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Abstract

Amphiphilic and lipophilic donor-acceptor naphtimaide-oligothiophene assemblies
exhibiting almost identical intramolecular propesti but differing in their
intermolecular interactions, have been synthesitéete we analyze the effect of
replacing the normally used lipophilic alkyl chaibg hydrophilic ones in directing
molecular aggregation from an antiparallel to aafpr stacking. This different
molecular packing of the amphiphilis] P-3T ampni, and lipophilic,NIP-3T ipo, Systems
is assessed by electronic spectroscopies, scargle@ugronic microscopy and DFT
quantum-chemical calculations. Theoretical calooitet indicate that the presence of
amphiphilic interactions promotes a face-to-faceale arrangement of neighbor
molecules which induces improved electronic couypland therefore, enhances the
charge transport ability and photoconducting progerof this type of material3.ime

of flight and photoconducting measurements are ugedketermine the impact of the
amphiphilic and lipophilic interactions on theirgsible performance in optoelectronic

devices.
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I ntr OdUCtion DOI: 10_10387228&)2%1?5
Donor (D)-acceptor (A) oligothiophene derivativeavé received a great deal of
attention due to their interesting electrochemgzaperties which make them interesting
candidates for ambipolar field-effect charge tramsps well as because of their varied
photophysical properti€s® Especially remarkable has been the investigation o
different oligothiophenes covalently linked to néiimides’® the smallest member of

the rylene colorant family,® because of their significance as organic mategat$ in

supramolecular chemistfyThus, in the last few years we have synthesized

n-Bu
a)
n-CgHa7 n-CgHaz n-CgHaz 0w N gt o ’T‘_CSHg
N__o N__o O N__o

NIP-3Tipo
Figure 1. (a) Molecular structure of oligothiophene-naphthalimidessemblies
synthesized in our group with good performances GFETs and (b) new

oligothiophene-naphthalimide assemblies investdjatehis article.

oligothiophene-naphthalimide and peryleneimide mdes (Figure la) with good
performances in organic field-effect transistor&EIs)® **in which both donor and
acceptor moieties are directly conjugated throughee imidazole or pyrazine rigid
linkers. It was found that the absence of skeledatortions allows closer
intermolecularm-n stacking and enhances intramolecutaronjugation, thus promoting
good film crystallinity and low reorganization egess for both electron and hole

transport’ 12
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In this context, tailoring electron donor (D)-act®p(A) heterojunctions is gne. of-thies orire

06819G
most essential subjects in the design of optoeleittrmaterials. D and A components

tend to assemble together via a charge-transfe) {@&raction’>** unfavorable for
photoelectric conversion and charge transport. THtRay diffraction of single crystal
of some of our previously synthesized derivativethese families (Figure 1) show that
the conjugated D-A molecules stack with neighbomnmgjecules packing in a head-to-
tail fashion. This should not be in principle ®lplem for photoelectric conversion and
charge transport? if the frontier molecular orbitals were delocatizever the whole
conjugated skeletolf. However, in systems closely related with these
semiconductors’” > we have demonstrated that the HOMO and LUMO lewaets
localized on the oligothiophene and arylene fragsiaespectively.

Therefore, rational molecular assembling strategresneeded to assist donor (D) and
acceptor (A) molecules to assemble homotropicatlyfdrm heterojunctions with
segregated D and A domains for transporting hahelsedectrons, respectively?® This
essential problem has been already addressed layakhid coworkers, who proposed a
molecular design strategy using ‘side-chain incabpdy’ based on D-A dyads site-
specifically functionalized with two incompatibléds chains*?> Other interesting
examples also proposing the use of amphiphilicrehto form active gels can be found
in literature?®3?

On the basis of our previous work, we have adapiéxl molecular design to the
development of new molecular semiconductors naMEe-3T ampni and NIP-3Tipo
(Figure 1b), which bear at their termini hydrophiland hydrophobic side chains,
respectively. Our final aim is to relate the opém#donic properties of the materials with
the different self-assembling behavior of the arpphic and lipophilic systems. Note
that tuning the molecular packing in organic semétators normally has tremendous
influence on the electronic propertf@s™

Our molecular design consists of naphthalimide-dusgenopyrazine (NIP) derivatives
NIP-3T amphi @andNIP-3T i with A-D units. The donor moiety consists of tedinene
units connected by a pyrazine linker to the naginttide. TheNIP-3T iy possesses a
hydrophobic structure with alkyl chains in bothesdof the NIP core while thidl P-

