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A simple and highly effective method for fabricating 

patterned magnetic nanoparticles was developed. The 

procedure utilizes a UV irradiation-wet etching-calcination 

sequence starting with a magnetic nanoparticle embedded 

polymerizable diacetylene film. 

Superparamagnetic materials are intrinsically nonmagnetic but are 

magnetically activated in the presence of an external magnetic field. 

Functional magnetic nanoparticles (MNPs) have been extensively 

investigated in the context of applications in the areas of sensing, 

imaging, separation and purification.1-7 In addition, several approaches 

have been developed for fabrication of patterned magnetic 

nanoparticles, 8-10 including microcontact printing (µCP),11,12 capillary 

filling,13 photolithography,14,15 block copolymer lithography16 as well as 

site-selective deposition17 and dewetting.18 However, these methods 

suffer from one or more limitations associated with complicated 

fabrication procedures, the use of sophisticated and expensive 

instrumentation, poor resolution and thickness control difficulties. In 

the study described below, we have devised a simple and efficient 

approach for constructing patterned NMPs that relies on the use of 

polymerizable supramolecules. 

Lipid molecules containing a diacetylene (DA) unit tend to self- 

assemble to form well-ordered supramolecular structures. Irradiation of 

the DA lipid supramolecules with 254 nm UV light induces a 1,4-

addition polymerization process that generates polymerized DA 

supramolecules called polydiacetylenes (PDA).19-22 In general, PDAs 

are blue colored as a consequence of absorption wavelength maximum 

around 650 nm caused by the presence of an extensive array of 

overlapping p-orbitals. Interestingly, PDAs readily undergo a blue-to-

red color change upon various (bio)chemical (organic solvents, pH, 

ligand-receptor interaction, etc.) and physical (heat, mechanical strain) 

stimuli. 23-38  

 During recent studies aimed at the development of PDA-based 

smart materials,39-42 we explored an intriguing PDA based strategy for 

the fabrication of patterned magnetite nanoparticles (MNPs). As is 

depicted schematically in Fig. 1, photomasked UV irradiation of a thin 

DA film containing embedded MNPs should result in selective 

photopolymerization to yield PDAs in UV exposed areas. Since PDAs 

are insoluble in common organic solvents, incubation of the UV 

exposed film in organic solution is expected to remove DA in the 

unirradiated areas exclusively. Finally, calcination at high temperatures 

should remove all organic materials, leaving behind patterned MNPs. 

Fig. 1 Schematic representation of a new approach for the fabrication of 

patterned magnetic nanoparticles. 

In order to investigate the feasibility of the proposed polymerizable 

supramolecular approach for patterned MNP fabrication, a thin DA film 

was prepared by spin-coating a chloroform solution containing 10,12-

pentacosadiynoic acid [PCDA, CH3(CH2)11C≡C-C≡C(CH2)8COOH] (3 
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wt%) and MNP (3 wt%) (Fig. 2A). The diacetylenic lipid, PCDA, was 

selected for this purpose because it is commercially available and it is 

known to form self-assembled supramolecular lamellar structures 

readily. In addition, PCDA-derived supramolecules can be polymerized 

by irradiation with 254 nm UV light. Magnetite (Fe3O4) nanoparticles 

of ca. 20 nm diameter were prepared employing a known procedure43,44 

(Fig. S1, ESI†) and then coated with PCDA (see ESI†). Addition of a 

THF solution containing PCDA to the in-situ generated MNPs in water 

results in formation of PCDA-coated MNPs after washing with MeOH 

and re-dispersion in heptane. 

 

Fig. 2 (A-D) Optical microscopic images of a thin film containing PCDA (3 wt%) 

and magnetite nanoparticles (3 wt%) on a glass substrate as prepared (A), after 

254 nm UV irradiation for 20 min (B), after development in THF (C), and after 

calcination at 400 
o
C for 2 h (D). (E) SEM image of patterned magnetite 

nanoparticles. The scale bar in the inset of the figure is 100 nm. (F) AFM image 

and cross sectional profile of a magnetite film. 

Photomasked UV irradiation (254 nm, 12.5 mW/cm2) of the 

magnetite-containing PCDA film for 20 min results in the generation of 

blue-colored patterns on the solid substrate (Fig. 2B). The appearance 

of the easily recognized blue color is typical for PDA generation. 

Incubation of the blue patterned film in organic solvents (THF followed 

by acetone) causes removal of unpolymerized PCDA as well as MNPs 

embedded in the PCDA matrix in photomasked areas, leaving behind 

MNP-embedded PDA in photoirradiated areas of the glass slide In 

addition, a blue-to-red color transition of the patterned images occurs 

during the wet etching step (Fig. 2C) as a consequence of dissolution of 

unpolymerized residual DA monomers and partially polymerized 

oligomers in THF. These processes create voids in the PDA 

supramolecules resulting in partial distortion of the polymer backbone 

and disruption of conjugation. Polymer side chains are altered by 

rotation about carbon-carbon single bonds in the main backbone and 

this leads to shortening of the effective conjugation length. 

