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by an extended band-like π-conjugated back bone com  pri sing 
substantial quinoidal character and bond-length equalization in 
the ground state. In this no  vel class of potential donor mate-
rials for OSCs, we were able to combine the favorable pro per-
ties of oligothiophenes, which exhibit increased stability due 
to a low-ly ing highest occupied molecular orbitial (HOMO) 
energy level, and of oligoacenes, which typically show high 
charge-transport mo  bi li ties due to a pla nar, rigid, and highly 
conjugated backbone. [ 13 ]  

 In this contribution, we report synthesis, characterization, 
and photovoltaic properties of a no   vel series of DCV-capped 
 S , N -hetero pentacenes (DCV-SN5)  1–3 , in which the substituent 
at the nitrogen atoms is varied ( Figure    1  ). In comparison to 
the nonfused terthiophene parent oli   gomer DCV3T  4 , which 
has a rather modest performance in solar cells, [ 14 ]  a strong red-
shift and intensifi cation of the absorption by keeping suitable 
energy levels of the frontier or bi   tals were obtained. In vacuum-
processed single-junc tion m-i-p so lar cells, [ 15 ]  effi ciencies as 
high as 6.5% for propyl derivative  1  as donor and fullerene C 60  
as ac ceptor were achieved af ter optimization of the processing 
parameters during device fab ri ca tion. Characterization of the 
photoactive blends (oligomers  1 – 3 /C 60 ) by ato mic force micros-
co py (AFM) gave a clear cor    relation of the phase separation 
with the trend seen in the photo vol taic pa rameters, which even -
tually depend on the molecular structure:  1  (pro pyl) > 2  (hexyl) 
>> 3  (tolyl).  

 The synthesis of novel A–D–A-type fused  S , N -heteropenta-
cenes  1–3  is outlined in  Scheme    1  . The crucial building block 
3,3′,3′′,4′-tetrabromo-2,2′:5′,2′′-terthiophene  7  was synthesized 
in a 78% yield by a Negishi-type cross-coupling reaction of 
tetra bro mo thiophene  5  and (3-bro mo thi   en-2-yl)zinc(II) chloride 
 6  in the presence of dichlo ro[1,1′-bis(di phe nyl phos phi no)ferro-
ce ne]   palladium (Pd(dppf)Cl 2 ) as catalyst. [ 16 ]  The next step was 
a fourfold Buchwald–Hartwig ami     na tion reaction of terthio-
phene  7  with different amines in the presence of Pd(dba) 2  as 
the Pd sour ce, dppf as ligand, and sodium  tert -butoxide as base. 
The  S , N -heteropentacenes  8–10  were ob tained in good yields 
of 50–60%. In the next step, fused heteroaromatics  8–10  were 
con    verted into cor res  pon ding dialdehydes  11–13  by Vilsmeier–
Haack formylation in 75–85% yield after column chro  ma -
tography. Subsequent Knoevenagel condensation with maloni-
trile gave DCV end-cap ped target  S , N -heteropentacenes  1–3  in 
excellent yields of 80–88%.  

 The thermal properties of  1–3  were investigated using dif-
ferential scanning calorimetry (DSC) (Figure S1, Supporting 

  Conjugated oligomers, often referred to as “small molecules”, 
come more and more into focus as organic semiconductors 
in organic solar cells (OSC). [ 1 ]  Not only do the power conver-
sion effi ciencies (PCE), up to 9%, reach those of corresponding 
polymer solar cells, [ 2–4 ]  but also high reproducibility is achieved 
due to the defi ned molecular structure. [ 5 ]  Besides common pro-
ces  sing from solution, oligomers furthermore allow processing 
by evaporation, which leads to highly con  trol led and well-
defi ned layers of high purity. [ 6 ]  An additional advantage is that 
va cu  um tech   ni  ques are solvent-free, while especially the fre-
quently used chlorinated solvents are a cri ti cal technical issue 
in solution-processing and prin ting of organic solar cells. [ 7 ]  

