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HAT AR g5 48, 3 B iy H 2 10 A 1 2 32

M. FEIEH S ik 2 J5, xAT A 5 AE H 68 A
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WK fE/eV (nm) PRTIREE f AfRA WK fig/eV (nm) PTIMEE f AfRIA

Ist 4.95 (251) 0.005 nr* 3.82 (325) 0.139 ot
2nd 5.00 (248) 0.204 o 4.07 (305) 0.002 it
3rd 5.26 (236) 0.041 Tt 4.36 (284) 0.008 ot
4th 5.38 (231) 0.007 no* 4.82 (257) 0.060 ot
5th 5.58 (222) 0.001 nr* 4.99 (248) 0.000 no*
6th 5.63 (220) 0.004 no* 5.08 (244) 0.002 it
7th 5.88 (211) 0.001 nr* 5.14 (241) 0.007 no*
8th 6.17 (201) 0.080 o 5.23(237) 0.000 it
9th 6.21 (200) 0.162 Tt 5.30 (234) 0.000 ni*
10th 6.22 (199) 0.004 no* 5.39 (230) 0.669 ot
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# 2 {& TDB3LYP/6-31+G(d, p) /K V- Evt- 549 ) x- BRGERS 70 A VR P DL dxA ISR O &S I g 1

S AN TEIA
BT XA 15 B dxA Exp.1
WokhigleVm)  RTHREE 0 SHHA WokhigleVm)  RTHREE 0 SHA A/nm
Ist 3.79 (327) 0.176 e 3.81 (326) 0.143 e 333
2nd 4.33 (286) 0.016 s 4.12 (301) 0.001 Tt
3rd 4.44 (279) 0.001 n 4.29 (289) 0.015 e
4th 4.78 (259) 0.198 e 4.78 (259) 0.130 T 260
5th 5.26 (236) 0.749 e 4.84 (256) 0.002 no*
6th 5.33 (233) 0.001 no* 5.04 (246) 0.002 no*
7th 5.36 (231) 0.002 Tt 5.06 (245) 0.002 no*
8th 5.41(229) 0.000 Tt 5.09 (244) 0.004 Tt
9th 5.44 (228) 0.028 e 5.12 (242) 0.000 Tt
10th 5.59 (222) 0.000 n 5.33(232) 0.628 e 231

3.3 JRTIRN A0 AR EAEIARY 20

K2 T xA FEF R LA deA (R
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T 27%. Flith, FoAl LA e R AE T 1
28, MR A 19 LSRG K T, S AR RO T
SR AT L ) R IR WO AR FH K. W 2 s,
WAL xA (KIS AT BRI TN, 260 nm AL (K]
JE U SN WY 2. X Ui, R TR xA HATHE (K
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o He2

— /
",/“;/ \_.:3(9 yﬁ ™ N7)
~ e '7:"{) i 2N
" % 5/ 1446 W% 101247 & "2
3758, L A

N 5 ot AR S, BRI E e YR AE T IROK
WS RS, BN, AR nrc AT N S &, MK
RER 4.07 eV, WAL G I IERE 2 444 eV, 2 S5 2.
R B FIAMEOOR Be A sema, i HLid 25 5o
FH N R AS G

2 09992074 -2

SO S

>/ o0l 469/

Kl 4 #F HF/6-31+G(d, p) F CIS/6-31+G(d, p) /K- EARALAF B xA F AT [IE B BRI 5> T 450 KT A)
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333 326 323 317 292
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B2 A2 T deA R IRIBOLEEE, 5 xA
LA AT LRI, BEERSS xA ¥ 330 nm AbWCHT 5200
BN, A X I A W h £ LT EE A AH 2 X S R
DX 3 ) RE K, Al 2 TR, 230 nm Ab WO
JFE R KB AN T, 1M H. 260 nm &b 1) 5 16t 4% 45 58
G, IX R, BEERGE xA R L TGS e B 1
RN, BE— 2B MR W, dxA (1) Sy &K et 2, %
N (R TE BT R xA b, W& 5 FR, 5 xA TR
Sy A, SEfs EJE—AN ok, sz B s,
dxA TE FH 3 9 = AN, 43 A T 333, 260
A1 231 nm &b, &5 2 FE 2 TTRUR I, FRATH
WHEE RS LA, A T 2R
DTG B, FoATT SR F % FE 32 R P ) B3PWIL,
MPWI1PW91 #1 BHandHLYP J7V:EH i1 T dxA

IR, I 5 SEIR AT T LR, AHOGE AL
3.0 B 3 AR, v LUK I TDB3LYP J5ik4:
HH R 45 R S 45 A e, R FRATTR FH ) 75 v
JEATHL, g5 RIS, R TR TR
Jei S FEPATN dxA 1963, TAE 5300 360
A1 362 nm, 5 356 nm A LG, &L T RN
aF.

