good agreement with theilabée experimental data. The results also indictitat for the
vibrational spectrum of pyrimidine, B3LYP/6-311++d3§) result shows a good agreement with the expmertiah
results than other DFT methads

Keywords: DFT Methods, Vibrational Frequencies, Basis Sdgecular Structure, Pyrimidine.

INTRODUCTION

Pyrimidine (Pd) is the parent heterocyclic of awémportant group of compounds that have been studi
extensively because of their occurrence in liviggteams [1, 2]. Pyrimidine and its derivatives passeemarkable
biological activity and they have been used widalyhe fields ranging from medicinal to industragbplications.
The pyrimidine ring system provides a potentialdiig site for metals and hence any information beirt
coordinating property is important for understamdithe role of metal ions in biological systems, ethiare
extremely vital for many life processes.

A large number of studies on the vibrational spesttopy of pyrimidine reported after the publicatafrthe papers
by Ito et al [3] and Lord et al [4]. These repaitsscribe investigations of the compound in the vaghase [5], in
the neat condensed phases and in solutions [6-9edlsas the results of theoretical predictions,[1Q]. The
molecular structure of pyrimidine in the gas-phases investigated using electron diffraction by Feidbet al [12]
and using rotational spectroscopy by Kisiel et %8][ The crystal structure of the compound was exblmnuch
earlier by Wheatley [14].

Density functional theory (DFT) is a quantum medbanmodeling method used in physics and chemittry

investigate the electronic structure of many-bogsteams, in particular atoms, molecules, and thelensed phases
[15]. With DFT, the properties of a many-electrgistem can be determined by using functional, uecfions of
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another function, which in this case are the sppatigependent electron densities. Hence the namsityefunctional
theory comes from the use of functional of the tetet density. DFT is among the most popular andsatde
methods available in condensed-matter physics, atatipnal physics, and computational chemistry. & been
very popular for calculations in solid-state phgs&ince the 1970s. However, DFT was not considacedrate
enough for calculations in quantum chemistry uthité 1990s, when the approximations used in theryheere
greatly refined to improve the exchange and caitelainteractions modeling. In many cases the tesoil DFT
calculations for solid state systems agree quitesfaatorily with experimental data. Computatior@ists are
relatively low when compared to traditional methoslsch as Hartree—Fock theory and its descendastgilon the
complex many-electron wave function. Since there arlarge variety of DFT methods, choosing appeteri
method and basis set are of crucial importancec&pewhen dealing with large biological moleculei#th hetero-
aromatic rings. Previous studies show that seledtuse of appropriate methods, computational taslisbasis sets
are related to the structure under investigatidh [I7]. Numerous reports have been made citingtiveesses of
density functional theory (DFT) compared to coni@mml methods, in computing molecular and chemical
properties such as geometries, harmonic frequeranesenergies [15-17]. Therefore, the DFT methad ghosen
as the basic method in the present paper for elnglthe geometries and vibrational frequencieByfmidine.
Yue Yang et al [18,19] and M. Malekzadeh [20] statdthe comparative study of various DFT method<fasen
molecules.

The aim of this work is the comparison of a seoidifferent DFT methods and higher basis sets #imve studied
in order to find a more suitable method and bastisrspredicting geometry and vibration spectr@wpfimidine.

EXPERIMENTAL SECTION

DFT methods can be divided into three groups orbtms of their exchange functional including logahdient-
corrected and hybrid methods. Local exchange fanatiassumes that exchange-correlation energyyap@int in
space is only a function of the electron densitthat point in space and can be given by the eeadiensity of a
homogeneous electron gas of the same density. flyelacal exchange functional available @Gaussianis the
Slater exchange functional (S) [21] which utilizesal VWN [22] correlation functional. Gradient cected
exchange functional assumes that exchange andat@mneenergies dependent not only on the densityalso on
the gradient of the density. The gradient-correebecthange functionals studied include Becke88 g8],[Perdew-
Wang (PW91)[24] , Modified Perdew-Wang by Barond &tdamo (mPW)[25], Gill96 (G96) [26], Perdew-Burke-
Ernzerhof (PBE) [27, 28] and the gradient-correaedelation functionals include Lee, Yang, andrRaYP) [29],
Perdew-Wang (PW91)[24], Perdew-Burke-Ernzerhof (JJBE 28]. Aside from above "pure" DFT methods,
another group of hybrid functionals exists, whiohlide a mixture of Hartree-Fock exchange with EX¢hange-
correlation. Hybrid-DFT is a very attractive altative for the structural and thermo chemical agiéns due to the
good performance and low cost. Becke Three Pararhiterid Functional (B3) [30], and one parametebfiy
modified Perdew-Wang (mPW1) exchange functionalsAdédmo and Barone [25]. These functional have been
proved to be a successful approach to obtain acumalecular structures, vibrational frequenciesl &@ond
energies.

