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Spiral Structures in a Stripe-forming Block Copolymer Thin Film

CHEN, Xue-Qin XU, Feng  QIU,Feng®*  YANG, Yu-Liang*
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Science, Fudan University, Shanghai 200433)

Abstract Polystyrene-polyisoprene-polystyrene (SIS) triblock copolymer thin film was prepared by solu-
tion casting on the freshly cleaved mica surface. The film was then directly scanned using atomic force mi-
croscopy (AFM). It was observed that the copolymer microphase separated into stripe structure mostly par-
allel to the film surface with a period of 38 +5 nm. A spiral structure with a diameter of more than 1 pm was
circulated by the stripes. A closed end was formed with one of the components in the center of the spiral,
and away from the spiral center the siripes bent along the tangent of the spiral. The occurrence of the spiral
is due to the instability caused by the block copolymer microphase separation coupled with the hydrody-
namic effect during the course of the film formation.
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Figure 1 Atomic force microscopy (AFM) images of the SIS
thin film by selution casting on freshly cleaved mica
a—Height image (z scale 5 nm); b—phase image (¢ scale 8°)

TR G5 i P HETE R 2 PR TS AR, IR B2 PRI
32T M ABA BT R RE RS T K
ESE,

A 1b FERMABEE—AMBERED LT R
fedhf, @R EE 1 o, HATZTEMHA
B, Bk A SRR IRRREANTT, I
B Py LR AR IR TS, R TR 1o ] LUREH, HHERER
W By 30 AR R T A R I R, el TR R A
ABHEERFAT R SEBEEER LRSUENX
RS RATNG, WM R R R AL R R R BA T A
R 2 —. B4h, TR EIEARE 2 Rk
FIRLEE, R ZETES, Bk HILEHHRE
RIERM. BHHEL B ISR ABEA A, LT
—AMAS RS, MR =T, F— A0 Hg
by b1 Ir T AT 4 A

XTI ARYERMESBEERRRER, 2
Rk A ERFERER XEMBERME Ml
RYR FH MR T B (PMMA) I+, Peng F!'i@1d
FEMBOEAREEPARERE, A AFM BEAT
DA HCRRREER, B E S TR S ERR &



700 fb ¥ 2 #®

Vol. 64, 2006

KL, FEMNRARENE, AMERBRER. £Hi
AT, Huo FBIR T HAE RN T RESY
e ERNARESBRER, KT EUHE
SRR, A5 H R A7 A
5. Shiwa ik N MBI ARBRYERS, o
RTHMSBEOS N EHEERE, AR FHRENNRS
e, BEWAIMREERR. AT, Reh¥EE
HERNESMEEREEENER, FERERIN
. T ALRKAEE, BEYWEER BTN
HRAR BAELSHT 1 EUTHTRERSH
s, BEYEEREFESER, REkNEAEE
RI51i&E skewed-varicose A BT, EAAREEREAM
X Z AR A P A, e T R e B R A o
.

3 &

SIS =R EIRMUMAM 4 B RESCRB R E,
hek MY THAMN 264, FRETL 4
DTERASCRAG IR, EREN, o XEEBREE
RAETAEW, thoh, tE AR S Bk AL,
AT B AEEHN T ERE, FEFLSRE, FTTR
THEP 9 FECHBL T W BLRG, (HIX FFA R iR ek 4
KRR ARENER. 44 0A0H8, RINLA,

ERNERRBESES, REAEDHATERETE
HEHEAEA, P4 skewed-varicose AREM, BRT
ZIERRM=L.

References

1 Horvat, A.; Lyakhova, K. S.; Sevink, G. J. A.; Zvelin-
dovsky, A. V.; Magerle, R. J. Chem. Phys. 2004, 120, 1117.
2 Kim, S. O,; Solak, H. H. ; Stoykovich, M. P.; Ferrier, N. J.;
de Pablo, I. J.; Nealey, P. F. Nature 2003, 424, 411.
3 Leibler, L. Macromolecules 1980, 13, 1602.
4 Matsen, M. W. J. Chem. Phys. 2000, 113, 5539.
5 Knoll, A.; Horvat, A.; Lyakhova, K. S.; Krausch, G,
Sevink, G. I. A.; Zvelindovsky, A, V.; Magerle, R. Phys,
Rev. Lett. 2002, 89, 035501.
6 Niuy, S.-].; Saraf, R. B. Macromolecuies 2003, 36, 2428.
7 Xuan, Y.; Peng, J.; Cui, L.; Wang, H.-F.; Li, B.-Y.; Han,
Y.-C. Macromolecules 2004, 37, 7301,
8 Shiwa, Y. Phys. Rev. E 2000, 61, 2924,
9 Cleveland, J. P.; Anczykowski, B,; Schmid, A. E.; Elings,
V. B. Appl. Phys, Lett. 1998, 72, 2613,
10 Chen, X.; Davies, M. C.; Roberts, C. I.; Tendler, S. J. B,;
Wiliiams, P. M.; Bumham, N. A, Surf. Sci. 2000, 460, 292.
11 Peng, J.; Wang, H.-F.; Li, B.-Y.; Han, Y.-C., Polymer 2004,
45, 8013,
12 Hwo, Y.-L.; Jiang, X.-L.; Zhang, H.-D.; Yang, Y.-L. J.
Chem. Phys, 2003, 118, 9830.

(A0507156 PAN, B. F; FAN, Y. Y.



