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X-ray diffraction study  

Specular X-ray Diffraction (sXRD) was performed on a Bruker D8 diffractometer using Cu Kα 
radiation (λ=1.5418 Å). Diffraction patterns were collected at room temperature in the scattered range 
1.6-40° with angular resolution 0.02° per step, counting time per step were of 5s for powder samples 
(Figures S1 and S2) and 10s for spin-coated materials on silicon wafers (Figures S4 and S5), using a 
θ/θ reflection geometry. All sXRD patterns are represented in counts versus 2θ° values. 

Powder materials 

Compound 2B 

 

Figure S1: XRPD data shown in the range 3 – 29.9° 2θ, Pawley [1] fitted (χ2 =6.326) to published unit 
cell from PDI 2B. Refined unit cell parameters using DASH [2] program in triclinic space group P-1 
are: a, b, c = 4.690, 8.543, 20.302 Å and α, β, γ = 85.124, 88.057, 80.939°. 
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The red line is the measured profile, the blue line is the calculated profile and the purple line is the 
difference between the two. The refined unit cell parameters are in good agreement with the published 
low temperature unit cell [3]. The (001) reflection is the most intense reflection for a 2θ value of 
4.388°. 

 

Compound 1A 

 

Figure S2: XRPD data shown in the range 1.6 – 34.9° 2θ, Pawley fitted (χ2 =26.648) to published unit 
cell4. Refined unit cell parameters using DASH program in monoclinic space group P21/a: a, b, c = 
5.911, 7.894, 29.216 Å and β = 91.98. 

 

The refined unit cell parameters are in good agreement with the published unit cell. The (0 0 1) 
reflection is the most intense reflection for a 2θ value of 3.059°. This reflection being under fitted gave 
a rather high Pawley χ2.  

For both Pawley fitted powder patterns of both 1A and 2B, no additional peaks other than the ones 
corresponding to the expected unit cell can be observed, thus showing the crystalline phase purity of 
the material used. 

 

 

Spin-coated thin films on SiO2 

The results are only shown in the scattered range 2 to 20° as there was no diffraction peaks observed 
for higher 2 θ values. For low values of θ, the background is quite high in figures S4 and S5 due to x-
ray scattered from the silicon wafer (see figure S3), but no diffraction peak can be observed. 
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Figure S3: sXRD data shown in the range 2-20° 2θ from an untreated silicon wafer.  

 

For thin films obtained by spin-coating 1A, 2B or a mixture of both on a silicon wafer broad 
diffraction peaks are observed. Figure S4 shows an overlay of sXRD patterns obtained for thin films 
2B (red), 1A (blue) and the mixture (purple) before SVA treatment. For 2B, only a very broad hump 
can be observed at 3.06°. For 1A, three broad diffraction peaks can be observed at 2.95°, 6.03°, 9.17° 
with an average full width at half maximum (FWHM) of 0.32°. 

For the mixture of both compounds, the hump observed for 2B sample is convoluted with the first 
diffraction peak seen for 1A thus giving a broader peak than the one observed for 1A alone (FWHM of 
0.35° at 3.00°) the two other diffraction peak are still observed at 6.06° and 9.16 ° (average FWHM of 
0.25°). 

 

Figure S4: sXRD data shown in the range 2-20° 2θ from spin-coated films of 2B (red), 1A (blue) and 
the mixture (purple) on a silicon wafer without SVA treatment.  

 

After SVA sharper and more intense diffraction peaks are observed (see figure S5). For 2B, a broad 
diffraction peak at 4.26° is observed with a FWHM of 0.39°. For 1A, three sharp diffraction peaks can 
be observed at 3.07°, 6.11° and 9.15 ° with an average FWHM 0.06°. For the mixture, three sharp 
diffraction peaks with the same d-spacing as the one for 1A alone can be observed and a broad 
diffraction peak at 4.38° (due to 2B) with a FWHM of 0.37°. 
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Figure S5: XRPD data shown in the range 2-20° 2θ from spin-coated thin films after SVA in THF: 2B 
(red), 1A (blue) and the mixture (purple). 

 

Conclusion on the X-ray study  

The SVA treated samples all show a great improvement in the crystallinity compared to the as-spin-
coated films, this is seen from the gain of intensity and the greater sharpness of the diffraction peaks. 
The phase separation of PDI 2B and BTBT 1A is also underlined by the fact that the SVA treated 
spin-coated mixture pattern, matches with the addition of both patterns from SVA samples of each 
compound alone. The only little misfit in the addition is a small peak shift for the PDI between the 
PDI alone or within the mixture. This misfit could be explained by the fact the PDI crystallites have 
grown larger in the mixture sample. From the specular XRD measurements, it can also be determined 
that both compounds have their {001} faces lying parallel to the substrate and thus have their alkyl 
chains coming out of it and their long molecular axes along the substrate normal. These {001} plane d 
spacing values are the same as the one from the unit cell of the raw materials, and thus their known 
crystal structures. This orientation also allows for efficient charge carrier pathways parallel to the 
substrate surface which is in good agreement with the OFET results. 

 

Morphology study 

The crystal growth for 1A and 2B has been characterized from the crystal structures, determined by 
Briseno et al [3] and Isawa et al [4] respectively, using the Morphology module of the Materials 
Studio package [5] (using the COMPASS force field [6). The attachment energy (Eatt) method 
developed by Hartmann [7] has been used to determine the relative importance of the different 
crystallographic faces in the crystal morphology: faces with higher Eatt in absolute value grow faster 
and have then less importance in the final crystal shape (see tables S1 and S2). 
 

Table S1: Attachment energies and corresponding percentage in total facet area of the most dominant 
faces in the crystal shape of PDI 2B 
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hkl dhkl (Å) Eatt (kJ/mol) % total facet area 

{  0  0  1} 19.66 -33.22 73.59 

{  0  1  0} 8.42 -161.08 5.09 

{  1  0  0} 4.64 -282.00 1.89 

{  1  1  0} 4.29 -240.71 6.89 

{  0  1  2} 6.62 -137.40 3.81 

{  0  1  1} 7.93 -156.73 0.43 

{  0  2  1} 4.17 -161.13 0.02 

{  1  0 -2} 4.16 -263.09 0.59 

 

Table S2: Attachment energies and corresponding percentage in total facet area of the most dominant 
faces in the crystal shape of BTBT 1A 

hkl dhkl (Å) Eatt (kJ/mol) % total facet area 

{  0  0  1} 29.15 -25.60 81.11 

{  0  1  1} 7.61 -179.12 8.95 

{  1  1  1} 4.65 -265.48 9.95 
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Figure S7: Pictures of calculated morphology for PDI-2B(left) and BTBT-1C(right) 

From the calculations, both compounds are expected to have a plate like crystal morphology. It was 
clearly observed for the 1A crystal on AFM images, however the 2B crystals exhibited a needle-like 
morphology, implying that the morphology grown using SVA treatment did not produce in this case 
the kinetically expected morphology. 

 
Output characteristics before and after SVA 

 
Figure S8: Output characteristics of a mixed BTBT/PDI OFET before (left) and after (right) SVA in 
THF. Before SVA the measured current is at the detection limit (hence the fluctuations) while the 
ambipolar characteristics are clearly observed after SVA 
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