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Studies on the Preparation of Spherical Organic-Inorganic
Composites with Patterned Surface Structures
by Microgel Template Method

Chaoliang BAI

Abstract Recently, template approaches on the preparation of composite materials
with special structure and properties have become the focus of active research. The
template method is superior to other approaches, in which the size, structure and
morphology of the prepared materials can be controlled and adjusted by simple altering
the nature of template and the preparation conditions. Moreover, template can be
pre-designed according to the size and shape of objective materials. |

Microgels are microspheres with similar structures of bulk gels. The three-
dimentional network structure and spherical morphology of polymeric microgels might
control and direct the precipitation of inorganic compounds and thereby control the final
size and morphology of the composite microspheres with unusual structures. In this
dissertation several spherical composites have been prepared by utilizing polymeric
microgels as template and the main contents are as follows:

(1) The poly-N-isopropylacrylamide(PNIPAM) microgels containing. Pb** are
prepared by inverse suspension polymerization method. PNIPAM/PbS spherical
organic-inorganic composites are prepared by utilizing polymeric microgel template
effect and precipitation vig introduction of precipitating agent, H,S. The morphology,
composition and crystalline of the composite particles are characterized by SEM, X-ray
diffraction analysis and thermo-gravimetric analysis techniques. It has been
demonstrated that polymeric microgel guarantees the homogeneous of structure of the
composites, the size and the morphology of the composite particles. Furthermore, the
inorganic PbS in the composite is about 10%, and the crystalline structure of PbS in the
composite 1s of face-centered struture.

(2) Nonionic PNIPAM and anionic poly(N -iSOpmpylacrylmidefo-methacrylic
acid) (P(NIPAM-co-MAA)) microgels are prepared by employing inverse suspension
polymerizatton method. Comparative studies on the different morphologies of
P(NIPAM-co-MAA)/CdS and PNIPAM/CdAS composite microspheres are made with
utilizing different microgel templates to confine and direct the precipitation of CdS.
SEM measurements indicated that the patterned surface structures of composite
microspheres depend upon the composition of templates and the composite micropheres
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prepared occupy pursued core-shell structures. The interface between the shell and the
core is not very clear, but the density of the core is significantly lower than that of the
shell. The size of the microspheres is about 50 um and the surface structure is in the
nanometer range. The results of XRD show that crystalline state of CdS precipitated in
the two composites belongs to cubic crystalline system. Fluorescence measurements
showed that emission of the microspheres is characterized by CdS, and the emission is
slightly affected by thé composition of the template employed. This typical structure
and composition make these microspheres may combine not only the advantages of
inorganic and organic compounds, but also the advantages of materials in micrometer
range and in nanometer range, and thereby they may find some novel uses.

(3) Utilizing anionic P(NIPAM-co-MAA) microgels as templates, comparative
studies on the different morphologies of different composite microspheres such as
P(NIPAM-co-MAA)/CdS and P(NIPAM-co-MAA)/ZnS which constitute of templates
and different inorganic compounds are made in this contribution. The results of XRD
show that the different composites exhibit different patterned surface structures and the

wrinkles in the surface of different composites are well-ordered and have unique surface

patterns, respectively. The composition and crystalline of the composite particles were
characterized by X-ray diffraction analysis and thermo-gravimetric analysis techniques.
It has been revealed the surface structures of these composite microspheres depend not
only upon the nature of the template, especially content of functionalized monomer
MAA and that of metal sulfide but also upon the ratio of the metal sulfide to the
template. It is speculated that the microgels mainly play roles of confinement and
guidance of the nucleation site, size, direction and structure of the sulfides and polymer

chains may collapse along certain microdomains.

(4) Anionic P(NIPAM-co-MAA) microgel particles prepared below the lower
critical solution temperature (LCST) were in their swollen state and may absorb
different concentration of Ag* and Cu®* ions. PINIPAM-co-MAA)/Ag,S(CuS) compo-
site microspheres exhibiting patterned surface structure were prepared by controlling
precipitation process. It has been demonstrated the patterned surface structures of these
composites also depend not only upon the nature of the template but also upon that of
metal sulfide and the ratio of the metal sulfide to the template, which is the same as the
experimental results mentioned above. The same characteristic techniques were

employed to these composite microspheres. This method sets up a new way to prepare
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organic-inorganic composite microspheres with patterned surface structures.

Keywords polymeric microgels, template, organic-inorganic composite micro-
spheres, patterned surface structure
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Je. M. B, AESBIEYARLE SRR TARANRES DN SBER,
AT T LA BRAE 24 A ik S B B AL
- RESURYE PNIPAM MR EAHMEBEETHUMREEHRETRSERER. E
R — MR IR SRR, RIEERMRNHUE. FA PNIPAM
MBS YT SRR =R —RIEEME PNIPAM KEREBRAZY
R IR Y, BRI REREEMEREIN AR CRIF-RER,
7£ LCST M BN, KEBKNEASRERE—MHARENEER, HibKERA
MEK G FAAER, BETF “%” KRS, TLHEERT LCST HEER
B, KEBELT “F” MRS, AP E b SR AIMEERK,




=R “FF-k” W, B5 LEMERESFMHR, PNIPAM BT8R FE T
RESYWIRT, £ LCST LT, #EEHEKPEFRITR, B XNES, HE
THERILE, Sy 82E, 4T “%X” R BE7E LCST UL LR,
S a SRS, FLIASIHER, FAYRAT BEIAKMES, 4T “FF7 fREH,
#n Kanaguchi BF A T 455 TR AN £ PNIPAM SHEERCTR WL . BAR v -BRE
SIS, RIZER pH (0 40 °C £ T, BARMRAEELHAKEFIEES
TR SRR 25 'CHf, RTARRESEHRG. NIPAM H AA 3R AR
BAFERBEMN pH BUBRMXXERR, TR THYERBERN, slUEHESHEY
FELITENAER, BEBEARN. CERENR TEE. HEHE. F0EE
. PEE. RERSEREREKERTRBMH. BR. ¥FEmBSEITH.
B E TR A TERRRYEEML . Hltn PNIPAM BIERB MIE S S
BehSMEREMNETNNE, E&BTH LCST (32 *C) i, HIRREEHALE
A, @mAKER, REEAGEAIER. AR, F&T LCST K, MIERREFKMEH
o, MMEARGHRES. TRERKRY, BEEMRREHERNTABEEDHA
FEINBEESFHKEEENARATEEENER. MEERAEAARTRE,
N, BERFRENEYEYE. Bk, RAXEFERARFRARERER
MERNENRAE S, WATUMEAREEMEEPRELNRFN, AFREREMRER
ATACE, EEFSHPARIENEAYY, |

1.6.3 PR AR AR TR N A

WK TEERNRESARSRNE, S ZREEESASERNY
ik, pIMBETEREAY-cRBTFREY, ERSYROEEAAENLFERN
Ag. Pt. Pb, Co. Rh. Ni & BAKBRIM, ROSHREAE LT A RLIE R
— gL BEeTE, THTFSMMUERNAR, FETRIIIE. 8F0FEH
NHEEERS FEFEUARNBEYPHEHRESFEH. R, BTHER
FTEBERERREE, FABIBETYASBRRBUEGERESYTERNEE
B, XA 4E. 545, mERTER—-RATBEHEA> TRHRF
B3ITHW, BT ESEFEANERNPIAETERIEEERNRR. FHik
FlESH RS ZRE.

Flim Tamai SIRHLEILMESEHIE P(SLAA)F P(St-AA-DVB)FLER
Bk, 7R3k FEET Co. Ni. Ag. Pd. Pt. Rh & BEIIKER, AR T el
1-ODREN RN RT L ENE. Akashi ZEPIEBEEZIE (PSH) RHER
PNIPAM R B BT IR & R T @& . PNIPAM X486 T PSt 53K L, (FEREKE
K Ee BB FERENE, BERE ISR EEMNRAORE L. IR
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iE & R E B RS T ERA R EHI CAE N SRR, B FRErEn
RN, REEENTFETREAMEEE. TH, 5T PNIPAM KB
Fetk, SOUCRBERN, SRS AR L .

LB RBLAE g & TR B B RE AL BB TE S W 4k 3 TR B 1 I R 9 Sl 8 2 3 v
AR AB R E E BT LIEBES TR ARSEEE, MnTHeieEt
MEFAE (BEAE), FHERSHRETEFHKESGT HEZHE), B
EALTHER LR . 3FE, BTEMOEEL. S TR ERF R
B AT, X SBBECRNEREARNES. ANEBEEES S TERLE, 5§
T LI R NAE RTINS, FEl, TaREREREM,

%40 Phadtare S BERXFBZE (PU) HMBR NS, BlEE54%2
TR AR S, 7 PU BRR A B4R —ENKETN, BB EABEYE S,
s B e EAT. THEYELEEESRBETHERBRLEERS, R
s 7R EM pH BEt. BiES s TRERBTETHE, £ VANEA
B 3%H B 5.

