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Abstract 

In this work, the first diketopyrrolopyrrole (DPP) based donor-acceptor macrocyclic 

conjugated molecule was developed and its application in organic electronics was 

systematically studied. Macrocyclic molecules as the fragment of armchair carbon 

nanotubes have emerged as functional materials in material chemistry, but the materials 

are always limited to cycloparaphenylenes. With the donor-acceptor design strategy that 

has been widely used in high performance conjugated polymers for macrocyclic 

molecules, it will significantly broaden their species with tunable optical and electrical 

properties. Herein, we synthesize a well-defined macrocyclic molecule containing four 

electron-deficient DPP units alternated with electron-rich thiophenes. The new molecule 

was found to show high solubility, near-infrared absorption spectra and 3D charge 

transport properties. The new macrocyclic molecule as electron acceptor was applied into 

non-fullerene organic solar cells, exhibiting an initial efficiency of 0.49%, while the 

linear molecule with similar backbone only showed a very low efficiency of 0.03%. Our 
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results demonstrate that donor-acceptor macrocyclic conjugated materials have great 

potential application in organic electronics. 

  

 

1. Introduction 

 

Macrocyclic conjugated molecules have attracted extensive interest from both 

theoretical and experimental scientists for more than half a century owing to their unique 

structures.1-5 For example, cycloparaphenylenes (CPPs), in which paraphenylene units are 

linked into a hoop-shaped ring, is one of the most important members of macrocyclic 

conjugated materials.6 Several effective methods have been successfully developed to 

synthesize macrocyclic conjugated molecules containing different numbers of phenyl and 

thiophene units.7-13 As the smallest fragment of armchair carbon nanotubes, CPPs are 

considered as ideal units for the bottom-up construction of structurally uniform carbon 

nanotubes.14, 15 The ability of capturing guest molecules in their circular space makes 

CPPs a valuable research object in supramolecular chemistry.16, 17 In addition, the 

distorted shape offers CPPs interesting curved–curved π–π interactions and special 

aromaticity.18-20 Therefore, such macrocyclic conjugated materials have great potential 

application in material chemistry. 

Due to the nature of alternating single and double bonds, macrocyclic conjugated 

molecules can also be applied into organic electronics, such as organic light-emitting 

diodes (OLEDs), organic field-effect transistors (OFETs) and organic solar cells (OSCs). 

An obvious merit of the macrocyclic molecules compared to their linear counterparts is 

their 3D structures, providing three-dimensional charge transport as well as lowering 

molecules aggregation. This is particularly important in OSCs since conjugated materials 

with strong aggregation can easily generate large domain size in bulk-heterojunction 

(BHJ) thin films, resulting in low charge generation efficiency.21-23 

From these aspects, it will be very interesting to develop new macrocyclic molecules 

for application in organic electronics, but relative studies have been rarely reported in 

literatures.8, 24-27 One main reason is the availability of macrocyclic materials, which are 

always CPPs and cyclic oligothiophenes. It is hard to tune their absorption spectra, 
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energy levels and charge transport properties due to their limited chemical structures 

(Figure 1). In order to broaden macrocyclic molecules species, an effective method is to 

use donor-acceptor concept via incorporating electron-rich and deficient units into one 

material, which has been extensively used to design high performance conjugated 

polymers for OSCs.28, 29 

 
Figure 1. The chemical structures of cyclic oligothiophene, C-DPP and L-DPP. 

 

In this work, we attempt to develop novel macrocyclic conjugated materials based on a 

strong electron-deficient diketopyrropyrrole (DPP) unit. DPP-polymers have been 

successfully applied into OFETs and OSCs due to their easy synthesis, near-infrared 

absorption spectra, good crystallinities and high carrier mobilities.30-35 DPP-monomers 

normally contain two thienyl units as bridges due to the synthetic nature of DPP core, in 

which two thiophenes and DPP core are just along the same line. This will facilitate the 

ring-close reaction to ensure macrocycle structures. With these merits, we are able to 

synthesize a donor-acceptor macrocyclic DPP-molecule C-DPP with four DPP units 

alternated with electron-rich thiophenes, as shown in Figure 1. The corresponding linear 

molecule L-DPP was also developed for comparison (Figure 1). C-DPP exhibits blue-

shifted absorption, strong photoluminescence (PL) and amorphous morphology compared 

to L-DPP, and its application in OFETs and non-fullerene solar cells will be studied in 

detail. 
 

