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New Stage Structure of Iodine Doped Pentacene 
Film (11) 

YASUMITSU MATSUO, AKINORI SASAKI, YOSHINOBU YOSHIDA 
and SEIICHIRO IKEHATA 

Department of Applied Physics, Faculty of Science, Science University of Tokyo, 
1-3 Kuguruzuka, Shinjuku-ku, Tokyo, 162-8601 

In  pure pentacene film and iodine doped pentacene film, X-ray and electric conductivity 
measurements were performed. It was found from X-ray diffraction data that the iodine 
doped pentacene possess the stage-2 structure in addition to the stage-I structure. The c axis 
lattice constant of the stage-2 structure, which is the length of the interval between the layers, 
was determined to be 33.2 A. Moreover, electric conductivity was measured in pentacene 
doped with iodine at the various doping temperatures Td This result was compared with the 
results obtained from X-ray diffraction data. 

Keywords: pentacene; electric conductivity; intercalation compound; X-ray study 

INTRODUCTION 

It has recently been shown that pentacene (PEN; C~zH14) 61m doped 

with both acceptors and donors formed new molecular conductorll.21. 

Especially, PEN films doped with iodme (which is acceptor dopant) 

show interesting characteristics of crystal structure and electric 

conductivity. I t  is known from X-ray s tu les  that pure PEN forms the 

layer structure. The c axis lattice constant which is the length of the 

interval between the (001) planes is 15.3 hl. On the other hand, in 

iodine doped PEN, the lattice constant of c axis increases to 19.3 A, 
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224 YASUMITSU MATSUO P t  d. 

because iodine is intercalated between the molecular layers of PENW 

This structure is the same as the stage-1 structure of graphite 

intercalation compounds, GICs, which exhibit the high in-plane 

conductivityN Moreover, it was found from electric conductivity 

measurement that iodine doped PEN film with the stage-1 structure 

exhibited the high conductivity above 100 S-cm-1 with highly ordered 

structure a t  room temperature, although electric conductivity of pure 

PEN f i m  is below 10-8 S.cm-Ill1. It is also known that a variety of 

physical properties such as electric conductivity and lattice dynamics, 

etc. depend on the stage structurel41. However, physical properties of 

iodme doped PEN film with higher stage structure were not clear. 

Therefore, it is interesting to investigate crystal structure and electric 

conductivity on various stage structures. 

In the present study, iodine doped PEN films were prepared by a 

two-bulb method with various doping temperatures and then the 

stage dependence of lattice constant and of electric conductivity was 

examined. 

SAMPLE PREPARATION AND EXPERIMENTAL 

Specimens were prepared on glass substrates in a vacuum of 3 x 10-4 

Pa. Pure PEN was thermally evaporated from a sublimation cell. 

Both film thickness and deposition rate, monitored by a quartz 

oscillator, were controlled by the heating temperature of the 

sublimation cell. Pure PEN was deposited at  a rate of 5 h s  with a 

substrate temperature T, = 30 'C. Both PEN fi lm and iodine were 

sealed in a vacuum of 6 X 10-4 Pa. The temperature of pure PEN film 

was kept at room temperature. The doping temperature of iodine, Td, 

was controlled in the temperature region between 0 'C and 20 Y:. 

The reaction time was 20 h. 
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NEW STAGE STRUCTURE OF IODINE DOPED PENTACENE FILM (11) 225 

The stage structures on iodme doped PEN filxn were observed with 

Rigaku Rint-1500 X-ray diffraction meter (Cu-Ka radiation ), The 

stage number and the c axis lattice constant of films were determined 

from the a a c t i o n  angle 2 @of the (OOL) Bragg peak. Specimens 

were wrapped with thin polyethylene film to prevent their 

decomposition by air and moisture. 

Electric conductivity was measured at a frequency of 1 MHz with 

an LCR meter (HP4284A). The specimens used in the electric 

conductivity measurement were 400 nm in thickness. 

