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ATEFENER THERTER. FBIRE. TR, SRR Y. #
BICRY UL BB RY SHRYFCREBERARS AWK R WM. ELEM L,
XA B AR NER, Hl& T EHPKEF.

FIE T B BAFMBIR T 85 PS Ml EALER FNEERE. 5
WA RILINR R . BIRRM: 5 H PS A TRIEAA () B4 T BN,
BB PS MR P E RN, TPHRERN. BRSPS MK K FHERR
b, TOPHBmESD. (2 §RWEE: BENFEANE R) BT SEANE
R R TR 250, EREFIOBEETX. i Si A ER mica b,

SRR H I BREA
FrREAREHIERRRED

D

=)

a

IRIZRISIERT, B/, RE R, B 4

JHHERFER, EBREBAR, RME R, b, 3

PR S —#ER, Si i BB RaBKT mica EWER R, XATRERH Si
Fr R E SR KT mica REAEREESER.

2L PS-b-P4VP BRER KB AR R, TR T HEMAESR . BN, BRKRE
ME T ERRE AR R, 0 IENFR PS-b-PAVP WEAE FEES T RE B
SRFEET BRI S EHIT THE. SRNESR: XENGHRE M PS-b-P4VP

HIE, MEEFERSTLENMEKEN, BRATRHIERE. MEEEHMEEHRH

EHRUER. FRUE. ATHFNMBEY. BHERUR 0T, TR

R

LY

AR, AR ERR SR ERER L. o T EEL %Y

18.6nm AR AERIRE MK PS-b-PAVP B, HEFBESFIB A, RREF
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T 777 HE B B 19 65 £ #0 3 B3 P 25 g AN B o e[ B0 398 o T s

BT R A EIERM PS-b-PAVP/IPS BEWHERAE = BNA £ FREEIRH
R, BRMEBE: ABER EEESYT O M3, FRAEHRELFERAARS
HEFHBRRHE MAREMNFRRRBE BB EREIBEHNEDT, MER
BER L, B Ops I8N, REEIEH HFFEMRIRREHEL, RUER
BB A EAE 2B

UL PS-b-PAVP LR BB AR &L T Ag-Pd & ZnO K&, 3 R AR E
JEME B0 CdSe 7F PS-b-P4VP M I B S AT T HRE.

UL PS-b-PAVP KREEAARNBAR TENES KABERANERERR
KW, LRERRE, BT FHEES, A TTBLAREERBEBIARILEN.

REF: REWHEIR, REEH: HKREH.
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Abstract

Title:  Surface morphology of polymer thin films and the related nano-
structured preparation
Author: Junchai Zhao (Major: Polymer Chemistry and Physics)
Directed by: Prof. Bingzheng Jiang |
Prof. Lijia An
Dr. Shichun ;Iiang

In this work, effects of substrate, solution concentration, solvent, and composition
on the surface morphology of homo polymer, diblock copolymer and blends of
diblock copolymer/homo polymer were investigated experimentally. Nano-structured

preparation based on diblock copolymer thin films was also studied.

Surface morphology, surface roughness (R,) and wettability of PS ultradilute
solution on solid substrates were investigated by means of AFM. It was found that
within the measured molecular weights of PS, (1) with increasing molecular weights,
before annealing, the average diameter of PS domains increased and height decreased.
But-after annealing, the average diameter of PS domains decreased while height
increased. (2) It was first ‘found that besides the vapor pressure of the solvent and the
used substrates, surface roughness (R,) is also related to the dipole moment of the
solvent. No matter on Si or on the mica, when the used solvents have similar dipole
moment but different vapor pressure, the R, decreased with the decreasing of vapor
pressure. But when the used solvents have similar vapor pressure but different dipole
moment, the R, decreased with the increasing of dipole moment. The R, of the films
on Si is larger than that on mica with different used solvents, which can be due to the

larger surface roughness of Si itself than that of mica.

PS-b-P4VP was chosen as a model system. Effects of copolymer composition,
substrate, solution concentration and solvent on the surface morphology of this block
copolymer film were investigated. Moreover, time development of the surface
morphology of thin asymmetric PS-b-P4VP films under methanol vapor was aIso

studied. It was first found that for PS-b-P4VP with cylindrical bulk morphology, as
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“annealing” time progressed, the surface morphology underwent transitions from a
featureless morphology to a hybrid structure of cylinders and spherical pits, to
cylinders, to nanoscale depressions, back to cylinders again. The transitions observed
were determined by the film thickness. The thicker the film is, the more transitions
would be observed. For PS-b-P4VP (film thickness ~18.6nm) with spherical bulk

morphology, it displayed nanoscale depressions with the “annealing” time increasing.

