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Summary

Using static and dyvnamic light scattering, the fractal dimension and the
kinetics of the aggregation for a solution of the protein particles were
investigated under various conditions of pH, the weight percentage of
precipitation ammonium sulfate ( (NH) ), SO,). the concentration of protein,
and temperature. Qur results show that, for protein concentrations 6g/df, 8g/dt,
and 10g/d¢ at pH=3, the fractal dimensions are given by D,=1.78=0.08, 1.77%
0.08. and 1.77=0.08, respectively, which agree with diffusion-limited
cluster—cluster aggregation (DLCA) model. In this case, the radius of
cluster grows with a power law R~ t* with b being 1.56=0.03. By changing
the concentration of protein at fixed ammonium sulfate (7.5wt%), the fractal
dimensions are given by D ,=2.08=0.09, 1.89+0.09, 1.76£0.09, and 1.75=0.08 for
Qeide, dglde, 6g/de, and 10g/d{, respectively. Furthermore, by changing the
weight percentage of ammonium sulfate  at fixed protein concentration, the
fractal dimensions are given by D, =1.76£0.09, 1.83+£0.08, 2.05*0.09, 2.07+0.08,
and 2051009 for 7.5wt%, 15wt%, 20wt%, 25wt%, and 30wt%, respectively.
Thus, it is shown that the fractal dimensions decrease as the protein
concentrations increase, but they increase with the weight percentage of
ammonium sulfate. For the change of sample temperature, it is also shown that
the cluster of aggregate does not grow with a time at low temperature (<607T).
However, the radius of cluster grows with R~ e at 65C, and the average

fractal dimension is given by 2.05*0.06, which agrees with reaction-limited

cluster-cluster aggregation (RLCA) model.



et el gl ire g He A4S Bl A 7R AddgiRe] de s
Gl gy wia Qi apu} Fritolriake] AR glztiio] M7 H o g Wl ol
ok Sy G0 v vEA oA o Hefoh o) g EIpAsiy | F Ux
ogrelsh Al ko o]yl fRES 2alel FERE (fractal structure)elehar ot

A el BN S5 98 Bl ool THRAE AA FAME (self-

—

similaritvioh 9w (universalitn)S sEicvhys 7] Z2dEE Ed ok olygt z]

Aol vk Addirel g el shAlxe] rx 2 AR oIy FE, At
Apiecs ol &8 LS A Gell A vehve FREAM FR% AT o]
ook}

ek Aol e sEalel 29 (fractal dimension)oll 2]&] A o] o] x|t
Pl Edenol AAzpel s Alsbo s ofe] e i Zalg fxeol 4% wvby
Sl 2lel wrdEe) g (T Visek 1992). 1981139l & Witten 52 ¢
Bolovtol gk el elstel &M E Ak diffusion-limited aggregation
DLV S Al sk (T A Witten 5 19810, 198319l = Meakin® Kolb %-°l
DEAN S agkato]l  chelgizprgt oyl S HAZAE &4 $5S i
diffusion limited cluster-cluster aggregation (DLCA)E ol oj&) xalel 2 D,
2gh % Lini AAEie A {FAAHE A (hvdrodvnamic) ¥ (R
Roo ' 7 Q1 sgbel @4 w a9 wodd (P Meakin 5 1983, M. Kolb 5
1R300l /1A ez & g Al kol th

vhidell DLCAR e M= & ago]l PAdsed AdoiM 2 Himdl ofsiMzt 4]

o) -l ghef g-arde) gar wES-A o olsf 2wl ¥t reaction-limited cluster

-cluster aggregation (RLCAYRE 9o} Ball % (1987)3 Brown (1987)0ll el&f =] A] 5]
it o) malofa alel 29 218 AAFJoH FHAER wtHL 2Fae

Aol R e i MY ¥l (R C. Ball & 1987, W. D. Brown %



1987). A71A @i AP el ol Fahis Agroln] 1 &3 v Aotk
SHAel Ayt ekl AL e A So g A A4 dAE

)4, MAakR ol A& (computer simulation), 33 AFgh X-A sk W F Azt Abgg

o] &3te] o]fFof 2 At (D, W. Schafer & 1984, H. D. Bale % 1984, P. Meakin
1983, R. Kapral & 1985, D. A Weitz & 1985, L. L. Hoekstra & 1992, J. C.
Gimel %5 1994, Z. Zhou ‘s 1994). F 2ol (colloid) Aol tafr i FRol= &
FA At dA £ dstel Zad o XA} APHDRE, FRolm {2y

febd wed, 8% oud FE4, 2F Sol

olo

Aol HgaAdd &8s 3
T oA 783 gRjle] ® 4 Qlrk watX HFPdAMe FRolre HWH HEE
2417171 YA pHE ®gstAY, 948 H7he 438 Zatsel 2iEsn dd (D
A Weitz 5 1985, D. W. Schaefer & 1984, J. E. Martin ‘5 1987). Weitz &
(1985)°- 989 (pyridine) S 78 3 (gold), FRoj=e Fstzcl SHANE
A3k 0.8, Schaefer % (1984 3 Abgt

