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Abstract

Recently, Photonic Crystals have attracted much attention in the world for widely
.application prospect. At present, photonic crystals for microwave range can be
prepared by processing semiconductor precisely, and have got elementary application.
But it is very difficult to prepare photonic crystals in visible and near-infra-red range
with this method. In solution, if the charge density and particle concentration areina
good situation, monodisperse colloidal particle spheres with charge in the interface
can be self-assembled into close-packed face-centered cubic or body-centered cubic
periodic structure through electrostatic interaction, resulting in forming colloidal
crystals. Colloidal crystals have become a simple and effective method for synthesis
of three-dimensional photonic crystals of visible and near-infra-red range because
their crystal lattice sizes are just in sub-micron range. With this method, the
preparation of micfospheres with uniform size and high stability is one of the most

'.critical technical problems. Therefore, on the basis of the conclusions drawn by
predecessors, the prepafation of polystyrene colloidal particles and their interface
electrical properties have been studied in this paper. The research work could be

divided into the following three parts.

1. The preparation of uniform colloidal particles of polystyrene

. In this part, polystyrene colloidal particles were prepared by soap-free emulsion
polymerization. The results showed that it was a useful method for the preparation of

uniform polystyrene particles with diameters ranging from 400 to 800 nm.
The polymerization time was more than 20 hours in traditional methods, while a
conclusion could be obtained that the polymerization time could be reduced to 12
. hours by researching the relation between polymerization time and PS microsphere
diameters as well as size distribution. In order to prepare the PS microspheres with

controllable sizes, the influence factors on PS microsphere diameter and size



distribution have been investigated. The results revealed: When other factors were
kept constant, the diameter of PS microspheres increased in line with increasing
monomer concentration. When the concentration of initiator reagent increased, the
diameter of PS microspheres decreased at first and then increased with a broad size
distribution. Polymerization temperature was a very important factor which
intensively affected the PS particles size. The research showed that monodisperse PS
microspheres could be well prepared by soap-free emulsion polymerization at the
reaction temperature from 55 to 80 centigrade and the microspheres with the largest
diameters could be obtained at the temperature of 64 centigrade. Ionic strength ‘was
also an important factor on PS particles size and size distribution. The diameter of PS
microspheres increased with increasing ionic strength, but the increase of ionic
strength could lead to broadening on size distribution. Thus, when preparing certain
size PS microspheres, all factors mentioned above should be considered

comprehensively.

2. The interface electrical properties of polystyrene uniform colloidal particles

In this part, by researching on the variable curve of {-potential along with pH in
different ionic strength, we concluded that the polystyrene colloidal particles prepared
by soap-free emulsion polymerization were relatively stable. The particles had an
isoelectric point (IEP) in the strong acid range. Their zeta-potentials were invariable
with the pH varie_d from 6 to 10.5, the constant ‘(;-potentials value provide& an
evidence for getting the suitable conditions for storing polystyrene particles, and the
constant also implied that the PS microspheres could be used as model particles for its
stable {-potential. At certain ionic strength, the {-potential increased with the size of
polystyrene microspheres increased. Generally speaking, the {-potential will decrease
as the ionic strength increased, but in this work we found that the {-potential at ionic
strength of 10 mol/l was anomalously larger than that at lower ionic strength. The
phenomenon could be explained by the hairy layer model, the co-ion adsorption

model, or surface conductivity model.



3. The self-assembly of polystyrene colloidal crystals

The self-assembly experiment was proceeded using the prepared monodispere
polystyrene microspheres. In this experiment, the mica piece was used as a substrate,
the latex was enriched by dropping-casting method and slowly dried in a desiccator,
the thickness of crystal layers could be controlled by changing the concentration of
latex. This self-assembly method is simple and can be carried easily.

All research works presented above are of great academic and practical

significance. So it worthy of being referred to for subsequent rescarch work.

Key words: Polystyrene, Soap-free emulsion polymerization, Interface electrical

properties, Colloidal crystals, Self-assembly, - potential.
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Fig.1.1-1 Schematic representation of the synthesis process for Opal and inverse opal
. photonic crystals

A: Monodisperse colioidal spheres, such as SiQ;. PS5,PMMA and other composite colloidal
particles B: Colloidal particles close packed into opal structure {colloidal crystal) C: The voids
of the opal filled with high refractive index materials, such as semiconductors, metal oxides, dyes,
polymers, metals etc. D: Inverse opal was obtained by removing opal tempiate, the original place
of the colloidal particles is filled with air

| a: Colloidal particles self assemble, usually through gravity sedimentation, vertical

deposition, electrophoretic deposition resulted in photonic crystals themselves. b: fill the void of
the Opal, through electrode position, electroless deposition, chemical vapor deposition,
ﬁanocrystals filling, sol-gel proc;ass. etc. Sometimes, multistep filling is needed. ¢: Inverse opal
was obtained by removing the original opal template: for example, silica template was etched by
- HF, polymer templates was removed by calcinations or dissolution. In fact, this reverse process

can be done many times. .

e B ATE I &L T A TR A @R MERRE. B8, REREESS
HRR TR AR (B R T AR F RS R) FE2= A L= 4k AR, ki ok
F R4 AT 7 (MR S S R B ORISR BE A . R, LARAR A AR BT
& MZ AR, RIERE=ERFERERE (RAY) 6, FEmiLes
MIR TR AR (FLEERIFUMRD 250 RS 4, S S E R ik
B E R S UG R ke A B B2 PO F BRI A, T DA (S8 B T L
OB A BB BOR TR A AR TLE: B, BREREEN, ATLUEE R G
B VAOKL T (8] B 25 IR R BT 1 4R 10 2 FLAT R R R L E AT AR, IR SRR
FRALBEMN GHREEMBENMAER LNER, MNTHRERT., BHTE
R ST S,

T AR R RAR BRI EECRHOR B, To BRA 5 25 Bpme ik
PRER B Al A KRR I 654, IR ITRERR T TR AR, BT UL E AR AR
B A 45 AT G (B AR E S B K) BN R =6 T RN — &M
FER MR, AT R, BERSRN A UE T HI4E % 28 06 7



%\E%Emﬁﬁﬁﬁﬁﬁﬁ\kﬁﬁiwﬁﬁﬁ,Wﬂﬁﬁﬁﬁﬁﬂéﬁﬁ
AR IFAEH (Ropal G5 R HLHAARAR ",

1.2 JeFid S Bk S AErpT IR

KT BRIKE 1987 FHAEMR, 3BT RN ZER, £BANXTEN
—AEEHTOB RS, B, b T RAN TR R % B8 W
ERHERE B AT ORI B e (ER AT i B T B 56 P SRS 1048 2 — A B
HERTRAMEBET: Bk, ATREEREHWET “BT” REFHT
M, HASEMMHE; KK, T RAERESHETTH R W29
e SAPE OB AL, . 3 LRI AR K B . XK, T R TSR
oA, Hn TR O RGBT R, RSN ECHOR RS, AT
POk B 60 6 TR SR+ 4 B . BLANEERBHA 2 EE —
MRS . WERALERER, HTAFNERR T RO EE, 5
 FEbb LU B LA BRI BR Y. BT R A RS EER K, BT
BT Bk, TERY foc (AOH) SHRT RHNRBHAR, RRHEHR
TR foo BHMTRRIBRIETTS M REE 3 E8 AL T B
REF e R, B, fEG5H ETHONRRRER RN B0 3F RO F R bk
FELIBMAE. HERT BABAN R RE T RSN, w
AT RARSIRE LB ERGE. i, ERABHEAR RN 4
TR, SIS LR R, BN — AR,
FREEENS, ATESZRGESHRTHETORFAME. X5, Bk b
DU it B SRR B T L AR, SRIRB S P AR B A BB pe A, 7ESE
I R R A AR S

TE I R R P B ) 46 VT OB AT M B = 46 T SRR R R, S S
NEBEFHEHEREBEAF (opal) RE R LW (inverse opal) . HI&TRASE
A B TR B AR T ) R ROR TSk R3S, TR R BB R,
B RHE AR THRBRT . E8MEIEUAEY, B RN AR TR
W, HARERET TN . BRITERY: LHMREAT NI, &
DURE BB W, TANHREE R £ R, ST



He AR UM SE R A e i 3 3 B~ it

RIS AR Eit, BB TRRSEERRLESNE AT RENLE
K. BT USMEHERAN B — TR B, H AR TR E
BER AR, AL (PS) . REFETIAER FRE (PMA) BL R LUK JUR 4 %)
RIS O T A BB RN T . REESFFE LA™ &, ERIHRRHT.
B, $IERRAEE . BEtE R KRRV BLR A RAESI LT R
HIXBEARAEL —,

1.3 AR XHHREHPMEX

GEFRE, HT R RS, TOR R & T BT
LANBBR =R T B IRRTIE R MR . ZERIETR, BRI
A, K PR RORE R B A L T AR X SRR B2 —. T
M M AHORE R R AT R IR, TR & BRI 7
A BRSO RS R A BB R . B, AR CTERATIR R
BE, UREZMEIHTIANE, TE SRR LR R ABR A5
YR RE BT, EEAUTIUHEAEGR

(1) FHRABH T A RS EREZHUOR. HEREEWRERN TR
£, WIWESE, BERAE. HEELE. BEEME HTREARE. W
W, TACERAA AT BORERA Y —, BT RAEN TSI &S
53 BB R R BB B —

@) IR A R S MEER PS HERRANEN. TR KHE
AT A B = A T B, AR B AR R < T R B K
(400-800nm) 4%, BIULHTHIEHORGANERIH. ETHFRBkARE. 3
RRAE. RVERE. BTRESRENEEEANENAEEEE,
 QFSIIE ORI AT, T HUR B RO B TR A
R e, R AT TR AR R, B & SR B AT
RERATEIR, AR G HRTLIALE.

