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1. CAC KHAI NIEM CO BAN

Precursor:

— La nhiing phan ti ban dau dé tao nhiing hat keo (sol).
— Pugc tao thanh tu cac thanh té kim loai hay a kim.

— Pudc bao quanh bdi nhiing ligand khac nhau.

— Precursor c6 thé la chat vé cd kim loai hay hiiu ¢d kim
loal.

Cong thitc chung cua precursor : M(OR)y
vé1 M 1a kim loai va
R 1a nhém alkyl ¢6 cong thae :C H, . .

Mot s6 precursor pho bién: = Tetramethoxysilan (TMOS)
& Tetraethoxysilan (TEQS)
< Alkoxy Aluminate
< Alkoxy Titanate
< Alkoxy Borate
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Sol:

Mo ta su phan tan clia cac hat keo trong chat 1ong.
La nhiing phan td rén cé kich thudc ti 1 - 10 nm.

Kich thudc nho nén lyc tudng tac gilia chung la luc
Val der Waals.

Cac phan ti trong dung dich va cham Ian nhau lam
cac hat chuyén déng ngau nhién Brown.

Cac hat sol d&n mét thdi diém nhat dinh thi hat 1an
nhau dé tré thanh nhiing phan ti I6n hon, dén kich
thuéec ¢G 1 - 100 nm va tuy theo xuc tac co mat trong
dung dich ma phat trién theo nhiing huéng khac nhau.
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Gel:

— Hat keo Sol két tu lai + k&t cdu thanh phan ran va
long trong dung dich lién két chat ché hon = chat két
dinh: Gel.

— Sy ngung tu (tdng so lién két Kim loai-Oxide-Kim loai)
— cac hat trong dung dich phét trién tao thanh mang
ludi.

— Tang néng dé dung dich, thay doi dd pH hoac tang
nhiét d0: = ha rao can tinh dién cho cac hat tuong tac

— cac hat két tu véi nhau
= tao dudc Gel

— Nung & diéu kién binh thudng:sdn pham la gel khdé
(xerogel).

— Nung & diéu kién siéu tdi han: san pham la gel khi
(aerogel).

Sol = Gel: Ton tai cac qua trinh thay phan va ngung tu

\\\\\\\\
ALV VAN
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2. PHAN UNG VA CAC GIAI POAN TRONG QUA TRINH SOL GEL

1. THUY PHAN

OR L

|
|
RO— M—OR + H,O ——» RO 'TI— OH + ROH

I |
OR OR

2. NGUNG TU

EIiR DIR CIIR CIIR
RO— -"iri—— OH - RO I‘i-I— O —» ERO— 1':~I— o — -":ri—— OF
| I

OR OR OR OR
+ ROH

'[‘-‘lR CllR UiR '[‘-‘IR
RO— I'i-I—— OH + HO-I ‘li-I— OE —» RO—] '_":ri— O — I':.I—— OF
| |
OR OR OR OR

+ HOH
Khi cac phan &ng thiiy phan tiép dién, cac lién ket siloxane
tang lén va cac san pham ngung tu s€ phat trién thanh cac
ti¢u polyme, polyme va cac hat, dan dén sy gel hoa.
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Cé 3 loai phat tri€n cau tric :
a. Monomer - Cluster.
b. Cluster - Cluster.
c. Monomer- Monomer (khdng ddng ké).
a. Su phat trién monomer - cluster(oligomer):

Monomers Oligomers 3¢ oligomer can trd sy lién k&t ti€p
o) tuc cua cac monomer khic vao ching
00, » @ —> phéan ng tao lién két ngirng lai =>

s T @

Pi€u kién gidi han phan ng (hay kha
ning khué&ch tdn monomer dé 14p day
courletc=2) - @@ 1§ tréng trong mang, lam cho ciu tric
; mang két chit hon)

‘.. sting Tuy nhién van con nhitng vi tri

(n>2; NN <3)

Monomer (n=1)

alkoxide khong bi thuy phin hay thuy
%0..4. phan khong hoan toan nén khong thé
Cluster ngung tu

(other aggregates)

https://fb.com/tailieudientucntt
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b. Sy phat trién cluster - cluster

> Vi xuc tac axit va t1 <0 r (H,0:M) th2p (r<2), phdn ng thdy phan chua
hoan toan thi x4y ra nqung tu. Cic monomer vira bi thiy phan ting phan
vra nqung tu d€ phat trién c3u tric, tao ra oligomer ¢4 khoi lugng phan td
thap cho dén khi hét nugc va M(OH),_ thi nqung lai. Khi them nudc, nhiing
vi tri alkoxide con lai ti€p tuc thdy phin va nqung tu x4y ra lién ti€p gita
nhung oligomer vua tao thanh.

