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Abstract A comparative study was conducted to assess the adsorption and characteristics of the four types of DNA bases,
A, T, C, and G, on pristine and B-doped SWCNTs by density functional theory calculations with LDA (PWC) method. The
configurations of the best sites, the adsorption energies in the best sites and the electronic structures of stable adsorption
models, including DOS, PDOS, electron density map, mulliken charge properties of DNA bases and B atom before and after
adsorption on pristine and B-doped SWCNTSs have been investigated. And the frontier orbital energy gap and charge transfer
of DNA bases adsorption on pristine and B-doped SWCNTSs have been also investigated. The results indicated that the best
adsorption site of DNA base adsorption on pristine and B-doped SWCNTSs was on the top of carbon and B atoms. The bases
A, G were adsorbed on pure SWCNT by weak interaction, the bases T, C were adsorbed on pure SWCNT by strong chemical
interaction. The bases A, T, C, G were adsorbed on B-doped SWCNT by chemical interaction. After B doping, the structure
of the SWCNT was not distorted, however, the local electronic structure was modified. The frontier orbital energy gap of
SWCNT could be effectively reduced by B doping. Moreover, the electronic reactivity with the DNA bases of SWCNT were
enhanced by B doping. The DNA bases on the surface of B-doped SWCNT could be modified by Chemical adsorption. This
method for the modification of DNA bases on B-doped SWCNT surface has great potential for the construction of DNA bio-
sensors of biorecognition interfaces.
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DNA 57 H A 2% 1 19 [ 5 7 =R A IR A2 i F B, 4
WAEFHATREE LR LR, #IRBEES. Bt
MAETHRIEE DNA X AR I & BRI, X
FhEE SR 55 A ) S BUREINEE DNA 24N S #0E e 78 1
W Th . Ad AR T 530 DNA  WUIZ Jirg 45 K 3 LI B,
PE A AR I 24 A R A S S0, B i 5 — R
T2 A5 A5 TR 0 e R AR 3 T DA AL S AR 4 AT, AT L
EPEE R DNA R0 5E [F 5 72 AR R T, 2 e
BRI PR B, IXRR R e A T E R A [
RIEE DNA A, 2R EHT T DNA A WL s 1 £
T T L gk B AR ORI R A, H
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A BN FE B oK A W B 2 B BRI B . SR
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(AH ELAE A A 2R B T 20, 3EAh [ 2 DNA 45
MEE, TR REAAB G B GKE 51 T BATHIAT 5L
Wils, B UURIAEAAER T L C uRMAL, #H B iRk H
B R GRE I C, B BB IR L 45 T LA
T A B e 7 O B A K A P82 TR 2 5 A S
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I, RIRERNH T ST DNA B
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Figure 1 The Calculation model of pure SWCNT and B doped SWCNT
adsorbed DNA bases
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Figure 2 The stable structure of DNA bases adsorbed on Pure SWCNT, the distance between C-N (in nm) and adsorption angle between the bases and

carbon nanotubes (°)

R 1 DNA BIEFEA SWCNT [ e
Table 1 Adsorption energy of DNA bases adsorbed on pure SWCNT

Eswent pu,e/eV EA/CV ET/CV Ec/eV EG/CV Ecomplex/eV E(Pute)ad/ev
Ecomplex A —1154.09 —0.38
Eecomplex T —1152.81 —1.53
—1075.12 —78.59 —76.16 —65.97 —83.81
Ecomplex C —1146.52 —543
Ecomplex G —1158.99 —0.06

M & 2 FTLLE Y 4 Ff DNA Bl JE ] DA7E 40 8 B pe 4
KA C P T IR B, W PR AR 09 K 5 0t R B
DNA G BB P2 A KIS, B3R 1 AR B
BAETT AN, 4 R /R4 SWCONT b HIWR I BE A 71,
H Egurepa: C>T>A>G, BRI T A1 C LLAN, HE i
B 1 40 L BE B A K A L AW PR B 280 5 /N A A, 5
A4l B RE B 9K S DNA BR3E A A1 G IR B I AR,
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Figure 3 The stable structure of DNA bases adsorbed on B doped SWCNT, the distance between B-N (in nm) and adsorption angle between the bases

and carbon nanotubes (°)