1.6.4 A RAE TG 7K AE 38 7P By W H

5RERAEL, BB AR/, LLREA, BRI 455w S B8] 4,
ATRESKEEPRMRARERKPEEREF. BB A0, BB
W BT FRAE R MY L FE AT EAT, RN EREFR. XEBER —BHHER
MR e etfmay LR NEER, Mgk, KR 2R, 85
F, REEFTUEIHBEARERVERASHESRB FHEER, R
P AR, W EEWRE T R BR . FE ARMBHEBRIS R )5
RO LA, — R, HBRPIREANRE B EERE, FERLK
HRBEE. |

Vincent i S B R/ PAY CE KPS BE FRS LA EETHFESEENHT
e, BIEITIEMATRRR TIERBHEHER PNIPAM £4AE KT ESBE FHEKE
N, EXHERRMEEER THNESETRED, 28, IR TA
FRBIEF pH ZREM A PNIPAM-AA)FEBINEER, IR AR, PINIPAM-AA)
HRIGEERR M PO IR PNIPAM IR K, HEMEHE FEREZE (3t
REAF AA) FINIMEH PO HIEREER. RINNERHNEES pH ERX/H
BEMK, MSEERAMER/LTELX, FHENTHNKIE, BHEYH
CS (RER) WKk LR, SREFREMEITIRBRESKFHNZHESERT.
BRI H 25 AR CS THERTR B Cd* AR B B4 420 mg (Cd*")/g(CS), KKkt
—RBRRXBRERARREE.
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1.6.5 ke BEAE ] % G K BRI HL-TC WL S &0 R T i B A

MEL IR, 5 RFFABRARARBLEREARAN=ZRI . ERHFZVARE
KRB, MRS HMERRE TEREEKEX, B MESEmMRsE
HARCALEHELEMEABHNTE. BHit, CIFEEUIMEMEEREEZ
% PR EAME R ASHRE B ZISRRKHL, B3 TEEDE. . £

. HRRER TRSGHARZMERNFEROES 5D, fiTgks
ﬁ*ﬁ;’cﬁﬂtﬁ@%ﬂ?ﬁﬂﬁﬁ?ﬁ#ﬁﬁf’ﬁﬁ% HAEERAB AR T —BRERNRESHE
RO, #. B BROEFINRE: Ak, ARESHHER R RAGAR
& ER L ERERThRE, AT FE)E B AE B ShREHT M RHR 4L T HLaARY.

RIBAKBH-EOIRSHERIES, LSRG 9K T E &8 £
SHEPKREHEV-TVEEME.. TRBHFI-TIESHEREETFIAE
ML AU A REREE L EHHEEEREES, RLUNRSS, &R TKYF
EMES. FH-EMMBTSRTESTFRELBES, REFIME. T
MR, EELFEETTUSEDTLREEMMEHERED. E
KA E SR AREHREN-TIEAMEET 7T XKENLE, FEEEaMHCE
FEaMN . BEREEFEE: BE-EEE (Sol-Gel) . #GE (intercalation) ¥.
M4k (biomineralization) %, BALE S (in-sitw) . B8, 2 THEE.
P mss, BESH (B RTREITIRRME . BULREERYE
BRI (81D KERA HL- AR AR T BB TR 8D

BESMHER NIRRT FHRBEEMESHTTLEN—RIIE TS TH
Fik, ERFMAEERS, HERBREAENERLIULSYENE B AR T
WM, HEREEEREHNE () KBEHREV-EVERRME . 5RABER
ML, WEREESR. EES TRERE —RERNAI-EIRNHE R
fry il % R AR Y.

REHERESYHBRAARREME FHAENEEEE, URE. BBRELK
L, nHEOdHEEANENEASERE TR, FEREFIMENSE S
THAR, B AER, BRERATEUNERLESUREA. ANSTT
P 2 4 W BT 3 E A B R ~F R/ m BATR B, PRAEGICh 9 R 4R, B BT RIAE
EE, BIYSESNEN-THRHME. Fiin, CY. Pan FFRNPHE® PIUEL
# (St) B (AA). FEFHER (MAA) RAKEE (AN) AEE54E, F
BAEELBRES TSR LASE P(St-co-AA).  P(St-co-MAA). P(St-co-AN)Ft
BHER, FUHDER, @idHERmEHERANRE, fEF¥5TIEER T
FHATEREEMER, BHTIERURN, & T2 EFENEEMERN
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] P(St-co-AAYCo(Ni). P(St-co-AN)Ni(Pd) 8 P(St-co-MAA)/Pd H&HEK,

X TEE RN ER PR A YRS R G PSt. PNIPAN %, W@ &4
MR MERTHIE T, FHITEREARL, EREEE TR T RE -
BetR,. XREEHE, TR TFRESYET T2 BREERNAFRE
H, BfFEaRRume hSBaER, 232 TRELNES. FliN Ge
M ESBR A, 8 v-FHE5REZBES, #l& THHK T2 5B PSt
BER, UL MIEIREIE T PSYAg. PSYCAS BARER. BB 4T/ NAFI F R AT
BIERREAEHE T HEESH Cd¥. P Y PNIPAM/CA* F PNIPAM/Pb™ TR .
BT MR TUREE S I AULEF HoS, 8 BEF &4 # ] PNIPAM/CAS 1 PNIPAM/
PbS EHL-TTHLRER, FH 4R EHMER R8T TS

EFESEM RN, RS EREANER, B3 RMN&M, BTN
@%ﬂfﬂ‘]ﬁd‘* R MASEYE. BRI REFN=EMRGHMREIERE

FEXTEE PTG RBRTR R AN RRAFRER, MATTEHIAT 4R
%ﬂmﬂﬁmﬂ%ﬂx»’h B & TR RIE Y- T AL E . B BT 5T /0
. BET—RIFOFHEMLE, G T —RIRFRMERLE SR PNIPAM-

co-MAAYCdS (ZnS. AgS. CuS. PbS) FH-ENMEESHBKR. HHERM, e
IR B RS PNIPAM-co-MAAY LR B RAIA K, FrHlREESRE MAA /]
S8, UEEVIHRGIIERSE X |

MEERAN BT Z. BU AN, SEBRERIER. 4 TFEHZE. &
FAEREE, A, BAME. RARPENEEAET ZRNAHR.
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#—2% MOEE IR M1 % PNIPAM/PLS 5 1 Fhl & & MR

2.1 5| &

X N-RAZAGHBE (PNIPAM) fRBRE AT =4MNEZ &R
LB T. BT PNIPAM 478 FRANSERKENBRENRAENREL, &
B, B I R S AR A (LCST, 32 °C), BI7EIR T %45 {E 8 BE Y, PNIPAM
BT, BT ZEER, BREMRSMAPY. & PNIPAM i T i A a9k e
{RE T PNIPAM HRHX—EARMEM, RIAMEREEEAKLE . PNIPAM #%
BB A AR R B X P U M A s IR N, Ak hiE iR 0,
EYRRTHEREBRSEN Kb rmEkEgr 8.

ERMABEESE&HT, BIEHRNA4GTLUBEERAFE. XBEASRKNIEF
BAEAIREER), WRSTFH. B (B) 4T, BT, &&. HIH. KiK.
SRS FETEARPKTHIH S RER —F, B THERANSEN=4®
P 48 S5 MR ER L FE SR A ml BEXT ZE L Rt 17 9 B AL 45 R SR AR [ N In BR 4k A1 2 1)
e, MTIEGIFTERAHAM R ESRAR), BISRESERAEN-EHE
MR, SHAFIUERMELER, MRKNERES, BHIRRPIESEREAR
KA, PR RBREESHRT UGS EF R, § RN &SR
A, S0 TFHERE —RBENE - R & 8R .. B L, Antonietti
S R AR NEER T EMHELBAKTRME, B A/ NFTR
B AR & AR A RS T oA . Silver ZHH N-RRERSEBREARER

(AA) HIERBURRIEAER, BN T EERREMH Y0 B Rt E
B R R Z HM T BRI BTN L., HEEE % PMAANa
TR AR 3 A& L T PMAANa/CAS. PMAAN/PbS H&MER. LR R, %
B A RN T RESEAN AN BANERNE SN MEHREEEZMH.