3T ampni derivative is designed with an unsymmetrical ambttip structure provided by
N-alkylimide functionality and triethylene glycol EG) chains on the opposite sides,
which  may allow self-assembly by noncovalent intdoms, whereas

hydrophobic—hydrophilic interactions may play aetgtinant role for aggregatioti
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%37 Thus, we expect that the novel amphiphilic stites might subsequently, stack: e

themselves to form highly ordered aggregates comtbao non-amphiphilicNIP-

Results and discussion

Synthesis

As mentioned above\IP-3T iy, possesseBydrophobic alkyl chains on both sides of
the molecule whiléNI P-3T ampni €xhibits a hydrophobic alkyl chain on one sidehsf t
NIP core and a hydrophilic tetraethyleneglycole G)EEhain on the other one. To

No2 ON  NO,
OR p.BuLi Br
_CiSnBug (—/( s. I \__S_ H, EtoH
SnB \ / S N\ [
n US Pd(PPh3)4 Ni (Raney)
Toluene 4
0
R = TEG 120°C RO OR
Bu
H\Et
N_O
e
s \_s
\ /ST \/ —
R 5 OR NN
R =TEG
CHCl3 ac., p-TsOH
70°C,24h
Bu 69% RO OR
H\ Et N|P'3TAmphi
o N o R=TEG
Bu

Et
T Y
H2N NH2 '
s. U \_s
N/ \N

\ /ST \J

H1SCS 7 CBH18 S
CHCI; ac., p-TsOH S W
70°C, 24 h CgHig  CgHyg
68% NIP-3T ;50

Scheme 1
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achieve the asymmetric functionalization of the Ntite, a convergent strategy withy: o
stepwise introduction of hydrophobic or hydrophiterthiophene segments to the
naphtalimide dione building blodgkwas adopted (Scheme 1).

Diamine 5 was obtained by the three-step reaction sequengpietee in Scheme 1
starting from a 2-bromothiophene derivative endowedh a TEG chain X).
Stannilation reaction df provided thiophene derivati&which was further reacted via
Stille cross-coupling reaction with 2,5-dibromo-8liitrothiophene ) to afford the
dinitroterthiophene derivative4. Further reduction off with H,/Ni(Ra) in ethanol
solution provided the target diaminoterthiopheneivdéive 5 endowed with a
hydrophilic TEG chain. Condensation reactions betwthe versatile diketorg®® and
diaminoterthiophene derivativésand 7*°in acid catalyzed chloroform solution, yielded
respectivelyNI P-3T ampnhi andNIP-3Tipo @s blue solids in 69 and 68 % yields (Scheme
1).

Both oligothiophene-naphthalimide assemblies passg&sellent solubility in common
organic solvents. ThuaNIP-3T ampni Was highly soluble in THF, Ci€l,, CHCE,
MeOH, MeCN, acetone and dioxane at room temperatiinis can be attributed to both
the polyoxyethylene and-alkyl side-chainsNIP-3T iy, was also soluble in the same
solvents with the exception of MeOH.

The novel oligothiophene-naphthalimide assemblieesrewcharacterized by NMR,
optical spectroscopies as well as HRMS (see Syinthetails in SI). As expectedH
NMR spectra of all derivatives are quite alike the protons located in the aliphatic
region assigned to thM-alkyl chain, thus the first i, groups attached to nitrogen
atoms of the imide cores appear around 4.14 ppioAd signal can be assigned for
the CH group around 1.94 ppm and the rests of the pradssgnable to the branched
alkyl or TEG chains are in the usual range.

The same similarities are observed for aromatic aliptatic carbons if°’C NMR for
both derivatives. Thus, imide groups appear ardi6®tippm and all thiophene carbons
are located in the normal range. Branched alkyinshahow the NEH, around 44.5
ppm andCH appears at 38.3 ppm. Otherwise, TEG chains apgeanfield in the
range of 68-72 ppm for CH, and 59.1ppm for the CH3 groups. Finally, FTIR spectra
of both compounds clearly evidence the presentkecimide groups at 1705 and 1669
cm* (see Synthetic details in SI).

