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Abstract

This paper presents the third part — the interacB6GCG/PANi which was studied using CV techniqueirdy
PANi electrochemical synthesis at different EGCGaamtration in the electrolyte. The correlationgwsen the
couples Ji—c, EsC, Q-Cc were observed modified. The kinetics in the pgation of the electrochemical
polymerization was studied through different reamtrates, such as;y = AJJAC, Voa = AQY/AC, especially ¥
=A(AJIAE)/Ac. The reaction rates depend simultaneously onp@vameters such as E—CV polarization potentialcand
— number of CV polarization cycles, and has beestinslowed due to the EGCG adding. EGCG decredsed
porosity of the synthesized PANI, which is formadsimall plates or thin disks, evidently differerdrh well known
form of about 300 nm fibers in the case without E&sThe study also contributed to confirm the sigaifion of the
derivation for the investigation of PANi electrochieal synthesis which was presented previoushhénfirst part.

Keywords: PANi, EGCG, electrochemical polymerizatigmppagation, CV, synthesis kinetics.

1. GIOI THIEU cadc nhdm OH hat héa, tréndién arc thép 40 nén
mang »p do phanit I6n va éng knh [3-5]. Trong
Két qua nghién @u trong tic EGCG va PANi ving phan gc anot & hip phy c6 yeu t tinh dién
da duogc gioi thieu mot phan [1, 2]. Cac théngdshoda voi twong tac @a nhém OH phanuc, cé tié din
ly cua qua trinh polyme hédién hoéa ANidugc xac  dén oxi héa va polyme hoéa [3, 6, 7]. Qué trinh oxi
dinh chinh xacit vi phanduong cong phanwc CV  hoé phenol 4 phic tap, c6 ti¢ tao thanh quinolg
D=AJ/AE, trongdd gia ti Dmax I& VAN thc oxi héa muc cao co th mo vong benzenab thanh cac ¢p
cuc dai PANi da duoc tong hop tréndién arc [1].  chat aliphatic [6, 7].
Pay 1a bn dau tién théng & Dpay duoc St dung Tréndién cc bien tinh cé PANi, céc trung tam
trong nghién ¢u qué trinh polyme hédién héa ANi  hoat hoa axit éa polyme dn tham gia tirc tiép vao
va nghién ¢u tacdong aia EGCGdén khoi mao qua trinh chugn dign tich i nhém OH hat tinh
polyme héadién héa ANi trong dung idh axit [14], trudc ket 1a hap phu véi lién ket hoa ke va
sunfuric. tinh dién [2] r6i chuyén dién tich to goc (radical)
Trong giaidoan khoi mao polyme hédién héa hay ion ndi, theo & dd phan ang (hinh 1) ¥i nhom
ANi, sy ¢6 mit cia EGCG bartiu (khaing 10 chu OH cia hydroquinon [14].

ki CV dau) lam gim toc do polyme hda ANiv =N-+HO-CyH;~OH=-N*H-+ ~"0-CH,-0H (1)
nong dé 5 g/l va giaing p%lyme hé& nongdo 1-3 . 1 r . 7
g/l nhung & 10 chu ki CV tp theo thi ch yéu lam An r An '
giam toc do polyme hoa do téi tiéu khi ning tr xuc @ /QT o= ’\(\O/J\;/@/'
tac @ia qué trinhdng hyp dién héa PANi. @ ché ] | Js)‘m L
tacdong chi yéu cia EGCG |a Bp phy 1&n céac trung /0/“’ N
tam hat hoa @a dién arc va d@a sin pHim PANi \O\ P b P
o o

trén & mat dién arc, 1am rao chn ngin cin polyme
héa ANi. Tuy nhién,s hip phi nay @ia EGCG ku
nhu khéng c6 taaiong manh dén qua trinh oxi hoa
PANI, chu;én tir trang thai khong &n dien sang an
dién [2]. Bang phrong phap phanye vado tbng tro
dién hoada xacdinh dugc ar hip phu EGCG \6i

(3)
Hinh 1 So d6 hap ph va chugn dién ticho
trung tdm hat hoa axit (N) trén mch PANi aia
nhém OH hat tinh
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Sy dich chuygn dién tich ko thanh ion %y ra i
trung tdm axit éa PANidugc mo6 & theo cong thc
(1) [14], tuy nhién nh vay s3 lam mit lién két d6i
lién hop dic tneng cho ki nang din dién cia PANI.