The molecular geometry optimization and frequeralgwdation of Pyrimidine were performed on the basf the
chosen ten density functional theory (DFT) methwih the program GAUSSIAN 09 [31]. For all compubats the
starting geometry of Pyrimidine was the same ahdoahputations were carried out in gas phase. Hoengtries of
Pyrimidine have been optimized through the apgbcaof ten chosen density functional theory methiodtuding
SVWN, BLYP, PW91PW91, mPWPW91, G96LYP, PBEPBE, BB, YB3PW91, mPWI1LYP, mPW1PW91 with
fourteen basis sets including 6-311G(d,p), 6-311he), 6-311G(2d,2p), 6-311++G(2d,2p), 6-311G(3H,8p
311++G(3d,3p), 6-311G(2df,2pd), 6-311++G(2df,2p@B811G(3df,3pd), 6-311++G(3df,3pd), cc-pVDZ, awgy-c
pVDZ, cc-pVTZ and aug-cc-pVTZ. This was followed bgrmonic frequency calculations at the same level
theory and compare the all the normal modes ofggine €.9.v165 V16b, Ush, Usa, U4, U10p, V11, U174, Us, U1, Vigh V12 Uga,
V15, U3, D14, U1gp, U19a, Usp, Usa, V13, U2, U204, @aNdU7;, iN the notation of Lord et al [4]. The calculatgration frequencies
and infrared intensity of the vibration normal medesing Gaussian 09 are picked up by the GAUSSV|&2Y. In
order to better compare the calculated and expetahédata of Pyrimidine and to determine which rodtigive the
best agreement, we also calculated the mean absidutations between the calculated and experirheata.
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RESULTS AND DISCUSSION

The purpose of this calculation on pyrimidine malecis to compare various DFT methods at 6-311 ©3pd)
basis set to calculate the exact level of optimieeergy and dipole moment. The results are showrabie 1. The
pyrimidine molecule is found to be most stable 8LBP level and least stable at SVWN level. Also thipole
moment is maximum at B3PW91 and mPW1PW91 whichcatdi that strongest intermolecular attraction in
optimized structure is at BSPW91 and mPW1PW91.

Table:1 Parameters corresponding to optimized geony calculated for Pyrimidine with various DFT Meth ods at 6-311G(3df,3pd) basis

set

Sr.No | DFT Methoc | Total Energy (Hartre¢ | Dipole Moment (Debye

1. SVWN -262.9375095 2.20(

2. BLYP -264.32125142 2.159
3. PW91PW91 -264.30983452 2.151
4. mPWPW91 -264.37571362 2.157
5. G96LYP -264.30327111 2.178
6. FBEPBE -264.0842244 2.14¢

7. B3LYP -264.4097003 2.20¢

8. B3PW91 -264.30118360 2.207
9. mPWILYP -264.27718279 2.205
10. mPW1PW91 -264.33811607 2.207

™~

.

N

Fig.1. The chemical structure of pyrimidine

Fig.2. The optimized structure of Pyrimidine at B3LYP/6-311(3df,3pd) and number assigned for the atoms

3.1. Optimization parameters calculated with varios methods at 6-311G(3df, 3pd) basis set

The chemical structure of Pyrimidine is shown igUfe 1. Figure 2 represents the optimized struatipyrimidine

at B3LYP/6-311G(3df, 3pd) level. The optimized stures of pyrimidine using other methods which stigated

in this study are similar to ones of pyrimidine azdhted at B3LYP/6-311G(3df, 3pd) level. The op#ed
geometrical parameters determined with SVWN, BLPRY91PW91, mPWPW91, G96LYP, PBEPBE, B3LYP,
B3PW91, mPW1LYP, mPW1PW91 methods at 6-311G(3di) Basis set for molecule are shown in Table 2. The
values are compared with experimental data obtaine@as phase by the electron diffraction metho2.[To
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compare the bond lengths obtained from differenT Diethods at 6-311G(3df, 3pd), the mean absolu@tens
between the calculated and experimental value haee determined. It has been found that bond lecejtiulated
by SVWN, BLYP, PW91PW91, mPWPW91, G96LYP, PBEPBBLBP, B3PW91, mPWI1LYP and mPW1PW91
have mean absolute deviations of 0.0103 A, 0.00620038 A, 0.0032 A, 0.0054 A, 0.0027 A, 0.0/47.0114
A, 0.0120 A and 0.0132 A respectively. Average &lteodeviations for different DFT methods at 6-3136, 3pd)
have been shown in figure 3. We see that PBEPBEtifumal gives the best result in bond length caltah of
pyrimidine. Figure 4 shows the correlation betwdenexperimental [12] and calculated bond lentht WBEPBE
method at 6-311(3df,3pd) basis set.