 In this respect, so-called A–D–A oligothiophenes (A = 
acceptor, D  =  do nor) turned out to be a very pro mi sing and 
successful class of compounds. Starting from an ini tial effi -
cien cy of 3.4% for single-junc tion so lar cells comprising a 
2,2-dicyanovinyl (DCV)-capped quin  que  thio phe ne (DCV5T-Bu) 
as p-ty pe and fullerene C 60  as n-type semi con ductor, [ 8 ]  by op ti -
mization of the molecu lar struc tu  re and device preparation, a 
PCE of 6.9% was recently achie ved with a si mi lar me  thy la ted 
de rivative (DCV5T-Me). [ 9 ]  Vacuum-processing allows the con -
struction of com plex multilayer device structures and PCEs of 
tandem cells were continu ous ly improved to 10.7% by Heli-
atek GmbH. [ 10 ]  This culminated in a certifi ed record effi  cien cy 
of 12.0% on 1.1 cm 2  by a triple cell construction as well using 
A–D–A oligothiophene/C 60  sub cells. [ 11 ]  

 In the search for even stronger absorbers, which at the same 
time have good charge-trans  port pro perties, are thermally 
stable, and sublime nearly without residue, we very re cent ly 
in tro   du ced fused thiophene-pyrrol-based  S , N -heteroacenes and 
their acceptor-cap  ped de ri va ti ves as next-generation A–D–A 
donor molecules. [ 12 ]  Corresponding DCV-sub  stituted  S , N -he -
terohexacene DCV-SN6 showed very intense optical transitions 
and exhibi ted high p-chan nel charge-carrier mobilities caused 
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Information) and thermogravimetric analysis (TGA) (Figure S2, 
Supporting Information). In comparison to the pa rent DCV3T 
 4  (265 °C), [ 17 ]  ring-fusion increased the melting point to 414 °C 
for  1,  to 296 °C for  2 , and to 395 °C for  3  indicating strong 
intermolecular interactions in the solid state. All three de  ri-
vatives displayed high thermal stability with an onset of the 
decomposition tem pe ra ture ( T  d ) at around 400 °C for  1 , 353 °C 
for  2 , 392 °C for  3 , respectively, as confi rmed by TGA. 

 Single crystals of DCV-SN5  1  obtained by fractionated sub-
limation crystallized in the mo no  clinic spa ce group P 2 1 /n 
with four equi va lent mole cu les in the unit cell ar ran ging 
in antiparal lel pairs with a 2-fold screw axis sym me try ( a  = 
7.34121(11),  b  = 27.6849(4),  c  = 12.5274(2) Å;  α  = 90.00°,  β  = 
103.8281°(15),  γ  = 90.00°) ( Figure    2  c). Bond lengths, selected 
angles, and tor sion angles are com pi led in Table S1 in the Sup-
porting Information. The two al kyl chains of each molecule 

are directed out of plane in the opposite direction of the 
planar con ju ga ted back   bone (Figure  2 a,b and Figure S3, Sup-
porting Information). The conjugated backbone of DCV-SN5 
 1  exhibits bond-length equilibration with an extremely small 
averaged dif ference of 0.01 Å (Table S1, Supporting Informa-
tion). DCV-SN5  1  ar ran ges in perfectly antiparallel stacked 
co lum ns of pairs of molecules separated by a dis  tance of 
9 Å (Figure  2 b). Strong π−π in ter ac tions at dis   tan ces of 3.45 Å 
and 3.493 Å stabilize the columns (Figure  2 b, and Table S2, 
Supporting Information). Perpendicular to the −101 plane, 
DCV-SN5  1  interacts with four other mo le cules via various 
cyano groups, which come close to vinylic or heteroaromatic 
hydrogens or to sulphur atoms (Figure  2 d (green and red lines), 
Table S3, Supporting Information).  