FL7E 1986 £E, Peton il Chibante* 'St R A L BB &4 A T PNIPAM A1,
ZJG, }T PNIPAM TEE RS AN AR L HHIE . &30F F NIPAM /E4 4
&, EFRGEENTEAR, BERMAIEAESENST PNIPAM Hugtls, ¥ H14E
/1 PNIPAM/PHS B HL-THLE SN RS SR, B8 TIEF A48 PNIPAM/
PbS HHL-THLE & TEK.

2.2 L4
2.2.1 A7)
N-RHREFHEBRE (NIPAM) éémﬁﬁﬁiﬁ‘“‘#ﬂﬁﬁﬁﬁiﬁiﬁﬁ[@w%%ﬁﬁ,-
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SX-ECHK (1.2, VV) BABELRALTNBLEH. TEMTER (%): B
i C63.71, H9.73, N1238; Sti{H C63.75, H10.58, N12.37. N,N’-T &Y
RN (BA). TTRERHE (KPS). BEERHS (Pb(Ac)). MURHZ —f& (TMED).
ERERCRAMNELAHIITH, REMACERER. TRAKYSHE TR
RIER L.

2.2.2 PNIPAM P8 B 8 4h &

£ 20 °C. 550 rpm. Na fR3 T4 1.0 g Span-80 MA R 125 mL [EBESEH, k4
FEMHE Omin, FHRTRLAML. T 2.5 gNIPAM, EEH BA KPS BT
12mL ZETASP, ERAE, HARLRAARBIAED, HEHAEECH 360
pm, K5 20 min J5, EHOA 0.5 mL TMED (50 mg/mL), #EEERE KL 4h, R
BEMAXEEZEETK, RERBREZENER, SEZLBEESY. 02
KRB S KB H%R, URERRNAREIEEY. RRERERETR.
BEREHET, BRTER. BRVIBESIOEHRRYHA.

2.2.3 PNIPAM/PbS & & HERBIH] &

K E 2 Pb(Ac) KBEBMA R Eid RATLMK KT, DLIEREAEEARS
A B AT RAREERS, B RNEFLE 4 h, BHAE P™ & PNIPAM
W, BERME, OERTEBEAN HS 5430 min, FFREWNHEL KR
B ERET, - 1847 B 4 PNIPAM/PbS 5 &3k,

2.2.4 HERU RN GERAE '

1L Philip XL-20 R eR 85028 PNIPAM PHEE ST PNIPAM/PLS 5 -S 1R BRI
i, E46HERP PoS MREIEIT X-SERATHEHRT T (Rigaku D/max-TIT &
X-SHEATH R0 . MEEE 40KV, FH40mA, FHEF0.02 5%, 20 78H
M 3°F) 60°. AR TR FE Perkin-Elmer LS-50B 78 %/ M/ R X ERIE.
23 4R 5T
2.3.1 PNIPAM FERITES

B 2-1 ALY FT1S PNIPAM SRR M . WTRLE HH, PNIPAM 1
R, ERE, 20REHER. TRELHE, SEUENAREGRFNE
B, BRGERRRTE 80 um £5 (B LE 2-1b). M5, RESHKEBEHS
PRy, REMREDHIALR (ZRE2-10). B2-la inhEREREEFE
FIREEK PNIPAM EK, 7TCUR HMERZ BIRIELLRE. RMNMERERA
B YRR ARAN, 2 THEE, MEERNHE N Hamaker HEMBEFK



iy Hamaker ®EAHERKX, WRENGHEENELRER, B ~ELiEy
%, ERERL SRS,

WERRE AL WA DT 82 bR & RE, MRKRASNRSRES
REREEBNZ R STHEF BA (03K 8 (8 T e b e 21 T mm
#, B2 U RMKRTIRES GRS HORIRE, HHT NIPAM, BA
BIRE R R E R0, Fk, BBk raEes AR MK R R, AR
Hy, PRSI AR L. b, KMRER S ERTRK A NESR
FIRMERRE LA, ETHMRERE, BRREEMAYS.

B 2-1 PNIPAM fERAT SEM B R (A& #a. X200; b, X2000: c. X5000)

2.3.2 PNIPAM/PbS EAMIRMIEE

Bl 2-2 B PNIPAM/PYS E HL-EHVE & HER M BB B b W | a7 1)
Hili.» & PNIPAM IR, HEMWMBRMERHLERER, FRREMHNEHTE
fE. HAh, BEAEWEREKPHEREGILEE, RER, S4URNERERS
MBI A —B, BSHERNRENZUBNZSH LYY PbS. BAHERN
REBMEHNES PbS MU NAEER X, RIELREE, TAMNRER
SRR KBRS KB PO IEET PNIPAM HUBRSH, BHEERMAETS
A HoS S, ¥ EEHBRRERN HS 85t 5 7EM e 5 sk A w4k Po™
1Pl RL PbS Ui, FE PbS MIIEL. FTi4bfY Pb**
WEEIEAR, B, ARG AEAE dr PO 2R
m A HE ALY H, SHIEBAMN HS X4 SR PbS
Vi, BRI, SRR AN PHTR
FEWPRAE, AV 3 A R T ok e 2 T Bt
&, BRBUELEREI-ENE &5, X-—#
MAERT AR ERHI& K PMAA/PLS H AR
BRETIE 5 RTIESE (S HE 2-3), HF PMAA o
RPLWHE, LA, BEURNERGHTA 0 e
AR E . PNIPAM/PbS 8 & BRI




BeERERKAFREMILREMEN LR NNEER, Flt, FraEIRER
TMH, A e RIS, B B SRAN .

LR R, REHSHGEE. RIKSHAALS. BCRELMEIARS . HURECE
TUERIE AL AFET LA AT H-THE SREREAN . TRERTI T P84
1.

2-2 PNIPAM/PbS B & HERAT SEM B R (2. X100; b.X500; ¢.X 10000}

2.3.3 PNIPAM/PbS 5 & BR8P R

PNIPAM/PbS B S HIRMZE BN TR, HBOREEKD 394 nm B, BE
BRI R ARG T 570 nm 4bCE 2-4), 5 ICERIRE K PbS AR EAY &UY.
AR SRS PbS. HEMTEB PNIPAM/PLS ' PbS 7
EEH 9.7%.

-l R B
v y
1 \
! |
3 Lo~ ~y
5 " i
] | | Mtuv‘_
Ty
(P

W oM M M W s w0 %0 W [ 10 20 30 4“0 50 80
Wavelength (nm} 20 (degree)

] 2-4 PNIPAM/PDS B &5k 2-5 XRD H% (a) PNIPAM BHERES;
15 SEEUR AR 5 iy (b) PNIPAM/PbS B 2482k

14
RERARERR
“\
//J/
Y
4

& 2-5 h PNIPAM EERSHT PNIPAM/PLS E & 44ERI0 XRD B, ME 2-5a i
PLE M, PNIPAM SR IHIRTH ISR S, 48 PNIPAM RUEER A6
A, T LA A AR il 1 PNIPAM/PLS & ERGATH B IR T — 4 B E 18,
FUERTR Y 2045129 25.86. 29.94. 42.88. Fl 50.80 &, Xk 204 H N T
SLFTETORY PLS SRR (111D, (200D, (220). (311) AT (JCPDS, 05-05925),
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2.4 &

F FH RAHS R R G5 %1 PNIPAM S8 TT DAPE 4334T PbS UTA R B 4%
gy, HILSMNREEA HoS 54K, WTEAE TR MRER R /Y Po> i
TR T, FEHERAKN, ERBERTIRAMERGRERER. X &
IR RAUTARE) PbS B&A&, REELIN FEM. 6680 E WA T
THORER 7 B PbS BIEAT A 5 WA PoS AL, A L) PNIPAM R 4 AR B 78
|1 PNIPAM/PbS B & IR Z PMAA/PYS Fl PMAA/CAS AR 4K &5 gles 661,
i, ATEBKIEAELES S FRIRBERETT UG & KN, R, EEAE
MRk SHTIEREI-LIESHMER R -
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FZE REERNPNIPAM/CAS RI(INIPAM-co-MAA)/CdS
H S HER R B BRB :) ZFR

3.13|8

BT 5 & F VTR BOBH T AR —RREHENT, T
Ea@RFUEATEN. XK TFEFUN SRS HRESHEHER,
MBS MEERRMEETHIRT, B—REBREST, ESETELMN
BofEIhaeER, WRE. BREUREFES. ¢REBETERT FHAREY
SaA, BEEARN, BRERE FEICASRBUSHREL. RN &S TFNEE
el S AR ST RN EARRE], BHIETR B EE, REFTIENPRER.
MR RS EEMEV- TRl . fFEHERT Ex BE RN R RERE,
HF—EEERRE T EN-THE SR SR B 5] &b 2537,