 2. Results and Discussion 

 

2.1. Synthesis of C-DPP and L-DPP. 

 

Macrocyclic molecule C-DPP was developed via Yamago’s CPP synthetic strategy 

(Scheme 1a) and the detailed procedures were summarized in the Supporting 
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Information.7 In general, bis(trimethylstannyl) dithienyl-DPP 1 was treated with the same 

equivalent of [Pt(cod)Cl2] in THF at 70 °C for 24 h. Induced by the coordination of 

platinum, the intermediate 2a was formed as a square macro-ring. Then the platinum 

complex 2a was treated with 1,1’-bis(diphenylphosphino)ferrocene (dppf) to give 2b. 

The following reductive elimination process was operated by PPh3 in toluene at 110 ºC 

for 12 h. After carefully purified by column chromatography, recrystallization and HPLC, 

C-DPP was obtained as a dark solid in a reasonable yield of 16%. For comparison, the 

linear molecule L-DPP with the same alkyl chains was also synthesized via several steps 

of Suzuki and Bromination reaction, as shown in Scheme 1b. 

 

 
Scheme 1. The chemical structures and synthetic procedures of (a) macrocyclic 

conjugated molecule C-DPP and (b) L-DPP with linear conjugated backbone. i) 

[Pt(cod)Cl2], (cod = 1,5-cyclooctadiene), THF, 70 °C, 24 h; ii) dppf , CH2Cl2, RT, 12 h; 

iii) PPh3, toluene, 110 °C, 12 h, yield 16% after three steps; iv) Pd(PPh)4, KCO3, 

bis(pinacolato)diboron, THF, 70 °C, 12 h, 41%; v) NBS, chloroform, RT, 2 h, 79%; vi) 

Pd2(dba)3, P(o-Tol)3, K3PO4, toluene/H2O, 105 °C, 12 h, 87%. 

 

The chemical structures of C-DPP and L-DPP were determined by 1H NMR, 13C 

NMR spectroscopy and high-resolution MALDI mass spectrometry as summarized in the 
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Supporting Information. C-DPP presents only two doublets in the aromatic region (8.18 

and 7.36 ppm) due to its highly symmetrical hoop-like structure (Figure 2a), while the 

linear L-DPP shows several signals in 1H NMR spectrum (Figure 2b). In 13C NMR 

spectrum, C-DPP gives seven peaks in the aromatic region that can be assigned to the 

DPP core and thienyl unit (Figure 2a and Figure S2). In high resolution MALDI mass 

spectrometry, a molecule ion peak at 2089.95849 ([M+H]+) was observed in C-DPP 

(calcd: 2089.95716) (Figure S3), while the ion peak at 2090.96744 ([M]-) was observed 

in L-DPP (calcd: 2090.96608) (Figure S12). All these results confirm the macrocylic and 

linear structures of C-DPP and L-DPP. C-DPP performs high solubility in common 

organic solvents such as dichloromethane, tetrahydrofuran and toluene, while L-DPP can 

only be soluble in hot 1,1,2,2-tetrachloroethane (TCE) due to its strong aggregation 

tendency. The outstanding solubility of C-DPP facilitates its application in solution-

processed organic electronic devices. 
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Figure 2. (a) The aromatic region of 1H NMR and 13C NMR (insert) spectrum of C-DPP 

in CDCl3 at room temperature. (b) The aromatic region of 1H NMR of L-DPP in 1,1,2,2-

tetrachloroethane-D2 at 100 °C.  

 

2.2. Optical and Electrochemical Properties.  

 

Density function theory (DFT) at the B3LYP/6-31G* level was used to study the 

configuration of these molecules, in which methyl units were used to replace long alkyl 

chains in order to reduce the calculation time. The mocrocyclic C-DPP displays nearly 

perfect circular shape with a diameter of 16.1 Å, while L-DPP has a linear configuration 

with a length of 49.0 Å (Figure 3). Both molecules perform localized highest occupied 

molecular orbital (HOMO) levels and lowest unoccupied molecular orbital (LUMO) 

levels. C-DPP has slightly deeper HOMO level of -4.80 eV and LUMO level of -3.19 eV 

than L-DPP with HOMO and LUMO levels of -4.73 eV and -3.24 eV. The frontier 

energy levels were further studied by cyclic voltammograms (CV, Figure 3e). C-DPP has 

HOMO and LUMO levels of -5.33 eV and -3.44 eV, and L-DPP shows HOMO and 

LUMO levels of -5.11 eV and -3.66 eV. The trends from CV measurement are consistent 

with DFT analysis. 
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Figure 3. (a-d) DFT frontier molecular orbitals of C-DPP and L-DPP. All DFT studies 

were performed using Gaussian09 suite programs at the B3LYP/6-31G* level. (e) Cyclic 

voltammograms of thin film. Potential versus Fc/Fc+. 

