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SUMMARY

DETERMINING REACTION POTENTIALS AND KINETIC CURRENTS
OF DDT DERIVATIVES REDUCTION ON CV POLARIZATION CURVES

Electrochemical method for the DDT decomposition has been recently interested due
to its simplicity and disponibility. In previous paper, the cyclic voltammetry (CV)
technique has been examined and reliably considered as suitable and strong
electrochemical method for studying DDT reduction in solvent electrolyte C,HsOH +
CaCl,. In this paper the principal thermodynamical data of the DDT decomposition,
such as reaction potential E,, wave half potential E,j, kinetic wave half current Jy,
and limited current Jg, are determined using differential technique applied directly on
the polarization curve with regard to CV cycle numbers. The accuracy and reliability of
the parameters determination are controlled by technical differentiation with attention
to the concentration of reactants.

Keywords: Inseticide DDT, Cyclic Voltammetry (CV), differential of CV curve,
reaction data.

1. MO PAU

Trong bai bao méi ddy, phuong phap CV dugc khang dinh co thé ap dung nghién
ctru phan tng khtr dién héa DDT (diclorodiphenyl tricloroetan) trong h¢ dung méi dién
ly etanol + CaCl, [1]. P4 xé4c dinh tryc tiép bang truc quan trén dudng cong phéan cuc
CV, v6i ca 5 chu ky quét thé c1 — ¢5, su xudt hién cta 3 song phan tng (wave reaction).
Ca ba phan tmg nay déu co tinh dic trung cho qua trinh khir dan xuit DDT [1 - 4]. Su
anh huong cua nude ¢ cac néng do khac nhau da duogc loai trur [1].
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Tuy nhién viéc xac dinh chinh xac cac thong s6 nhiét dong hoc va dong hoc cua
phan Gmg khtr din xuit DDT trén dudng cong CV gip nhiéu kho khin, bi tic dong boi
nhiéu diéu kién phan tmg, boi mirc d6 nhay cia thiét bi.

Bai bao nay gidi thiéu phuong phap xac dinh chinh xac hon thé va dong dong hoc
cia phan ung khtr din xuat DDT trén dudng cong phan cuc CV. Ky thuit vi phan
duong CV duoc ap dung dé han ché sai sd, tang do tin cay, do chinh xac cta céac thong
sb6 xac dinh duoc, déng thoi 1[dm 16 thém tac dong cua diéu kién thi nghiém dén cac
thong sé nhiét dong hoc phan tng.

2. PHUONG PHAP NGHIEN CUU

Phuong phap nghién ctru duoc gidi thiu chi tiét trong bai [1]. Sau déy 1a tom tat
cac diém chinh.

Hoa chat

+ 4,4 —(2,2,2 — trichloroethan — 1,1 — diyl) bis (chlorobenzen) (DDT, 98%).

+ CaCl; 99,9% (cong ty hoa chat Aldrich).

+ Cdn CoHsOH 99,7% (Made in China).

Hé dién cuc va thiét bi do dac

Hé ba dién cuc truyén théng duoc sir dung nghién ctru khir dién héa DDT: dién
cuc lam viéc 1a dién cuc thép khong ghi 316L dién tich 0,2 cm?, dién cuc ddi 1 tAm
platin dién tich 1 cm?, dién cuc so sanh Ag/AgCl.

Phan cyc dién hoa duge do trén may Autolab v6i phan mém NOVA 9.1 (hinh 1).

l‘ I

Hinh 1. Hé do dién hoa Autolab.

2. THUC NGHIEM
Dung dich do 1a etanol + 0,05M CacCly, ki hi¢u mau MO, thém 0,03mM DDT

duoc ki hi¢u M1. Dung dich do dugc suc khi nito dudi oxy 45 phut. Binh do v6i hé ba
dién cuc duoc lép vao thiét bi va kiém tra tiép xtic. CV duge do véi toe do quét 10mV/s,
tlr OV dén -2,1V.

- X4c dinh céc thong sb dic trung

+ Thong s6 thé nhiét dong hoc E, gdm dién thé phan tng Epu, thé ban séng phan
ung (wave half potential) E;/p, dién thé xuét hién dong to1 han Eg,. Tir cac thong s6 nhiét
dong hoc nay c6 thé tinh ning lugng AG’, sb dién tur phan Ung.

+ Dong dong hoc J, gdbm dong phan tng J pu>» dong phan ung tai ban song Ji,
dong phan ung t6i han Jg,, mat d6 dong J dugc tinh theo cong thuc: J (A/em?) =1 (A) /
0,2 (cm?).
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+ Céc thong s6 trén day c6 thé duoc xac dinh trén ca hai nhanh an6t va catot.