(@) TIFU A BEOR AR A R AR . BIRARNEERA, LB
H I R R R



B BRI R 2T = e (38 30 E— it

2 % X W

[1] F2, IR, HEIE. [J]. A LSS, 2002, 31(6) :602-607
(2] BRI, B, SES. [J]. kBFHAR, 2003,23(1):16-23

(3] MER. (J). BEREZM EGEEM), 2003, (1) :52-54
[4] Yablonovitch E. [J] Physics and electronics, 1987, 58:2059-2062
[5] Joan S.Strong. [J].Phys.Rev.Lett, 1987, 58:2486-2489
[6] iz, HIgR. (J]. #oLE kB FEHR, 2003,40(8) :51-56
[7] An Xiang, Jianping Gao, Hongkui Chen, et al. [J] Chinese Chemical Letters, 2004,

15(2): 228 - 230,

[8] k& &, R, 3. (J]. Lig K% %M (BARRBD, 2004, 10(3) : 283-288
[9] ZiH. £REIRT, 2003. 6:40-42
[10] KiEH. [J]. BT BT#R, 1998, 15(6) :578
(111 &, BEH, HRES. [J]. 93 ¥, 2004, 53(9) :3054-3058
(12] th# 2, Earz, BT, (7). TAMEEER, 2001, 16(2) :193-199
[13] ER#, 46, 2, Pha90. [J]. AUHEEE/E, 2004, 33(2) :127-132

" [14] Stein A, Schroben R C. Cuur. Opin. [JJ.Sci, 2001, 5: 553
{15] Pierranski P. [J] Contemp. Phys, 1983, 24: 25
[16] Xia Y N, Gates B, Yin Y D et al. [JJAdv. Mater, 2000, 12: 693
[17] ¥, & P4, Alice P.Gast. [J1. 97 2000. 029(008) : 468-475
(18] K P Velikov, CG Christova, R P A Dullens et al. [J]. Science, 2002, 296: 106-1091
[19] TH#, BRZR, BT [J]. L BERE, 2004, 16 (4) :492-499
[20] Ak, Eres. (J]. fL3@4R, 2005, (2) :81-86
[21] A, RE. U] AT RENFEZSNH, 2004, 24(6) :3-7
[22] Wbk, kT, R, [J]. B4R, 2004, 20(6) :651-655

.[23] Li Z Y, Zhang Z Q. [J]:Phys. Rev. B, 2000, 62: 1516-1519



B AR IE IS A A AR T 3 3 I IR I DR TE RS W) &

BoE  RE LB AR %

2.1 AR ZIFISITFRL I % 07 ¥R
C FARARERNETRAZASEBREEAT FiENTRY, flERcs
AREAMERR L SBEARNEZ — RN HREMT ShatEE
HoratE. RORREYMBRBFARBEN. R/, WREHR, TR
RugeaRAEE, RORNEHBREERERY , BHERERE. £
MR BREHIRE A EEETIZNNA. SRR R S YL R
FHUAMEEUROGR TR REBETRENRSYIBRT W LA
YA, BARMS BMRAD, FEARREHA T, BRARGTENET
IR E KRR B & 3E 5B KA S RT AR SRR E. T
PAWMERRZHEN, ERESENEYHE. BENRRINERSIEHRE
KNI A T R AT R B B e T B R R,
REZHGTHOAXEZKEERETR. RNYPEZER AR IER
B EEATEBERNE R, WRELSE. ARF—T S —X2Z8H(ABS)
WS, RZH—REIESAN) Wig. RZE—T ZHBKROBRE ., X240
hERA: CHs, BN 10415, HRA 306°C, #AN 1452°C, FEH
0.909g/cm’, FIHER 1.5434, AN 34C, EESTEREREN: 1L1%~61%
BB, SiRREZERTE. B, B8, BHEE. FEEFKR, NETK
W, BWT L. 2. ARSHENER. PYRFLHORTLR. EL.
EEMACER, BTHER. RIKHERE. $80 78 5~10 7, FX
# 1040~1090 kg /m*, BAEMEREMYE. WAL R AR LmENE.
EHOHEREZHBROFTEERERSE. BTHEKRESE. M
k. HRESY. LRSS, BERSER —MHNBEARAONERS, E
1 B S AR D B MR RIS TE K P HRATNR A R HITERR
K FKAEARBAR, &I CEYAIE, WRIHARORERRE, HE
oA~ MRTE 100~1000 0 m 2, BRANMFRE, BREMHEQY. BHTE
MEAEEEHE TR, SAHEFERBEMRRMTFHIR, REHREH
TR, FEREX BIRES. WESREN, £4%%, RHITK, %

.8



T ARUATSE R A e 1 323X MW R TR O ROLLED W

ARG Hl UL, Bom iR Sk R SR MEHT R MBS — MR a AR, Al
BnAN B REREE AN mAVE L, WSR2, EFKEHRT B, Hik
TR BsR A, ARSI . Fet, SoiErEn T RN KRR,
R T RIVARE, ETAF SRR DUAT I R N8 BURRGEAT, R
MAREATGE. . W AW, EERgsall. SRR RS
HERE, REFH, RNERIEMER, BE. MHEERREIL
FESBRERNART, AREGVHEKABREBKE, BEUMARNAR
SRULHT R, FET 4 AR E R MR R R T RN R AR, /A
BRI H HOHOR R R RS R A RFIE RSN —FEER
K, RIGERH TEMAATNER, BEEKP S8R ARETHITHES
RE. BRAFIARESFERREHIE 1932 M, £25T 1930-1950 4F
MAILRBERA BHEREYHEREEREN T FE. AXHA%MEHE
¥ 12 100~700nm RIFHE, HAFERES —SEEIRZ—B/NT 5000m,
PR RBERIRF. LREREHTUANSNM, ERGEMR Sth &
EgaPH. IMRaNE— MM ERESEER, ANFY4FERE, X
ERAERSE, HERELTICIERRE, K aEHRas, X
BfE A HEHFHEK, KIEERBRS, LBRGEZATHS THRNE R
R, ART-BNAERSBEL=DPREALARN, SEES TR
Kk, REEWESEXKRTE. RAARGFERERTHRE. BER
MR BRG] EHFREIRR A R BRI BRE KA,
BRTERT Bk, WBREEE. 2080 BAMAKNESTHER, T2
BATFIGRES. #MERE, MY, AEISSYR. RRETRLEESA
WY AREHE T rEER.

& Eprd, HIENSHREZHBIFNTEAREENE. SHERE.
MRS FEAERIRREE. MERHETSREENER: 4R EER
HBOEESYHERO—MERE, BEFaEE0s siRe e Rise,
HRER R A, FESEREET, SEARKBSAEIEN, 4
SR e N A RIS M B RN ILIERAE, IR,
FARGTEAESYTRE, ANURRSRAERMARE. Bk, A%



e R YMSE R 2 T b e T 3050 W= I IO R RUELAS W &

REZHOITES, RIEREER, R0BHEE. RETE. BEFR. 5
BEHRR, ERTEEARREEHERELHL TS HEH.

2.2 TEABREE

| TEIEE S (soap-free emulsion polymerization), RS IR GHIE
B bR SRR — IR RNHEAR, RISTEER AR S > B
(HAPEAN THEREFRE CMC) MILERARENY, BRNEELRRS
£ 1 Gee, Davis 1 Melvile!™F- 1939 SZEJALAKEENT CMC 4 F 34T 10
T ZIBILMERA . 1960 &F Matsumoto il Qehi VIR AR A AMMMEHT, &
RTRELE. RTPENSTREERERZERIE, XS EH R
PhE. KERSBATHEEXLEAREREHRNMRE. B2
REMTIRBTHAMAKER. ASE, REMEMHRESRSK, AT
MERFEEENIAE, A 90 SRR, FHREER, BRESEA ST
FIRISEE AR M EDX T E MOFSL T AR, SOWRC K. 1 ML TR BT ST .
TR, Rk, PEE%KES, FREBTALEENREN.

2.2.1 LRILBREHEER

TR IR SRR IR S H M, BT LA SR 222,

L ERABEAFHENILER T ARG T RE L A" A ©
B4 T HATLBIE S P ILAAR I S 8, WILAINEER, RSN
REVTTIREMNTRM R R, TIESRLBRS NUHEMA SRR (o
NaCD). {455 RAVERM SRS A E e MR R TR B R B AT L
BRI

2. EEILHR A% N R SVIBORE EER AR A, HOERR
ERMARREEMKR. TERLBRZFUNMES, LEAFARE,

OB R, ERNTIRRS LELRAT 15—20%8, BHITHE
G, ML RTLR A MR 0% A RO AR, e R
B R T HATSMEAX.
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HE, WS ERAERE, NTEERATERSS. ERREEARS, f
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HETFER LIS, REBIBERE . HSPRITIAEH5. '
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FRRAMHRCSEEGREN, =55tk 252,
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Fig. 2.2-1 sketch map of emulsion polymerization system
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IR A B, RN BERRRE R T KPR, R
WEHE EAOTRES, BRRELARERHEEN— a6, BR4eBgnE
BEARGE, BREXRODRLEREREL, HEFEHFHITKPHEL. b
FoRA AR, VIGHERERK P RE RN, RN E KRS, M
EEMNNERESREREEE, BEENIR. VNRWHREBHTREAR
PR, HERRE L AR RREE . 400 100 Jifs, MASBEEHAK
WRLRER, Hib, RERRAREZEREGHE, KBEHESIRFTEK P4
MM BHEEY BOEARK, 3IRAARE. BRIUMOEERATENRR, T
RIEAT SEEMMEIR, Bl M/P IR . FHRNHIT, M/P LR
HEREANY K. BAREGERGE, BRTHAENEALFS TFAENREEDN
FHL . BEE W FLIBCHL B EL AR K LU B AN W 3t A4 ol R DA B TR PO T 0 104
BARHET R N AR R . RS T RMIEARE, BEHEAN WP UK,
HITRARN, HHEEEHENERNE. BHit, FIERNOTBRENHE,
RAEANFEN TP HRMEARIEAR SRR, FREESIRAT B
K, EREBTIRMEERERNERE. LIRS ARREENIFIEAD SRR
BEL, MEEHKPOHEDREARREHREHHA, KR HEFER
ERARAERRR" R, A TERSNA, FANEEE~TZNE"REH
RERSETEHEE. TAIBERSHELNERABEESRER, BTEL2A
BENEEREIMF, FEHEEERENERRTARAILERE.
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B T ERA AL,

1. AR

— RN B AL AR S, 1SLIRE 1969 1 Fitch 1 Tsai
$RULH, 2 5 Goodwin. Hansen §t Feeney BAMATsE #AFEL™, ZHibRy
EBEWANST R RN BATI RN AT. 3R AEAA 4
TRAEFRE IR, BTG ST 5 T3 R A TR KRR, S48
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- Fig. 2.2-2 Homogeneous nucleation Fig. 2.2-3 Oligomer micelle nucleation
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Goodwall™ *4 A SE et LU HBREN (KPS) X3 RN 2B ELIRES
RELAIHF, R T HBEYRRAEIE, e EERAR: JIRNYE
ZEAMR SRR E R, TSR TR P HRAS T RRE T MK
RRE. ERSRMEVE, SIREELESKCERER, §EEKRERKRAS
—FREHKBER O FRY, W0 — W RS KA - S07 EH,
R A G AEREEENAOIER, DI Bk A LI R B
B, W RE—RERFRIBHR, FMERE, BRMEFEYRR, &
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3. RN TEREEENE

T RKIRIRG AT BB TR T, FERNHRTER/
TR RG T S (MMA/BA) TR TR A THR I, BIRIRIAN ™ ATt 57
75T MMA/BA TR FLHER G, BTRIBRZEBE-ER- KRR, A
R ZOMRPNGR. REWH, BhaTIRAGIRAMEARES, BH¥K
AR R R AR, TR, BNHRBERRRYIZN T, X
VIR T RIRHRAD, RERATEERE, BbRRaE, BA8R. BRY
AR FRETREMREABHESE, ERERENSIBIARE. REVIHEH
B R R EEN. MERGHARNIER, ARNEEAAKR, Bk
REWE D, MRS HIEHE —EMREREL, KXHIRSIRAYEHBREI
%, XRBE-BREMHEESHNER, EARN—BRA, RBEERARNE b
BTG, SEORTREOAEEEE, XREAFARE, RERTH—SEER,
FEERRECRIRT . HEEERNRETAREEREERAMAT, HERA
RORLT, X R SE-BER- K IFRTB. B R R B R IR R 20T
B ER-BKHFERANER, SERESMEK. RERBHRE, B
HEGH, PFERAERAESRENEHHER, JONEHEHR. X
R SRR EEN, MKSENTREGHERADS, HTRELRE, &
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KR PmEeRE, ERTRIEHERY—, NESWER, [ERTHE
BRFMAM. BEZ, LRRTFRRBIRRS D RENE: SHRRE, ®
BRI T, RERERREIRR, HAEIRElTAERER
RS, XERATRTEE SR - MICGERER, BERFHER, T
EFHTRAVIME A PERZOHE .