 

The absorption spectra of C-DPP and L-DPP are shown in Figure 4a. The absorption 

bands of C-DPP in thin films are slightly red-shifted compared to those in solutions, 

indicating their weak aggregation in the thin films. While the absorption bands of L-DPP 

in thin films are almost the same as those in solutions, which proves L-DPP has obvious 

tendency of aggregation even in solutions state. Interestingly, both C-DPP and L-DPP 

present a tailed absorption at the longer wavelength, which might be due to the 

aggregation of the molecules. In addition, the maximum absorption peak of C-DPP is 

significantly blue-shifted compared to that in L-DPP although they perform the same 
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conjugated length. Some works proposed that the maximum absorption band in these 

cyclic compounds was originated from the transition of S0-S2, partially explaining the 

absorption shift in C-DPP.36, 37 We further studied their PL properties, as shown in 

Figure 4b. C-DPP shows a broad PL in the region of 700 – 1000 nm, but PL of L-DPP is 

undetectable due to the aggregation quenched emission. This also indicates that the 

mocrocylic C-DPP can be potentially applied into near-infrared organic light-emitting 

diodes (OLEDs), as further confirmed by the electroluminescence (EL) measurement 

(Figure 4c-d). The EL spectra from a simple device with a configuration of 

ITO/PEDOT:PSS/C-DPP/LiF/Al under different driven current from 19 μA to 210 μA 

exhibit peaks located in 800 - 1000 nm with a EL quantum efficiency (EQEEL) about 

1.0×10-4 %. 

 
Figure 4. Absorption spectra of C-DPP and L-DPP (solid lines in solutions and dotted 

lines in thin films). (b) Photoluminescence spectra in thin films. C-DPP was excited with 

a 532 nm laser and L-DPP was excited with a 635 nm laser. (c) Electroluminescence of 

an OLED based on C-DPP under different injection current. (d) The external quantum 

efficiency of the OLED at different voltage. 

 

2.3. Crystalline and Charge Transfer Properties. 
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Figure 5. GIWAXS images of (a) C-DPP and (b) L-DPP in thin films. (c) The out-of-

plane and (d) in-plane cuts of the corresponding GIWAXS patterns. 

 

Crystalline properties of these molecules were investigated by two-dimensional 

grazing-incidence wide-angle X-ray scattering (GIWAXS), as shown in Figure 5. There 

is no obvious diffraction peak in C-DPP thin film, revealling its amorphous morphology. 

In contrast, multiple diffraction peaks in L-DPP thin film were observed including (h00) 

peaks and (010) peak in the in-plane direction, confirming the highly crystalline property 

of L-DPP (Figure 5b). Then, we fabricated OFET devices based on C-DPP thin film 

with a bottom-gate bottom-contact (BGBC) configuration. The detailed procedures are 

present in the Supporting Information, and the transfer and output curves are shown in 

Figure 6. Unlike the reported linear DPP small molecule 2T2DPP, C-DPP displays 

typical ambipolar transport with a lower hole mobility of 3.4×10-3 cm2 V-1 s-1 and 

electron mobility of 2.3×10-4 cm2 V-1 s-1 (Table S1).38 Due to the poor solubility, we 

failed to fabricate a continuous thin film based on L-DPP for OFET devices. GIWAXS 

and OFET measurement indicate that amorphous macrocyclic materials can still have 

good charge transport, although it is believed that amorphous conjugated materials 

provide very low carrier mobility due to the lack of long range ordered charge transport 

channel in thin films.39 We infer that in macrocyclic molecules, the 3D conjugated 

structures create multidimensional π-π contacts, resulting in isotropic charge transport. 
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Figure 6. (a, b) Output and (c, d) transfer characteristics of thin-film OFETs based on C-

DPP. The blue lines in (a, b) are used for mobility calculations. 

