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Synthesis of NDI-2

NDI-2 was synthesized according to the synthetic method described in ref. 1 or by a modified procedure 

(Scheme 1). Compound I was synthesized according to ref. 2.

Scheme 1. Modified procedure for the synthesis of NDI2

N,N'-di(2-(3,4,5-trioctyloxybenzamido))eth-1-yl naphthalene-1,4,5,8 tetracarboxylic acid bisimide 

(NDI2) : compound I (250 mg, 370 µmol) was mixed with a solution of HCl in dioxane (1 M, 10 mL) and 

the mixture was stirred for 3 hrs. The solution was evaporated under vacuum and the solid residue mixed 

with 1,4,5,8-naphthalenetetracarboxylic dianhydride (50.6 mg, 188 µmol), Zn(OAc)2 (130.2 mg, 470 

µmol) and imidazole (2 g) in a sealed tube. The mixture was heated at 140 °C for 12 hrs, cooled at 25 °C, 

dissolved in CHCl3 (200 mL), washed with aqueous HCl (1 M, 4 x 100 mL) and with brine (3 x 100 mL). 

The organic layer was dried (MgSO4) and the solvent evaporated under vacuum. The solid residue was 

dissolved in CHCl3 and precipitated in MeOH. The solid was purified by chromatography (SiO2, 

CHCl3/MeOH: 98.5/1.5) to afford pure NDI2 as a yellow solid (yield 55%). 1H NMR (400 MHz, CDCl3): 

δ [ppm] 8.63 (4H, s, naphthalene H), 6.81 (4H, s, phenyl H), 6.68 (2H, t, J = 5.1 Hz, NH), 4.45 (4H, m, 

CH2N(CO)2), 3.89 (12H, m, OCH2), 3.76 (4H, q, J = 5.3 Hz, CH2NHCO), 1.72 (8H, p, J = 7.39 Hz, 

mOCH2CH2), 1.63 (4H, m, pOCH2CH2), 1.38 (12H, m, J = 7.7 Hz, OCH2CH2CH2), 1.30-1.18 (48H, m, 

(CH2)4CH3), 0.81 (18H, t, J = 6.83 Hz, CH3); 13C NMR (100 MHz, CDCl3): δ [ppm] 167.6, 163.4, 153, 

141, 131.1, 129, 126.9, 126.6, 105.4, 73.5, 69.2, 40.2, 39.8, 31.9, 31.8, 30.3, 29.5, 29.4, 29.3, 26.1, 26.0, 

22.7, 14.1.

Anal. Found : C,72.61; H, 9.38; N, 3.91. Calcd for C80H120N4O6 : C, 72.25; H, 9.10; N, 4.21.
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Table S1. Structures formed (sol, precipitate, gel) in various solvents.

Solvent Structure formed in solution

Toluene

Chloroform

1,2-dichlorobenzene

Dichloromethane

Benzene

Acetone

Methanol

Ethanol

Tetrachloroethane

Cyclohexane

Decaline

Methylcyclohexane

o-xylene

p-xylene

trans-decaline

Tetrachloroethylene

Sol

Sol

Sol

Sol

Precipitate

Precipitate

Precipitate

Precipitate

Gel

Gel

Gel

Gel

Gel

Gel

Gel

Gel

Table S2. Summary of phase transition temperatures and associated enthalpies determined from the DSC 
scans in Figure 3 for different Tmax temperatures. 

DSC scan - 
(Tmax)

Transitions (phases, temperatures and enthalpies)

Heating Cooling

a) 250°C II (Hex.) – (177°C, -30kJ/mol) – III 

(Lam.) – (210°C, 72 kJ/mol) - Iso

Iso – (187°C, -39kJ/mol) – II (Hex.)

b) 210°C IV (Cr.) – (99°C 24kJ/mol) – III (Lam.) 

