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B E ZAEARKEAR,SHEBEREERKIE(SSFQ) AT E 4 HF R K IE (TRFQ) , BE R T HKA & 7K
BRI - R E RS SRR Y[ P(AWPOEA) JE KB R T AN EER XBERESYAK
WA BT R RS, S TR SRR THRAMK, R EERBE LS Poisson
BRER TREREXURADHLEH REPRENTNSENREGORTRAEEE RN BAWAEER
B0 N, BEH KB A B R K R B B A T K, A B R S Y S A NaCl 2K R 08 i T 8
K.BAMBEAMESH BEBNERSEOMEXRET T IHE.

X@iA HASESHBILEY (PAM-5-PPOEA), , WAER, BEE, HE

WAER, KRS EKESLEY FH LM
REMERI ZHXRENRRE XEREGUE
EHELBHEAKEAMKBEEDEER T T . EXK
BHE B THAZBANGKGSIER. FLEY
EESFRESTESS  EREEE, NS
BRYBEEREARE MEBEEEREMARTE
MEBBRHENIERRE, A EREERI S E
Kfs B, MTEC & iF 20 E s, ioeErgh .
NIRRT OBRETT T AR L R
JeriEt M g P RER N (REEPEEN
FKENEHE)ERTEREREMAIRTHE
ESH EANEXAEMEEEFAEEREKEN
RERMWIIE TESZXRE.

HEBEELEEYEKBERKGEERY
WEE SR, HEKRE TR L mE
BEHNERES JFEEEFR, A
TER A, T T = RAEFG ST AR &
R R HER K R, Z R R R 2- R E A
(POEA)FE J B K 2 41, ‘B #9046 Bt i (AM) 38 3
BRAERMEHERARMN, AN —MHERE
BR K EEZHRESEWHKEELED (PAM-b-
PPOEA), ' XK E A ) /™= i B A BT 0B K 4F
M EKBBRTPEREEGSTEREEE . F
KRR 72 B K B (SSFQ) FI AT [8) 4 B 26 6 1%
(TREQ) FEFEM R T AR &4, GHEH KN F
B RAHENEERNRST, URRESYRERL

T EREMRBREYR KRGS RRERRTH
.

1 LS

1.1 EH

IR LS WL (Py) Fluka AR =8, 22
BERES MM B R % (BP), BASF &
il

£k B B4 (PAM-5-PPOEA), H AM F1/0
B POEA(<1.0mol% )R, RAKRELEEFE
AR R EA B K RBREN E Bk
% POEA W E M H S XERBREN T ZREWHBRA
(SDS) B BE /R Eb , il #% A W) B /K P itk B &5 f b 4t
EY(Fd A FB), HERXHE[16]. POEA 54l =
FEARWEF:

CH2=CH;C—O-—CH1CH2 o—@

0

POEA

1.2 BHEH

HMESYWH 0.5 mol- L' NaCl £ 7k it /7~ [5)
REMBER. . FRTEERE . B E 240 50
—EREENIERET oL FBHAY HEE T
BREABE . MAFNRESYER, BF KRS
10 min, & 24 b, B BEEEEH 3 %x 107" mol- L™’
(B Sx 107" mol- L") B A 4 Stokes HF I . A HE
FEEMEA ZEEHKESY Stokes B .
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Table 1 Characteristics of the various copolymers P{ AM/POEA)

POEA Mt [9]

Semple (mol % ) N x107¢  (mL-g™') o
Al 0.16 2.4 16.3 963.4 0.40
A-2 0.44 2.4 16.9 988 .4 0.45
A3 1.03 2.4 9.4 629.8 0.%
B-1 0.44 4.0 15.0 901.6 0.72
B-3 0.42 1.5 10.9 707.2 0.64

* POEA molecules per micelle;® M, determined by viscomitry;® Huggins

constant

1.3 WEHZE

A ME M Hitachi F-4500 %661
NEZRTHEARERYBERLLRIE X
HE A AN 330 om, REETIEH N
2.5 nm. EEEERIWE N 3% 1077 mol- L' (3K
5x1077 mol* L"), BERF —XBIMWEEHN 1 x
107" mol*L™' ~10%x 107> mol*L™".