 

2.4. Photovoltaic Performance.  

 

The broad absorption spectra, aligned energy levels, amorphous morphology and 

ambipolar charge transport of C-DPP indicate its potential application in OSCs as both 

electron donor and electron acceptor. BHJ solar cells were fabricated with an inverted 

structure with ITO/ZnO and MoO3/Ag as electrodes. We firstly use C-DPP as electron 

donor with several electron acceptors as photoactive layers, including a fullerene 

derivative PCBM, a perylene bisimide-based compound40 and a naphthalene diimide-

based polymer,41 but unfortunally the solar cells showed negligible photovoltaic 

performance. Then C-DPP/L-DPP was used as electron acceptor to make non-fullerene 

OSCs, in which poly(3-hexylthiophene) (P3HT) was applied as electron donor. The 

detailed optimization of solar cells were summarized in the Supporting Information 

(Table S2-6). The J-V characteristics of the optimized solar cells are shown in Figure 5a 

and the photovoltaic parameters are summarized in Table 1. 
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Figure 7. The J–V curves in dark (dashed lines) and under white light illumination (solid 

lines) of optimized P3HT:DPP acceptors based solar cells. (b) EQEs of the same solar 

cells. 

 

Table 1. Characteristics of optimized organic solar cells. 

Acceptor 
Jsc 

(mA/cm2) 

Voc 

(V) 
FF 

PCEa 

(%) 

C-DPPb 
1.65 

(1.54±0.05) 

0.67 

(0.67±0.01) 

0.44 

(0.43±0.02) 

0.49 

(0.45±0.03) 

L-DPPc 0.13 0.56 0.38 0.03 
aThe highest performance cells. The values in parentheses represent statistics results from 

10 independent cells. bFabricated from CF/o-DCB (10%) solution and thermally annealed 

at 150 °C for 10 min. cFabricated from TCE solution. The thickness of active layers is 

around 80 nm. 

 

P3HT:C-DPP cells provide the best PCE of 0.49% with a short-circuit current density 

(Jsc) of 1.62 mA/cm2, open circuit voltage (Voc) of 0.67 V and fill factor (FF) of 0.44. The 

cells have photoresponse in the range of 300 – 750 nm with external quantum efficiencies 

(EQEs) close to 0.10 (Figure 7b). In comparison, P3HT:L-DPP cells show a very low 

PCE of 0.03%. The distinct performance between C-DPP and L-DPP can be reflected by 

microphase separation in BHJ thin films studied with atomic force microscopy (AFM). 

As shown in Figure 8a-c, P3HT:C-DPP thin film shows smooth surface with a small 

roughness, while P3HT:L-DPP thin film detected with optical microscopy images show 

micro-sized crystalline domain. The large phase separation will severely lower exciton 
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diffusion efficiency to the donor/acceptor interface, responsible for low photovoltaic 

performance. It is also desired to mention that, P3HT:C-DPP thin films thermal-

annealled at 150 °C and 200 °C show similar roughness as those without annealing, while 

significantly increased crystalline domain could be observed in P3HT:L-DPP thin films 

after thermal-annealing. This indicates that macrocyclic C-DPP is able to improve the 

device stability under thermal stress. 

 
Figure 8. (a-c) AFM height images (500 × 500 nm ) of the P3HT:C-DPP thin films. 

RMS roughness is also included. (d-f) Optical microscopy images of the P3HT:L-DPP 

cells. (a, d) RT, (b, e) 150 °C, (c, f) 200 °C. 

 

3. Conclusions 

 

In summary, the first macrocyclic conjugated molecule based on electron-deficient 

DPP core was synthesized and its photo- electrical properties were systematically 

investigated. This macrocyclic DPP-molecule presented a near-infrared absorption, 

aligned energy levels, 3D conjugated structure with disorder arrangement and ambipolar 

charge transport in OFET devices. These properties ensure its successful application in 

non-fullerene solar cells to provide an initial PCE of 0.49%. Apparently, with the detailed 

structural optimization such as introducing other electron-rich building blocks, these 

macrocyclic DPP molecules will show great potential application in organic electronics. 
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4. EXPERIMENTAL SECTION 

 

4.1 General Information 

 
1H NMR and 13C NMR spectra were recorded in deuterated solvents on a Bruker 

ADVANCE 400 NMR Spectrometer. Absorption spectra were recorded on a JASCO V-

570 spectrometer. Cyclic voltammetry was performed under an inert atmosphere at a scan 

rate of 0.1 V s-1 and 1 M tetrabutylammonium hexafluorophosphate in acetonitrile as the 

electrolyte, a glassy-carbon working electrode coated with samples, a platinum-wire 

auxiliary electrode, and an Ag/AgCl as a reference electrode. Atomic force microscopy 

(AFM) images were recorded using a Digital Instruments Nanoscope IIIa multimode 

atomic force microscope in tapping mode under ambient conditions. GIWAXS 

measurements were conducted on a Xenocs-SAXS/WAXS system with X-ray 

wavelength of 1.5418 Å. The film samples were irradiated at a fixed angle of 0.2°. All 

film samples were prepared by spin-coating solutions on Si substrate. Optical microscope 

images were recorded using a Nikon Eclipse LV 100D microscope. 

