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Electrical Conductivity in Doped Polyacetylene

C. K. Chiang, C. R. Fincher, Jr., Y. W, Park, and A. J. Heeger
Department of Physics and Labovatory for Reseavch on the Stvuctuve of Matter, University of Pennsylvania,

Philadelphia, Pennsylvania 19104
H. Shirakawa,‘® JE. J. Louis, S. C. Gau, and Alan G. MacDiarmid

and
Depavtment of ChenuStryewe=Laooratory fov Reseavch on the Stvuctuve of Mattev, University of Pennsylvania,
Philadelphia, Pennsylvania 19104

(Received 23 June 1977)

Doped polyacetylene forms a new class of conducting polymers in which the electrical
conductivity can be systematically and continuously varied over a range of eleven orders
of magnitude, Transport studies and far-infrared transmission measurements imply a
metal-to-insulator transition at dopant concentrations near 1%,
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FIG. 1. Electrical conductivity of {vans-(CH), as a
function of (AsF;) dopant concentration. The #rans and
cis polymer structures are shown in the inset.

BRI P22 R i

CIK7ELN!?




BRI

A ® ¥ E

=2 EKR (CDW)
[CXBFEF{LIRR




BB R

| Y E
& 2 B (CDW)

[CXBFEF{LIRR
| E A |
: : 1 RTTEFRIC
@ DA I Y L A
| )

| 1 £, Peierls transition

TN IN TIVRERTE

g |

-t/a-w/2a () mn/2aw/a

e



BB R

A ® ¥ E

=22 E R (CDW)
[CXBFEAF(LIRR

1. RITEFRIC
DA I Y i
| J

| 1 £, Peierls transition

TN IN TIVRERTE

g |

-t/a-ml2a () m/2am/a

e



BRI P22 R i

A ® ¥ E

2o
+8E& = B&

r—E7
L MIEELELTD

= 42 mAd




BRI P22 R i

A ® ¥ E

* B

IN T)V A8RF%: CDWAKEE
YUY Ky - IR—ZAYERE




BB R

H H H H H
/é\c/é\c/ ¢ /é\c/é\c/é\c
t t t th t t
2ODBEDIRIINF—DPFELN
v




BB R

" # Y

IRILF—F vy 7HROERHE

Rty ) kY
H H H H H H
A A AL A
t ty t th th t
2ODBEDIRIINF—DPFELN
v




BRI P22 R i

A ® ¥ E

IRILF—F vy 7ROERE

RiEV UMY
H H H H H
\C/é \C/é \3 /é\c/é\c/&\c
hoooh . . h

B ERE /4 FE

290)#§iﬁ031f~)l/# —RLED
JEHEIR R




BRI P22 R i

5 Y E
MERRD/ ') s

H H
! ) . /é\?/é\?/
0| RE> H H
0 +e e | BW
BHICEITS
CB CB CB Ea XXM
- ITXRI)LF—
:\—;‘ ,\7 Y, 7’Eg2a y') hy
VB VB VB N
B DK =




BRI P22 R i

| B v B
FEMRRONR—20

FHEELRESFOER—ZO Y

EBEFR—ETI2LD
R—>0O %R

R—Z0Y N4 R—ZA8Y
IE 8 IE =]
y on . )
AEZ11/2 1/2 0 0
& E‘;ﬁ) +e -e +2e -2e
CB CB CB CB
—o— -0
oo oo
VB L VB VB VB




BB R

A ® ¥ E

*BROICART O

1. pnBESF A4 —F

2. B FAF—F
SFHELTO
3. ;
XNiZE; g




BB R

" #® ¥ E

BRENXELTR7

BHS LY
=l
BE0N
Z L (HAFF)
2LFT T

R=, (KHESEH. AV AN LR H. BELE. &
RITATDRREM




BRI P22 R i

TR
RIrFICDRIE

= F—EFLO*HBAEDIZ

il




A ® ¥ E

OB ?

