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Microscopic structure and properties of ultra fine colloidal particles in aqueous sys—
tems were studied using a small angle X—ray scattering and rheological methods. The
fine particle studied are micelles of N% N*~dimethyl—N*lauroyllysine(DMLL, ampho—
teric surfactant)and octa(oxyethylene) monododecylether (C12E8, nonionic surfactant),
a small vesicle of didodecyldimethyl ammonium bromide(DMA, cationic surfactant)
and a globular protein molecule of ovalbumin(OA).

The scattering intensity I changes according to I = K,q %+ K; in a relatively wide
angle region. Here q is the wave vector and K, K, are constants. The surface rough—
ness defined by the ratio of Os,/0s, where Os and O, are the specific inner surface of the
colloidal particle and a completely smooth sphere, are ca. 3.5 for the DMLL micelle, ca.
2 for the C12E8 micelle, ca. 1.7 for the OA molecule and ca. 5 for the DMA vesicle.

The rheological properties of the OA colloids are very characteristic, i.e. the systems
show yield stress oy and rigidity G at extremely low concentration of 10 *g/m/ and the
values of oy and G remain almost constant over a wide concentration range from 0.1 to
30 wt%. This phenomenon suggests that the OA system has some auto—controlled mech—
anism in order to suppress the increase in oy and G.
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Fig.1 Chemical formula of the surfactant
employed. Mo is the molecular weight.

SN, F12, RBED SkDI- 0A DEEFY
DFEI34.3TX10° TH 5,

REEERIRFKICBEREOHIES &I
£ -T, OA320mM Kk E Erik (pHT.0) 1T A%
IEB LIk - THRIERRE LT,

2.2 Al w®

SAXSHITE 36m RINR X #R7 A T (REBRE
BEAOXBEB) ZHWLZY, XBOEER
1.542A (CuKa) Th %, B EHEIC~ 1 A%
OEEFHOKEAILICAN, REOEX31.5
m CHRIE L7z,

VA DY —HIEGME#EARET A 2o XL7 L
A J=* A — 4% —(Sangamo Controls, R18) %
sz, M#EMIE1.77°, M#EERIZT7.0mTh %,

2.3 SAXSICKBEEMBHT

FHEICEE T 31 IISAXS DL HEEN S 15
55, Porod® , Luzzati'®, Kratky'” 5124k
niE, RSB AHERELR, TAHERT
BEFHEOEERNH AL EEE, KA TERIN
5,

I=K,q"*+ K; @D)

ZIZTK,, Ki3EH, q=Uzn/A1)sin /2T
Hb, VIXMOKE, 0RBEEATHS, (1)
ROEHIEK, 12, FTHEL, SEHED 5 W i35
HiliDH 5 VR ZOMENICE T 2FEFORE IR
EOBETEEDRES XITERT AHEIATH 5,
WE->T, DEENBICET 3BEFEEDRES XN
EHTE5, HLEFEENLENEETH S
BK,=0&7 5%, (DRICINITIq! & qf DRI
BERELD, fEOURBLOARLD K H
FUK,ZRDBIENTE B,

(W ANRILT 254, SEthFoZ&kE (R
CORmICHETAIEELE, AN ERTHE
(specific inner surface) O; Z /RN S53KH 5
EMTZE B,

7w Ky

Qo= —=———n (2)
Q.

—122 —



Z I Tw @O BUEDETES R, Q. 13RKXTHZ
SNBEAREETH B,

Q.=Jo Ta2dq (3)
ZITI=I-K,Th b, DHKTOKZ IMGE
THBHHRTIR, O, ZIRODBEHKREFED,

oL HTOREE
T TR
3. BMRLBE
3.1 RE#E

3.1.1 DMLLZEILFR

DMLL (37K TIRIIERFLITIE W 3 IV EFERR
LTH#LTW5, XEEDNOKE S I EILHFE
38921.7A, ERFESFE MwI3592.40 X10*
THbo > TREABN..=Mw/M,) 3674,
AFUEHO D I ILVERAEAD SFEEESI387.6 A
T» %', DMLLAFOEIBLTOC-CH
&M trans—trans (TT) #EEZE & 5 L5254, U
v D C-CHs & D trans—gaushe (TGTG) 1
EEEBEEHWBATH S, E->TIVILER
21.7AIRIBIFEHBEE ATEE B (FD,

X2izia DMLL/kao4 F%D0.5, 1H5LU3
$ITBIFBIq L ' DREFRERT . ORI
ST (BB K,=0) B TRIN D, 1
DMLL 3 #ILAEE L O Bl a8 E T
HBLEEBEKT B, BT EMNMED I LR
TRKZEREEFD, K3iZidDMLL/K3
o4 FRIZHIFB1q2E qDBHRERT, LA
TOTF—7DRE52ZF R ENVRERESITED
Qe ERDBENTZ B,

