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X@A FTHEME, RELH, HHRERER, #AKRER

BT HBMBEAM)RHRR S FERITH
W—MERELRFER . EMEH AFM EAURE S
FEEREN, ARIERB AL R B R, —
BB W [0} B R BB 5 AFM $TH2R B . 5K A
B, A8 T & AFM 3§ RES RS F4
mEERENR. & H AFM # #t 8 & ( contact
mode) , B % 5 & B KRB B mBTE0 7, AT
BRTHRESHABENTRYE. ERXREZH
(PEO){& % P, Pearce il Vancso' " A 3 AFM 42k
BH %S PEO 45 5 . T Beekmans FI Vancso 261 Ml
K AFM $HRATRES R RO NES (PCL) 7 T4
ihE AFM 7710 GRFIFm) BB, HFER K
HEETHHEF A edge-on ShiE . FRBE TR
KANKETHWHMI/NARE . A AFM 3Lk
$23K (tapping mode) , FEHER /AN, FEFEHAEM
) A7 B AL S L W Lei S IRBFER R
R E (AT = ~ 60C) T, A AFM IR X H
HARMEINEREABRANEEE X FHERES
BB RB S . Godovsky F1 Magonov'® 7 Al St R &
AFM HF9E R 4% (PE) & S i LA B R A &iE

S G IR, Magonov SV Z R R —HE

B, ENEE RSN T B EHRIEM AKX,
B M light-tapping F hard-tapping, ¥ 22 7] 68 B £
A RE, HEARRATARITKRE@IEH &
BREELT M RBEARETHRE S FHERT
B, EWEIS Y B2 HESBENET S T
HIRE . AXIETBLUZGEAELEE RN S50 ~
100 nm AE R T8 2 ~ 3 um # PEO 45 & H X xt
B ,HET AFM T2 & o A 48 1) F 4 1 3 3
MHEHERNZHESER. Kb Bz 8 h

hard-tapping B¢ 44 K %) #8 (nanoscratch) BE R 2848 , T
2 =) B 35 T By 44 K He SR (nanoindentation ) 1 7, 32
B ARG RGN FI R AFM R A 55 4
FTHRLBREAA AFM KRR R ERH TS T
ERMHEXTRENBE.

FOEP AT AR AT IR B ER PEO, K
FHHSFE(M,)H 1.0x10° ~ 1.0 x 10° g/mol,
STERESBRP(PDDH AT LIHENERM
Polymer Source B, Polymer Laboratory 4% &} 14 1§ ; T
M, 275 1.0 x 10° g/mol BIHE F M Aldrich 24 7] iy
B OAMBRE SRS ERF &/ T AFM £
BETHEREE RS B RE, § %% PEO
FERIE T CHCL 2 CH,ClL, P FEEAL 0.5 mg/mL H975
WL 1 ~ 2 RIRTELY 0.5 cm x 0.5 em BYHT
FRE-GRFE AEHBEREZELER, FAH
NENEREZE BEMNBERSHAT, 2R
FUETH—LTHE UYL, UBEIEENTLE
R IBBRBFHE PEO BEMBEMES . LA
525 &17 R AN H # & 5 AFM(DI NanoScope 1Tla)
HITME. HET AFMKNAKERBENREH
MicroMasch 2 & 4 /= 8 JF & M X ® #
(NONCONTACT silicon cantilevers) , % & 3% NSC11/
51, #EEHN1.5~3.0 N/m.

MBS EENBM PEO BB A
ZHRE L ERER, E 1(a) B, B4 flat-on
SRER R AN R — RN S~ 7 nm. B R

WBERLZ S, AFM 7T AP PRO EEBEE L

BB —A s L E R (A b)) BFsE R,
PEOBRAEEZEKRREELRBAER ( pseudo-
dewetting) " ", Bl 55 7 1} % I B % Y PEO
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AFRBBRENBREE, ME KK PEO 23 FME
BRELE BREMESRRA. KEAR R %
KEZREE(N=E) L% RM—E PEO H14E
MEBRARBETNRADERR, BAKS T
SHABES TRBRARM £ —F “gH#"
(autophobic) EE ™ , WA T T B0 B T2 R, . 6 A7 0
23| PEO # 4 B 89 K /D5 15 BB B A4 & 4 JR
FHREXR ARARTARNILEAXB T2

K, BEAN 30 ~200 nm. BN AFM REA#KBH
REHREES, FUSEE S (0E 1b) RED
RENEED  MAEREIAZBETARHHE
HE AXHEARSEHEFE(XRR) BB E
EHEEZA 4.5 om. AXF PEO“BARE" 4
HERBIAN—BRE Qo WEB K &, REH
PEO MM HEET=BEH " .