– (210°C, 72kJ/mol) - Iso

Iso – (198°C, -62 kJ/mol) – III (Lam.) – 

(93°C, -28kJ/mol) – IV (Cr.)

c) 180°C IV (Cr.) – (99°C 24kJ/mol) – III (Lam.) III (Lam.) – (91°C, -28kJ/mol) – IV (Cr.)
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Figure S1. Morphology of a form IV thin film of NDI2 oriented on PTFE. a) Bright field, b) diffraction 
pattern and c) diffraction pattern obtained for a 10° tilt around the b* axis. The asterisk points at the 100 
reflection of the PTFE substrate.
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Figure S2. In situ TEM experiment showing the evolution of the electron diffraction (ED) pattern of form 
IV (crystalline form) as a function of temperature upon heating and upon cooling back to room 
temperature. The two diffractograms at the bottom correspond to the calculated ED patterns [100] zone 
for the crystalline form (red) and for the same structure without taking into account the alkyl side chains 
(violet).

5



Figure S3. (a) HRTEM image showing columnar arrangements of NDI2 in form II. The inset represents 
the FFT of the HRTEM image.  (b)– (e) Evolution of the (210) peak intensity with tilt angle after rotating 
a thin film of form II (hex. col. phase) in the TEM along the c axis (PTFE chain direction). (f) The section 
profile of the (210) peak as a function of tilt angle indicates maximum intensity for a tilt angle close to 
30°, indicating that the unit cell is trigonal. 
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Cif file of crystalline form IV of NDI2.

#######################################################################
#
#                 Cambridge Crystallographic Data Centre
#                                CCDC 
#
#######################################################################
data_NDI2

_symmetry_cell_setting           monoclinic
_symmetry_space_group_name_H-M   'P 21/c'
_symmetry_Int_Tables_number      14
loop_
_symmetry_equiv_pos_site_id
_symmetry_equiv_pos_as_xyz

1 x,y,z

2 -x,1/2+y,1/2-z

3 -x,-y,-z

4 x,1/2-y,1/2+z

_cell_length_a                   24.2858

_cell_length_b                   16.1704

_cell_length_c                   9.8778

_cell_angle_alpha                90

_cell_angle_beta                 97.14

_cell_angle_gamma                90

_cell_volume                     3849.04

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

C1 C 0.513268 0.0609752 0.803871
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C2 C 0.529066 0.0196654 0.68052

C3 C 0.492344 0.0200365 0.558394

C4 C 0.440256 0.0581305 0.551864

C5 C 0.42331 0.0998732 0.672868

C6 C 0.579862 -0.0178102 0.684295

H6 H 0.604804 -0.01713 0.766427

C7 C 0.404579 0.0570174 0.431676

H7 H 0.369285 0.0829906 0.427493

C8 C 0.444146 0.13939 0.914162

H8A H 0.468584 0.120528 0.99609

H8B H 0.405678 0.123187 0.925385

C9 C 0.447321 0.232708 0.905286

H9A H 0.42421 0.251074 0.821113

H9B H 0.431402 0.257011 0.983846

C10 C 0.536815 0.279707 1.01894

C11 C 0.592062 0.316379 1.00731

C12 C 0.603238 0.357936 0.889471

H12 H 0.57531 0.362574 0.813461

C13 C 0.654872 0.392134 0.883758

C14 C 0.695974 0.386692 0.996396

C15 C 0.684504 0.345073 1.11169

C16 C 0.632911 0.310689 1.11822

H16 H 0.625407 0.282984 1.19872

C17 C 0.637948 0.422312 0.64328

H17A H 0.608007 0.464179 0.6342

H17B H 0.620885 0.366717 0.634812

C18 C 0.675478 0.434804 0.535234

H18A H 0.654775 0.4199 0.445756
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H18B H 0.707081 0.396092 0.552782

C19 C 0.698113 0.521072 0.525235

H19A H 0.718394 0.537027 0.614509

H19B H 0.6669 0.560218 0.504013

C20 C 0.737084 0.528184 0.415556

H20A H 0.769476 0.492007 0.441369

H20B H 0.717499 0.506973 0.328629

C21 C 0.758031 0.6147 0.390865

H21A H 0.774312 0.638694 0.479221

H21B H 0.787889 0.610989 0.331486

C22 C 0.713077 0.672212 0.325058

H22A H 0.695907 0.699422 0.399232

H22B H 0.684086 0.637581 0.273636

C23 C 0.728594 0.739989 0.228745

H23A H 0.74928 0.71581 0.158142

H23B H 0.69459 0.766396 0.182424

C24 C 0.762405 0.800779 0.306285

H24A H 0.74229 0.822918 0.378418

H24B H 0.771012 0.845799 0.245987

H24C H 0.79698 0.774991 0.347606

C25 C 0.756945 0.500788 0.997824

H25A H 0.743888 0.521814 1.08251

H25B H 0.735508 0.528679 0.919059

C26 C 0.816774 0.518599 0.999456

H26A H 0.8289 0.494481 0.915896

H26B H 0.821313 0.579203 0.993947

C27 C 0.854777 0.48842 1.1176
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H27A H 0.844288 0.516125 1.20014