> Vi xtc tac axit va i 0 r 16n, giai doan d4u phdn {ng thiy phan x4y ra
hoan toan, c4¢ monomer nhanh chong lién k&t thanh cic dimer va oligomer

(cluster) 1am phat trién c3u tric cluster - cluster.

AN
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CAC GIAI POAN CUA QUA TRINH SOL-GEL

12004 1 Mixing

4 2 Casting
3 Gelation
4 Aqging

1 5 Dirying
800 6 Stabilization
i Densification

Porous Gel
1000 -

600 -

Temperature ("C)
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1.Trén lan:
Dic tinh hdp din clia qud trinh sol-gel 12 kha ning thuc hién tinh dong
nhat cua vat liéu, dic biét 1a bing qud trinh polimer ho4 cdc hgp chat
hitu co kim loai dé tao thanh gel ¢6 tinh polimer.
Piéu quan trong trong giai doan nay 12 tao ra ciu tric M-O-M. Céc
hgp chit hitu co kim loai M(OR) (M : KL , R : gbc alkyl ) ddp ting
dugc cdc yéu cau nay. Precursor hitu c¢o kim loai M(OR)_ phan tng véi
nudc, trdi qua phdn ¢ng thuy phan va ngung tu theo gidn dd dudi, trong
diéu kién dung mdi thich hdp..
Thuy phén : .

M(OR), + nH,0 —— M(OH), + nROH .
Ngung tu :

Ngung tu ruou
M(OR) + M(OH), — M-O-M +ROH .
Ngung tu nudc F’j

v H) + M(OH) —— M-O-M + H,0 >

L I
_.—-l d_!-. T

11
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1. Tronldn:

Nhitng phdn ¢ng nay x4y ra dong thdi va thudng khong hoan toan, nhung
oxit cudi ciing van hoan thanh. K&t qud ctia nhitng phdn ng trén 1a dang
chi't keo huyén phil cia nhitng phan ti cuc ki nhé (1-10 nm) va sau cing
tao ra dang lién k&t 3 chiéu cda nhitng oxit vd cd tudng dng.

Phin @ng thuy phan va ngung tu c6 thé dudc ting hay gidm toc d6 biang
ciach thém vao cdc chat xdc tic axit hay bazd thich hgp. Tai di€m pH thap
(axit), cdc phan t nhd tich tu thanh ciu tric polimer (ting chiéu dai),
trong khi tai pH cao (bazd), cdc phan tf ting kich thudc 1am chim qud
trinh thdy phan. Tuy vao s6 lugng nuéc c6 mit, phdn ¢ng thuy phin sé
tién tdi hoan toan hay dirng lai.

Sau mdt chudi trung hdp phiic tap, su tao thanh sol va gel ho4, thi nhitng
phan t& nhd (= 2nm) tao thanh tir gel ¢ nhitng 16 x8p cuc bé trén bé miit
dugc hinh thanh. Goc — OH va - OR giy ra nhitng phan ¢ng tao sdn pham
bhu nhung nhitng sdn pham nay dé dang bi loai bd, va tao thanh mot
g oxit 3 chiu phic tap, dinh xi dau tién trén bé mit d€ thay

12
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2. Gel hoa:

< Khi chat gel sét dudc hinh thanh,
gel s€ duy tri tinh trang c6 mat dd
thAp va bé mit riéng. Su thay doi
manh mé trong hoat dong luwu bién
hoc (theological behavior) cua sol
dugc dung d€ nhian dang di€m hod
gel.

% Theo huéng nay, Saks va Sheu da
tinh toan dudgc thdi gian gel hoa.
Thuc nghiém cho thdy, mdi chit co
cAu tric tai di€m gel rat khic nhau,
cidc nhin t6 anh hudng gdm : do hoa
tan, pH va nhi€t do ...

