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BRI

2E% REHT
(mNkEWmBEE, ** %R, R 610064)

M LT R RS AR A I R GPC-LALLS BLE, B MahBxmy
BT TR SDS M4, X Sm R0 WA A AHE. BT BERE ST Laplace
SR, WM D=1.54(2%), EESRHRNSE D=1.67, SiaEmuELE®T. it
DR i MU, 1T T WA SRR HETY, RAAMIEES S =4 R [ =L
FAZ P M R RS T — SRR — SRR 2 A HE.

> pW, e FHGHE.  HE

BAR—MREAR HEARERLLGHH (Fractal) AR CH L FMRE 1 2
PR A 56 EA-F R 1989 4 Schaefer FA Pl #9 x4k, RAM T TFHHEEL T LT
& F M £ C1;Es(n-dodecyl-hexaoxyethylene glycol monoether) A %7K D0 F &5 4%
D=142 ~ 1.60. Fif, AMEAATRERMFTEH TR REXFTEAGHE, METXES
O eg FA, AR AR R 894944 R RA A8,

T B R AR T AR s 6 BB, T R AT R, AU ER
T FIAAN G R ARG HAMEL 4 AN (matrix)¥, BATRASHEY, EHRRA
F &M A AT Lo RENGIGR. itE, AMNERTEMEGSEERRE, HFXRAA
AREXERNTRXFHHA#), RIFL, Kbdg maakf, LXORREREE
AR LME, RENSTAAREAZEGPES. R, BREALASHiiirie,
FARBTHBRALRASBHAGON 5, HALIRRLS

1 BREIERMESZ

1.1 M5B
Be & Aok % 2 Mark-Houwink -5 42

[n} = KM* (1)

Xb[n] AARBE, MARXASRAET KI¥H AMNMc2izn b8 k%o 5RAF
SR DATRHELE:

1992-08-26 B IMHE. 1993-02-11 PE&H. BRA ¥EHR. ¢ EFESESEENWESHOM
EWERESLE
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a=[%—1} (2)

Bl ot, it log[nj-logM 1FE, B AKMME o &L (2) FTEXERAAESSHR D AF
WA ERE (0], A ARAXRMERZ M, (FHRRAF).

1.2 GPC-LALLS B4 A%

SRR ARKGHBIN o) PRRAFT M FAZSRG T, AT, Hik
BAE—FRRE K5 To9M, TAR A4 g S84 (GPC) 5 A ML XM
(LALLS) B4 (GPC-LALLS) 695 ik (7], ix ff 5 ik P b A7 — ok B 69 sk ¥, 30T 20p /%
)44 D.GPC-LALLS Bin, &4kde LALLS 4% GPC A& RAFARME, v Lk
HFREFFARAAF M. A GPC HFEHFZEEFAM Vp. EBHT:

o
L w n
) 478 [GPCHE] — [LALLS ﬁrﬁ%ﬁv‘—' '
BB | -

M GPC 4k & 9sksbik, #.8 LALLS o, BERA&RNE, HE 5848
4324 (KMX-6/DP). LALLS A 4.95mm B854 84, MR _LHMA A L2Rm SR T
AN AR iR E. DATEARERE, #ERLAEHYARHEAEE. &
GPC-LALLS BT #{#3% th GPC #6478 # 4

InM = A — BVy (3)

Xd Vp ARBHEM A, BHTALORALES LS ATHR, EA s Mark-
Houwink 7 AL 65454 (=R ELH), TR & GPC M #if 4574

In([]M) = In(k M) = A' ~ BV (4)
Kb A, B AFH QTHFEEE T &A@ 6ak R IRAR (Vi) fodn B6 R R
BE (M), 91X (4) TRBBEG (). HAREF M A ), LT Rk o 5K

Fotg Bidharik D. &, GPC-LALLS MR ARAT M LM EMASE, 2 GPC 4
HAY R AR E Gk RV, ATAR. LfiaE, sk U mATR .

1.3 shskmatENES4=

BEAER P, HEALEEN (n) TAHSARMERASHEE L2+
%A ARBAY (SDS) MR A HSMG Y aTRAEIRER AAFTHROTAAL

Aob Ay AFHREHK, R, H-FGAGNFFL. A logan-logR, 1HE, HHMAH
RFpA 4B D.
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2 X8
2.1 {UEEF0HL

e R S HAL LALLS (KMX-6); GPC(ARL-950); # 84 & K45 & i, $cdabm
i (KMX-6/DP); Sl @k#, Brids(#Eldosi); ¥xifmnk (85 —ia,
BRI 4]); IR 8 (AR, iR A), ok (AR FEREFTLFERFA).

