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ABSTRACT: Three conjugated pigment molecules with fused hydrogen-bonds, BDP 

(3,7-diphenylpyrrolo[2,3-f]indole-2,6(1H,5H)-dione), IIDG ((E)-6,6'-dibromo-[3,3'- 

biindolinylidene]-2,2'-dione), and TDPP (3,6-di(thiophen-2-yl)-2,5-dihydropyrrolo- 

[3,4-c]pyrrole-1,4-dione), were studied in this work. The insoluble pigment molecules 

were functionalized with tert-butoxylcarbonyl (t-Boc) groups to form soluble pigment 

precursors (BDP-Boc, IIDG-Boc and TDPP-Boc) with latent hydrogen bonding. The 

single crystals of soluble pigment precursors were obtained. Upon a simple thermal 

annealing, the t-Boc groups were removed and the soluble pigment precursor molecules 

with latent hydrogen bonding were converted into the original pigment molecules with 

fused hydrogen bonding. Structural analysis indicated that the highly crystalline soluble 

precursors were directly converted to highly crystalline insoluble pigments, which are 

usually only achievable by gas phase routes like physical vapor transport. The distinct 
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crystal structure after thermal annealing treatment suggests that fused hydrogen 

bonding is pivotal for the rearrangement of molecules to form new crystal in solid state, 

which leads to over two orders of magnitude enhancement in charge mobility in organic 

field effect transistor devices. This work demonstrated that crystalline OFET devices 

with insoluble pigment molecules can be fabricated by their soluble precursors. The 

results indicated that a variety of commercially available conjugated pigments could be 

potential active materials for high performance OFET. 

Keywords: Hydrogen Bonding, Pigment, Crystal, Organic Field Effect Transistors, 

Latent Hydrogen Bonding 

1. INTRODUCTION 

The materials for the organic field effect transistors have been developed rapidly 

in the past two decades.1 Among those materials, π-conjugated small molecules and 

polymers are the two most representative groups. However, although small molecules 

and polymers share certain similarities such as the conjugated structures and π-π 

stacking between molecules, the charge transport in those two types of organic 

semiconductors is distinctly different.2-3 In small-molecule organic semiconductors, the 

charge carriers need to be frequently transferred between individual molecules, 

therefore the molecular packing and crystal size are crucial for efficient charge 

transport. Small molecules that form perfect, thin crystals, such as rubrene4-5 and 

pentacene6-8 single crystals grown from vapor phase deposition, exhibited the highest 

mobility in the order of 40 cm2/v·s. The charge transport in π-conjugated polymers is 

much more complicate as the polymers are usually semicrystalline, whereas, the charge 
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carriers need to travel across both crystalline and amorphous regions. Therefore, charge 

mobility is not only governed by the crystallinity of the polymer film, but also 

determined by the connections between crystalline aggregates.2 Recent development of 

high mobility π-conjugated polymers9-16 has demonstrated similar performance to 

small-molecule single crystal OFET devices. Interestingly, many high performance 

polymers have very different chemical structure from high performance small 

molecules. For example, two very successful repeat units in polymers, the pigment 

molecules isoindigo and diketopyrrolopyrrole, have lactam groups surmounting their 

aromatic ring. These polar groups generate strong molecular dipoles and were avoided 

in the early design of small-molecule semiconductors because the initial ideas regarding 

organic semiconductor materials sought to maximize π-conjugation. 17-18 Compared 

with acenes and thienoacenes, small molecule semiconductive pigments have not been 

widely investigated, although their corresponding polymers with mobility over 10 

cm2/v·s were reported by different groups.11, 13-14, 19-22 Most small-molecule OFET 

studies using pigment like molecules are based on oligomers23-24 or modified 

pigments25-33, where the assembly of the molecules is governed by pendant groups 

rather than hydrogen bonding and the π-stacking interplay of the original pigments. 