Surface morphologies of different compositions of PS-b-P4VP/PS blend film on
mica and graphite were also investigated. It was first observed that on mica with Opg
increasing, transitions of surface morphology from hexagonally packed spherical
domains, to cylindrical structures, back to spheres again, and to structures of
macrophase separation were observed in turn. But on graphite, with Opg increasiﬁg
transitions from cylinders to spheres appeared, and evident macrophase separation

was suppi'essed.'
Using PS-b-P4VP diblock copolymer as templates, we synthesized the Ag-Pd, and

ZnO nanostructures. And the selective distribution of CdSe capped by different
surfactants in PS-b-P4VP diblock copolymer film was also investigated.

Effects of solvent vapor‘and acid solutions on the morphology of PS-b-P4VP
micellar films were studied. It was found that in addition to methanol vapor, the

nanoscale depressions can also be obtained when using unitary acids.

Keywords: polymer thin films; surface morphology; nanostructures.
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REYBBES S HRTRF ONARRRE, AREFEERA, 1,
B THEFWBEN QR HEWRARE . TIEERE. EA. BRI
WAL RES. T HAEN RSN TSR RN RBIRY, EEEIL2
WO ER R RE EREMNE. KBS TRALH, REHEYT
FRER. R FEEHERERFNEGH, KSR TE 10~100nm Z (@ 1],
BN AGT, MR RIEBETFOLLDRIERE, XEAKEANL
HEFEEMEL. I: TERBKRNE, ATHEATRR3) | BB
RN &R, LSE. SREENMKEHME 0%, GTENETNE
ERNHAR LI ROSANR, BEERYEH TR 2.

SO BB SR N A G RE R T T RARERW R, GERFRT
X EAR S BT RMBT (5] — Bk b, MEREREIERKBT =B L
S, REMEMFEAE, URRIEF AR Flory-Huggins T EFISH 1.
T EARY BB A SHE N EBRR, AREHBWT R, T
UREREHER S, EETUEHENR. NENFERE, B9 R IRY
MR RERESHRLYHAEEB AN EE.

11 R EZ WA STt R

1. 1. 1 HEM-EEE

SRR KB AR YR IR (PS) A RN SR RIBB A LB IR .
Reiter BRI, HEEE LA PS BE (FEFA00nm) fEHFELHETE
FLLEIRKE, Sl REZERIAR. FHETER LIRS, WEH T =MRRAM
BrEe: B, RENRETFERENRMER. BE, MEKFE~4h%,
XN ZRYERTE BB RGN . &5, BT Rayleigh instability 12 2R
R (6-8]. MMTAMREYEBREREBLREU LB AN & RAEFHE
HlgR? MEAREETURABERY S XEGE,

S=y, -ly. +7.) (1.1)
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Hep, y REBRMREESHE,  RERNERTEHE, 7, RERMESEN

REA. WES HFE, WRBEE, WS HRE, VEREEEEER.
BT REAIREL, WEOEERERBRERARW. MTREHE (I
S, BTESBEERTRTRES. WA TRENE, 5N &R, £
% van der Waals 77044 5 77 LUBIT R B BSR40/ & 88, IO R R E K DB
Laplace FE A M AT B R TFIR . RS EE AT Laplace E77, MERHSE, £
WHEME. B2, YHMBENT Laplace EHE, BHEE, &I NS,

% F EBIT R P EBEONEE S0 B, RTRE. MRS
ERi%. HPE-HETHRARBRATENR, LAERSERAFE,
BT HHEBYE. 5%, Seemann % [10)AEFHEMEEMNET spinodal
FIRIR, HMHART Si AL 3 9nm 8 PS(2K) MRGE KETEE L
T, |

Muller-Buschbaum E (1111 X S1E BN NP THHAR T ERBESYHH
KRR, RIS, YEEAT /3R, (R, W4 FOTRES LR o, Hia
RALEE, #ERBNAETEER. BE, MTRHEROER 08
AL E R, YHERBLETRR(TY LEK, BERE £
B, AR ERLEN, HRE T EHHE.

1.1.2 REHH

FFEEER FE PS BE, TE12-WIBET TR, BREE. F57
AW, Sange 55 (1217 H1AHRE B M STV MET 71 B3 AR
HART Si f £ PSR, FEREEBIRET(0.0005 wt%), UEIMULMESE
YT, HFARRARTHES FEMENMIEX. SWEKXT 0.05 wiket, &
BTESENRE. EFFRENEET, REDSTFRE, BRZHE Voronol
tessellation-like NG LK (B 1.1), H#& 8 THEXFHEHHYE,
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1.1 Voronol tessellation-like FIZE45HIE R, HE 0.025 wt %PSF ER B KB
‘li B STM B

EFREGH PS MR, R HE. Zhang B [13) R I HREE B e
(ST BF9L T W MZET B L #0754 PS M. RN PS f oM T HIT STH B4R
K, ERREERENERLT, RN ETEHKL S 3-50 4 PS 4F4
B, BENEPS S TFENMERIHER, IABINRNEHELA
MREWHT, REBAMFTFHEHERERIENERBIR, EEGEIRFTR
5. _'

ERARIERNERE PS IERHIBHNEREETEASH, FARAL TARARRY
EMWAT A . HFTRERN AT RN, Eﬁ%ﬁﬁﬂﬁﬁf%fmﬁﬂﬁ%ﬁ%?ﬂﬁﬂﬂﬂ’?ﬁ;
HEETRSYEREER, W 1.2 iR, R, BERERERMNER THF,
HeRe) PS MIRF MM AN —8. FRBEFMERSER G R H ke
BREFRFEENEERE, FftRE T RREKEMEET M bt L r £ 1058
#rl14].