2.2 LALLS 3h#&4

TR, KHMB6~T°, H20.15 FidE 2,3, 4, THF A% #) ImL-min~', RA#
3 A7 £ AT AL

3 BR5W®

KATEARME TERFAHAGEMH Brijas( A HBERCHE) 2K FRA
A CMC=5.64 x 10 *mol - L ', B#RAF M, fiR48 n(k 1) REMERH
F5RGEME Tiinme RIRA B AL THF ARy R 58 (A 2, £ 3) U
U A 7 i 0 AR M

g 1 9 SkdR, ARAEAX (1), (2) AR ZRiEAREE a=0.739(K= 1.04 x 107°
dL - g 1), K4 D=1.73. ®A 2, A 3 HEBAFEFLLHE L THF, F L8P
6 o (4 A)H 0.70 B 0.85, nfidh4 s D=168, 1.62. Tk, BEZRFHSHES
DLA #8654 (D=1.67 +44if, XA T#HE Brijss ¥, TXEFLLAKE
THF (3% e.88) ¥, AMATLEMNAE DLA £ H £ fushyfek .

FE 1 DBrydd REEETERFOERNE

Table 1 Molecular weight and intrinsic viscosity for brij3h micellar cluster in water

e/ mol-L~! NaCl CaCl; NazS04

0.3 0.5 0.15 0.25 0.15 0.25
M, =10-3 70.5 772 6.5 82,7 171 472
[]/dL-g™* 4.02 4.30 3.85 4.53 7.75 16.4

# 2 REBEAEREE THF dBETEREEEME (25 T)
Table 2 Molecular weight and intrinsie viscosity for polyepichlorohydrin in THF (25 T)
M, =i *® 2.41 1.7 4.7 3.6
] dLg™? .44 16T .64 346

® I RIAAARENCEIORETREZRMEE (25 T)

Table 3 Molecuiar weight and intrinsic viscosity for polyepichlorohydrin in cyclohexanone(25 C)

M, =l0-° 248 3.7 25.8 35.6 57.8
m}/dL-g~! 0.51 3.47 3.62 4.82 7.55

& GPC-LALLS B¢4L4% 8] 694k o thdnpl o X 34
Vie = 82.60 + 0.5662( V; — 82.60) (6)

Ry Ar A F A
In[n],M; = 46.5495 — 0.3611V,, (7)
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ARABE RS Vi Fo M AKX (6), (7) WTH [n;,. drEFREFLESHELE THF ¥4
a=0.80, 44 D=1.667, sb i 5T o & Reh S, #5 DLA VG4BT 4 —8. i
GPC-LALLS Rédndhid B 2 44 &) 5 2 2 T 47 49,

RehE XM ERTREYG GBS, - REXGHAELF®. 1980 F, Briggs
FA P Rk RA T SDS(+ = ARAMA) Akt 6-FHREMK (7) AFYRED
FAE (Bu)(h ). RMMX (5) KADZ B, C ei9MaaH 1.62 & 1.36. Xf5H
HERAGT S ol 10 $544 SDS BA (B B) 955 @SR
S A S, LYCeEnE R DLA #%. & 54534 SDS BA (&£ C), 540
s, T F)T DLA #4%.

B, BARGHERHAELE—DR LN, HAAN S E5H (multifractals) 545, £
11 & 7 Brij35 R &AM &89 Laplace 4 Mt 11 =g if it £ 45 14 598 D=1.54,
Wit X4 D=1.67. H& P N=10° #, & Honey Well L LFHE f(a) ~ a
Ao @ 1. mFH fo,(a)=1.75. EAE—PEFHFHRLUER, REWNEOGHEE
k4n .

& 4 SDS BRBMMSHEHeEE 10
Table 4 The aggregation number and hydrodynamic radius of SDS micelle [1°]

Curve B Ry /A 25 35 50 65 75 a0 fractal dimension
ny 122 210 375 573 723 a7l D=1.62

Curve C Rn/A 35 50 65 75 a0 100 125 fractal dimension
ny 125 240 270 320 490 510 T60 D=1.36

(The data are obtained from the Curve B, C of Ref.[10])

H—ri, AOERABARREAHHAFRKRSSGEHE, TRAEGERERL. A
s, BN RRGSHRNE, FTRARLSA A~y HH Z, 7

Z(8,L) =3 Ca ) P, (8)

Kb Py, ARAANY o MBS i LHRELE, C, MY a 89RE, [AFRE
k. BAMERARENSILAHEK. QL (8) THAQELF,

_ _InZ(5,L)
F{,B,,L]— - InL [g]
it E E, 8 S o E C 454
_ 8F(AL) B _ o*F(3,L)
E{ﬁ,L]— - 8,,8 S[ETL}_.EE_F(&1L] C{IGHL)_ - azﬁ {1{]}

