57 8 2008 8

1000-3290/2008/57 08 /5316-07 ACTA PHYSICA SINICA

Vol.57 No.8 August 2008
(©2008 Chin. Phys. Soc.

1 3 1 1 12

1 250100
2 273155
3 255049
2007 12 11 2008 4 18
DNA
poly dA -poly dT DNA
poly dG -poly dC DNA poly dA -poly dT DNA
PACC 8715 7210 7340
DNA
1. DNA
DNA
9—13 .
DNA DNA
.Hennig """
DNA
' DNA DNA ) DNA
DNA DNA
DNA DNA . DNA
1953 Waston  Crick ’ DNA DNA
1962  Eley * DNA
TT-TC
DNA ) T DNA
T 14—16
DNA
DNA
DNA
Zhang '
DNA i 6 ! DNA
s ) DNA DNA
s
* 10574082 72005A01

T E-mail liuds@sdu. edu.cn

+

poly dG -poly dC DNA



8 DNA 5317

DNA -
I Ly
Yoo " DNA
1 |
DNA 20 nm  Auw/Ti Ry, 0, «a
DNA Thst
Ay i1 = Quit = @0
DNA
DNA . DNA
DNA .
DNA .
DNA H=H,+ H,+ H,,

Hel = Z Au + Brn C: sCn s — Ne/N

- >t 1 - ad,

+ +
2. X ¢, + Ch1 €

n s“n+l s ns

Hrad :Z %Mn r%z + ‘erri

DNA
- Huw =2 3 ds @ + Q10
DNA . dyoor =1L -0 Ry+r, 2+ Ry+r°
DNA -2 Ry+r, Ry+r.,
x cos Oy + A, o4 1} —a
DNA Ly =+ @ + 4Rysin” 0,/2 .
5
d, o ~— Ry, 1—-cosly r, +r,.,
+ RyA¢, ,,.isinb, /a.
H, H.
H .
Chy o €y s n
A, B
a ;
N.  DNA
N  DNA
N./N
NJN =2 g

dn n+l
dn n+1l I, A@n n+1
1 DNA M Jg




5318 57

‘Qr ‘(25 r,
. " Ry =1nm 0, =36° A@, . r,
a=0.34nm J, =4.982 x 10°* kgm’ M, =4.982 x €S —w w w
10® kg 0, =6.252x 10" s 02, =0.744x 10" s™". =0.005 nm.
T E
[8 -
a
a < 0.2 nm™!
B <10 eV/nm a=0.1nmm" B =
9 eV/nm. “ "
rﬂ
A$011n+1 rn:() ¢n:0‘ .
DNA r, = DNA
0 A¢,,.. =0. DNA
16
|
A, -E?
4 _ m t2
T E = = 8
A, - E A, -E?*
2+szij+t7P11—Pzz Py, - Py ——5—— PPy +1
i m m
|
pt, = Ep +0.5eV
P:an pur =Ey —0.5eV
n=N 9 V EF
I:l E - An + ﬁru tn—l n |:|
_ i Tt [l
Mn = |:| n n+l n n+l |:| 3.
O 1 o O
An + Br" Am DNA DNA
tn n+1 tm DNA A/T T/A C/C C/G .
20 Age = 0.0 eV Ay =
Lot = o 1 —ad, .y . -0.65eV 12, =0.4eV i}, =0.2¢V.
A,=0.0eV t,=6¢eV 21
n E " Er=1.0eV.
- 2N
mE =T B 10 34, poly dG -
Landauer-Biittiker " poly dC DNA
DNA
2e
1=7JTN E fiE -f E dE. 11
fl‘ fR tuouple = tm + tDNA /y
fin= exp E - pq lkyT +1 7" 2 Yy =16 Leouple = TpNA

MR poly dG -poly dC



8 DNA 5319

poly dG -poly dC poly dG -poly dC
10
Y poly dG -poly dC
tcoup]e < tI)N/\ t(-ouple > tl)N/\
2 Y =50
poly dG -poly dC
0.8
.y =50 Leouple = LpNA .)-""""'1\.\
3 B l/ .\-\-*
= [/ T,
2 17 T
g 0.4 './ .111..1
0.8 F ¥
r
" L
i 0.0 b v ey e e
%\3 4 20 36 52
ST S
I 4 poly dG -poly dC Y
0.0 L . .
-0.5 0.0 0.5 3.2. pOly dA -
BEE eV
poly dT DNA
2 poly dG -poly dC 7 =16 !
couple
7 =50
tm + tDN,\ /y . y = 31 t(‘oup]e = tDN/\
y =4
tr:nuple?é tl)\li\ pOly dA ‘poly dT
1600
L tcnuple = tDNA
gl
%\{4
.ﬂg\ 800 5 6
0.8F
0
ﬁ L
@
3 poly dG -poly dC y=16 0.4r
7 =50
4 Y
0.0
poly dG -poly dC . 4
Y =16 T eouple = Tpna
poly dG -poly dC 5 poly dA -poly dT y =31
Y= 16 =4