IRILF—FvyT By

H TR I DR

BB R

@J%& V:Eg/h

-

IRILF—FvvTDKRES L, \

BIITHE . F-F-

2\
N




BRI P22 R i

mr1AZ7ZL—&D

BHELT(RTL— B TART L —
Y SN f-MirE s
= F L SR HE

=18 (600cd/m?) 1# FF (300cd/m?2)

REFA (360/FEE ! ) REFANTOE

BUVLZET (usec) &% (msec)

BHIR(1/2) £5

LNV RS AR (~00) a5 ABR(£5,000)
\(2-4mm) JELM(15-20



BRI P22 R i

7YY, A0BNEBELT A A7 L1 % H
~A9 1y Mz 200445

oLmD

2 il ' l

»

.//[pc.watch.impress.co.jp/docs/2004/0518/epsondtm



http://pc.watch.impress.co.jp/docs/2004/0518/epson.htm
http://pc.watch.impress.co.jp/docs/2004/0518/epson.htm

(1) EPSON

i

* T OOLEDEERE MDD

o I/ HBEDA T yMRIN
(R0 T~y E i) OFE R
EmMBAXOBBDI=OA 20Ty T I ENIED
IEICRANES
» KEFE/I N ——2/7 H\ Ol BE RS 4
» 1200 mm x 820 mm
s I \F—— 77 H Vel RE
» 2,880 dpi
r ZAEMEORDAA
- ME"‘E#L.T-H&L&

A-,/ _\'v 4 7 1 v 'b—,-c -
> - ' )\.", I'%""

¢ Gl X 2004/5/18




BRI P22 R i

NRASNIZA0BRFRELT A RT LA
A ERE, NSRRIV EICHFRIFEENR,
ZBM. ChIZNEDERZEMYE
BTND0H, BIRB&(3408!
— &R AP AT EE

WhHoREECH, FEBIT, [LHRE
ITDNHEFRTES




BRI P22 R i




BRI P22 R i




\ BRI

o




BB R

A ® Y

*BROICRARTOH

1. pnBESFT A4 —F
2. BNXFAFT—F

3. XlZE;




BB R

A ® ¥ E

Z22AFv2XKERn

2LFT T



BB R

AER|HUORE

X OIRILF—hY

E

/\ hV = \/I*)bjﬁ—jﬁ"("‘/j E,

\/Eg EF—EIXDER
T g

K \/

B (BT, ER) OH 8
BRHORE)




XEREORE

@i}f‘fw%‘h S FNIRILF—FvuIZLEH D

N V \\J 7O

BRI P22 R i




BRI P22 R i

AEREDORE

~xy

O O
pEFEE | pnREEE
Si+Al E Si+P

EFDNIRILF—F vy T&#END




BRI P22 R i

AEREORE




BRI P22 R i

AEREORE

fl. +++++++t1 ¢_
. 1

FRO0L0ORAIRNG S OO0

pa__:lil_J hﬁu




#HmAE T O 7L

AERBOERMNIE

HDIBEE j&[‘% @I*)I/#“_ hV

7(5%7'50)5(’\7%)14 TyFL
D EBL \/ FIRIILF—FvvTDS \?1

? - AR DER
i 72—l 2, Uso
EOLBHEONME| | o @7

BEUEHT

B2 (EF., EfL) D&k
BRHORE |




BURY P22 R

A #® Y E

DNADTE : 185
DeoxyriboNucleic Acid



http://127.0.0.1/dna/dnapairs.htm
http://127.0.0.1/dna/dnapairs.htm
http://www.umass.edu/microbio/chime/dna/index1.htm
http://www.umass.edu/microbio/chime/dna/index1.htm
http://127.0.0.1/dna/
http://127.0.0.1/dna/

James Watson and Francis Crick, crackers of the DNA code, in 1953 ATML

James Watson & Francis Crick
It took an ex-physicist and a former ornithology student — along with some unwitting help

from a competitor — to crack the secret of life By ROBERT WRIGHT

http://www.time.com/time/timel100/scientist/profile/watsoncrick.html
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

E wish to sugges| o structure for the salt

of deoxyribose nucleic aecid (DUNVAL).  This

structure has novel features which are of considerable
l)ml()"l('tll imntorest.,

A strueture for nueleic acid has alveady boun

p}'ﬂ])ﬂﬂ(‘(l bV Pauling anel € lnP\" 'l‘hu_\? kfn(l]‘\" made

their nunmwupt ﬂ.\aul.l')l«' to us an advance of

hublu-&'u-u. Their model consisis of three inter-
twined chains, with the phosphates near the fibre
axis, and the bases on the outside, In our opinion,
this strueture 15 unsatisfactory for two reasons :
(1) We believe that the material which gives the
X-ray diageams is the salt, not the free acid. Without
the acidie hydrogen atoms it is not clear what forees
would hold the structure togelher, especialiy as the
negatively chargoed phosphates near the axis will
mpul each other. (2) Soma of the van deor Waals
distanees appear to he too small.