H27B H 0.847706 0.42862 1.1276

C28 C 0.914987 0.499304 1.11781

H28A H 0.926084 0.463189 1.04486

H28B H 0.920775 0.557002 1.08893

C29 C 0.953505 0.484895 1.23555

H29A H 0.947675 0.427198 1.2636

H29B H 0.941908 0.520578 1.30839

C30 C 1.01348 0.495779 1.24004

H30A H 1.02519 0.457314 1.17117

H30B H 1.01889 0.552302 1.20524

C31 C 1.0524 0.486812 1.35676

H31A H 1.0468 0.430413 1.39185

H31B H 1.0408 0.525587 1.42542

C32 C 1.11259 0.497078 1.36145

H32A H 1.12817 0.448718 1.32023

H32B H 1.12929 0.50252 1.45654

H32C H 1.1204 0.546922 1.31064

C33 C 0.726929 0.277295 1.31574

H33A H 0.720997 0.222689 1.27085

H33B H 0.696288 0.287375 1.37104

C34 C 0.782229 0.279027 1.40542

H34A H 0.788398 0.335426 1.44358

H34B H 0.780691 0.2405 1.48255

C35 C 0.830905 0.255713 1.33135

H35A H 0.832495 0.293868 1.25361

H35B H 0.825204 0.199128 1.29431

C36 C 0.886004 0.25899 1.42358
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H36A H 0.890104 0.3144 1.46643

H36B H 0.885207 0.217928 1.49745

C37 C 0.936147 0.242293 1.35084

H37A H 0.936677 0.282675 1.27575

H37B H 0.932675 0.186389 1.30982

C38 C 0.990536 0.247673 1.44368

H38A H 0.992109 0.301413 1.49194

H38B H 0.991298 0.203519 1.51337

C39 C 1.0415 0.239572 1.37175

H39A H 1.04077 0.283479 1.30176

H39B H 1.04029 0.185585 1.32421

C40 C 1.0959 0.245694 1.46715

H40A H 1.0979 0.299496 1.51337

H40B H 1.12727 0.24019 1.4142

H40C H 1.09749 0.201416 1.5353

N1 N 0.460711 0.0975851 0.792954

N2 N 0.503022 0.264432 0.904265

O1 O 0.544116 0.0624594 0.911611

O2 O 0.379015 0.135246 0.673072

O3 O 0.522009 0.265854 1.1326

O4 O 0.671628 0.430661 0.772855

O5 O 0.749028 0.414273 0.987825

O6 O 0.72843 0.341239 1.21504

H2N H 0.517294 0.264989 0.819991

C1 C 0.486724 -0.0609752 0.196096

C2 C 0.470931 -0.0196654 0.319549

C3 C 0.507648 -0.0200365 0.441573
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C4 C 0.559736 -0.0581305 0.448103

C5 C 0.576682 -0.0998732 0.327099

C6 C 0.42013 0.0178102 0.315672

H6 H 0.395192 0.01713 0.233642

C7 C 0.595413 -0.0570174 0.56829

H7 H 0.630706 -0.0829906 0.572473

C8 C 0.555846 -0.13939 0.0858047

H8A H 0.531407 -0.120528 0.00387703

H8B H 0.594314 -0.123187 0.0745817

C9 C 0.552671 -0.232708 0.0946811

H9A H 0.575781 -0.251074 0.178853

H9B H 0.568595 -0.257011 0.0162223

C10 C 0.463182 -0.279707 -0.018875

C11 C 0.40793 -0.316379 -0.00734594

C12 C 0.396754 -0.357936 0.110495

H12 H 0.424681 -0.362574 0.186505

C13 C 0.345078 -0.392134 0.116209

C14 C 0.304018 -0.386692 0.00357095

C15 C 0.315447 -0.345073 -0.11172

C16 C 0.367081 -0.310689 -0.118249

H16 H 0.374585 -0.282984 -0.198749

C17 C 0.362044 -0.422312 0.356686

H17A H 0.391985 -0.464179 0.365767

H17B H 0.379107 -0.366717 0.365155

C18 C 0.324519 -0.434804 0.464835

H18A H 0.345216 -0.4199 0.554211

H18B H 0.29291 -0.396092 0.447184

C19 C 0.301884 -0.521072 0.474834
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H19A H 0.281598 -0.537027 0.385458