Stability of the samples was established by themgnaVimetric analysis (TGA), both

exhibiting moderate thermal stability, with los$egher than 5% at temperature of 123
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°C and 191 °C foNIP-3T amphi andNIP-3Tipo, respectively (see Sl, Figyres S1ang o
S2).

Electrochemical and optical characterization

In order to determine that any changes in the dgtt®nic properties of the two
semiconductors are related to a different packingcgire, one must rule out that the
substitution with different alkyl/alkoxy chains hevany remarkable impact of the
semiconductors electronic and optical propertM&th this in mind, we have performed
cyclic voltammetry measurements (Figure 2, Tableinldichloromethane solutions
using tetrabutylammoniumhexafluorophosphate (TBAHBRL M as the supporting
electrolyte and platinum as the working and cowléetrodes. As reference electrode
we use Ag/AgCl and the potentials were referenagainst the Ferrocene/ferrocenium
redox couple (0.52 Ws SCE). These measurements allow us to calculatei®MO
and LUMO levels precisely.

4/;
| NIP-3T oo
T J T ’ T T T ’ T ) T J T L T T
-2,5 -2,0 -1,5 -1,0 ]}(2),5 0,0 05 1,0 15
EvsE

oY)
Figure 2. Cyclic voltammograms diIP-3T iy, (top) andNIP-3T ampni (bOttom) in

dichloromethane solutions.

As expected, the different alkyl/alkoxy chains dat have a remarkable effect in the
electrochemical properties. In fact, both compaurekhibit an almost identical
electrochemical response. They show two reversddection processes which can be

assigned to the naphthalimide moiety while theathgophene moiety is responsible for


http://dx.doi.org/10.1039/C6CP06819G

Page 7 of 22 Physical Chemistry Chemical Physics

the oxidation processes. We have also estimatedbttieation potential Byowo) /e onine
electron affinity E .umo) values for the novel semiconductors from the atiah and
reduction potential data by using standard apprasioms®“°*? and they show almost
identical values (Table 1).

The same occurs in the optical characterizatiousTlthe absorption spectra fP-
3TLipo and NIP-3T ampni recorded in dichloromethane solutions (Figure 3a) reearly
identical, showing two characteristic bands withxkimaums at 346 and 520 nm fbil P-
3TLipoand at 345 and 526 nm fbH P-3T ampni, again indicating that the substitution of
an alkyl chain by an alkoxy one have a negligilffea on the intramolecular electronic
properties. Note also that, due the presence di potar and apolar chain®lP-

3T ampni IS soluble both in apolar and polar solvents, asdbsorption spectra show
basically no changes with polarity (see Figure 3bl)e broad absorption band centered
at ca 520 nm for both compounds can be assigned toteamolecular charge-transfer
(ICT) excitation. The intramolecular charge-transfature of this band has been
previously theoretically confirmed by TDDFT calctibens carried out on the parent
NIP-3T*2 (Figure 1a) and indicates the spatial separatfoth® HOMO and LUMO
orbitals stated above. Therefore, this transitiam ®e described as a one-electron
HOMO-LUMO excitation, consisting of displacementtbé electron density from the
HOMO, primarily localized on the oligothiophenedment, to the LUMO, localized on
the naphthalimide unit (see molecular orbital togas in Figure S3). The optical
bandgaps estimated from the onset of the lowesggrabdsorptions are quite similar to

the electrochemical bandgaps (Table 1). Thus, we amaclude that the absorption

Published on 03 February 2017. Downloaded by Universidad de Alicante on 07/02/2017 07:28:58.

spectral profiles and redox properties NfP-3Tamphi and NIP-3T ip, are nearly
identical under these diluted conditions.

Table 1. UV/Vis absorption onsets\{,), maxima Ay, optical band gapBZ51), reduction
(Ereq) and oxidation (E) potentials, Fomo and Eymo.