The PL and EL spectra are recorded with an Andor spectrometer (Shamrock sr-303i-B, 

coupled to a Newton EMCCD detector). For the EL measurement, an external 

current/voltage source is employed to provide an external electric field to the pristine 

solar cells. EQEEL is recorded with a homemade system comprising a Hamamatsu silicon 

photodiode 1010B, a Keithley 485 picoammeter for measuring the emitted light intensity 

and a Keithley 2400 Source Meter for supplying voltages and recording injected current. 

Device structure for the EL and EQEEL measurement: ITO/PEDOT:PSS/C-DPP/LiF/Al. 

Details of photovoltaic and OFET devices fabrication are available in the Supporting 

Information. 

 

4.2 Materials. 

 

All synthetic procedures were performed under argon atmosphere. Toluene and 

tetrahydrofuran were distilled from sodium under argon atmosphere. CH2Cl2 was freshly 
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distilled prior to use. Other commercial chemicals were used as received. Compound 1, 3 

and 6 were purchased from SunaTech Inc. 

C-DPP: In an oven dried flask, compound 1 (850.4 mg, 1.0 mmol), [Pt(cod)Cl2] 

(374.2 mg, 1.0 mmol) and 500 ml dry THF were added under nitrogen. And then the 

solution was purged with dry nitrogen for 10 min and stirred at 70 °C for 24 hour. During 

the reaction a bluish violet solution formed. THF was removed under reduced pressure 

and the residue was suspended with hexane followed by filtration. The solid residue 2a 

without any further purification and dppf (554.4 mg, 1.0 mmol) were added in 100 ml 

CH2Cl2 and stirred over night at room temperature under nitrogen. CH2Cl2 was removed 

under reduced pressure. The solid residue 2b was added into 500 ml dry toluene with 

PPh3 (2.62 g, 10.0 mmol) and stirred over night at 110 °C under nitrogen. Toluene was 

removed under reduced pressure and the residue was suspended with methanol followed 

by filtration. This crude product was carefully purified by silica gel chromatography 

(CH2Cl2:ethyl acetate = 100:3) to afford a blue solid. After recrystallization from the 

mixture solvent of toluene and methanol, the blue solid was further purification by HPLC 

(silica gel, CH2Cl2:ethyl acetate = 100:5) to afford pure C-DPP (83.6 mg, 0.04 mmol), 

yield 16% after three steps. 1H NMR (400 MHz, 298 K, CDCl3, ppm) δ = 8.18-8.17 (d, 

8H), 7.36-7.35 (d, 8H), 3.91-3.90 (m, 16H), 1.75 (m, 8H), 1.35-1.26 (m, 64H), 0.89-0.85 

(m, 48H). 13C NMR (100 MHz, 298 K, CDCl3, ppm) δ = 162.0, 141.3, 140.6, 134.7, 

130.2, 125.5, 112.4, 45.6, 39.2, 30.4, 28.6, 28.5, 23.8, 23.1, 14.2, 10.6, 10.5. MS. HRMS 

(MALDI-TOF): m/z calcd for C120H153N8O8S8 [M+H]+: 2089.95716, found. 2089.95849. 

Compound 4: Compound 3 (200.0 mg, 0.33 mmol), Pd(PPh3)4 (38.3 mg, 0.03 mmol), 

KCO3 (138 mg, 1.00 mmol) and bis(pinacolato)diboron (50.8 g, 0.20 mmol) were added 

into a two necked flask in nitrogen atmosphere. Then THF (20 mL) and H2O (1 mL) were 

added by injection. The mixture was stirred at 70 °C for 12 h. The reaction mixture was 

added into 200 ml water and extracted with chloroform. After removal of the solvent, the 

residue was purified by silica gel chromatography (chloroform) to afford compound 4 

(71.1 g, 41%) as a purple solid. 1H NMR (400 MHz, 298 K, CDCl3, ppm) δ = 8.96 (m, 