Fig- 1 Typical AFM height images of (a) an as-cast PEQO ultrathin film and (b) a pseudo-deweited melt on the mica surfaces
The images were obtained from the PEO with M, of 1.0 x 10" g/mol; The thickness of the dendritic monolayer in {a) is 6 ~ 7 nm; The height of the

melt droplets in (b) ranges from 50 to 130 nm; The sizes of the images are (a) 10 umx 10 pm and (b) 20 pm x 20 m.

£ AFM R EXT , r HRBAH I B P
REBSHAHILRBBEOE. r HB/, RR
wer SREGAMERNDBA T  EHBEA, NFE
R SHEBENER RN TRER, Y r
> 0.5 Bt (light-tapping #1 moderate-tapping) , AFM &f
B3 PEOIBEEMIER /A UENMBIEBEDT
WIEE;BE r, B /DF 0.3 LT (hard-tapping)
oL RHHERFEEE. 8, EHEKkAF S
A Gk, hard-tapping W] #5 54 1R 3B 4 BO B A%,
HEBRERHEEL T2EMK PEO“BARE"
REMEACERBELREBE(T)E T 40T
LA ETHERERERERIBR. AT
I AFM FEHER /13 PEO M E R B LB
B, RBATMARESERAANLTE, 7 had-
tapping JRA&T X 7E 40°C Ll LB K % B 0945 4k A
AW, RE BRI IBEET RS . BT
MRMES TR PEO HER (M, <1.0 x 10° g/mol)

Droplet

PR

FLORARBXMEE R EERRE . RITE
REFAT AFM DEX P MY BIERE, £ &
TG T T 2 B A7, S R T N R R, R
HOUREMEINRSF AN RE ITEREEY
ATM e H T B PR (o-y XREN) MY,
HEEX PEO 4 FHEWRE FITRE A M B HESIH
BW, MM EZSRE EEK fla-on BRIERE
By,

BIONAARER flaren F R, FHAGEEE
SBREH A B PEO 4 FHEHFIE—ER TR
e Hit, 25 B DI NanoScope Illa i #7
HRIAXERIGEE bt R R EN-—- I EETF
HKEFE(z W) LRSI, MTEDEREE
HAMENER W2 R, X— : FEsERN
BEHREARKHBEAANTE I BFHE
TR LR dind , SR MR EAEERBL
hfp MBEATREESHAH.
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Fig. 2 Schematic illustration of AFM-tip indentation onto the melt droplet
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FEEEE EHTHRERAEARESRR
(1) AFM MZ B PEO FE R IR T W4 R XK, &
EEMAEER 20 pm x 20 pm; ()R FHZE 75C,
FEALLBREFEZLER,CBRRET.(>
40C), 141 h BREIREERSEER A
HEBRE; (OFEXBRERN T, A offset HEEHEE—
MERNN ERBENBREA(EERY 2~3
pm, 1 4 50 ~ 100 nm. EHBEE XS , AFM oRfE
AREBRPASHEER) . EEREEES.LL

n’\,‘/\\ 52 nm

Fig. 3 in situ AFM images of tip-induced crystallization of PEQ (M, = 1.0 x 10* g/mol) on the mica surface by nancindentaion

HAEREARANERLMLS, FOHZERE
ERIEHENCERE DT 0.5 pm); (5) W1
BlYK ERER, AE S 3, vig threshold 7 0.2
VOZEEK,SHRIEA DB, FIFERHBT) T
HER, BRI REOH, WEE KR EL;
A 0.05~0.1 V 3% mAE R J7 (g threshold I
RA25V),BEE L REBE.()EHEFIERAE
AEAGE. FEANDIRETR, WEES &R

B EHEG)HEE.