Compound AmaX Aons EE:]’.; E:ej H E:;j:’;ﬁ E EU:I:I: 'EEU:I: ”._:- ELHHD EHDHD E-E.uiﬁ't
nm nm o o
Y v v ve ve Vv % ev
NIP-3T ampni 346,520| 639 | 1.94 | -1.32 | -1.70 0.55 - -3.78 -5.65 1.87
NIP-3T ipo 345,526 659 | 1.88 | -1.33 | -1.72 0.49 0.68 -3.77 -5.59 1.82

[a] Referenced to the Fc/Fcouple in CHCI, (0.52 Vvs SCE). [b] LUMO level estimated
from E.umo=-(Eeqt5.1) (eV); HOMO level estimated fromy&uo=-(Eox*+5.1) (eV). [c]
EEXE°= ELumo - Enowmo. [d] Anodic potentials.
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The UV-Vis absorption spectra of the novel assessbiin solid state have been
recorded using drop-cast films from %90’ M and 2.9x 10’ M solutions in CHCl,

of NIP-3Tamphi and NIP-3Tipo, respectively (Figure 3c and 3d). The films were
deposited over a quartz surface. For both compoiings observed a considerable
bathochromic shift in comparison with the UV-Vissabption spectra in solution,
suggestive of considerable aggregation of bothnalskes in the condensed state.

In order to get some insight in the aggregationcgsses, we have carried out
concentration dependent electronic absorption spétt95x 10° M to 7.8x 107 M) of
NIP-3T amphi In pure methanol, DCM omn-hexane (Figure S4). In this range of
concentrations, no obvious shift was observed énalfisorption spectra. Similar studies
of NIP-3Tip Were carried out, showing no shifts when varying toncentration (see
Figure S5). However, some differences are obsewleh the absorption spectra of
both derivativesNIP-3T ampni and NIP-3T ipo, are recorded in different mixtures of
THF/H,0, therefore increasing the medium polarity (Figug6 and S7). While the
absorption spectra dfll P-3T amphi do not change in THFA® solvent mixtures with
proportions varying from 100/0 to 40/60, in the easf NIP-3T iy, for solvents
mixtures more polar than 60/40 (THR®), the low energy band redshifts, resembling
the thin film absorption spectra. These resultscaté the formation ofNIP-3T i
aggregates under such conditions, due to decresdadility. Note however that a
further polarity increase, up to THFR@E mixtures (10:90), provokes the formation of
aggregates in both molecules (Figure S7).
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a) b) DOI: 10.103\givcvggg(l)e6081gné

1,0 1,0 — MeOH

- —NIP'STLlpo os _ CH20|2

éo,a- —NIP-3TAmphi § ’ --- THF/MeOH
30,6 T0,64 —-=THF/H50
N o
20,44 £0.4-
5 | S
Z0.24 Zp,24

0 0 T T = "' T T |“ = 070 T T T T T T T

’300 400 500 600 700 300 400 500 600 70¢

7.{nm) 7. (nm)

c) d)
én,a—_ = = NIP-3TaAmphi 1.9x10°° M 20 ~ ~ NIP3T 0 29¢ 1077 M
.6 io,s-
~J o]
E04 g04

El © El
5 E |
9,21 S0.2-

0,0 . L 0,0 , , : , , 4‘“}‘\*"‘-

300 400 500 600 700 300 400 50 s[IJo 700
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Figure 3. Normalized UV-vis spectra of (&)l P-3T iy, (blue-dashed) antlll P-3T ompni (red-
solid) (3.9x 10 ’ M) in dichloromethane; (NI P-3T ampni in different polar solvents; (¢)IP-
3T ampni iN dichloromethane solution (10 10 "M, red dashed line) and in film (black solid
line) and d) NIP-3T,, in dichloromethane solution (2910 " M, blue solid line) and in film

(red solid line).

For this end,
in  2-

In this casgngicant changes were observed for

These results prompt us to analyze molecular agtjoey further.

temperature dependent electronic absorption speetere recorded
methyltetrahydrofuran (Figure 4).
the two semiconductors; while a severe bathochralsglacement[{c0 nm) of the low
energy band is observed fif P-3T amphi Upon cooling down, only negligible changes
are recorded foNIP-3Tipo, indicating a stronger tendency to form aggregéseshe
amphiphilic molecule.NIP-3T ampnhi @absorption spectrum at low temperature also shows

a noticeable broadening of the high energy bandgclwis in agreement with the
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formation of aggregates. On the contrary, the tspecof NI P-3T Lip, remaing basicalty- e orie

CP06819G
unaltered throughout the whole temperature rangé/zed.

E i ——RT NIP-3T_Lipo —RT
NIP-3T_Amphi L -Lip il
— 200K — 200K
150K — 150K
— 79K — 79K

Absorbance
Absorbance

L) I L) l L) l L) l L) I L) ' L) I L] l L)
300 400 500 600 700 800 300 400 500 600 700 800
Wavelength (nm) Wavelength (nm)

Figure 4. Temperature-dependent absorption specthl Bf3T ampni (l€ft) andNIP-3T iy,
(right).