H19B H 0.333091 -0.560218 0.495953

C20 C 0.262908 -0.528184 0.584411

H20A H 0.230516 -0.492007 0.558598

H20B H 0.282498 -0.506973 0.67144

C21 C 0.241961 -0.6147 0.609101

H21A H 0.225685 -0.638694 0.520848

H21B H 0.212102 -0.610989 0.668481

C22 C 0.286914 -0.672212 0.674909

H22A H 0.30409 -0.699422 0.600837

H22B H 0.315911 -0.637581 0.726432

C23 C 0.271403 -0.739989 0.771324

H23A H 0.250717 -0.71581 0.841927

H23B H 0.305407 -0.766396 0.817644

C24 C 0.237587 -0.800779 0.693682

H24A H 0.257701 -0.822918 0.621548

H24B H 0.22898 -0.845799 0.75398

H24C H 0.203012 -0.774991 0.652361

C25 C 0.243052 -0.500788 0.00224459

H25A H 0.256104 -0.521814 -0.0825398

H25B H 0.264484 -0.528679 0.0809074

C26 C 0.183218 -0.518599 0.000510135

H26A H 0.171092 -0.494481 0.0840702

H26B H 0.178684 -0.579203 0.00612162

C27 C 0.145215 -0.48842 -0.117637

H27A H 0.155709 -0.516125 -0.200075

H27B H 0.152286 -0.42862 -0.127636
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C28 C 0.0850049 -0.499304 -0.117841

H28A H 0.0739078 -0.463189 -0.0448919

H28B H 0.0792217 -0.557002 -0.0888655

C29 C 0.046487 -0.484895 -0.23558

H29A H 0.0523166 -0.427198 -0.263638

H29B H 0.0580833 -0.520578 -0.308428

C30 C -0.013481 -0.495779 -0.239968

H30A H -0.0252012 -0.457314 -0.171201

H30B H -0.0188881 -0.552302 -0.205176

C31 C -0.0524055 -0.486812 -0.356788

H31A H -0.046808 -0.430413 -0.391886

H31B H -0.0407986 -0.525587 -0.425351

C32 C -0.11259 -0.497078 -0.36138

H32A H -0.128213 -0.448718 -0.320161

H32B H -0.129293 -0.50252 -0.456469

H32C H -0.120399 -0.546922 -0.31057

C33 C 0.273068 -0.277295 -0.315672

H33A H 0.278995 -0.222689 -0.270882

H33B H 0.303709 -0.287375 -0.37097

C34 C 0.217767 -0.279027 -0.405353

H34A H 0.211594 -0.335426 -0.443613

H34B H 0.219301 -0.2405 -0.482588

C35 C 0.169087 -0.255713 -0.331384

H35A H 0.167497 -0.293868 -0.253639

H35B H 0.174787 -0.199128 -0.294348

C36 C 0.113987 -0.25899 -0.423616

H36A H 0.109892 -0.3144 -0.466365

H36B H 0.114785 -0.217928 -0.497484
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C37 C 0.0638502 -0.242293 -0.350769

H37A H 0.0633201 -0.282675 -0.275677

H37B H 0.0673221 -0.186389 -0.309754

C38 C 0.00945548 -0.247673 -0.443715

H38A H 0.00788749 -0.301413 -0.491872

H38B H 0.00869409 -0.203519 -0.5134

C39 C -0.0415103 -0.239572 -0.371786

H39A H -0.0408158 -0.283479 -0.301796

H39B H -0.0403027 -0.185585 -0.324242

C40 C -0.0959052 -0.245694 -0.467182

H40A H -0.0979106 -0.299496 -0.5134

H40B H -0.127283 -0.24019 -0.41423

H40C H -0.0974952 -0.201416 -0.535336
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