2] 7} (silica) }zbe] SHEGE Arsted ZAg zpgle] 212903 B
Martin 5 (1987)% % 2t 238 ol &3t Hejst FRolre UYL dToA
2059 =y A QgS 2001, Aubert § (1986) pHRIsI} @& H7bg el

g} Zmolrel SHAMAM HAD xpelo] 2089 ZAY AU AUk Balle

=8
polvstyrene, F2olm el SHE ol sk @2 AFZAAEe] vhiHEAJAY (P W,
Rouw % 1989). Hemker & (1990)& i} gk A3 S o) &3lo] F3ha PMAA (poly
methacrylic acid)®b PEG (polyv ethylene glvcoel S 33 Aol ek zxplo] 175
N 2o, Gimel 5 (1990 & wAgddl ofg vt Ae] SHAYE d-rsho
S Aol el zkflo] 202908 WHINY T (Kim 5 1994, Kim 5 1995,
Kim & 1996, Kim %% 19972 polvstvrenel F%7F FH A vz oF &}
polvstyvrene &9 o] @ Alvlel W7t E-HAel FAEAQ e vl 1=
Qe Y Ao & Wyt Frolre SHAY v &avE A4sth .

-y e EY Addal e i Helgh polystyrene YR 27 Hep 2 g}
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Fig. 1. The TEM image of typical gold colloid aggregate. This cluster contains

4739 gold particles (D. A. Weit 5 1984).
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= N, #wWol 7ZolZ rolg}t st 12y £@Q Mol AL T WEAtold) N= !
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rir
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Fig. 3. The koch curve.
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AAS dAMeA 99 (29 4-b FF). W. D Brown 5 (1985)7 R. C. Ball %
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Fig. 6. Scattered light by two particles at Pi and P2 in the same cluster.
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sl 2 Adge] M7l g+
I(q) OCfexp(i q-7 PP gy q“3—<d— Dy _ q‘D' (2.9
AL F At oA 1/RKL gL 1/ 759 FHolA wnFsed, RS S 9

B Zolal, roE 718 iAo} wrAelth (T. Viesek 1992). whebA 3 Abd A3

tlo

Tl Azl dg dol A7l (NE ABFAH (g) o 7 FAsA, 4 29

o elgted In(D- In(g) plotdtd 71&7lex AYHez zdad Y D, g 7

+ 9
32 4 3 4
S % g APelHE 4B #47] (comrelaton® ol &3 AFH Wzl

A Aberrle de) Aty (g £33 23 dags Cne

Cr) = 1+ A lg(o|* (2.10)
o FojFd (B. J. Berne ¥ 1976). 714 g(n)v 2@ el AA 2@ 5ol
BAY A7) o Ese dselnd, & ZHAE Jebdd FAdY 7)o
Bzolr JaAel daA go)e

2(0) = exp(—D q°7) (2.11)
2 Foizz g, v A7|e BRo= JARHACAME TAHE AAFITFe
cumulants®% ol 2| 3}

KZ KB
oy Tt 3

2 ZolZth (B. J. Berne S 1976, D. E. Koppel 5 1972). 4714 K,, K,, K;

In(C(r)—1)=mA-2( K, 34 . ) (2.12)

2 (D9 cumulant5 d 1% cumulant K= ¢g°Dold, g¢& A wEoeln
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f

= ¥z BAA52 Einstein-Stokes TAINl 98] D= kT /6mRZ F7
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olE YrRtA7Iel e AAAEY BRI Azt ©rE Yxd3lo w2t g
2o, o] Ao ZRE A ¢ o]Ee el W Uzl AT B HRE
AL 4 Aot (B. J. Berne 5 1978).

nAel VALE AN 4 AU N Aol BAS0 Ease gl Y
A

5oshak o) geleld Ardel Wel MAFE 7 Ay AR 7 RprolA A
g g5 FPoz 2a 9o

Es(t)=; a'expiqg-ri(d (2.3)

2 EAEC (B. J. Berne 5 1978). d71A 7, & A 2o iR Yatie
e T g & idA FabRel A Jatiel £2E (polarizability)E vHeRY
o, A@ze) A714% 23Ee HaABAE o $5o Fourierd @2 w 2
A fHol el AxAtolol M AUz

Eq, t xpilq ¢t (2.4)
Z EHAET (B. ] Berne 5 1978). oltl p g, HE p (7, HS Fel w3

Fourier g 2 o] o

D)

SV

oiq B = fvdgr exp(ig - 7)) pi (7} B (

o2 BEAY HAZ AVIE F FAHNTE G e o] Aoy, o R

A7) A7le} AZE Geetad HEgdd (B J. Berne & 1978).