Pdi véi EGCG cac nhém OH hob tinh ¢o tié
hip phi Ién cac trung tam axit nay va lamaahquéa
trinh polyme hoéa &p theo @a ANi, tic 1a trict tiéu
tinh cHit ty xdc tac éa polyme hoalién hoa ANi
trong giaidoan khoi mao [2]. Mit khac trongdiéu
kien oxi héa nht dinh c6é tk tao thanh
poly(catechin) [15-17]. Polyme héa polyphenol ch
xanh conduoc nghién au dinh hréng tng ding y
hoc [18-20].

Téc dong trén @a EGCG c06 cordugc duy tri
trong giaidoan phat trén (propagation) polyme héa
dién héa ANi hay khéng chinh laanphan i dung
ctia nghién ¢u trong tac EGCG/PANI trong bai &
nay.

2. PHUONG PHAP

Mai Thanh Nga vadng sr

Trong dé Gy, Cre 1& Mdng d6 chit oxi héa va fng
do chit khr; AG., AG,la ning lrong hait dong
héadién héa da catot va anot.

Tu (2), (3) va (4) ta thy mat d6 dongdién ti 1&
thuan v6i nong do chat phan ung trong dung ith
hip phu I&n B mat dién arc. Tir mat d6 dongdién
c6 thé tinh dugc ndng dd chat phan ung theo céng
thirc [5];

J=axC (5)
Trongdd J la nit d6 dong, a 1a &isd ti 16, C la rong
o (moll).

Tir (2) d&én (5) o ti thiy rang, Hc do phan ang
trc thoi (V) tai mdi chu ky phan ac ti 18 véi bién
thién néit 4o dongdién (AJ):

AJ . AC
klACi (6)

Ac,
Trong d6 v 1a ¢ do tac thoi tai méi chu ki phan
cuc; k va ky 1a ke sb toe @6 phan tng J 1a mt do
dong phn tng dién hoéa, ¢ day la dong pic anot
trongrng Wi ham krong PANi hat héa; ¢ 1a & chu

VJpa = kl

Qua trinh polyme héa ANi c6 va khdng c6 tag; quét tié [21].

dong aia EGCGduogc trinh bay trong cac bai ati
truéc day [1, 2, 21]. Cac &u thi nghém duoc do &
cac rong do EGCG (g/l) khac nhau va E so i
nong dé ANi duoc ghi trong ng 1.

Bang 1 Ki hiéu miu va rong 46 EGCG (g/l)

Ki hiéu MOM1 M2 [M3 [M4 [M5 [M6
EGCG (g/l) 0| 0,250,501,002,003,005,04
Ti lé |

(EGCa)an] | © |0:0230:080,100,200,300,50

Mot b thong $ hoa lyduge xacdinh tuc tiép
trén duong cong phanyc CV, nhr dong pic J, va
dién thé pic E,, oxi hda PANi,dién lwong oxi hoa
trén nhanh anot QVi phanduong cong phanuc
CV: D = AJIAE duoc st dung dé xacdinh cac théng
s dong hoc [1, 2].

DPong hoc thing hop PANI duoc xét dra trén o s
ban chit caa phin tng oxi héa ki va mit do6 dong
phéan oc [21].

Xét phan itng oxi hda kit dién hoa tréndién
cuc:

Ox + ze J:C Re
Ja

, 2)
Goi jcla mat d6 dongdién doi voi phan ung ¢ catot;
ja l& mat d6 dongdién & an6t.boi véi qua trinhdién
héa (2) plxong trinhdong hyc co6 ding:

AG.
jc = Z.F.k.Cye In| —— 3
j k.Co n( RTJ (3
AG.
3  h=ZFkGCreln ——2 4
va k k.Cr n( RTJ (4)

Ngoai radién luong anot Q va catot Q cua nbi
chu ki phan gc CV tng hyp PANi conduoc sr
dung dé nghién &u dong hoc polyme héa ANi [21].
Vi dy, lugng dién tich oxi héa — polyme hdéa ANi
trong chu ki tik n (ki hiéu la G) dugc tinh nhr sau:

a(c,) —

Q Q) + Qoxiany ) T Qoxeany )
Qe =

Do Qpa(cn) = Qpc(cn_l) nen ta co:

Qpcy T Qoxpany )

Qoxani) e) = Quacer) = Qe (7)

Cé&c ki héu p, va p c6 y ngfia theo tit tu la pic
anot va pic catot, Ox la oxi héa. Ny néu xac
dinh duoc Q, va Q < tinh dugc dién lugng oxi hda
(polyme héa) ANi Qyani trong ndi chu ki bng hop
dién hoa.