4H), 764 (br, 2H), 7.43 (br, 2H), 7.29-7.28 (d, 2H), 4.06-3.99 (m, 8H), 1.89-1.88 (m, 4H), 

1.38-1.26 (m, 32H), 0.92-0.86 (m, 24H). 13C NMR (100 MHz, 298 K, CDCl3, ppm) δ = 

161.8, 141.0, 140.7, 139.3, 136.8, 135.7, 131.0, 129.9, 129.8, 128.7, 126.1, 109.0, 108.3, 
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46.1, 39.5, 39.2, 30.5, 30.4 28.6, 28.5, 23.8, 23.7, 23.2, 14.22, 14.16, 10.7, 10.6. MS. 

HRMS (MALDI-TOF): m/z calcd for C60H78N4O4S4 [M]-: 1046.49114, found. 

1046.49107. 

Compound 5: Compound 4 (50 mg, 0.048 mmol) in chloroform (100 mL) was cooled 

to 0 °C, and then NBS (17.8 mg, 0.10 mmol) were added in one portion. The mixture was 

warm to room temperature and stirred for 2 h, and then poured into water and extracted 

with chloroform. The combined organic layers were washed with water and dried over 

MgSO4. After removal of the solvent, the residue was purified by silica gel 

chromatography (chloroform) to afford compound 5 (45.2 mg, 78.5%) as a blue solid. 1H 

NMR (400 MHz, 298 K, CDCl3, ppm) δ = 8.95 (br, 2H), 8.67 (br, 2H), 7.41 (br, 2H),7.21 

(d, 2H), 4.08-3.90 (m, 8H), 1.88-1.85 (m, 4H), 1.38-1.26 (m, 32H), 0.92-0.85 (m, 24H). 
13C NMR (126 MHz, 373 K, 1,1,2,2-tetrachloroethane-D2 at 100 °C, ppm) δ = 161.6, 

141.0, 139.2, 136.3, 134.6, 131.4, 130.1, 126.2, 118.7, 109.1, 46.5, 39.6, 39.5, 30.9, 30.8, 

28.74, 28.68, 24.3, 24.2, 22.90, 22.87, 13.7, 10.7, 10.6. MS. HRMS (MALDI-TOF): m/z 

calcd for C60H76Br2N4O4S4 [M]-: 1202.31216, found. 1202.31160. 

L-DPP: Compound 5 (40 mg, 0.033 mmol), Compound 6 (64.8 mg, 0.10 mmol), 

Pd2(dba)3 (3.2 mg, 3.3. μmol), P(o-Tol)3 (2.0 mg, 6.6 mmol), and K3PO4 (42.0 mg, 0.20 

mmol) were added into a two necked flask in nitrogen atmosphere. Then toluene (20 mL) 

and H2O (1 mL) were added by injection. The mixture was stirred at 105 °C for 12 h. The 

reaction mixture was precipitated in 50 ml methanol and filtered through a Soxhlet 

thimble. The crude product was extracted with acetone, hexane and dichloromethane, 

then dissolved in 1,1,2,2-tetrachloroethane (30 mL) at 130 °C. This solution was filtered 

directly through a filtration funnel with sand board while it was hot and precipitated into 

acetone to afford L-DPP (60 mg, 87%) as a blue solid. 1H NMR (500 MHz, 373 K, 

1,1,2,2-tetrachloroethane-D2, ppm) δ = 8.91-8.90 (d, 4H), 8.86-8.85 (d, 2H), 8.79-8.78 (d, 

2H), 7.70-7.69 (d, 2H), 7.52 (br, 6H), 7.33 (br, 2H), 4.12-4.09 (t, 16H), 2.02-1.95 (m, 8H), 

1.45-1.36 (m, 64H, overlap with the signal of H2O), 1.02-0.95 (m, 48H). 13C NMR (126 

MHz, 373 K, 1,1,2,2-tetrachloroethane-D2 at 100 °C, ppm) δ = 161.6, 140.7, 136.3, 136.0, 

134.8, 130.5, 128.3, 126.24, 126.17, 46.5, 39.6, 39.4, 30.9, 28.8, 24.3, 24.2, 22.9, 13.7, 

10.7. MS. HRMS (MALDI-TOF): m/z calcd for C120H154N8O8S8 [M]-: 2090.96608, 

found. 2090.96744. 
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The first diketopyrrolopyrrole based donor-acceptor macrocyclic conjugated molecule 

was developed and its application in organic electronics was systematically studied. 
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