Nevertheless, a few recent reports using pigments as small-molecule OFET materials 

exhibited the potentiality of this class of materials. The small-molecule OFET using 

diketopyrrolopyrrole pigment was firstly reported by Yanagisawa and coworkers.34 The 

OFET devices prepared by both vacuum sublimation and spin-coating soluble 

precursors exhibited mobility in the range of 10-5 cm2/v·s. The vacuum deposition 
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method was improved in a recent report and the mobility achieved the range of 0.01-

0.06 cm2/v·s.35 Considering the simplicity of this molecule, the improvement of  

mobility is quite impressive. An oligomer DPP pigment OFET exhibited a similar 

performance (~ 6 ×10-3 cm2/v·s).36 Isoindigo and its derivative pigment based OFET 

have been reported by T. Mori and co-workers; the OFET devices were prepared by 

vacuum deposition method which exhibited ambipolar properties with mobility 

between 7.2 × 10-3 cm2/v·s and 0.037 cm2/v·s.37 A similar pigment, indigo, has been 

reported recently38-40 and exhibited the ambipolar charge transport behavior with 

mobility up to 0.01 cm2/v·s. Furthermore, the indigo derivative, epindolidione, has been 

reported to reach hole mobility of 1.5 cm2/v·s after optimizing the dielectric materials 

in the devices.41 Most reports on hydrogen bonded pigment molecules34-36, 38-40, 42 

studied the thin film, where the materials are in amorphous or highly disordered 

polycrystalline states. The research of crystalline pigment OFET device is very limited, 

possibly due to insolubility nature of most pigment molecules. Here in this report, three 

pigment molecules (BDP, IIDG and TDPP, Figure 1) were investigated in crystalline 

pigment OFET devices. These molecules and their derivative were widely used in 

coating industry and can be potentially low-cost active materials for organic electronics. 

The research is focused on the pigment molecules with fused hydrogen bonding 

(hydrogen bonding donor and acceptor units are within the π-conjugated structure) due 

to the following two reasons/assumptions: first, strong hydrogen bonding and π-

stacking results in high crystal lattice energies, which are essential for the thermal- and 

photo-stability of many commercial organic pigments, allowing them to survive over 
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years under ambient conditions.43-44 Thus the utilization of commercial pigments may 

be desired for organic electronics in the context of stability and cost. Second, the 

interplay of hydrogen bonding and π-stacking is well-known strategy for pigment 

crystal engineering to achieve the desired optical and mechanical properties.45-46 These 

crystal engineering capabilities provided by the fused hydrogen bonding40, 42, 47 may be 

important for small-molecule OFET device. 

 

Figure 1. Structures of soluble pigment precursors (top row) and insoluble pigment 

(bottom row) 

The commercial pigments with fused hydrogen bonding are typically insoluble 

due to the high crystal lattice energy, which prevents the growth of large pigment 

crystals in solution for OFET devices. In this method, a labile group (t-Boc) was 

introduced to block the hydrogen bonding formation. The pigments with t-Boc group 

are soluble in organic solvents and can be converted back to the hydrogen bonded 

pigment by thermal annealing. This "latent hydrogen bonding" was firstly reported on 

diketopyrrolopyrrole pigments.48 It was recently used in several conjugated polymers 

to form latent hydrogen bonding based polymers.49-51 As the crystallinity is pivotal for 

small molecule OFET devices, a crystal-to-crystal transition method was developed in 
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this work to fabricate crystalline pigment OFET devices. The single crystals of soluble 

pigment precursors were obtained by slow evaporation, upon a simple thermal 

annealing procedure, the solubilizing groups were removed and the soluble pigment 

precursors with latent hydrogen bonding were converted into the original pigment 

molecules with fused hydrogen bonding. Structure analysis indicated that the highly 

crystalline soluble pigments were directly converted to highly crystalline insoluble 

pigment during this process. The crystalline pigment OFET devices were then 

fabricated and measured. 

