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Abstract We have made extensive studies of the charge-carrier mobilities 
in the discotic hexagonal mesophases of triphenylene-based discotic liquid cry- 
stals. Using the time-of-flight technique, transient photocurrents were mea- 
sured yielding charge-carrier mobilities for various electric fields and tempe- 
ratures. Starting from promising results obtained with the monomeric disco- 
tic liquid crystalline model compound hexapentyloxytriphenylene (H5T), we 
synthesized a "discotic twin" with two triphenylene units linked together by 
a suitable spacer. Additionally, we synthesized a discotic liquid crystalline 
oligomer consisting of four triphenylene units which are bound to a flexible 
cyclosiloxane ring. In the dimer and in the oligomer the discotic mesophase 
can be maintained in a discotic glass. Our data show that in both H5T as well 
as in the dimer and in the oligomer hole mobilities on the order of magnitude 
of 10-3cm2/Vs can be reached. Since the mobilities obtained in the oligomeric 
compounds are comparable to those found in the monomeric model compound, 
it becomes clear that the excellent charge-carrier transport properties in the 
discotic hexagonal mesophase can be preserved in easily processible and aniso- 
tropic organic thin films. Therefore, our results are an important step towards 
the applicability of highly ordered discotic liquid crystalline materials in the 
field of electronic applications. 

I NTRO D UCTIO N 

In their mesophases, discotic hexagonal liquid crystals self-assemble in stacks, and 
these stacks are packed in a hexagonal order. As indicated in Fig. 1, the tight 
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64 D. HAARER er nl. 

packing of the large, electron-rich aromatic molecular units leads to a very favo- 
rable r-overlap, and the anisotropic geometry is well-suited for one-dimensional 
transport processes of excess charge carriers, i.e. conduction and photoconduction. 
Consequently, in the monomeric discotic liquid crystalline model compound hexa- 
pentyloxytriphenylene (H5T) we found hole mobilities on the order of magnitude of 
10-3cm2/Vs[ 11; these mobilities exceed typical values obtained in polymer-dispersed 
systems which are widely used in laser printers or photo copiers by approximately 
two ordes of magnitude. 

RO OR nn 

Figure 1 : Hexapentyloxytriphenylene (H5T) and a schematic view of its columnar 
mesophase 

In order to preserve the high-mobility properties of the model compound H5T in 
processible and film-forming materials, we synthesized discotic liquid crystalline tri- 
phenylene derivatives consisting of more than one triphenylene molecule per unit: In 
the upper part of Fig. 2 a perfect discotic twin (DIMER) is shown; its mesophase can 
be supercooled to room temperature, and below room temperature the mesophase 
can be frozen into a discotic glassy state. In the lower part of Fig. 2 a tetrame- 
ric triphenylene derivative is displayed, in which four photoconducting triphenylene 
units are attached to a flexible cyclosiloxane ring. The TETRAMER does not tend 
to recrystallize, and again the mesophase can be frozen into a discotic glass. In this 
paper we report on the charge-carrier transport properties of the abovementioned 
DIMER and TETRAMER materials. 

EXPERIMENTAL 

The DIMER was synthesized according to Ref. [2,3,4,5], and the TETRAMER was 
synthesized according to Ref. [6], respectively. Subsequently, both compounds were 
highly purified by flashchromatography and by several recrystallizations. Further 
details of the sample preparation have been given previously [1,5,7]. 

Irradiation of the samples (thickness typically 10pm) with a strongly absorbed 
nitrogen laser pulse leads, under a high external field, to the creation of electron- 
hole pairs in close proximity to the front surface. Depending on the polarity of the 
external electric field, the motion of the charge carriers which preferably are holes in 
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ELECTRONIC PROPERTIES OF DISCOTIC LC-MATERIALS 65 

our case causes a displacement current which can be recorded in the outer electronic 
circuit over several orders of magnitude in the time and current. Again, details of 
the experimental setup are given in Refs. [1,5,7]. 

RO OR Ry lo$&.. 

n;;nHu;,, RQ OR H;hy R = CSHII ,, 

H,,CsO OCsH,, 

o\&o.L/ ' ' T4: g-481),141 i 

Figure 2: Chemical structures of the DIMER (upper part) and the T E T R A M E R  
(lower part). The phase behavior is cr 337K (G al4Ii') Dh 4081i' I for  the DI- 
MER[2,3,5], and G 225K Dh 414Ii' i for the TETRAMER[G] 

RES U LT S 

The field- and temperature independent hole mobilities of approximately 10-3cmZ/Vs 
measured for H5T[1] can now be understood within the framework of disorder and 
thermal activation: Temperature-dependent disorder effects in the mesophase are 
compensated by an activated transport behavior enhancing a trap-dominated or 
polaronic mobility. 