Table 2 Comparison of bond lengths (in A) and bondngles (in®) calculated for pyrimidine with various DFT Methods at 6-
311G(3df,3pd) basis set

Geometry Expt. 6-311G(3df,3pd)
[12] [SVWN | BLYP | PW9IPW91 | mPWPW9L1| GO96LYP| PBEPBE| B3LYP| B3PWL | mPWILYP | mPWIPWOL
cic2 1.393| 1.3805] 1.396 1.3921 1.3929 13955  37.39 1.3867 | 1.3848 1.3855 1.3834
C1-C4 1.393| 1.3805] 1.396 1.3921 1.3929 13955 37.39 1.3867 | 1.3848 1.3855 1.3834
C1-H5 1.099] 1.0909] 1.087 1.0882 1.0882 1.0869 1.0b 1.0805 | 1.0816 1.0791 1.0804
C2-H6 1.099]| 1.0958] 1.091p 1.0921 1.0024 1.0908  4p09| 10845 |  1.086 1.0831 1.0848
C2-N9 1340 1.325| 1.344 1.3392 1.3403 1.3432 B34D 1.3326 | 1.3303 1.3313 1.3276
C3-H7 1.099| 1.096]| 1.090 1.0018 1.0923 1.0905 1094 1.0842 | 1.0859 1.0828 1.0845
C3-N9 1.340| 1.3246] 1.344) 1.3386 1.3397 13437 0P34 13315 1.329 1.33 1.3266
C3N12 1.340| 1.3246] 1.344% 1.3386 1.3397 13497 40P3 | 1.3315| 1.329 133 1.3266
C4-H8 1.009| 1.0958] 1.091p 1.0921 1.0924 10908 4209 10845 | 1.086 1.0831 1.0848
C4N12 1.340] 1.325| 1.344 1.3392 1.3403 13432 0B34] 1.3326 | 1.3303 1.3313 1.3276
Mzzciggjr?;“te 0.0103 | 0.0062 0.0038 0.0032 0.0054 00027  0.0107 O11@. 0.0120 0.0132
[C2C1C4 116.8] 116.6] 1161 1166 116.6 1167 116/6 6611 1165 1166 1165
[C2C1H5 121.6] 121.7| 1216 1217 1217 217 1217 1712] 1217 1217 1218
[/C4C1H5 121.6] 121.7| 1216 1217 1217 1207 1217 1712] 1217 1217 1218
[C1C2H6 121.6] 1211 121.2 1212 1212 1210 1212 1212] 1212 121.2 1212
[JC1C2N9 1203 1221 1223 1224 1224 1208 120l4 2012|1223 1222 1223
[TH6C2N9 1153| 116.7| 1165 1165 1164 116. 116/4  6.6l1] 1165 1166 1165
[JH7C3N9 1153 1165| 116.3 116.2 116.2 116.4 1162 6511 1164 1165 1164
[H7C3N12 1153 1165 1163 116.2 116.2 1164 1162 1651 | 1164 1165 1164
[IN9C3N12 127.6] 1269 1273 1275 1275 1278 12706 27.00 | 1272 126.9 1272
[C1C4H8 121.6] 1211 121.2 1212 1212 121.p 1212 1212] 1212 1212 1212
[IC1C4N12 1223 1221 122.3 1224 1224 1228 120/4 2221 | 1223 1222 1223
[H8C4N12 1153 116.7| 1165 1165 116.4 1165 1164 1661 | 1165 116.6 1165
[JC2N9C3 1155 1161 115.1 1155 1155 1157 1155 6.011] 1159 116.1 115.9
[IC3N12C4 1155 1161 1151 1155 1155 1157 1155 16.01 | 1159 116.1 1159
Msa”.apso'“te 0640 | 0.429 0.407 0.393 0.457 0.386 0.571 0.507 930.5 0.521
eviations
0.014

0.012 /
0.008 /

0.006 //

0.004

Average absolutedeviationin A

.002
O T T T T T
& N N Q Q & Q N R N
A M A A AN -t
& N 3 & & S N o3
R S F &
& < 652
DFT Methods

Fig.3: Average absolute deviation from experimentavalue[12] in bond lenths (A) for different DFT Methods at 6-311G(3df,3pd) basis
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The calculated bond angles with various DFT mettargsvery closer to their experimental data. To gara the
bond angles obtained from different DFT method6-811G(3df, 3pd), the mean absolute deviations eéetwthe
calculated and experimental value have been datednit has been found that bond angle calculaye8\BAVN,
BLYP, PW91PW91, mPWPW91, G96LYP, PBEPBE, B3LYP, BB, mPW1LYP and mPW1PW91 have mean
absolute deviations of 0.636 0.428, 0.407 , 0.398, 0.457, 0.388, 0.57f, 0.507 0.598 and 0.521
respectively. We again see that PBEPBE functioinasgthe best result in bond angle calculationyoimpidine.

