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Theoretical investigation of the structures and
vibrational frequencies of adenine — water clusters

CHEN Wen-Long KONG Ge ZHOU Liu-Zhu KONG Xiang-He

( School of Physics And Engineering Qufu Normal University Qufu 273165 China)

Abstract. The structures of C;H;Ny + ( H,0) , (m =1 ~3) molecules were optimized and their vibrational fre—
quencies were calculated using density functional theory ( DFT) at the B3LYP/6 —311 + +G(d f) level. AIM
program was used to calculate the critical points” topological parameters of three most stable structures. The re—
sults show that the strong red — shift of O—H-***N hydrogen bond is attributed to the decreases of the O—H elec—
tron density and the stretching vibrational frequency meanwhile the red — shift of N—H-+-O hydrogen bond is at—
tributed to the decreases of the N—H electron density and the stretching vibrational frequency. The IR spectra of
C;H;N; « (H,0) ,(m =0 ~3) clusters were assigned by vedad software and part of the vibration frequency were
compared.
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1 B3LYP/6-311+ +G(d p) CsH N, + (H,0) ,(m=1~3)

Fig. 1 Equilibrium structures of CsH;Ny + ( H,0) ,(m =1 ~3) optimized at the BALYP/6 =311 + +G(d p) level
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I 1 AW,(a) B3LYP/6-311+ +G(d p)
Table 1  Topological parameters of the bond critical points ( BCP) and ring critical points ( RCP) for AW, ( a) in the Fig. 1 at the
B3LYP/6 =311 + +G(d p) level

p Vo Ay Az A3
BCP
CsHsNs « H,0 H2---01 0. 02006 0.07791 -0.02393 —-0.02303 0. 12487
H7---N2 0. 02741 0. 08519 -0.03623 —0.03489 0. 15629
N4—H2 0.32914 -1.75317 -1.30161 -1.25668 0. 80512
O1—H7 0.34347 —-2.39048 -1.71752 - 1. 68081 1. 00784
CsHsN; N4—H2 0. 33031 - 1. 62603 -1.26233 -1.21217 0. 84848
H,0 O1—H7 0. 34956 -2.28970 -1.63721 —-1.59521 0. 94272
RCP
811:122?11 0. 00859 0. 04625 —-0.00632 0.01793 0. 03464

2 1 AW,(a) B3LYP/6-311+ +G(d p)
Table 2 Topological parameters of the bond critical points ( BCP) and ring critical points ( RCP) for AW, ( a) in the Fig. 1 at the
B3LYP/6 =311 + +G(d p) level

p ¥p A A A
BCP
CsHsNs « 2H,0 H2:--02 0. 03420 0. 11351 —0.05398 —-0. 05070 0.21819
H6---N2 0. 03437 0. 09885 -0.06121 -0. 05866 0.21872
H9—O1 0. 03870 0. 12724 -0.06214 —0. 06027 0. 24965
N4—H2 0.31645 -1.70291 —1.25782 -1.21765 0. 77256
O1—H6 0. 32889 —2.26444 —1.64482 -1.61176 0.99214
02—H9 0. 33512 -2.33572 - 1. 69094 —-1. 65709 1. 01231
CsHsNs N4—H2 0.31996 -1.51489 —1.20051 -1.15221 0. 83784
2H,0 H9—O1 0. 03780 0. 13611 —0. 06049 —0.05873 0.25532
O1—H6 0. 33746 -2.19761 -1.57010 -1.53217 0. 90465
02—H9 0. 33983 -2.3118 —1. 65865 -1.62118 0. 96800
RCP
CIN2H6
O1H902 0. 00274 0.01435 -0.00179 0. 00678 0. 00936
H2N4
01—H6--"N2 N4—H2  O1—H6 0. 08991.0. 09009.0. 08403 0. 09580 a. u.
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31 AW,(b) B3LYP/6-311+ +G(d p)
Table 3  Topological parameters of the bond critical points ( BCP) and ring critical points ( RCP) for AW;( b) in the Fig. 1 at the
B3LYP/6 311+ +G(d p) level