ERACRL T B IR AT LR S _E R 389 AR BB B A 5 SR I R A DL B R
&, BEATEBIAR BB S R R P I RIS B BB R A . I Munro
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R R AR RN, —8HAA, KEPEEOCH AR A
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B FHTHRRERKR, RARENOFERE, EmaTEEXERER,
KREREN. BE, RALELBESEMBEEARANT, R RRAR
KA, REMNERREYE, FERTH=SHEERRERRD,

1. R AR B

ELBABR AR, BROKOETEYREEREEEF R HE
B CBE” WREEHETORY, ENEN ARG EERE R R,

2. R

EEABMREEERAURRETX, BaYugignsiR Kafm
CHHEfEAME, JFREARTE, RRRANEREREN k2, MK,
B RE P FEAR
3. ML

ERRR T AL T8 LB TERSAELBRRE L, EFEhF La
%, AFEABRHE R A, IR, SRR R&ETIRAER
.

Bk, TR T X ERZBE T RARE. FKEMALLR T I
BERIREN . BT ietE, RN LSRR T R A ARk
TR & A 7 B ERTE S IS

2.3 ERACEREHA

1. RS
AB 104-N BIfB FRF (Mettler Toledo Group);
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pHS-3 ZU ¥ FRERE v (BT M 3R B FAXAR )

KQ218 @AW (RUTEAKEERAH);
RS IN (EEPREFHAREFRALED:
Hitachi H-600 i&EHF 8L (TEM);

710 FT-IR B RFEREIt (EE Nicolet):

SHZ-D (1) PR AKRESFR (A HRETHRUBR D
JSM-6360LV #3-5 SEM(H & /57 (JEOL) AF])

2. R

FZM (CH): WEMRF, LS RAERAR, Boiranikin
0% AF KB BRIER =K , BRERADKMHER, RERAZREKERR
P, YRIREMPRERALK CaCl, T4 2 KR, BERM , EFERTKES
#H

ERERH (K.S.0s, KPS), A tiafiilsn], PEEZD (FH) biglEilman,
FHTGBEERAR, HRETHKES,

ks (NaCl): AHdrelilsfl, LRy B, (ERATE S A,

TARTAAE (CaCly) = ArrandHl, FHEES LR MIERMUPTT

BA (N #ER;

K (HO): SERATRI/K AL TR IEoi 0 25 B FAK AT K3,
EErEMET 1 u s/cm.

2.4 WEZIHY O RATR L5 %
ETOCT, FHAXEAWESENAERELBIR, URIKEHNRNY,
AFREERSIAET, NEAH RS R. BT

K58,0
n CH,==CH —=23 +cH, — cHt;
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SIRFTHERE (KPS) PY, {2 h: K 8,05 XEH: 270.2952; #A
H: 100°C; EEAR: 2477gem’. AERBE KB TS EESIER, B
B, ST

K+&% fﬂK——*QKCF;-
SRARFEN < SO BERE T, XEEHE, URAETOHEREHEET. Ak
o, XEEYIIFE R T 5K F RN TI SRR « OH, BHkinsEa LR IR,
KSO,» + H,0 — KHSO, + «OH

5| KA B R B BNA MR T K Rk, FFRR5 IR RS

M + « S0, — « MSO,
Hh M Rtk Hp@dEatit—»F S5KMAR M RERRN, #IFHT MK
IFVE

M + < MSO, —» « MMSO,

M 4+ MMSO,” —» + MMMSO,

. (M)n 480, = = (M).S0,

RFE LIRS R FUK R AR, —RIAS, BRACHE S A 18] T R Fr B R A
B, ZEE, S8R BT — e, FERYIEESHE - .50, 7
G R RIS . EL R I B SR A ik A R 1 s T B TR R B
WU IRE R BT RPER, HIRERE, ERIBBEFRYER, BYX
LR A R, ik TEREERC A Y BB R P HEAT RON,  FUKE
ERRMC, REEHE TR, BMARENMEE, R EERE, HEARBEEN
BT .

2.4.1 L

1. SERE i
LA TTINR 2. 4-1. FeH RARRE =0 P #1T . AR SEIMA
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e B ATFE, S A o A T o W= RE T N9 TR A N -

BRSO, B FRESBE 16 96, WETHAS 70T, FHREF 20 54
Kk S . ERTEE, AR, TRES. RARNER
RGBT, RAREY 24h. RESHRE, BHEER, BIESWLE.
B A YISLEE 300nm BRALIERFIESIIL, SiibRe T RE DGR PR, 2IE
WK S R R, AL ELSE A

241 LRRHTERSEMN

Table2.4-1 Reaction Conditions

LR FMF W (mol/L)
EZIE 0. 88

T wiER e 3.31x10°
EERE 70°C
BRI ] 24h

2. KEAR

BARSEA RN, BEBRE, WRLIEN AR REFHR,
TLW A CERFME, BN, 415 R, FLBEEIEN R B S ER
R SLRBERBLHEAT, AR S

3. KRR I

DI LAY, M2 B0 G B

@I BRI AT RN, EFRE, REEAFSHENR AR,
@R RS EWRA, FRERZRE AT, e, RadEs,
TS H BRI S, BRI IO T AT

@Rt , ETRTHAR, SEWHERT %), ELR IS
AT T ER T,

UL R, —EER T AN, EERENLSERBRE,
WL



I HUASE R Sh A B T S0 W RTINS TR ALY i

2. 4.2 BE L& BB KR

BEALE . PSRRI, —HS AL, BUORATF TEM MRS
5 WO TTHREP TR, ORMT SEM MMM, BROETHRERE
P LU AT T, ST HRA BATRES, EREWEN, Mast
oA HEAT K.

2.4.3 BEZHBR S BARYC MHHE™,

d.=Xmd;/ Tn (1)
o=[% (d—d>?* Tn, ) "2 (2)
C= (o /d, ) X100 (3)

At d A PRANBRER; d BB FHEE: n AERA 4 FIER N E .
o hbpAEfRE: CHVDHRE. B/ RIS,

2.4.4 R
1. B ZIEBN R B & 2 #tE

e

B 2.4-1 PS piERE TEM B 5

Fig. 2. 4-1 TEM image of PS microspheres Fig. 2.4-2 SEM image of PS microspheres

B 2. 4-1 BiRA Bl & MR ZIEBRLA TEM B, M 2.4-1 FHETH
ENRHE TR BRI, KA —, BREBIGE. B 2.4-2 ARFLEH
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I BRI A AP A S T3 LT W e nrore

SEM B8 F, M 2. 4-2 7] 5 H ATl & R R LB HERERE E 87, KRG ER
A¥y—, REEH, LTHER. £EkME. @ 400 MR THER, ERE9Am
& 2, 4-3:

25 -

20

o v T ' v —f

T 1 M 1

L) T T 1 M 1 M
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RLIZ/ (nm)

B 2.4-3  PS TABERAIRLER 53 1 B

Fig.2.4-3 Size distribution of P8 microspheres

mAE 2.4-3 AT4u: MR IESS, FrbEEREEsmIRE. SGitERu
TF: d. = 510.4nm, C,= 3.37%. C. < 5%, PHEAFHENBRAERTEE. &
TR =ERFFHRESEE™. TREFTHRK, B_RKAKTERNT: d=
507.7nm, C.= 2.11%. MSKBGERATA: SRR BRENENRE.

2. B ZIE IR a4 b

B2 44 (T AREEZHEAaOIMNGER, Hp: 3060cm’. 3025¢m K
S pe i C-H AGEIRENIE, 2920cm™ . 2849cm ™ Y HET HERY C-H B4R IR 50U, 1448 cn”
hF 3575 3R shig, 906 cm™ i B A0S fhiiRahg, 1597cm” | 1580cm™.
1491cm™ H2EELM C=C H4EIRENE, 770-730cm™. 710-690cm™ 4 HKI _FAE4RM 1
A C-H WEgEIRBhE, 540cm” A ZIGL-EWH C=C L MIRS)E, F UL,
R ZIEEREN, BB RAREZE. 8 2.4-4 EFH: 3441, 03cm™
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Fig. 2.4-4 IR spectrum of PS microspheres

A O-H BRI MhgEiRshE, HARAMREARERE, XERIERIET KS.050
H.O I S5 R T 7= A e S U B 7E 36 - ) IR F) A7 3] i) % T TR AR K 1 7K A
- 17360m™ AL/ C=0 HIBAEIREIE, LWIBTALA T RIPEREL, Ha
HiR/P. RERNAFE, WHRERENARE RNEHERE HIEMH Kolthoff KM
MEATH SR AR, #BAF-SO4 BRI LKA AR R, HTRE XAl
AFFRERREY, BFH AR RERET R CO, BRSBTS AL
Rt &R RE™.

2.4.5 &g

MEER LRGP, AIE L LRABESER RN, R
E, RS, BaidElr, BERAFREERSE, Wk, BO7Es6HE
B HURE OB MR A RTTE.

2.5 BFEABEXNEEZHEABRAE W |
2 5o B R & T SR B R AT AR BRI S4BT R 1K, B Rk

R~ ST Gk K (400-800nm) A2, BB 4 BRI /A4 B
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FEEAEN. ULTFarARERE. AEHE. SIKNAR. REEE. &
TIREE R A EMELTiE.

2.5.1 ZREHIRIXERRL R 2 SR B 2w

2.5.1.1 AFEEENEIREZAEBRK &

FHTEERR. ERAEH A EBKE, 0.88mol/L; IIRIBMIKE,
3.31X107 mol/L: &R, 70°C. RERMAMREE. SIRANEE. HEARE,
Pk R AT 4he 8h. 12h. 24h (HPERGAIFRIEN Latex 14", fHER
e Rl S, {FIERF, #EIBER, Fardry sl s ke S RE.
AL |
2.5.1.2 SERER

-

1. FRRE N AERN B A

v J‘_’U i

: o GG W it
i, 2
3 £ i _.._:'_'__ -] e
BTy & R . ‘ o

B oy
- ™ o o, ; _ -
B 2.5-1 1" £E5 PS R SEM A B 2.5-2 2°FESY PS {4ERfAY SEM HEE

Fig. 2.5-1 SEM iﬁage of Latex 1° Fig.2.5-2 SEM image . of Latex 2°

2.5-4 A"FENL PS 1ERk Y SEM B

Fig. 2.5-3 SEM image of Latex 3" Fig. 2. 5-4 SEM image of Latex 4

2.5-3  3%ESh PS SRR SEM MR
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T R M SE R S mr it oK W= RTINSO R e ad fl &

B 2. 5-1— 2. 5-4 4} %25 U'—4 PRS00 SEM A . iR 2.5-1 TTEH, X4
BT 8 4 4h B, FTBMERRLERAD, BADATH, ERTFAPEEFEMRK;
L AR AR Y 8h B, B 2.5-2 ATAN, BERRZRRERL, BRTFAME
REIE], I/MRRMERK, URANEMME 120 6, $hE 2.5-3 TEH,
MERE AR, RAREY 24h B, HE 2. 4-4 &1, BERRE .