1.5
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=
Z
= 1.3
=
=
= 1.2
z
g 1.1
=5}

1

1 1.1 1.2 1.3 1.4 1.5
Calculate bond length (&)

Fig.4. Correlation between experimental [12] and PBPBE/6-311(3df,3pd) calculated bondlength for pyrindine, Equation: re, =0.976
ra+0.032, R=0.999

3.2. Optimization parameters calculated with PBEBE methods at various basis sets

In an effort to better evaluate the limit performmanand to determine basis set dependence, catmdafor
optimized geometries with PBEPBE functional usirayious basis sets have been carried out. The etdcll
geometry parameters with PBEPBE at different bssis have been compared with the experimental heasin
Table 3. It is clear that the calculated bond lbagit 6-311G(3df,3pd) basis set are in better aggae with the
experimental geometry. All of the calculated boaddths yielded by the PBEPBE/6-311G(3df, 3pd) nebthe
nearest to the experimental data. The mean absd&uiations are 0.0041 A for 6-311G(d,p), 0.004Z0h 6-
311++G(d,p), 0.0037 A for 6-311G(2d,2p), 0.00390h 6-311++G(2d,2p), 0.0037 A for 6-311G(3d,3p),020 A
for 6-311++G(3d,3p), 0.0029 A for 6-311G(2df,2pd),0032 A for 6-311++G(2df,2pd), 0.0027 A for 6-
311G(3df,3pd), 0.0030 A for 6-311++G(3df,3pd),@6R A for cc-pVDZ, 0.0053 A for aug-cc-pVDZ, 0.0081for
cc-pVTZ, and 0.0032 A for Aug-cc-pVTZ. Average ahse deviations at different basis sets for PBERB&hod
have been shown in figure 5. Obviously, the 6-3BHH(3pd) gives the best results in the calculafamnthe bond
lengths of pyrimidine. The bond angles calculatgdtte different basis sets are in a good agreeméht the
experimental value and are close to each otheithinnan average absolute deviation of half of grde.
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Fig.5: Average absolute deviation from experimentavalue[12] in bond lenths (A) for different Basis sts for PBEPBE Method

Table 3 Comparison of bond lengths (in A ) and bondngles {) calculated for Pyrimidine with PBEPBE method at dfferent basis sets