B 1.2 PSQSKHIH CImar B R T ARy 2 B s Ee
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Muller-Buschbaum £ [ 1518 T £ MBFSH, W BE. REKN. B
E%MRSYEBRRARREHNEN. REBRORODEEE. BRRENH
REFE AR R . R [16] RAT FHREMANRERFHE, W
EPHEERS 2 Gaussian 70 ATH $ERE 05 77 R RMS ELRCECHIR) . =R E X
FTRARNT]:

1
R, -_-ED-H]Z(X,Y)—ZOidXdY (1.2)

B, ZXNEHENARRMEE. Zo REAEERARNTHRE, S £§E @R
Rt E. TARYE: REEREY B BRENNERERRES . ERE
ERNBERE 2N ERE TR A4 b TR AR R 5 Marangoni
instabilities[ 181 T F= E R REMARE. W FRRERBHER, RESFL
Marangoni {5}, Rk, BREENEK, REHEEER . XA E15] CHE
T BRMERZEMREARERE 2 AKX R REARE RS AR R N
. FAZKEARLE, ERAA S REAREE FRERIAKNERN (WA 1.3).
FlH, BRIOREMKAEBENRTHENER. FIERE TS & ER,
FTRERX R OERARAOZHE. BB ENEAEAZA THREEFEN
ReYRE, MPEFRAENENDNT>EHFRORESEY, FREYEREMH
REBE AN AF S MR ORI IN o T4 1t ) 0 o 28 ) PR 22 LU (R TR 0 B
WIREHREE X BEAABE NS RSN X, MENFRAERBEXRR,
REHRE R DB £ SR B8 AR S # R RE 1A 3 B — o )
R, AIEIRECER MR (15].

Y . T —
A
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13 REHEREE o5 (1) BREREV, (b) XE n HHEEE

1% FiES PS MEMEERSAEENLRESEEWR? BARENEE
HRIPLAH Yong HigRRME, XPMEEREEAFZREESL, R, LHEREHA
5 XK. SR ETRESYREN, FRANAEAN S AT RERERR
%, MEDEH BRI EBTEES SRR (. AR, &
TR FERIE RIS, R SR W PS MBI, Feg
BB R R AT, EERMANER L, KSEROEMATN, A
TR, B AR TS BN, RALEM PS MR 31
1B, #EMEORES BRI

1.2 BB IR IR RO 5L R
1. 2.1 B RYBFEE (1]

Bk B3 R 4 R 49 30 82 75 (building block)

MANZEER A ERERINBIARSHWRATHRARELRY . AT
ABEBRNHE ko FRNFH (S TFESMAST), FTLUBRM TR
(A-B), KB IETY: (B 1.4) |

n=1 MKEIEEY

n=2 =EREIEY

n=4 EXBEIKLEY
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AB diblock %
" b (AB), star
ABA triblock

Ei14 BEIREHOAH

FEATRRS TR EABY AREREYFEH S TEWNABAR,
3 'E 5 AR TEERER AT COR T M S AR S A F 4 M R R BE SRR .

EHABREN=REARYNEE T ERAREFELES. EHFETLUS
HERESFEMMEBES. 1956 4, Szware Z[20] BRI AHEFRSHH
BERTHRBREY. T EREARERENERZE-RT _H-BFE2RK
(SBS)#t R ILIXA HEBEIN. FROERRN, RS (Ziegler-Natta %3]
KD SEFERBRERYNEENNLEEHEN RAPTFEENEHES
AT, BOBERBERYMA RS E.
L2 2 REARYM T BB ER1]

FRBRARYEAFH I EENEES FEI L ERMEERRY, HER

MEFEERRRA ﬁEE%*RELEﬂE*ﬁ%%ﬁzﬁﬁﬁﬁ'%u TR BRI A
£ TH R BRI R A4 FREERN S EHTAENE. U A-b-B &
REEYAG, FEERS THIBESHIER D, FELTFERL, BEHR
. Bk, BEREMSELIEP LT, BIEA. B HERELEERS
ZHIHFRIMMERREBNES BHETERANEW, £ A, BHENES
FEHRANFLAH, NTTSBEREAS BN, B hGEETUANERRS
4 yan R X T A-b-B FREBILEY, HAKBITHREATHREERBE:
BRIFEAEN, AANMERIE L LR A. B EBEA Flory-Huggins 4 H £
SH - HPNITLUEREGRPBHGIENEG RIENE RN E KRRk