Another three-chain strueture has also been suge-
gested by Iraser (in the press). In his model the
phosphates are on the outside and the bases on the
inside, linked together hy hydrogen bonds, Thas
structure as desoribed 1= rather il -lvlirw’ amvl for
tlu\' reason woe ghall not comment
on it.

We wish to put forward a
riviieally difforent structure for
the =alt of deoxyvribose nueleic

15 8 residue on each cham overy B4 \ ill the z-diree-
tiorn,  We have assumed an angle 36" betweeil
adjacent residues in the same «lmm. g0 that the
structure repests after 10 residues on cach chain, that
1%, after 34 A, The distance of a phosphoras atom
from the fibre axis is 10 A, As the phosphates are on
the outside, cations have easy acecess to them.

The stracture 13 an open one, and 1ts water contend
8 rather high. At lower wator contents we would
expect the bases to tilt so that the structure could
become more compaet,

The novel festure of the structure 18 the manner
in which the two chains are held together by the
purine and pyrimidine bases. The planes of the bases
are ])v'T‘pnmlirnl'\r‘ to the fibre al'{h They are joined
togethor in pairs, a single base from one chain being
hydrogen-bonded to a single base from the other
chain, so that the two lie side by side with identical
s-eo-ordinates, One of the pair must be a purine and
the other a pyrimidine for bonding to oceur. The
hydrogen bonds are made as follows : purine position
I to pyrmidine position 1: purine position 6 to
pyrimiding position 6,

If it 3= assumed that the bases only oceur in the
structure in the most plausible tautomerie forms
(that is. with the keto rather than the enol con
figurations) it is found that only speecific pairs of
bases ean bond together. These pairs ave : adenne
(puring) withh thymine (pyrimidine), and guanine
(puring) with eytosine (pyronidme),

In other words, if an adeninse forms one member of
& pair, on either chain, then on thess assumptions
the other member must be thymine ; similarly for
cuanine and eyvtosine. 'T'he :qunnm_- of bases on a
single chain does not appear to be restricted in any
way. However, if only speecific pairs of bases ¢an be
formaod, it follows that if the soguence of bases on
ong chain s Ziven, then the SCUUeTICe
chaii s sutomatically determmed,

It has been fomnd experirnentally®* that the ratio
of the amounts of adenine to thymine, and the ratio
of f'mmnn- too \‘t«mw'. are al Ways very close 1o umt\
for deoxyribose nuelsic acid.

[t i3 probably impossible to build this strocture
\\'ilh b2 N l‘”)- SO STAL i)l ]ox;u‘u u)f thv clm)_\;_\'rﬂmsu_ ne

on the other
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Molecular Structure of Deoxypentose
Nucleic Acids

WHILE the biological properties of deoxypentose
nucleic acid suggest a molecular structure con-
taining great complexity, X-ray diffraction studies
described here (cf. Astbury?!) show the basic molecular
configuration has great simplicity. The purpose of
this communication is to describe, in a preliminary
way, some of the experimental evidence for the poly-
nucleotide chain -configuration being helical, and
existing in this form when in the natural state. A
fuller account of the work will be published shortly.

The structure of deoxypentose nucleic acid is the
same in all species (although the nitrogen base ratios
alter considerably) in nucleoprotein, extracted or in
cells, and in purified nucleate. The same linear group
of polynucleotide chains may pack together parallel
in different ways to give crystalline’-3, semi-crystalline
or paracrystalline material. In all cases the X-ray

I BY .o B .

NATURE

April 25, 1953

Vol., 171

Fig. 1. Fibre diagram of deoxypentose nucleic acid froni B. coli.
Fibre axis vertical .

the innermost maxima of each Bessel function and
the origin. The angle this line makes with the equator
is roughly equal to the angle between an element of
the helix and the helix axis. If a unit repeats n times
along the helix there will be a meridional reflexion
(Jo2) on the nth layer line. The helical configuration
produces side-bands on this fundamental frequency,
the effect® being to reproduce the intensity distribution
about the origin around the new origin, on the nth
layer line, corresponding to C in Fig. 2.

