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In this study, the fundamental behavior of microdomains in block copolymer/nanoparticle composite thin films was examined.
In this experiment, polystyrene-b-poly(2-vinylpyridine) block copolymer and CdSe nanoparticles having a noncentrosymmetric
property were employed. Composite hybrid thin films were produced by a spin coating method, and changes in the internal
structure of composite thin films were monitored mainly by transmission electron microscopy. In summary, nanoparticles re-
sided inside the thin film relatively intact, however, the block copolymer microdomains rotated parallel to the electric field
direction. This study will be very helpful for future research activities regarding behaviors of heterogeneous composite materi-
als under external fields.
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Figure 1. Schematic diagram of experimental apparatus for application
of electric field.
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Figure 2. TEM image of PS-b-P2VP/CdSe nanoparticle thin film
supporting homogeneous dispersion of nanoparticles.
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Figure 3. Cross-sectional TEM image of PS-b-P2VP/CdSe nanoparticle
thin film thermally annealed at 170 C for 48 h.
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Figure 4. Cross-sectional TEM image of PS-b-P2VP/CdSe nanoparticle
thin film exposed to an electric field of 5 V/um at 170 C for 12 h.
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Figure 5. Cross-sectional TEM image of PS-5-P2VP/CdSe nanoparticle
thin film exposed to an electric field of 5 V/um at 170 C for 24 h.
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Figure 6. Cross-sectional TEM image of PS-b-P2VP/CdSe nanoparticle
thin film exposed to an electric field of 10 V/um at 170 C for 12 h.

s Jdyjgld 998 22T F7](iodine vapor)= E"‘;&.J/\]

Figure 20149} niR7 A= {171 EE‘

lom, o] EE g P &

Ark 53], FEgxl F3 @dold wid

== B & Utk

Figure 6914+ & A5-2] a4 w2

7 @—o] uLul—oﬂ ]‘]14_ oit‘fL 27}.;(] znqoﬂ/q I

. vtato] 7)ol EASHAl HH, WA £§-9) geky
E_
]

Q1 Ml
sk F

o~
T
o

§2 L fo b o

ek 1O o
o 4y

) SHA] J-

2 e =

]
o

Figure

4
o A
o}

E
32 30

2

9] interface®l] F71782] Tull(gradient)”} /o] H} ©
]

e

1, H7)17go] Fosk= E(electrostatic force)©] A Al
siA EHo] ERMsA = A WA A1) &H, A
2o] o] wX|= e MR uhe U] v ]\_
AstA Ak 5T EAY A v vATEr} ﬂ7]ﬂ°l
W= Ao w defA Slvk sl walA, flelx etk A7)l
S FF 27 A=E st 28ARE 2 AellHe =2 A
| BhEke] U 3| miXE ke IS AL, A7 2AF
o A =g do] sk ke AR Al Ar)E AT
sto] Ak |2 sIgleh &, 710l Ul F2elvt Y& HAE
= A28 A71E dste] vt 2AKIR Sith

Figure 4= PS-h-P2VP/CdSe Hmloﬂ 170 ColA 12 h %<+ 5 Vium
719 A7 Ak & G Bk n A ARE HolFal ¢l
th ol& URHARl BEEFFEA] A okt dolsith A &
Z333A 9] v AT F(microdomain) 52 Ak 7] WO 2 uf
et} o] A71ge| &3k Er1usk Aol vl Jt=FAuLt
o|E YA A9 FTAFARE AU Q7] Wizl wjEke] Tl
AtE)o] Al do] £ oY(phase mixing) YERRE o] itk o]

=)

F

Z}Fo

[e

3k

it

{0




FERAR=SIA 2R W o v

= wol® -l xpe] EXAo| et Qdgko g whksl 4= oluh 18]l
3 A, & FE/87] A(film/air interface)| Y FE/71E A
(film/substrate interface) <*]°l = vAPell= A7) 2371 AA
WERA] ok itk

oA o] AlzHlel| tisfA] thekst WE WHSAIA Bots wf ofu
gk Aso] vehbeA e 2 vt vk A7)e 23E e
Zlo] & Are] Exo|ug, e A& datal A7 AL
AlZHE W3tAIA Ehet i “fLZ-J HelE e BU)E itk 7]
A AREE ¥R STMIEE W UERbe rlalde] wskE
Figure 51 A|A| O]-Oﬂ‘q- Flgure 4 H] Ae w, FEHR Ak YE
U] ko, & A A B AEe] Aol TR ThEA
eh b 9SS QJQ —’F ATt 71 AW TPtele s B
FEA L] mATE W3} ido] HAN Y ik dRkdoR AW
9] v F2E ]“E o 1 A g wdel| gJsjix] Aol ulg- ZA|
HAY A== Aol =, olF FEE e Wil Z‘”V&f
olgk= A& 4”]6}‘:} sk A 27‘101] e FEEA mATE
A7V ko7 wigkel=t] 7hed Fel Sle mlAlTERRED o ‘3@}—
& AUAI7E e E =T, olE 5"%47? AL 7FssitheE s Ko

