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Abstract — In this paper, we prepared new type of hydrophilic block copolymers that exhibit the long-ranged lateral
ordering in thin film. It was previously demonstrated that poly(ethyleneoxide-b-styrene) and poly(ethyleneoxide-b-meth-
arylate-b-styrene) block copolymer thin films have a high degree of lateral ordering after solvent annealing process. In
these cases, the relative humidity plays an important role in long-ranged lateral ordering. However, the origin of the
humidity effect on the orders of these hydrophilic block copolymers is not fully understood. To investigate the effect of
the humidity further, we prepared other hydrophilic poly(V, N-dimethylacrylamide-b-styrene)(PDMA-5-PS) block copol-
ymers via RAFT polymerization. As with PEO-containing block copolymers, PDMA-5-PS block copolymers exhibit the
long-ranged lateral ordering after solvent annealing process.
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Fig. 1. Ordering mechanism of PEO-based block copolymer thin
film.
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Fig. 2. Schematic of synthesis of PDMA-b-PS block copolymer.
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Fig. 3. Schematic illustration of the solvent annealing chamber.
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Fig. 4. GPC traces of PDMA homopolymer and PDMA-5-PS block
copolymer.
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Fig. 5. H-NMR spectrum of PDMA-5-PS block copolymer.

Fig. 6. SFM height and phase images for PDMA-b-PS thin film after
annealing for 12h in benzene vapor with high humidity (~90%).
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Fig. 7. SFM height and phase images for PDMA-5-PS thin film after
annealing for 12h in benzene vapor with relative low humidity
(below 70%).
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Fig. 8. GISAXS data of 2 wt% of PS-6-PDMA block copolymer
thin film (incidence angle 0.18°, exposure time 20 sec) (a) 2D
image of GISAXs (b) 1D graph of GISAXS.

4. E 9

PEO ©]2]9] b2 3154 B2 0 % PDMAS ©3lo] PDMA-b-PS
E% .311?51-;(]]3 ?51-}\—] ].och;]. RAFT Zzﬂ-\:}j% 0]%3]'0:1 PDMA-b-
PS E5 358 w4 9 Al R2E a9H 0 Ao 4
At A EF FEHA S ool 23t ofdw A
Bl theatolz=e] | A4S EA8I8ITE PEO 71N 55 35
Al vk oE 32 UH?M%OM FEE S ool B A

FLob =& AtiF ol ] wEHE F481%1=H], PEO 7|

0 15 FERIS] 5o} oA POMA ARIE] TriRl] v
& FEeAE Vsl SR she W e g el
A g §7) WETEE BHSHE e B 5 Yok ol F
SREZIEEER xw; B S ol FR 2
A& dallert ok 2 EZ9F poly(N-isopropylacrylamide)

(PNIPAAm) poly dlmethylammoethylmathacrylate(PDMEAMA), poly
oo XTI 55 3T ks o] &
73 Bl ol d® 7S Fal oA et A
AUs AOF KA, tekst T2 55 353419 vhiAle]=
RS S8l o] Eofelld &80l 7Iehet

1. Bang, J., Jeong, U., Ryu, D. Y., Russell, T. P. and Hawker, C. J.,
“Block Copolymer Nanolithography: Translation of Molecular Level

Korean Chem. Eng. Res., Vol. 49, No. 3, June, 2011



A

356

Control to Nanoscale Patterns; Advanced Materials, 21(47), 4769-
4792(2009).

.Mansky, P, Liu, Y., Huang, E., Russell, T. P. and Hawker, C.,
“Controlling Polymer-Surface Interactions with Random Copol-
ymer Brushes) Science, 275(5305), 1458-1460(1997).

. Huang, E., Pruzinsky, S., Russell, T. P., Mays, J. and Hawker, C.
J., “Neutrality Conditions for Block Copolymer Systems on Ran-
dom Copolymer Brush Surfaces, Macromolecules, 32(16), 5299-
5303(1999).

.Ryu, D. Y., Shin, K., Drockenmuller, E., Hawker, C. J. and Rus-
sell, T. P., “A Generalized Approach to the Modification of Solid
Surfaces) Science, 308(5719), 236-239(2005).