2. RESULTS AND DISCUSSION 

2.1 Synthesis and Conversion of Pigments and Soluble Precursors  

The pigment molecules, BDP, IIDG and TDPP (Figure 1) were synthesized based 

on the previous reports (see supporting information, SI).52-58 They all contain lactam 

units that can form intermolecular hydrogen bonding pairs (N–H···O=C, Figure S1). 

These strong intermolecular hydrogen bonding pairs render the small molecules 

insoluble in most solvents as well as contribute a high thermal- and photo- stability. The 

synthesis of t-Boc substituted precursors is described in the SI, following from the 

previous research.48-51 After thermal annealing, the soluble precursors are converted to 

pigment with fused hydrogen bonding. (Figure S2) To validate the formation of 

pigments with fused hydrogen bonding after the decarboxylation of the t-Boc units, 

TGA, NMR and FTIR experiments were conducted. Figure 2 shows the results of BDP. 

TDPP and IIDG results are included in the SI. As shown in Figure 2a, the deprotection 

of t-Boc group from BDP-Boc starts between 140 oC and 180 oC, depending on the 
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heating rate (1 oC/min to 50 oC/min). The weight loss is around 37.1 %, which matches 

well with weight percentage of t-Boc units in BDP-Boc (37.3 %). Similar TGA results 

were observed for TDPP-Boc and IIDG-Boc (Figure S3). The detailed deprotection 

process of t-Boc groups was followed by 1H-NMR spectra. The results of BDP-Boc are 

shown in Figure 2b. In this experiment, the BDP-Boc samples were isothermally 

annealed at 140 oC for different periods of time and then dissolved in DMSO-d6 for 1H-

NMR spectra. As shown in Figure 2b, the single peak chemical shift at 1.52 ppm (t-

Boc methyl) decreases, splits into two smaller peaks (after heated for 1 h), and 

eventually disappears (after 48 h). Meanwhile new peaks (N-H) emerge at 10.21 and 

10.49 ppm (1-10 h), and finally at 10.21 ppm (48 h). The NMR spectrum of the original 

BDP pigment exhibits the same signals as the NMR spectrum of BDP-Boc after thermal 

annealing for 48 hours. These observations are consistent with TGA results and the 

intermediate states (with multiple peaks for N-H) can be ascribed as the mixture of BDP 

pigments and monosubstituted BDP-Boc. 1H-NMR spectra of IIDG-Boc to IIDG 

transition are shown in Figure S4. 1H-NMR spectra of TDPP-Boc to TDPP transition 

are not available because TDPP is completely insoluble.  

To further verify the formation of hydrogen-bonding, kinetic FTIR experiments 

were conducted during the annealing process of soluble pigment precursors. Figure 2c 

shows the results of BDP. The TDPP and IIDG results are shown in Figures S5 and S6, 

respectively. As shown in Figure 2c, the kinetic FTIR data clearly indicate that strong 

hydrogen bonding-associated materials are formed in the solid state after  annealing 

based on the following observations: i) the absorption peak at 1780 cm-1 (C=O 
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stretching of t-Boc group, yellow band) disappears after annealing; ii) a broad band 

absorption of 2600-3400 cm-1 emerges (green band), which is attributed to the 

hydrogen-bonded N-H stretching vibration; iii) the emerged peak of 1610 cm-1 which 

also indicates the formation of N-H (N-H bending) iv) the amide I band (C=O stretching, 

1681 cm-1, red band) and amide II band (N-H bending, 1610 cm-1 and C-N stretching, 

1580 cm-1, blue band) which confirms the formation of an amide with a secondary 

amine; and v) the shift of the carbonyl stretching (from 1730 cm–1 to 1681 cm–1 after 

annealing) is resultant of the change of the isolated carbonyl group on BDP into 

hydrogen bonded carbonyl group (N-H···O=C). The kinetic FTIR results agree very 

well with reported hydrogen bonding based systems.59-63 Similar FTIR results were 

observed in TDPP and IIDG (Figure S5 and S6). 