REIHEHESESHMALTHELL, § <= q F(B) < 7 (q), E < a, §(E)
== fla). SHRALFLH, L[ - oo, F(8)= limp_.F(8, L), # S(E)=limp_..5(E, L).
HmbitH, & Co=1. #F Brij3s & 3x3 # 5x5 -Fd st b, 4H 1.0x10° M RELK
&, 3.0x10° 4~45%!, A Nagatanil'? fo Leel'? ¢942, %@ 2.
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MBE2TR, Bo~—-440c~-1HaEARET. ZETAAFALKRAZHLR
A THM LT, IHABLAFAFN SR AR LA, Tid, & Lee #v Stanley
03] g9k, R LOHEMFEE, RARMNALARIEL.
BERAMESTARS B S Brijas BRAMRM (MHh, 2 F440) 2565 M
B, REMAALRFEARATRIFEL. —HERRRE, 50 < fo=18, Tt
AdEMASFERAZEHRE S, HHEREAMRK (C < CMC) B L UAR 4
Mets AR ER, % 3> 48, EHERRRRAL CMC(=5.64 x 107° mol- L) (14
HEARR BN, sHEHLM2EL, AE—AFHARA XA 30> Bo=-1H, &F
AdERFRAE KK (c > CMC). Mk LHT AL RIS, HHILKS (i
K, B, AR, RRFRR). Bk, A¥5TF - SHREA - BAREK, RTAME
Sk ) R MR, AR TH MY, RHEG T PEHE KELE XA
it R A A iR R R A M (o) THRMRA . EHRREHE -FTRE
WA, LR FEIENGR, oA FEHN R4 MR TR ). Ry RdHE
— A IRA G, H—REHNRMGE L. FRFO R ERPHES, RAKAR iS4
M. Courtens ¥ ¥ fo Schaefer ¥ 1) Fifkes kMM KB, # 00T A6 H7. A4S
# Bragg X (10 ~ 50A) 40 % FRAAM RAT#K A, Porod B (50 ~ 2004) s TR
X4k %, % Guinier X (200 ~ 1000A) %o A @ Kb, RRITEAMSESHGRNERH
ARATRE. AIHBREASBOALERZ T, EH 5 FAETHFR—F L.
2.0

15
/ (a) G (b}
| § \ 10.0 ni 2)
- s . =2 s
= 1.0F K 'J- 5.0 gl
= . (2) )
¢ N N i1 .
W 0 2 4 0" =2 0 2z 4
P B
0067 0.4 0.8 0.8 B 2 fEl E fomE C B 5 ot
a Fig.2 The relationship between En-
ergy E, heat capacity C and [
B 1 Brij35 BReHsSHE (Curve © 3x3 lattice, curve @ 5x5
Fig.1 Simulation generalized lattice)
dimension f{a)-« of Brij3s
micelle
£ % xR
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Fractal Studies on Micellar Formation

Li Houqgiang
{Department of Physics, Sichuan University, Chengdu 610064)

Zhao Huaming
{Department of Chemistry, University, Chengdu 610064}

Abstract The Mark-Houwink equation [n] =KM"™ is used to determine the mass fractal
dimensions of micelles. Here [n] being intrinsic viscosity, M beging molecular weight
of micellar cluster. K, a, constants. The viscosity exponent a=(3/D-1), and the fractal
dimension D may be obtained by In[n]-InM plot, e.g. D=1.73 for Brij 35 in water and
D=1.68, 1.62 for polyepichlorchydrin in tetrahydrofuran (THE) and cyclchexanone.

To determine with easy the fractal dimensions of micelles and macromolecules, a new
approach, dubbed GPC-LALLS (gel permeation chromatography coupled with LALLS),
has been work out by us, and the value of fractal dimension for polyepichlorohydrin in THF
obtained by GPC-LALLS is 1.6867. The results indicate that the micellar clusters resemble
the DLA. According to the Laplace fractal approach. The theoretical values of fractal
dimensions of micellar clusters are obtained as D=1.54 (second order). D=1.67(higer or-
der) in agreement with computer simulation. In the same time. the multifractal spectrum
f(a)-a of micelles are obtained and fp-(a)= 1.75.

The multifractal thermodymics is employed to study the formation and transition
of micelle. The partition function is defined as Z(8.L)=3_, C. ¥, P;, where C, is the
weight of configuration a. F,, a is the growth probability of site i of configuratin a, L is
the system size, and 3 is the parameter measuring the heterogeneity of surfactant aggrega-
tion. Thereby two transition points, 3.=—4. f.=-1, for micelle aare found and set f.=-4
corresponds the transition between surfactants and fractal micelles. and 8.=-1 , the tran-
sition between fractal micelles and Euclidean structures (.i. e. spherical, cylindrical, layer
micelles etc.). These transitions correspond to the Brigg(50-50A). Porod(50-200A) and
Guinier(200-10004).

Keywords: Micelles, Fractals, Multifractals, Phase transition
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