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Recent interests in the use of novel polymeric materials for high Scheme 1. Synthetic Route and Structure of the Branched Pc

dielectric constant effects have increased owing to their possible Used in This Study

particular, materials which demonstrate desired dielectric properties

application in high-energy density and pulsed capaciéri
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Existing polymeric dielectrics, such as ceramic-polyrheand
metal-polymeric compositéstypically exhibit a strong interfacial
polarization (Maxwel-Wagner effe®), and this effect results in

a strong dispersion of the dielectric constant. Polymeric materials
mixed with phthalocyanine (Pc) tetramers have been reported with
good dielectric response which is heavily related to a space charge
effect® However, the dielectric loss of these percolative systems
is generally largé*6and efforts are still necessary to improve the
stability and flexibility of these systems. The use of Pc systems is
an intriguing approach, and Pc polymer coated nanoparticles have
been prepared and suggested as good candidates for dielectric
applications. Pc oligomers treated with base (KOH) have shown

a large dielectric response at lower frequency, and this was
explained under the MaxwetWagner-Sillars modeP While many

of these reports present exciting avenues toward creating large,

dielectric responses in primarily organic materials, there has not in Fll?ureh_l that Ithe dispersion Of_ the_ dielectric constant Ihs vehry
been much attention to the intrinsic dielectric high-frequency SMa': This result suggests a major improvement over what has

response of all-organic systems. In this Communication, we report been reported in the past with Pc related materials. For example,

a strategy toward this aim utilizing an organic multichromophore

in the case of the oligomers of Pc, the dielectric dispersion is very
structure such as a Pc dendritic system. Because of the Iong-rangéarge where the dielectric response drops by 3 orders of magnitude
and fast polaron delocalization we find that a hyperelectronic

over a similar frequency range as that seen in the result of Figure
polarization dominates the large dielectric response.

18 Very small dispersion in an organic material has been also
Shown in Scheme 1 is the phthalocyanine dendritic system OPser"e_d in Co(acag:—):ured-e?(poy resin ma_terigl; h_owever,_ the
investigated for strong dielectric response at high frequencies. Thedlelgctrlc response at these higher frequencies in this material was

novel hyperbranched Pc was synthesized by a copper fusionrelatlvely small (6 at 1 MHz)?a_It has_ been suggested that for

technique consisting of 1,2-bis(3,4-dicyanophenoxy)benzene inthese _systems such a small_ dispersion may be a result of the

dimethylacetamide (DMAC) at 168C. The extent of the cyclo- formation of large polar moietie®8.From our measurements of the

tetramerization reaction was monitored in real time by the increase Pr€V10US similar systems, we find that this may also be the case

of the absorption extinction coefficient of the products in compari- for the_ hy_perb_ranched Pc system where a Iong-range polaron

son to the absorption of copper phthalocyanine complex. After delocalization in the branched structure gives rise to a small
. . . . 020

extensive filtration and washing with MeOH, the products were dispersion at high frequenciés?

dried, and the resulting dark blue crystals were further analyzed.

Also observed in Figure 1 is a very low loss even at higher
The final structure of the branched Pc was determinetHslMR frequencies for this pristine dendritic Pc system. The loss is less
and UV-vis spectra (see Supporting Information).

than 0.01 at 1 MHz. This is an unprecedented result for such a low
Measurements of the dielectric response up to 1 MHz were

carried out with the pressure compressed pellets of the pristine
material. Shown in Figure 1 is the dielectric response for a

compressed pellet of the hyperbranched Pc illustrated in Scheme
1. The thickness of the compressed pellet shown in Figure 1 was

54 10.016
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] <O o.ooag
~76um. As it can be seen from Figure 1, with this pellet a dielectric © & 3
response of-46 is obtained even at frequencies of up to 1 MHz. C«)&y}()& """" -
This value is significant and is larger than that observed for the 32,&9W&> {o.000
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CuPc complex which was only 5.3 at 50 kHkt.can also be noted 1
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Figure 1. Dielectric dispersion curves of the hyperbranched Pc polymer
compressed pellet with a thickness of /7.
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(0ac) of this pristine film exhibited a behavior which can be fitted
by a power law with ars value in the range 0f0.8 (Figure 2b).
This value fors suggests that the dominant mechanism of transport
is a polaron hopping mechanism and may be related to the
disordered dielectric effects in the systénfrom our results on
this and similar systems we have found that the polaron hopping
1 QQ; ; 3 can be relatively fastFor example, with the use of time-resolved
. . . ' Jooo ou-»M spectroscopy we have found that the hopping time can be as fast
T e oo oo 12’(HZ) w0 as~1 ps? Such a fast hopping would suggest a relatively strong
long range interaction of the branched structure and this is an
intrinsic effect. It is interesting to note that this was not the case

loss, as previous results for Pc related polymers and oligomers hadfor the pressure compressed pellet sa_mples of the_ hyperbran_ched
Pc where a value of greater than unity was obtained and this

shown losses (taf) up to 0.7 for the polymer composite and above L
1.0 for the Pc oligomer&:11 For the purpose of comparison, we may be related to the fabrication procedure used to make the
! samples.

also examined the dielectric properties of the Pc monomer: the In conclusion. we have found a novel organic branched Pc
dielectric constant was relatively sma#$) and the dielectric loss . usion, we hav ur Vel organ . .
was high (up to 0.3). Although other results have been reported dendrimer system wh_lch shows impressive dlele_ctrlc properties with
with the Pc oligomers and polymers, these results with the dendritic very lOV.V loss at h'gh. operat!qnal frequencies. Compared to
Pc system present a major improvement which we attribute to the percolative systems, this dendritic system shows very low loss at
higher frequencies and a small dispersion, as well as improved

long-range interactions in the hyperbranched structure. tability and flexibility. M rements wer rried out with both
To probe the transport mechanism which yields this impressive stabfiity a € y. Measurements were carned ou 0
pressure compressed pellets and thin films of the Pc dendrimer

dielectric response in the dendritic Pc system, we carried out the . . L
analysis of the AC conductance. The AC conductance was analyzedsyStem' The mechanism for this impressive high-frequency response

by the expression given asc = eoe tan é o, whereeo is the with relatively small dispersion is suggested to be due to a long-
afc = €oer , . ; . .
permittivity of the vacuumg, is the real part of the dielectric range polaron hopping mechanism accompanied by strong intra-

constant, tam is the dielectric loss, and is the angular frequency. molecular interactions in the branched system.

Measurements with the AC condqc'tivity qf the Pc sampl_es showed Acknowledgment. This work is supported by the Office of

a frequency dependent conductivity which could be fitted by a Naval Research.

power law given agac = A + BwS, whereA andB are constants

related to the DC (zero frequency conductivity) as a fitting Supporting Information Available: Synthesis and characterization
parameter. The AC conductance of the pressure compressed pelletf the hyper-branched Pc polymer. This material is available free of
with a thickness of 76um showed the super-linear power law charge via the Internet at http://pubs.acs.org.

dependence with asvalue of ~1.70. It has been suggested that
the s parameter may give an indication of the charge transport References
mechanism in the system. For example, a value ofth@rameter
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Figure 2. (a) Dielectric dispersion curves and (b) AC conductance of the
branched Pc film.
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