 The absorption spectra of DCV-SN5 derivatives  1–3  in 
dichloro me tha ne solu tion and in thin fi lms are shown in 
 Figure    3   and compared to the parent oligomer DCV3T  4 . All 
the data are summarized in  Table    1  . The fl uorescence spectra 
of  1–3  and DCV3T  4  are shown in the sup por ting information 
(Figure S5, Supporting Information).   

 We will discuss the general trends of the optoelectronic prop-
erties of DCV-SN5  1–3  in com   pa rison to DCV3T  4  which can be 
derived from the data and give an indication on the infl uen ce 
of the planarization and rigidifi cation in the fused SN5-sys-
tems. First of all, the maxi mum absorption and fl uorescence of 
 1–3  in solution and absorption in thin fi lms is strongly shifted 
to longer wavelengths and the molar extinction coeffi cient is 
increased by a factor of 1.8–2.3 as compared to DCV3T  4 . At 
the same time, the optical gap decreased. The infl uence of the 
ri gi  difi cation of the conjuga ted π-sys tem in  1–3  can as well be 
seen in the large decre ase of the Stokes shift compared to  4 . 
Within the series of the fused DCV-SN5  1–3 , there are small dif-
ferences in the optical data of  1  and  2  compared to tolyl deriv-
ative  3  which for  3  in di cate a dis tor sion of the bulky aromatic 
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 Figure 1.    Molecular structures of acceptor-substituted  S , N -heteropenta-
cenes 1–3 in comparison to non-fused parent oligothiophene DCV3T 4.

 Scheme 1.    Synthesis of acceptor-substituted  S , N -heteropentacenes  1–3 .
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substituents on the nitogen with respect to the con ju ga  ted 
SN5-backbone. In thin fi lms, the absorbance of DCV-SN5  2  
decreased by a factor of about 20% compared to  1  and  3  which 

is ascribed to the presence of insulating hexyl substi tu ents. Fur-
thermore, it should be noted that in comparison to the frequently 
used ZnPc[18] the fi lm spectra of DCV-SN5 derivatives showed 
signifi cant spectral broadening and strong in cre   ase in the absorb-
ance and therefore could act as better light harvesters (Figure  3 b). 

 The redox properties of  1–4  were determined by cyclic voltam-
metry in a dichloromethane/te trabutyl ammonium hexafl uoro-
phosphate (0.1 M) electrolyte and the potentials were re fe ren ced 
against the redox couple ferrocene/ferricenium (Fc/Fc + ), which 
was set to −5.1 eV vs va cuum [ 19 ]  in order to consequently calculate 
the frontier orbital levels. The data are summari zed in Table  1  
and representative CVs shown in Figure S6 in the Supporting 
Information. The trends seen in the op ti cal measurement are 
continued and fused  1–3  showed a much lower fi rst oxida-
tion potential and therefore a destabilized HOMO compared 
to parent  4 . The fi rst reduction is at more ne ga ti ve potentials 
for the former series and the LUMOs are slightly stabilized, in 
total however, the electrochemical gap is diminished in agree-
ment with the optical data. Still the HOMO ener    gy levels of  1–3  
lie suf fi ciently low to assure high open circuit voltages ( V  OC ) in 
bulk he te  ro junction solar cells and the LUMOs are suffi ciently 
high to provide effi cient elec tron trans  fer to the LUMO of the 
acceptor C 60  (≈ −4.1 eV) used in the solar cells. [ 20 ]  