Emission spectra at different temperatures (79KK3Q&ere also examined for the two
derivatives (Figure 5). No spectral profile changes found forNIP-3T iy for the
whole temperature range explored while the emisspectrum of NIP-3T ampni
spectrum recorded at 79 K shows the appearance atva emission band at

approximately 485 nm, likely due to the stabilinatof aggregates at low temperature.

. —RT . —RT

Emission
Emission

r * T -~ & T T T °? — T 1 T T 717
350 400 450 500 550 400 450 500 550 600 650
Wavelength(nm) Wavelength(nm)

Figure5.Temperature-dependent emission spectra.
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The temperature dependence observed in the almom@otid emission spectra Nt P-

3T ampni IS indicative of a stronger or at least a differtamdency for aggregation of this
amphiphilic derivative in comparison with the paripophilic analogue.

Unlike other previously reported amphiphilic olig@phene-acceptor dyadsnewly
designed dyadsll P-3T ampni andNIP-3T ipe in differential scanning calorimetry (DSC)
did not show any LC mesophad#l.P-3T iy, exhibits just one phase transition during
cooling, related to solidification from the isotropnelt at 67 °C whileNIP-3T ampni did
not show any phase transition (see Figures S8 8ndThe powder X-ray diffraction
(XRD) analysis folNIP-3T i, sShowed two peaks corresponding to d-spacings aGf123.
and 18.29 while NIP-3T amphi Showed a set of four distinct peaks with d-spacioigs
26.33, 16.88, 10.97 and 8.1% thus reflecting the more ordered structure of the
amphiphilic derivative (see Figures S10 and)S1Similar results are recorded for their
corresponding thin films (Figure S12), showNBP-3T ampni two peaks at 3.30 and 6.67
(second order reflection) amdl P-3Tjpo 0ne only peak at 3.97 degrees

In order to assess the different tendency for aggren in the two derivatives, a hexane
solution (5mL) was heated at 60°C until it turnézhc. Then, the resulting solution was
allowed to cool to 25 °C, whereupon a suspensisolted forNIP-3T ampni. On the
contrary, no aggregates were observed NbP-3T. iy, by this method. Scanning
electron microscopy (SEM) of the suspension, afiemg air-dried, showed the
presence of microfibers with a high aspect ratid Emgths surpassing 20n (Figure
6).

Figure 6. SEM micrographs of an air dried suspension of astembled! P-3T ampni.
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However, the growth of micrometer size rods\NbP-3T ip, Was also feasible by usirigs: o
a good solvent/bad solvent solution mixture (C¥CH;OH), as observed in the SEM
images of Figure 7. Interestingl\IP-3T ip, rods present a completely different
morphology to those oNIP-3T amphi, pointing out to a different aggregation pattern.
Rods lengths in this case are arounduti®long. Although nanostructures growth for
both compounds under similar conditions was nosipbs due to different solubility
properties of the studied systems, from the SEMgesait becomes clear that the

resulting structures differ substantially uponawiction of polar alkyl chains.

Figure 7. SEM micrographs of an air dried suspension of astiembledN| P-3T .

Since crystal growth oNIP-3Tsmeni @and NIP-3T i, Was not possible, in order to
elucidate the aggregation pattern, we carried alauations of two different theoretical
dimers for each molecule, one in a parallel (P) Hreother in an antiparallel (AP)
disposition (Figure 8). The estimation of the ratgion energy of the aggregate was
feasible at two different levels of calculationsANI-B3LYP/6-31G** and M062X/6-
31G** (Figure S13f3%

The CAM-B3LYP* was chosen since it is a long-range correctedidhjonctional that
allows better long-range connection effects on dértean the widely used B3LYP
functional?” *® On the other hand, the M062X functioffai® was used because of its
ability to describatminteractions and estimate the energies of the weakmolecular

present imedimers.
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Figure 8. CAM-B3LYP/6-31G** estimated dimers (left: antipded configuration (AP) and
right: parallel configuration (P)) foXIP-3T ampni @NdNIP-3T ipo.