Téc d6 polyme hoatién hoa v tai mdi chu ky
CV thir i dugc tinh theo cbng tit sau [21].

- dQOX (ANi)
dc

v (mol/chu K)

(8)

Q

3. KET QUA

Tacdong aia EGCGdén qué trinhdng hyp dién
héa PANi ti¢ hién rd trénduong cong phanuc CV
ngay ftr giai doan khoi mao polyme héa ANi [2], va
trong st qué trinh phat tén (propagation) polyme
hoa (hinh 2). So & mau khdong c6 EGCGiuong
cong phan gc CV da h tac dong lam bén dang
manh, nHit 1a pic oxi héa PANi va vung oxi héa
ANi. Vi cing $ chu ki polyme héa M2 (0,5 mM
EGCG) c6 dong tp nhit ching © téc do polyme
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héa nkb nhit. M3 va M5 (1 mM va 2 mM EGCG)

Nghién eu trong tac PANI/EGCG. Rin 3.

Ngoai ra qua trinh chén tiép tir khoi mao

cho Kt qua twong tr nhau, tuy nhién dong pic oxi sang phat tén polyme hoa ga miu M6 cham, woi
hé s6 A = 5,23x10, nh hon hang chc lan so \bi
cac miu c6 EGCG khac.

hoa PANi (Jams Va Jams) van thap hon JamoCua mau
trang MO hon 3 ln.

.02 00 02 04 06 08
E, VISCE

Hinh 2:DBuong CV 6Hng hyp PANi trong HSO,
1 M, MO: 0, M2: 0,5, M3:1 va M5: 2 mM EGCG

Dong pic anot 5} ti I¢ véi lwgng PANi hait hoa
theo cong thc (5) [22], dodd do 16n cia Ja ti 1€
thuan véi luong PANI hat tinh trén bé it dién
cuc. Bién thién @a Ja theo ng do EGCG trong
dung dch ng hop thec ra kha phc tap, khong
tuyen tinh theo ﬁng d6 Ceges (Ninh 3 va 4).

20 40 60 80 100
Chu ki, n

Hinh 3 Bién thién @a Jatheo chu ki CV
polyme héa,di nbngdo EGCG khac nhau

Vi ndng do EGCG lang khong, dong picpd
tang theo ham im thé hién tinh chit tu xdc tacda
biét cia ng hop dién héa PANI [21, 23, 24].

buong nhién EGCG dhlam chim qua trinh
polyme hoa, ¢ thé 14 1am mit tinh tr xdc tac éa
qua trinh éng hyp dién hoa PANi, irgng PANI hinh
thanh trén b mat dién arc Van ting theo 8 chu ki
phan @c n, tké hién ¢ gia ti Ja tang lién yc (hinh
3). Sr tang J. theo $ chu kiduoc md & toan hc
v6i phuong trinh tugn tinh héa cong tit (9). Tac
dong aia EGCG 1én ) thé hién rd ton thdng qua
bién dong aia ké sb A phuong trinh tugn tinh ndi
quan & J,. = f(c):

Ja=AcC + B 9)
Trongdo A la k¢ sb, B 1a hing $, ¢ la chu ki.

Xét he sb A, mau M3 va M4 c6 6 gia ting cao

nhat so \6i cac miu c6 EGCG khac, tuy nhién ich

bang khaing 2,5% so i mau khéng c6 EGCG.

Bang 2 Hé sb tuyén tinh hoa gaduong J. = f(C)

Mau| Ceece g/l | Ax1CP | Bx10° R

MO 0 652,17 | -23000 0,999
M1 0,25 7,98 | -84,41 1,000
M2 0,50 2,54 | -31,39 0,998
M3 1,00 16,56 | -82,14 0,999
M4 2,00 16,80 | -197,21 0,999
M5 3,00 5,44 | -156,33 0,997
M6 5,00 0,52 | -18,93 0,998

Vi Cege Nho o the phan bét dugc arc tiéu Ja
tai Cegee= 0,5 g/l \bl nong d6 1 g/l va 2 g/l thi pL
dat gia ti cuc dai, roi giam manh Wi Cggee = 3 Va
5¢g/l (hinh 4).D6 I6n aia J, ti 1€ thuan véi luong
PANi c6 trén B mat dién e [21, 22], dodo tir gia
tri dong J. tdng cao, cho lﬁy EGCG i ndong do 1
-2 g/l da& c6 tac dng lam &ng nhanh qua trinh
polyme héa ANi so & ndngdd nhd hon 1 g/l va én
hon 2 g/l.