 

Figure 2. (a) TGA spectra of BDP-Boc with different heating rate indicated. (b) 1H-

NMR spectra of BDP-Boc isothermally annealed at 140 oC for 1h, 10h and 48 h, BDP-
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Boc and BDP (solvent: DMSO-d6). (c) Kinetic FTIR spectra of BDP-Boc during 

thermal annealing process. 

2.2 Crystal-to-Crystal Transition in Solid State 

Highly crystalline materials are pivotal for small-molecule OFETs. In the initial 

tests, the uniform thin films of soluble pigment precursors were prepared on the surface 

of silicon wafer by spin-coating. The film was annealed at 200 oC and the optical and 

SEM images, before and after annealing, were collected in Figures S7-S9. It is clear 

from the polarized optical images and subsequent SEM images that microcrystals are 

formed in this process. Those microcrystals are crystals of pigment molecules, as the 

temperature is high enough to eliminate the t-Boc units. Similar crystallization 

processes were reported previously for DPP oligomers,64 though the size of the crystals 

were in the range of a few hundreds of nanometers. DSC experiments were conducted 

for all three soluble pigment precursors (Figures S10-S12). In the first scan, an 

exothermal peak was observed between 150 oC and 210 oC, which can be attributed to 

the cleavage t-Boc unit. In the following cycles, there is no peak observed between 25 

oC and 270 oC, which is consistent with the high crystal lattice energy of hydrogen 

bonded pigment. Based on those observations, it is speculated that there was a 

crystallization process mostly driven by hydrogen bonding when the t-Boc group was 

being removed. This can be further explained as the following: when the t-Boc groups 

are removed, hydrogen bonding donor units (N-H) are generated. Before the donor units 

coordinate with the acceptor units (C=O) to form hydrogen bonding, the molecules are 

still mobile due to elevated temperature and relatively weak intermolecular interaction. 
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Therefore, the molecules may undergo a crystallization process to facilitate formation 

of hydrogen bonded crystals. Once the hydrogen bonded crystals were formed, the 

crystal lattice energy increased significantly, thus no melting process was observed in 

the same range of temperature.  

Based on the results in DSC and thin film samples, a possible crystal-to-crystal 

transition in solid state is sought during the t-Boc removal process. Slow evaporation 

method was then used to grow the soluble pigment precursor crystals. The crystal 

samples were heated at different temperatures and then observed under a polarized 

optical microscope. Conventional optical images and the polarized optical images were 

recorded. Figure 3a shows a cluster of TDPP-Boc crystals (formed by slow evaporation 

of drop-casted TDPP-Boc solution on silicon wafer) and a large single IIDG-Boc crystal 

(formed by slow evaporation of IIDG-Boc dichloromethane/ethanol mixture) during 

this transition. Additional images are shown in Figures S13-S16. It can be seen in the 

optical images that the color of the crystal, as well as the roughness of the crystal surface, 

were changed during annealing. Despite those changes, the shape of the crystals 

remained intact throughout the annealing treatment. The drop-casting method provides 

the crystals with a size over a few hundreds of micrometers (Figure 3a, Figure S13 

and Figure S14) on the surface of a silicon wafer, which is large enough to fabricate a 

crystalline OFET device. The single crystal (Figure 3a, Figure S15 and Figure S16) 

grown from dichloromethane/ethanol mixture reached a size over 1 millimeter, which 

allows X-ray diffraction experiments.  The 1D XRD spectra of three soluble pigment 

precursors were collected and compared in Figure 3b to 3d. It is clear that the crystal 
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structures were changed after thermal annealing in this case. All XRD spectra have 

sharp peaks, indicating a crystal-to-crystal transition in solid state. To further 

understand the structure of the crystal after annealing, crystals of insoluble pigments 

(BDP, TDPP and IIDG) were grown by physical vapor transport (PVT) technique.65 

The 1D XRD spectra of PVT crystals are shown in Figure 3b to 3d as well (blue curves). 