. Segalman, R. A., Yokoyama, H. and Kramer, E. J., “Graphoepitaxy
of Spherical Domain Block Copolymer Films] Advanced Mate-
rials, 13(15), 1152-1155(2001).

. Kim, S. O, Solak, H. H., Stoykovich, M. P,, Ferrier, N. J., de Pablo, J.
J. and Nealey, P. F., “Epitaxial Self-assembly of Block Copoly-
mers on Lithographically Defined Nanopatterned Substrates.’
Nature, 424(6947), 411-414(2003).

. Morkved, T. L., Lu, M., Urbas, A. M., Ehrichs, E. E., Jaeger, H.
M., Mansky, P. and Russell, T. P, “Local Control of Micro-
domain Orientation in Diblock Copolymer Thin Films with Elec-
tric Fields) Science, 273(5277), 931-933(1996).

. Mansky, P, DeRouchey, J., Russell, T. P., Mays, J., Pitsikalis, M.,
Morkved, T. and Jaeger, H., “Large-Area Domain Alignment in
Block Copolymer Thin Films Using Electric Fields} Macromol-
ecules, 31(13), 4399-4401(1998).

. Wang, J.-Y., Xu, T., Leiston-Belanger, J. M., Gupta, S. and Rus-

sell, T. P., “lon Complexation: A Route to Enhanced Block Copol-

ymer Alignment with Electric Fields} Physical Review Letters,

96(12), 128301(2006).

Kim, G. and Libera, M., “Morphological Development in Sol-

vent-Cast Polystyrene Polybutadiene Polystyrene (SBS) Triblock

Copolymer Thin Films, Macromolecules, 31(8), 2569-2577(1998).

W

W

10.

Korean Chem. Eng. Res., Vol. 49, No. 3, June, 2011

pdje)

AN

: Ho%é}‘

11. Kim, G. and Libera, M., “Kinetic Constraints on the Develop-
ment of Surface Microstructure in SBS Thin Films) Macromol-
ecules, 31(8), 2670-2672(1998).

12. Kim, S. H., Misner, M. J. and Russell, T. P., “Solvent-Induced
Ordering in Thin Film Diblock Copolymer/Homopolymer Mix-
tures, Advanced Materials, 16(23-24), 2119-2123(2004).

13. Kim, S. H., Misner, M. J., Xu, T., Kimura, M. and Russell, T. P.,
“Highly Oriented and Ordered Arrays from Block Copolymers via
Solvent Evaporation, Advanced Materials, 16(3), 226-231(2004).

14. Bang, J., Kim, S. H., Drockenmuller, E., Misner, M. J., Russell,
T. P. and Hawker, C. J., “Defect-Free Nanoporous Thin Films from
ABC Triblock Copolymers,’ Journal of the American Chemical
Society, 128(23), 7622-7629(2006).

15. Kim, S. H., Misner, M. J., Yang, L., Gang, O., Ocko, B. M. and
Russell, T. P., “Salt Complexation in Block Copolymer Thin Films,
Macromolecules, 39(24), 8473-8479(20006).

16. Park, S. C., Kim, B. J., Hawker, C. J., Kramer, E. J., Bang, J. and
Ha, J. S., “Controlled Ordering of Block Copolymer Thin Films
by the Addition of Hydrophilic Nanoparticles, Macromolecules,
40(22), 8119-8124(2007).

17. Park, S. C., Jung, H., Fukukawa, K.-I., Campos, L. M., Lee, K.,
Shin, K., Hawker, C. J., Ha, J. S. and Bang, J., “Highly Ordered
Nanoporous Thin Films by Blending of PSt-b-PMMA Block
Copolymers and PEO Additives as Structure Directing Agents,
Journal of Polymer Science Part A: Polymer Chemistry, 46(24),
8041-8048(2008).

18. Bang, J., Kim, B. J., Stein, G. E., Russell, T. P., Li, X., Wang, J.,
Kramer, E. J. and Hawker, C. J., “Effect of Humidity on the Order-
ing of PEO-Based Copolymer Thin Films, Macromolecules, 40(19),
7019-7025(2007).

19. Srinivasarao, M., Collings, D., Philips, A. and Patel, S., “Three-
Dimensionally Ordered Array of Air Bubbles in a Polymer Film}’
Science, 292(5514), 79-83(2001).



