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The nanoscale morphologies on a series of new anthraquinone substitutes have been carried out. Among the

substitutes, only bis[2-(1-anthraquinonoxy)-ethyl]ether in a mixture of dichloromethane/acetone (1/1) slowly

forms uniform nanowires with 80-120 nm diameters. The same compound in a mixture of dichloromethane/

tetrahydrofuran (1/1) slowly produces uniform nanobelts with 400-600 nm widths. Thus, both the spacer

lengths and the solvent effects of the compounds are important factors for the formation of nanoscale morpho-

logies. The nano patterns seem to be formed by the π−π interactions between the anthraquinone moieties.

Key Words : 1-Anthraquinone substitutes, Morphology, Nanobelts, Nanowires, π−π interaction

Introduction

One of main goals in the field of nanomaterials chemistry

is the control of shape and dimensionality.1-7 In particular,

the ability to modulate a morphology by means of chemical

triggers is of central importance in the recent development of

advanced functional nanomaterials.8-12 Unique morphologies

from molecular building blocks promise to provide size- and

shape-dependent materials with task-specific properties such

as photo-electronic devices, pigments, ion exchangers, desi-

cants, molecular recognizers, drug delivery system, biomi-

metics, and catalysts.13-16 Facile methods on the formation of

nano-/micro-morphology based on surface tension, capillary

effects, electric and magnetic forces, and hydrophilic inter-

actions have been developed and highly desired.17-21 The

low molecular weight organic compounds are interesting

since they are tractable nanomaterials.22,23 The noncovalent

weak forces such as hydrogen bondings, π−π stacking inter-

actions, and van der Waals interactions have been used to

form specific nanostructures.24-28 Among various organic

molecules, discotic molecules have been used as building

blocks in self-assembled cylindrical shaped fibers.29-31 The

intermolecular noncovalent interactions in some anthraqui-

none derivatives have been known to be important factors in

molecular bulk properties.32-34 However, their formation of

morphologies remains unexplored. Thus, in this paper, we

report the morphologic patterns of anthraquinone derivatives

dependent on solvents and time without intentional addition

of any template. Some quinone substitutes have served as

biological modulators, drugs35 as well as electronically

noninnocent ligands.36

Experimental

Materials. 1-Chloroanthraquinone was used after re-

crystallization from a mixture of dichloromethane and

hexane. Tetrahydrofuran (THF) was distilled under nitrogen

atmosphere from sodium and benzophenone. Other reagents

and solvents were used as received. 1H NMR spectra were

recorded on a Varian Gemini 300 instrument. Infrared spectra

were obtained in 5000-400 cm−1 range on a Perkin-Elmer

16F PC FT-IR spectrophotometer with samples prepared as

KBr pellets. Differential scanning calorimetry (DSC) and

thermogravimetric analysis (TGA) were performed by using

a Stanton Red Croft TG 100 with a scanning rate of 10 oC/

min. Scanning electron microscope (SEM) images were

obtained with a JEM 2011.

Synthesis of Bis[2-(1-anthraquinonoxy)ethyl]ether (1).37

A solution of the diethylene glycol (10 mmol) in dry THF

(10 mL) was added slowly to a suspension of sodium

hydride (1 g, 25 mmol; 60% oil dispersion was thoroughly

washed with dry THF) in THF (100 mL) under an argon

atmosphere, and the mixture was refluxed for 1 h. After the

mixture was cooled to room temperature, a solution of 1-

chloroanthraquinone (20 mmol) in THF (100 mL) was

added, and the mixture was refluxed for 48 h under an argon

atmosphere. The solvent was evaporated to afford a solid

residue. The residue was extracted with chloroform/water,

and the organic phase was successively washed with water

(3 × 100 mL). The solid product was dried over anhydrous

magnesium sulfate. The yellow solid was purified by

column chromatography on silica using dichloromethane/

methanol (30:1). Yield. 65%. 1H NMR (CDCl3, SiMe4,

ppm): 8.18 (m, 4H, Ar), 7.94 (dd, 2H, Ar), 7.68 (m, 4H, Ar),

7.60 (t, 2H, Ar), 7.38 (dd, 2H, Ar), 4.38 (t, 4H, -OCH2-),

4.21 (t, 4H, -OCH2-). 
13C NMR (CDCl3, SiMe4, ppm):

183.6, 182.3, 160.0, 135.9, 135.3, 135.1, 134.5, 133.5,

132.8, 127.4, 126.9, 122.2, 120.4, 120.1, 70.4, 70.1. IR

(KBr, cm−1): 2872 (m), 1680 (s), 1264 (m).