Geometry Expt. PBEPBE
[12] A B C D E F G H | J K L M N
C1-C2 1.393| 1.3972] 13975 13945 1.3949 1.3955 5839 1.3938| 1.3941] 1.393] 1.394 14014 14014 1.3p38.394
C1-C4 1.393| 1.3972] 13975 13945 1.3949 1.3955 5839 1.3938| 1.3941] 1.393] 1.394 14014 14014 1.3p38.394
C1-H5 1.099| 1.0917] 1.091 1.0898 1.0897 1.0902 0R0OP 1.09 1.0898 1.09 1.0898 1.0994 1.0977 1.0898 898(
C2-H6 1.099 1.0956 1.0955 | 1.0939| 1.0934 1.094¢4 1.09¢4 1.0941 1.0937 942.d 1.0938 1.104 1.101 1.094 1.0988
C2-N9 1.340 1.3441] 1.3441 1.3427 1.34P8 1.3426 2B.3¢% 1.3415 1.3416 1.3408 1.3411 1.3477 1.3477 1.331B3418
C3-H7 1.099| 1.0953] 1.095% 1.0939 1.0984 1.0942 3B0P 1.0942| 1.0936] 1.094 1.0936 1.104 1.1Q03  1.0p3R.0937
C3-N9 1.340| 1.3434] 1.3434 1.34%2 1.3420 1.342 1.3421.3406 | 1.3406| 1.3402 1.340B  1.3473 1.347 1.3409 34089.
C3-N12 1.340| 1.3434] 1.3434 1.34p 1.3420 1.342 1.3421.3406 | 1.3406| 1.3407% 1.3403  1.3473 1.347 1.3409.3409
C4-H8 1.099| 1.0956| 1.095 1.0939 1.0986 1.0944 41.091.0941| 1.0937| 1.094] 1.0938 1.104 1.1013 1.094 0938.
C4-N12 1.340 1.3441 1.3442 1.3427 1.34P8 1.3426 42B3 1.3415 1.3416) 1.3408 1.3411 1.34[77 1.3477 8.3411.3418
Mean
absolute 0.0041 | 0.0042| 0.0037 0.003p 0.0037 0.0040 0.00290032.| 0.0027| 0.0030 0.0062 0.0033 0.0081  0.0032
deviations
[1C2C1C4 116.8 116.5 116.9 116.6 11647 116.6 116.6 6.611 116.7 116.6 116.6 116.4 116.6 116(6 116.7
[1C2C1H5 121.6 121.7 121.7| 121.7 1217 1217 121.7 1.712 121.7 121.7 121.7 121.4 121.f 121(7 121.7
[1ICAC1H5 121.6 121.7 121.7] 121.7 121[7 1217 121.7 1.712 121.7 121.7 121.7 121.4 121.f 121(7 121.7
[IC1C2H6 121.6 121.2 121.2 121.1 1212 12142 121.2 11120 121.2 121.2 121.2 121.1 121. 1212 121.2
[IC1C2N9 122.3 122.5 122.4 122. 1224 122\5 122.4 25120 1223 122.4 122.3 122.7 122.4 122|4 122.4
[IH6C2N9 115.3 116.3 116.3 116.4 116.4 1164 116.4 6.411 116.5 116.4 116.5 116.3 116.4 116)4 116.5
[IH7C3N9 115.3 116.1 116.2 116. 116.8 116/1 116.3 6.211] 116.3 116.2 116.3 115.9 116.2 116|2 116.3
[JH7C3N12 115.3 116.1 116.2| 116.1 1163 116.1 116.3 16.21 116.3 116.2 116.3 115.9 116.p 116[2 116.3
[IN9C3N12 127.6 127.8 127.§ 127. 1275 127.7 1275 27.71 127.4 127.6 127.4] 128.9 127.p 127(6 127.4
[1C1C4H8 121.6 121.2 121.2| 1211 1212 1212 121.2 1.1120 121.2 121.2 121.2 121.1 121.p 1212 121.2
[IC1C4N12 122.3 122.5 122.4 122.5 1224 122.5 12p.4 2251 | 1223 122.4 122.3] 122.7 122.4 122{4 122.3
[/H8C4N12 115.3 116.3 116.3 116.4 1164 116.4 116.4 16.41 116.5 116.4 116.5] 116.9 116.4 116}4 116.5
[IC2N9C3 115.5 115.3 115.5 115. 1156 1154 115.6 5411 115.7 115.5 115.7 115.¢ 115.5 115|5 118.6
[IC3N12C4 115.5 115.3 115.5 115.8 115/6 115.4 115.6 15.41 115.7 115.5 115.7| 115. 115.6 115|5 115.6
Mean
absolute 0.42 0.37 0.41 0.41 0.41 0.42 0.44 0.44 0.39 0.44 530| 0.39 0.39 0.43
deviations

In above tableA stands for 6-311G(d,pB stands for 6-311++G(d,p; stands for 6-311G(2d,2), stands for 6-311++G(2d,2[#, stands for
6-311G(3d,3p)F stands for 6-311++G(3d,3}, stands for 6-311G(2df,2pd)j, stands for 6-311++G(2df,2pd)stands for 6- 311G(3df,3pdy,
stands for 6-311++G(3df,3pd, stands for cc-pVDZ, stands for Aug-cc-pVD2W stands for cc-pVTZ and stands for Aug-cc-pVTZ.

3.3 Vibrational spectra calculated with variousmethods at 6-311G(3df,3pd) basis set
The harmonic vibrational frequencies are calculaaédhe same level of theories used for the cdticulaof
optimized geometries. The calculated frequenciese wealed down by the wave number linear scalinggmure
(WLS) of Yoshida et al. [33, 34] using the followirequation:
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Uscale=(1.0087-0.0000168.4) vcal cmt )