I” (q.0)=| EJ*=<|p (a, 0)* (26)
=erxp(iq-r)<p(r§)p(ri,,)) d*r (2.7)
ol y = yi—r,oln 489 gAY ME g EapitoldiMe AHBA}

AEstA gong dEe] ArlE

1p=<f d’ rf d*r'exp (ig- N<o(r Dolr+ r L) (2.8)
S v

o7 gL

S8 zZdel Pxgo We-dUr Ay Fozls A 21DE A (28)0 did
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Fig. 8. The calibration results of experimental system.
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func.

(arb. units)

Scattered Intensity Auto corr.

Time (arb.units)

Fig. 9. The time - averaged autocorrelation function of the scattered

intensity as a time

Table 1. The effective diameter of bovin serum albumin concentration.

con. average
(g/de) diam.

effect. diam.
7.31 7.01 7.41 6.81 701 |7.11%x0.03

(nm)
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1. pHH 3l & FEA73 54
Gy ¥z godo] pH¥ste] o MAYS A7yl 3 NaOHS HCIE AHE
dted, pH 3, 5-7, 9, 11%] A8 & WEYLn, Z AlgolA # Jd APFHR Ao

A wey ¥xel #F 2718 Ued Aol E 2]tk

Table 2. The effective diameter of bovin serum albumin for pH variety

(¥ nm)
con.
/de) 2 4 6 8 10

pH

3 9.40 - - - -

5 8.06 7.37 7.57 7.45 7.08

7 8.65 6.51 593 5.99 5.72

9 7.92 6.32 5.70 5.15 572

11 6.91 6.69 6.10 5.59 4.64

H 294 A8 FE7F 2g/dl  BASE pHYF #AEFE
7t AT @4 B2dod, U4mA Mg (pH=3 A +E& AQdsti)dMe pHel o
],

Aglol guwa Baiel sk YAstel, wuwA Eae] $YA

AE7} B4R pH=3) 4§ W g wyel ol wud RaSo) g
go] mag 725 AL nYow, 1Y 102 AP HE YA 43I o
B9 Holth 80¥ Behe SFAZ Ao AFsA wgot, oRFAE YA

R AEo] §3 whS AT Wt R~ ¢ TBEAIIH 4P B

ro

EXE!

e

DLCAR o)A #Aste R~ t'3 2& 2elg ngoy, ¥ 239 bel @
& 15600322 DLCAS EEANAN AA=EE F( 1/ D050 HdA8A &
o},
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Fig. 10. The radius of cluster as a function of time (pH=3). The solid line

represents the fit of R~ #° with b=1.56%0.03.
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AEE pH=322 st Gdido Fx Wl wE Zdg FAdS HA F 4
23S olgstd T FH F dF Ao o 4dz ¥slel we 2y

ABF A7E BMeE WHoZ (g « ¢ & olg@th sy zdg I

o

>

¥ D, A 29)0AM e (@9 Ingtd A3 A7l (D2 Ingk Atolel A
FuANA of Aol o} 7|V ZEE T8 F Ut

29 112 gMAe F5 6g/di]] A5 Altel @2 In(D)—In(g)8 Yehd #
ojt}, & Hol dojur] A FG 8% Fo ZIAY XYL D, = 1.30+005°1 61,
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Fig. 11. The Inl vs Ing plots at protein concentration 6g/d? (pH=3).

_20_



25
c
K=
g 20
2 /.\I/.
g ./.\.
s —
L [ ]
15} /
=
10 " 1 2 1 4 1 1 1 M 1 i ] n 1
50 100 150 200 250 300 350 400
Time (min.)

Fig. 12. The fractal dimension D, with a time at protein concentration 6g/d{

(pH=3).

_.21_



a9y 132 @A wx7 8g/de}d) B I(D—In(@E HEbd RO o7
A dojA mAY AAgge So] Azd 8% Fol T A4 D, =1.38x0.05
olgomn 1508 FdE D, =169+007, 2183 465% FA= D, =189=0.06° &

< Yetd Aol 2y 14& & HRlel oA 2o 8g/dec] tiE At

zag 39S Y on, v 57t 6g/did vtk 2 1508 Fo) FE
Zdg Qe D, =17710089 W£P FE AL & AU
7
105 = D;=1.38+0.05(80min.)
1 4 DF=1.69+0.07(150min.)
] O Dj=1.890.06(465min.)
p—
6
&2 1071
c ]
: n
0o
| 58
L
]
4 v 1 T T T v L T T T T T T o
10 4 10 100
A
q (km”)

Fig. 13. The In/ vs Ing plots at protein concentration 8g/d¢ (pH=3).
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Fig. 15. The Inl vs Ing plots at protein concentration 10g/d¢ (pH=3).
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Fig. 18. The fractal dimension D, for different protein concentrations.

Table 3. The fractal dimension for different protein concentrations and

ammonium sulfate concentrations.

protein con. ammonium sulfate con. fractal dimension
(g/de) (Wt9%) ( D)
2 75 2.08=0.09
4 7.5 1.89=0.09
6 75 1.76 £0.09
10 7.5 1.75£0.08
6 75 1.76 £0.09
6 15 1.83+0.08
6 20 2.05%0.09
6 25 2.07=0.08
6 30 2.05+0.09
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