Both levels of calculations predict that for thepmphilic molecule NIP-3T amphi, the
most stable dimer is the parallel one (by 6.9 Koal/at both the CAM-B3LYP and the
MO062X level), as expected, due to attractive irdeoas between the polar end groups.
On the contrary, the antiparallel dimer model ighgly more stable (by1l Kcal/mol at
the CAM-B3LYP level and 1.85 Kcal/mol at the M062&vel) for the NIP-3T iy
system, as previously demonstrated for other diigphene-naphthalene fused
molecules? Since both approximations seem to be suitableacktthis problem, for
the remaining calculations we will make use of CA@LYP functional.

Reorganization energies were calculated for thiatsd molecules. A slightly increase
of the energies for both electron and hole transfas found for the amphiphilic
derivative fn: 264 meV e 312 meV forNIP-3Tipo VS An: 281 meV Ae: 324 meV for
NIP-3T amphi). Similar increases in reorganization energies nupdkoxy/alkylether
substitution have been previously obserfed! Nevertheless, the values for both
derivatives are within the common ones reportedalttive organic semiconductors.
For instance), values of 306 meV ankl values of 309 meV were obtained for phenyl-
substituted dithienoacene (DP-DTT) and phenyl-alkgubstituted perylene
tetracarboxylic diimides for which hole and eleatreeld-effect mobilities as high as

0.31 and 1.4 cAv''s?, respectively, were reportéd >
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In addition, it is important to understand how ihéermolecular packing_ influerees:e e
fundamental charge-transport parameters, such exdratic coupling (or transfer
integrals). To this end, transfer integrdlswere calculated for the two predicted dimers
(P and AP configurations) for each molecule (sebld@). Largert values for hole
transport ;) are found in the P configuration when comparethtse obtained in the
AP configuration. This result is not surprising c@nthe transfer integral is driven by
wave function overlap, and a much lower HOMO-HOM®ertap occurs in the
antiparallel disposition because the HOMO is bdlsidacated on the terthiophene
fragment. However, since the LUMO is more delo@izover the conjugated
framework molecule the t values for electrofas emains significant in the antiparallel
disposition; note that even largés values are found folNIP-3T amphi(AP) when
compared tiNI P-3T ampni(P). The extremely low, values obtained fall P-3T ampni(P)
can be attributed to the displacement along thet sholecular axis observed in this
optimized dimer (see Sl); note that these calcuhatiare performed in the vacuum and
some changes in the stacks are expected withirththefilm. In order to give more
insights in this respect, we have calculated theairh of short-axis displacement on the
transfer integrals by sliding one molecule over ttleer in a cofacial configuration,
without having to consider the substituents exgici(see Figure S14). As a
consequence of the larger present of nodal plan#tei LUMO orbitals along the short
molecular axes, the LUMO-LUMO overlap is much largaffected by small
displacements between adjacent molecules in thiscttbn when compared to the
HOMO-HOMO overlap; therefore, short-axis displaceims expected to impact more
strongly on the electron than hole transport.

Comparing the most stable dimeric configurationsefach system (data highlighted in
bold in Table 2), it is remarkably clear that whtlee transfer integral for electron
transport remains basically unaltered with the aptphic (NIP-3T ampni(P)) /lipophilic
(NIP-3TLipo(AP)) interactions, transfer integral for holesNihP-3T ampni(P) is greatly
enhanced, with a,tvalue of 62 meV, which may be extremely interagtior hole

transport.
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Table 2. Calculated transfer integrals (in meV) for holg) @nd electron { transfer, YPArice Ontine
DOI: 10.1039/C6CP06819G

denotes the theoretical dimer having an antipdrdifposition while P denotes the theoretical

dimer having a parallel disposition. The most stayistems appear are highlighted in bold.

Molecule th (meV) te (meV)
NIP-3Tampni (AP) -34 36
NI P-3T ampni (P) 62 3
NIP-3Tipo (AP) -8 11

NIP-3Tipo (P) 23 -68

Therefore, despite the almost identical electrop@rameters (HOMO, LUMO,
bandgap) for both systems, their different aggiegdtehavior may play a role in their
performance in optoelectronic devices. Thus, wendodhat the photoconducting
properties, as well as the charge carrier mobibtfythe amphiphilic derivativéNl P-
3T ampni are better than those of the parent lipophilic agad.