Diffusion Aggregation
¢ @ a ,
00" = . b 9 ..U
- - %

'Obng |

Gelation * }y’i‘
> ...'. g'
"

13
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3. Qua trinh dinh hinh:

< Sau qud trinh gel hod, cAu tric mang ridn vdéi nhitng 10 x6p con chia
dung mdi ti€p tuc phat tri€n qua 3 giai doan gém :ti€p tuc ngung tu,
dong dac va héa thd (coarsening). Su trung hgp cua nhitng nhém
hydroxyl khong phdn ¢ng, 1am ting thém sy k&t ndi cia mang gel,
qua trinh nay xay ra song song vd&i hi€én tugng co rit. Pong dac 1a
hién tugng co rit tu phat va khong thé ddo ngudc ciia mang gel, dat
duoc tir sy tdng day chat 1dng trong 16 x6p, luc di€u khi€n dong chat
lvu tao ra luc nén, kéo mang rin vao trong chat 16ng. Chat 16ng
chdy xuyén qua moi trudng 10 x0p tuan theo dinh luat Darcy:

D VG6i m; : d0 nhét cha chat 1ong

J=—-——VP, ) ) ) )
L D :d6 thim (tham thau) cua chat 1ong

WA

\\\\\\\

14

https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

< Thong lugng J ti 1€ v4i gradien cua ap suat chat 1dng. Qud trinh nay
phu thudc rat 16n vao chat xidc tic, va dat cyc ti€u tai di€m ding
dién 13 nodi ma cdc phan ti khong tich dién. (VD : d6i véi Si 12 tai
diém pH=1,7)

% Sau clung, su hoa tho (coarsening) c6 li€n quan tGi qua trinh cuia su
hoa tan va tién ling tu, dudc di€u khi€n bdi su chénh léch cda tinh
tan dudc gifta nhitng bé mit v4i ban kinh khdc nhau ctia do cong
(midt khum). Qud trinh nay khong tao ra su co ctia ciu tric mang
nhung c6 4nh hudng d&€n do bén clia gel va phu thudc vao cdc nhin

t0 4nh hudng dén sy hoa tan nhu : nhiét 46 , do pH , ndong do va

loai dung moa.

https://fb.com/tailieudientucntt
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4. Qud trinh hod rdn:

» D€ tao vat lidu khoi can phdi tranh sy dit g4y cla mang gel trong qué trinh
nung, bdi vi ¢ ¢ing x4y ra 1a do lyc mao dan tai b2 m3t chung cia khi 16ng. Khe
ntt dugc tao ra nfu nhing sy chenh Bch cda sdc ¢dng nay 16n hon sic ¢dng cia
v3t lidu. Theo ¢dng thitc Laplace cho luc mao din cdia mit cdu béan kinh r va chat
16ng véi goc 1am u6t O (wetting angle), 4p suft mao dan p duge dinh nghia la:

A= 2ycosO

% Ap sudt nay ti 12 v6i ndng lugng b8 mit tai ti€p dign 16ng - khi. T4t 4 cac tac
dong tren cac thong s0 nay (c6 xu hudng lam gidm dé€n mic thap nhit gradient ap
suft mao dan va ting luc co hoc cda mang) ¢6 th€ ting cudng khi ning tao thanh
gel khdi. Dung dich phai truc ti€p cho chat 16ng bay hoi tai van toc rat thip. Do la
nhitng nquyen 1§ 1 thuyét, nhung trén thyc {8 lai khong kh3 thi vi thoi gian nung
s3y qua dai. C6 th€ m3t hang tuadn, thim chi hang thing d€ tao thanh gel rin.

https://fb.com/tailieudientucntt
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4. Qud trinh hod rdn:

*» Mot hudng khac d@ kich thich qué trinh nung s3y 12 them vao chat phy gia hod
hoc didu khi€n qua trinh nung khdo (DCCAs) 1am gidm bét sic ¢ing b8 mit cda
nhiing chat 16ng ¢6 k& hd, cho phép loai tri nhanh chéng nhitng chat du khong
mong muon.

Vi du: Formamide (HCONH,) 1a 1 trong nhitng DCCAs phG bign nhat d€ hoa rin gel
silica. Hoat dong nay cda formamide trong qué trinh gel hod b3t dau § trang thai
dung dich, dudi ditu kign xdc tac axit.

Phin tng thuj phan thong thudng x3y ra nhanh va hoan toan hon dudi dieu kign

x4c tac axit, va vin t0c¢ nqung ty binh quin cao nhit 12 tai di¥m pH gan 4.

— Sy ¢Ong theém formamide vao h2 thdng xic tdc axit ¢b th€ cho phép sy thiy
phan ¢6 hidu quéd, va hién tugng ngung tu nhanh x4y ra khi formamide thuy
phan, vi formamide kich thich sy tang pH dung dich.