BB —Fr A E ZHEMNE SRR F. ZRAEESSZM4T, Bl
R AR AR EMEBR AR AABRREA R R BERRARER,. KB 51
AR EM LMEA —RYEFRIS TR R, FEBREEREE, FEiGuET
ERERTHALEYRERPKFRER R NG, BXEAN=HENEESH
MM A TN EETHITHENE RBHRNENREN R EER, A
T3 15T 4 R TBHRAAD, BEERHEHIERNEN-TIREME. %
BERROA AL S, SRS EREANLE., MR RD. TEHEESEE L
WL E R, FETRNAMGMLIES], SRAERMAL, HMEREREER. B
WA F R R — R B NE - R B #) £ . C.Y. Pan %%
CIHIAZE 2 (St) MIEEER (AA) RABHE (AN) EEHRIERSI&TARASE
BEALTE M FIRESERY P(St-co-AA)/Co(Ni)F P(St-co-ANYNi B A MER: Tamai %
FIFH P(St-co-AA)FERHIRHIZ T Niv Cu. Co. Ag ZE—RFIFV-TH.E SR,

EX U N-BAERNEEE (NIPAM) FIRERBEE (MAA) ARMNEE, D
EERAGEN R, EEATHEIRABRERESHE TIEEFR PNIPAM HEFE
T PONIPAM-co-MAAYRGRERE, #HAERD CdS MBRER, #l& T REEXRML.
3 B4y B i) PNIPAM/CAS 1 PONIPAM-co-MAA)/CdS HHl-EMN T S8R, ERE
AR X 2RI ER 1 B R SRR AR AR AR .. REHEERE T 5%
AR A RRI

3.2 SER 4

3.2.1 &) ..
NIPAM £ i BB SN R AR R FEa K, £F-TEaf (1:2, V/V)
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BERELRANTHRAS. TESTEE (%): Bt C63.71, H9.73, N 12.38;
ELIE C 63.75, H 10.58, N 12.37. MAA SR ERBHREARFSHER, NN-
THRENABERE (BA). IHEET (KPS). WBEZ =K (TMED). B, B
A (Cd(Acy) ERMZEL AN, XA EREFR: RRAKYLETR
FF EEs.

3.2.2 PNIPAM Bt $) %

7£ 20 °C. 550 rpm. No{R{# T# 0.5 g Span-80 JAAZE 75 mL EFERH, TH
4k, FFE 1.2 gNIPAM, EEHIBA MIKPS BT 6 mL ZE T AP, EAKIE,
AE R E AT, EMA05mL (50 mg/mL) TMED, REiK% 4h,
FEMZ AN EERS R BER, BERRNOREIMERY, REHTRER
BT, BETE R,

3.2.3 PNIPAM/CAS H SR04l &

BER Cd(Ac) KEHIMAR L RABILEMIKARR, ClERRAESERZS
SR A RA M RITRHRRES, BSR4 b, B3R 4 Cd¥#) PNIPAM
WEER. BEERE, MERPEBEN H;S 54630 min, FRAERNREERER
B BT, BB PNIPAM/CIS E&HER.

3.2.4 PONIPAM-co-MAA)SE B B B I 1 4%

7 26 °C.500 rpm. N, £ F 0.6 g i@ &R E 57 Span80. Tween80, 5:1, m/m)
MAE 75 mL EBER, 409146, 1.2 g NIPAM fI MAA (MAA & BE4-5145 10%.
20%), EEA BA M KPS BT 6 mL £EFKP, BRAKHE, MAR LRALH
HHAE, DRSS 360 rpm, EMA 0.5mL (50 mg/mL) TMED, RRX
#93h, FYLKANAFSRTHRE, BERRNALEMMERY, KikER>
i BRET, BHERERNRYT.

3.2.5 P(NIPAM-co-MAAYCAS HEMBRN4&

KIER Cd(Ac), K MA P LR R AILBR KA, &5 BHREE R H
K273 b, 8% PNIPAM-co-MAAYCA MR, BE&TRIS, RERTERE
A HS Sk, BA N HRUE R HS AfF, =REANESRKEREBRRT, B
F#f, PINIPAM-co-MAA)/CdS E & K.

3.2.6 tEHERE

PNIPAM. P(NIPAM-co-MAA )k B Rl PNIPAM/CAS . PONIPAM-co-MAA)/CdS
HEMERAEET Philip XL-20 HAHHENE. FE4HRNRAER Japan
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Rigaku D/max-IUAS X-§TEATH MR . IERE 40KV, BFK OmA, HEEE
L 0.02 %57, 20 FEEM 3°F] 60°. N1 Perlin-Elmer LS-50B 32 J/BE/ R 364X

IS, BLEEERHTLIAM A HE B Nicolet FT 4D Ah 3658 {4 isE .

33&4REN®

3.3.1 PNIPAM F1 P(NIPAM-co-MAAYMERAGTE S

RABBIFER -4 PNIPAM 1 P(NIPAM-co-MAA)MER R SEM B8 A-inE

3-1 Fi7x. AILLFH, PNIPAM f1 P(NIPAM-co-MAAYRIBRE & #5c8, B,

ZARBE. TRELH, BEARNALEGREFNIZEME. BHRRETHM

RAFRGMARSTE, MARMEEKINESE2HS. HEREREHKRLE

B IhRY, BRRREENARERE (B8 3-1b). EREENRE, AR

HHBRNEBEALREEN, $xL, RATETASSSBRNED TH

R A R XHNEH, THETESREEENES TR RN

— i B £IL& Y, PNIPAM 1 P(NIPAM-co-MAAYS A% T NIPAM 255

W, EEMEERRE R TRE.

B 3-1 PONIPAM-co-MAA) (2, b) 1 PNIPAM (c) Bttty SEM MR
3.3.2 PNIPAM F! P(NIPAM-co-MAA) BB IR 41 Sh- it

& 3-2 %4 PNIPAM 1 P(NIPAM.-co
-MAAYGEERCK] IR & . 72 PNIPAM %
B IR A (3B 3-22) 1654 cm™
#1542 em™ HEERE (D REERE (D
HAEIRENNE, 3440 cm™ 4boeh.L BITR I
g Ay N-H (R4 HR500E, 2876 em™, 2935
om” %2975 em™ 5 PNIPAM i1 C-H
YEIREHIE, 1458 em™ 4 H-CH; AN

. Wavenmmber (om '}

. B 3-2 fEEEL PNIPAM (a)F
HiRENME, 1387 om™ K& 1366em™ HRK  PINIPAM-co-MAA) (b) 440l

21



B P EMARTFERED RS ST HRAOTE, X 5irniEm R m R
KA, RPLERHTEFEIN PNIPAM HEEE s 75 PNIPAM Rl MAA 3Lkt
B2 IR BB RE 3-20), BEBMRE C=0 RIKISHIAE 1721 om™ 4, HoTEE
WAFEE T BRI E R . FIRE, 3380 cm™ ARY SRS TT R N-H R #E5)
W 5RM-OH B4R iRE R B IN. 7 2596 cm™' LIRS E R — 5 R U] T HE
AR, BT, SCRTHHRLA NIPAM # MAA RIFL R AR .