 We performed quantum chemical DFT calculations on the 
fused DCV-SN5  1–3  in com pa   ri son to parent DCV3T  4  in order to 
see the infl uence of the rigidifi cation on the electron density dis-
tribution in the respective systems. The reproduction of the fron-
tier orbi tals of DCV-SN5  1  and DCV3T  4  are shown in  Figure    4  . 
In contrast to the nonfused sys tem, the electron den  si ty distri-
bution in the HOMO of the fu sed system showed a no ti ceable 
contribu tion of the S and N he  tero atoms. [ 12,17 ]  Furthermore, a 
continuous electron den     sity is visible in the conju ga  ted π-system 
in contrast to the classical nodal HOMO distribution of non-
fused DCV3T  4  (Figure  4 , bottom). In both cases, the LUMOs 
exhi bited the clas   sical quinoidal character with the electron den-
sity extended to the accep tor groups (Figure  4 , top). The fi rst 
elec tro nic tran si tion, which is calculated to be pre do mi   nantly 
HOMO → LUMO revealed stronger os cil la tor strenght for DCV-
SN5  1  ( f  = 2.1) compared with non-fused  4  ( f  = 1.7). High values 
of the state di poles evidence the CT-charac ter of the transitions.  
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 Figure 2.    Single-crystal X-ray structure analysis of DCV-SN5  1 , individual molecule on the (−12 10 10) plane (a) and packing arrangement in columns of 
pairs (b). The packing in the unit cell (c) and intra mo lecular short contacts between the adjacent individual molecules in layered packing motif viewed 
from the direction normal (d) and parallel (e) to the (−1 0 1) plane.

 Figure 3.    UV–vis spectra of DCV-SN5  1–3  and parent oligomer DCV3T 
 4  in (a) di chlo ro me tha ne so lu tion at 25 °C and in (b) 30 nm thick fi lms 
deposited by vacuum sub li ma tion on glass sub stra tes. The fi lm spec-
trum of the frequently used zinc phthalocyanine (ZnPc)[18] is shown for 
comparison.
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 In order to understand the infl uence of the substituents 
at the amino groups in DCV-SN5  1–3 , bulk heterojunc tion 
solar cells with m-i-p-type (me tal-intrinsic-p-doped) device 
architecture [ 6,15 ]  were prepared by vacuum de po sition. The 
DCV-SN5  1–3  were used as the donor (D) and C 60  as the 
ac cep tor (A) of the bulk heterojunction. The layer se quen  ce in 
the device con sis ted of ITO/C 60  (15 nm)/DCV-SN5  1–3 : C 60  
(20 nm)/BPAPF (10 nm)/BPAPF:NDP9 (45 nm, 10 wt%)/NDP9 
(1 nm)/Au (50 nm). The D:A ratio was 1:1 by volume and the 
two ma te rials were coevaporated at a substra te tem   pe rature of 
90 °C, which is impor tant for the cry stal line growth of the blend 
layer and enhanced fi ll fac   tors. [ 21 ]  The BPAPF p-do ped with 
NDP9 (10 wt%) was used as the hole transport layer (HTL), on 
top of which an other 1 nm thick la yer of NDP9 was deposited 
to facilitate charge ex   traction. The undoped BPAPF layer was 
introdu ced to avoid direct contact between the ac ti  ve layer and 
the doped BPAPF layer that otherwise could lead to quenching 
of excitons by the dopants. [ 22 ]  The  J – V  characteristics of the 
solar cells are shown in  Figure    5  a and sum ma ri zed in  Table    2  . 
Cor responding EQE-spectra are de picted in Figure  5 b.   

 All the solar cells sho wed high open-circuit voltages ( V  OC ) of 
around 0.95 V. These va lues are due to the low-lying HOMOs 
and typical for DCV-substituted oligothiophenes. [ 8,17 ]  With res-
pect to the other photovoltaic parameters, the short-circuit cur-
rent density ( J  SC ), fi ll factor (FF), saturation, EQE, and series 
resistance ( R  S ), the alkylated derivatives  1  and  2  clearly out  per-
for med arylated DCV-SN5  3  which as well refl ects the fi ndings 
for the optoelectronic pro perties. The results were further sup-
ported by charac te rization of the pho toactive blend layer by 
AFM. In to  tal, a very good effi ciency of 5.6% was found for 
pro pyl derivative  1 , followed by the he xy lated  2  (3.7%), and by 