AN f ‘ilSmn

The AFM height images of (a) and (b,c) were obtained before and after indentation , respectively; The height profiles in the lower row of the figure are

measured along the divections indicated by the white arrows in the AFM images; The size of the images is 10 pm x 10 pm

B 3(a)#1 3(b) 2 SSCHf PEO(M, =1.0x 10*
g/mol) R Z AFM $HREIRET/E I AFM B .
E3(a)PLBEEANEER 60 nm, #EH R T4
2.7 um, BRAEE, RFETEREXRMNEBEKEK
.24 trig threshold {E T} Z 0.6 V, IR /5 H 2 X4k
BERAH,TMWES PEO(M, = 1.0 x 10° g/mol) &
flat-on AR . ZERIER PO E (BIERM L), W
BIAFERERNEBEER, XBEN 52 nm. 1A
AXREHRBHBEAN, HWESH L LD
PEO kB R hr i, P24 T Xf PEO 4r T2 {¢
B MR, AT T R BIE R . & flat-on &
(RE3b)MAEEEL 23~ 25 om, BT PEO(M,
=1.0 x 10° g/mol) B IEFE B 1K 37 B 45 (NIF) Sk .
XAl gER A NI SSCH, BRI EHT 0 R E
BENEEEARES S, XUHFEERTH.E
BB NF @ik EHEENERIES, & PEO
(M, =1.0x10" g/mol) RIKM B MR T AWEKX,
HBEEKBIAEZ T, TIHNFRAHEHRK
FERAE(NGE B3()MRREZTRAKER
JE %R 21.5 min FMERI K AFM ®E A, 7] 1T

JANIF BG4 KW RBXEEL 15 am, SR F
PEO(M, = 1.0 x 10° g/mol) 9 3 ITBEER&K[IF
(3) T BKE . ZRREMATE, BNEE—
St EAT A9 (100) B (3N B 3c R AR ), i 3 A 5
HUWHE FE, 5E 3(a)F3(b) bk, EE 3
()P WED RERFE/ OB REARS, £ZH
&R B R E R R A AT IR
Xt M, /NF 1.0 x 10° g/mol BIRES: (0 M, =
7.1x10°,5.0 % 10°,3.0 x 10° g/mol %) 4T T [A]
HHNER , AAERIRITEEIL S . BEXT
PEO(M, = 1.0x 10° g/mol), ZL R B E Wt th &
EZ ARXRERY PEO 5 F BB/, BIEK
B AESES R EERE SRR MR
BB R e, PEO RES R BAE RB KA
BERFESRZ. B, ER M, £ 1.0x10° g/mol
WMEMATTH—FPHER FRRY, 4 T, K
T 59C IR 1 E R /D A& (g threshold (X T
0.2 V)i, B4 FE PEO MBAARESEZE
RABRTHESER. ERTRERWAELT
RHEERAESHEAEARM S FRESHE, B
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PEO 4+ FREBE , FSREERERK, WRES
FEERBIR.

£ FRTR, AR T AFM $H4R %1 PEO #5
AW iBSe RS . SREE, 0 PHRFRBES
FE PEOBES (M, < 1.0 x 10° g/mol), ¥ hard-

tapping R7S T HR A 0K B B0, 1 2R 16 B 1)

W R EeiES A &R AFM YR EREL,
St M, =1.0x 10" g/mol ) PEO 4 Pk B2 17 A 6 #1
B, W3S PEO KA WAL, Bl R4 &
X—ERBTE M, <1.0x 10" g/mol BIFEF i FHA K
N HAERESEBERNIBEEESTEN
AE B .
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AFM-TIP-INDUCED CRYSTALLIZATION OF POLY(ETHYLENE OXIDE)
MELT DROPLETS

ZHU Dunshen' , SHOU Xingxian', LIU Yixin', CHEN Erqiang' , CHENG Stephen Zhengdi' ®
(" Department of Polymer Science and Engineering and Key Laboratory of Polymer Chemistry and Physics of Ministry of Edueation,

College of Chemisiry and Molecular Engineering , Peking University , Betjing

100871}

(* Maurice Morton Institute and Department of Polymer Science , University of Akron, Alron, Ohio 44325-3909, USA}

Abstract The AFM-tip-induced crystallization of poly(ethylene oxide) (PEQ) melt droplets was studied . The melt
droplets with the height of 50 ~ 100 nm and the lateral size of 2 ~ 3 um were obtained by melting the PEC ultrathin

films on the mica surface. For the PEO samples with the number average molecular weights ( M, } ranged from 1.0

% 10° to 1.0 x 10* g/mol , the lateral perturbation from the AFM tip with hard-tapping or nanoscratch mode eould not
pe p pp

induce the growth of the flat-on lamellae. By contrast, under AFM nanoindentation mode, the tip-induced

crystallization occurred when a sufficiently high vertical tip force was applied to the melt droplets of PEO with M =

1.0 x 10° o/mol. Moreover, the experimental results indicated that AFM-tip-induced crystallization with
pe P Iy

nanoindentation method had PEO molecular weight {viscosity} dependence.

Key words Atomic force microscopy, Poly(ethylene oxide) ; Tip-induced crystallization, Nanoindentation