p Vo A A2 As
BCP
CsHsNs * 3H,0 HI1---02 0. 02149 0. 08360 -0. 02646 -0.02550 0. 13556
H4---01 0.01925 0.07180 -0.02312 -0.02146 0.11639
H5---03 0. 02523 0. 08991 —-0.03483 -0.03311 0.15785
H7---N4 0.03105 0. 09009 —-0.04292 -0.04139 0. 17440
H8---N3 0. 02681 0. 08403 -0.03509 -0.03378 0. 15290
H10---N2 0. 03254 0. 09580 -0.04636 -0. 04500 0.18714
N1—HI1 0. 32803 —-1.75879 -1.30080 —-1.25699 0. 79900
N5—H4 0.33132 —-1.70543 -1.29253 —-1.23748 0. 82458
N5—HS5 0. 32823 -1.71656 —-1.28849 —1.23445 0. 80639
01—H7 0. 34277 —-2.37564 -1.71019 -1.67404 1. 00859
02—H8 0. 03439 —-2.39551 -1.72071 —-1.68392 1. 00912
03—HI10 0.34115 -2.37278 -1.71069 -1.67538 1.01329
CsHs5Ns N1—H1 0. 32946 -1.61565 —-1.25694 —1.20685 0. 84814
N5—H4 0.33154 -1.60048 -1.26260 —-1.1959%4 0. 85805
N5—HS5 0. 32936 - 1. 57600 -1.24695 —1. 18058 0. 85155
3H,0 01—H7 0. 34889 -2.27386 -1.62779 —-1.58573 0. 93965
02—H8 0. 34994 -2.29297 -1.63956 -1.59747 0. 94407
03—H10 0. 34804 -2.26618 -1.62227 —-1.58043 0. 93652
RCP

8?:[,57:2 0.01014 0. 04722 —-0. 00865 0. 02097 0. 03490
Szlltﬁi? 0. 00868 0. 04692 -0. 00640 0.01899 0.03433
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2 B3LYP/6-311+ +G(d p) CH,N, -
(H,0) ,(m=0~3)

Fig. 2 Calculated IR spectra of the most stable struc—
tures of C;H Ns + (H,0) ,(m =0 ~3) at the
B3LYP/6 -311 + +G(d p) level

4
Table 4  Potential energy distribution ( PED) analysis and

scaled vibrational frequencies ( in e¢m™') of

CsH, N,

w( scaled) PED

Stretch( N, - C,) 22% +Stretch( N, - C,) 10% +
725  bend(Cy - N, - C,) 11% +bend(C, - N, - Cs)
17%
—Stretch(N, —=C,) 11% +Stretch( Ny - C;) 24%

1242 —bend( Hy =N5 —=C;) 25% +bend( N5 - C; = N;)
10%
— Stretch( N, —=C;) 10% + Stretch( N, - C,) 34%
1327 — Stretch (N, = C,) 17% + Swretch ( N3 - C,)
10%

3648 Stretch( N, - H,) 100%

4 725 em”'.1242 em 7'
1327 em™' 3648 cm ™! 7
( DFT) 713 ¢cm ™' 1228
em '\ 1317 em™' 3589 em ™! .
725 em ™!
AW, (n=1~3) 727
em™ '\ 729 em™' 723 em
1242 em™ AW (n=1~3)
1245 cm '\ 1247 em ™' 1277 em ™
1327 em™ AW, (n =
1~3) 1330 em ™' 1331
em™" 1340 em ™'
3648 em ™' AW, 3505
em™ 3543 em ' AW,
3245 em ™' 3306 cm ' AW,
3486 cm ~'.3492 em”™' 3549 em .
725 cm ™!
AW, (n=1~2)
AW, )
1242 em™ 1327 em™' AW,
(n=1~3)
3648 em ™' AW, (n =
1 ~3)
O—H-“N H
; N—H--0 H
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724 em™' AW, (n=1~3)
778 em'\783 em ™' 796 ¢m '
1236 em ™' AW, (n =1 ~3)
1485 ¢m ™', 1455 em ™!

1378 c¢m ™' 1329
em™ AW (n=1-~3) 1877
em ' 1496 em™' 1531 em ™"
3633 ¢cm ' AW,

3267 em™' AW, 209

em™'.518 em '\ 1817 em ™' 1853 em™' AW,
3257 em ™.
724 e¢m”'.1236 ¢m ™! 1329 c¢m ™!

AW (n=1~3)

X 3633 cm ! AW,
(n=1~3)
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