. poly dG -
poly dC 7 y



5320 57

poly dG -poly dC

600 - poly dA -poly dT 3 6
| poly dG -poly dC
poly dA -poly dT
400
W . 8
'’ L
RS poly dG -poly dC
200 + poly dA -poly dT
r poly dG -
AL N S AN poly dC poly dA -poly dT
e o o poly dG -poly dC
fEE /eV
poly dA -poly dT
17 22 H . 12
6 poly dA -poly dT y =31 ennig
y=4
poly dA -poly dT . 7 80 |
7= 31 tcouple = tDN:\
poly dA -poly dT EL I
BS
7= 31 tcouple 40 b
Fpna
poly dA -poly dT I
0
0
0.9F
: 8 DNA poly dG -poly dC
" ! ....‘/\ poly dA —poly dT
= 0.6
- N
§ L poly dG -poly dC
0.3F /‘J' poly dA -poly dT
o DNA x
0.0 L L L L L L 1 1 L 1 L 1 1 1
4 20 36 52
MEREY c/c poly dG -
ly dC
7 poly dA -poly dT v poly
4.
poly dG -poly dC poly dA -
poly dT DNA poly dG -poly dC poly dA -
poly dT
DNA . Y
tcouple = tDNr\ DNA
DNA
3.3. poly dA -poly dT poly dG -poly dC DNA y
t(:oup]e UpNa DNA

2 5 DNA



DNA

5321

N O W

10

11

DNA
DNA

poly dG -poly dC
poly dA -poly dT

Murphy C J Arkin M R Jenkins Y Ghatlia N D Bossmann S H
Turro N J Barton J K 1993 Science 262 1015

Arkin M R Stemp E D A Holmin R E Barton J K Hormann A
Olson E J C Barbara P F 1996 Science 273 475

Watson J D Crick F H C 1953 Nature 171 737

Eley D D Spivery D 1 1962 Trans. Faraday Soc. 58 411

Fink H W Schénenberger C 1999 Nature 398 407

Porath D Ghosh A W Datta S 2000 Naiure 403 635

Zhang Y Austin R H Kraeft ] Cox E C Ong N P 2002 Phys. Rev.
Leit . 89 198102

Kasumov A Y Kociak M Guéron S Reulet B Volkov V' T Klinov D
V Bouchiat H 2001 Science 291 280

Grozema F C Siebbeles . D A Berlin Y A Ramer M A 2002
Chemphys . Chem . 6 536

Bruinsma R Griiner G Orsogna M R D Rudnick J 2000 Phys.
Rev. Leit. 854393

Hennig D Archilla J F R Agarwal J 2003 Physica D 180 256

14
15

16
17

18
19

20

21
22

Hennig D Starikov E B Archilla ] F R Paimero F 2004 J. Biol.
Phys . 30 227

Yamada H Starikov E B Hennig D Archilla J] F R 2005 Eur.
Phys. J. E 17 149

YuZ G Song X Y 2001 Phys. Rev. Lett. 86 6018

Hiibsch A Endres R G Cox D L Singh R P 2005 Phys. Rev. Lett.
94 178102

Stephan R 2003 Phys. Rev. Leit. 91 108103

Yoo KH HaD H Lee J O Park J W Kim J Kim J J Lee HY
Kawai T Choi H Y 2001 Phys. Rev. Lett. 87 198102

Pichard J L 1986 J. Phys. C Solid State Phys. 19 1519

Datta S 1995 Electronic Transport in Mesoscopic Systems ~Cambridge

Cambridge University Press

Conwell E M Rakhmanova S V 2000 Proc. Natl. Acad. Sci. 97
4556

Li X Q Yan Y J 2001 Appl. Phys. Leit. 79 2190

Cai L' T Tabata H Kawai T 2000 Appl. Phys. Lett. 77 3105



5322 57

Effects of interfacial couplings on charge transport
properties of DNA molecule

Meng Xian-Lan' ~ Gao Xu-Tuan®  Qu Zhen'  Kang Da-Wei'
Liu De-Sheng1 2% Xie Shi-Jie'
1 State Key Laboratory of Crystal Materials ~ School of Physics ~ Shandong University ~ Jinan 250100 China
2 Department of Physics  Jining University ~Qufu 273155 China
3 School of Physics  Shandong University of Technology ~Zibo 255049 China
Received 11 December 2007  revised manuscript received 18 April 2008

Abstract

Using the three-dimensional tight-binding model and the matrix transfer method effects of interfacial couplings on the
charge transport properties of DNA molecule have been studied. The results indicate that when the interfacial couplings are ideal
both transmission coefficient and localization length of electrons are larger the molecule shows higher conductivity while the
case is the contrary when the interfacial couplings are unideal. When the molecule and the metallic electrodes couple ideally
through voltage-current characteristic it is found that the onset voltage of poly dG -poly dC DNA is lower than that for the
poly dA -poly dT counterpart and the current of the former is larger than that of the latter under the same bias voltage so the
conductivity of poly dG -poly dC DNA is higher than that of the poly dA -poly dT counterpart.
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