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The preparation of well-defined block copolymers containing "o 0’&0
one or more semiconducting blocks is the subject of intense
research due to their potential for application in plastic-based O\ oo yoan
electronicsi=>6-° Among various semiconducting polymers, J\§ )\{
regioregular poly(3-hexylthiophene) (RFP3HT) is known to
be the most successful material for use in plastic-based electronic >/— Cratlar
devices due to its high conductivity and processabifity ?T\
Appending crystalline or amorphous polymer segments to P3HT anzv* %/g C|3Hz7
permits control of the physical properties including film C13H27
morphology*>~17 Although the chemical modification of P3HT csz, s

at its polymer backbone or its termini generally disrupts the
effective crystal packing and decreases the hole mobility, regioregular (RR) P3HB with a 5-bromothiophene end group.
functionalized P3HTs are nevertheless attractive materials aspetailed characterization of the P3HT produced through GRIM
“functional surfactants” for use in applications that do not and the reaction mechanism are described elsewhere in the
require high mobility. For example, a RFP3HT end-function- |iterature2”-30 The number-average molecular weight.} and

alized with an amine improves the film morphology of P3HT/ polydispersity (PDI) of the RRP3HT used throughout this
CdSe solar cells by increasing the dispersion of CdSe nano-

cystals, and enhances the power conversion efficiéhBjock
copolymers of P3HT with fullerenes are useful as compatibi- . - <H0>ZB©ﬁNH .
lizers for P3HT/fullerene bulk heterojuction solar cells which /d\" ° 6 (/1
stabilize the active layer of the devitédditionally, block and nBr b) SANA "
random copolymers of P3HTs appear to be promising materials :
for use in volatile organic compound (VOC) chemresistor CeHia

. . G1-G3 active ester
sensord? In this paper, we report on the synthesis and (203
characterization of a dendron-modified P3HT, in which one % M
terminus of a RRP3HT is linked to the focal point of a

polyester-type dendron. This dendron structure allows the P3HT G1-3
placements of multiple functionalities at one extremity of the
CeHi3 C|3H27

macromolecule for further elaboration. Despite the insulating
nature of the polyester dendron, a device made with this % Y& Cratlar Ciraar
CiaHz7
bt

Scheme &

CeHi3

o}

dendron-modified P3HT functions as a transistor, and shows o0 0 o
moderate field effect mobilities. In earlier work, dendrons have Ctha

been used as solubilizing groups for oligo- and polythio- P3HTG1 >—C13H27
pheneg®-23 YQ/ K

The structures of the generation 1 to 3 (&) aliphatic

polyester dendrond—3, used as the building blocks for the Cutyy CiHzr  SiaHay P3HTG2 © C““”

preparation of the dendronized P3HTSs, are shown in Chart 1. P o ° Y ot

The polyester-type dendrons were synthesized by iterative 0/\<

divergent growth as previously describ®d>A key advantage }J

of such dendrons is the high reactivities of both the single focal - x y-Crattr

point moiety and the multiple peripheral functionalities In this % yg/

study, the peripheral hydroxy groups were end-capped by long- NGt

chain alkyl (myristic) esters, while the focal point was activated 7((@ m)(\

with a 4-nitrophenyl ester for coupling to a reactive terminus )\6\0)\\0'3“”

of P3HT. _ P3HT G3 s
RR—P3HT was prepared from 2-bromo-3-hexyl-5-iodo o

thiophene 4) through the Grignard metathesis (GRIM) reaction

6-30 i ati ; ; aConditions: (a)-PrMgCl, THF, 0°C, 1 h, then Ni(dppp)G) room
(Scheme 1% Polymerization via GRIM affords highly temperature, 1 h, 44%: (i) Pd(PPB)s, toluene/EtOH/HO, NaCOs,