At ) 4 $E 22k s AT B i Edinburgh
nF-900 B FIT 802 J6 & i P E (IR . B IR 8
P 3 5 IS O 339 nm, B BT AR 0 390 nm, K E A
3% 107 mol-L™' (& 5x 107" mal- L"), FEKH —
HHARMRE 7 4x10° ~10%x 107" mol-L™" .
SEFEZE, EENTREGT (REVERE
EHR08~1.2gdl" " )HERAEBBHFSWEA.

FEE A NDI-1 RUR B (LR E SR
INMEZATHERSYHE R RUKE 4,5
H R 6 t/min. LLIREEEE 7,38 (9 - 50)/ pocp T E,
c, BREWIRE g-dL ™.

2 BRI

Z R B R Y (PAM-5-PPOEA), BR—KE A
R BH K Pk (POEA < 1.0 mol% ) BB K & &
REW. TAKERP, HREZIMG NG GHRE
(CAC)LMG , R AEBUKE &M T &0 T &
GYREH FEARGEECERESR" RE
PIREESE M NG K & B BUK R R K E
LA B & B R E AL E AL IR A AL € T B 2k
R R EREEEENTEEREREN.
B TXERGYHRARTRBRMULFA TR
THb 0 ARG R R ARG F R MEENE
SERMEHR R T BB WA, 3Rtk R
RE L R2—MILEERANMETE.

2.1 RAERRWE

BHl,RAFE XA FEER EBNAT
WEBRRGBES S EREIHE P, HRIER
TER R MR & TR, % AR B
AR KRR R R R R R R A R ER
R P9 8 R 1 B B ST Y UO0 B LT R RS
£ HFEMBEKERKSGIOL, ELWRER
RIARMRS M R 2K Y MR
Ak H A UG L B @ RO R R4 (IR
IR < [M]) R KA 4+ F7EB R 2 Poisson
SRR EEIXRE SR AT T ET LAGE i I R AR TR P R 4T Y
PR ERERAWEE ((Q[M]TE02~22
)Y AR AL (RS BERE)  B A B W K ik
([Ql=~[M]), EHe & 3%yt 3wl th £ (B 5] 7> B4
WHRBERE)WTE, KEBREH N, UEFEdR
RS A T 4B B 78 B R RO R R I 2
BEH .

B WOk B K & (steady-state fluorescence
quenching, SSFQ) , W 5& ¥ & 72 A 7 T K o B 2%
BTFHEREBEE(NWEL NFELH 1 X
%L‘lﬂ

In( /1y = [QJ/IM]) (n
oA QIR M BE/RIEE, [MIBRIKREEE
BEIRIRE .

MEEEPHAKERFHREH N, ATH 2

R21HE

N, = [H}/M] = ¢ eyf(M] (2)
A, HINB K EMERER, . REWRE
(gL "), eq BEYHEKEEE (mol-g™')-

At Bl 4 B % K B K ¥ ( time-resolved
fluorescence quenching, TRFQ) H, 7 — & [ Q] & {4
T, iM% w8 E Infelta-Tachiya 77 230 (4
51:4)“63

In[ 7{)/1(0)] = A3[exp(— Aty = 1] = At
(3)
AAr, 1Ce)F 100) 73 5] R itiE] ¢ F1 O B 32 0 5
BLBH A, A A B T EENRE EEOE
F7 fw BE R N, B P B MR RA 2B EEA
A5 (BR & AE B () B R M Ac# ), TH
Ay = koo As = [QI[M], A, = &
ko Bt B BN WM B E L by MR T EN
W—REXERFELR H A, REREEKGETR
WEIMIE HAX 2 BARBEREH N, .
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EALRS, RBENRLEHMN WA
HERFMHLE MEBEHSESYEHAERER
N, BHILEY (PAM-b-PPOEA), B EE L RE
K& POEA WK BEHEERS T . EKBRTE
BEEREGKESIERH BEABERREER
(micelle-like aggregate) , BH 3¢ 5 4 8] 6% B 7K {4 T H%,
B mAKBEIHEERSIE FHREENER,
BB ErEERBEREA ERERPHKYE
WICTRET 2L A RN W 4 I T d K (H
BMHBE,  RABRRKIEREEREEN.