2 . ANEIREH R EF R RN MR

#2.5-1 AEE-SHHE PS MR RN SR EY

Table 2.5-1 Size and Cv of PS Particles with Different Reaction Times

IR L ] FEPRLAE SR

TR
(h) d./nm C, (%)
1° 4 319.7 14. 40
2 8 462. 0 31.11
3" 12 504. 9 3.71
4" 24 507.7 2.11

H R T FIMERI IR B AL, EREan bdTEs: Mg
WESCE, 'R ERECN 14. 10%, HHABIRRZRM ARG R0 8
‘ﬁﬁﬁMJm,ﬁﬁﬁﬁﬁk,m%ﬁﬁ%$mﬂ;?ﬁﬁﬁﬁ§ﬁ%&n%
/NF 5%, HEARMGL 12h i, WERERTRSEYE: TREMSEREY 2.11%,
FIREANTF 5%, BLBTRERRIFAT R B, A 2.5-1 FII8 2.5-2 AT, KU
BRI 4h B, KANRTFREBZENARX, B 8h i, R EEH A, BEEFEE
FARTF, FERDRFLESNEE, AToBARLMEKR. N ESRekE,
P& FHabifaR s, BERRESABIME, R AX, RN 12h M FSRER R
24h I RRARIELAES, IR 120 B, ERBEERNOERDS. X—H
MRS RV B X AR 2. 5-5 BHH.
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B RZ R} @l /h
ke 2. 5-5 PS fERRIZ S HKERERRR

Fig. 2. 5-5 Effect of polymerization time on microsphere diameter of PS

M 255 &, EZABERMREHRAIIA, LABBAM, R8s
BRHIAATE. BRSRa RR: RIA sh i, B0 AN,
MSRh 12h B, BERRECSMERK, ZEERERN, MEREELFER
7. B 24h BITRERBLZRA R B 12h fER 2 L —#.

2.5.1.3 4

T LB R A A& IR LR AER, BT W SCHR R BN RI #4924 200 LA k. 38T
WA R A B A RRERRLR KD M4r 4, KILKEE RN 12h B, THERR
RegBEER, RERELVEAERL, ™ 12h i, S8REDDT 5% 2
J5. BERtRZEAS, MR R O EE. Hik, ELUSHIMERGIES, R
[RfE#1% 12h BIW. MUK TRIB94ER, AWA T REMR. AR, o B ARGE Y
REL, $KIRHRIRETE.

2.5.2 B{VR BEN R AR 5 B E 1

2.5.2.1 ARAAREREEZIBURNH &
BEHERGR. SRES N THREPKRE, 3.50X107m0l/L; EBE&E
B, 70T, RMEE, 12h. REESIRFRE. BEEE. REEREALE, 45
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MARRLAIREE N 0.38. 0.50, 0.61, 0.88, 1.05 mol/L, HF=&4REridH
Latex 5—9". IXRMNEE, FIERE, HHNZEER, FRA®E RN
WIEhEA SR, RAE
2.5.2.2 KRR
1. Tﬂiﬁmﬁﬁﬁlﬁ—ﬂﬂﬁﬁﬁﬂﬁfﬁ%ﬁﬁ

E 2.56 5 #nn PS ﬂfsﬁaﬂ SEM P@lh“ B 2. 5-7 6"FE5h PS HERAY SEM M8 K
Flg 2.5-6 SEM image of Latex 5 Fig. 2.5-7 SEM 1mage of PS Latex 6"

@2 5-8 7#&1’5@?&9@ SEM FE)# % 2. 5-9 8'FE&h PS ?&f*m SEM

Fig. 2.5-8 SEM image of Latex 7 Fig. 2.5-9 SEM image of Latex 8°

& 2. 5-10 9"F% &4 PS THERkAY SEM I8 K-

Fig. 2.5-10 SEM image of Latex 9"
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T AU S R S S e T B IS I T3S 2O AT S ) il

A ~OREREEENTEY, Z[BAKREM 0. 38u0l/L FFHEE] 1. 05 nol/L
i FTEERERFEE LT, RENHE., AKNME5,

2. AR HR R T E B IR R KN R
#2.5-2 FRAERERFIRENIHER

Table 2.5-2 Size and Cv of PS Particles with Different Monomer Concentrations

. BRI R A SRR
(mol/L) d./nm C.(%)
5" 0. 38 417.6 2.02
6" 0. 50 441.8 3.48
7 0.61 459, 2 1. 80
8" 0. 88 521.7 1. 86
9 1.05 5567.6 1.06

MF 2.5-2 TT4: REBIRFRE. BARE. RNUNERE, S8kl
FEA 0. 38mol /L FHE] 1. 05 mol/L if, BiBAIT Cv<<5%, UiHIPTHI% MER S5
WEIRET . TR ELUE AR R S AR R, LSRR Bk AR AR,
BAERRL 12 0 PR E, 79 2.5-11:

420 -

400 1 T T T T LA I | L | 1
03 04 0.5 0.6 07 0.8 09 1.0 1.1 12

Bk 3R E/ (moll)

B 2.5-11 PSRN ESBERERXR

Fig. 2.5-11 Effect of Monomer concentration on microsphere diameter of PS
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T IR R R G- S i =g W R TR B R W -

MPERI M BEAPRIKAEN, MORRARNA, 3 H ¥ RARFMRH

KF. HHBATEN,
y = 210.813x + 335. 354 ( R =0.9989 )

R x HEAWRE, B4 nol/L: vy PSBORRR, BALN oo R AMX
RE. i RETEH, PS WERKAER MR A R MR R

LEHEEREHAENEIET, BERERRM, MIRRRNA, KT
R B PRI TR, — T, R TR B <R MOV R
PERIIN, AT S WBRECE D, R, BT, RN,
RRERAE R, FEA RN A REAR T . M S—NECRRE: X
AR S AH T, LRAREBRESSHRS TEAS A4 TR T
e I ML R B B R AR 2SO, BT TR, 4 B VRPN, 1A R PP 8
A RNR, MBI RAKERIER, R E LR T AELS & 1 B B
FH. hTHFLBEROERS, BT RDRTHARRTEELRER, A
T IR AR, (St R TR .

2.5.2.3 &

{REGERE . SIRMME. R ASAMERE, LB REREN, BE
LB R BATREE AR BRI KT R, P ERBFEMA XA, HiBids®E
REAEERIRE, ARBARK/DE PS 33K,

2. 5.3 FARBEX RN BUE K2 W

2.5.3.1 AAIRABREREXELEBBIRKIE %

B A TERNR. SRS N KLIUSE, 0.88nol/L: LTREEIVRE,
3.31X10" mol/L; RREFf], 12h. {RFEFREKRE. FIRARE. RN EA
A5, 4P RIEEIR AN 55C. 600C. T0°C. 75C. 80°C, Hi=4rilbiah
Latex 10°—14", IERNIEJE, FIERN, AHEER, RTEATE—FERR
LI R Ao R AE . L.
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2.5.3.2 LRI
1. ANEIREEREMRYIRER A

iﬁ% il : i o - i
B 2.5-12 10°FE &% PS $8FRET SEM B A

i

Fig. 2.5-12 SEM image of Latex 10° Fig. 2.5-13 SEM image of Latex 11°

& 2. 5-14 12°FESL PS SBR[ SEM IR H B 2. 5-15 13°RE 5, PS P8R0 SEM &

Fig. 2.5-14 SEM image of Latex 12°

i Y 8

Fig. 2.5-15 SEM image of Latex 13°

- ) )
4"FE & PS $HBR SEM B A
Fig. 2.5-16 SEM image of Latex 14"

M I ~14/FE RSB A E Y, BSRNEFEESHIZE 55C. 60T,
70°C. 75°C. 80°CHf, FiBBIRERERIF, REEHE, LW, RSB ZEH

B 2.5-16 1
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BRE, HMERRAERNYS . BREEREERE 55C~80CIHE, Wkl
HIEIHT PS IR

2. ARG RBEHUBREANE DA B R
& 2.5-3 AREGEE PSRRI BRE

Table 2.5-3 Size and Cv of PS Particles with Different Reaction Temperatures

- EARE Rk SR
C) d,/nm C.(%
10 5h 416.9 3. 08
11" 60 505.9 2.85
12 70 504.9 3.71
13" 75 473. 7 2. 69
14" 80 480. 1 2.72

M 2.5-3 TWT4N: WA RBBESHH 55C. 60C 70°C 75C. 80T
B, PR RERRARIN S RS C.< 5% UWHHFTHIEHERBIBIMRE. A¥H
WE MR R SRERENXR, DRGEEATAR, WMERAR N Y AP

fEE, 1818 2.5-17:
500 "/\\ //
4804 / i\_/

T T T T T T
55 8a 85 o 5 20

& B &/ (C)

:

R (nm)

5

&

Bl 2.5-17 HERNR L REBENXR
Fig. 2. 5-17 Effect of polymerization temperature on microsphere diameter of PS

MMIRBRE S R VREARE 2.5-17 WEH, ERSBEEA®, N\ 55C~
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64°CZE, HMERRZESEIEKR, 64 CLE, HERNEHEE MM, £ 78
CLAE, BAXMAEMKEY. XREETAERZBNEEARES LIRS, &
B RIEIE 5 RS W BRI R . BEEENAR, SIRANAE
SRR, FER T A R P AR R 0 MR, R BT R M RORL
3 AR AR R, BRI B, FULIURORSO A R 5 R AR,
Bk, BRASBEEREAEMES. dTAGRE—%, NBMERRRZ
B/, KR 64°C 2 S ML T M4, RABETE T8CLUS, BT RMEH,
HERTEAEEE . SEFRTRENSS, BT2AEAARETRE, B
T SEHAME A, TE 64CZHT, BERRAMEET RmEA, XH—k
EEA . ETHAHTEELE, RORMNEEAE, E—EEmn, K
MRz, HWMSBNRE, WHHFRENF S, BaEREmn, ENxe
B, FENMEETS, HREENA. 3 —RERETXNNIE: 4K
LR, RMEHATEIRE, TIAERERRIEZ R, XSk
524

2.5.3.3 &g

LR AETEHE 55 C~80C2d], RMILEIABEEE, AIHEHREY—,
RS . RECRB A SERRZIERER. ERFREIRE. SIURMME.
RO EALRFMFT, MEER, MERBEFHGNE LTHEY, HERERE
TR, BORRBEA. AE 64 CL)E, HORKAEBEARTMN. £978C
&, wEEEERE A mBEEA, EERAEAK.