90 °C, 3 h, 55%; (c)1, 2, or 3, diisopropylethylamine, THF, reflux,
* Corresponding author. E-mail: frechet@berkeley.edu. 12—-24 h, 59-64%.
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Figure 1. *H NMR spectra (400 MHz, in CDG) of (a) P3HT-G1, m/iz

and (b)P3HT-G3. The peaks with an asterisk)(indicate the residual Figure 2. MALDI mass spectra (matrix; terthiophene) of @3HT-
solvent. G1, (b) P3HT-G2, and (c)P3HT-G3 and (d) the magnified figure of

Figure 2c from 7000 to 8000 massif) range.
study were 10 000 and 1.15, respectively, as measured by SEC

in THF using polystyrene standards. End-functionalization of Table 1. Field Effect Mobility of PSHT G1~-G3

P3HT was carried out by Suzuki coupling with—dmino- wt % of dendron
methylphenylboronic acid hydrochloridg to afford the ben- MW of dendron by NMR by SEC®  mobility ()
zylamine functionalized P3HT in 55% vyield. Introduction of P3HT G1 643 10 6 2554
this benzylamine moiety ii7 serves a dual purpose: firstit  p3yTG2 1296 19 11 1.1E4
introduces a polar group into the polymer thus facilitating its P3HT G3 2602 32 21 3.5E5
purification; second, it provides a highly reactive handle for

. B . aDetermined based on the degree of polymerization (DP) of P3HT which
attachment of the active ester dendon. Purification isfreadily is calculated by integral ratio of P3HT and dendron proton#HrNMR

achieved by silica chromatography which affords a pure product spectra® Determined based on ti, of P3HT (M, = 10 000) (SEC (THF),
as evidenced byH NMR and MALDI mass spectrometry. The polystyrene standards)Averaged saturation mobilities (éftV s)) of three
amino-functionalized P3HT was then treated with G1-G3  €XPeriments for a bottom contact device.

active ester]—3) in the presence of base under reflux in THF,

affording PSHT G1—G3 in 59—-66% yield. In all cases the = 30; 7749.5,n = 31). Each peak ofP3HT G1—G3 is
P3HT G1—G3 block copolymers were purified by Soxhlet monodisperse, and no specific peaks that could be attributed to
extraction followed by silica gel chromatography. side products are seen in the MALBMS.

The structures of the dendron-modified P3HTs were con- In order to verify that the presence of the dendrons did not
firmed by 'H NMR (Figure 1). Definitive assignments of the destroy the conductivity of the variolB3HT G1—G3 block
individual peaks were made by comparison with the protons of copolymers, organic field effect transistors (OFETs) were
P3HT (Ht and Hhex) and of the dendrons (Ha, Hb, Hc, Hd, fabricated in bottom-contact geometry (thin film &3HT
and protons of myristic ester). Further, the integral ratios are G1—G3/1000 A SiG dielectrich-doped Si gate) with gold
also consistent with the assignment. electrodes. Thin films were deposited from chloroform solutions

Much information on the quality of the end-functionalization of the variousP3HT G1—G3 copolymers by spin-casting, and
process could be garnered from a detailed examination of thethe devices were tested without annealing (see Supporting
MALDI mass spectra. Figure 2 shows the MALDI-mass spectra Information for details). The hole mobility and the weight ratio
of P3HT G1-G3. As the size of the dendron increases from of the dendrons i?3HT G1—G3 are summarized in Table 1.
G1 to G3, the expected shift of the peak distribution toward Devices made fronP3HT G1—G3 showed hole conductivity
higher mass is readily observed (Figure-23. For theP3HT with averaged saturation mobilities of 2:6 107* cm?/(V s)

G3 block copolymer, the molecular mass of a specific macro- (P3HT G1), 1.1 x 10 cn?/(V s) (P3HT G2), and 3.5x 107>
molecule withn hexylthiophene units is calculatedlds= 166.3 cn?/(V s) (PSHT G3), respectively. As expected, the size of

n (poly(hexylthiophene unit} 1 (hydrogen end-group) 2602 the dendron affects mobility and as dendron size increases from
(G3 dendron unit). A close examination of an expanded portion G1 to G3, the mobility decreases by an order of magnitude.
of the mass spectrum shown in Figure 2d reveals molecular However, it is worth noting that even with 32 wt % of insulating
massestVz = 7422.0, 7577.4 and 7735.2) that are in good polyester dendron attached to RR3HT3! the device made
agreement with the calculated mass (741i.4, 29; 7583.4n from P3HT G3 operates effectively as a field effect transistor.
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It should also be emphasized that the relatively low mobilities  (8) Behl, M.; Zentel, RMacromol. Chem. Phy2004 205 1633-1643.