The computed vibrational frequencies (scaled valakthe all normal modes of pyrimidine ewe, V1eb, Veb, Usa, U,
U10b, V11, V174,05, U1, U1gp, V12, Uga, V15, U3, U14, U19p, U19a, Ush, Usa, V13, U2, U20a, andU7b in the notation of Lord et al [4] of
pyrimidine with various DFT methods using 6-311((3pd) basis set are listed in Table 4. It showddchbted that
the calculated frequencies are generally highen tha observed frequencies due to observed fregegenontain
anharmonic contributions. The anharmonicity of fimedamental frequencies is most often taken intsicteration
by scaling the calculated harmonic frequencies, Hrsl procedure has been found to work well sinoe t
overestimation of vibrational frequencies is faitlgiform. Various scaled vibrational mode for pyidine with
SVWN, BLYP, PW91PW91, mPWPW91, G96LYP, PBEPBELBP, BsPW91, mPWI1LYP and mPW1PW91
methods at 6-311G(3df,3pd) basis set are giverhéntable 4. In order to make a comparison betwéen t
experimental and theoretical wave numbers, we lal@ilated mean absolute deviation which is a featy used
measure of the differences between values predioje@d model and actually observed from the thingdpe
modeled. The mean absolute deviation between thmulaged harmonic and observed fundamental vibmatio
frequencies for each method are also given in Tabléhe mean absolute deviation values with SVWNYB,
PW91PW91, mPWPW91, G96LYP, PBEPBE, B3LYP, B3PWI9PWALYP and mPW1PW91 methods at 6-
311G(3df,3pd) basis set are 47 B0 cm', 45 cm*, 46 cn', 49 cm', 47 cm, 43 cm', 44 cm, 48 cm' and 49
cm’® respectively. Average absolute deviations fored#ht DFT methods at 6-311G(3df, 3pd) have beewsstio
figure 6. It is remarkable that the B3LYP methodfpens well for the calculation of vibrational fregncies with
the mean absolute deviation less than those reptotehe other DFT methods. Obviously, B3LYP fuanal give
results in closest agreement with the observeduéneges over the other methods. Figure 7 showsdhelation
between the experimental [12] and calculated fregigs with BSLYP method at 6-311++G(d,p) basis se

Table 4 Comparison of frequencies (in cm) calculated for Pyrimidine and infrared intensitie$ (Km/mol) with various DFT Methods at
6-311G(3df,3pd) basis sets

Mode Expt’ | SYWN | BLYP | PW91PW9L1 | mPWPWOL1] GO6LYP| PBEPBE| B3LYP | B3PWL | mPWILYP | mPWIPWOL
e 344 | 313(3) | 3303 32103) 32103) 32803 319(3 355 347(3) 36103) 35303)
16s 394 | 386(0) | 391(0) 385(0) 385(0) 39000 384(0 0)2(_406(0) 417(0) 210(0)
ot 567 | 614(12) | 618(11) 613(11) 613(11) 618(11)  61L(IL 636(12) | 630(12) 640(12) 633(12)
Yes 624 | 68l(4) | 676(3) 675(3) 674(3) 677(3 673(3 8y7(] 694(3) 701(3) 698(3)
04 679 | 723(39) | 722(34) 721(35) 721(35) 723(35)  72D(35 742(37) | 740(38) 746(37) 744(39)
o 722 | 805(2) | 797(4) 797(3) 797(2) 799(4 795(4 838(]  827(5) 833(5) 833(5)
o 806 | 952(0) | 947(0) 947(0) 947(0) 949(0 945(0 936(]  984(0) 993(0) 992(0)
17 870 | 962(0) | 962(0) 963(0) 963(0) 965(0 961(0 10p3[ 1001(0) 1010(0) 1010(0)
s 980 | 992(0) | 965(3) 975(4) 973(4) 967(4 973(4 1@D5| 1009(5) 1012(4) 1016(5)
o 991 | 994(6) | 988(0) 988(0) 988(0) 990(0 986(0 1030] 1028(0) 1038(0) 1037(0)
i 1021 | 1056(3) | 1042(1) 1048(1) 1048(1) 1044() __1096( 1075(1) | 1077() 1081(2) 1083(1)
o1z 1066 | 1062(1) | 1050(3) 1054(3) 1053(3) 1053(8) _ 1852( 1086(2) | 1085(2) 1092(2) 1092(2)
Y0z 1141 | 1141(1) | 1116(4) 1125(3) 1123(3) 1110(8)  12p2( 1154(3) | 1157(2) 1160(3) 1166(2)
Vie 1161 | 1197(9) | 1164(1) 1190(7) 1189(6) 1171(6)  11p8( 1198(4) | 1216(7) 1199(4) 1223(8)
s 1227 | 1292(0)| 1196(9) 1224(2) 1219(3) 1201(8)  12p3( 1240(7) | 1253(3) 1246(7) 1262(2)
Vis 1371 | 1318(0)| 1341(0) 1332(0) 1333(0) 1343())  18p8( 1377(0) | 1370(0) 1385(0) 1377(0)
o 1402 | 1394(46)| 1367(55 1377(50) 1375(51)  1370(611373(50) | 1418(59) 1422(56)  1427(60 1432(56
[ 1467 | 1432(5)| 1426(4) 1427(5) 1427(5) 1429(5)  18p3( 1475(7) | 1474(8) 1484(7) 1484(8)
vt 1570 | 1571(77)] 1512(68 1535(71) 1533(70)  1517(J01533(70) | 1582(80) 1596(81)  1594(83 161184
o8 1570 | 1577(48)] 1513(27 1536(34) 1534(33)  1510(3)1534(34) | 1583(40) 1506(44) _ 1594(42 1613(48
o1 3001 | 2951(16)] 2943(14)  2957(15) 2954(16)  2947(162948(16) | 3016(14) 3021(16)  3029(14 3036(15
02 3048 | 2953(14)] 2946(28) _ 2959(25) 2957(26)  2950(P6P951(25) | 3019(24) 3024(23) _ 3031(24 3039(22
V20 3083 | 2960(8) | 2956(19] _ 2969(18) 2965(17) _ 2960(17) 959216) | 3028(16)] 3032(15) _ 3041(16) 3048(15)
ot 3095 | 3003(5) | 2986(16]  3001(13) 3001(13]  2990(13) 996212) | 3061(10)] 3070(9)]  3073(10) 3085(8)
M%ag:,gtt’izﬂ'“te 47 50 45 46 49 47 43 44 48 49