2.5. 4 FIRFAAEMNIRNEN D BEREW

2.5.4. 1 REF| R BERE 2 R 5 %

WEHFILFRIR. EREHH: BARE, 0.88mol/L; B&HEE, 70C:
RMUEHE], 12h. fREFRAMKEE. RAEE. RENRIAIE, 4050335 KA
FEF: 1.66X107, 3.50X 107, 4.97X 107, 6.62X107, 8.28 X107, 9.93x10”
mol/L, F= 4T BIARICN Latex 15—20". IERMIEIG, FIERRN, ANER

*30 -
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W, FETR T E— R LI R e A S R AR . B
2.5.4.2 SRR AW

&l 2. 5-18 15°HESh PS BRI SEM B Bl 2. 5-19 16™FES: PS k40 SEM B A

Fig.2.5-18 SEM image. of Latex 15 Fig.2.5-19 SEM image of Latex 16°

B 2.5-20 17 FESh PS #E3RAG SEM B B 2.5-21 18°HEN, PS HORAT SEM R A -

Fig.2.5-20 SEM image of Latex 17 Fig.2.5-21 SEM image of Latex 18°

; g - , ﬂﬂgﬁl il Qi - A
B 2.5-22 19°FE 4k PS THERAT SEM BB H B 2. 5-23 20"FE&L PS PUERAG SEM W A

Fig. 2.5-22 SEM image of Latex 19" Fig. 2.5-23 SEM image of Latex 20°

TR
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M 15"~ 20° R R R AT A, S5 AT 1. 66X 107nol/L F+#

9. 93X 10" mol/L B, BTG TAIRBRILELF, RIMMIF - SIRFIEEM 1. 66X 107 mol/L

FHEE] 8. 28X 107 mol/L i, FAfGHERHEIRS], HUBIEMIBEM AN 9.93X
107 mol/LiE, ME 2.5-23 ATEHB R4,

2 . ARG A FUHE BE 2 B SR ER BRI A/ 7 R L

#* 2. 5-4 NFEFIRFRERRMENS B R

Table 2.5-4 Size and Cv of PS Particles with Different Initiator Concentrations

pp— FIRAIREE FHNAE SRR E
(mol/L) d./nm C. (%)
15" 1.66x107 580. 5 1.68
16" 3.50%X 107 521.7 1. 86
17" 4,97%107 581.3 1.23
18" 6.62x10" 611.1 2.41
19 8. 28X 107 697.5 1.99
20" 9.93X10” 814.0 12. 09

M 2.5-4 T[40 AT HCRBORE, J5IRFEEM 1.66 X107 mol /L FHE
B 8.28 10" mol/L I, BIfBHLT Cv<s%, BLHIHTHI#& BUR Lo BRI . HX
FIRFUHSEIEKF] 9. 93X 107 mol/L i, Cv oy 12.09%, KT 5%, ULALLAR T
MERIRAS, BAHAET RS WFSRENRE, B RAKEEMN 1.66
X 10°mol/L F&E] 3.50X 10" mol/L i, WIRFIZER aHE, LI RAKE
M 3.50X10° mol/L FHEE] 9. 93X 107 mol/L Bf, WERIIRBEMAEE. R
BLiEMs| RFIERZRME 2.5-24 (WFID B,

— AN, RIEFRE, AEKRE, RENESLREAHAE, HEESIEF
WREERINE K, THERRREBE DN . JRTUME 2. 5-24 B4 FFIGAT, THERREN
BT | RA IR TR, KRS B, 10253 SRR T B 21 4. 10
X107 mol/L BAJE, PERRLFRRES IR FIME K MnmbE K. BBuX—4 811

+32 .
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0.000 0.002 0.004 0.006 0.008 0.010

5 %& 7 R E/ (mollL)

B 2.5-24 PS MERBI R EFIRAIKREH LR

Fig. 2.5-24 Effect of Initiator Concentration on microsphere diameter of PS

IR TRILBEGERT, SIRFAEENEEM: —J7m, BEIIRKWK
A, HHBEARERMENER ReRNERME, SESERGEZEN
R, HTERILBRESERT, WTREREEEKETIRNL R #-
A B R B AR B T 40 TR R I T A AR B FLBRE T2 R R R ), B 5
RFAWSEE R, BRI RBHEZ IS, B REOFILTRERX,
XPRT RREERI R, MTTRDRLFROSR= 4 HBEA, Bit, SERRES|
RARE T 7 B n, mEGE—E, XS Rk TR R
RS, BRESBRERERED: 55—, FRFIMRELRIEA R i
ANTEFRE, MHAERTERAENEK, IR, wadERIEH T
B, HRTBHERBAIRE, FENEETREBEMTHLRS, KILALE
FER, BREARAKNRESYHIR. HEELTRARESERT, 5IRMANH
BRAREEFENXEER . U3IRFREMN, frEEESER, Bl #
BRACAEBE SR TR B I KT, T2 TR MM I AR, 58 ZF0fF F @ #i
RS, BERSBMERRAEA, WAESHEME. HFEE LRAEMIELE.

2.5.4.3 &
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ARFPRENEE. BARE. RANEAE, SRBIIRFEEN, REE
BT E LIFMERIRR R D B3R 51 R ] B3R R SR R A2 i —
FRuER. EIRFIREERE, SFBOBARKREKR, MERRESMmMmE.

2.5.5 BT IREEX TR ERRLAR T 5 BURE I U

2.5.5.1 AREFRERERZLBMROBE

BEFIN: FALBAIFKEMA B RYIRS, BEMEE 2 98, A
FZAFRBE, BT REAEE 16 4480, REFRE 70°C, HEE 20 S E
REEE . REWASIRRKER, HHES. BERNERASRFTH
17, BANEN 12h. RNEHRE, AHERE, BEREYIN. RSP
F 300nm fHFLyEEEMIEAIL, Akl fEd REHXGEEKE, S[ERA R T
AT R, WAL E RS, FRRTE—#FRE. RIE.

SCESED AR BAWRAE, 0.88mol/Ls BIRFIKME, 3.31X10° mol/L;
F|RE, 70°C; MR, 12h. (RIGFEMEMRE. FURTIWE. BAERE. RN
BRI, 4F80A NeCl, BERSFRMBETRER: 9.93X107 . 1.338
X107, 1.683X10%. 2.033X 107, 2.373X10%mol/L, H=MrHFRiCH Latex
21—25%,

2.5.5.2 LWESRNHT
1. THH?%’EE#@J%B‘J%&%H‘J Eﬁﬁﬁﬁﬁ

e 2. 5-25 21°FF &Y PS DHERAY SEM B & B 2. 5-26 22°EL 5 PS TERIK SEM WA

Fig. 2.5-25 SEM image of Latex 21° Fig. 2.5-26 SEM image of Latex 22"
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& 2. 5-27 237FESh PS MUEREY SEM BB K- & 2. 5-28 24"FF & PS $RERIY SEM A

Fig. 2.5-27 SFM image of Latex 23" Fig. 2.5-28 SEM image of Latex 24°

B 2.5-29 25" % PS BEERA) SEM BB A

Fig. 2.5-29 SEM image of Latex 25

M2 —25 R AT Y, HEFBBM 9.93X 107w0l/L FH & F]
2.373X10™ mol/L B, FRSMCORIRFLRELF, RELH. BREEFREMEX,
R THHRSMERN M. WE 2.5-26~2.5-29 A F M, TP EREIRADHIAN
BRER, IXE/DERIRATRER AL AT REEF I & PERBRAIFE, FESHERE
LFH RIS NEIREE. BN, BELENEEARRES, EIEF
YRR BAZILEE . TR 85, ¥ RE 0% EAM O TR . AR
BEHiE, 2R THEK, pE0TFREMKEGEY BBRE P T RN,
fEERiEFmE R, REOFE TR, BREHANEE, BHHRERE, HEER
FRERR T . FBIXFEHAE, R THANZERER, 18R BN ki
A, HERRAEDE—, BERASBHEER. AXRICMANEERNS, BT
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A b BB A B IR RN ERERSE, BRI RALEILEE, P RN
SRTFERRAN I AHKPBR. RAORKEFE, RARELBRLET
BREH, HREIEANE—RKEE, TEEDRENE, B4R 7§
RABAEEHRR: SR, ERARENVSAT, RERRRREE
LR, HKRoaeh TAEREEENERE, XERELEPiE — R
—MIRIEFMFEA,. MEEFHER.

2. FRETFREHZOEBRMNBE DT RE
ﬁzﬂ&ﬁ#%%ﬁ&ﬁ&ﬂﬁﬁ%ﬁﬁﬁﬁﬁaﬁﬁwﬁ¢%ﬁﬁiﬁﬁ
HE. GRWNEK 2.5-5:

& 2.5-5 AREFREMNMBRAEENSBRE

Table 2.5-5 Size and Cv of PS Particles with Different Ionic Strengthes

- BT T TR SHLRE
T
: {mol/L) d./nm C. (%)
21* 9,930x 107 504, 9 3.71
22 1.338x10° h32. 8 14. 46
23’ 1.683x107° 686, 2 4. 07
24" 2.033x10° 698.0 17.70
25 _ 2.373X10* 682.4 16. 48

MK 2.5-5 A H1: MAMBURECRE, 7ERDI NaCl FTEP (Latex 21%), ER
BA RN B R B R EF I 8 - 5t C=3. T1% <5%, UG EFE P IA NaCl
HEE TN, MR, MERoEEm, SEgnE TR, &
1.683 X107, WIFRBIHER XA/ %, C=4.07% <5%, REFSEE. BaiLy
KETHER, WHERNEBRES, AR 5% L. A¥ERFHReE
KRE, HEFIREM9.930X 10 mol /L FEF) 1. 683 X107 mol/L B, HIRKIFE
BT, LE BT 1.683X10° mol/L, FHEETIREEMIMA, BBk
B ILFEAEE,. HCHEWE 2. 5-30:

. 36 .
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0008 0010 0012 0014 0016 0018 00X 002 00

% F 38 ¥/ (moln)

P 2. 5-30 PS BN L ETIEENRR

Fig. 2.5-30 Effect of ionic strength on microsphere diameter of PS

BTEE I MEREANNEAAR 1= (1/2) TCZIHENE, L G
KRB I ETFIIRE Cmol /L), ZAAKEE | B FHFRLCRFA . X
TREEARRKRE, BTHANSIRAANEFESIEN (KS00, 5IRFGHK
FRIRTESRY AR, B THOHEFERARRERREE. SASLPEM
JRAT, BEEETRESK, ABRRNREEE, BREFIEN TR, hRE
BERBARE, ERYMGSTREREEMNELRS, BRI TRER
K, BRAMZEANREYRER. A TETREBKEBERRE, RIANT
Rt iR, AT BRERRER. ABFRERKS—eRE, e
W, xR BE B,