far lowest for the tolyl coun ter part (0.7%). The reasonable va -
lues in di cate that excitons are ef fi ci ent ly se pa ra ted at the D-A 
inter fa ce and readily transported through the bulk. The sa  tu-
ration (de fi ned as  J (−1 V)/ J  SC ) close to unity, i.e., a weak vol -
ta ge bias de  pendence of the cur rent in re   verse direction, deter-
mi ned for the al kyl derivatives  1  and  2  in di cates that excitons 
are ef fi ci ent ly se pa ra ted at the D–A inter fa ce and readily trans-
ported through the bulk. [ 9,17 ]  The FF, however, decreases from 
0.70 for oligomer  1  to 0.49 for oligomer  2.  This points to an 
impaired transport in the active mixed layer of  2  and C 60  leading 
to an increased voltage-dependent charge-carrier recombination 
between 0 V and  V  OC . The lon ger alkyl chain length of  2  and, 
consequently, a higher intermolecular distance of donor mo le-
cu les in the bulk could supply a possible explanation for this 
behaviour. In contrast to oligomers  1  and  2 , the  3 -based device 
showed a much lower per formance. The low FF of 0.40 and the 
saturation of 1.59 suggest poor charge carrier transport. The 
 J  SC  is lower than in the  1 - and  2 -based devices despite similar 
chemical and energetic structures, as well as similar ab sorp-
tion. One possible explanation for this behaviour could be the 
trapping of charge carriers on the tolyl group leading to voltage 
independent recombination. 

 At this point it is noteworthy, that parent, nonbrid ged oli-
gothiophene DCV3T  4  and C 60  did not lead to an effi cient 
exciton separation into char ge-carrier pairs at the interface 
because of the low HOMO offset between the two materials 
leading to a poor solar cell performance. [ 14 ]  

 Because of the promising solar-cell performance of propyl 
derivative  1 , we further opti mi zed and in ves ti ga ted the infl u-
ence of layer thickness and substrate heating temperature on 
the de  vice performance. The data are summarized as well in 
Table  2  and shown in Figure S7 in the Supporting Information. 
Whe reas only marginal changes in  V  OC  and fi ll factors were 
observed by increasing the pho to ac tive la yer thick ness from 
20 nm to 30 nm, the  J  SC  values were improved using the 
thicker la  yers. Irrespective of the fi lm thickness, a continuous 
increase in the FF was observed with in  creasing substrate tem-
perature from 70 °C to 90 °C reaching a maximum value of ca. 
0.70, sho wing that exciton and charge separation effi ciencies 
become less fi eld-dependent with in cre asing temperature. 

 The best performance of a DCV-SN5  1 :C 60  BHJ solar cell 
was fi nally achieved with a 30 nm active layer deposited at 
90 °C substrate temperature exhibiting a mismatch-corrected 
 J  SC  va  lue of 10.2 mA cm −2 , a  V  OC  of 0.92 V, and a FF of 0.69. 
This translates to 6.5% effi ciency, which is among the best 
values for vacuum-pro  ces sed single junction cells. It should be 
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 Figure 4.    Representative HOMO/LUMO electron-density distribution of 
DCV-SN5 propyl derivative  1  and DCV3T  4  as reference.