#IR intensity: the value in parentheses
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Fig. 6: Average absolute deviation from experimentavalue[12] in wavenumber (cm?) for different DFT Methods at 6-311G(3df,3pd)
basis
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Fig. 8: Average absolute deviation from experimentavalue[12] in wavenumber (cm') for B3LYP Method at basis sets

Table:5: Comparison of frequencies (in cid ) calculated for Pyrimidine and infrared intensitiest (Km/mol) with B3LYP method at
different basis sets

Mode | Expt. A B c D E F G H [ J K L M N
V16t 344 354(3) 348(3) 355(3) 353(4) 354(3) 352(3 356(3) 5@% 355(3) 353(4) 355(3) 352(3) 355(3 354(3
Usee 394 410(0) 408(0) 411(0) 410(0) 410(0) 408(0 412(Q) 2®) 412(0) 410(0) 408(0) 409(0) 412(0 411(0
Vet 567 635(11) 635(10) 638(12) 637(11 636(12) 635(11L)  (A3p 635(11) 636(12) 635(11 630(12 631(11) 635(12 634(11)
Uss 624 695(4) 694(3) 697(3) 695(3) 696(3) 694(3 696(3) 4@ 697(3) 695(3) 690(4) 689(3) 694(3 694(3
U4 679 738(43) 731(44) 738(38) 736(42 740(37) 736(41L) (391 738(41) 742(37) 738(40 737(32 734(42) 739(41 739(40)
V1ot 722 824(5) 817(7) 823(3) 819(5) 824(5) 818(5 827(3) 5@2 828(5) 823(5) 820(3) 814(5) 826(4 825(5
v 806 979(0) 969(0) 981(0) 978(0) 982(0) 975(0 987(Q) 5(@8 986(0) 981(0) 973(0) 973(0) 984(0 985(0
U17¢ 870 994(0) 986(0) 998(0) 995(0) 999(0) 990(0 1003(P) 00Q(0) 1002(0) 995(0) 991(0) 992(0 999(0| 1001(D)
Vs 980 1003(5) 1003(0) 1003(4) 1002(4 1004(4) 1003(#) 516D 1003(4) 1005(4) 1004(4 1003(5] 1000(4) 10p3(4 1002(4)
vy 991 1019(0) 1003(4) 1024(0) 1020(0 1025(Q) 1017(p)  9rop 1027(0) 1029(0) 1023(0 1017(0] 1018(9) 1027(0 1028(0)
Usst 1021 | 1070(2) 1069(1) 1075(2) 1073(1 1072(3) 1070(L) 4oy 1072(1) 1074(1) 1073(1 1071(1] 1068(1) 10y4(1 1073(1)
V12 1066 | 1085(4) 1084(4) 1085(3) 1085(3, 1084(2) 1083(B) 6188 1085(3) 1086(2) 1085(3 1080(3| 1079(3) 1086(3 1085(3)
Ugs 1141 | 1149(2) 1148(1) 1153(3) 1151(1 1150(3) 1149(R) 33 1151(1) 1154(3) 1152(2 1147(2] 1144(1) 1152(2 1151(2)
V15 1161 | 1200(4) 1202(5) 1191(3) 1193(4 1195(4) 1196(p) 814 1198(5) 1199(4) 1200(5 1212(7| 1208(9) 12p0(4 1198(5)
U3 1227 | 1238(9) 1238(10) 1238(9) 1236(10) 1238(1) 1237(9) 2398) 1237(9) 1239(7) 1238(9 1248(3) 1244(8) 18B9| 1237(9)
V14 1371 | 1373(0) 1373(0) 1381(0) 1380(0 1377(Q) 1377(p) 7By 1378(0) 1377(0) 1376(0 1360(0| 1364(0) 13y8(0 1377(0)
Uiot 1402 | 1414(61) | 1414(59) 1417(61 1416(61) 1416(89) 149p(p 1419(60) | 1418(60 1419(59 1418(59) 1408(%4) 9180) | 1417(61)| 1417(59
U1ge 1467 | 1470(8) 1469(6) 1477(8) 1475(6 1474(7) 1472(F)  Sw@y 1473(5) 1474(7) 1473(6 1465(7| 1462(%) 14Y5(7 1473(6)
gt 1570 | 1581(42) | 1580(85)] 1580(79) 1578(8%) 1580(40) 15ZB(M 1582(81)| 1579(85) 1583(80) 1580(45) 1590(43) 3188) | 1582(42)| 1580(84
Ugs 1570 | 1581(82) | 1580(46)] 1581(38| 1579(42) 1581(39) 153p(B 1583(41)| 1580(45 1583(40 1580(84) 1591(19) 3188) | 1582(83)| 1580(44
V13 3001 | 3014(14) | 3017(14)] 3017(14) 3022(18) 3006(14) 303p(LL 3015(15)| 3019(15) 3016(14) 3019(1#) 3017(14) 5808) | 3015(15)| 3016(14
vy 3048 | 3017(25) | 3020(18)] 3020(25] 3025(17) 3008(44) 30Zy(LL 3017(25)| 3022(18 3018(24 3022(18) 3019(26) 7808) | 3017(23)| 3018(18
Ug0¢ 3083 | 3027(18) | 3031(14) 3031(18| 3036(18) 3019(17) 303p(lL 3027(17)| 3032(12 3028(16 3034(18) 3027(18) 9D3) | 3027(16)| 3028(13
V7K 3095 | 3058(10) | 3058(9) 3061(11 3064(9 3052(10)  3053(9)3062(11) | 3064(9) 3061(10 3063(9 3065(9) 3066(9) 061310) | 3060(9)
Mean
absolute 41 38 42 40 42 40 43 42 43 41 41 39 43 42
deviation