2.5.5.3 &g

AR, FIRAME. RAE, BEREAE, YETREMA
B, BERBAREK, HETREMAE—EHE, MNEREENREAHE.
AABEFEEEAKR, SEMBRRASHER. HEE @ TE TR SRS
B PS BRI, FBFARAIETFRERARD, B MIRRE D A IS

2.5.6 LR/PE
I ERIERESERGIEL MR ZBBEROAR T, FH&FHRNERD
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FIFIE SR )& T RSB B 4 T R LR M EE R
Wi, T, TSRS SAIMER, FNERIRR A A B,
MEFRERERERENRBEN. RARNELAARANLERTHAERR
MRmEE, HHAABIREUBRARRARIER, HEREBRADER
REhA. ELF MRS RARBERKNATRAR, RENRERNAE
FHhREA. BrEfRAMeERERA. XL MEEER Y, B
REEAREENREE R, HADTEE ¢ ABERRR. midE i
WER, BILREAAMENDR, FHHT SRR T 57 1 Bt BT,
xR BRI e B EEE X

3.1 T MR

BRI R F RO AR . TR, EEME. REBASEEWSH LG, 1EH
B FEMTXTEAYBORAZE. ME 3. 1-1 2 Stern 7 HOR B EER,

HP w g m

s CHIRE

o e —

— 4

_2F::> > ///// N c

g:\ & _ ¥

_5(::, © & ¢

v
= ; : :
B4 3. 1-1 Stern EEZ L3 EH B 3.1-2 ¢ AR R R TI R

Fig. 3.1-1 : Fig. 3.1-2
Stern double layer and electrokinetics Change in & -potential when

potential double layer compacted
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e RIS R BRAN - A T X FEEE R IR0 BN 6O I T sk 2

RIEHRERHE AR, —HBIKENESTEERMESRT L, ﬁ{ﬁ
EMAZBELTE HP, HAKEAY BUZ. BT S0 H A0 A R S eE e 5 62
. BINAIER, S48 RFEATERE, BERR AL ETHENE
R—iE#5), WBHMAE P AMBEZ A, SREMERY . BBASSHHN
RAARBEBZRAZI A, RS L Zete) B, BETMXHFN HR. F
M BRI, € <0; WIERME, 250, SiBERKREARAN —FuEHE", |
CHRPBFAREEN, CHHRERETRBACE, MRBENLESE &4,
FEHFX. MEEMFEZNRERE, S5 820 EEE, W aams
&, WREHEFTEENRZRE, R BEREEEN, W afpserm. it
¢ HBAERRFRER TSR , THESSRANE X, UBHIRELE,
W opH, FEBETHRES, 7 AHBaRnTE, hRMSFie Bms gt
{EFRAS S (Isoelectric Point), W& ey pH MR EEILL pH HFRR, &L
EMEFRERENL M ARR. LTE8REN, REKRBEARE.

_fdJE&i’%‘#ﬂ?ﬁ*ﬁ?@ﬁ%ﬁ)ﬁ%*ﬁlﬂﬁ‘]%%ﬁA v, JRENGRE TR EE
WA E, SHEEEHER. LR HBBEHERE, ZENENTRKRE.
ERBTEARY, EHAEHEFENTROMEER, REREZRTEUEE. 3)
ARNMRET PR AU E, CRBTY BN F BN, b
3.1-2 WL, IR R WE, RREE TN EERAE, B
BRERN, SRR BES, ¢ mBATHEMMNMER. B a vIiEREL, B
BEF RO EIESE, | o.0<] Cul<] ¢l BT 0, BEHHIRE R A
WA, i —MEHH ML MARMM PR T, R T HHRMARTE
H, ¥5RBRHNBERRE, Fit, ¢ BBENKDZERSEERORSE,
WHEAMEREREREMRE. (HEEEX, RUBBAELNBASE
WA RRERK, MRRHEREA: K2, o ARERN, R
HED. BT R AR A, EER A RS, SR8,
JEA AN A B AR EL R T R AL R UL, W E. R2Z, ¢ BAEs, %
B AR E -
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3.2 SRR AR
L L as

AB 104-N BRIBBFRF (Mettler Toledo Group);
85-2 AUERB S R (LA SRy

pHS-3 TUH PR H (MM TR T8

K218 FBABLIEYESS (B LT XS A D
JS94g+ T KX (g BT R B A IR A F)

2. SR A
BAEZM: FR 1 20 3 (REANRSHEH, RRBXIMISERARK
RE3.2-1);

FAH (NaCl): Arifraiidsl, bBdFINU Ba) . HAWEESRL
i

A KCD . AHTERF, HERERALERAE:

£ (HCL) : AMTAERAM, PEEWLI

A4 (NaOH) « AR, EEHER L3 A5

K (H0): SERFTAKAGE TRRW AN EE KRBT REE,
L ST 1 v s/em.

# 3.2-1 MRS MRE

Table 3.2-1
Characteristics of the PS Microspheres Used
EERR SRRY
b B S
d./nm C, (%)
1* 503.6 2.44
2 557.6 3.02

3 611.1 2.41
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3.3 B 7,440 e PR IS i 5 T e R
3.3.1 SEB#H

1. 2'FEdh ¢ RBEIME
W 2'BEdh, WERE 250 6% (WKBEA 0.02mg/mD), BEEMBER, WIH LS.

2. PAFIRERILM ¢ B

B2RER, A BIRRTE 250 45, 500 £, 1250 £, 2500 4% RESRI%: 0. 02,

0.01, 0.004, 0.002 mg/ml), H¥: ¢ MH.

BAREFRETHMN ¢ B

- BREREBEREETE 1 2R3 GEREFMERR 3.2-1), FAXHEKR

0.001, 0.01MNaCl ¥, PR —SE¥kBERIISI ARG, VA4 RF pH 4, 4

JS94g+iE R Bk SO ¢ M, XTI R

4. ERFEW

DU, ERASPHERAREEEE, SWRe, 6 >RRRAOTE,
WATRENT ¢ BT R AE M,

@ERME, FETARASE S 095,

@R, G RWAERENRKR, BARKEE, KRB, EEZBULE,
iR BRI, ARG, HRERENEKS, MAHRIKE, SEIEAER
EE, MONE, TREAESHREE, R, SKEHR R, FnEs
RFF—3

@Mz, SREE-BANE, RERNMIRRE.

3.3.2 R 5%
3.3.2.1 2B ¢ HPB B
#3.3-1 PRELRNEE C B

Table 3.3-1 Zeta—potential(Z) of Sample 2* in Different Time

B (day) 1 2 3 4 5

Z (mv) -51. 067 -52. 525 -51, 5615 -50. 845 -51.170
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B RIMIE R M- B 1P X WEEWM N TN GRS N B etk It

ME 3. 3-1 AR, FEBEES R, ¢ ABHELRREGRARFIE,
VAT A ¢ BBERE, SKIE I

3.3.2.2 2'HEMARIRERIL L B
#3.3-2 BB SR C R

Table 3.3-2 Zeta—potential(%) of Sample 2° in Different Concentrations

I (ng/nl) 0.02 0.01 0. 004 0. 002

Z (mv) -51. 422 —52.984 -50. 837 -50. 878

M 3.3-2 ATH0: ARFLEIREERT ¢ AR, FEkil ¢ b, HER
KRR, R EE MR BRI . A B 0. Olmg/ml 1A RIE
R, BEHTEMRET, W RE Lo TS EED, ETE.

3.3.2.3 AABTRETERN L B
1 AR TIREE TSI ¢ B35 pH 2k sk

Wl 3.3-1 I"REZMBERE ¢ eu3iRE ol k2L

Fig. 3.3-1 & -potential versus pH for Latex 1" in different concentrations of
electrolytes. (H, OM NaCl; @, 0.001M NaCl; A, 0. 01M NaCl)
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e AU R B A SR T8 30

W R TR D BV I T Lk 2Y

¢ (mv)

Kl 3.3-2 WK ZIRMIRN ¢ BI5FE oH LM

Fig. 3.3-2 ¢-potential versus pH for Latex 2" in different concentrations of
electrolytes. (I8, OM NaCl;®,0.001M NaCl; A, 0. 01M NaCl)

20 4

20 4

¢ (mv)

B 3.3-3 WA ZMIIRA & HPHE pH LR

Fig. 3.3-3 T-potential versus pH for Latex 3" in different concentrations of
electrolytes. (M, OM NaCl;®, 0. 00IM NaCl; A, 0. 014 NaCl)
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e IR R SR AM AR T3 2 W R IR O RN Y I T etk Y

MRS LIHTEERI & M 368 pH AL IERTTE . MERIB5 A=, s,
REZIEAWM ¢ mBHEM oH EHIRD, EHEHA (EXEEDN), AR
FERNIE, ZEHTRERZHBERRESIZRRA-S0,, EHMRTHE, 4
AP ARRN U, WHEABRMIE, R T MERTH K SRw, AT
STHERMGER, ¢ BRATENTER, M FaARmA, MR e
Kb, ¢ HABMRETANE, ATTHATER: BMEGTRET, 8D
B oH EEIKILPRIERE, BVEED, KEE AT FCEHMER, * O
ARMER, BN O FIANAXMMERE T /EH, BE oH EEMA, ¢ B3R
FAAR, MEMAAERS, BEpHEK, & BBARMEREEAD, X2 T
i pH {HI¥ NaOH DA, oH AR, RN, BTFRESR, KRBT NaHARM
B, EXEZRH, M ¢ BRI .

2. NI 3R BEF A & i Lt S

& 3. 3-1~3.3~3, ATBE} I"~3"H A AR RWRE NaCl ERR T RE BN
SR ARTEFNER ¢ B¥. PHE, WX 3.3-3~3.3-5.

£ 3.3-3 ISR NaCl EAERAMNS LA (IEP) RFERK L B, PHE
Table 3.3-3

" The IEP and the Curve Characters for Sample 1" in Different NaCl Concentrations

C(NaCl) (mol/L) 0 0. 001 0.01
¢ (mv) -43 -53 -33

pH 5.l 7~10.9 5.5~11.5 4.9~11.2
ApH 5.2 6.0 6.3

LEP 2.45 2.35 2.32
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F# 3. 3-4: 2NFRIE NaCl SV TEER SR A (IBP) REERR ¢ Bl
Table 3.3-4

The IEP and the Curve Characters for Sample 3" in Different NaCl Concentrations

C(NaCl) (mol/L) 0 0. 001 0.01
& (mv) -54 -63 -48
pH 5.2~11.1 4.5~10.8 4.8~11.4
ApH 5.9 6.3 6.6
LEP 3.07 2.25 2.25

% 3.3-5: IREIRE NaCl BIEZERM TR A (IEP) BFEXE L By

The IEP and the curve characters for sample 3" in different NaCl concentrations

C(NaCl) (mol/L) 0 0.001 0.01
Z (mv) -66 72 -53
pH '6.0~10.5 5. 4~10.6 4.6~11.0
ApH 4.5 5.2 6.4
1EP 3.29 2.30 2.05

M 3.3-3~3.3-5 A[FEH:

© SHRTFERRMBSTRA T, pH<4 BRI ¢ RAERE pH MW,
YR (AR, Tife ph>12 Bf, ¢ A3 EBA pH A IPIE A AR
Wb

@ SFORCT I ¢ PZEE pH BV AL A — 010 24 C(NaC1) >0. 001M I, B NaCl
WK, TEFTH ¢ mBAER EREZ W, SRR, B AR K
BER, RETRENRHE, AT MR bR, ¢ bt E S
{2 —BU; T2 C(NaCL) =0. 001M BY, 3¢ & M MaH K T S AK 1Y
¢ R, XAV BR AR A, X —REDIRAER B 3 Y g
A, FAEIAEARANEERA THE, T54. RUEBEE. A
BTRMERSY, REGSRER., RHEMEAY: LRRTEEE 2
A HRERN CRET 3 RNERES™). SR, HARRNESY

"48 .