ﬁ&ﬁ%%ﬁﬁ*%&%@%@ﬁﬁ%ﬁ [HRREE ...

(=r Msﬁf. g, B, LR, CHEN, Xue—Qin, XU, Feng, QIU,Feng, YANG, Yu-
(== A R TARER, AW T LR M 505, |, 200433

T4 1{%"%"?& ISTIC

HELT) 4 ACTA CHIMICA SINTICA

i, &0 - 2006, 64 (7)

W51 AL IR/

1.Cleveland J P;Anczykowski B;Schmid A E;Elings V B && T 1998

2.Shiwa Y Hydrodynamic interactions in microphase separation of block copolymer films: Stability and

spirals[#F3CHATIT 2000 (3)

3. Xuan Y;Peng J;Cui L;Wang H;F;Li B;Y;Han Y;C &L 2004

4.Niu S J;Saraf R F #FVER 2003

5.Knoll A;Horvat A;Lyakhova K S;Krausch G;Sevink G J A;Zvelindovsky A V;Magerle R A& VENE (A 3Ci )]

2002

6.Matsen M W Equilibrium behavior of asymmetric ABA triblock copolymer melts[Zp3CHAFI] 2000 (13)

7.Leibler L #FTEN 1980

8.Huo Y L;Jiang X L;Zhang H D;Yang Y;L Hydrodynamic effects on phase separation of binary mixtures

with reversible chemical reaction[#F3CHAT]] 2003 (21)

9.Peng J:Wang H F;Li B Y;Han Y;C &&TER 2004

10. Chen X:Davies M C;Roberts C J:;Tendler S J B:Williams P M;Burnham N A &&VER; 2000

11.Kim S 0;Solak H H;Stoykovich M P;Ferrier N J;de Pablo J J;Nealey P F Epitaxial self-assembly of

block copolymers on lithographically defined nanopatterned substrates[#F3CHIF]] 2003 (6947)

12. Horvat A;Lyakhova K S;Sevink G J A;Zvelindovsky A V;Magerle R Phase behavior in thin films of

cylinder-forming ABA block copolymers:Mesoscale modeling[#FSCHAT]] 2004 (2)

54T SCHR (14%)

1.

=

\M‘

v PBT M SR SZ A Pk 2 (R 4 A LR AT o0 WSS e ik BOCR A A 44T 0 B TMARMAIF 52 (2247 18 3C] 1+ 2006

A CEERE: http://d. g wanfangdata. com. cn/Periodical hxxb200607019. aspx



http://d.g.wanfangdata.com.cn/Periodical_hxxb200607019.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e5%ad%a6%e7%90%b4%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%be%90%e5%b3%b0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%82%b1%e6%9e%ab%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e7%8e%89%e8%89%af%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CHEN%2cXue-Qin%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XU%2cFeng%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22QIU%2cFeng%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YANG%2cYu-Liang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YANG%2cYu-Liang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e5%a4%8d%e6%97%a6%e5%a4%a7%e5%ad%a6%e9%ab%98%e5%88%86%e5%ad%90%e7%a7%91%e5%ad%a6%e7%b3%bb%2c%e8%81%9a%e5%90%88%e7%89%a9%e5%88%86%e5%ad%90%e5%b7%a5%e7%a8%8b%e6%95%99%e8%82%b2%e9%83%a8%e9%87%8d%e7%82%b9%e5%ae%9e%e9%aa%8c%e5%ae%a4%2c%e4%b8%8a%e6%b5%b7%2c200433%22+DBID%3aWF_QK
http://c.g.wanfangdata.com.cn/periodical-hxxb.aspx
http://c.g.wanfangdata.com.cn/periodical-hxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Cleveland+J+P%3bAnczykowski+B%3bSchmid+A+E%3bElings+V+B%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-hxxb200607019%5e9.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Shiwa+Y%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ021456884.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ021456884.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Xuan+Y%3bPeng+J%3bCui+L%3bWang+H%3bF%3bLi+B%3bY%3bHan+Y%3bC%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-hxxb200607019%5e7.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Niu+S+J%3bSaraf+R+F%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-hxxb200607019%5e6.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Knoll+A%3bHorvat+A%3bLyakhova+K+S%3bKrausch+G%3bSevink+G+J+A%3bZvelindovsky+A+V%3bMagerle+R%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_10.1103-PhysRevLett.89.035501.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Matsen+M+W%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ027355225.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Leibler+L%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-hxxb200607019%5e3.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Huo+Y+L%3bJiang+X+L%3bZhang+H+D%3bYang+Y%3bL%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0210767621.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0210767621.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Peng+J%3bWang+H+F%3bLi+B+Y%3bHan+Y%3bC%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-hxxb200607019%5e11.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Chen+X%3bDavies+M+C%3bRoberts+C+J%3bTendler+S+J+B%3bWilliams+P+M%3bBurnham+N+A%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-hxxb200607019%5e10.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Kim+S+O%3bSolak+H+H%3bStoykovich+M+P%3bFerrier+N+J%3bde+Pablo+J+J%3bNealey+P+F%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ021153202.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ021153202.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Horvat+A%3bLyakhova+K+S%3bSevink+G+J+A%3bZvelindovsky+A+V%3bMagerle+R%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ024533864.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ024533864.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e5%ad%a6%e7%90%b4%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Thesis_Y955433.aspx
http://d.g.wanfangdata.com.cn/Periodical_hxxb200607019.aspx