# 2 DNATRIETE B 575 SWCNT LR b fiE
Table 2 Adsorption energy of DNA bases adsorbed on B doped SWCNT

Eswentpure/€V ExleV Er/eV Ec/eV Eg/eV Ecomplex/e€V Edoped Bad/€V
Ecomplex A —1129.69 —1.62
Ecomplex T —1127.89 —2.26
—1049.47 —78.59 —76.16 —65.97 —83.81
Ecomplex C —1122.88 —7.43
Ecomplex G —1134.76 —1.48
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Figure 4 DOS and PDOS of DNA bases adsorbed on pure SWCNT and B doped SWCNT

Acta Chim. Sinica 2015, 73, 143—150

© 2015 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

147

http://sioc-journal.cn



o F 5 R

SWCNT R B 32 273 PR, A FIL G AHL, T FiC
AL, HLEC4E SWCNT F1 T W DNA i 5 Ji5 46
SWCNT [ 8% R B> % AT LLGE HH DNA B
H A F1 G el SWCNT W% B Al A B s 46 SWONT
1) S 25 5 L PR 2 P B LR R AR AR Ak, T B
Bt DNA B85 A R G (1 FE A X Sl (1 f 25 400
R, A DNA B3t A F1 G 7E4lRRe iR b et
FEXTEL /N, FATTAT LA E 2l 5k 5T DNA 82 A 1 G 1)
W B FE BRI B, A, LbA: DNA B2t T F1 C &
Al EIR AT S RS R % AT DUE H,
W B J5 DNA Bi2E T Al C [ RS S ER SEEY R A
TAFRRERIAR, haS%E R LG MR EE T
A C JE IR oK BB P (1) FE T2k, b A R i
T 1 C 1 J5 53 4% FE B B2 v LA, SRS T B
ETMCEARRPHTHHENZ, XEHTSHRM
) DNA g T #1 C # N i+ SWCNT [#) C J& 1/ P
SHTIEES. HILRREE T M C S54imE 4 T H
FHEAER, 26 SWCNT X} DNA B T F1 C it
FE AL B

[ LA B 4 Ff DNA BZERT 5 B 54 SWCNT
(RSB EM > S FE R, R 4 R 5 (1 B 1524
SWONT LA FE AN 3 25 BE S5 W AT AR LU B 1R K
25, BHZETOKRRELMHLN P SR FEW 4 F
DNA B3t A. T. C. G GBI L, X2 T
DNA )5, B 54 SWCNT /) B J& -7 54K fff DNA

Pure SWCNTad A Pure SWCNT ad G

o

B doped SWCNT ad A

BZE T N JE 7 P AR FIEES FHCBE TG 2, Y]
PR IA A4 7 AR EAER, W] B 7% SWONT 5
DNA i 55 2 [5) T Bt 72 R 4 7 I B

R34 MWESTE B BRBRYKERT B JEFIRIMATE N
Mulliken Hifif (a.u.)

Table 3 Mulliken charge of DNA bases and B atom before and after
adsorption

AN TN CN GN AB TB CB GB

ERT 0212 0279 0.213 0.212 0.055 0.055 0.055 0.055
GBS 0.105 0.164 0.189 0.201 0.163 0.149 0.137 0.186

B doped SWCNT ad G

SR 33 H4 T 4 SWCNT A B #5244 SWCNT
W B 4 it DNA B 254 8 2546 I HL T FE K DL )G B B 4%
SWCNT W[t 4 Ff DNA B2 1) HE ¥ J 3k e 2 I (ELF) A
WP AT S R ES SRS RER B R PR T N
MR AT, B S A 4 FPBs R a4l SWCNT R
Fae S5 M1 H T2 B I AT LU HY DNA Bt A Fi G 7E40
SWCNT WG i1 = 5 0RE T o /e A BT,
WA ES, H/x DNA B#E T il C 7fE4f SWCNT L
WG TF o SWER TR HE — ERERNALH
HE, LHEWME CEREET o MWES SRR NN
B, VIR T Al C 54t 2 MAE7E T A EAEH,
DNA B T Al C #E4l SWCNT _E {5 Bt 2 J&8 -1k 24
B, [RIES EH P S A S dE 4 176 B 528 SWCNT LI Fff
TR 2546 ) FE 1% FE AT DU H A B R 2 13 5 B

Pure SWCNT ad T Pure SWCNT ad C

B doped SWCNT ad T B doped SWCNT ad C

B doped SWCNT ad A

B doped SWCNT ad G

B doped SWCNT ad T B doped SWCNT ad C

B5  SEERRYIKETI 4 Fh DNA Bl 0 v 155 B AT B 45 2R T 0 BBk 2 1 e P 7 L DD T 1532 1
Figure 5 The electron density map of DNA bases adsorbed on SWCNT and electron density projection under a surface of B doped SWCNT adsorption

