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Abstract The calculations about the interaction between cytosine and nitrogen monoxide have been made
and six isomers with minimum energies have been found. Both N and O can combine with N-—H bonds of
cytosine and then hydrogen bonds between them are formed. The nitrogen atom of NO has a privilege to
bind with cytosine, which makes nitrogen combined complexes have larger population in experiment. The
length of NO bond diminished in N combined complexes and it lengthened in O combined complexes. Still,
the frequencies of NO in the former suffered blue shifts but did red shifts in the latter.
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Figure 1 The optimized geometries of cytosine--*NO isomers

Table 1 Principal geometry parameters for cytosine(C)+*NO complex (distances are in nm, angles are in degree)

Geometry

 poramecer CsN,H;0/MNO CNO@  CNO() C-NO@) CON@@ C-ONb)  C-ON(c)
RIN(—C(2)] 0.1427 0.1423 0.1426 0.1428 0.1427 0.1427 0.1428
RIN(1—C(6)] 0.1356 0.1356 0.1357 0.1357 0.1356 0.1357 0.1357
RIC(2—N()] 0.1371 0.1368 0.1371 0.1370 0.1370 0.1371 0.1371
RIC—0(8)] 0.1224 0.1228 0.1224 0.1224 €.1225 0.1224 0.1224
RINGY—C(@)] 0.1321 0.1322 0.1323 0.1322 0.1321 0.1322 0.1322
RIC(4y—C(51] 0.1441 0.1440 0.1441 0.1442 0.1441 0.1442 0.1442
RIC@—ND)] 0.1364 0.1363 0.1361 0.1361 0.1364 0.1362 0.1362
RIC(5—C6)] 0.1361 0.1361 0.1361 0.1361 0.1361 0.1361 0.1361
RIN()—H(9)] 0.1013 01014 0.1013 0.1013 0.1014 0.1013 0.1013
RIN(T—HU2)] 0.1012 0.1012 0.1013 0.1011 0.1012 0.1012 0.1011
RIN(7—H{13)] 2.1009 0.1009 2.1000 0.1010 0.1009 0.1009 0.1009
RIY—H] 0.2403 0.2469 0.2497 0.2447 0.2493 0.2476
RX—Y]* 03214 0.3321 0.3498 0.3385 0.3453 0.3481
A[X—H—Y] 136.4 141.4 1710 153.5 158.1 173.6
AH—Y—Y'T 144.6 109.8 142.4 127.1 127.5 141.6
R{N—O} 0.1427 0.1423 0.1426 0.1428 0.1427 0.1427 0.1428

“ X is an atom of cytosine, and binds 10 NO with a hydrogen bond; ¥ Y is an atom of NO, and binds 1o cylosine by offering an electron pairs o form a2 hydrogen bond;
Y" is the other atom of NO except Y.
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Table 2 Binding energies of isomers of cytosine---NO complexes
Level Binding CNaH;0-NO )
energy (@ () (c)
UB3LYP/6-3114G* Ep —9.65 —8.00 ~390
UB3LYP/6-311+G* Enpss) =-9.28 —7.23 —3.36
UB3LYP/6-311+G* Enzrr) —7.25 —35.54 —2.75
UB3LYP/6-311+G(2df,p)//6-311 +G* Ep —8.83 —7.38 —3.79
UB3LYP/aug-cc-pVDZ/6-311+G* Ep ~-0.68 —-7.7 —4.47
UMP2/6-3114+G**//6-311 +G* Ep —16.23 —13.43 —5.85
CN-H;0-ON
(a (v ©
UB3LYP/6-3114-G* Ep —4.86 —4.34 -7
UB3LYP/6-311+G* Eppssg) —4.24 —356 —2.14
UB3LYP/6-311+G* Enzrr —3.36 —3.03 —1.75
UB3LYP/6-311+G(2df,p)//6-3114-G* Epn —4.34 —3.89 —2.23
UB3LYP/aug-cc-pVDZ/6-311+G* Ep —4.88 —4.20 —2.54
UMP2/6-3114G**//6-311 +G* Ep —10.23 —0.38 —7.04
¢ Epmssey is BSSE corracted binding energy. Enczpp: 15 zero-poimt energy corrected binding energy. All energies zre in klimol.
23 HERIANOE AR EHAEEL
Table3 Selected frequency shifts of NO and cytosine in isomer of the cytosine+NO complex
NO/C,N;H;0 C-NO(a) C-NO(b) " C-NO{c)
v i Av I Av I Av I
NO
v, 19308 43.6 9.3 89.2 5.7 89.8 9.8 46
cytosing
vz 3622.7 435 1.5 43.6 —74 67.6 —62 98.4
vy 35004 78.2 1.9 271 21.0 104.3 —4.5 1284
vy 1615.4 8.1 —0.5 126.7 24 61.5 3.6 77
Vs 35213 6601 —235 197.7 0.1 69.7 0.9 64.2
Ve 1731.8 774.6 —21.3 974.5 —33 697 -1.5 7953
NO/CsN;H;0 C-ON(a} C-ON(b) C-ON(c)
v 1 Ay i Av I Ay I
NO
v 1930.8 43.6 —4.8 50.2 —-37 49.7 —6.0 50
cytosine
V2 3622.7 435 —0.3 43.1 —18 69.7 —1.8 86.2
v3 3500.4 78.2 —0.2 96 —5.2 111 —08 106
vy 16154 871 0.6 96.2 22 70.1 29 78.8
Vs 3521.3 6601 ~104 127.5 —0.2 66,4 04 64.9
v 17318 774.6 —38 7943 —20 7386 —-10 79.2