3.3.3 PNIPAM/CdS 1 P(NIPAM-co-MAA)/CdS & & MBI

& 3-3 4 PNIPAM/CAS 1 P(NIPAM-co-MAA)/CAS B-&MIKMPARBRERA .
ALUEH, KREMBKNINESHERERER 3, BRRE, SEEsF, 405

3-3 PNIPAM/CAS (a, b, ¢)#1 P(NIPAM-co-MAA)/CAS(d, €, f. MAA: 10%; g, h. MAA: 20%)
HATAERI SEM I

# (8330, d). SHERMEBRARLILE, SABERNRELEER (B 3-3b,¢ g).
REEWMEALEN, PNIPAM/CAS BEAMERERGHEE, BRAE, ®E
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BB (& 3-3¢). T PINIPAM-co-MAA)/CAS EREHEHWE R, BOE
R TESCRIT B Z5 0B 3-31, h). BEEEER T MAA SBINN, MREEEETSE
e (LB E 3-3g 5 3-3e, 3-3h 5 3-3),

RER, ZUMRREEHNERNIZFETERERNARR . SRR %
S5ZMMAR, LREW CATERASNSAMERBSRERNYT 8, Z% CdS
FIARRR BRI A3, AT RRIRE S . e, BRI T MAA A
NIPAM 37K 4 IRk &R 2, #8E4E CdS WRR NN E kR

(TR 7K, ELEAMAMMA HATMESHEZRL, Fln, BHKER6RTE
N, TRKEHN—e BB @A, X RERTESTFK¥EL, HETE
WA “SFE”, XA “ PR HARARBREULSERFTHSHNEN-TIE SHER
MRMEH L HEREERBAREN S, BT REE AR 2. B MAA 1 NIPAM
B EH AT SRENR M R NBEES CTHEARBIHER, B4k
MAA 5 C&Z MM E/ER (RAERMSEER) B NIPAM 5 Cd* 2 18/
HEER KBS, Hik, £ HS R4ER CdS RATHBESAE. BUMNRESA
H,S Fre| RTTAR R M B e E MBI SR | LR E, MR RMHET, M
RERE CAWREEEBREK, SEARE A mity 8L TR PR A Tk ke A &5
G, HR CATRERhik. bEkR, TRFBMEBERMAARAR S AHAR
aTREANE, B, CdS ZEMERPERIVIHRERETT AL A EISME RN, TBRIEZ-F
ZEHg. ZRCTIERAOMTE AT ERESE TiX—#H (Z2HE 3-3i),

3.3.4 PNIPAM/CdAS 1 P(NIPAM-co-MAA)/CdS 8B & BRI R

9% 6L R B PNIPAM/CAS F1 PONIPAM-co-MAA)Y/CAS 5 &1 ERRI58
BABCREARSTHK 514 nm F1 517 nm (F 3-4), 5 CdS &AM 8} B KR Ko
1 515 nm ZEEV)E . RERERAERXEFERT I T 660 nm F 680 nm, XF}

10004 _ Yoon- b
S 800- % 800
E 800 E 800 -
&
E 490 -

<0a g q
g'}m- g EW*:
3 z

O o v v 50 850 5w 050 700 T30 o0 0 40 400 B0 a0 Ow R 70 Th0 owe
Wavetength (nm) Waveiangth (nm)
3-4 E-S{3R PNIPAM/CAS(a)f POINIPAM-co-20%MAA )Y CdS(b)

IERIE CdS KRN CdS AAFS5 R RETH 2% HBU> M, CdS K74t & 5k
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KEXFRXDPEEEXLT, cds Buk, RHEBKaB. XBENHTS,
PARNTHRREBESHRERBS OEX, EEHRGRE, 588, 5%
FHERNTRANRIET US> XmRE. SR, & PNIPAM/CAS &, CdS 4R
ALV BRI, T PONIPAM-co-MAA)/CAS 1, YRRl CdS B4
R — 81, DAESHERELE.

& 3-5 4 PNIPAM HI PNIPAM-co-MAA YW R 2 K PNIPAM/CAS H1 P(NIPAM-co-
MAA)/CdS E513RR) XRD &. HEPTUES, HMEKSESHERE XRD Bt
FBR KX A . PNIPAM THEERZE 20 4 8.4, 19.9 M ERREHEEHIEHIN (B
3-50), BT HEVEEHNENTIR, PNIPAM/CAS ESHERS CdS MIEHATE &
BERSS (B 3-52), H7E26 4 26.3. 30.8. 433 FATRAFINLAHH, IR
P A BIRTO I, XL N T2 &8 CdS H(111). (200). (220) & FERHIAT5T
[JCPDS, 10-0454}. PINIPAM-co-MAAYREEIL 5 PNIPAM BT H EE— (B
3-5d). P(NIPAM-co-MAAYCdAS H&#ERF CdS BIRTSTELER, 20 24 26.1. 31.5
1433 FA MRS T L7 &8E CdS #3(111)-(200)~ (220) R EEE HI TS [JCPDS,
10-0454). ‘Fi# T, LAHBBAR CdS F—FpIERE. RS EMERTREDT
H.S SANEHEwiR, ESHHAZLEEHFITFHERVS,

5 10152025 0 35 4 45 5 5 & 5 10 15 20 25 30 35 40 45 50 55 60
2 2

/& 3-5 PNIPAM/CAS (a), PNIPAM (b), PONIPAM-co-20%MAA )/CdS (c)
P(NIPAM-co-20%MAA) (d)# XRD ¥

3.5 4

EZ T PNIPAM R B F 1 PONIPAM-co-MAA Y EERETT LIE A CdS L
NI R 2E . R THTIR RN AR T REER, WHENRRNEINR
HEESFREH. XEERAFAEERUMERERERZBINEH-THL &
WHEM B EF M EREE BN SR, IRMBERAGERME. Xk
BB AR, SRR NER RN, BBRN&HXE
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w, TV WATIR AR LEE, F5THRBE, B, MAME
BB Al BB B Z R S AR H E RE -SRI B . X2 i
ARSHAERE BB NEEUREE. RS> BRRERESH NG W 6E%E
EENH. |
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FHE  P(NIPAM-co-MAA)HEE RS
P(NIPAM-co-MAA)/CAS(ZnS)E S HHREZ M BRE MW
4155

BFN-THE AR EIAMAR EOEMANERE T H, M (84D Xk
FERESUBNTESEFENZRARNRRERE, BETEEaMREREK. £
BA. BEZ. BF. ¥, . HRMEESRAS 0N R, g2k
EMEMFIRER R A TERARTSHUENREEME . Wong FPILIER R
HEE T FesOyo-Fe; O, EMEMAK SHEBMNESY, IMELEEOR HIEH
R B B SR B AR i A A M S B 9K R EERESE R AT tE ). Shenton iz FlEE
HHEE (TMV) BIRASRTHILHL PbS. CdS. S0, a1k . Rr3ERkY,
L g E Rl ks TSR ERERRRA AT — BRSNS
(I Th ekt

WK E—M EE =M ILN 7. £ RARE G ET BN
WA, BEN. SIEAKRESEEE, HF4RUHRRARSY, TR SIHE
K R~ AR AFRIFHRESROMEER . MK ESHMRESHTEE AR
 —RNETRSTFREN, BiEEmEEES, REMRBRKRAENERTILE
El& RBAKER KRR RS, FEERA SR REERMEERA P EEER,
MM S, EE. P RESHTEN, BRAT - ERENEHNE
&4, FHETRES MR RDPREERTER IR . SRR R4 BT,
BARTAERANEKLY, SUEEKHIKD. TREFEFESHTUETZERE, #
TREEEmMUES.. SRAERMEE, HEAEREGERE. ENSSTRER
B—KBAMEN-TH R B EEE. C-Y. Pan &2 YIRAXZE (S
HRGE (AA) RABE (AN) SERHERAEER RS T R ELE RN
P(St-co- AA)Co(Ni)F1 P(St-co-ANYNi & & % ¥k; Hisashi Tamai % 1F) H
P(St-co-AA)FLBEIRE| R Ni. Cu. Co. Ag H—RFEFEWER, Silvel "B/
FAN-RHREAGEBEANAGR (AA) FIEREMSEERIENEER, S8EATES
HOREMTH V0. B B XM, R R etE gz i 7 iR R %M
HERBRE. XW. Ge B¥EH y-HEEH B RIBREHIE T PS/Ag M PS/CdS
HiAK B S1HEK,

AR PINIPAM- ca-m)ﬁﬁﬂﬁjbﬁﬁ %1% T PINIPAM-co-MAA)/CAS
EnS)YEEHEk, EHARATHHESHRREAELERNER, VIFBRH
P(NIPAM-co-MAA)RUEE AR AR B9 4 R LA R BRI B0 B & MERR A =4
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BRI, BB X A HERRAB AGER, AHNSE T K
EER. R BUAREGH, WTEH P77 3RS — e MR R E0E1T,
A PR R U AR R S K.

4.2 SERE 7
4.2.1 # 7

N-RREFEBE (NIPAM) & BPEBEN T AR TEE N &
S-ECHE (1:2, VV) REBESGZAUTB/LARL. THEITER (%) B
C 63.71, H9.73, N 12.38; 3K {H C 63.75, H10.58, N 12.37. HEFEER (MAA)
RERERZEREFNBER, NN -ERENRERE (BA). IHERA (KPS),
FEZ & (TMED). Rt BRBRR#F (Zn(Ac)). BeRE (Cd(Ac)) RHEER
FZ DR, REGUWERER: KRAKNEETBH ZKEEALK.