Vi the, vidc them vao formamide ¢6 th€ Am gel bén hon.

17
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4. Qua trinh hod ran:

<+ Viéc thém vao formamide (chit phu gia) sé 1am gidm thi€u kich
thudc trung binh cla cluster tai di€m chuyén ti€p gel, chd ¥ ring
chit phu gia 1am ting cudng sy phat tri€n k&t tu cda ciu tric hat
nhin. Tdc dong nay ludn phu hgp véi thuc t€, ring formamide ting
dod cing t€ vi cua gel udt va ciing tuong ty vdi kich thude 10 x0p clia
gel kho, trong khi duy tri sw phin bd kich thudc 16 x0p hep. Mit
khdc, d0 nhdt cao cua formamide dan d€n sy hinh thanh 16p
formamide trén bé mit gel. Chinh di€u nay da 1am gidm 4p suit
mao dan theo 2 cdch:

1. Gidm géc ti€p xic

2. Do c6 4p suit hoi thadp, né boc hdi rat chim, 1am gidm dén
muc tdi thi€u sy tao thanh nép ran nit.

https://fb.com/tailieudientucntt
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< Mot huéng khéc, cach thic hiéu qua nhat dé lam vo
hiéu tdc dong khéng mong dgi clia stic cidng bé mit,
la ngan cdn bé mit tiép xic 16ng- hai.

Diéu nay dat dugc bang cach xt 1y gel trong ndi hap
du6i diéu kién siéu t6i han déi v6i dung mo6i. Cong
nghé nay duy tri gel dan xuat tt hgp chat hitu co
kim loai.

Montpellier dd tim ra nhiing diéu kién chiét tach
(hut) siéu t6i han t6i vu dé ché tao khoi gel khi.

19
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< Hai cdch khac dudc st dung dé tranh diém t6i han la:

1.  Thém vao thang du thé tich cta chat 16ng trong
noi hap va xi 1y nhiét.

2. Dat vao dp suAt khi trg trude khi xi 1y nhiét. Sdn
phdm tao ra la loai gel véi nhiing 16 x6p day khi
(dugc goi la gel khi). Gel khi la mot loai gel rat x6p
va gion. N6 1a loai sdn phdm rat 1y thd vi cdu tric
dac biét ma trong vai truong hop cé thé dugc mo ta
dudi dang cia hinh hoc fractal. Ching rat nhe, mat
do thdp c& 0.01g/cm3 va c6é khd niang ty sip xép
hinh dang(autosimilarity).

20
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5. Thiéu két:

< Pay 12 ti€n trinh k&t chit khdi mang, dugc diéu khi€n béi
ning lugng phan gidi. Mang rin dich chuyén nhd luu lugng
nhét hay su khuéch tdn dé€ loai trir 10 x8p. Trong nhitng gel cé
bé mit x0p cao, luc diéu khién dd manh dé€ ti€n hanh thiéu
k&t tai mot nhiét dd thap, noi qué trinh chuyén ddi tuong doi
cham. Thuc ra, dong hoc cta qud trinh k€t chit khoi mang
trong Gel kha phic tap vi hién tugng loai hydro va su gian nd
ciu tric xay ra dong thdi.

< O nhiét do dudi 700°C, sy thiéu k&t chi€m chd trong bing
qué trinh khu€ch tdn nhS vao nhitng phdn &ng hod hoc. Ngudc
lai, khi trén 750 °C co ch€ dong nhdt bit dau, va ning lugng
kich thich cia qud trinh nay c6 lién quan dé€n ham lugng nhém

21
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3. CAC YEU TO ANH HUONG

a. Anh huéng ctia precursors
Toéc d6 phan ung thuy phan cua alkoxide silic cang giam khi

nhom alkoxy cang tré nén phic tap:

OCH, > OC,H: > OC,H, > OC,H, = OC-H,,

Phan tmg thily phan doi vdi mach thang thi dé dang hon d6i voi

mach nhanh, do mach nhanh gay ra su tré ngai khong gian 16n hon:

0"C,H, > 0°°°C,H,

22
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Alkoxide kim loai chuyén tiép
Cac alkoxide nay c6 hoat tinh rat manh, nhanh chong bi thity phan

va dé dang két taa.