Bis[2-(1-anthraquinonoxy)ethoxy]ethane (2). This com-

pound was synthesized by above procedure using triethylene

glycol instead of diethylene glycol. Yield 54%. 1H NMR

(CDCl3, SiMe4, ppm): 8.19 (m, 4H, Ar), 7.92 (dd, 2H, Ar),

7.70 (m, 4H, Ar), 7.63 (t, 2H, Ar), 7.33 (dd, 2H, Ar), 4.33 (t,
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4H, -OCH2-), 4.06 (t, 4H, -OCH2-), 3.93 (s, 4H, -OCH2-).
13C NMR (CDCl3, SiMe4, ppm): 183.6, 182.3, 160.0, 135.9,

135.3, 135.1, 134.5, 133.5, 132.8, 127.4, 126.9, 122.2,

120.4, 120.1, 71.6, 69.9, 69.8. IR (KBr, cm−1): 2874 (m),

1671 (s), 1267 (m).

Bis[2-{2-(1-anthraquinonoxy)ethoxy]ethyl]ether (3).

This compound was synthesized by above procedure using

tetraethylene glycol instead of diethylene glycol. Yellow

solid was obtained in 42% yield. 1H NMR (CDCl3, SiMe4,

ppm): δ = 8.20 (m, 4H, Ar), 7.93 (dd, 2H, Ar), 7.70 (m, 4H,

Ar), 7.64 (t, 2H, Ar), 7.35 (dd, 2H, Ar), 4.31 (t, 4H, -OCH2-),

4.02 (t, 4H, -OCH2-), 3.86 (t, 4H, -OCH2-), 3.73 (t, 4H,

-OCH2-). 
13C NMR (CDCl3, SiMe4, ppm): 183.6, 182.2,

159.9, 135.8, 135.2, 135.0, 134.4, 133.3, 132.7, 127.3,

126.8, 122.2, 120.4, 120.2, 71.4, 70.9, 70.5, 69.7. IR (KBr,

cm−1): 2889 (m), 1664 (s), 1260 (m).

2-(1-Anthraquinonoxy)ethoxyethanol (1-OH). This

compound was synthesized by using 1-chloroanthraquinone

and diethylene glycol in the mole ratio of 1:1. Yellow solid

was obtained in 60% yield. 1H NMR (CDCl3, SiMe4, ppm):

8.28 (m, 2H, Ar), 8.01 (dd, 1H, Ar), 7.79-7.73 (m, 3H, Ar),

7.37 (dd, 1H, Ar), 4.35 (t, 2H, -OCH2-), 4.09 (t, 2H, -OCH2-),

3.88-3.82 (m, 4H, -OCH2-), 3.14 (m, 1H, -OH). 13C NMR

(CDCl3, SiMe4, ppm): 183.3, 182.9, 160.0, 136.1, 135.4,

135.1, 134.5, 13375, 132.9, 127.7, 127.0, 122.2, 120.6,

119.7, 72.9, 70.4, 70.1, 69.5. IR (KBr, cm−1): 3495 (br), 2880

(m), 1675 (s), 1264 (m).

Formation of Morphologies. Dichloromethane solution

(5 mM) of anthraquinone derivative 1 was prepared. Cosol-

vent of 1 mL was dropped carefully into the dichloro-

methane solution of 1 mL. The solutions were kept for 1-7

days. The morphologies were collected by the filtration

using a membrane (membrane filter, Advantec MFS Inc.) for

further characterization. The precipitation products were

carefully dried in vacuum at the room temperature.