The XRD patterns of PVT crystals match very well with the XRD patterns of annealed 

soluble pigment precursors. Figure 3e shows the XRD spectra of TDPP-Boc samples 

annealed under different temperatures. The XRD spectra have sharp peaks under 

different temperatures, indicating a direct crystal-to-crystal transition in solid state. 

Such a transition process is similar as topochemical and topotactic reactions.66 However, 

topochemical and topotactic reactions typically involve the formation of covalent 

linking. In this work, the new intermolecular interaction (hydrogen bonding) is formed. 

These results confirm that the crystalline soluble pigment precursors are converted to 

crystalline hydrogen bonded pigments during the t-Boc elimination process. 
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Figure 3. (a) Conventional optical images (first row) and polarized optical images 

(second row) of TDPP-Boc crystal clusters obtained through drop-casting/slow 

evaporation method. The images show the crystal-to-crystal transition during the 

annealing process. The third row (conventional optical images) and the fourth row 

(polarized optical images) is the crystal transition process of a IIDG-Boc crystal grown 

from dichloromethane/ethanol mixture. (b to d) 1D XRD spectra of BDP, IIDG and 

TDPP derivatives as indicated. black line: soluble precursor crystal prepared by slow 

evaporation in solution; red line: soluble precursor crystal after thermal annealing 

(converted insoluble pigment crystal); blue line: insoluble pigment crystal prepared by 

physical vapor transport technique. (e) 1D XRD spectra of TDPP-Boc at different 
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annealing conditions. The TDPP-Boc samples was annealed under different 

temperatures for a period of time (as indicated). The 1D XRD spectrum of TDPP 

crystal grown by PVT method is listed in the figure for comparison.   

The transition from soluble pigment precursor crystal to hydrogen bonded pigment 

crystal is accompanied with a drastic change on optical properties. All hydrogen bonded 

pigments exhibited a red-shift on UV/Vis absorption spectra as compared to their 

soluble precursors (Figures S17-S19). The bathochromic shift can be attributed to the 

removal of the t-Boc group and the formation of the hydrogen bonding, resulting in 

molecules with better coplanarity and tighter packing. The single crystal structures of 

IIDG-Boc67 and IIDG (PVT) are shown in Figure 4. The IIDG-Boc crystal is 

orthorhombic with space group of Pca21, 67 while the IIDG crystal is triclinic with space 

group of P1. In the IIDG-Boc crystal, the center chromophore is twisted and the 

dihedral angle of the two twisted oxindole rings is 25.5 o (Figure 4a). In the IIDG 

crystal, the dihedral angle is only 13.3 o (Figure 4d). This indicates that the original 

pigment, IIDG, has a better coplanar structure. The π-π stacking distances in IIDG-Boc 

and IIDG crystals are similar (IIDG-Boc: 3.38 Å, IIDG: 3.30 Å, Figure 4b and 4e, 

respectively); however, hydrogen bonding exists only in in the IIDG crystal. As 

illustrated in Figure 4f, the adjacent IIDG molecules are connected by a pair of 

hydrogen bonds (N-H···O=C). The lengths of the two hydrogen bonds are slightly 

different, with the stronger one having N-O distance of 2.80 Å, H-O distance of 1.93 Å, 

N-H-O angle of 170 o and the slightly weaker one having N-O distance of 2.85 Å, H-O 

distance of 1.99 Å, N-H-O angle of 163 o. Although both hydrogen bonds are not linear, 
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the connected two oxindole rings are within the same plane. The existence of hydrogen 

bonding leads to a completely different molecule packing in IIDG crystal. As shown in 

Figure 4g, the IIDG molecules form brick-wall packing with hydrogen bonding 

connecting adjacent IIDG molecules as a layered structure (the torsion angle of adjacent 

C-N······C-N is close to 0o). The π-π stacking direction is perpendicular to the hydrogen 

bonded plane. In contrast, the packing of IIDG-Boc (Figure 4c) is mainly governed by 

Van der Waals forces and π-π stacking, resulting in a herringbone structure. The π-π 

stacking distance in IIDG-Boc is slightly larger than that of IIDG and the distance 

between the adjacent molecules is significantly larger than the hydrogen bonded IIDG.  