Vi du: toc d6 thiy phan cua Ti(OC,H,), 16n hon hang ngan lan so
v6i Si(OC,H,),

Vi vay, cac alkoxide kim loai chuyén tiép thuong duogc xir Iy trudc
khi, hozc trong khi phan tng thiy phan. Chang han, dé giam toc do

phan tmg thuy phan va ngung tu, ching ta co thé sir dung mot so
chit diéu bién nhu  2-methoxyethanol HOC,H,OCH,,
diethanolamine ~ (HOCH,CH,),NH,  hodc triethanolamine
(HOCH,CH,);N.

23


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Cac alkoxide da kim loai va oxit twong wng dwoc tong hop

Oxit dwoc tong hop Tién chat Alkoxide da kim loai

BaTiO, BaTiO(O'C,H-),(ROH),

BaZrO, BaZr(OH)(0O'C;H-)..3ROH

MgAIlQ, MgAI((CH,CO0),CH,)(0'C;H,),

Na, WO, NaW(OR),, R=CH,, C,Hs, \C,H-, iC,H,
SrBi,Nb,O; SrNb,(O'C,4H),,.2ROH

SrBi,Ta,O SrTa,(O'Pr),,.2ROH



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

b. Anh huéng ctia xtc téc:
Xic tac axit 1am ting t6c do thdy phan hon xic tic bazd
Axit manh < thdi gian phan Gng nhanh
Xuc tac axit thong dung: HC1, CH,COOH, HF, HNO, ...

O giai doan thity phan, nhém alkoxide bi proton hod nhanh nén dé

hap thu nudc va tdch rugu.

\/ if-"t#.\"k'\ .'...:
7\“’;( Lo B

e 2]
& o [

Growth and gelation

25
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c. Anh hudng cua tisdé r: 1 <r <25:Phédn @ng thuy phan

- T 1 T T T

_
ETHANOL: TEOS — 3
T
3
=
e}
=
T =
=
=
HH
E o
=

i = 4 b 14%

WAITEHR: THELYS

Anh huéng ciia 6 6’ r dén thoi gian hod Gel ciia Silica

,j’\'
AN
N https://fb.com/tailieudientucntt
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d. Anh huéng ctia dung méi
- Pong nhat hon hop cua cac chat tham gia phan tng.

- Ban chat caa dung méi phan cuc va khong phan cuc anh hudng
dén toc d6 phan ung do d6 anh hudng dén cau tric cta vat liéu ché

tao.

Dung mdi phin cuc (Protic): H,0, rugu cua cdc alkal
(CH,OH, C,H,OH...), formamide...

Hoa tan nhitng chit phan cuc, tdi este hod, phan @ng thiy phin
va rugu phan vi nd tac dong tao ra H*.

Dung moéi khong phan cuc (Aprotic).

Thay thé€ alkyl khong thiy phan hoan toan do né tdc dong tao
ra OH- . Loai dung mdi nay khdéng tham gia vao phan dng
nghich.

27
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d. Anh hudng cta nhiét do:
Giudp gidi phéng nudc va dung mdi con lai trong mau sau
qud trinh gel h6a = mau co lai va tao ra @ng suit, n€u Gng

sudt nay qud 16n s& dan d€n mau bi nit, vd dic biét 1a

mau dang khoi

28
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4. UNG DUNG

Xerogel film

Dense film

Xerogel Dense
ceramics
Heat
—
Hydrolysis
Polymerization
Aerogel

.'.\/’ XA

L

Uniform particles

0.0
60 OBOOX
e % O,)S,)O,)OOO
-

Furnace

Ceramic fibers

———
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Cac phuong phap tao mang
1. Phuong phap nhing (dip coating)

1
NN VAV AV N
J_ NN VAVAY
l /‘\ AN T S

E( /N

Mé hinh co bdn tao mang bang phuong phdp nhiing.

AN\ A
N\ AN
AN \\
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Cac phuong phap tao mang
1. Phuong phap nhing (dip coating)

Ling dong
mang

S " Ih'\
rugu f g G e — D0 day theo

‘:ul . ?” ':L o l\'\-l_\ Landau-

N EE b 1 evich

L E w

Siic céng‘bé\ méit E D"'. o
can trd su tao I
thanh mang

Hinh anh dung dich di chuyén khi kéo dé¢
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Cong thitc cua Landau-levich :

» PO day mang pht phu thudc chi yéu vao do nhdt cua dung
dich va toc dd kéo mang. Pd day mang c6 thé dugc tinh bing
cOng thifc cia Landau-levich :

