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Owing to the self-organized viscoelastic field, softmaterials crystallize under conditions far from
equilibrium, which leads to the evolution of various spatio-temporal patterns. On the basis of the recent
developments in the field of non-linear and non-equilibrium dynamics, we examined the crystallization
process of crystalline aggregates of such as semi-crystalline polymers, organic molecules, and proteins.
In this project, the meaning and the role of the following processes and phenomena in the crystallization
were clarified: morphological instability at the growth front, spatio-temporal patterns of branching and
re-orientation of crystallites, confined geometry set by nm-size thickness in ultra-thin film, molecular
diffusion dynamics at the growth front, self-excited oscillation of crystal orientation and growth rate.

gooono
goooooog
goof gogn g 0

gpoogod 22,100,000 0 22,100,000
ooogod 24,400,000 0 24,400,000
ooogod 14,000,000 0 14,000,000
googog 7,600,000 0 7,600,000
googoo 7,800,000 0 7,800,000

o d 75,900,000 0 75,900,000

googbobooboobon

gooobgooobgn

gooobd goboobooboobooboboobooboobobboobooboon
gbooobobooonbg

gbooobobooonDg obooob voboobooooboooon
gbooboobooobooboobooobooon gobbooooboboooobbooooon
obooboobobooboboooboon gooobho0ooooobobobbooooon
gboobobobobobooboobon oboooboobobooooobooooon
gboobooboboobooboobo obooooboboboboooboobooon
gboobooboboobooboobo oobboo0oobboooobooooon
gboboooboooboobooboooboon obooboobobooboooboobooon




gobooogobooobboogooon
gbobooobooboooobooboon
gooooooo

gpoogoogo
goboobooboobobboobobooboo
gboogoobboooboobooboooboooba
gboobooboboobooobooon
gbooooboooboboobobooon
gboobooboboooboobooon
gobbooogoboboooobbooooon
gooobobboobooobooobooba
gboobooobooboobooboon
gboooboooboobooboooboon
gbobooobobbobooooboon
gobbooooboboooobobooooon
obooboobobooboboooboon
gobbooooboboooobobooooon
obooobooobooboobooobooon
gboooboobobbooboonog

DOoO0ooooon
0000000000 00O000O00O0O0O0
DOoO0OoO0o0Ooooooon
0D0000000000000D00000
0D0000000000000D00000
00000000000000000000
00000000000000000000
0D000000000000000000
00000000000000000000
00000000000
0D00/0000000000000000
00000000000000000000
00000000000000000000
00000000000000000
00000000000 Binstein 00000
00000000000000000000
000000000000 (decoupling)D O O
00
00000000000000000000
00000000000000000000
00000000000000000000
00000000000000000000
000000000
D00000000000000000
00000000000000000000
000000000000 O0wm 00000
00000000000000000000
D000000000000000000
D0000000000000000000
00000000000000000000
D00000 mOO000000000000
D0O00D000000000000
0000000000000000000
00000000000000000000
0000000000000000000
0D000000000000000000iPSO

MbobooboobgbarSODOO0ODODOO
gboobooboboobooooboon
UbOaPSO0OO0D0O00OO0OD0OOODOO0OD0
gobobooooooboboboooooooo
googobobbobooboobobobg
gbooobobobobooboobooboo
gbooobobobobooboobooboo
gbooobobobobooboobooboo
gogno
gboooboobooobooooooooboon
ood
goboobobbobooboobooo
gbooboobobobooboobooon
gboobobbobooboobooo
gboboooboobobooboobooon
goboobobbobooboobooboo
gbooobooobooboboooboon
gbogboobobobobbooboon
gbobooobooobooboobooobooon
gbogbooboboobobooboon
goboboooooboboboooooooo
gboobobobobooboobooboo
gboobobobobooboobooboo
oboooboooboobobooobooon
obobooobooobooboboboobooon
god
obodboooooboboboboooao
ood
obooobobobobooboobooboo
obooobobobobooboobooboo
oboooboooboobobobooboon
oboooboboboboooboobooo
obooboobOoooboboboobooob
oboobbooobooboboboobooon
obooboobooobooboboboobooon
o0oobooboboboobooboobo
obooobobobobooboobooboo
oboob0oboboooboboboobooon
oboooboboboboooboobooboo
oboboboooboobooboobooon
obooobobooonog

oooooo
gobod0oooooOoobOOobOooooan
oUoOo0oooOoooooo
oobbooooboooobooooboo
ooooobooobooboboboobooon
goboboboooooobobbboooon
goboboboooooobobbboooon
gobooogobobooobboooob
gboooboobobooboobboob
gboobuobobobobboobbgabd
gobooooobooobboooob
gbooboobobooboooboon
gboobooboboobooobboon
goboboooooboboooooooon
gobooobooboboobooobdg