4.2.2 P(NIPAM-co-MAA)Ft FE 0 B8 B B 51 &

7526 °C. 500 rpm. No R T, 0.6 g BSRMIETEF (Span80. Tween80, 5:1,
m/m) JAAE] 75 mL EFEHEF, Eo3ib. 1.2 g NIPAM fl MAA (MAA S &4
A 10%. 20%), BEK BAFMKPSET 6 mL EBEFKP, FARKHME, AR
FRIALRIE VU, B S0, 360 pm, B 0.5 mL{50 mg/mL)TMED,
RYRFL 3 he FYERKRAMRBIRBER, BRERRNOREFTRED. K
FHFSREARET, BUHEaemRYR.

4.2.3 P(NIPAM-co-MAAY/ZnS H & IR H &

RKEER Zn(Ach KBBMA R LR R REFERBAHET, BT EHERE N
HRMNY 3 h, 3] P(NIPAM-co-MAAYZn* BEEER . BERRIE, MiARDES
WA H,S Sk, A N HiRRITER H,S 54, FRhAEAREE RERG BARKT
18 115, PONIPAM-co-MAAYZnS E4MFR. P(NIPAM-co-MAA)/CAS 5 -&1ERI
%5 R A EHE. |
4.2.4 tEBERAE -

P(NIPAM-co-MAA) BRI F P(NIPAM-co-MAA)/CAS(ZnS) & & MR 518
it HITACHI S-570 B3B8 £ . BRUKER EQUINOX 55 {837 M- 41 5k & {3
ESERBKERRC LT 41 1% . Perkin-Elmer 7 BUBIMT SGHITREMH(TGA), FHEE
FA 10 ‘C/min, HIAER. HEWMHRP BRI S H Japan Rigaku D/max-I1 £
X-SHEATHH T MERE 40KV, Eift 40mA, FHEE 0.02 51, 20 TEM
5°% 60", |

Nt

—
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434 R5®
4.3.1 P(NIPAM-co-MA A) & 28 S8R s £ 11 T

B 4-1 A RAHBFREE BN PINIPAM-co-MAA)FE R B BT 3a# s s R
Fe WTUFS, MERENTE, BRE, WEAAH 40-50 pm, SR EREK.
THREFLE, BREHRMAEFTREAREN. MRERRES T, 2484162
o, FHERNERAKRETLTY. MRETEHEEEMAREN,
P(NIPAM-co-MAAYMIER R B EHABBE, BT —BHOPBEH (20 4-1a, b,
¢)o £ PNIPAM-co-MAAMLRRERM IR iR, WK NS S5 PNIPAM
Bl I B R PR I R — B, (B7E 172) em” 952 4 TN T BRI B A AT R
W, 3 HEF MAA SREEIN, FRBEFEREEEER K 3380 cm RbH P
LR TEEER A NIPAM B N-H (#451R31E 5 MAA FRBEMERENS
M. 2596 em™ ALNEYE ISR HEL, H—SHERBENEE. BiEtaiteie
UL T RSN RERENFE.

A& 4-1 PNIPAM-co-10%MA A ZHEE M ER K9 SEM B

4.3.2 P(NIPAM-co-MAA)/CdS. P(NIPAM-co-MAA)/ZnS H & BRI R

A 4-2 b LA PONIPAM-co-MAA)IL B Y0 i SR ] % PINIPAM-co-MAA)/CdS
HEpsnamefiy. TUEY, EEMRNERRREMBEREREA—
., BBE, BEERsEM, SHLESE (Bl 4-2a). SHEREEREL,
AR E T B E(E 4-2bd), RASHREXEMMTES PINIPAM-co-
MAA)Y/CAS B &R RE HASTEHOF FHESESE, HEERFMNEYE (B
4-2ce)e ME 4-2c FIE 4-2¢ WTULEH, AMESHEREEELERGITBAEL,
ARMBNREFEREAR. S 5URREEGBEERF4NRETRS FERLE
BB HER L R 35, 7 PINIPAM-co-MAAE BB IS th B £ 1 251K MAA,
3 B A-COOH ERARMEARRE S BEA™, Rt MAA 5 CdZ RMHE
M (RRATVER. BeEERD EW NIPAM R Cd*' 2 MIMMEERREE, Eiky
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BRI C7 AR, TEEE—ERWERE, RN RRm AL AT L,
T 5 B R B K B PSR K R R, B R T MRS TR T
AHRE. HE BS SHEMSERESARMAR, TP CdS BEmi: &
F " BEEMBRASNENER, CBHAEENRET &, /8 cdS &
BERK, BMEMET—ERT. WAMEHN CdS &R CdS 5iEtEREL
B EERERESMRETRESE, S5 FaMIRRIEE —ERMX
17, BRREEAFBFFOELER. REMBEHE S HERN BN,

P(NIPAM-co-MAA)/CdS B &M RE —EMEK-TEM, X— ST AEB T
RERABLIEE (B 420, ERPHFEEEERNEAEMAASERR), LR

4-2 P(NIPAM-co-MAA)CdS B4R SEM B K
MAA ZEREE TSR (1) 10% (b, ¢, £ (2)20%(d, e)

Wt R E-COOH M m Bt —gMER, 5[ CdszI‘E]EE&{’ﬁHi WIS e
HEASARR, HEFERSHBREARLSANBERERT —ENEN. Bl
PR EARAR AR, SR REN T REAN S B R S HERERA LR RN
AL

ZRMHRNERITE, B3l PNIPAM-co-MAA)ZE I8 1505 I b 48 4R 7 R A
P(NIPAM-co-MAA)/ZnS H &HERRBASHIT TR, FTLAEY, HRMER,
MR &L BRNHAMRNREOEARELERMK, WA 43 (abcdef)
FiR. (EEAMMRE 4-3a B 4-3c H, ENET 27 WERAR. B, EH&
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HERBRALEP, A 03 molL # Zn(Acy MW EN N 1.5mL, BT S
WMERRE R SEM B R TTUEN, EHEHA MAA 08 B7EL B MRS
E—i, SEHREMMELEWEES (B 43b), HHERE MAA WS BESR
RSB R L, HaMREHNEIEHBTN (B 4-3d). HoERNYE
ARMBERE SHERRE THEEER MRAUBR, HE—-sNEREgEH,. B
FAT SRS S M BUERE . 5 PINIPAM-co-MAA)Y/CAS & EIRITEE L H
L, BHESERREENTEAE, FEERVERT S TNINLER
k. ABHERSE CO'MEMER (BRIERE. MUIMANIE) THERF
FTH Za"MERAAR. FRABTERSE 2o 2 MSHWMEER, B55ETHY
ZnS BAZHIGLE . RTA0h, BmAgl, B sgmER 8y SEle s
BIAE. EEAZEHSNEE, BWEIY ZoS KT SEREHERER, A
ERHEEANRESEA.

B 43 H4H3RM SEM Bl A PNIPAM-co-MAAYZnS (MAA: 10% a, b; 20%c, d, e, f)
HEBBNKRATLE, MEERNEAFEX, AT REIIY
SRMELEX., £ 43e, EaEIRTHEERAEMAANEEERE 4-3c
&, #5420 % (EEH, MAANIPAM), {BHIA 1.5 mL ) Zn(Ac) HWHRKE
H1.0molL, BT HEHERPTINY ZoS NER. TLLED, S4MKEER
HaHBERESR S MK (B 430, SHAREMNZRYTESHE PNIPAM-
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co-MAA) /PbS R &Rt R A KL EH.,

4 4-4 NEESWHRRAGHENTIERE. TUEY, S4MBRREEHNER

WERESLE (M) MBRREMNFAEESTKELHATEHARRK. 7

RERS, 5% DT AHGAFEm
FERER FELEA (ARD, REM T3
7K T LS8 4 ) B AR 9, 3
R A RE T AL B H S IR R E
ARG AR SHERET
MREMTIERFTRORE, 6B

-4 REWHRASHERTEE

SRERBTHT BATH, HELXNYIR |
M, AEREAHMERNREERSH S HERERIAREDIHER. BidRT
KR, ARBRARMTHIAMNE., JIRE, waEsl&HRTARRH, &£

4 & 7N E SRR

4.3.3 P(NIPAM-co-MAA)/CAdS(ZnS)H & FR & XRD Bjif

& 4-5 1 PINIPAM-co-MAA)FE R & BF PNIPAM-co-MAA)/CdS(ZnS)E & 7

3R XRD B, WEPRTUEY, MEKSESHEN XRD BEFHE AKX A .

