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Materials: C10-DNTT was purchased from Lumtec. All materials were used without 

purification. 

Substrate preparation: SiO2 (300 nm)/Si wafers were cleaned by sonication in deionized 

water, acetone, and isopropanol for 10 min successively. Then, the SiO2/Si wafers were 

treated by oxygen plasma at 80 W for 10 min followed by modification with 

octadecyltrichlorosilane (OTS) by a vapor phase method. The OTS-modified wafers were 

sequentially cleaned by chloroform, acetone, and isopropanol for 10 min, and dried with 

nitrogen. 

Characterization: Optical and cross-polarized optical microscope images were obtained with 

a Nikon ECLIPSE Ci-POL polarized optical microscope. TEM and SAED measurements 

were performed on a Tecnai G2 F20 S-TWIN. XRD measurements were carried out in 

reflection mode at 45 kV and 200 mA with monochromatic Cu Kα radiation utilizing a 

Rigaku Smartlab diffractometer. UV–vis absorption spectrum of 2DMCs of C10-DNTT was 

measured with a SHZMADZU UV-3600 Plus spectrophotometer. Intelligent mode AFM was 
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performed using a Bruker Dimension Icon. OFET and OPT characteristics were measured 

using a micromanipulator 6150 probe station connected to a Keithley 4200-SCS. All 

measurements were carried out in ambient air at room temperature. The photoresponse 

characteristics were evaluated by a laser generator with tunable power density. The laser 

power density was measured in-situ by a light intensity meter PM100D. 

Figures of Merit of OPTs: The key figures of merit such as external quantum 

efficiency (EQE), R, P, and D* are critical parameters for evaluating the optical 

response performance of OPTs. P is calculated by the following equation 

light dark dark( ) /P I I I= − , where Ilight and Idark are the drain-source current under 

illumination and in dark conditions, respectively. R is given by light dark in( ) /R I I P= − , 

where Pin is the incident light power. Meanwhile, EQE is decided by R, according to 

EQE /Rhc e= , where c is the speed of light, h is the Planck constant, λ is the 

wavelength of the incident light, e is the unit charge. D* is given by 

1/2 1/2

dark* / (2 )D RS eI=  when the shot noise of dark current dominates noise current, 

where S is the area of channel. 

 

 

Figure S1. (a-b) Optical microscopy images of C10-DNTT crystals grown with small volumes 

of C10-DNTT solution. 
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Figure S2. (a) A schematic diagram showing the evaporation of water vapor at high 

temperature during crystal growth on water surface. (b) Water droplets was found on the cap 

after crystal growth. (c) Spreading of C10-DNTT on the surface of glycerol at a high growth 

temperature of 75oC. The solution spreads out into a continuous film. 

 

 

 

Figure S3. (a-c) Optical microscopy images of C10-DNTT crystals grown at different 

temperatures. 
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Figure S4. (a-c) Spreading of three types solvents on glycerol at an elevated temperature of 

75oC. (a) 1,2-dimethylbenzene, (b) 1,2-dichlorobenzene, and (c) Tetralin. (d-f) Optical 

microscopy images of C10-DNTT crystals grown in the three types of solvents at an elevated 

temperature of 75oC. (d) 1,2-dimethylbenzene, (e) 1,2-dichlorobenzene, and (f) Tetralin. 

 

To further elucidate the impacting factors on crystals growth, more types solvents, 

including 1,2-dimethylbenzene (bp = 144.4oC) and tetralin (bp = 207.6oC), were investigated 

together with 1,2-dichlorobenzene (Figure S4). All these solvents exhibited high boiling point. 

As can be seen from Figure S4a-c, their spreading on glycerol surface was different. 

1,2-dimethylbenzene solution formed a compact lens, while 1,2-dichlorobenzene and tetralin 

solution spread well (Figure S4a-c). Combing the produced crystals, it was clear that bad 

spreading led to small and thick crystals (Figure S4d) while good spreading resulted in large 

2DMCs (Figure S4e-f). The different spreading properties of the solvents were determined by 

their surface tensions (J. Am. Chem. Soc. 2018, 140, 5339). Judging from the above results, 

the spreading of the solvent on the liquid substrate affected crystal growth. 

Combing the results of Figure 2 and Figure S4, the key factors impacting the production of 

2DMCs were (i) the types of the liquid substrate, (ii) the growth temperature, (iii) the boiling 

point of the solvent, and (iv) the spreading of the solvent on the liquid substrate. 
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Figure S5. An OM image of 2DMCs of DPA on SiO2/Si substrate grown by the same method. 

The solvent was 1,2-dichlorobenzene and the growth temperature was 75oC. 

 

 

 

Figure S6. An OM image of a millimeter scale 2DMC of C10-DNTT transferred on SiO2/Si 

substrate. 
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Figure S7. a) TEM of an individual 2DMC and (b–d) the corresponding SAED. The identical 

SAED patterns at different positions of the 2DMC confirmed its single crystalline nature.  