  Table 1.    Optical and electrochemical properties of  S , N -heteropentacenes  1–3  and DCV3T  4 . [17]   

Oligomer   λ  abs  sol 
 [nm] 

  ε  
 [L mol −1  

cm −1 ] 

  E  g  opt  sol a)  
 [eV] 

  λ  em  sol 
 [nm] 

 Stokes shift 
 [cm −1 ] 

  λ  abs  fi lm 
 [nm] 

  E  g  opt  fi lm  a)  
 [eV] 

  E  0  ox1  
 [V] 

  E  0  ox2  
 [V] 

  E  0  red1  
 [V] 

 HOMO b)  
 [eV] 

 LUMO b)  
 [eV] 

  E  g  CV  c)  
 [eV] 

 1 582 140 000 1.99 616 714 595, 637 1.69 0.61 1.22 –1.43 –5.64 –3.78 1.86

 2 582 139 100 2.01 612 579 594, 630 1.73 0.62 1.23 –1.50 –5.65 –3.79 1.86

 3 575 108 800 2.04 605 691 579, 624 1.75 0.67 1.25 –1.57 –5.70 –3.79 1.91

 4 495 59 300 2.20 564 1047 528, 574 1.85 1.06 – –1.25 –6.09 –3.90 2.19

    a) Estimated using the onset of the UV–vis spectra,  E  g  opt  = 1240/ λ  onset ;  b) Estimated from the onset of the respective redox waves, Fc/Fc +  value set to −5.1 eV vs vacuum; 
 c) Calculated from  E  g  =  E  LUMO  − E  HOMO .   
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noted that the devices were standard test structures for mate-
rial comparison purposes without opti mi sation for microoptic 
cavity effects. Also, the Au counter electrode is suboptimal with 

res pect to effi ciency. The improvement in  J  SC  is in good agree-
ment with the external quantum ef    fi ciency (EQE) measure-
ments. The maximum EQE value for the most effi cient device 
is clo  se to 70% at 600 nm covering a broad spectral range from 
300–700 nm. The improvement in device performance by 
increasing the sub   strate temperature is attributed to a change 
in the mi  xed layer morphology and resulting stronger pha se 
separation induced by the applied sub stra te heating. [ 21,23 ]  All 
devices at higher temperature showed a low photocurrent sat-
uration va lue of ca. 1.05 indicating effi cient charge separation 
and extraction. [ 17 ]  

 In this respect, the surface morphology of 20 nm thick 
 1–3 :C 60  photoactive blend layer pre pa red at 90 °C sub stra te 
temperature were investigated by atomic force microscopy 
(AFM) ( Figure    6  ). Strong differences were seen for the DCV-
SN5 derivatives  1–3  and are clearly a con se quence of the dif-
ferent N-substitution. The sur face of the  1: C 60  blend layer is 
uniformly com  posed of grains with a diameter of 30–50 nm 
at an ave rage height of 14 nm (Figure  6 a and Figure S8 in the 
Supporting Information) in dicating better pathways for charge 
transport. The analysis of the corresponding pha se ima ges 
showed re levant phase shifts up to 74° (Figure  6 d) and the 
histogram over se  ve ral pha se ima ges discloses two well dif-
fer en tiated maxima of the phase-shift at 14° and 56°, which 
we at tribute to the acceptor and donor homophases. [ 24–26 ]  
The phase images re ve a led 20–30 nm iso lated islands of the 
donor phase, which cover almost 25% of the surface area. The 
acceptor re gions (low pha se-shift) formed an interconnected 
network of thin fi brils whereas the mixed pha se (ca. 50% of 
the surface area) appeared to surround the donor islands and is 
as well in con tact with the acceptor network (Figure S9a, Sup-
porting Information).  

 The surface of  2: C 60  blend layers showed a less pro-
nounced grain structure with a smal l av e  rage height of 2.6 nm 
(Figure  6 b and Figure S8 in the Supporting Information). The 
phase images revealed a much fi ner struc tu re, in which only 
very few and small islands of 1–10 nm (ca. 5% of the area) 
correspond to the do nor phase and over 50% of the surface 
is covered by thick interconnected low phase-shift ac cep tor 
regions (Figure  6 e and Figure S9b in the Supporting Informa-
tion). The mixed areas in the case of  2: C 60  are forming is lands 
mostly in contact with the acceptor network. 
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 Figure 5.     J – V  characteristics (a) and EQE spectra (b) of m-i-p bulk-het-
erojunction solar cells prepared with DCV-SN5  1–3  as donor and C 60  as 
acceptor (active area 6.4 mm 2 ).