3. KET QUA VA THAO LUAN
3.1. Phd CV miu M1

Ph phan cuc CV khao sat phan tng khtr din xuat DDT, giita cac mau c6 (M1) va
khéng c6 (MO) DDT di duoc danh gia trong bai [1]. Két qua do phd CV ctua miu M1,
chu ki cl, dugc gidi thi¢u trong hinh 2.

0.0
-0.5

J, mA/cm?
a5

-
o

L 2

(]

.5

15 -10 05 00

E, V(Ag/AgCl)

20

Hinh 2. Phan cuc CV chu ki 1.
Dé nghién ciru cu thé cac thong s6 dién hoa trén cac nhanh catdt ing véi qua trinh
khtr dién héa DDT, nhénh catot trong tirng chu ki CV duoc tach riéng, hinh 3.
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Hinh 3. Ba phan g khir dan xudt DDT trén nhanh catét cia ,han cwe CV chu ki 1.
C6 thé dé dang phéan biét 3 phan tmg khir cac din xuat DDT. Phan tich dang
duong cong phan cuc catét ddi voi mdi phan tng déu c6 thé nhan biét diém bat dau,
vung dong hoc va vung dong téi han. Tuy nhién dang duong cong catdt chu ki 1 khac
v6i 4 chu ki sau, hinh 4 [1]. Chu ki 2 dén 5 ¢6 dang duong twong tu nhu nhau, chimg t6

qua trinh dién hoa da 6n dinh.
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Hinh 4. Puong catét phé CV chu ki ¢l dén c5, 4 dwong c2 dén ¢5 ¢6 dang nhw nhau.
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Doc tryc tiép gia tri thé phan tng trén dudng cong catot gap nhiéu khé khin, do
chinh xac phu thudc d6 nhay, dai gia tri va ca néng do chét phéan ng. DPé xéc dinh chinh
xéc cac gia tri thé phan tng nay can liy vi phan dudng phan cyc.

3.2. Vi pha&n nhanh cat6t
Két qua xéac dinh vi phan nhanh catot (dJ/dE) dugc gidi thiéu trong hinh 3.

dJ/dE (mA/cm? /V)

25 20 -1.5 -1.0 -05 00
o E, V(Ag/AgCl)

Hinh 5. Vi phdan dJ/dE dwong catot c1, 3 pic 1a 3 ban song E;/, cua 3 phan u#ng 1 — 3.

Trén duong vi phan nay dé dang xac dinh chinh xac ba thé dic trung cho mdi
phan tng: Epy, thé ban song Eyj, va thé xuét hién dong t6i han Egy, hinh 5. Luu ¥ 1a Eg
cua phan ung trudc lai chinh la Eyy, cta phan tng sau:

Ey, = E}, : Ei = E},

Twong tng Véi thé, chinh tai diém xac dinh dong giéi han Jg, cia phan tmg trudce
xac dinh dugc dong phan tng cua phan tmg ngay sau do la Jp,, luu y la dong phan tng
tai Ep, cia mdi phan wng déu c6 gia tri qui vé bang 0: J,, = 0. Vi cac chu ki tiép coa
phan cuc CV, viéc xac dinh cac vi tri dic trung cia cac phan ung khir dan xuat DDT
dugc thyuc hién bang vi phan twong ty nhu trén.

3.3. Xac dinh thé va dong dong hoc
3.3.1. Phan ung 1

Két qua xac dinh thé phan g E,, thé diém t6i han Egn, thé ban song Eq; tai cac
chu ki khac nhau cta phan tmg 1 dugc gidi thi€u trong hinh 6. Véi chu ki c1 céc gié tri
thé dac trung déu am hon so vé6i chu ki sau ¢2 — ¢5. Tir chu ki 2 cac gia tri dién thé 6n
dinh va 1ap lai theo chu ki quét.
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Hinh 6. Bién thién cdc gid tri thé ddc trieng phan g 1 nhdanh
catét theo sé chu ki quét CV.
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Tuong ty, tai cac diém thé dic trung x4c dinh duoc dong dic trung J, pu, J12 Va Jgn, NINN 7.
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Hinh 7. Bién thién cdc gid tri dong déc trwng phdn g 1 nhanh
catét theo sé chu ki quét CV.