In a first attempt, bottom-gate top contact fieftket transistors were fabricated.
Semiconductors thin films were deposited eitheuotmeated and SAM-treated Si/SIO
However, while untreated substrates give no fiélde¢ performances, thin films on
SAM-treated Si/Si@ was not possible forNIP-3Tampni due to the surface
hydrophobicity, incompatible with its hydrophiliclkgl chains. Therefore,charge
carriers mobility at RT was determined by employitige time of flight (TOF)
technique**>°®Figure 9 shows, in a log-log scale, electron aurteansients iNIP-
3T ampni @and NIP-3T ipo Samples, at room temperature (RT) under a fiel@ &fpum.
Remarkably, the mobility at RT and 2 V/umNiP-3T ampni (4.3%10° cm® V' s7) is
about 30 times higher than thatNiP-3T i, (1.3%10" cm? V! s%). For both materials,
the transients have similar behavior and can bditgtnely described with the
stochastic theory of dispersive transport in amougshsolids of Scher and Moltroll
(SM).>" In this model, the transit time)( corresponding to the arrival of fastest carriers
travelling a distance, is determined from the maximum slope change énfitnal part
of the curve. According to this,values have been obtained fFP-3T amphi and NI P-
3TLipo, respectively (see Figure 9). It is also obsertreat for times shorter than and
longer thart, the logarithmic slopesry andny, respectively) are higher and lower than

-1 even though the sum is not -2, as predicted Hey 3M theory. This condition
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however, is only an approximation and the sum erofound to be different than #
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Figure 9. Electron current transients Mi P-3T ampn andNIP-3T i, samples under a field of 2

Vium. The slope values for times shorter and lon@n the transit time, (m; and m,

respectively) are shown in the plot.

Figure 10 shows in a log scale the RT mobility leicegons as a function of the square

root of the applied fieldE*?, for NI P-3T amphi @ndNIP-3T ipo. This representation is

used because the mobility field-dependence in desomolecular solids is expected to

follow a Poole-Frenkel type behavidrBoth materials show a weak field-dependence,

with a similar negative slope value. This tendeim@s been observed in different

organic materials at low field§:>°°
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Figure 10. Poole-Frenkel plot of electron mobilities fdtP-3T ampni andNIP-3T jcat RT.

Some additional experiments at RT and under a fiél@ V/um were made to study
hole transport. We found that the hole mobiliti2s «10° cm® V* s for NI P-3T ampni
and 6.9x18 cm® V* s'for NIP-3T_ip0) are approximately half of their corresponding
electron mobilities, thus showing a relatively wbklanced ambipolar transport. It
should be noted that similarly to electron mobjlityle mobility is approximately 30
times higher iNI P-3T ampni than inNI P-3T jpo.

The photoconducting behavior of both materialsdlas been explored (see conditions
in SlI). This is a parameter of interest considetimaf photoconductive materials with
low dimensionality have drawn intensive interestr ftheir applications in
photodetector&® optical switche§>®""’sensors "*and photovoltaics> ®” "It was
found that photosensitivity is similar in both dettives &~ 10). Howeverjphot andjgark
are approximately 5 times higher flit P-3T ampni. Besides, the photocurrent obtained
under illumination through both, the positive aretjative electrodes is quite similar, in
agreement with the ambipolar behavior derived froability measurements.

The observation of a more efficient transport ahdtpconducting properties for the
amphiphilic derivative can be attributed to theserce of suitably molecular stacking

in molecular aggregates that reduce disorder ahdrexe transport.
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Conclusions o 01005 R
We have developed amphiphilic and lipophilic domoceptor naphthalimide-
oligothiophene assemblies which exhibit almost idah electronic parameters
(HOMO, LUMO, bandgap) as determined from cyclictaoimetry and UV-Vis and
fluorescence spectroscopies. In contrast with din@lar molecular properties, both
systems differ in their tendency for aggregatiorhiM/well-defined microfibers with
lengths clearly surpassing Pén are easily grown for thil P-3T ampni derivative,NI P-
3TLipo grown rods are around 1@m long. Interestingly, the morphologies of both
aggregates differ substantially, pointing out &edént aggregation pattern probably
induced by amphiphilic and lipophilic interactionshus, aided by DFT molecular
calculations, it was demonstrated that while thestnstable configuration for a dimer
stack of the lipophilic derivative shows an antglel disposition, the amphiphilic
molecular design fosters the stabilization of aféx face parallel molecular stacking
that reduce disorder and enhance the charge tmdanapiity and photoconducting

properties of this type of materials.
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