SAXSRIF M 53K E 5 DMLL I £ILORMEIC
B4 2 EER2ATRT, RERICMMOLL 1S

Table 1 Characteristicsof aDMLL micelle

° 22 - -1
Mw/l()4 Nag R/A S/A c0/10 Sg ml

2.40 67.4 21.7 87.6 7.70 (216uM)
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Fig.2 1g* plotted againstq* for 0.5, 1 and 3 wt%
DMLL aqueous colloids.
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Fig.3 1g? plotted against q for 0.5, 1 and 3 wt%
DMLL aqueous colloids.
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Table2 Surface characteristics of a DMLL micelle
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c / wt% Qq Ky o, / A OS/ 50
0.5 0.137 0.0206 0.470 3.41
1 0.0852 0.0150 0.547 3.96
3 0.139 0.0191 0.419 3.04
*0 = 3/R
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Fig.4 A model of the DMLL micelle. Aggrega—
tion number is 66 and surface area of the
micelle is about 3.5 times that of a com—
pletely smooth sphere.
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Table 3 Characteristics of a Ci, Es micelle

. A . F . 2 5. =
' w10 Yo RA L RA RA s cp/107%g ™t
25 4.42 82.2 28.3 21.4 6.9 123, 4.67 (86.8uM)
60 5.85 108.7 30.4 24.6 5.8 107 3.20 (59.5MM)
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Fig.5 Ig* and Ig* Plotted against g* for C;,Cs mi—
celle colloids.
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Table4  Surface Characteristicsof a Ci,Es
micelle
<l 5 %, 9 o /A 0 /0%,
2.5 0.0025  1.20  0.0617  0.211 1.99
5 0.0092k 5.05  0.125 0.206 1.94
10 0.0261 19.9 0.366 0.202 1.91
20 0.0488 29.9 0.6L0 0.192 1.81
30(30%) 0.0469  16.5 0.52k 0.197 1.86
30(60%) 0.0535 20.6 0.575 0.205 2.08
* 0= IR
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Fig.6

A model of the Ci2Cs micelle. Aggrega—
tion number is 82 and surface area of the
micelle is about twice that of a smooth
sphere. All figures are in angstroms.
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Fig.7 1g* plotted against q* for aqueous colloids
of native ovalbumin molecules.
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Table 5 Characteristic values of the native OA

molecule in aqueous colloids at pH 7.0

3

1 a

3 3 .- o
c/wtx K, /10 X, Qg /1077 A 0. /A 0,70% ¢
0.5 0.407 0 . 0.205 1.71
0.7 0.606 0 7.61 0.207 1.73
1.0 0.754 0 11.2 0.209 1.74
4.8 0.457 2.14 6.42 0.213 1.78
9.1 0.801 2.14 .0 0.208 1.73
16.7 1.11 1.40 13.3 0.218 1.82
N .
0,0 = 3/R, R =26.1A4

— 126 =



OMA 20 °c

0.6
DMA  20°%
03F
O _au nﬁ:l_ 2 O"_
1 %
-03f
=
- 03F
-
N a Q9 Seal
0 57055 © U5 oo
0.5 %
-03F
-08
0 i 2 3 4
qb 7/ 102 R4
(b)
Fig.8 (a)lg* plotted against g* for 0.5 and 1 wt

% DM A aqueous colloids.
(b) Tg* plotted against g* for 0.5 and 1 wt
% DMA aqueous colloids.
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Table 6 Surface characteristics of a DMA small
vesicle
c/wts X K L
1 2 Qq OS/A 05/050
0.0249 59.4 0.0880 0.884 4.99
0.0136 2C.0 0.0470 0.900 5.08
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Fig.9 Weight average degree of association P,
plotted against denaturation time tq at
various denaturation temperatures.
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Fig.10 Flow curves of the OA colloids in the
phosphate buffer(20mM, pH7.0) over a
wide concentration range from 0 to 16.7%.
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Fig.11 Shear stress o, at 7 =3s™' in the platerau
region of the flow curve is plotted against
the OA concentration c. Open circle: data
at pH 7.0. The yield stress or the rigidity
are also plotted for various colloids of
polystyrene beads(L1, L2), carbon black
(CB) and titanate fiber(TF). The dashed
line is the rigidity calculated by Eq.(5)
using the DLV O theory for «=3.12 x107¢
m-'.
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