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Hartree-Fock calculations of model DNA
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[Abstract] As an attempt at the electronic structure calculations of the B-type model-DNA,
(poly-(guanine) poly-(cytosine)) double helix including sodium atoms as counter cation,
hereafter referred as (poly-(dG)poly-(dC), double helix model polymer is treated by means of
ab initio Hartree-Fock crystal orbital method adapting the screw axis-symmetry which results
in great reduction of computational efforts. All sugar backbones and ions are included in the
calculations. Energy band structures are calculated at 3-21G and 6-31G levels. It is significant
that the bottom of the lowest conduction band at the I" point of the first Brillouin zone has
almost zero energy value. The effective masses of the hole and electron at the I" point is 13.7
and 9.53, respectively. Both values are relatively large, therefore, the band conductions are
expected not to be effective in this model-DNA backbone.

[FF] Abinitio 2> FHLEEIC L D, EEE VY X —A( A ETEDT-DNA D EHEA
BEIZOW T, & PR 21T TEERE S & LT UL 7 REETO DNA OFE g% K
HHZEFEHLSOLRFI STV D,

DNA D& % 5y F#uE % FEI2AT 5 AL, tight-binding &2 H L7z p L — 0

REFEIC K D HE, Wb S ERIEER S S, SHICDNADO X Lo AEEE /T 5 —
WIE D TIEOEAAZRATLZ LT, TR XN RHEMTZ DM, 20O L5278k
HIFEH 1 Otto, Clementi, Ladik (2 X 2 JEBRAIFSEIZAFAET D3, — RO LA FE 21TV
BB L O 72— F B &AL TR EDIZIEE > TW=[L],

EERIZHAEZIT > T < ET /L DNA 1220\ T E%ﬁh%TW%ﬁ%ELTW6
DNA —H 58 AT R A M AR mﬁﬁg\ww/a A F 2 DRI
A B ELIXCHRIZ EEILSD, —RICITIKEBERT CLEIT 5 BANEL OHEAICR Ezhéf:
D, AHFETEEFEBLTWDLOLBRTH D,

Kﬁ%f@:hifﬁ@&?x& ELTLPEY b T o7z DNA ZHERR &
LCTHROHES ZLizkb, BIRIE L SEROBRR E AT 2 L 2L LT,

[5i]
—RIT R EETE 2 O R SR 21T O, fRENETE T, Bloch AP Z V%
WP RIEICEM S 220, FEER TOT XL F—ORIIRATEREND,

N basis basis N atom atom

Erotal _ Z Z Z(H Z Z Z ZAZB

j=—N r s j=—N
ZIZTHFRPIEIEERTOEF NIV =7 Fock, EFHEELZRL, BFOHFHIHE

#%ﬁfﬁﬁ“%ﬂé%@?:ﬂbf%éo ::T%ﬂihxﬁ’ﬂ@;%“ﬁ)’?HZ)\%@TD\%&L\ xf
PRES 2l T D T 5L, WHEO pHIEORDVIZ B L py 2D L H 1T,



[#%R - Z£]

Py = P) cos(j8) + p),sin(j6)

P} = —pisin(j6) + p} cos(j6)

ETHZ TR/ MEAEHWCEEAREE 22 5[2],
HERBIE 6-31G V., Ik bEHAR DNAET /L E LT, _EHLEAREO S T =0 —

DT DR Y~ —poly-(dG)poly-(dC) & FHHE L7z, HEAMEIT6ELE L (10 2=

rT1X#—) 3l

BONZ) VBB IO A F B EDLDOEEFRVLOEFE L TR,
VX — R N LIRREE E & Fig.l 1239,

Energy Level [a.u.]

0 r
Wave Vector

With ions

Fig.1 The energy band structures and the density of states of poly-(dG)poly-(dC) with

and without ions.
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Table 1. Test calculations of poly-(dG)poly-(dC)
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N total energy time[s] top of VB bot. of CB band gap
5 -3070.40145 10435 -0.15397 0.01266  0.16663
10 -3070.40179 20690 -0.15210 0.00906  0.16116
15 -3070.40243 30945 -0.15264 0.00722  0.15986
20 -3070.40277 40870 -0.15334 0.00539  0.15873
25 -3070.40314 51126 -0.15392 0.00396  0.15788
30 -3070.40347 61744 -0.15435 0.00267  0.15702
40 -3070.40419 81644 -0.15497 0.00050  0.15547
50 -3070.40502 102281 -0.15539 -0.00140  0.15399
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