_6_
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V. Ty BB LB R A F R AR L. EH P — TR g
(DT EAF, X+F A-b-B FHRERIRY, M2 f, WEIBHERILSKET. #£F
ERET, RERENE B HREIEDE LB/ B bR EE, BN
Bt i1 Flory-Huggins MEERZH y GEXMEEERLI) THTFS A, BF
Bz, mRARESENELBK, AL B Wf&il‘ﬁﬂ%ﬁﬂ%ﬁ&ﬁ?ﬁf LUEiL R
RREEAH PR LR, T REBA 4 07 B2 T P SR A0 B sk b ST B A
MBXKEED A. B R Flory-Huggins MEMEASH f RERAE N, #F
RIS S EGHA, IRRSUBEREAR LETEFMAES. BEEE T
RERITIMRA N7 SRR, Tk R e AL B B Flory-Huggins 48 £ 24 ¢ K4k
BHY. BN g IR N BT AR B SRR AEA. ﬁﬂ‘ﬁ%ﬁ‘]ﬁﬁﬁ:ﬁﬁ
HEY (=05, BN~10F, REFF LR,
REABERRE N RIKDN, TTLHERBIEBYR MRS DB T/
B 4% R (weak segregation limit, WSL), 8] yN B35 T ODT BE T H ((Noor (3 F
£=0.5 BIPTEREIERY S 10.5) 3RS B4E R(strong segregation limit, SSL). 4
IN10 0, HEYERBELFSE, AL B FBZ R EERESHBURTRA
B THUGVW RN, BB, FE N AR, SAE R H
T—HEEHTE, TREAFFNREERE, XSRHE, FIETHHE A, B
FRZEMHEERESES, LRI THRATERRE, MEKAYS N il
B, AFEARNIHEERER. BRINKXENERDHSE KR (weak
segregation limit, WSL). 4T R[5 — 74 % (order-disorder transition) i £ 7F
FABBREIMIETRLAERN. AWM AER RS 54K % (strong
segregation limit, 8SL), TX M EER RS AN ) 10 . X MERRHRFHAEN
RERE, AEXRED ' AERAE, LERMASMN A MR B MK, A,
BAREMTEMMELEMRGETXEREHE, Bl XEREAETRE
BMERRE DA, BE, B FEERLEEIRERE MR B R 5
FAFTF AT, REMAROER D EENNEZ TR, HEFMENASED 5N,
1 FMUHERERCHE a ZAHIER N D ~aNPy'%,
TEODT BELT, MHIEE=05)REFFWHAR A, B TEIH ZLAM)
. AFBENAEROEEERLCEN, HEMNEREER R, TR
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WX, BE £-0.5 MuHERMM, TTLUKKRE BIXELERIRIEHE (Gyroid), N
HF(HEX) SRR AR AL I (BCCHRIBRIRAR, X L0 4R ) P 24 7 T b 224K 1R 38
K. FEBRMASER SSL, M TEEZE PS)—ERR _HBEDHWREBRILEY,
fpe<0.17 B, 4 BCC; 0.17<fps<0.28 Bf, Jy HEX; 0.28<fps<0.34 B, 4 Gyroid
¥; 0.34<fps<0.62 B, 51 LAM: 0.62<fps<0.66 Bf, & Gyriod #8; 0.66<fps<0.77
i, % HEX: frs>0.77 B, % BCC. '
BILRT—AF] PS-b-PI HRER L RYIHIBI A, Foerster[21]#1 Khandpur 5 (22]
Ll TERARBYRARE LS CEEAERER, BRREXRERNNMD, €
TUBHBRAITT BEARAS RAETHREARYFENMNLEL.

LR R ece

10~ Disorderad
0 i1 L.l | ! i l ]
¢ 01 0203 0405 060708 09 1.0
fl'-’l

& 1.5 PS-PI BB R EEEF —EFODT)EZEHIL AR

i B A RO 45 #9 T LA B /) A X 5T % B (small angle X-ray scattering,
SAXS), /A F &4t (small angle neutral scattering, SANS), & &5 £
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(Transmission electron microscopy, TEM)EX &€ .. M LR UL HEF I F
HARE, HAANRABIELEFHANRE,

1.2.3 WEFAEMMAKIETY (23]
1.2.3.1 LR

(1) ZHARGH

F B & #)(Lamellar Phase)

FESHERBABYTEMENEFEN, T fps=0.6 B PS-PI FRER
SR [22], H/M A X STBESTTEHE 0 & [ R B0 Debye-Scherrer 37, i3 V&
frA1: 2: 3: 4. AP EBRFEREHOKRAEN d=2rq, 8D ABEHN
BEFTLLEE A B 40 B 8 SRR R B R o B SRR SR 15 2.

75 7 HERR AR 4 (Hexagonally ordered cylinder)
 Keller % {2413t PS-PB-PS =8B EYN(fps=0.24) BIFIT AT THR,

RUEARLEH A FEARE PS, SAXS A HINAE 1. V3 :47 /9 4.