P(NIPAM-co-MAAYREERILE 20 4 8.4,

19.9 L FRRBABBHFIEHIN (H 4-53),

R AERSYMR. B A TIESRENEIDEEFHIER TN, PINIPAM-
co-MAAYCAS E&HMET CdS MIEETH IR (B 4-5b), XFEERBTHTH
FEEREE, HBMERPERMESERXPERT. 1820 £ 26.1. 31.5. 43.3 &/%7

gL AT F R

CdS HI(111)~ (200)~ (220)A5 [T o
BT 5T [JCPDS, 10-0454]. 34 /’\/’P\/\\_\_\“—
s CdS HEFimT &It b

&, PAERETEERAHS X _ﬁﬁwfmwmmkmwmuwmww
PR HE, BUE CAS MR '/Nﬁf\\“iw~““hhm“q

i K iR BT 5 1Y) PONTPAM-
co-MAAYZnS HEHER XRD

Lt IR —JESS R, JFHEIES

BHIAPNMNERITFZ2mEEE  m4

10 20 36 40 50 60
29
5 XRD B (a) PINIPAM-co-MAA)SHEERS; (b

MBI R, XANT MR ZnS ix  PNIPAM-co-MAA)/CAS; (¢) PINIPAM-co-MAA)/ZnS
UEE B =S AT, WHH ZnS RERAAFKREIER. AELTRHAE:

L EHLA CdS F ZnS B BRI R 8.94

P(NIPAM-co-MAA)Y/CAS(ZnS) B & HER"
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%A 6.01 %. XMFFRGHMESHMHAEFTRENLLRERAMNS AR FRE, EHi,
B AR FER R L, T BRfE DAL TIER A, BB SIREBNA,

4.4 &£

EEER TETRAABRRSEHET HEFHE PINIPAM-co-MAAYHEEES,
BT T LA A BAR & ) PINIPAM-co-MAAYCAS(ZnS)E S MM FH L B E
MER. GREH, HRKERAMER, SHEEEEE MAARKSE, BLEE
PRI B SRR REARE AR KW, RSB TR A S5 R
Rt BaMgH AT AHERNIEER, NTEEIIE S FERETE — RN
XEBHT, RS RERGESHEER.
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BHE REEEN P(NIPAM-co-MAA)/CuS(Ag,S)
B S MER RS R ERES &R

51518

HEH-THESHERIRMHEI MM RN —AEET R, THLGKRRER
SEENETTHENESEERER THEKSEME. JUHERE. AFERNE
HERE. XEMBCLRIMERTHL B, METE. FERELE. £
M. ZTHHTECLARNERLE —EREREHNTEI-ENE S, &K
T RS TN R TEZRE. &SR nIEEt. metl, shama
B2 a7 SR R kS AR —E MRS A ThEEM B .

MR RE—FATRE . REESREVHEERHE. HRTKAD. El. &8
B, B AT LA B SR TE T A SR A i A H1®, BB RS SmR
A TE BB B T AT BRI B A B A BRR A - TR SR RSN C.-Y. Pan
(2805 7 4% (St FIRBR (AA) RRBRE (AN) SEEMBRVERBIET
B AL M FIRER N ) P(St-co-AA)/Co(Ni)F P(St-co-AN)/Ni B &%3K; Hisashi
Tamai Z 5 P(St-co-AA) B HMER#|& Niv Cu. Co. Ag F—RAESHEK;
Kim®VsF B BRI Zn0 UK FR SRR P ER B P RRMEK
Fo XW. Ge UM v-STREH 3RS BIRAHIE T PS/Ag M PS/CAS AKR &

AICET RAAR-SECLERREANESHE. KPS A5 AR5 KHE4E NIPAM A
MAA R, %1% TR P PINIPAM-co-MAAYRERES; FIH'E4E LCST BEL
TRIEHSEY, SERMREN Ag BTN QI ET, BHRIFBEE #&%7E
| Tﬂﬁz‘ﬁf&uﬂiﬁm% P(NIPAM-co-MAA)/CuS(Ag,S) B HI-EHLE &R,
sih ek BRE, FH ERAE A MR T o T o BB AR 1) 1 A A B
MF LR THPITIRE .

5.2 LR ER 4
5.2.1 i1

N-BREAEBE (NIPAM) 2hAEBENRREKZ BR[O iEa/R, &
- ES4E (12, VV) REBESSALTHAES. TxIMER (%): B
C63.71, H9.73, N 12.38; LI{H C 63.75, H10.58, N 12.37. FERFNKHEMAA)
RERESREERAEER, N, N-TREXNAREBREEBA). SHERMA (KPS,
VIR 7, —f& (TMED). B, THERHR (AgNOy). BERBHH (Cu(Ac)) RHEER
F B /DML, RSULEBEFER: SRAKHEETEIF ZREEALL.,
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5.2.2 P(NIPAM-co-MAA) LB Bt R AT 61 %

7£26 °C.500 rpm Nz R T 0.6 g AR IE 1EFI(Span80. Tween80, 5:1, mm)
MAF| 75 mL FELSD, B4, 1.2 g NIPAM 1 MAA (MAA 585 20%),
EER BARIKPS BT 6 mL EEFKP, KM, AR ERAMMBEHAED,
R 360 rpm, EHIA 0.5 mL (50 mg/mL) TMED, RRAZ 3 h.
MZ KRS KZ B, RERRENEGRIERY, HHREH~HARR
F, RHEEARHRYR.

5.2.3 P(NIPAM-co-MAA)/Ag.S H & IR Hi %

FREL_E iR 5 %1 4% PONIPAM-co-MAA)EEERIER 030 g, A 0.2 M B AgNO3 ¥
WEHEAER, HE AgNO; WK 1.5 mL, #E 1 d. AR LRAE S, B
£ 40 min, ZHBEA H,S Sk 15 min, PRSKMNERS KTBIEE ARBT,
18 B {8 P(NIPAM-co-MAA)/Ag:S H-AWIR. P(NIPAM-co-MAA)/CuS & -& 13RI 5|
&FHi: 52 8.

5.2.4 HEREXRIE

P(NIPAM-co-MAA)M#EBR PINIPAM-co-MAAY AgS(CuS)E & HER 3R E
it HITACHI 8-570 F9#% #4822, BRUKER EQUINOX 55 {83 M-ZLHh YA e
HEMBR A SEE. Perkin-Elmer 7 BIASHPUHITRES T (TGA), FHEHE
%4 10 °C/min, HAAER. EEWERM AR H Japan Rigaku D/max-IT &
X-STBATA AT IERE 0KV, i 0 mA, FHEEE 00275, 20 BEM
5°F) 60,

53 £R 518
5.3.1P(NIPAM-co-MA A Y 52 2 ¥ 4 5

ERABRERGEPELFERARE. KA, BEN. 5IRNREEH
%, BHAMERRNR T, BAAT—ERTREFRRESAGHER'T. B
5-1 HETRAASEERESESIK PNIPAM-co-MAA) BRI P RER . of
DEH, BEREHNZEAERE, SRAKER. TRSLHESE, BRERNA
# BIFRREYE, BRAN 40-50 um (LE 5-12). EERRET, BERAFEN
R A, BB GRS Y. RERETE R BT R, PNIPAM-
co-MAA) BB R4 M6 5% (2 LE 5-1b, ). PNIPAM-co-MAA) BRI IR
Hil 50 : PNIPAM HJGiE (5 S Hinnt i B R o Rig A —2, B7E 1721 cm’!
B I T BRI e, E ABEE MAA RN, RRESERE
BRI, 3380 cm” A0 SR NIPAM () N-H {4HRENIES MAA
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HIRZEMRIRIEN BN, 2596 om™ L DARIRGHEL, #—SRERBEN
frtE. HEEE AN HT R T R & RGP REN .