Hinh 4 Blen thién @a J.theo ng do
EGCG i sb chu ki phanec khac nhau

Téac dong 6n dinh ¢ do polyme hoa, tit tiéu
tinh tr xGc tac éa qué trinhdng hop PANidién hoa
con the hién mot cach trong minh fr bién thién aa
téc do ting trrong Vs Cia dong pic g theo $ chu
ki:

Vipa= AJpdAC (10)

R6 rang la 3ﬁatong hop dién hda PANi khong ¢
EGCG ting nhanh theo ¢, sau 40 chudki ting dip
hon 4 An cac niu c6 EGCG. Trong khi6 tt ca cac
mau c6 EGCG trong dungich ©Hng hyp déu cé \pa
khong ting vadéu nh hon 25 pA/cméc trong sit
qua trinh éng hyp 100 chu ki (hinh 5).

Tuy nhiéndién thé pic oxi hda PANiI E, cua
cac miu khong_ bén dong lon, ngau trir mau khong
c6 EGCG la riu MO (hinh 6). Bén dong Ba thé
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hién do tré do oxi hoa cha hoan toan, conogla tai
dién tich cam (slow charges transport) [22, 25].

100

2

WA/(cm “c)

—— ()
e e () 2 5 e O .5 0 7]
e | () i 2.0 0
= 3,00 ====5.00
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AJ /Ac,

25+

60 80

Chu ki, n

20 40

Hinh 5 Bién thién ¢a \/Jpatheo chu ki phanuec tong
hop PANi & cac ongdo EGCG khac nhau

Tuy nhiéndién thé pic oxi héa PANiI . cia cac
mau khéng bén dong lon, ngou trir mau khong co
EGCG la rdu MO (hinh 6). Bén dong BEa thé hién
do tré do oxi héa cha hoan toan, conogla tii dién
tich ctim (slow charges transport) [22, 25].

500

E , mV/SCE
S
o
S

pa

Chu ki, ¢

Hinh & Bién thién Eatheo chu ki polyme héa c
& cac mngdo EGCG (mu Mi) khac nhau

Téc d6 bién thién theo c wa dién thé pic B
twong ddi phic tap (hinh 7).

T T
() =m0 25
()50 s 00
e 2 (00 es=Cwe 300

AE /Ac, mV/c

Hinh 7 Bién thién @ia AEy/Actheo chu ki polyme
héa c& cac vngdo EGCG (ndu Mi) khac nhau

Mau 0,25 g/l (M1)dén 1 g/l (M3) c6 chiu
huéng bién thién trong déi gibng nhau bamau kha
cao, saudd déu 6n dinh ¢ gia ti khoang B =
1mV/c. Riéng dc do bién thién B, cia miu MO ban
dau ngang Bng Wi cac miu M2, M3, M6, nhing
saudo tir chu ki c40 t di cao bon hin so i cac
mau c6 EGCG. Nguyén nhan ihyéu do krong

Mai Thanh Nga vadng sr

PANi hinh thanh tréndmit, bandau con thp nén
dd tré nho saudo tir c40 t6 di 16n hon nhiéu lan so
véi cac miu c6 EGCG dn d&n i dién tich ion
cham [25].

Déi véi dién luong anot Q sy phu thusc vao
nong 46 EGCG c6é dng trong tr nhe dong pic dha
(hinh 4 va 8).

Vi cac mu c6 EGCG Qdat gia ti cuc dai tai
nong do 1,5 g/l va ac tiéu tai 0,5 g/l (hinh 8)Pic
diém nay duoc duy tri trong qué trinh phét ari
polyme héait chu ky c20dén ¢100.

¢100, cach 10

Hinh & Q,bién thién theo éngdo EGCG
¢ céc chu ki polyme hoa ¢ khac nhau

Tac dong thrc ar caa EGCG dén qua trinh
plyme hda th hién ¢ dong hoc phan tng. Toc do
polyme héadng Vo, dugc tinh dra theo cong tinc
(9) [21]:

= AQJ/Ac (11)

Bién thién ¢a VQa theo $ chu ki \6i nong do
EGCG xéacadinh dugc giéi thiéu trong hinh 9 va 10.
Sur c6 mit cia EGCG trong dungich ©ng hyp lam
cho N tH¢ Voa khdng wigt qua 0,4 mC/che (hinh
9). Trong khidd Vo, cia miu MO, khdng c6 tadong
cia EGCG ¢6 #n toc rat I6n 15 mClerfic 16n hon
hang chc lan so Wi mau M1 d&n M7.