O0G( 000000000000000
000000000 G) 00000000
0000000000000000000
OO0 000000000000000
000000000000000000
ooQ

000G 000000000000000
000000000@G) 00000000
00000000000000 AFMOO
()it00000000 (~60nm0)000
ooooooo

goboobopobooooboboboobooo
gboooobobooooboooboobooo
gobooboobooboboboboobooo
goboobopoboooobobobobooo
goboooooobooboobsoooboon
0b0O000ob0bo0o000000 Fingering
gbobooooboobobooooboboon
goooooooooooooooobooo
gboboooooboobebODbDODOOO
gbooooboboooboobooon

goboboobooboooboboo
OA0D0O0D0O0OVOOOOODODOOOOO
gono

A< (Yk/V)'2

gboooobobooooboooboobooo
O0yOOODODODUOODKODODOOODOODO

goooogog
gobooboboobba0bOoonboonDoo
gboobooboboobooboooo
gboobooboboboobooboon
gbooboooboobooobooboon
gboobooboboobooboooo
googobobooboobon
U00a0D000DO0DOOD0OOODODOOD
gbooboobobobooobooboon
gboobooooooboobooboodit-
gbooboow-gobooboobooon
gopoobosobbbbbooooooon
gboobooboboboooboooon
gbooboboooboobooboboon
gboobooboboobooboboon
gobooooboboooobbooooon
gobooooboboooobbooooon
goboooobboooobbooooon
goboooobboooobbooooon
goboooobboooobbooooon
goboooobboooobbooooon
gbooobooboboboobooooooo
obooobooobooboobobooon
ooboboo0ooboboooobooooon
ooboboo0ooboboooobooooon
oobboooobboooobooooon
oobbo0o0oobbooooboooobob
oobbo0o0oobbooooboooobob
oobbo0o0oobbooooboooobob
oobboo0oobbooooboooobon
oobboo0oobbooooboooobon
oooobooboboboobog
oobboooobooooboooobon
oboobooobobooboobobooon
ooooooooooobobOboDbDbDbDbo
goboobooooboobooooobon
goboobooooboobooooooboo
ooooooooooobObObODbDbDbDbOo
ooogd
golymO00O000O0DOOO0OO0OOODOO
ggbooogoobobooobbogooob
gobooogobobooobbogooobb
ggobobbooooboboooobobbod
gbooboobobooboobboon
gobooogoobobooobboooob
gboobobbobooboobbgbcedd
gobooogoobobooobboooob
gobooogoobooobboooob
gbooboooboobooobooboon
gobooogooboooboboogooon
gbooboobbobooboobooboo
gbooooOobOOoooooooon
it-0 0 000 00iPSO/at-0 0 0O O 0O 00 aPSO
goboopobooboobooboobogon
gboooooboooboogoooboo
gboooooboooboogoooboo
gboooooboooboogoooboo



~ slope =-1.0
*

-0.5 -

Log(£-G)

15 - — =m

aPS100K slope = -0.05

-2

350 4.00 450 500 550 600 650

log My, .ps

OD00iPSAPS 000000000000
D008 0000 M,0000E& 2Gvs. M,
0DG:000000000000

gooipSOO0O00O0O0 AFM O 0O 2500
oobooboo 4000000 60nmdO0Od
0 1800 4

oboobooobooboobobooono
ob0ooboobobobooboobooono
oobbo0o0oobboooobooooboo
oboooboooboobooboooono
gobooboooobooboooooobooo
oooooooooobobObObODbDbDbDbo
obooboboooobooobo@o)yonoo
ooooooooooobObODbODbDbDbDbO
ooooboooooboobooooobooo
ooooooooooobObODbODbDbDbDbO
gobooboooooobobobboooon
gboboboobooobopoobooboon
gobooogoobobooobbogooob
gbogobooboboobd
ooobo0 w-00ooboooobog
gobooogoobooobbogooob
gbooboobobooboo o000
gboobbooboobopoboboon
gobooogoobooobbooooob
gboooboobooobooooboon
gbooboobobooboobooon
gboogobgoobg sod300 nm OO0 0OO
goboooobobooobbogooon
gboobooboboobooboooon
gmoooooooboboboogoooobon
gbooobooobbooboooooboon
goooboooooobobbbooooon