¢

o

ol WA A/ ANF FAAAG A 2AF AR
AT A3, 9= AR AN 2%

| Z T AR F o
T e WgE 4o Aojgke As AT itk webA,
Figure 60 A717%2] 715 2812 F7HA7] H$ dojvbe= AT

L}E}‘ﬂ AREAR) 7 AL AT Figure 4 2 594 T2 7]
W ZAollA mA TR WE W &3 avr)t & o FeeA Uet
U= 2 o 5 9tk olF B8 A7) anks thaie} AAE e
7 deold 5 Q= S Bt
4. & =
Ao, BEFEIARIAR ofEolal T4 uieto] £
27} A7) stelA] Agshs Fde nEEth Bde
B2yEshbegale o] Folxl vkt disiA d713ke] A7)9) A
ZAIRES WsAA A U] u T RE Fabd i)
Ak @wi FEFA wAlTRE A7) B
3 A% v T2 AEREE dAS W
. za% A7 ZA} 1 to] LoluALt #7)3ke] Al717k E7h
R K e B S e e ) mﬂ ~7}f&u} 513, oz )
Aol A 9] WAz wjE 2 e % o] FelHgli=
g, ol vj$ BEd faow mu}.

IMAF-28] A7) stellAe] As 293
z AL
o] A= sYAR e AT Ao E FHEAFUTH2016'd).

10.

12.

References

. 1. Hamley, Nanostructure fabrication using block copolymers,
Nanotechnology, 14, R39-R54 (2003).

. H. Xiang, Y. Lin, and T. P. Russell, Electrically induced pattern-
ing in block copolymer films, Macromolecules, 37, 5358-5363
(2004).

. J. Bae, E. Glogowski, S. Gupta, W. Chen, T. Emrick, and T. P.
Russell, Effect of nanoparticles on the electrohydrodynamic in-
stabilities of polymer/nanoparticle thin films, Macromolecules, 41,
2722-2726 (2008).

. 14. J. Bae, Electrohydrodynamic instabilities of polymer thin films:
Filler effect, J. Ind. Eng. Chem., 18, 378-382 (2012).

. Y. Lin, A. Boker, J. He, K. Sill, H. Xiang, C. Abetz, X. Li, J.
Wang, T. Emrick, S. Long, Q. Wang, A. balazs, and T. P. Russell,
Self-directed self-assembly of nanoparticle/copolymer mixtures,
Nature, 434, 55-59 (2005).

. B. J. Kim, G. H. Fredrickson, and E. J. Kramer, Effect of polymer
ligand molecular weight on polymer-coated nanoparticle location
in block copolymers, Macromolecules, 41, 436-443 (2008).

. J. Y. Cheng, C. A. Ross, V. Z. H. Chan, E. L. Thomas, R. G. H.
Lammertink, and G. J. Vansco, Formation of a cobalt magnetic dot
array via block copolymer lithography, Adv. Mater., 13, 1174-1178
(2003).

. J. J. Chiu, B. J. Kim, E. J. Kramer, and D. J. Pine, Control of
nanoparticle location in block copolymers, J. Am. Chem. Soc., 127,
5036-5037 (2005).

. J. Bae and S. H. Cha, Effect of nanoparticle surface functionality

on microdomain orientation in block copolymer thin films under

electric field, Polymer, 55, 2014-2020 (2014).

J. Bae, S. J. Park, O. S. Kwon, and J. Jang, The effect of nano-

particle on microdomain alignment in block copolymer thin films

under an electric field, J. Mater. Sci., 49, 4323-4331 (2014).

. S. Gupta, Q. Zhang, T. Emrick, and T. P. Russell, “Self-corralling”

nanorods under an applied electric field, Nano Lett., 6, 2066-2069

(2006).

J. Bae, Electrohydrodynamic instability at surface of block copoly-

mer/titania nanorods thin film, Appl. Chem. Eng., 27, 205-209

(2016).

Appl. Chem. Eng., Vol. 28, No. 3, 2017