RS RN E P E - ME—IRAEN HE
(1,71, ) BT A 40 20 38 090 AR o T 8 4k, #R PR PR,
L K ER—WE(c, 1.2 g-dL7,
>CAC)H#HTF , ARG K EEEREYRS A1,
A2 A3 H) L/1, {H5r 5125 0.65.0.75 1 0.86, 2
KR L/ ER 0.54, XEB T HEHEH
EHKEE B R THENGKEEREYH
KSR E MR,

HFE—LRIEE-—EFLERATHMEERER
EYKBERPH TEERBRNTREE, BAGN
THHRHM_FRERAXANERSYHERTAHTER
R LIRS A3 HE BB R K LB | B
TN CEEAH TR (I/ 1) FE X B (BP) M Y
XEME,E 1(a) % Perrin A2 (BEEX),
Bl 1(b)¥E Stern-Volmer 2> 3 22 %) (Bp A TR ). A&
MELHR(DBEARGFRME, HFEIERTH,
fFrA Perin AR (R 1), ML ()T, A RS
Stern- Volmer 2 2%, . Il HF 25 - — 25 B8 A5 PC B £ b A&
RHBEHANERANFTEHEREXEZH, Fa 4K
1XRE . FRWE T EMNRKCERE 2ELR,
ME 2 R, SRR R E R TR, B T
Rit#, FEFTBEREE, B TENAEH
F . A LAE BB K Ak B3 K, B B At
B, MENNEREREE K RHEE T, RHE
KK amaE MBHREANERLLETFES -,
4381 % 330.7 ns {([BP] =4 x 107" mel - L™") #
332.8ns ([BP1=8x10"° mol-L™"), BN &EH A
HEH B Em R -2, ARERNKRER
W . DL R YIRS SRR B R A R A & 1K
F£fFH Poisson BRI #, WM T H-XMWEH
FaststkaME N, 5.

2.2 Bik&kEE N, IR
TR — LW &EHFT (0.5 mol- L™ 7k HHHE KA

= g 2006 4%
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Fig.1 Plots of In{ fy/I) and Jo/ for pyrene in aqueous solutions of
copolymer as a function of BP concentration
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Fig. 2 Fluorescence decay curves of pyrene in the aqueous solution
of copolymer A-3 containing different concentration of BP: 4 x 107*
mol*L™"'{a) and 8 x 107° mol-L~'(b)

[Py]:5% 10" "mol- L~

WK 1.2g-dL7") , 4 5 A SSFQ #1 TRFQ Mz T
HEY A1 A2 A3 HEEYH SRR 2,/
FEEBIRE RAEE, EE SSFQ BRI ML RR
M BRTVEHEEKAESEE A BERNE
EBHBHKX, FUREEMEB A HWEX
WMAREARE . R MBKEERS BTN
mAIHEE XEAHTHAKSES, RSP
FEAKBBREEN, FERED Y THAGEF
AR ILER I, SRR AW WE, Rk
BN FUER LR ERGEF AR
— it B K PR A B T K

. Table 2 N, of the copolymers with various hydrophobe content

POEA cp Tred Ny
Sample -
(mol%) (g-dL~'} (dL-g ')  SSFQ TRFQ
A-1 0.16 1.2 780.4 - 5.4
A-2 0.44 1.2 1301.3 7.4 11.9
A-3 1.03 1.2 1110.3 43.5 49.0
A2 0.44 0.8 618.5 - 9.6
A-3 1.03 0.8 337.3 14.4 18.5
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SN BEYRERN RERLHERK,

WHER: A3 TE ¢, F 1.2 g-dL7'BY, N, 2 49(43),
e N0.8gdL AT, N, 5 18.5(14.4). X H T
FHEY) P(AM/POEA) FE/K B W T, LK 5 & T8 1K
MEBERAL BARREW, — BB LR ENHE
e T A

2.3 FAKEREK/IX NA &M

MRENMBPEAIRESREFNENRSYT

B R 24 B A, Bk iR BN B TR
o 2 T S R v S K B R BT T M,
Bl SMR {83k P& 45 , — R 5 1ol 4t R A R R P R B K
KT HE N, RRET CHARYR
KSBMR T EREEEREER W, Wik
BRTAEMBEREE RBETHETER
ERB WAL, M ILTER K 2185 BAHER &1
T, o PR B ) 43 B OR R A B E T K IR ER K
EARREN3 FEEY B-1.B-2 I B3 HRER &
RAE3 . AIEHEHR KRB KE N, BN, RBE
BN, BN TS B K B BT R B RS S
#R EKkHKBERYEENEBHNFEE5GTER
B N, I, XM TR D E N B L H A
MREREARYE AMBREEEHACLHME
EH AT, ES BIKERT TR, X2
EAERKBEE - THELT HRARRRKED,
BaeE kB EREE, r THASSIER
IR RS LR, X ER YW,
Be g A ok B (R RR S T AR /S, U WRORS BE A