Most interesting for the DIMER is the unusual temperature dependence of the 
hole mobilities. The data which cannot be interpreted by standard theories [S,9,10], 
are shown in Fig. 3. The mobility values have been determined over a wide teinpe- 
rature exceeding a range of 200K. At low temperatures below the glass transition 
temperature T, (214K) which has been determined by low-temperature differential 
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Figure 3: Arrhenius plot of the DiMER hole mobility versus inverse temperature for 
.various annealing conditions. 

The recrystallization tendency which is still present in the DIMER, is completely 
absent in the TETRAMER moiety. In other words, in this oligomeric triphenylene 
derivative, the mesophase and the discotic glassy state are not 'separated' by a me- 
tastable supercooled mesophase; here order and anisotropy can be directly frozen 
into the glassy state. With respect to applications, it is remarkable that the charge 
carrier transport properties of the monomer can be transferred almost completely 
into a discotic oligomer with good film-forming properties. In Fig. 4 the photocur- 
rent transient of the TETRAMER is shown in a double-logarithmic plot. At the 
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ELECTRONIC PROPERTIES OF DISCOTIC LC-MATERIALS 67 

temperature of 35SI<, the transit lime tT corresponds to a mobility of approximately 
8 . 10-4cm2/Vs. This is comparable to the values reported for the monomer H5T 
and for the DIMER. The detailed analysis of the field- and temperature dependent 
charge-carrier transport properties of the TETRAMER is currently under investi- 
gation and will be subject of further investigations. 
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Figure 4: Double logarithmic plot of a typical transient photocurrent I as a function 
of time t at a temperature of 358K. 

DISCUSSION 

With respect to high mobility organic systems, besides the concepts of conjugated 
and quasiconjugated [ 11,12,13] polymers or amorphous triphenylamine derivatives 
[see, e.g.141, it becomes evident that in our approach using discotic liquid crystals 
really high mobilities which are comparable to those obtained in organic single cry- 
stals can be reached [7] . Microwave conductivity studies [15,16] show also that the 
charge-carrier transport process can be extremely effective in closely stacked and 
highly ordered molecular arrangements. 

ACKNOWLEDGEMENTS 

This work was supported by the Bundesministerium fur Forschung uiid Technologie 
(BMFT) and the Fonds der Chemischen Industrie. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

0:
15

 1
8 

Fe
br

ua
ry

 2
01

3 



68 D. HAARER et nl. 

REFERENCES 

1. D. Adam, F. Closs, T. Frey, D. Funhoff, D. Haarer, H. Ringsdorf, 
P. Schuhrnacher, K. Siemensrneyer, Phys. Rev. Lett., 10, 457 (1993). 

2. S. Zamir, R. Poupko, Z. Luz, B. Huser, C. Boeffel, H. Zirnmermann, 
J. Am. Chern.Soc.. 116, 1973 (1994) 

3. P. Henderson, H. Ringsdorf, P. Schuhmacher, Liq. Cryst., in press. 

4. W. Kranig, B. Hiiser, H. W. Spiess, W. Kreuder, H. Ringsdorf, 
H. Zimrnermann, Adv. Mat., 2 36 (1990). 

5. D. Adam, P. Schuhmacher, J. Simrnerer, L. Haualing, W. Paulus, 
K. Siemensrneyer, I<. H. Etzbach, H. Ringsdorf, D. Haarer, 
Adv. Mat., 2, 276 (1995). 

6 .  P. Schuhmacher, Ph. D. Thesis, Univ. Mainz, Germany (1995). 

7. D. Adam, P. Schuhmacher, J. Sirnrnerer, L. Hadling, I<. Siemensmeyer, 
I<. H. Etzbach, H. Ringsdorf, D. Haarer, Nature, 371, 141 (1994). 

S. A. Jakobs, K.  W. Kehr, Phys. Rev. B, a, 8780 (1993), and references cited 
therein. 

9. H. Bts le r ,  phys. stat. sol. (b), m, 15 (1993), and references cited therein. 

10. H. Bts le r ,  Mol. Cryst. Liq. Cryst., 252, 11 (1994). 

11. R. G. Kepler, J. M. Zeigler, L. A. Harrah, S. R. Kurtz, 
Phys. Rev. B, 35, 2818 (1987). 

12. M. A. Abkowitz, M. J. Rice, M. Stolka, Phil. Mag. B, 

13. M. Gailberger, H. Bts le r ,  Phys. Rev. B, 44, S643 (1991). 

14. P. M. Borsenberger, H. Bbsler, J. Appl. Phys., 75, 967 (1994). 

15. P. G.Schouten, J .  M. Warrnan, M. P. de Haas, M.  A. Fox, Horng-Long Pan, 

25 (1990). 

Nature. 353 736 (1991). 

16. P. G. Schouten, J. M. Warrnan, M. P. de Haas, C. F. van Nostrum, 
G. H. Gelinck, R. J. M. Nolte, M. J. Copyn, J. W. Zwikker, M. K. Engel, 
M. Hanack, Y. H. Chang, W. T. Ford, -. 116, 6850 (1994). 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

0:
15

 1
8 

Fe
br

ua
ry

 2
01

3 