T R IAIE K el e 1 30 30 W RET IR ORI I T R Y

H (hairs) BB, MRAETKIEIEIERT, Soee i aEm 2 1 MR R e,
HAAR A WRERITAE AR, SEORBE RIS, E 2 b
GRHERN . FIB T RIS, ZEIRRTRAMN, BTHETSHE
FHIL, TRSAI, EAEREEFRERE. XEGET HREE N R
R TIER E AR . SR BOERRT RS TOLENR. REHSE
B MRS DRI, ST Stern 20T,
TR RN, 170 SRR . RS, R0 B E% R
5 5 TR, T A B AR T R 2 R BB S Bk e o S
F TR XS AERIEARRE PS K T ROBN AT MR AF AR A S

® WE=MHRTENABTEETN L RRETEYN, HAHK, ¢ EBEwE
K.

@ SHRTEARSTEREFRSRA, HESRIEE, XTHIA PS AE%E
8-S, 3%, (3L pKa ZEARMRPERE U7 B NaCl WRIEHIK, 570 NAME
M. % C(NaCL) 0. 001M /5, PIFHESFIRME F IS AURARIE, IR,

| XTHRERNETEENAN, FERETR CEARKEOES, Hiil 1§
HETR MRS, T

® SHBF I ¢ BAERF A THE THE o ML, WHITE, BTPa
R ¢ ARHER A TIRA K, FAmEE ApH MARS. XTHEER
WETFEEMA, RASEHNE, M I OTENRMEEE, BN
Miihitt. BTEERA, SHETRNE, ENTEHEYEA,

© ¢ BRI T TH i (ELMELATE, XEREE—EBTH
BT, i o W, ¢ EBARNERE, B TR PS BERIE T ML Al
SROETAKIE. FIRY, (0 U0HI & 5T BRI © AE— 2 A F B RIF
B, BT PS ANRE B — 5 ¢ AR

@ ¢ BERFETEETH o (WELIMRILIIT G, WT AKX R ¢ B8
AT, % C(NaCl) <0.01M B, =MRFH| ¢ | >30mv, HEERARAK

RIS TR G PS L A AT MR AR

13.3.3 i
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Rt Uit E S ot i e MW I T 439D BT 6O I T W £ B

L.

]

(2]
(3]
[4]
(5]
(6]
[7]
(8]
(9]

¢ L 4B pH IR ER, S =384, pH<4 B, ¢ HIMERE pH E KR,
HEHAR (ERHERA), pH>12 0, ¢ B ERE pH (EHE K AxHER AN .
thiE G B P EER.
RAMERTRE LN ENRELRHNEN, FESER, HFER
TEIRMRIEVEE: 2A NaCl W WE TIREERT, S ASmEE M.
EREFRERMBEART, RARRRKE B, BENTREAIL 0.01M
B, 2 BBASHERT 30nv, EHib, TRABRESEAHENRILEEER
mEIRE .

. C e pH MM HETETS, FEHIUAE pH6~10.5 ZH, FEHM

¥ pH VEH, PEERTRENEAMEA. REZBWIRANX R AF
RERZHBIMRE LA RETRE: FORFEGRNRHEE R
FRRER—E M pH Y8R, FEWaBE ¢ B RE RIFM—BME, B~
#h PS /NIRRT B AE N R — 2 ¢ AP MIARHERURL

. EMHFERTIRE T, PSHMERBAEK, ¢ BBERA.
. %4 C(NaCl)>0.001M K}, ¢ EBid4bf oH B9k peR, FHEFT ¢ RBBEET

MR IGR TR, T C(NaCl) =0. 001M B, 3 2 sdbastE Ak Tk
¢ AR,

2 % X

X4, BIRE, XER, WKRSR UEAEM. REHTF UKL, 1999, 58 4
%316

Mramt, a0, . ik 5 ATk M]. mEHFE R, 2001 458 A% 1 Jﬁ: 165
Voegtli L P.,Zukoski C F.. [J). Colloid Interface Sci, 1991, 141, 92-108
Zukoski C F.,Saville D A.. [J). Colloid Interface Sci, 1986, 114, 32-44
Zukoski C F., Saville D A.. [J]. Colloid Interface Sci, 1986, 114, 45-53
Chow, R.S., Takamura, K.. [J].Colloid Interface Sci, 1988, 125:226-236
Goff J R., Luner P.. [J). Colloid Interface Sci, 1984, 99, 468-483

Midmore B R., Hunter R J.. [J]. Colloid Interface Sci, 1988, 122:521-529

Midmore B R., Diggins D., Hunter R J.. [J]. Colloid Interface Sci, 1989,
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129:153-161
[10] Van der Put AG., BijsterboschBH. [J]. Colloid Interface Sci, 1983, 92, 499-507
[11] Bensley C N., Hunter R J.. [J]. Colloid Interface Sci, 1983, 92,448-462
[12] Zukoski C F., Saville D A.. [J]. Colloid Interface Sci, 1985, 107, 322-333
{13] Van der Linde A J., Bijsterbosch B H.. [J].Croat.Chem. Axta, 1990, 63(3):455
[14]James, R. 0., in “Polymer Colloids” (R.Buscal, T.Corner, and J. F.Stageman,

Eds.),.Elsevier, Amtrerdam, 1985 p.69
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o BT AR B M AR IR IR TR T T Y AL

BNUE RELBBRERERBHLE

4.1 BA¥EHS

B RIS T RAKIN ST TEAMT, BTN aem
CERMA SR LR . SRt EROREGNTE. Fh
HFREMBENRTE—E A4 T 8RBT RE L R N AR LY
AL & RATE. BEBL S B BOR. 8. MRS R
BRARMYENETIRNRE DA%, BA%EERTTIHAEENNS. DNAK
AL RNARER. EERRARNGRESR, SR AL RER B4
B, s, FEANENETIAGEEEARFRRNEY. GH%
RARE AL, QAR WITE, # AR TARITRNAS, HT%
GiH TR BT R Y, B R R AT AR B EES S
MFER. (EEARETET, ANOHEAR, TURIWHRLRE, AR
g, ARRBAARRELH", AARARNBREHNEENSE « —
B RWHENENERERAE, KRR LRAGALRSELNRR
§5 (0. 1~5Kcal/mol), R RS BRMNFERIFAE, 4B HRERMIREE
MR, SR AMEARERRIE, FUREVRBEN GARERY,

ARIE B TS BT R A, TTLUAREIE B AR SRR 1
& AR AEA QAL B AR ERETHENEAS TIAEE MR
BREERAGEN AR, HFETHNEL: BHEaAEREERLAE
R RS R T A SRR A%, SR ZIAR. R
EANLE, BAATIUES TS h R B ARTR, AT EMH%.
gk BARABA MRS HARMTNE, HIAXHIM 8 ARTATRX
ANl MAMMTEE. EWRNRE. TR, 75, HHEEXERE T
R B AR RS B AT .

FIR BERHARRERFR R U TR A" ORGE, ST © &
B, Bwb © FuBEE, FRRERRNS: ORESBNE, %
BRI © = RBb.
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e R SE RS A B it W R RETE G B AR

4.2 ik B HRE R

AT EL A R e A2 20 43 TR SR BOK TEHL A WU (ke
D BREEEZSRERFEH0—RE. d TR ENREBRRES
B KRR A RE, TERRBESRTEENCKES, FLUSREBURLK
HAK S AT RATLLSEBR=RFRAN — R AEERNER". B
B, B R R T R T LR

LENHTHEARK (EHHEE

HEAVESERBEENGEAT, KREREE TR &R &K 7T
% RR-MBAERKHEE, K RENE R RITEERE R ARG
FRBKBENEESL. NS, KEREENNFNHRAFERT TG X
T RSN, REEAREHNRASE BN AEELTECE,
MTIZ T —A AT B AR, —fAh, SRy % i et f ik
R SLT7E ARG (cop) B SLIT L5 (Foe) , 3 H kR (111) WFAT TH%
HEE. ENVREES THERAENESORS, BTHRIE. EHLEER
(R AR A LA B8 SR e e A R T T 25 0 R AR R A, T EL )48 O e TR 46 (3
RIBERA), SHBERE-RREHNY. LBEREFRRTRFELRD, €
1B BB T BIBUR 2 B AU R AP A, BfEER
BT ERATH LR . T BB R BB BN KRS, FORLI s R gk,
AE ST RAEE K PR R FOHT. Ek, BHEMRE™ " 2 RIER
9 7 R 2 B TR AN T 45 0 B0, A U R BE R 1R 208 B

2. BRLEGER I B AR (EHIIRR)

WORIE SRR B AL, RHE N EERASH 55 B R R
o, MEAAN, BRERERIENENEE, BERESAEHRREK M
T, (E5 4 RE QSN BRI, BRBERE . EHFEART
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B AURSE R BN i W FE TR TR MR A S K8

AT IRE R A HITTIE B A, WA “BEIRE” . Jiang% " Mye%"”
MBI, ARRRERIRRREEEHE, SEEE cakEHEE M
MERF, BEE EEE (GOnm) . EAVREEKAKRERETFES R T
% K BRI SR . T B TR K ) 2 (OB 4 14 B4 W LU
R MXBEEE . T RBCREPRA AR R RO AR B TR b B BE
AREER . TR E (o EEE KER) ZHTHFHSMm A1,

3. Y3 BRI B B %%

BB REDE R TAS B ALV RARE FRRARE "’
21BN R FR o 80T SO B B R IR AR BUR T R 44 ZE R R
S 1 PR R T — M EAS, 36fE— PR B FF— 2 ML (RPN
BERER) RHBOAR. 7 EEIBIET, JFT —A 3G miA, 23—
CHE . BIREA0. 05% we) RN BRI A BEEE T A, BT LEMEAN,
BRI N IRHTLIEZ P R, TURBIRIA RSV TR, BR
ST EHEAR R, 3 (L11) R PAT T RBEH, XM SR B A4 74%,
FERXANSRET, SN A RRGRERE. FARRRNIRGE R THREBR
& B W BN ST b X SR O STE T A B AR AR, AT DA
IR B A R AR R R SR B