0.4
Q »—»-ff"/?ﬂ‘h M
5 031 M3
2 0.2 7" e M8
%) e O e e e o e O M| 1
SNO.lA M6
(o4 M2
W
< 0.0 Zmmm M7
20 40 60 80 100
Chu ki, c

Hlnh q Bién thién vi phan laatheo chukic
& nong do EGCG khac nhau (Mdén M7)

Két qua cho thy EGCG lam chm qud trinh
polyme héa, ninng ki kéo dai thi gian phat tén
mach (hinh 9), trong khié gia ti vo,cua mhu MO
giam manh sau 75 chu ki (hinh 10)y&c sang giai
doan ngit mach polyme.
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Nghién eu trong tac PANI/EGCG. Rin 3.

Vi phanduong cong phanuc CV theodién thé  sb, mot 1a dién thé phan ac E (ki chu ki xacdinh

D; = AJIAE x&cdinh duoC Dymax €O Y Nglia 1a \an
téc arc dai oxi héa PANi theatién thé phan ac E.
Bién thién &a Dymay theo cduoc gi¢i thiéu trong
hinh 11 va 12.

AQ /Ac, mC/cm c
N =
o

o
L

60 80 100

Chu ki, c
Hinh 10 Bién thién vi phan B,
cia miu MO khoéng c6 EGCG, theo chu ki ¢

20 40

, MA/Vcm z

max

(AJ/AE)

60
Chu ki, n

0 20 40

Hinh 11 Bién thién da arc dai vi phan D
theo c, 4i nongdo EGCG khac nhau

e MO

40 60 80 100

Chu ki, n

0 20

Hinh 12 Bién thién arc dai vi phan Dya,=AJIAE
cia miu MO khoéng c6 EGCG, theo chu ki ¢

Twong tr nhu bién thién @a Q va Ja Dimax
cling c6 vung gia frcao trong khang mngds 0,5 g
dén 3 g/l. Hon nita Dyyaxtdng theo 8 chu ki c trong
suwt qué trinh, du gia trcia Dymax khd nhd (< 8
mA/cnéc). Mau MO c6 Dyay ting cao nht dén 150
mA/cntfc, dgip hang chc lan so i cac miu co
EGCG taaiong. Dymaxkhdng gim sau 1006 tat ci
cac mu MO dén M7 ngha |a chra xuit hién giai
doan ngit mach. Tuy nhién, By ding khéng ing
bat dau tir ¢80 \6i mau MO (hinh 12) cho thy khéng
con tinh cht tr xdc tac ffa aia polyme héalién
hdéa ANi.

Vi cac miu c6 EGCG [axCO gia ti cao it ¢
nongdo 1 g/l va 2 g/l (hinh 13)ubong tr nhu ddi véi
céc thdng Sdong hoc khac nlx J,s Q.

Trong phan gc tuin hoanda chu K (CV), néu
chon mit ¢6 dong phanec J 1a ham & cia haiddi

ci), hai la chu ki c @ gia tri E xacdinh) co tf tinh
vi phén [c hai nhr sau:

, mA/Vcm z

max

(AJ/AE)

Hinh 13 Bién thién arc dai vi phan Dya= AJIAE
theo ®ngdo EGCG i ¢ khac nhau
D; =AJIAE (12)

va
D(DJ) =A(AJIAE)/AC (13)

Cong thrc (12) tinhduoc van toc ting dong J
theo ti¢ phan ac [1, 2]. Céng thc (13) tinhduoc
sr ting turdng aia van tic nay theo thi gian
polyme hda,itc la theo chu ki phém:c c. Chhn arc
dai cua vi phan Dmax (AJIAE)max la tbc do oxi hda
PANi cao nlat & mdi chu ki ¢ [2], ta co:

V()= A(Djma))/AC (14)
Trongdo Ve la te do thuc cao nlt (tac thi ti thoi
diém ci wi dién thé E) aia qué trinh oxi héa PANi
blen thién @a Ve theo chu ki phanue tai cac
nong dé EGCG (niu Mi) khac nhaudugc giéi thiéu
trong hinh 14 va 15.