“all frequencies (v or Av) are in cm™~' and IR intensitics {7) are in km/mol,
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Table 4 NBO analysis for the interaction between different unit in the cytosine-+-NO complexes

Complex Interaction type Donor NBO (i) Acceptor NBO() Em EPB  Eiay
C-NO{a) 1-2 BD{I)N(1>—H®) BDH2)N(14y—O(15) 021 029 0350
LP(1)O(8) BD*(1)N(14—0(15) 025 013 038
LP(1)X(8) BD*()N(14y—0(15) 025 042 0.67
LP(2)0(8) BD*(1)N(14y—0(15) 147 023 169
LP2)O(8) BD*(2)N(14)—0(15) 071 28 360
BDF(1IN(1)Y—C(2) RY*(4)N(1} 033 033
2—1 BD(2)N(14—0(15) BD*(1)C(2—0(8) 017 013 029
BD(2)N(14y—0(15) RY*(1)0(8) 0.63 0.63
BD(2)N(14y—0(15) RY*(5)0(8) 025 0.25
LP(1)N(14) BD*(1)N(1—H(% 142 260 402
LB(2)N(14) BD¥D)N(1)—H(%) 2.68 2.68
C-NO(b) 12 BD{1)N(7)—H(12) BD*(1)N(14y—0(15) 013 021 033
LP(1)N(3) RY*(2)N(14) 013 013 025
LE(1)N(3) BD*(1)N(14)—0(15) 092 0.92
LP(1)N(3) BD*(2)N(14)—0(15) 054 147 201
. LP(1)N(3) BD*(3)N(14)—O(15}) 038 038
21 BD(2)N(14—0(15) RY#(1)N(3) 0.38 0.88
BD(3)N(14y—0(15) RY*(1)N(3) 071 071
LP(1N(14) BD*(I)N(7Y—H(12) 105 188 293
LP(2)N(14) BD*(1)N(I—H(12) 235 000 239
C-NO(c) 152 BD(1)N(7T)-H(13) RY*(4N(14) 021 038 0359
21 LP(1)N(14) BD#(1)N(7y—H(13) 096 201 297
LP(2)N(14) BD*(1)N(7)—H(13) 297 297
C-ON(2) 1—=2 LP(LYO(R) RY*()N(14) 013 013 025
LP(2)O(8) RY*(2)O(15) 021 017 0238
2—1 BD{2)N(14—(15) RY*(1)O(8) 017 013 029
LP(1)O(15) BD*(1L)N(1)—H(9) 063 100 163
LP(2)O(15) BD*1)N(1)—H®) 1.59 1.59
BD(HN(14—0(15) BO*IIN(1Y—H({®) 013 0359 071
C-ON() 152 LP(1)N(3) RY*(2)N(14) 017 038 054
LP(1)N(3) RY*(2)O(15) 063 033 096
2—1 BD(2)N(14)—0(15) RY*(1)N(3) 025 021 046
LP(1)YO(15) BD*)N(7y—H(12) 050 075 126
LP(2)0(13) BD¥{1IN(7)—H(12) 142 142
BD(3)N(14—0(15) BD*{(1)N(7y—H(12) 050 0.50
C-ON(c) 1-2 BD(I)N(7—H(3) RY*(3)O(15) 0.13 021 033
21 LP(1O(15) BD*()N(7—H(13) 067 09 163
LP(2YO(15) BD*(1)N(Ty—H(13) 1.30 1.30

? BD is bonding orbital. BD* is anti-bonding osbital. LP is lone pair electron orbital. RY* is Rydberg orbital.
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5N()—HOM o RENIERER, KIREMAEEN3.21
KJ/mol, NO f) OIS 5HIEH o@)Z BRIk
0.38 ki/mol B EM. HE C-ONDTFTHEREMZ
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Table 5 The bond ¢ritical points (bpc) between cytosine and NO and theix parameters

Isomer Atom pairs of bpe 2 Vi Hy
C-NO(a) N(14)*H(%) 0.0096 0.0036 —0.0068
N(14)+++Q(8) 0.0139 0.0118 —0.0102
C-NO(b) N(14)+-H(12) 0.0084 0.0072 —0.0057
N(14)+*N(3) 0.0103 0.0082 —0.0068
C-NO() N(14)--H(13) 0.0078 0.0062 ~0.0050
C-ON() O(15)H(9) 0.0075 0.0064 —0.0054
Q(15)-0(8) 0.0040 0.0040 —0.0033
C-ON(b) O(15)---H(12) 0.0068 Q0.0057 —0.0048
O(15)N(3) 0.0068 0.0057 —0.0048
C-ON(e) 0O(15)---H(13) 0.0069 0.0059 —0.004%

® Electron charge is in atomic unit; energy density (Hy) is in Hartree/A®
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NO ##) N & O 588 N—H #2 BME# .
A5, EEASHEPIEE NO SRS F4EN B
FZEMEH HTEEHEN AM HTERRET Lk
RRERNTEE.
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