Calcination of the glass substrate results in generation of patterned, 

yellow-brown colored magnetite nanoparticles (Fig. 2D). It should be 

noted that a yellow-brown pattern is not produced when a PCDA film 

not containing embedded magnetite nanoparticles are subjected to the 

irradiation-etching-calcination process. This observation demonstrates 

that the patterned images are associated with magnetite (Fig. S2, ESI†). 

In addition, thermogravimetric (TG) (Fig. S3, ESI†) and energy 

dispersive X-ray (EDX) spectroscopic (Fig. S4, ESI†) analyses show 

that all carbon-containing substances are removed during the 

calcination step. 

The patterned magnetite nanoparticles were also analysed by using 

scanning electron microscopy (SEM) and atomic force microscopy 

(AFM) (Fig. 2E and 2F). The SEM image (Fig. 2E) shows that micron 

sized finely patterned magnetite nanoparticles are present. The bright 

areas in the SEM image represent magnetite nanoparticles obtained 

after calcination and the inset figure shows aggregated magnetite 

nanoparticles. Moreover, the AFM image and height profile displayed 

in Fig. 2F show that the magnetite nanoparticles are present only in UV 

exposed areas. The resolution of magnetite patterning is dependent on 

the resolution of the photomask used. Because of this limitation, the 

smallest nanoparticle patterns we were able to generate have sizes of ca. 

20 micron (Fig. S5, ESI†). 

UV-Vis spectroscopic monitoring of the magnetite patterning process 

confirms that blue-phase PDAs, which have a maximum absorption 

wavelength at 640, are generated by UV irradiation (Fig. S6, ESI†). In 

addition, this analysis demonstrates that a spectral shift to a shorter 

wavelength takes place after the wet-etching step. Furthermore, the 

absorption band associated with the PDA completely disappears upon 

calcination. 

One meritorious feature of newly developed strategy for MNP 

patterning is that the thickness of NMPs can be readily manipulated by 

varying the amount of NMPs. It is clear from viewing the height 

profiles displayed in Fig. 3 that the thickness of the magnetite 

nanoparticles obtained after calcination increases in a manner that is 

directly proportional to the amount of MNPs used. Specifically, the 

thickness of the magnetite nanoparticles are ca. 50 nm when 1 wt% of 

magnetite nanoparticles is employed while the use of 2 wt% leads to 

production of a 75 nm thickness and a maximum thickness of 105 nm is 

generated when 3 wt% magnetite nanoparticles is employed. 
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Fig. 3 (A-C) Height profiles of the magnetic nanoparticles derived from the use of  

1 wt% (A), 2 wt% (B), and 3 wt% (C) magnetite. The amount of PCDA used is fixed 

at 3 wt%. (D) Plot of height as a function of magnetite concentration. 

It should be noted that increases in the thickness of the nanoparticles 

results in the generation of more defects on the surfaces of the 

magnetite nanoparticles (Fig. S7, ESI†). 

The properties of MNPs fabricated by employing the new 

polymerizable supramolecular approach were monitored by using X-ray 

diffraction (XRD) spectroscopy (Fig. 4A). The XRD spectrum of a thin 

film of pure PCDA contains several distinct peaks below 24o (Fig. 4A, 

a) and the spectrum of a thin film comprised of both PCDA and 

magnetite nanoparticles contains peaks corresponding to both 

components (Fig. 4A, b). After calcination, the peaks associated with 

PCDA disappear leaving behind only those arising from magnetite 

nanoparticles (Fig. 4A, c), a conclusion that is confirmed by 

comparison with the XRD spectrum of independently prepared 

magnetite nanoparticles (Fig. 4A, d). Analysis of the hysteresis curve 

(Fig. 4B) of nanoparticles obtained from the sequential UV irradiation-

etching-calcination process shows that a typical magnetic response 

takes place, thus, confirming the effectiveness of the new strategy (see 

also Fig. S8, ESI† for hysteresis curves for pure magnetite 

nanoparticles and PCDA-coated magnetic nanoparticles). It should be 

noted that the superparamagnetic activity of the magnetic nanoparticles 

is slightly lower (ca. 10%) after calcination 

Fig. 4 (A) XRD patterns of PCDA (a), PCDA-MNP composite film (b), the PCDA-

MNP composite film obtained after calcination (c), and magnetite nanoparticles 

(d). (B) A hysteresis curve of magnetite nanoparticles obtained from a sequential 

UV irradiation-etching-calcination process of a PCDA-MNP composite film. 

In conclusion, in the effort described above we developed a 

straightforward polymerizable supramolecular method for the 

preparation of patterned MNPs. The new approach, which utilizes 

photomasked UV-irradiation of an MNP-embedded diacetylene film 

followed by employment of a sequential wet etching-calcination 

process, enables fabrication of finely patterned MNPs on a solid 

substrate. Moreover, because each step yields a distinct color 

corresponding to the PDA (blue and red) and MNP (yellow-brown), the 

patterning process can be readily monitored by using the naked eye. 

Finally, the thickness of the MNP film can be readily manipulated by 

controlling the amount of NMP employed. We believe that the new 

methodology will be applicable to the fabrication of other types of 

metallic nanoparticles and, as a result, it will serve as the foundation for 

new applications of PDA. 
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