Tuong ty d6i v6i cac gia tri thé ddc trung hinh 6, gia tri dong chu ki c1 thdp hon
cac chu ki sau c2-c5, riéng dong tdi han Jg, tang rd rét theo chu ki quét g2-g5, hinh 7.
Truong hop ting dong theo s6 chu ki quét c6 thé do san pham phan tng khuéch tan dén
bé mit dién cuc sau mdi chu ki va tham gia tryc tiép vao phan tmg [1, 5].
3.3.2. So sanh cdc phén teng khir din xudt DDT

Bit dau tir chu ki 2 trén duong vi phan c6 thé nhan biét dén 4 phan tng khir dan
xuat DDT dic trung boi 4 cuc dai dJ/dE, phan Gng méi xuat hién duoc ky hiéu 1a 2,
hinh 8.
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Hinh 8. Vi phan dJ/dE nhénh catot phé CV, chu ki ¢2 dén c5.
Viéc xuét hién thém phan tmg 2’ trén duong dJ/d E ¢2 cho thay c6 thé d6 1a phan

g thir cip cta san pham phan tmg trude d6, hoac phan tmg trude nita tir chu ki c1.
<> Thé E dic trung ciia phan tng

Su bién d6i thé phan tng Epu Va Eqpp ctia cac phan ung duge gidi thi¢u trong hinh
9. Thé Epy ciia phan tng 1, 2,2 va 3 déu tang tir chu ki ¢l sang chu ki ¢2, sau d6 hau
nhu 6n dinh dén chu ki ¢5. Pay 1a 4 phan ung khir tich biét hoan toan, tmg véi 4 mic
nang luong khéc nhau.
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Hinh 9. Bién thién Epy, Exp theo chu ki quét CV, chi 56 phan ung duwoc ghi trén do thi.
Dong J dac trung cia cac phan ang
Sy bién doi dong dong hoc J ctia cac phan tng tir 1 dén 3 theo chu ki CV duoc
gioi thi¢u trong hinh 10.
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Hinh 10. Bién thién Jy; Va Jgn
phan img catét 1 dén 3 theo s6 chu ki CV.

Twong tu nhu thé phan tmg, chu ki ¢1 dong dong hoc nho, sau d6 ting theo s6 chu
ki CV, ddc biét 1a Jgh. Dong dong hoc cua phan ung 3 1a 16n nhat, phan tng 1 1a nho
nhat. Riéng phan tng 3 khong xac dinh duoc diém téi han do nam ngoai viing thé phan
cuc, tuy nhién nho pic dJ/dE, hinh 8, nén van xac dinh chinh x4c
<> Théo ludn

Hé DDT c6 nhiéu din xuat co tinh chat kha gan nhau, do d6 c6 thé xuat hién
nhiéu phan tmg dién cuc trén phd CV [2-7]. Theo Caitlyn M. McGuire [2] thi dién thé
phan ung khir dién hoa cua DDT 1a -0,56V, DDD la-1,17V, cia DDMU la -1,33V. Tuy
khong trung lap vé gia tri nhung theo thir tu ning luong sap xép cho thy phan tng 1
tuong trng va61 khir phan hay DDT, phan Umg 2 tuong g v6i khir phan hay DDD va
phan Umg 3 tng véi qua trinh khir DDMU. Qua trinh nay dugc mo ta trong mot qua
trinh bién ddi trén hinh 11. Két qua cho thay, qua trinh khir DDT nhuong 2e tao thanh
DDD, qua trinh nay Uing vé1 phan ting 1 dugc xac dinh trén duong phan cuc CV. Qua
trinh chuyén héa DDD thanh DDMU x4y ra theo co ché tich 2e v6i tic nhan 1a OH.
Qua trinh chuyén héa DDMU nhuong 2e thanh DDNU duogc x4c dinh nhu mot phan
g th{r 3 trong phan g khir dan xuat DDT trong hé dung moéi etanol.
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Thuc t& con xuit hién phan g 2°, do d6 co thé thém mot 1an khéng dinh qua
trinh dién hoa cac dan xuit DDT la chudi phan tng rat phirc tap [1, 2]. Hon nita cac
phan tng ghi duoc trén nhanh andt ciia phan cuc CV ciing can duoc phan tich khao
nghiém hudng t6i thao luan sau hon vé co ché.
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Hinh 11. Qud trinh khir dién héa cdc dan xudat DDT.

4. KET LUAN

Két qua nghién ctru cho thdy, bang k¥ thuat vi phan cho phép xac dinh chinh xac
va tin cdy hon s6 lugng cac phan tmg dién héa trén duong phan cuc CV, cac dai lugng
hoa If — nhiét dong hoc va dong hoc — ctia mot hay nhiéu phan tmg xac dinh duge. Viéc
xéc dinh chinh x4c cac dai lugng thé E va dong dong hoc J cia phan tmg dién hoa cho
phép nghién ctru qué trinh xay ra ca vé nhiét dong hoc va dong hoc. Su on dinh céc
thong s6 E va J dic trung ciia phan tng trén dudng phan cuc CV cho thdy d¢ tin cay va
do 1ap lai cao cua két qua do, ddm bao cho do chinh xac trong nghién ctru dong hoc va
co ché phan tmg. .
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