—_ ; i (9) Deng, L.; Furuta, P. T.; Garon, S.; Li, J.; Kavulak, D.; Thompson,
of P3HT G1—G3 can also be attributed in part to the low M. E.. Frechet, J. M. JChem. Mater2006 18, 386395,

molecular ngght of the P3HT2 (10) Sirringhaus, H.; Tessler, N.; Friend, R.$tiencel 998 280, 1741
In conclusion, we have demonstrated a strategy for the 1744,
synthesis of block copolymers consisting of RR3HT with (11) Horowitz, G.Adv. Mater. 1998 10, 365-377.

: (12) McCullough, R. DAdv. Mater. 1998 10, 93—116.
dendrons attached at on terminus of the P3HT. Each dendron- (13) Katz, H. E.; Bao, Z. N.; Gilat, S. LAcc. Chem. ReQ001, 34, 359

modified P3HT can be purified by chromatography, affording 360.

a pure and well-defined material. The dendritic structure at the (14) %Tilt;a?komulos, C. D.; Malenfant, P. R. Adv. Mater. 2002 14,

P3HT terminus can be further functionalized at the periphery g ‘o2 iono ¢ b - scherman, 0. A.: Stingelin-Stutzmann, Nileku
to endow specific properties to the overall assembly. Whllle the C.; Breiby, D. W.; Smith, P.; Janssen, R. A. J.; Meijer, E.JVAM.
size of the dendron increases fr@xl to G3, the OFET device Chem. So0c2005 127, 12502-12503.

performance gradually decreases in terms of mobility. However, (16) Liu, J.; Sheina, E.; Kowalewski, T.; McCullough, R. Bngew.
Chem., Int. Ed2002 41, 329-332.

high hole mobilities are not necess_a_mly n_equwed for spgclf!c (17) SaueG.; McCullough, R. DAdv. Mater. 2007, 19, 1822-1825.
purposes such as use as compatibilizers in bulk heterojuction (18) Liu, J. S.; Tanaka, T.; Sivula, K.; Alivisatos, A. P.; Enet, J. M. J.

solar cell§ and chemresistor sensor polymé&t#n addition, the 19) f_ ABm-SChem.GSOIQOOAlw}Zg 6\]55f(f)_'655E1L- L 7h .

H H H H I, B.; sauve G.; lovu, M. C.; Jefines-eL, M.; ang, R.; Cooper,
unique structure of the terminally d_enc_ironl_zed P_3HT is useful J. Santhanam. S.. Schultz, L. Revell. J. C.. Kusne. A. G.:
not only for dev!ces but _also for appl!catlonsmvolvmg properties Kowalewski, T.; Snyder, J. L. Weiss, L. E.. Fedder, G. K.
such as adhesighand light harvesting*—2¢ We are currently McCullough, R. D.; Lambeth, D. N\Nano Lett2006 6, 1598-1602.

exploring additional functionalization reactions of these block (20) gggg”v I.. Levillain, E.; Roncali, Xhem. Commui99§ 2655~
copolymers at the peripheral points of the polyester dendron (21) Malenfant, P. R. L.; Groenendaal, L.; Ehet, J. M. JJ. Am. Chem.

for a variety of polymer-based devices. Soc.1998 120, 10990-10991.
(22) Malenfant, P. R. L.; Jayaraman, M.; Ehet, J. M. JChem. Mater.
i i 1999 11, 3420-3422.
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