 

 

 

Figure S8. (a) Typical transfer curves of 2DMCs of C10-DNTT, the inset showed a top view 

OM of the channel area of C10-DNTT (W/L = 1.42). The scale bar is 50 µm. (b) Output 

curves of 2DMCs of C10-DNTT at different gate voltages. (c) The mobility distribution of 22 
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devices. (d) Transfer curves of the 2DMC of C10-DNTT under negative gate stress. 

The mobility of the OFETs was calculated from the following equation: IDS = 

(W/2L)µCi(VGS – Vth)2, where IDS is the source-drain current, μ is the field effect mobility, Vth 

is the threshold voltage, VGS is the applied gate voltage, L is the channel length, W is the 

channel width and the Ci is the specific capacitance (10 nF cm−2). The maximum mobility 

(average mobility among 22 devices) was 18.0 (12.2) cm2 V-1 s-1. 

 

Figure S9. UV-Vis spectra of 2DMCs and powders of C10-DNTT. 

 

 

 

Figure S10. Wavelength dependent photoresponse of 2DMCs of C10-DNTT. The 

photoresponsivity (Figure S10) agreed well with the absorption (Figure S9). 
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Figure S11. (a) Typical transfer curves of polycrystalline thin films of C10-DNTT (10nm) by 

vacuum deposition. (b) Output curves of polycrystalline thin films of C10-DNTT at different 

gate voltages. (c) Ttransfer curves of an OPT based on polycrystalline thin films of 

C10-DNTT under dark and at different laser power densities. (d) Responsivity as a function 

of laser power densities (e) Photosensitivity and specific detectivity as a function of 

laser power densities. 

 

We performed electrical characterization of the vacuum-deposited C10-DNTT 

polycrystalline film (10 nm), and found that the maximum mobility was 5.9 cm2 V-1 s-1 

(Figure S11a and Figure S11b). The mobility was much smaller than the 2DMCs of 

C10-DNTT grown on a liquid substrate at an elevated temperature (maximum mobility of 18.0 

cm2 V-1 s-1). OPTs based on polycrystalline thin films of C10-DNTT showed inferior 

photoresponse compared with those based on 2DMCs, with maximum R, P, and D* of 4.2  

103 A W-1, 3.4  106, and 4.3  1012 Jones, respectively (Figure S11c-e). The enhanced 

photoresponse of 2DMC-based OPTs could be ascribed to the high carrier mobility of the 

single crystalline structure of 2DMCs. 
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Table S1 Summary of phototransistors based on polycrystalline films 

Semiconductor Method 
Thickness Mobility P R D* 

Year Ref. 

(nm) (cm2V-1s-1)  (A W−1) (Jones) 

Pentacene vacuum evaporation 100 0.49 105 50 N/A 2005 1 

6T vacuum evaporation 50–100 0.09 1.3 × 103 1.5~2.4 N/A 2006 2 

ABT vacuum evaporation 50 0.4 103 800 N/A 2009 3 

F16CuPc vacuum evaporation 50 5.3 × 10−4 22 1.5 × 10−3 N/A 2009 4 

P3HT drop-casting 80 0.01-0.07 3.8 × 103 250 N/A 2010 5 

TIPS-Pentacene ink-jet printing 50 0.02 106–107 N/A N/A 2010 6 

DPA vacuum evaporation 20 12 8.5 × 107 1.34 × 105 1.2 × 1017 2019 7 

 

Table S2 Summary of phototransistors based on organic single crystals 

Semiconductor 
Mobility P EQE R D* 

Year Ref. 
(cm2V-1s-1)  (%) (A W−1) (Jones) 

Me-ABT  1.66 2  10 4 N/A 5  10 4 N/A 2010 8 

A-EHDTT 1.2-1.6 1.4  105 N/A 1.4  10 4 N/A 2011 9 

PY-4(THB) 0.7 1.2  106 N/A 2  103 N/A 2011 10 

BBDTE 1.62 10 5 N/A 9.8  103 N/A 2015 11 

p-DTS(FBTTh2)2 1.8 103 –104 N/A 3  103 N/A 2018 12 

TFT-CN 1.36 5  105 4  106  9  104 6  1014 2018 13 

TIPS-Pentacene 2.06 1.36  108 2.9  105 845 1.98  1015 2019 14 

C6-DPA 1.81 8.8  107 N/A 2.63× 102 6.7  1014 2019 15 

1,6-DTEP 2.1 1.60  105 N/A 2.86 × 106 1.49  1018 2020 16 

2,7-DTEP 2.1 4.35  103 N/A 1.04  105 5.28  1016 2020 16 

C10-DNTT 18 1.7  107 3.2  107 4.7  104 2.6  10 16 2020 This work 

Table S3 Boiling points of the liquids used in this study 

liquid water glycerol methylbenzene Chlorobenzene 1,2-dichlorobenzene 

Temperature (oC) 100 290.9 110.6 132.2 180.4 
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