\ 205
h= 094 LTI
Frw o2 g)
Véi h . d0 day mang phu
n :  d0 nhdt
Yiv  Stccidng bé mit cla chit16ng
I . ti trong ( mat dd chat)

lyc hap dan <
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1.4 Cac phuong phap tao mang
2. Phuong phdp phu quay (spin coating )

Deposition Spin-up Spin-off + Evaporation

Moé hinh co ban tao mang bang phuong phdp phii quay.
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4 Cac phuong phap tao mang
2. Phuong phdp phu quay (spin coating )

Holi dung
dich

Vung bay hoi dung

e o

i T
LR HEE LT
- FE R

oy O ) R z

L6p bé mit bi

riit hét dung méi Luc bé miit kéo chat
- = long vao trong ¢’ noi co
DUNG DICH PHU o cao hon.
P NEN

Hinh dnh mé td stic cdng bé mdt tao nén & qud trinh bay hoi
\\ dung méi trong phuong phdp phu quay.
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Anh hudng cia dong lvu d€n do day mang trong qud trinh phd quay

PG day mang

0.25

0.2

0.15

0.1

Thdoi gian quay: 30s;
P46 nhét:3.080 mPa.s

750

1250

1750 2250

Té'c d§ quay

2750

Do thi biéu dién su phu thudc ciia dp day mang

vao v@n toc quay
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3250
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Qud trinh xu ly nhiét
Ting nhiét: cung cap nhiét lugng dé€ loai bd dung moi con sét
lai trong mang vua tao thanh.
ChA't lugng sdn pham phu thudc:

v" Tang nhiét

v Xu 1y nhiét trong nhitng méi truong khac nhau
Nung kho bing cdch bay hdi § di€u kién binh thudng, ta thu
dugc sdn pham goi 12 gel kho (xerogel).

Nung & diéu kién siéu t6i han thi sdn pham nhan dugc it bi co

hon va goi la gel khi
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Mt so img dung cu thé cia phwong phap sol-gel.

v
v
v
v
v
v

Tao mang bao vé va mang c6 tinh chat quang hoc.
Tao mang chong phan xa.

Mang da I6p tao vi dién tu.

Tao kinh giao thoa.

Tao hat oxit nano (TiO,, Si0O,, ...)

Tao oxit kim loai dang khoi (thuy tinh, gom thuy tinh)
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5. UU VA NHUQC PIEM

Uu diém
1. Tao mang c¢6 do tinh khi€t va tinh ddong nhat cao tir

3.

vat liéu ban dau.
Can nhiét do ché tao thap.

Kha ning tao hinh tot.
4.  Phuong phap mdi tao mang kinh.
Nhugc diém.
1. Chi phi (hao phi) cao ddi vé8i cdc loai vat li€u thd.
2. Hao hut nhiéu trong qu4 trinh tao thAinh mang.
3. DO xdp cao
4.  Dé biran ntt trong qud trinh nung say.
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Tén Alkyl

Metyl
Etyl
n-propyl
iso-propyl
n-butyl
sec-butyl
iso-butyl
tert-butyl

Cong thuc Tén Alkoxy

-CH, Methoxy
-CH,CH, Ethoxyl
-CH,C,H; N-propoxy
H,C(-C)HCH, iso-propoxy
-CH,C H, n-butoxy

H,C(-C)HC,H; sec-butoxy
-CH,CH(CH,), iso-butoxy
-C(CH,), tert-butoxy

Cong thuic

-OCH,
-OCH,CH,
-OCH,C,H,
H,C(-0)CHCH,
-OCH,C H,
H,C(-0)CHC,H,
-OCH,CH(CH,),
-0C(CH,),

Mot sé goc ligand thudong gap
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/\‘) A 7\’ A
Chuyén dong ngdu nhién Brown:

» La su chuy&n dong hén loan cia cic hat keo cé kich thuéc
nhé (= nm ) trong dung dich va cuong dd chuyén dong
khong bi suy giam theo thgi gian.

~ La tong hgp két qua cia sé va cham theo cdc huéng cia
cdc phan t¢ moi trudng phan tan véi hat keo.

» Cé cac tinh chat dong hoc nhu : thAm thau, khué&ch tan ...

» Hat c6 kich thuéc tuong doi 16n (> Sum ), hat coi nhu ditng
im.

~ Hat c6 kich thuéc nhé (< 5 pm), hat bi ddy vé 1 huéng va
huéng nay luon thay doi

=  Chuyén dong ngiu nhién Brown. <
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