=

=

[8()-1)[g(0.01)-1]
[g(n)-1)[g(0.01)-1]

/ms 1/ms

U0MoooooboboooboOobO Fest

( 00000 0000000000000

U0 oooboobboooooboobbogo
ooooooo3.7,0 0.8,00.500.1umdd) O
gbooobuooboobobooboobo
gbooobooboobobooboooo
gbooodoboobooonbddo 0.1,0

02,00s5065m00 00000000000

gbooboobobooboobooon
gobooogobobooobbooooon
gbooboobobooboobbooob
gboobooobooboobooboon
gbooobuooboobon
goooooboobobooboonbg
gobbooooboboooobbooooon
gobbooooboboooobbooooon
oboobooboboobobooobooon
gobbooooboboooobbooooon
gbooobooboobon
goboooobbooobbooooboo
obooobooobooboobooobooon
gooobho0ooooobobobbooooon
oboooobooobooboobooobooon
oooobOooooobobobobbOoooon
oobboo0oobboooobooooon
oboobooobooboobobooboon
ooooooon
gobod0oooooooboOobooooan
oo
oboobooboboooboobbooon
oo0bO0o0o0obb0 Xoooooboooo
gobboo0oobbooooboooobo
ooboooooooobooooboboo
ooooboooobbooooboboo
ooboooooooobooooboboo
ooooboobooooboobobooo
oooobooooobooooboobooo



gbooboobboobooobooboon
gbooboobobooboopobooooon
gobooogobooobboogooon
gobooogoobooobobooooon
gbooboooboobooboobooon
gbooobooboboobooooooon
gbooobooboboobooboobo
gboobooboooboobooobooboon
goEesH)iooomoooooboooon
gboobooboboooboboooon
gobbooogoboboooobbooooon
gboobooboboboooboooon
oo rcSO0booboooboobooon
gooobooboboobooboboon
gobboooboboooobbooooon
Uo0bobO0o0obDDac@onobboOoonon
gobbooooboboooobbooooon
obooboobobooobooooboon
gobboooobboooobbooooon
gboobooboboobooboboon
gboooboobobobooboboooon
gboooboobobooobi1boooon
ooobooobobooboobobooon
oooobooboboboooobobooon
ooooboobobooboobobooon
oboobooobooboobobooon
oboooboobobobooobobooono
oobboooobbooooboboooobon
obooobooboobobooboboboon
oboooboobobooboobobobooo
obooobooboboobooobooooon
o0ooboooobobobooboooboon
obooobboooboobooboboboon
oooobooboboboboobooobo
ooooboobooobooboobooo
gooobooooobobooooobon
gooooboooboboooboobooobooo
obooboooboobooboobooon
oooobooooooboooooboo
oooobooooboobooooooo

gbbod0ooooooobOOobOOooOooooan
ood
gogbooooobobooobboooob
gbobooboobobooboooon
gobobooooobooobboooob
gboobooobooboooboboon
gbobooobbooobbooob@do)
ooooooooooooooo@mobo
gooo)yobooboooboooobooobo
OCO0oODOOOOOOOOORODOOOOO
U0o0O0000D0OO0OO0O0ODDOOODODO
gooopooooooboooogopoboooa
gboobooboboooboobgoobo
gooboobooboooboooboboon
gbooobooboboooboobooon
Oo0o0oooOo0o0oooOoobobabOpOOd

oDbO0OO
o (100
gogo
A00O0O

Temperature [°C]

1 1 1 1 Il 1 1 L
10 20 30 40 50 60 70 80
Relative Humidity [%)]

ooo0obOobOoOoboobooboboo

160 pum
ooooOoboOobO@bOo)yobhuooboo
ooooooooo

300 pm

ooobooDbObOO0O0000ooooon
goood

oboobooboboboooboooon
oooobooboboooboobon

ooooooogo

oooOobOo 3200

1. H. Kajioka, K. Yamada, K. Taguchi, A. Toda,
“Molecular weight dependence of growth and
morphology of it-poly(butene-1) spherulites”,
Polymer, 52 (2011) 2051-2058 OO O .

2. K. Yamada, H. Kajioka, K. Nozaki, A. Toda,
“Morphology and growth of single crystals of
isotactic polypropylene from the melt”, J.
Macromol. Sci. Phys., 50 (2011) 236-247 0 O
0.

3. H. Kajioka, S. Yoshimoto, K. Taguchi, A.
Toda, “Morphology and Crystallization Kinetics
of it-Polystyrene Spherulites”, Macromolecules,
43 (2010)3837-3843 OO O.