RG rang 1a EGCG c6 tadong manh dén VE.cy
téc do cuc dai cua phin tng oxi hoa PAN i tat ca
cac rong do6 da thr nghiém tr 0,25 g/ldén 5 gll,
trong giaidoan phat trén (propagation) polyme héa
c < 60, EGCG lam gm Vv hang clc thim chi
hang t&m lan theo $ chu ki. Tuy nhién trong giai
doan tiép theo ¢ > 70 chu ki, EGCG taiéng lam
Ve, giam cham, dén on dinh, trong khi ru MO
(khéng c6 EGCG) gim manh nkit (hinh 14).

o
[N
o

o
o
a

m

A(D, )/Ac, mAlcm Ve

o
o
S

Chu ki, n

Hinh 14 Bién thién @a Ve theo chu ki ¢
Véi cac rongdo EGCG (mau Mi) khac nhau
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Nhu vy EGCG ngn can dac tinh i xdc tac
cia qua trinh &ng hop dién héa PANi trong giai
doan phat trén mach polyme dong thyi kéo dai giai
doan nay so % mau khong c6 EGCG,ut la lam
chdm qua trinh ngt mach drng polyme héa.

)iAc, mA/cm 2V(:

AD
P‘—‘OP—‘NQ)JBU’\
RN

60 80 100
Chu ki, n

Hinh 15 Bién thién @a veq theo chu ki ¢
mau MO (khéng c6 EGCG)

20 40

Ngoai tac dong dén dong hoc cia qué trinh
polyme héadién héa ANi, EGCG con lam & déi
hinh thai loc cia bt san phim tng hyp PANi thu
dugc (hinh 16).

" b/ 1g EGCGI/I-

3 I ¥
r W <3 e e
A /)/’? G VA

d/ Bt EGCG
Hinh 18 Anh SEM @a sin ptim polyme héa
dién hdéa ANi, c6 va khdng cé té@édng aia EGCG
va aia mau bot EGCG

¢/ 5g EGCG/I

Mau sin phim PANi khéng cé taaiong aia
EGCG c6dp xép cao, c6 hinh @ duong kinh
khoang 300nm (hinh 16a).4f 1g EGCG trong dung
dich ©ng hyp, ti 16 [EGCG]/[ANi] bang 1:10, &n
phim c6 ding dic sit lon wi cac phén nhd ching
[én nhau nting khéng 4o thanh si (hinh 16b). T1¢
[EGCG]/[ANi] cao ton 5:10 én phim xuit hién
dang bin phién to Wi bé mit khdng pting nhrng b
ran nit, gin voi hinh thai ke dila EGCG nguyén
chit (hinh 16¢ va d).

4. KET LUAN
Twong tdc EGCG/PANidugc xac dinh xay ra

trong qua trinhéng hop PANI wi sy co mit cua
EGCG. Wi nong do tir 0,25 g/ldén 5 g/l EGCG tac

dong lam claim qua trinh kbi mao polyme héa, lam
6
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giam toc do khoi mao va phéat téh mach polyme,
nhung kéo dai thi gian phat tdn mach dai fon so
v6i mau dbi chung khdng c6 EGCG. Tuy nhi@mh
huong aia rong ¢ EGCG khéng tugn tinh, ong
do6 1 dén 2 g/l cé taatong nhd hon, tic & tacdong
dén qué trinh polyme hédién hdéa ¥u hon, so i
nongdo < 1 g/l va > 2 g/l. Tadong lén polyme hoa
dién héa ANi eia EGCG¢ nong do thap 0,25-0,5 g/l
trong dwong Wi néng do cao 3-5 g/l, tuy nhién
ching c6 th xay ra theo niing @ ché khac nhau,
can dugc tiép tuc khao nghém.

Diém ndi bat & EGCG lam it hiéu ung tr xic
tdc dia qué trinhdng hyp dién héa PANi. @ ché
dugc xacdinh 1a do Bp phu nhém -OH én trung
tam hat tinh a@ia mach PANi. Tuy nhién du &
hiéu tng tr xdc tac giaidoan phat trén mach
polyme hoadién héa ANi hi kéo dai lon. Tacdong
cia EGCG con lam thagdi hinh thai e cia sin
phim, bt PANi chuyn tr dang i xép bandau
sang dng phén mong dic sit on, ng d6 EGCG
cao lam chon prim PANi ¢6 ding bt roi.
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