We will now briefly analyse in physical terms some
of the effects of the shape and size of the repeat unit
or nucleotide on the diffraction pattern. First, if the
nucleotide consists of a unit having circular symmetry
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Molecular Configuration in Sodium
Thymonucleate

Sorium thymonucleate fibres give two distinct
types of X-ray diagram. The first corresponds to a
crystalline form, structure A, obtained at about
756 per cent relative humidity ; a study of this is
described in detail elsewhere!. At higher humidities
a different structure, structure B, showing a lower

Aﬂm‘ﬂﬂ n'P n"r‘r] Fa% 14 s a2k uTaTash iT=] ﬂ“f] “ﬂ'ﬂﬂ:ﬂ"-ﬂ e e e gm U .

NATURE

April 25, 1953

VoL. 171

|

Sodium deoxyribose nucleate from calf thymus, Structure B

molecules, each unit being shielded by a sheath of
water. Hach unit is then free to take up its least-
energy configuration independently of its neighbours
and, in view of the nature of the long-chain molecules
involved, it is highly likely that the general form will
be helical®. If we adopt the hypothesis of a helical
structure, it is immediately possible, from the X-ray
diagram of structure B, to make certain deductions
as to the nature and dimensions of the helix.

The innermost maxima on the first, second, third
and fifth layer lines lie approximately on straight
lines radiating from the origin. For a smooth single-
strand helix the structure factor on the nth layer line
is given by :

Fyp = Ju(2nrR) exp ¢ n(Y + 3m),
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Figure 1
| > A This figure is purely diagrammatic. The two
_ ,-;’,},” if’“’; ribbons symbolize the two phosphate-sugar
L -:° ,:; chains, and the horizonal rods the pairs of
a - P s bases holding the chains together. The
” l vertical line marks the fibre axis.
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Side view

End view
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Table 1 Average structural parameters for various hglical f

Parameter B-form  A-for
Helix handedness Right Right
Base pairs per turn (helical repeat) [ 10.5 11
Base pairs per repeating unit 1 1
Rise per base pair (A)* 3.4 2.6
Major groove width (A) 11.7 2.7
Major groove depth (A) 8.8 13.5
Minor groove width (é) 5.7 11.0
Minor groove depth (A) 7.5 2.8

“One angstrom (A) is equal to 107" m.

From Encyclopedia of the Humafi Genome
Richard P. Bowater, 2003, Mature Pub.
www.ehgonl;
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Reminiscent of formal Japanésge rock
gardens, here we see ripples surkQunding
features on the copper (111) surfacge. The
artists' fortunes took a major turn upward
when they determined that the ripples
were due to "surface state electrons.”
These electrons are free to roam about th
surface but not to penetrate into the solid.
When one of these electrons encounters an
obstacle like a step edge, it is partially
reflected. The ripples extending away from
the step edges and the various defects in
the crystal surface are just the standing
waves that are created whenever a wave
scatters off of something. The standing
waves are about 15 Angstroms (roughly
10 atomic diameters) from crest to cregt.
The amplitude is largest adjacent to thie
step edge where it is about 0.04
Angstroms from crest to trough




Scientists discovered a new method for confining electrons to artificial structures at the nanometer lengthscale.
Surface state electrons on Cu(111) were confined to closed structures (corrals) defined by barriers built from Fe
adatoms. The barriers were assembled by individually positioning Fe adatoms using the tip of a low temperature
scanning tunneling microscope (STM). A circular corral of radius 71.3 Angstrom was constructed in this way out
of 48 Fe adatomes.

This STM image shows the direct observation of standing-wave patterns in the local density of states of the Cu
(1117) surface. These spatial oscillations are quantum-mechanical interference patterns caused by scattering of
the two-dimensional electron gas off the Fe adatoms and point defects.
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Schematic image of topography

/3p orbitals/]

molecular planes



x-ET2l3: STM image in the a-b plane
Site assignment
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Relative Molecular Charge p;/ 2p;

A-site B-site
site The present results X-ray results
RT RT 20K
B 0.42(8) | 0.29(2) [ 0.35(4)
C-site B-site C 0.16(2) 0.21(3) [ 0.12(5)
A 026(5)]  [0.25(2) | 0.39(5)
A’ 016(2) | [0.25(2) | 0.14(5)
CO? CD CO
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