In above tableA stands for 6-311G(d,pB stands for 6-311++G(d,p; stands for 6-311G(2d,2, stands for 6-311++G(2d,2(#, stands for
6-311G(3d,3p)F stands for 6-311++G(3d,3}, stands for 6-311G(2df,2pdy, stands for 6-311++G(2df,2pd)stands for 6- 311G(3df,3pdy,
stands for 6-311++G(3df,3pd4, stands for cc-pVDZ, stands for Aug-cc-pVD2M stands for cc-pVTZ and stands for Aug-cc-pVTZ.

IR intensity: the value in parentheses
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3.4 Vibrational spectra calculated with B3LYP mehod at various basis sets

The calculated frequencies (scaled with WLS methtmdjether with their intensities and the experimént
frequencies given Table 5. It can be seen fromd &lthat the calculated frequencies yielded by BBlivethod at
6-311G(p,d) basis set are significantly overestadawhereas those calculated at 6-311G(3pd,3dff lsts are
closer to the experimental data. The mean absdkii@tions between the calculated frequencies apdranental
frequencies are 41 chfor 6-311G(d,p), 38 cthfor 6-311++G(d,p), 42 cthfor 6-311G(2d,2p), 40 cihfor 6-
311++G(2d,2p), 42 cthfor 6-311G(3d,3p), 40 cihfor 6-311++G(3d,3p), 43 cinfor 6-311G(2df,2pd), 42 cinfor
6-311++G(2df,2pd), 43 crhfor 6-311G(3df,3pd), 41 ctfor 6-311++G(3df,3pd), 41 cmfor cc-pVDZ, 39 crit
for Aug-cc-pVDZ, 43 crit for cc-pVTZ and 42 cih for Aug-cc-pVTZ. Average absolute deviations dfedent
basis sets for BSLYP method have been shown irrdi@u It is remarkable that the B3LYP/6-311++G(}l)qvel
afforded the best quality to predict the vibratgpectra of Pyrimidine.

CONCLUSION

In this paper, we have carried out DFT calculationghe molecular structure and vibration spectrpyoimidine.
Comparison between the calculated and experimestiaictural parameters indicates that the PBEPBE/6-
311G(3df,3pd) level is clearly superior to all bétremaining DFT levels in predicting the structafgyrimidine.
Comparison between the calculated and experimémalamental vibrational frequencies of pyrimidimelicate
that the B3LYP/6-311G(3df,3pd) level shows betterfgrmance in the vibration spectra prediction yimidine.
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