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 Lattice defects of naphtacene single crystals obtained by the physical vapor transport technique were 
investigated by white-beam X-ray topography, which revealed line patterns along the crystallographic 
[110] direction as dislocation lines. The estimated dislocation density indicates that the crystals are of 
superior quality.
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1. Introduction

 Organic devices have a high potential for sub-nanoscale applications in next-generation flexible 

electronics.1–14 The use of the physical vapor transport (PVT) technique to obtain organic single crystals 

has been increasing15–29, and such crystals have been focused on for their applications in various types 

of device, such as solar cells, field-effect transistors, and light-emitting diodes.30–35 There are high 

expectations that the high crystallographic periodicity and ideal electronic structures of these crystals 

can be retained because most impurities can be excluded during the physical vapor growth process. 

Naphtacene, a chainlike aromatic molecule composed of four benzene rings, is a promising material for 

many device applications; however, only a few scientific evaluation studies of naphtacene crystal defects 

have been performed thus far. X-ray topography is a powerful method of characterizing crystal quality, 

because various types of dislocation in Laue spots can be observed directly as topographic images. Crystal 

quality is reduced by the included impurities, strain, the disorder of periodicity, and other factors. For the 

precise control of electronic characteristics, high-quality single crystals with perfect and ideal periodicity 
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are required. Thus, it is extremely important to investigate and determine suitable conditions for obtaining 

high-quality organic single crystals. In this paper, the quality of naphtacene single crystals obtained by the 

PVT technique (PVT-naphtacene single crystals) is discussed on the basis of the results of a morphological 

investigation and white-beam X-ray topography.

2. Experimental Procedure

 The naphtacene single crystals investigated in this study were obtained by the PVT technique. Fig. 

1 shows a schematic of our handmade growth furnace, which was composed of a reaction tube, a growth 

tube, a source boat, a resistance wire, and a band heater. The lengths of the reaction and growth tubes were 

500 and 250 mm, and the diameters were 30 and 25 mm, respectively. Tubes of 5 mm diameter were set 

along both ends of the reaction tube to enable the flow in and out of a carrier gas that circulates evaporated 

source materials by forced convection. The reaction tube was surrounded by a resistance wire at equal 

intervals for maintaining the desired temperature in the furnace. A band heater was placed at the same 

location as the source boat to generate a temperature gradient. To obtain PVT-naphtacene single crystals, 

the growth temperature was varied between 220 and 400 °C. Helium gas was employed as the carrier gas 

and its flow rate was fixed at 50 ml・min−1. After the crystal growth by the PVT technique, the growth 

tube including the PVT-naphtacene single crystals was removed from the furnace. The crystal morphology 

was investigated by several types of optical microscopy technique. For crystallographic characterization 

based on the Laue method, the white-beam X-ray topography apparatus at SPring-8, Japan Synchrotron 

Radiation Research Institute (JASRI), BL28B2 beamline was employed. The apparatus was arranged in 

accordance with the forward reflection Laue method. The available X-rays had a wide energy band with 

an energy higher than 5 keV. The critical energy of the X-rays was 28.9 keV. To reduce the damage to 

the crystals caused by X-ray irradiation, a water filter unit of 5 mm path length was attached. The crystal 

quality was sufficiently high for conducting white-beam X-ray topography more than ten times. The 

camera length was set at 120 mm. The slit dimensions were set at 5×5 mm2, and the X-ray irradiation 

time was varied from 10 to 30 s. Specimens were set with the plane with the largest width normal to 

the incident X-ray beams, which is the [001] direction. The normal direction corresponds to the [001] 

direction. To determine the crystallographic indices, specific programs, namely, the Laue Pattern Digitize 

& Laue Analysis & Result Display Program and the Laue Pattern & StereoGraphic Projection Display 

Program, which were originally produced for our study by Norm Engineering Co. Ltd., were employed. 

Diffractometry was also performed to precisely investigate the quality of PVT-naphtacene single crystals.
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Fig. 1 Schematic of growth furnace for obtaining naphtacene single crystals by PVT technique.
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3. Results and Discussion

 As shown in Fig. 2, the typical morphology of a PVT-

naphtacene single crystal is plateletlike with a large-width 

hexagonal plane, which is surrounded by very thin lateral planes. 