Sa e

5 dxA M XAT SRR XTI (K 237 Pt

3.4 5 BRRR M IE B Xt B 220

i HE S0 ) S B i RNA/DNA 1 [#) — Fh s e
73, BRI FRAT AT 1 L i A 1 22 J, WC Tl o
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WO SE W R R, TH BT XAT Bl 1 xA 1)
HIOR RE. X L HE RO 6 xA B AR IEOR & ot
F e [R5, PRI A 3 VR A R A R R P 6 A A2
Jrb BT B, VR 2 SEUR AN B S b Sk
AT ERVT. (HAFE R A, AT 5 n MR ER
WX Y T BRI S n MRS,

H TDB3LYP J7 v v 545 21 1 AH OC B4 W36
4. TSN, SR TDDET J7 4 fig % v i b i1 55
M J2 W7 25 IO BE RN BT A AR A, (B ™
A T AT A (CT) Mfg s P2, 5 e e 2
AH. IR F TDDFT J7 k70 CT 2522001 4 i
H. X} xAT, Fil TDB3LYP J7 k515 2 i S AR A
BEA morc Rk, N EUE EZE T xA B O
5), S5 xA AR S, —FF, Bk R LUE A

XA MR k. NE 3 AT LLE H, BT xA 1
S| BLUFET 0.04 eV, FHMN I T ERHUA K. 5
Sy AHEG, FEAS X AR nr* SR, B 2 g F g
7T 0.18eV.

N T VRS xA BRI M, AR
1 CI1S/6-31+G(d, p) Ji LR T xAT 1] Sy JLAW 25
M, 5T 4 v dE 4 7 BUR IR, ok S
(R JUART 45 K 7R Ak AR TP A xA AR B, T T A
(LA SR AR/, Xt P UE T T xAT 1 S,
AR xA HARP RO A, 16 Sy E5 i 3Eat FIk
fITH TDB3LYP J5 vkt T H S1 — So HIERIE (R
4), Houf T xAT I 5GRG. tHER B, BURD xA
()96 R s A IR K, RERZLH T 47 0.02 eV,
FHRY. ()4 3R 34K T 49 9%.

# 4 {£ TDB3LYP/6-31+G(d, p) KV _LiH5HAF R xAT FA rort, no BRSO R ST, TR THR)%

N XAT FEFHEXF XAT P{#) xA Sk
PRIE
fiem/eV PTF IR f AL fiett/eV PRTIREE f ATRIA
Si 3.78 0.144 Tt on xA 3.82 0.138 Tt
S5 4.22 0.001 nTt* on xA 4.04 0.001 ntt*
DGR 3.44 0.193 Tt on XA 3.46 0.177 ot

g b, 5B E BN R xA IR AIC ot A
R MAK, AR R AL A nr 25K

BOKIERS.

4 % %

ARSCRH A6 % TDDFT J7iARIL T IR
AL x- MRV 1) L A ROR S PR, T T
SR FDEE 6T, X IR AR 10 4>
RASHEAT T VR VTR, IF 5 R R ARIE N 34T
TERARL TR 2 58 T Rl SRR AR e
P 6 TR 1 5 0. T 9ER I, FEAR BE XA,

x- RIS RO 1% 5 R SR NG e AR LG R A T AR
KL, AL AT DUy Bk k. TF 5045 21 1
WOGIE A S S SR A AT A AR I, YRS R AN
PEIR IS xA B FL WSO 15 HLAT 1S 82408, i H.
EAMAE xA 1) o SRR, AE e A
%, AH N RE 7 25 AL [) I A I BH A, HT I
AL JL 52 0 e AR 20 #, i g 26 T 6 B AR Ok
A ot R A ik FE T (2 3 R e, (H 4 A I A
i% nre AW F R, DL Egh R %% x DNA 1)
SV IR 8 AR T R R HE A DL S 3L
s PRI ZE 0T xA T J5T I 52 e 75 EEARGE— 20 .
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Theoretical study of the ground and excited state
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Abstract

Recently, creating unnatural fluorescent nucleobase analogues has gained increasing attention. In this work, a detailed computa-
tional investigation on the photophysical properties of the fluorescent adenine analogue x-adenine (xA) is carried out. The ten lowest
low-lying exited states are analyzed and assigned. The effects of methanol solution, linking to deoxyribose, and base pairing on its
absorption and emission processes are considered. The calculated excitation and emission energies are in good agreement with the
measured data available. It is found that linking to deoxyribose and methanol solution have a hyperchromic effect on xA. Also it is
found that methanol solution and linking to deoxyribose will lead to the red shift of fluorescence, while base pairing does not have
obvious effects on the lowest " state and fluorescence emission but produces the blue shift of lowest nTt* to some extent.

Keywords: x-adenine, electronic spectra, fluorescence spectra, time-dependent density functional theory
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