5-1 P(NIPAM-co-MA A YRR RS IR ) SEM B A
5.2.2 P(NIPAM-co-MAA)/CuS(Ag:S) 8 S RN B

Bl 5-2 ALL PNIPAM-co-MAAYEBEIRE A 18 & PNIPAM-co-MAA)/CuS &
SRHENPRRERA. TUEY, HEHNELABRERRBBREERES
—3, B, SMLE s, ERER. FHEENERELEH. £/ 5-2b
B, PRRNRFET 25 min, BHRHNESHIRRIERIND—BERNERER.
PR B SRR RE R, SN RTMK LN RERETIE TS

B 5-2 P(NIPAM-co-MAAYCuS B ARk B g m A
a, b, ¢ JUBUR REHEAT 25 min; d, e R AT 5 min
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WA BATA, EHMERELIY Cus HITRAFR, EEHESHERNERE
SR FHI KA. 7F PINIPAM-co-MAA) RS A 36, ST B4E MAA BT —
EHEM-COOH BhtH, &5 Cu™" MAEER (BRI ASBERARNRMER
B NIPAM 5 CuP* MM EERRE L, Eib, Co'EMBRARMam AT,
ETHRAERAERNMEHNESHIX, SRE TR PG BHHLE
e 73w ARNER, BMELIIRNRZME. K. H#5]. RUEEWE,

FE R R 2 A) PR A R S E TV A K RRRL R /b . BANREETR A HS
SR, MEREEN CCTEES HS fEH, EARR. EETRRNKET,

FE CuPHIREEENIEE, BB A A B Cu IR EEET BRI
CY AR, MR RNTEFERSASHMIRNEFERE TR L. HiX
FhITESI % H PNIPAM-co-MAA)Y/CuS AT R — 2 RE-REH, X
— M 24 PNIPAM-co-MAA)/CAS 5 -& 3R BB Uik R BTE 2150,

5-3 P(NIPAM-co-MAAYAg,S B8 MIRAP#EBRERF LI HEEEEHA 0.0
g, MAA/NIPAM 20 wt %) a, b, ¢ nagps=0.2 mmol; e, d nags=0.3 mmol.

i b, SANMREARERNEHNERE N ELHATH TR, B 5-2d
& 5-2¢ RYURR AT Smin FTERHE-SMBRMERE /BB EERER N,
ALEH, FEMER (8 5-2b) MREFHUTFRER 5-2¢ KZER L CuS K —
SRBPTRA, REZHNERTLMAR, BHARMERERDE DA, B
WS EIR R N AT IR A AT e R B R A AR R RS T &R,
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H—-PHRARA, SRBAYHESHRAORED SIS TERGER, T
HERAYPHEREE —ERXER. B 5-3 L1 PINIPAM-co-MAA)SUBEIE s 4R
Fl#& 1] P(NIPAM-co-MAAYAgS EAWMHRABHEER . TLUEH, REMERR
AR, EaERNEI & EFHERA, B PNIPAM-co-MAA)AgS H&MIREE
A4 1 5 PNIPAM-co-MAA)/CuS B & #Ek L, XAEENHFEHFREELRK
XA, TRERNERTHERERSSSBE T2 ENAEERAZRAR, 8
BENMPOTART RAR . REMMFERTIYHOSR, FOHERREmEHEN
HEE (B 5-3d,e), TBEANHAE. TRESHRRAMELEH, TMEXTY
FHEFRH R, BETRENGRRYNERER, X5 LR PNIPAM-co-MAA)/CuS
BEAWRRABREEXGHHITUTREL . TNYERERZEEEAHEE
ERFHE S HERETREZAN, &0 FENBRIEE — MR ST, Hik
RABEF RS,

5.3.3 P(NIPAM-co-MAA)/CuS(Ag:S) H & BRI M

5-4 A P(NIPAM-co~-AA)/CuS &I PINIPAM-co-AAYBERZ H XRD
K. AETLLEH, MEKESE a7ER XRD Bt B8 KPIX 7. PNIPAM flEt
BCTE 20 7 8.4, 19.9 MEREKBBFIEHIL. T PINIPAM-co-AA)/CuS B XRD
R T R TE 20 4 8.4, 199 R EERABEF R HILISL, 7E26 b 29.3,
31.78 A 47.64 B AL HBLT THLY) CuS MFTEHE, XEATEHE R AN RE Cus 1
(102). (103)~ (107) = FEETE B §7 5F [JCPDS, 06-0464]#—3 . M PUNIPAM-co-
MAA)/CuS E-4 MR B TEEE (E 5-5ALIFEN, E5RRRAERETEN R
FES., PR, FREeNBRFHEET 11, Stal LLEBERITE B 5

A (e}
Cu(Ka)

S (Ka)

/\/\\~

5 10 15 20 25 30 35 40 45 S0 58 6 e — —
20
B 5-4 XRD Jti¥%: a, PNIPAM-co-MAA)ELR:; & 5-5 POINIPAM-co-MAA)Y/CuS HEH
b, PINIPAM-co-MAA)/CuS B &3k, KRB FRETE

S22 PONIPAM-co-MAA)Y/CuS BIF L/ THLE & HER.
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8 5-6 3 P(NIPAM-co-MAAYE BN P(NIPAM-co-MAA)/Ag,S B8 SR
XRD B, FIHEE PINIPAM-co-MAAY

Ag,S B &TER XRD B T3
R RS E G S, EHIR T —
HABHPITH Y AgS BfiTaE, 3

TS E S As G ARREE
A Ag,S [JCPDS, 14-0072)¥)4& 3
5, JCETE 20 3% 31.4. 33.6. 34.3. 2
36.7. 37.6 JLACE R BHTETIE L5 s
SN TR REBERMBY B
AgS HI-112)s (120). (-121). (121)s
(-103) S FEHE RIRTH
TGA R FH P(NIPAM-co-MAA)/Ag,S RERERT LI AgS HEEN

9.67%. P(NIPAM-co-AA)CuS E-&MHIRF LY Cus 5 14.41%.

5.4 45

FMARBREESEH KT PNIPAM-co-MAAYER, MEABFEFH
P(NIPAM-co-MAAYHBERZTE LCST &/E TR, SEARRKREN Ag'EF
M Cu BT, BEIRSRE, SR RRESERMEENNBRER, 4
#& T RAAFREERELEME PNIPAM-co-MAA)Y/Ag,S(CuS) B Hl-EHL R &
k. PR REERME SHIREAESBUR T RO ER B BT
Yt R R RARR. cHEESRE. STF6iE. X-HL4055. HES
MEFRNBEHERNEZESEH. THYHRHURTHYNEEBHRTT HIE.
XA EEEREHMEIN-TNEASMERE T —MTNER, MeRERE
HEBOH| &S FREGH-TNE MR N R .

5-6 XRD Ei¥ (a) PINIPAM-co-MAA) e B
(b) P(NIPAM-co-MAAYAg,S B4k
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B

A3 L TAE LA B - F iR A A RAR , A P TR B v 5 B = 4 N 48 25 M) RN 3R T
AN EXPHITRTNEG RER RN EMBENSEER, S8 —RHAEF
XHEBRLEHNTH-ENESHIR. FEERTLUTILAHERLE:

(1) RARHBEEEESR T AIEH P ) PNIPAM #MEEE:, BTSN
RSB AR ESE, $1£7T PNIPAMPLS E&WHHR. LRERH., HoTH
BRI EMNEEHNRNRXBNREFERRTEI-EIESHHE SN
M R RERERAESESMEERRREN, SRR E TERENR
ts

(2) LW T i PNIPAM SR A AR FE PINIPAM-co-MAA)YH#ER
%t PNIPAM/CAS 1 PINIPAM-co-MAA)/CdS BHl-THLE S HERRE AR .
SRR BESHERRAOESAEERERNARTGAR, PNIPAM-co-MAA)/CdS B&
WA EANMERMEHWEBEATARTREZ-REM.

(3) LLEFFAL T PANIPAM-co-MA AR AR AR T S A E XML E &
I BT T R B PONIPAM-co-MAAYCAS(ZnS)E S HMENIR AR AREREHES
IR R T BRI R T RRBER TR, FRERtERAMAAEE, LIAE
i1k ziliake Y |

(4) FFHAEFE PINIPAM-co-MAA)YH&RRIZE LCST R T RIERIFE,
AIEARRIREN Ag BT VBT, BHERTE, 18T RFFAARARE
L EEHI ) PINIPAM-co-MAA)/CuS(Ag,S)E & 1iEk. THTARWA: REBEERNUNES
R ) TR B T B AR AR AP A B R R L R BV AR TIAR & . XA
B BFEMEHANEI-ENESMEBRKET —MHHtare, SRBRERERTE
RAEEZFRHABFI-ZENESMERTR T E.

X R HERA BE R TS R AE VUM B R RN, 3B RTRESRR % RUK K
MERGES B R R, ATE#AFIER. RF4E. RRERSTEE 6

eSS IVAE P
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IMA=FI, AFMEL, B THRENAMEEIIZ. BERAGRHDE, &
BHAROGHBRFRABIMESHEBEN BN G QIEER. BEMMEHMIB. 5
PR, TENEEEENAALTHFATBRRMFEABAEE. BNk
FBIE— “W” FAER, RERRBEBETL, FAEEH!

ZEREENIFFZIN. AEEZID., KA. NFEZH. THREF. £
NIEZINE THRKFAITAER, BNTH. &F T TEE. Z4a. BFE. X9
B, 3. BRBFFAEERENEFUEAHREZRE. i, KENFEHLE
F—EFKILHRR, BET L.
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