 

Figure 4. Single crystal structure of IIDG-Boc and IIDG (a, d) the dihedral angles of 

two oxindole rings in IIDG-Boc and IIDG. (b, e) The π-π stacking distance for IIDG-

Boc and IIDG crystals. (c) The herringbone packed IIDG-Boc crystal (viewing from 

the c axis). (f) The detailed hydrogen bonded structure in IIDG. A pair of hydrogen 

bonds are formed between the adjacent IIDG molecules. The length and the angle of 

the hydrogen bonds are illustrated in the figure. The two oxindole rings connected by 

the hydrogen bonding are in the same plane. (g) The brick-wall packed IIDG crystal 



15 

 

(viewing from the c axis). 

2.3 OFET Devices 

Although the soluble precursor lost ~ 30% weight during the annealing process, the 

crystal-to-crystal transition reserved the morphology of the crystal samples. The crystal 

samples were examined under SEM to evaluate the change of the crystal sizes. Figure 

5 show the SEM images of the crystals before and after annealing. The densities of 

IIDG-Boc and IIDG are 1.566 g/cm3 and 1.692 g/cm3, respectively. Based on the 

molecular weights of IIDG-Boc and IIDG, the volume of the crystal shrinks to 0.6268 

if the original size is unit. Assuming the size change of the crystal is isotropic (the size 

on the three crystal directions changes in the same ratio), the area of the crystal will 

shrink to 73.2% of its original size. As shown in the SEM images in Figures 5a and 

5d, the area of the crystal is integrated and the shrinkage of the crystal area is 77.7%. 

The difference between the calculated value and measured result can be explained as 

the anisotropic change of crystal size. Similar crystal shrinkage was observed in TDPP 

and BDP crystals (Figures 5b, 5e and 5c, 5f) and the area of the crystal shrink to 79.5% 

and 80.7% for TDPP and BDP, respectively. The shrinkage of the entire crystal, instead 

of exploding the original crystal, can be attributed to the recrystallization process 

appeared during the decarboxylation. Such a crystal-to-crystal transition in solid state 

allows the fabrication of crystalline OFETs of insoluble pigments from their soluble 

precursor crystal.   
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Figure 5. SEM images of IIDG-Boc, TDPP-Boc, BDP-Boc crystals before (a, b and c) 

and after (d, e and f) thermal annealing. The crystal area changes during the thermal 

annealing are from 2213.5 µm2 to 1718.8 µm2 for IIDG-Boc (area change: 77.7 %), 

from 2597.1 µm2 to 2065.7 µm2 for TDPP-Boc (area change: 79.5 %), from 5000.4 

µm2 to 4036.9 µm2 for BDP-Boc (area change: 80.7 %), respectively. The 

representative length and width changes of the crystal size are indicated in the figures.  

In order to fabricate the OFET device, the same method to generate thin crystals 

on silicon wafers in Figure 3a was used. The crystals of soluble precursors (BDP-Boc, 

IIDG-Boc and TDPP-Boc) were directly grown on the silicon wafer with pre-patterned 

source and drain electrodes. The details of device fabrication are described in SI. 

Figures 6a, 6c and 6b, 6d are optical images of TDPP-Boc device under conventional 

mode and polarized mode, respectively. The device was then annealed to convert the 

TDPP-Boc crystal to a TDPP crystal. The optical images of converted TDPP crystals 

are shown in Figures 6e-6h. It is very clear that the crystal is shining under polarized 
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microscope throughout the annealing treatment, suggesting highly crystalline pigment 

sample after decarboxylation. The same device was measured before and after thermal 

annealing to compare the charge transport properties of the precursors and pigments. 