DNA bases

148  http://sioc-journal.cn

© 2015 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Acta Chim. Sinica 2015, 73, 143—150



F F R

2 SWCNT MH T % EAEANFABRENZGES, U
B 4 F DNA 82355 B B8R mAVKE 2 WAL —EH
B AHEAER. W HEZRIE LA DNA kS
B B0 2 [0 % U Bk 2 B RRAE . DRSS
BRRE 2 A ERRMETHEERH SR TS
(WA e #. 2 3 FaIH TR AT)S, B 4% SWCNT
(1) B JE -1 5 87t DNA S A N5 12 57 AR F H i (i
(RIASAL HE— B I6E T DNA Bik: 535 244 2 18] ) B e
R, BAKRIIAEW S DNA B2 N s>, B
JRF IS, ) DNA B83E A T. C. G Z0MRH
B 580 T 0.107 0.115. 0.024. 0.011 a.u., [FFE
W B B 2% AR A E 2 38 0 T 0.108.0.094
0.082+ 0.131 a.u., DNA BlZEH N Ji 75 57 AR F fnf 20>
EIRNRTE B-N J5-Fe i 4544 1 BE B8 /NP —
0, 10 B JE HAar S IR O/ IBUF 5 B-N R R R K
INITFANE], X2 BT N IR FREBR BT AMUERE T
B i L, B3 T B R FHHER C JRF L BLEsy
Tt B8 220 2 B 195 A AT LA B (1 25048 SWCNT L
TAE 6 R BEE T SO He X DNA BoJE W Ak, & 5
JUUFP DNA 8 /E B 4% SWCNT b HIW Bt A2 e 4544
(T FE DB, B AT 35 o 2 BTk HP
17T DNA B, METLEWRIE H BN T
HLF B R A6, HABTE 0.000~1.000 28], 3RKEAR
KA THEERDOXE, BOARETFHEERRKXIE. H
K 5 AT LA o 4R 70 B AN A L, S B R B
FEN B RTRFAIE .

% 4 DNA TRHELEAURRAKAS RIS 450 90K 2 VR B Fr i 2 ol
A BRI S

Table 4 The frontier orbital energy gap and charge transfer of DNA
bases adsorbed on pristine and B-doped SWCNTs

Species Enomo/eV  Erumo/eV  AE/eV  Qr/a.u.
Pure SWCNT ad A —4.619 —4.124 0495 0.024
Pure SWCNT ad G —4.765 —4.207 0.558 0.019
Pure SWCNT ad T —4.652 —4.395 0257 0.112
Pure SWCNT ad C —5.682 —5.476 0206 0.201
B Doped SWCNT ad A —4.708 —4.381 0327 0.110
B Doped SWCNT ad G —4.607 —4.204 0403 0.113
B Doped SWCNT ad T —4.887 —4.714  0.173  0.207
B Doped SWCNT ad C —5.362 —5.193  0.169 0.235

KA T 8 AR AL THSLBT/S 1) DNA i
B AE SRR AN KSR 15 2% B 9 K A 2R T W PR 1) T 2 L0
AERR(AE) M LA FE RS fEL(Or), MEALTE AT FE RS fE (On)
VB JE DNA Btk 25 J5L 5 9 4 L r 2 A5 08 B i DNA
i 2% 7 15 AT M) 2 B DNA Bl FL i e R 4
IR /N T AP SR SR Tl i 3 4 i B B e A% L AT {ELFR) 22
b, W3R 4 HEHE AT LUE H, BRIETE B SR ERE R
PR AN R 24 1T FE BB 220 /0N Tl 2 76 A B L WS B T 1
RERGUEL, X PR P A7 e 6 B th 2 K T AR 4l e -
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R B A AT AL (B, X UEHA B T3 5N AT B LRI
B IO AT B RERRL, 32 vy Ll AR S BE AT, XA B
PR TURACEAE B 1B AR SR T PR Bt 75 B2
4t

4 ZER

AR FH % 2 B ER AR LR R T B A AR
PERI(8, 0)4li EERRYKET T B 15 4% BABERR 9K R HI
&1 DNA B 1 B PERUAS T, T 7045 SR 32 B DNA
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