The width of a plateletlike crytal is ca. 10 mm and the thickness 

is only ca. 500 nm. Many plateletlike crystals possessed planes 

with larger widths of 20–30 mm. The crystallographic index of 

the hexagonal plane with a large width was characterized to be 

the (001) plane by diffractometry, as described in our previous 

report25. The narrow lateral planes were formed by {100} and 

{110} planes.

 Fig. 3(a) shows a Laue pattern of a PVT-naphtacene single 

crystal. Many Laue spots with high intensity can be recognized in the pattern. The large black shadow at the 

bottom of Fig. 3(a) corresponds to the direct-beam stopper of the X-ray apparatus. The spot arrangement 

perfectly agrees with that of the basal (001) pattern for naphtacene with a triclinic system: a =7.90 Å, 

b =6.03 Å, c =15.53 Å, α=100.3, β =113.2, and γ =86.336. The configuration of Laue spots indicates the 

crystal morphology and suggests that the crystal we obtained includes little strain and possesses long-

range coherent periodic structures, because even the Laue spots with high indices such as 623 and 432 

spots indicate that the crystal configuration is still maintained with little elongation. As described in our 

previous report25, large PVT-naphtacene single crystals are of excellent quality; however, the small PVT-

naphtacene single crystals are of inferior quality. It appears that the small PVT-naphtacene single crystals 

cannot grow further because of the inclusion of strain. Figs. 3(b) and (c) show enlarged topographs of the 

324 and 230 reflections, respectively, which were recorded with the incident white beam parallel to the 
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Fig. 2  Typical morphology of 
naphtacene single crystal 
obtained by PVT technique.
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[001] direction. Both topographs substantially reflect the crystal configuration. As observed in Fig.3 (b), 

several line patterns with dark contrast are nearly parallel to the [110] direction, which are indicated by 

two black arrows. This experimental result excellently agrees with the report of Pflaum et al. indicating 

that the formation of side edges of grooves occurs along the [110] direction37; they, however, obtained 

their naphtacene crystals by the solution technique. On the basis of the theory of the invisible criterion 

for the dislocation contrast, the dislocations in images are assumed to be invisible at g•b=0. Here, g is the 

diffraction vector and b is the Burgers vector. When assuming that the origin of a line pattern is a screw 

dislocation, line patterns should be invisible or visible with weak contrast in Fig. 3(b); on the other hand, 

when assuming that the origin of a line pattern is an edge dislocation, line patterns should be invisible or 

visible with weak contrast in Fig. 3(c). Actually, the line patterns are visible, when they are normal to the 

diffraction vector of g324, as seen in Fig. 3(b); however, the line patterns are invisible when they are parallel 

to the diffraction vector of g230, as seen in Fig. 3(c). Thus, the line patterns seen in Fig. 3(b) are possibly 

the dislocation lines formed owing to the edge dislocation. The expected orientation of the Burgers vector 

of the edge dislocation is in the [320] or [001] direction. Thus, this result indicates that crystallographic 

slip planes form easily along the [320] or [001] direction. Electronic carriers can possibly overcome the 

energy barrier against the slip planes. Moreover, the dislocation density was estimated to be ca. 1.0×103 

cm-2. Koizumi et al. described that organic crystals with ordered dislocation densities of 102–103 cm-2 are 

of high quality38; hence, we consider that our PVT- naphtacene single crystals investigated in this study 

are of high quality.
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Fig. 3  (a) Laue pattern of naphtacene single crystal grown by PVT technique. The incident X-ray beam was 
parallel to the [001] direction. (b) and (c) show enlarged topographs of the 324 and 230 reflections, 
respectively.

4. Conclusion

 Lattice defects of PVT-naphtacene single crystals were investigated by white-beam X-ray topography. 
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The dislocation lines observed parallel to the crystallographic [110] direction originated from edge 

dislocations, as confirmed on the basis of the theory of the invisible criterion for the dislocation contrast. 

The estimated dislocation density indicates that the crystals are of superior quality.
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