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Scheme 1 Schematic diagrams of the different setups used for solvent annealing: ( a) a sealed vessel and ( b) a

sealed vessel with glass tube to control deswelling rates
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Fig. 1 Representative AFM (a—d) and TEM (e —h) images of PS-5-P4VP thin film with film thickness of 35 nm after annealing in DMF
vapor at 60 C for0.5h(a e) 1 h(b f) 2h(c gh) and5 h (d) (The inset of Fig. 1( h) shows the FFT pattern of the image. )
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Fig. 2 Representative TEM images of PS-5P4VP thin films with film thickness of 35 nm after annealing in DMF vapor at 60 °C for 2 h
followed by different solvent removal rates: R,(a) R,(b) R.(¢) Ry(d) R.(e) and R/(f)
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Fig. 3 TEM images of nanorings formed at R and R,

The black arrows illuminate the formation of ring shaped morphology.

Fig. 4 AFM height images and corresponding cross section profile of PS-5-P4 VP thin films with film thickness of 35 nm after annealing in
DMEF at 60 °C for 2 h followed by different solvent removal rates: R,.(a) and R( b)
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Fig. 5 TEM images of PS-5-P4VP thin films with film thickness of 55 nm after annealing in DMF at 60 “C for 2 h and followed by

different solvent removal rates: (a) R, and (b) R,

DMF PS-H-P4VP
2 h
REFERENCES

1 Ghoshal T Senthamaraikannan R Shaw M T Holmes J] D Morris M A. Nanoscale 2012 4:7743 ~7750
2  Kim SY Gwyther ] Manners I Chaikin P M Register R A. Adv Mater 2014 26:791 ~795
3 Chai J Buriak J M. Acs Nano 2008 2:489 ~501
4 Liu Z Huang H He T. Small 2013 9:505 ~ 10
5 Ghoshal T Maity T Godsell J F Roy S Morris M A. Adv Mater 2012 24:2390 ~2397



84 2016

Kim Y Kim Y Han H Jesse S Hyun S Lee W Kalinin S V Kim J K. J Mater Chem C 2013 1:5299 ~5302

Huang ] H Grater S 'V Corbellinl F Rinck S Bock E Kemkemer R Kessler H Ding J] D Spatz J P. Nano Lett 2009 9: 1111 ~ 1116
Matsusaki M Omichi M Kadowaki K Kim B H Kim S O Maruyama I Akashi M. Chem Commun 2010 46:1911 ~1913

Park S Lee D H Xu J Kim B Hong S W Jeong U Xu T Russell T P. Science 2009 323:1030 ~ 1033

10 Radjabian M Abetz V. Adv Mater 2014 27:352 ~355

11 Peinemann K V Abetz V Simon P F W. Nat Mater 2007 6:992 ~996

12 Kim G Libera M. Macromolecules 1998 31:2569 ~2577

13 Phillip W A Hillmyer M A Cussler E L. Macromolecules 2010 43:7763 ~7770

14 Huang HY Hu Z ] Chen Y Z Zhang F J Gong Y M He T B Wu C. Macromolecules 2004 37:6523 ~ 6530

15 Huang HY Zhang FJ HuZJ DuBY He T B Lee F K Wang Y J Tsui O K C. Macromolecules 2003 36: 4084 ~4092

16 Gong YM HuZ ] Chen Y Z Huang HY He T B. Langmuir 2005 21: 11870 ~ 11877

17 Gong Yumei( ) He Tianbai( ) . Polym Bull( ) 2009 (5):1~12

18  Sinturel C Vayer M Morris M Hillmyer M A. Macromolecules 2013 46: 5399 ~ 5415

19 Paik M'Y Bosworth J K Smilges D M Schwartz E L. Andre X Ober C K. Macromolecules 2010 43:4253 ~4260

20 Jin C Murphy J N Harris K D Buriak J M. Acs Nano 2014 8:3979 ~3991

21 KimJM KimY Park WI Hur Y H JeongJ W Sim D M Baek KM Lee ] H Kim M J Jung Y S. Adv Funct Mater 2014 25:306 ~315
22 Albert ] N L Young W S Lewis R L Bogart T D Smith J R Epps T H. Acs Nano 2012 6:459 ~466

23 Gu X Gunkel I Hexemer A Gu W Russell T P. Adv Mater 2014 26:273 ~281

24 Baruth A Seo M Lin C H Walster K Shankar A Hillmyer M A Leighton C. ACS Appl Mater Interfaces 2014 6: 13770 ~ 13781
25  Ishizu K. Prog Polym Sci 1998 23:1383 ~ 1408

26 Sohn B H Seo BW Yoo S 1 Zin W C. Langmuir 2002 18: 10505 ~ 10508

27 Knoll A Horvat A Lyakhova K Krausch G Sevink G Zvelindovsky A Magerle R. Phys Rev Lett 2002 89:0355014 ~4

O 0 N A

Effect of Solvent Removal Rate on the Morphology of Solvent
Vapor Annealed Block Copolymer Thin Films
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Abstract The influence of solvent removal rate on the morphology of DMF annealed cylinderHforming poly—
( styrene-block<4—~vinylpyridine) ( PS-6-P4VP) thin films with different thickness is investigated by atomic
force microscopy ( AFM) and transmission electron microscopy ( TEM) . It is found that the final film
morphology can be effectively modulated by controlling the solvent removal rate of the swollen film. When the
film thickness was 35 nm under fast solvent removal rate long range ordered inverted parallel PS cylinders
were obtained as solvent removal rate decreased the ring—shaped PS nanostructure formed in the whole film
and finally slow solvent removal rate resulted in terrace lamella morphology. Such morphological transformation
is mainly due to kinetic effect and preferential affinity of annealing solvent for the minority block which brings
remarkable solvation effect. The unique ring-shaped morphology is caused by the shrinkage of the continuous
P4VP phase and bending of the PS cylinders. While when the film thickness was 55 nm only P4VP cylinder
morphology was obtained under the same annealing condition and solvent removal rate. We consider that the
low swollen rate will reduce solvation effect when the film is thick in the mean time the effect of solvent
removal rate on the final morphology is weakened.
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