{8037 77 B ERIK 48 (Body Centered Cubic Spheres, BCC)
- AP 1001 7 M BB AN A NFRE, w1 7 WA 7S 7 SR

. SAXS HORFEMBATHILTE 1:v2:43:44:45 [25]. |

(2) FRIAKE A
EFER, AMITRBE T REIEEYIHEH, ban 0% LE 148 5E 4 #(gyroid)
Foa FLE B AR S5 ¥ (perforated lamellar phase). XUZELE SR AE 45 M K 1F B B $h 2%
EREMAREN, MHILNBEREMUEF BESH T NS SR 4 RS2 R
R Fe A [26],
1.2.3.2 BIRWAR
(1) @J/ayEEER:
¥ inE R
(2) {5 BEHER:
Ry (27]
40 71 ik B ik [ 28]

e wA RE TH A Tan’
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1.2.4 BRESLRYIEH

ik, MR E R BRI AN R T RE TSR BT T KR
B SERMIMIB A R . AL, RESEDERIE RFIFAAES
ﬁ;ﬁﬁ&ﬁﬁﬁﬁﬁﬁﬁﬁ(ié&ﬂéﬁ,%é%ﬁ%ﬁhﬁ%ﬁﬁ¢§
B L2 HBEN . RBEAEYERNESEEBUTRIARRE, FEMR
EEANEREESHRRARDFERAMANLEN. A5, hTadENS%E
I FE R L R AT R R B ) ERBEFFHETNRT FOBEM. R
i, BRUNEREEFRERNEFYE. TEHE ML 8.

1.2.4. 1 FEEFHOMEBAEDTE

Krausch[301 8 & TILER X TRAHRRALRYFFNLE . KT Zh
%BkwMﬁﬂ.Eiﬁﬁﬁﬁﬁ?,ﬁ&ﬁ%%ﬁLm@MM%@m%¢m
KE LR TH_EMEEFHOES. L S0B40RETREXBEYMNEELE
30 R B 0 B R R T B AR TR LR B AR (B 1.6) . '

E1.6 WEN 3mg/mL PS(800)-b-PVP(870)F KBS L HAIA KB R.
BRI/ 2x2um

e, Spatz %(35-371 R, LBAARYAKELEERER TR ZHEE
A, A RERET Zhu, LiMEINER (B 1.7).
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B17 AR ERIPS(300)-0-P2VPGO0 KR LRV MBENE T HEMER
BEB)TEHEASURNEHTE. BEAD: 1xlum

#F PS-b-P2VP BAEAR, AMIFRALE FFHRT Bl AFY—%
&R, MASR LB ERROHRERET —CHH%E. Kamarenko %
BT —ERAMSBRE] (B1.R) KRB -SWMMAR LS F B

A 1.8 WHZEEERE LA A-b-B HIRBIA R BNIREHNTREE

REYREBAS BOYBRR, EXMERS, BITANSH LERMEB Y
BREEADTHREWMB A MKEMLN, A RRRBRIR. LI ME B &
KEE NN, BRERN SHEEIRE, RO TFETEROLREN I,
REIER BB B BB — S, ASNATENTHETIEN, BEER
EfR EERRT i AERM B B BN — B ONEE. RN, BEF NN,
E (NN 54 A B BREMEBAE Mm/d, TRKNEIRRER,
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FREGH, HANBRERX-RIINEREE(E 1.9 (391,

=

e

1.9 A-B MBS RYE BB ERA LN ERN @REKR OROELH
ZHRTEE

1.2, 4.2 BRI RE B Z N
(1) SHIZE RS BB R TGS W (40411

BRMEREERHERTEWHSEEE. Kim M Libera UHETY%
RREZT, HF100 nm G9PS/PB/PS BELSEEAIMM, 7% AE EHFIRPS
MK, RERERSHT EREEFMASENEH. BAREESHTELT
REMEAERPSEHIETE. ERANRREET, TUBHEHEHHTR
SRR, EFSRREET, BEATRETONN, BANKEEERL, X
RERTIGEE FREER S HOERPSEE . TRNERTES, A TREET
R MR AT, (E BB S RYIPS-b-PRO TR T B B TR
s [42].

J&PS-b-P2VP-PBMA HIRH S M EHAAES M AR P H H 560°C H#
MR, WA T EENANK BN, BHTRITES MR E RS
R TR A R, B A S A A TR ARG (4],
AANERNNFERARA T RELER, AEES LPS-b-PMMA, oL
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R R T FITR 4 (43], AEREIPMMARIR 725 pa 2 1 HE 51,
i3 B B L 7 eV 1L AR SR 72 2 1.