Results and Discussion

Reactions of the corresponding glycols with 1-chloro-

anthaquinone smoothly produce the desired products as

depicted in Scheme 1. Their compositions and structures

were confirmed by chemical analysis, IR, 1H NMR, and 13C

NMR. The pure products were isolated from column

chromatography. The solid products are very soluble in N,N-

dimethylformamide, dimethylsulfoxide, chloroform, and

dichloromethane, but are insoluble in hexane and water. The

products are much less soluble in organic solvents such as

acetone, tetrahydrofuran, methanol, and ethanol than in

N,N-dimethylformamide, dimethylsulfoxide, chloroform,

and dichloromethane. All products are consistent with their

chemical analysis, and stable even in solutions.

The morphologies of the products were slowly formed

from a mixture of solvents, and observed by SEM images as

shown in Figure 1. The morphology pattern of each product

indicates that the organic spacer length is one of important

factors in the formation of morphologies. For 1, the

nanowires with 80-120 nm diameters were self-assembled

within 7 days in a mixture of dichloromethane/acetone (1/1).

The lengths of nanowires are infinitive. In order to confirm

the solvent effects in the formation of the morphology, 1 in a

mixture of dichloromethane/tetrahydrofuran (1/1) solution

has been accomplished. The compound 1 in the solvent pair

slowly gives uniform nanobelts with 400-600 nm width.

Thus, the difference as shown in the SEM images shows

significant solvent effects on the formation of morphology.

A combination of π−π interaction between intermolecular

anthraquinone moieties and delicate solvent effects may be a

driving force for the formation of the nano morphologiese.

The compounds 2 and 3 with long glycol spacers failed to

form such nanowires or nanobelts (Supporting Information).

Instead, for 2 and 3, irregular shapes were formed. These

results support that the flexibility of the long chain aliphatic

spacers is an obstacle to form the π−π interaction. Further-

more, mono substituted analogue, 1-OH afforded single

crystal instead of the nanowires. As expected, the mono

substitute is also unfavorable in the intermolecular π−π

interaction. These results support that the π−π interaction

play an important role in the formation of the nano

morphologies.

In order to confirm the formation mechanism of the

nanowires, the nanowires were immersed into the same

solution for 30 days. As a result, new wires begin to sprout at

the end of original nanowires as shown in Figure 2. The

nanowire lengths increase as the time goes in the same

solution. Of course, the diameter did not increase signifi-Scheme 1

Figure 1. Solvent-dependent SEM images of 1 in CH2Cl2/
acetone(1/1) (a: nanowires) and CH2Cl2/THF(1/1) (b: nanobelts).
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cantly. Such a result supports the plausible growing process

of the nanowires. That is, the lengths of nanowires grow via

the π−π stacking interaction between intermolecular anthra-

quinone-anthraquinone. For the analogues with long

aliphatic spacers (2, 3), the intermolecular π−π interaction

seems to be unfavorable owing to the pliable conformation

of the long chain.

The thermogravimetric analysis (TGA) shows that the

compounds are thermally stable up to 350 oC (Figure 4).

According to the differential scanning calorimetry (DSC)

curve, melting points are strongly dependent upon the

pliable chain lengths. 1 melts at 200 oC while 3 melts at 158
oC. The low melting point of the long chain compound

seems to be related to the flexibility of the long chain. This is

consistent with the low possibility of the intermolecular π−π

interaction. The explainable TGA and DSC curves support

that the nanowire is composed of pure compound rather than

composite. Remaining quantity (15 wt %) after 400 oC may

be attributed to the formation of black tar. 

In conclusion, the present results show that the bis-

(anthraquinone) derivatives are good tectonics for nanowires

or nanobelts presumably via the π−π stacking interaction

between intermolecular anthraquinone moieties. Uniform

nanowires are slowly formed in a mixture of organic

solvents without intentional addition of any template, that is,

a genuine self-assembly. Self-assembly of the nanomaterials

is dependent upon the solvents. Thus, further experiments on

the superstructure with hydrophilic surface will provide

more useful information on the formation of enormous nano

morphology that are useful to weaving materials, drug

delivery system, adsorber/desorber, and surface-reformer.
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