  Table 2.    Photovoltaic parameters of BHJ-devices of DCV-SN5 derivatives  1–3 :C 60  (blend ratio 1:1). Pho tovoltaic parameters of BHJ devices com-
prising  1 :C 60  (1:1) under variation of thick ness and sub stra te temperature. Active area 6.4 mm 2 .  

DCV-SN5  Substrate temp. 
 [°C] 

 Thickness 
 [nm] 

  J  SC  
 [mA cm −2 ] 

  V  OC  
 [V] 

FF  PCE 
 [%] 

Sat. a)  EQE @ 600 nm 
 [%] 

  R  S  
 [Ω cm 2 ] 

 3 90 20 1.94 0.95 0.40 0.7 1.59 17 19.6

 2 90 20 7.97 0.95 0.49 3.7 1.09 62 4.3

 1 90 20 8.43 0.94 0.70 5.6 1.05 63 3.0

 1 80 20 8.53 0.96 0.61 5,0 1.06 58 3.2

 1 70 20 8.60 0.94 0.36 2.9 1.20 62 4.1

 1  90  30  10.20  0.92  0.69  6.5  1.05  70  3.1 

 1 80 30 9.60 0.95 0.59 5.4 1.06 66 3.6

 1 70 30 9.60 0.94 0.42 3.8 1.13 72 4.0

    a) Defi ned as  J (−1 V)/ J  SC    .
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 Finally, the AFM topography images of the surface of  3 :C 60  
showed an almost featureless sur face with few large ag gre gates 
(25–50 nm, height of up to 27 nm) (Figure  6 c and Figure S8 
in the Supporting Information). The very small phase shifts 
(<5°) evidence the lack of phase separation in this blend 
(Figure  6 f). The  refore, fast recombination of the gener-
ated charges should occur due to lack of percolation path-
ways, which is consistent with the low FF (0.40) and  J  SC  
(2.8 mA cm −2 ) of the device. 

 In conclusion, we have reported the synthesis and charac-
terization of novel acceptor-sub sti tuted  S , N -hetero penta cenes 
DCV-SN5  1–3  as next-generation A–D–A-type molecular donors 
for vacuum-processed organic solar cells. The three deriva-
tives structurally differ by their al kyl sub sti tuent at the amino 
nitrogen (propyl/hexyl/tolyl). Single-crystal X-ray structure ana-
lysis of DCV-SN5  1  gave deeper insight into the specifi c inter-
molecular interactions and mul tiple non  bonding short con-
tacts, which are responsible for the packing with strong π–π 
in ter action and multidirectional electronic coupling. The optical 
and electroche mi cal pro perties have been stu  died to determine 
the optical absorption and energy le vels. Single-junction m-i-p 
type solar cells fabricated with propyl derivative  1  as donor and 
fullerene C 60  as ac cep tor gave the best PCE of 6.5% in the series 
due to enhanced photocurrent ( J  SC ) and fi ll factor (FF). The 
devices were optimized by varying substrate temperature and 
fi lm thickness. The alkyl substitution in the series of DCV-SN5 
 1–3  strongly infl uences the device per formance, which we 
attribute to the very different blend morphology and phase 
separation, as evidenced by AFM-techniques. Our investigation 
demonstrates that with this no vel class of fu  sed hetero cyc les, 

which combine increased stability of oligothiophenes with the 
ri gid and exten ded π-con jugated backbone of oligoacenes, high-
performance do nor ma te rials for organic solar cells have been 
designed and prepared. The transfer of the concept to larger 
 S , N -heterooligo ace nes and other ring-fused conjugated systems 
is under way in our laboratory.  
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de  tails and cha racterization, DSC plots, TGA plots, cyclic vol tam metry, 
and AFM measure ments.  
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