BRI ERE T —RABNSR, BEES BORHAEME SN
M HE SRS . . BAERERS, MASTRERANAR
RVREIR S HOVE 8 WO ) 61 E ISR, AR K 260 T R IR AT B
AL R 20 A U AT I OIS 7 s B R AU, B AR
XA [44).
(2) HIBEFF R FIR R E AR

ERRRBILE S, MERANER, RAWHKkERREL, 2AH%
WK AERT, R TFEIA B RBE ., TSR S A0 RE,
RIERAWHEBAKOEF AR, HTHERE ME NF R RS, R
LRBMATTEMUE, BEMUKOBREESER, TR ERRMN
SRR M2 BB — BRBUAR S EK 451 . IR B A 40 0 0 10 T LU B
HORET, ERABEBENGTR, KRBT HTARSINAAS, REEH
PR o 7 ) B R TR
1.2.4.3 WHOKAE RS BE RS RN R TR BN E

EEHRR IR T BEROKRE . LiB (34 RB, 3 FPS-b-PVPHIF %
B BERERRN, BRESHREASRENNT, EREET, Bo
T RA M AR B BRI AP, BB W M AT AT, S 1
BWER, EREOKRET, BRTRERATEREN. RERMN, K%
ERAERNTEE, {2, PS A PYPESAMEMARE T HE WY REE
Bk B TERREE R MR R AR 2 FREE B [46] . Wi —H 1,
RFMGE R RAN, BEHMR N TE SRR NS, — R &2
REMMHERA, FRMKE, £5— B0 EERA™ 4 HRRE AR NS
CAERE. R R AR A R R BT R 1D

T RRRENEEMIDMT RS TR 47-50], RE A HERIETY.
RHERIRA LI, B AR ER R TRR U LN, a TRy
ERORAMEAEDURFRARNNRDE, FEBRT VAT EEMNERS
Hl. FENHERAERL T (RREREERUAEZARE) , RYMBAEH
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BShy = nlo (nEEM, LovMHBRECEEMNEEBN) N, THARE
TENEE. MEESTERORET (~REGERS —RIETSEE),
A Yhy=+1/2)Le B, FRUBHFEANET. BMEEHEOBENh, H
X h=hea+e, ¥40<e<1/2Lo B, IBKfE B HRE LHIHRHEK, T 241/2Lg<e<Ly
B, GBS EERELES HRAREH. HE, SRME 8BRS 8
R — Lo |

URENTF— D REANLE, B hIRERNHETH, HERRORE
REMBEENEANSTHRMIEN. XN, WROBHE R4 HE?
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FERATERGELTEHOEREEEREERELE63]. TUE
B, XEBRSAFE: —RPTTERD. YAREEL—N&EREN, BT
BHTTTERNGA ERREL). TiLRERLE R EH NN, WEHEANF
TTERMREEMMHL). H—RBEETER, INBHRUEFMHELY, —HE
FMEWERHEY), H-HREEREEHEL).

1.2. 4.4 B3 HRERIARYREEIRKHE [64]

(DL F TR ER A R BOLRY R EBERIIRE.

KEREOAMARMEBEBEMKRELAME BARN TR ELERHN
BERB B+ HES[65-66]. Heier[67-681RM, MK BEWMRBELRYR
%%ﬁﬁﬂﬂﬁﬂﬂﬁﬁ?ﬁﬁ%%%%%ﬁﬁoﬁ?%ﬁwmi,PW&%E
AR S B AIBS FXE R GRS = R PATRBEE A B IEH . Xk
S MM RN AR R, CREWERNERES. EERAEY
FARRGHY FSEARERR G TR, ERENRERENESE AR
REE.

Huang% (69112 AR EE tEH TR FERERE W T 4L, ATHETE
EFERXENAEEM. EXREW, N TFURARRILERY, ERMERER
RSEEHETERREMNS ZEWNRARIT). WRHLETEH =44, HaEs
HEEMRBEE, OERITEHEE QI REYMEAR (8] £ 57 05 Gobstae) £ %
MEARRE GYRREEIRAMNHELERMAE.

Chakrabarti®% (711 RILEELEBERER L, REKBYM RS BEAHE
RFER EE RN TRERARA. B AT - F0ITE MY, TUBHEM
B ] PR ER . Pereira® (72140 T 24 1y B HUAK R 81X F 4R B 5 A HIRT 1R 7
1, R, BERERSETASENAESEN, FETHRMFEE, HHEAB, AB
FETA R —BEIABBA. IR, TsoriF[73-T4IHTFHmBERTH TERLER
LHZRFASCRAROTHRREHLBEYEENPERE. SO, B,
BARAMEZDERT FEANES I REESREASHHERN&E.

(2) BHREFCHERNREEEDHE S0 EE

RERENERRBEAREEERNEM L, BER -IENEEHRT
1[75-76] RTET XM HEREHUEXEHNAE, XERTHPHENET .
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1.3.1 BABYhAR T BITA-b-B/hARB MBS MW

Xt FPS-b-PI/hPSE R, ZhPSERR 7 #— i, X 18] 028 B DFE 1 4IPS
7T BMupomo 1B INTI N . FEEMhom 13800, B TEMEZEZ B HRE A B
B, ZEERERE, BARhPSFIPS-b-PIFPSHMLE MR, BREWPSHZHE
EMEPHRPSEMRETHEN. HEH, Mim MK, ZHEHNHERMRBE. &
R, B2 TENWPSEPSHX M EAIMBEKREBRAY—, FEWPSHPSHIX 1
R E. HRFERIBNIThPSHIPS M X K MRS = B/EH [83],