RESULTS AND DISCUSSION 

X-ray =action patterns of pure PEN film and iodine doped PEN 

films are shown in Fig. 1. In pure PEN film, the X-ray diffraction 

peaks appear at 5.83" ~ 11.7- and 17.6' (Fig. l(a)). These peaks 

correspond to (Ool), (002) and (003) ClSractioas of pure PEN film. The 

c axis lattice constant was calculated to be 15.1 A from the angle of 

these peaks. This value is in good agreement with the value of 15.3 A 
which was reported by Minakata, et af.r:Jl 

Fig. l(b) and (c) show X-ray diffraction patterns of iodine doped 

PEN film at the doping temperature fl = 20 'C and 5.2 "c, 

respectively. In the case of % = 20 "C, the peaks of pure PEN film 

disappear and the new peaks appear at 4.64', 9.27", 13.9' and 18.6' 

(Fig. 1@)). These diffraction angles correspond to (OOl), (002), (003) 

and (004) of the stage-1 structure, respectively. This result agrees 

with the result of Minakata, et af.I:Sl From this result, the c axis 

lattice constant of the stage-1 structure was determined to be 19.0 A. 
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FIGURE 1 The doping temperature dependence of the X-ray 

=action pattern. The inset figure shows the 

enlarged figure near 2 H = 8" in Fig. 1 (c). 

Fig. l(c) show the result of X-ray ddkaction at 8 = 5.2 'C. As 

shown in Fig. I(c), new diffraction peaks are observed at  2.66' and 

7.98' , in addition to the diffraction peaks of pure PEN film and of the 

stage-1 iodine doped PEN film. It is noted that in this doping 

condition one of the new diffraction peaks appeared at  the lowest 

angle, 2.66', and that ths diffraction peak was not observed in pure 

PEN film and the stage-1 iodine doped PEN film. This fact suggests 

the existence of the new stage structure in iodine doped PEN film. We 

can determine the c axis lattice constant of the new stage structure to 

be 33.2 8, from the hffraction peak angle, 2.66'. This value is close to 

the value, 34.1 & of the stage-2 structure wluch is estimated from the 

lattice constants of the pure PEN film and the stage-1 iodine doped 
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PEN film (As well known in GICs, for the most acceptor compounds 

the c axis lattice constant of the stage-2 obtained from the experiment 

is shortm than that calculated from the structure of HOPG and the 

stage-1 structure ). Moreover, there is no diffraction peaks below 2 8= 

2.66'. In addition, the new diffraction peak of 7.98' corresponds ta 

(003) *action peak of the stage-2 structure, when the diffraction 

peak of 2.66' corresponds to (001) diffraction peak of the stage-2 

structure. These results indicate that this new stage structure would 

be the stage-2 structure. 

Fig. 2 shows the doping temperature Td dependence of electric 

conductivity u. 

0 10 20 30 

T* ("(3 
FIGURE: 2 The TI dependence of cr 

With increasing ZI, (7 increases rapidly up to TI = 4.8 'C, increases 

gradually up to Ti = 18 "c, increases rapidly at Z:I= 18 'C, and then 

saturates. This result indicates that iodine begins to be intercalated 
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between PEN molecular layers a t  Td = 4.8 C, and that above 18 "c 

the amount of iodme intercalated between PEN molecular Iayers is 

not changed. Taking into account this result and the results of X-ray 

studies, we considered that large increase of conductivity at Td = 

4.8 "c results from the change of the crystal structure to the stage-2 

structure and the increase at 18 "c results from the formation of the 

single phase stage-1 structure. 

CONCLUSION 

We have shown that on linear acenes family the new stage 

structure exists, as seen in GICs. The stage-2 structure would be 

obtained by adjusting the doping temperature a t  5.2 T. Moreover, we 

determined the c axis lattice constant of stage-2 structure to be 33.2 A 
from (001) and (003) *action angles. 

It was also found that the electric conductivity of iodme doped PEN 

increased suddenly up to 8 = 4.8 "c and that increased rapidly at  Td 
= 18 "c. We concluded &om present results that the increase of 

conductivity at  Td = 4.8 and 18 "c results from the change the crystal 

structure to the stage-2 structure and from the formation of the 

stage-1 single phase. It will be expected that the higher stage 

structures are obtained in iodine doped PEN. We are now preparing 

the specimen with the hgher stage structure by more precise 

temperature control. 
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