4. B 1% T B B 4%

HFRAREE RN, EENGTIENE, TUEEIAE
I EE UM, AT A ol KT R Rk, XM ET, &
LFTHK MR B R R R E R RR, MRELHSEKREFEBENT
FHR, EOhBED, &SRR TREIEERT®. dTELONN
TR BB 2 A48 M ROR IR R, DRI P Il ik R B S i BT LA AR
BB AR IR 7 3 AR

5. HISYTIE B A%
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e FYATSE R AWM= S 103230 WM R TR TR B AR

XT8N R BRI, T LSRR S 0 7 B SR s U M e
Velev "S5{d FIFL R < b 500y SR BRI RE RE A 403 v 26 SR HEAT S 10 1A TR
CHAESE, IXAREE AT UMEE R BORE I, A EBAAEIET . Vickreva
CUEIEH, FEERERE R, RN R B R RO R B B VI A, B
AT AR R ARG N A

6. Hi3% T B H A%

P DB KR T RIBRL AR 5 R AR, BT LRI R MRz R
RBGTIMEE RS, Holgado M ™SRRI 5 il i) B AR SBUR 7E 0 VB P B LK IR R
SRIBHIHIIREER . ZMTENREL, MRS MRBERDFTE, AR
B S A BRI (/MBI AU (KD « AT BB R I, 3T FSi 0B
R, HMBURRITIRESERLZ80.4 on/h AAR, AR EIRARG00nmAN>550nm i
S1OMR AT =4 H P HES). FRIRESEH, W THEME, WEET —RETI0
FISTOMEAA IR, ol LUE R IXF T Rl

7.8 H4A%

EEENANT, FRTEEASHOREWRIRERFR I EL—
E R, ﬁ%ﬁ?ﬁfﬁ)ﬂ%ﬁﬁﬁﬁ%ﬁi%%%m%m, XA RE AL T
(bee), TANSLHT (Foo) U™ T 47Kt A4y R 108 P Jo B2 A PB4 3R T 78 4 o7 4R AR
¥ (B F60%) FERRLoc B ™,

BT LA L& Ty A, FEIHIE AR L, MSatoF iR H AR
PR %% Bl MINVFEBSEREERESRENRER G =8 F
g, EERERFREES . EEHENTE. BR_RFETXE) KN HE
HLEHRAMEA AT T M, BB QAR LB,
BARAR. ROKRBEY R B AR BT R BRI S RO T, WS TR B
SHIPERTFSUR, i B E AL TR R SU A B 5™
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4.3 BmRA RS ARKER
B R AR R A BARL R, ERESERHRLES, B
MRS, BRAYEMZEER, RAERMERZ ANAEER. BAERR
PSSR Rk RN B R EER .
L EFINERER
FERERAERERES, BRANERERENRERENERFRIRM,
FAEREERERET, CTREEEEKGGNRERFESHS3), UE
BB R E BB TS BB BT RIB A B . (RHRRE
X, FORHRARE LS B, FRTBRAMSE™, mRERER
& RAMEHERBROERRE, HEReRdknget R, E245k
BRABEREE AR e, B, ARAHRY.

2. BRI AL P R

ERBARERRERS, BE-NEBNERELNEE. ERREEH
. T GERMEBRERNMES) . MRS BERFRAKT. R
RRERES, WFEEENSR, SSRERRIKBROAREMNER,; RE
BRKRK, SEMBRARERRRAMABESNRAREREK. EEREL
ERSAE—, RSFEAEENTY —, BRREMEERZAERNTS
—, RRITRARARAEK: SRR RFNEAN, T MREHRIRE KB
mMREN, FRTREREMNBAAEK.

3. BRAKER AR 2 B A AR

ERESANEREREY, BERGRELEREAH HTS), MEEHE
ARERZ o) EA R A E MR 3 T B A K ) PR . — RRAL TRy
ERGERABARRE S AR, EFafFERAT, RAERTLERE
R RIEF RS, BT RARERNKR. MR B R R,
T RYEBAAR, WBERTIRA T B SR 50t i R et 3k FEE DL
A7, BT RERAER, BREAHAKRAREE, TAREFHFIRRE
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T FUFFL R A e T 3 2 WU AR TS LT aT £ SR

RAES, BRI AR R AT, — TR = E AT A
I, R Z AR RERE AR 1 B MIBR AR A L U IR S AT, B
R 2% / NaOHE WAL SRR, 7E/KVEHETP A S LT

4. AR R~ 52w
 RAERRRRES, BEATREARENRERE. FU, BTrES
FhGREE, e RoES. S, EETETRRERGHAL. RGN, 4
B R, B PRER R SH R RN T 5% . BE iR T SRR & 4B T-2% 5 5%,
B A B S PR e 2 R,

4.4 WELIBBAAR GAEE B A3

LA R AL B AR AN K 6T AR, FHEAERE 400mm 2
800nm A A7 B /P ERA SRSB4 . TERXR&AE T, DAERIFZRAEDDSR, WmRA
KRR BRI 0k, MEMBREE SRR, AEREANRRESRE.
RWIOED HERER, RAWRE, H& BRRE 400~560nm 5K 246 B E
.
4.4.1 FHAAUE 5N
1. SERAXES

AB 104-N BUffFRF (Mettler Toledo Group):

KQ218 HEAMMEYSE (BLMTEANSAERARD;

AJ-TITAY SPM 9 B34S ( LIEFRAKRHTREFTRAF)D

2. L%

EHXEZ 4 TEFUEESLAH, FigAER I'~5, PR s R
#4415

oK B rATARA, L EATE R A E;

K (H00: ERETAAHSE T8 e ol i =28 FAK B RAT IR R,
EhE KT 1 v s/cm.e
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# 4. 4-1 PS HH B RAFIE

Table 4.4-1 Characteristics of the PS Microspheres Used for Self-assembly

e s TR SR
d./nm C, (%)
1* 503.6 2.44
2F h21.7 1. 86
3 476. 6 1. 80
4* 441. 8 1.31
5* hh7.6 1.70
4. 4,2 TRIESH
LA

ORI, ERK. TREBAE M. BH. W,

OB TR D B 2 BT S R A

2. TR 2 R AL

OB B 28 AT, B IR B R e

@I L AR A X AL 15 40

EX

@O#BY lemX lem FIXXEIR, WEl&REEA L

@Y Llomx Lom IE RS, BRI T ¢ REH b

OB T =B A MR LR, (558 R RS,

4 R LRt Ak 4135
OHBRIRTH, Tl TRBEEIGBEORE, HHE IR ERBN TR
2ok,

@Y I > B A B AR S USRI, HTIFFAREE, A
W WL, TR LTRSS, SNEEEA LG, BREARED S S
S,

OERH RTRIOWEIF, HOF 3d U E. WAERSE, TESSML LN
BIER e, F A TIEL SPY 4T AT RS .
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4.4.3 R 51
L. LRV BER e B 4L N B 1

LRHPRH, ERALBRERS L, RAREHENZBFE, bEH
BT, RAMSERFEE, WARMKME, 4FRRAKERES, ME
MBEE, KRR T AR A GE, BAMT APM B, WREME, i
BN R, REMERSR. EFRRAREAL, TRRAEE a5,
i TE vk B AU R R A . BRI SER A T B A MR TR B B4 20%~
40% (FFRFTHO AH.

2. WAL A e L

TN, RAREE BN R, BEAELRRNE, FRTET
AW, FEik, SRAERLRREE RN R, AT R E A E ST
T, KPS SIS R TR T,

3. SPM A BHBNERLE R

H AJ-TIEY SPM 4 Bt BT e e R 3 L8 e 4 B At AT TR SRR AE
B 4. 4-1—4.4-5, Hi(a) H=4EE, (b) A FmESRK.
@ U"FLHA 3 APM B

(a) (b)
B 4. 4-1 1¥E5 413509 PS RS8R AR &

Fig. 4.4-1 AFM image of PS Colloidal Crystal self-assembled by Latex 1°
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S AR UTRE R, e P A Al 1y S 5 ICET M I T TR o TR OY BT AH

R ALBEET, BORORREN 168 (ARIE AN, TR, KA ORI,
B8 4. 41 WEHTHE () TE M, FHEEN 40 n, BEZBBERAS,
RGN, JAFEN, SRR, BREHIGER, REEETERERERL.
WTPERSE O) TE S, RSHAERE, BRBENA DRIORE, XRHTF
B Z IR TR, RN, WSEN, BB,

@ 2"AMLHEER AFPM

(a)
] 4. 4-2 ZHESRETEER) PS GRS 4 AFM

" Fig. 4.4-2 ATM image of PS Colloidal Crystal self-assembled by Latex 2°

PHEMASER, BEBREER 17%, KA LRENE. BE 442 H=HR K
B @) BIEH, EREER 3 1un, REZHERINMNIST, HAERF, REE
B, BRHTEEAEZM. AE Q@ ETEL, Ff IEN LRI TR,
AEX—RUATEESE (0 HIFERD . NPFmAERE O) TEH, PS MEkEFH
F, EAFERRREM.

@ 3L AR AFM B
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(a) (b)
K 4. 4-3 3RS 3EE9 PS Btk MR R ARM

Fig. 4.4-3 AFM image of PS Colloidal Crystal self-assembled by Latex 3°

SRR, BOBHSE R 22%, R — ML, &8 4.2-3 BE4ERER
B @ &S, ABEERA 7un, BEZEBYERI NN, REEL, UFEE,
REEBAFFEFTEE, MRABEEAFAERERANTA, BFHFIRIX AR
RFESITRZ 4. WOFHEESRIE (b) °/TE . PS TERA/DINN, HFIERFF. B%.
1 (2) F1F (b) ¥1K5 B W 2 T R RIBHI DI

@ A"FL A APM

(a) (b)
B 4. 4-4 A°FE MBS PS BEARS EE) APM 1

Fig. 4.4-4 AFM image of PS Colloidal Crystal self-assembled by Latex 4"
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e IS S e e AT S I R TR T 00 S SE

APEREHSENT, BORIKREE S 20%, RA—MARIEE. HE 4. 4-4 =40
B (a)pIFE WL, AMTEEHNA 7o n, BEZSHBIRINGS, BRIEELF, D7 iEW,
WER WV EATE, HEFIRES, RMBTFE, EAEEEEEEMEA. NF
H7EERE (b) TH e PSEEERA/DES, HFIERF, MEMEATEWES. 8
M () FIE (b) ATEH, PS HEREHFHEF, EHAREHHY], RN
H—EWEEE. WE () fE (b) B RE 2 e iR RIS YR .

- ® LAk B AFM B

B 4. 4-5 5°RE R 234 A PS B AR MR AFM
Fig. 4.4-5 AFM image of PS Colloidal Crystal self-assembled by Latex 5°

5UHE ML LSS NT, FCHIKIE N 21%, SRA— MRS, M 4. 45 =BT
B () AT, FHEREN 70 n, BEZBUIRANGS, BIGEL, 45w,
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