WineyS KB, MhPSHBIPS-b-PIFR, PSEHER R IMTIPIAE M/,
RN BHKREBRE (PSHPIEMNEREZ ) BHEKXFAESPS-b-PIF . X4PS-b-P]
S50 FEKKRENIPSIEER, BEIMA BEEH /DT HiE 5 PS-b-PIK . 5
F 44 53 HJPS-b-PI, PS-b-PVhPSEZRFPIRMHEME, ZIMNPIEEEHR/
SN ERS RN IE M AL . MBESYTES FEWPSHPSE AR
SR T PSRRI D, T SB T B ERTBRLE (78] At R,
PS5 4 1 R R0 i B R % '

1.3.2 WERYhAMA-b-BIER Bt BB M B v

1T A-b-BhAKR, BEDHHFHBESYENER. BRI,
KRG RBERYEANBRK S TFEZHIFERE. 0. mBEHE1)EEY
RARAKHERERREY. QFFARKBRIERYLARBREIREN. (3)
ABRYNG TENEREIRDTALD-BFE-BRERNSTE. HEXEEH,
Fi e 19 B X & 4 W & NIl (OBDD)JE 3R [84] .

Jeong®¥ [8S] AR IR, #3I9BYPMMA I B H R 4 # KIPS-b-PMMA
fa, LA AR R X ) R H B AR F R R AR X 0 25 1) e . 3R
B ZEYPMMA, FTUE R MR HALEH, TEXEESRYPMMA
FPS-b-PMMAFHIPMMA, XAJUIBRE R —#R-THfl. Bk, HEHPMMA
KIIRAE R BIPS-b-PMMA LS E AL B B e B BIBI PR R TROSIK AL M.
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2JE, M RII86], HHMXELERNE ERRBE. SEEPSHPMMA
R SRR LR AR, LMK, BMZRNEIMESRIRE LY.
TEMEEZRTHRELNAR, AEMELSHE. WBLEKEPSELE, REF
BEHBYPMMA, BX, ZERBHT AR EHFHAKILES.
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Efm, DERER —MAE. T, DEGEENRYPMMA G FEHREN
T, BREASEMAE. EPS-b-PMMA/PEOK R T, DEMTELUT
PS-b-PMMA/PMMAGR R, REDEZX WA ANEYPEON S TFREANT
HEYPMMA. X FE A RYPEOSPSE R A A H F {FPEOE HITPMMA
WX E

1.4 PIEBRE B RS AR E
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(3) MR REEFE[99-100), HyRBEEMTHR:
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B, Tadd F[89]HIA 7 Cof KB RE X FRAIPS-b-PMMA A 14 B o 1 2 [B]
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% B3 7.4 (PS) MBI A0 5 U8 B0 K B 5048 AATI0 259948 0 ot AR AL
HE T REAAR. BEUN, MREREEEEHHEREFREN]. X
poik B R AL T DR, AT R BB NIRRT A0 . Reiter[2] 5 &
RE/NF 100 nm MAERO MR THIR, RASAEEFOEBAEE, 5m
B E B BMALEEL ER, BAEEE. WHAEEERET spinodal
decomposition R FITH, 3 AMEEAESAHEWHE. (1) FHHEKH
B FEERAANERITER. Q) BE—SREEMKHL%, BERLE
EEREZ AR “cellular” . (3) AR E RN AHE . J5K, Reiter[3]
X %L spinodal decomposition 5 F AT K= B IEAAT 7 B RIAR, I
AR KRR T RO BAA T SR AFEX, HETRERSERAAMT
W [4] . T SRR 2R A STRAGED) . BiE, BEZBORELE.
IR £ R (6-7) R A R ER M (81 %3 R T AR AN S,

% T AL, R RN LR Z BRI [0-11)
BRI, RAOVGE, 8 —BAE EHESYHERNT AN T EEHRTLR (K
i, R IR, KA. RO MARRMEAMEENE) SEREEN.
Hit, XA MM F BRI RE LT N R VB, TIX
76 T b B4/ R 65 M0 0B SRR AMT7E 2% b 4R ST B A
M MR AW FHRR, EEE BT RXsRA YIS,

H Tt —5 T RAEHBEREPOREZES FTERKRE LOBE, £XET
RITEEFRTHTE. FRAER. BB ERENZN, REREERY
BT T — it

2.2 SLIGFR S
2.2.1 LRME
MRS YPEEACSBHINRSR. BELE PS-1 & PS-7 4 Aldrich
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LEER, BROSTREESAFITRL2 LT, FE, ¥ H2FF, 282
BERER 2B CGYALITAD, MEARATENIGOERFAFZHI =&,
REMTEREA.

R 21PSHIRITSE

Abbreviation PS83.7K PS13.2K PS19.3K PS440K PS1142K PS2232K PS393.0%

M, (g/mol) 3680 13200 19300 44000 114200 223200 393400
Mo/M, 1.08 1.06 1.07 1.07 1.12 1.11 1.16

2.2.2 MBRHE

RHERIBER 7 110°C BIIRERER 5t SULE(30%) 4L BLRTIEA WL(70/30, viv)
A 1. AERMERIZAEEFKBERXERRARTER. K4l
WEHHX 0.01wt% MM TFRMBEEZHEH.