Table 3 N, of the copolymers having different block length

2.4 FZHEI N, HIRIE

ENENEKRAYERREREENER -E
ZHREY BELIENBESYEMMERT B
AYTEKERPNBERE, 25 TRERKS
G ERRER SEREHER R47BTH
FEmETERY A2 EBRBRTREERMT L.
AIE B FEAK S G0 NaCl 3R 3K, BERH K,
X—ZRSEAMYMEREENRERNEEE
HIE 59, 4 SDS, #£ 0 mol L™’ #1 0.5 mol- L™
NaCl WP, BERS 510 63 71 120. B AP E
R BT LUE B SR SR A R X R W R
MWEEL W, —BKEERESYEW, NaCl M A
BEERASKEEREE, BEYE WA, &85
WK BE B % T M. T (PAM-5-PPOEA), X HH K
HEEBYRITHIIMHER, £—FHEMN, LK
FEHA,RERW DM, REKERE R, F18
FEELHE 5 AR K AR K, E R
ERMEXEERT.

Table 4  Variance of ¥, in different NaCl concentration aqueous

solutions of copolymer A-2(¢,:1.2 g-dL™")

[NaCGl){mol-L™") 0 0.5 2.0 4.0
Ay 4.7 11.0 15.6 16.7
Feea(dLog™") 1138.2 1301.3  1626.7 1906.4

GAULER HEEERAFEHENE
B iK% & 2L B 4 (PAM-5-PPOEA) 1 THiK
HEREMK(<] mol%) MWEEMNREEREN
ZB - BRI, VR A e VE KT L LB
M EREAMRT . XhH -SRI RES

sole 0w T M A RO AR X RIR T TR
s MFR BIRERRN. FURAWHEN, WHk
B-2" 0.4 2.4 1.2 1.0 13013 REEHBRBEKE SRENRBBERE U
B-3 0.4 1.3 12 13.7 832.5 X, MARSYRKEMTOEthEREEE0, 5
* Sample B-2 is the same as sample A-2. %imﬁfhiﬁ{]iﬁ*ﬁﬁlﬁﬂﬁ i?mﬁﬁmﬁ .
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FLUORESCENCE QUENCHING STUDIES OF SELF-ASSEMBLY AGGREGATION
NUMBERS OF HYDROPHOBICALLY ASSOCIATING COPOLYMER (PAM-5-PPOEA),

DAI Yuhua'**, WU Feipeng’, LI Miaozhen’, WANG Erjian®
(! Department of Material Science and Engincering , Beifing Institute of Petrochemical Technology , Beffing  102617)
(* Technical Institute of Physics and Chemistry, Chinese Academy of Sciences . Beijing  100101)

Abstract The fluorescence quenching techniques, including steady-state fluorescence quenching (SSFQ) and time-
resolved fluorescence quenching ( TRFQ) , were applied to determine the aggregation number (N, ) of self-assembled
aggregates of the hydrophebically associating water-soluble multicopolymer of acrylamide (AM) and 2-phenoxylethyl
acrylate (POEA) . This polymer easily hydrophobically associates in water to form micelle-like aggregates, which
serve as solubilization sites of pyrene probe molecules and quencher benzophone . Fluorescence results measured were
well fit to the Possion quenching model. Il was found that the ¥, was influenced significantly by the hydrophobe
content and the hydrophobic block size of the copolymer. The ¥, enhanced with increasing the hydrophobe content
and decreasing the block length, as well as increased with increasing the concentration of copolymers and sodium
chloride . The relationship among the polymer chain structure, aggregation number and viscosity of polymer solutions
were discussed .

Key words  Hydrophobical association multicopolymer { PAM-5-PPOEA},, Fluorescence quenching technique,

Aggregation number, Vicosity