Figures 6i-l show the results of TDPP-Boc and TDPP. The results of BDP and IIDG 

are shown in SI Figures S20-S21. The OFET characteristics of the compounds are 

summarized in Table S1. All three pigments and their soluble precursors showed p-type 

behavior. The hole mobility was enhanced from 2.6 ×10-3 cm2/v·s to 0.26 cm2/v·s for 

TDPP; 8.5 ×10-3 cm2/v·s to 0.14 cm2/v·s for IIDG; and from 1.8×10-3 cm2/v·s to 0.084 

cm2/v·s for BDP (Figure 6 i-l, Figure S20 i-l and Figure S21 i-l) Based on the structure 

information of IIDG, the significant enhancement of the hole mobility could be 

explained as the changing of solid state structure in such that: i) the dihedral angle of 

the two oxindole rings was significantly reduced from 25.5o to 13.3o after the t-Boc 

elimination, which enhanced the coplanarity of the molecules. ii) hydrogen-bonding 

emerged between the carbonyl group (C=O) and the amine group (N-H) of the 

neighboring IIDG molecules, resulting in a stronger intermolecular interactions and 

increased molecule core density from 1.566 g·cm-3 (IIDG-Boc) to 1.692 g·cm-3 (IIDG). 

iii) the π-π stacking was slightly changed from 3.38 Å to 3.30 Å after thermal annealing. 

All together, the hole mobility was enhanced nearly 100 fold after the crystal-to-crystal 

transition for TDPP, 47 fold for BDP, and 16 fold for IIDG. Compared with other 

similar work of hydrogen bonded small molecules, the reported OFETs performance in 

this work is among the highest (Table S2). 
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Figure 6. OFET characteristics of TDPP-Boc. (a, c) Conventional optical images of 

TDPP-Boc device. (b, d) Polarized optical images of TDPP-Boc device. The width of 

the crystal is 6.90 μm. (e, g) Conventional optical images of annealed device. (f, h) 

Polarized optical image of annealed device. The width of the crystal is 6.65 μm. (i) The 

output characteristics of TDPP-Boc device. (j) The transfer characteristics of TDPP-

Boc device. (k) The output characteristics of annealed device measured at VD = -40 V 

(l) The transfer characteristics of annealed device measured at VD = -40 V. 

3. CONCLUSION 

In summary, three small molecules BDP, IIDG and TDPP with fused hydrogen-

bonds are investigated. The t-Boc substituted soluble precursors can be decarboxylated 

and will subsequently form the original insoluble pigments with fused hydrogen 

bonding. A solid state crystal-to-crystal transition was observed during the 
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decarboxylation process. The crystal structures of the annealed precursors are same as 

that of pigments crystal grown by PVT method. The uniqueness of this crystal-to-

crystal transition is that it only happens during the t-Boc elimination process, given the 

fact that the pigment crystal has high crystal lattice energy and can not be melted once 

formed (under the temperature range of DSC experiments conducted). The size of the 

pigment crystal depends on the initial states of the precursor: a uniform thin precursor 

film generates microcrystals while a large single crystal precursor results in a large 

pigment crystal. The formation of the hydrogen bonding in the pigment crystal is 

confirmed by both kinetic FTIR and single crystal X-Ray data. This crystal transition 

also leads to a dramatic change in optical and electronic properties. Hydrogen bonded 

pigments exhibited bathochromic shift on UV/Vis spectra and 1-2 orders of magnitude 

higher hole mobility, up to 0.26 cm2/v·s. Such an enhancement can be attributed to the 

better coplanar structure of the chromophore and more densely packed molecules from 

hydrogen bonding. More intriguingly, the fused hydrogen bond may be used for 

achieving desired molecule packing, as indicated in the IIDG crystal. This opens a new 

route to study a variety of conjugated pigments (such as DPP and IIDG) which, due to 

possessing a large dipole moment, were much less investigated than acenes and 

thienoacenes, even though their polymers have been proved to be excellent organic 

semiconductors. 
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