, P K¥-4A SRR (P ERFHRMET L), BEHRE ISR
BENESET RO L, MEREATY 4000 rpm, BERATEI 30s . RERISHM
BET 0CHHEZHAT 24h URZBAMANEN, #ENERIHERY
Jy 6nm. $RISHBRETE 150°C FiBk 24h, MAEBEEL.

2.2.3 MPUREHHNRIT

2.2.3.1 BFHBRMBAFMN TERE (B 2.1) SHAEER[12-13]
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Cantileyer

Sampe

2.1 RFHERETHERERERE

RFOHERBENTHERBEET AR SR AMNMEERS. LéRER
FEaRS, $REBNNEANBBREMBNRERE. BENXMHELEH
WERERNEHEREFESHBERMALTRE RS, LRABIEY—F
SIS AR URBHELRERFEER. RURKHEH LR TEER,
REME AFM B R XRBEHS . T0AFM SRR EMMER S L Ria%E
RELIA . BFRBATENREHRFITH AFM KRB

RENBHEANMEAREHEN Suh. ek, gEt, AB.

Tk AFM F, WEGH mREAT “HEM” . M APM R, B4
PG E TR 7E M L R T BHIE R 3h . S FRE B R BE B 70 LA K B+ 9k
Z I8, M#E AFM S3EER AFM LA, EEiEsEmR AFM HEiE
HIERSHREE. FRAGERETRRRRMENRENE AR EBRS
FR, AFMEHRF N —ERAREREHHUFEMAIEHGEE. NERHE
msET, BARABRERFE, RETEHBARENEE, BLEREREH
BHS, WNMRIREZREREWN- 27,
2.2.3.2 BERIE
F LW T H BN RERRRE B F R T 24 (Seiko Instruments Industry,
Co., Ltd)#f] SPA300HV (¥ SPI3800 2 H#138) IR 71 EME E B M. R EAbkE
AAMES, FE BB R SN, #&8, FAFHRKL Y SN-AFOL, X7
#¥ ok 0.02N/m,
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22PS A FRNEEE L PSEE a: BAI b BAELREERNER
I: PS3.7K, II: PS13.2K, III: PS19.3K, IV: PS44.0K, V: PS114.2K,
VI: 232.2K, VII: PS393.4K
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23 ()PS A TRABKHE PS WK a: FEM b: ERHXAAE
(2) P8 7 FRAE KGR PS X Bef f 1B 1) X R A

AE 23()FED, BAZHT, BEE PS SFEMEMN, MENGFHEEZEE
Wl T 245> F BN F 44000 B (SRR FTH PS 4 F B4 44000 B FFER IR T
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paliks, BB EREEREKE. i) BESERMER. v) BAERRENR. &
BEAME, BEEALDRRE, BE—IWER, RITHL % 855
WHETE , BREFESEEREMNT . RRIES, BRERKNER, KES
BREREHEETRECERE, XEBRRERSYHLET —METEE. 3
BRIERE, PS BHELRAERERNMGRLTREEDIRE. HFFTFER
F PS HE T FEM~18100) (151 KR, S FHNAHNBEEZEL T M 1118 B
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ek, NTIBRRT EREGR. ik, ®OES, wRi4SFHE 28NN ExRY
G, BLTALILXHECIEIR: AR, BE PS 4T RIGHN, MK SRt
i, MEZEE AN, ETRAEXERIEE T BIHHERE ERP(E 220 FIE
2.3(1)). B 23(1) RHTERAERREEMERESFENZAREI. B 23(Db
iR kAT, MEFEHERM 174.50m (PS3.7K) #hnF) 213.4nm (PS19.3K). B X
G, MXFEHEZM 198.8nm (PS3.7K) #®(4>F] 119.7nm (PS393.4K). B2, FEsr
FRAHM, BATAR EEEEROTIFERRN. B, MR FYHE
T B |

M AFM R, BAILETLER PS MR EMA. HEupst -2
B AT LA Bk PS 7E Si B AR EREEME . B 2.3(2) 1B T iR K EHE PS 4 FE HI3%
i, PSHMEXMEMAZRIIE K, PSES ER LEHEBERNERBHREE.
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R, BEHMAHEEXTFYRELNRENFE, MAETHEESE
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Solvent Solubility Dipole Viscosityn(cps) Surface Vapor
parameterd momentp(Debye) 20°C tensiony(dyn/cm)25°C  pressure(kP:
(chcm3)‘m
toluene 8.9 0.43 0.552(25%) 28.53 (20 342
benzene 9.2 0.00 0.649 28.18 11.30
ethyl 9.1 1.88 0.449 23.75 (20°C> 12.10
acetate
p-xylene 88 0.00 0.648 27.76 1.20

MEK 9.3 2.50 0.423(157C) 23.97 10.40
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