4. H. Kajioka, S. Yoshimoto, R.C. Gosh, K.
Taguchi, S. Tanaka, A. Toda, “Microbeam X-ray
diffraction of Non-Banded Polymer Spherulites
of it-Polystyrene and it-Poly(butene-1)”, Polymer,
51 (2010) 1837-1844 O O O.

5. S. Tanaka, “Slow molecular dynamics close
to crystal surfaces during crystallization of a
protein lysozyme studied by fluorescence
correlation spectroscopy”, J. Chem. Phys., 133
(2010) 095103-1-9 OO O.

6. Y. Yamazaki, H. Yoshino, M. Izui, Y. Sato, M.
Matsushita, “Humidity-temperature dependence
of domain growth of ascorbic acid crystal”, J.
Phys. Soc. Jpn., 78 (2009) 074001 (6 pages) U

oo.

7. R.C. Gosh, A. Toda, S. Tanaka, “The effect of
NaCl on the eutectic phase behavior of aqueous
poly(ethylene glycol) solutions”, Polymer, S50
(2009) 1304-1310 O O O.

8. A. Toda, K. Taguchi, H. Kajioka,
“Instability-Driven ~ Branching of Lamellar
Crystals in Polyethylene Spherulites”,

Macromolecules, 41 (2008) 7505-7512 OO O .

9. H. Kajioka, M. Hikosaka, K. Taguchi, A.
Toda, “Branching and Re-orientation of Lamellar
Crystals in  Non-Banded  Poly(butene-1)
Spherulites”, Polymer, 49 (2008) 1685-1692 [0
oo.

10. A. Toda, K. Taguchi, M. Hikosaka, H.
Kajioka, “Branching and Higher Order Structure
in Banded Poly(vinylidene fluoride) Spherulites”,
Polymer J., 40 (2008) 905-909 O O O.

11.A. Toda, M. Okamura, K. Taguchi, M.
Hikosaka, H. Kajioka, “Branching and Higher
Order Structure in Banded Polyethylene
Spherulites”,  Macromolecules, 41  (2008)
2484-2493 OO 0O.

oooobomoessnog

. 0000, o0oo0ooobooooboono, O
soobpooogo,2010090 160, OOO
2. A. Toda, “Formation of polymer spherulites
by a gradient field”, International Symposium on
Non-Equilibrium Soft Matter 2010, 2010 O 8 O
180,000

3. 0000, 000000bobobooogo
oo0O,00o0googz2e0o0000g, 2009
oo0 280,000

4. A. Toda, “Formation Mechanism of Polymer
Spherulites: Morphology”, 2009 International
Discussion Meeting on Polymer Crystallization,
20000 80 140 DUODOOOOODOODOO
s, 000, o0oo0oo, boooo, oo
OobO,000,00000b000booooog
oooooooooooooobooboboooo
Oo0O,0000bogoboe4n0oonog, 2009
os30300,000

6. 0000, 000000DODObOOOOO
ooooobooo,os7Toobooog, 2008
oo 240,000

7. 0000, 0000000000004,
oooobo 200800000, 20080 90
210,000

8. A. Toda, “Branching and Re-orientation of
Lamellar Crystals in Polymer Spherulites”, The
42nd TUPAC World Polymer Congress, MACRO
2008,20080 70 10, 000000

9. OO0, boooooooobo-0obo
ooobob,0boboooooooooo
oooooooboooooooooooo,
20070 120 270, 000

10. A. Toda, “Branching in spherulites of chain
folded polymer crystals: Periodic rings and
correlation length”, American Chemical Society
234th National Meeting, 2007 O 8 O 19 O,
Boston [0 O [0

11. A. Toda, “Growth Kinetics and Morphology
of Polymer Crystals”, 2007 APS March Meeting,
“Polymer Crystallization: 50 years of Chain
Folding”, 2007 0 30 50, Denverd 0 O O

OD0O0MmMmO300
. 0000000000000, NTS, 00
000000000, 2009, 244-248.

0ooooo

(Hooooo

00 OO OTODA AKIHIKOO
000000000000000000
0000007020655

(o0o0o00

00 OO OTANAKA SHINPEIO
0000000000000000
ooo

00000 040379897

RN 0 OTAGUCHI KENO
gooobooooooooboon
goo

00000060346046

0H20-0

OO OO0 0OYAMAZAKI YOSHIHIROO
ooooooobooobobood
000000 10349227

()ooooo
O O

gogogon



